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ABSTRACT 

In mid-October 1974, a time series of vertical bongo hauls 

was made in vicinity of historic Atlantic herring Clu a 

haren s L.) spawning sites on Jef eys Ledge (coastal western 

Gulf of Maine, 40-m bottom de h), and on the nort a part of 

Georges Bank (SO-m bot de h). On both study sites recently-

hatc larvae ( 7-mm SL mode) were und to be broadly dis 

tributed 0 ut the I-mixed wa column with a higher 

mean abundance at midde • On t Geo s Bank site, the size 

ange of larvae was ea (5-12 mm) an on Jeffreys Ledge (5-8 

mm); t mean size of larvae generally increas de. At 

night larger larvae (>7 mm) were caught near the sur ce (1-10 m) 

equen y, indicati the development of a di pat of 

vertical migration. tually none of the larvae examined 

Jef eys site had ey items in ir guts, however, 

53% of the larvae examined from Georges Bank contained gut items 

identified as copepod nauplii (50%), copepodite stages and small 

copepods (31%) and co pod eggs (15%). Potentially available ey 

items determined from fine mesh samples also were distributed 

throughout water column and had a mean density of 5 ey 

liter on both si s. 

The copepods, Centro icus and Pseudocalanus Spe, were 

the two dominant members of t zoo ankton communi on both 

st y sites; however, species diversity was greater on Georges 

k than Je eys • A dense 

chaetognath, Sa itta ele 
--~---

eeding population of the 

esent on Georges Bank and the 



mature adults were observed to undergo extensive vertical mi a­

on, residing near bottom during the day and dispersing toward 

the sur e by n ht. On both si s, a crustacean biomass, mostly 

copepods, was di ibu ughout the water column wi a 

hig mean abundance at midde 

mi ation was noted ad t 

Pseudocalanus sp., and 

adult Calanus finmarchicus. 

• Some evidence of vertical 

es of Metridia lucens, 

icus, and both sexes of 



I i'~ T ROD U C T ION 

Atlantic ring larvae, known to be 

capa e of extensive vertical movements in the water column, 

migrating into surface layers at night and see ng r 

water by day, similar to many other planktonic organisms ( se, 

1964). wever, eld udies have documented considerable 

variability in their vertical distr ut , thus obscuring a 

clear cture of ir behavior interactions wi biological 

and physic environmental s .. ir pattern of vertical 

migration has been in red from a comparison of night to day 

catc s bas on in ated hauls, or single depth-lev es. 

Those w studies where discrete vertical sampling was em 0 

have been conducted mos y by invest ators North a 

( i d g e r , 6, 1 9 5 8 ;W 00 d s, 1 97 1 ; a k 0 v 1 1 ; Schnack, 2 , 

1974; liverstov, 1974; Dubrav et al .. , 1976; Bj¢rke, 1971, 

1978; Sjoblom and Parmanne, 1978; Grainger, 1978). the ges 

Bank f of Ma e region, Colton et ale (1961) in red that t 

depth of maximum abundance of herring 1 vae on Geo es Bank was 

b w 10 m and t t they mov up to s the sur at n ht. 

Also, it appeared that the extent of these diel movements in-

creas th the size of the larvae. Potter and Lough (1982) 

reported on a study of the vertical distribution of herring lar­

vae on Nantuc Shoals using ectronically-controll 0 ing­

closing nets. In the rst series of hauls, larvae ranging in 

length 5-32 mm were most abundant in t surface layers both 

day and night, but during a second series 10 days later, larvae 

were distributed more uniformly thro haut the water column 



(64-14 m bottom depth) during both day and night. No recurring 

pattern of diel vertical migration was serv between the two 

series of hauls. Gra and Sampson (1982) conducted a 3 fac-

tori ex iment (incident lig ,t al phase, de of sampl-

ing) on factors af cti the de h distribution of larv herr-

ing at t mouth of the Sheepscot River estu pscot y, 

r~laine, during sing of 1961. Despite the wide range of 

values of some of t environment factors measured, the results 

of thei study were inconclusive. 

In October 4, a vertic distribution study of recently-

hatched her i larvae was conducted in the vicinity of ir 

historic spawning unds located on Je eys Ledge and Georges 

k. The objectives were to compare and contrast the vertic 

distribution of ring larvae between two wn areas, 

to charac tize t i associated ankton communities with 

ticular re ence to food ey organisms. Preliminary results 

of t Geo es k station were re ted eviously by Lough 

(1975) .. This study was made in conjunction th Ie 1 larval 

herring su veys as part of a major internat al coo ative 

research ram on early Ii history of ring stocks in 

the Geo ges Bank-Gulf of Maine region (Lough et al., 1981) .. 

1 International Commission Nor st Atlantic Fi ies-
s sed since 1979 by st Atlantic Fisheries aniza-
tion (N 0)" 
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The U.S. 

MARMAP2 

ticipation was conducted concurrently as part of the 

ogram of t Northeast Fisheries Center, which measures 

long-term changes in the variability of fish stock abundance off 

the northeast coast of t United States (Sherman, 1980). 

METHODS 

Areas of recently-hatched ring larvae were located along 

t western Gulf of Maine and on Georges 

double-oblique bongo-net hauls m 

k by sta dard 

aboard V ARE II 

74-12, 8-16 Oc er 1974 ( ugh et al., 1975). st station 

of t vertical distribution study was located 0 pe Ann near 

the base of Jeffreys ge (42 D41'N, 700 25'W, 40-m bottom de h) 

and was occupied a 24-hour period (12 hauls) (Figure 1). The 

second at n was located on the northeast t of Georges Bank 

(42 0 00'N, 66 0 40'W, SO-m bottom depth) and was occupi a 

44-hour iod (21 hauls). A vertical haul ser s was made on 

station every 2 hours emplo ng 20-cm bongo-net samplers th 

0.33 and 0.053-mm mesh nets (Posgay and ak, 1980) set at 1-, 

20-, 30-, and 40-m depth on the Jef eys Ledge station, and at 

1-, 10-, 20-, 30-, 50-, and SO-m depth on Georges Bank sta 

tiona The vertical array of ers, once set on the wire, was 

to at 2 knots so t each net 1 ed wa fixed 

depth for 30 minutes. Ten to 12 minutes normally were required to 

set and retrieve the entire array, and the total haul distance 

was about 1.3 nrn 

2 Marine Resources Monitoring, Assessment and Pr iction. 
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Time-depth rec ers (TDR) were attached to towing wire near 

the bottom sampler and at sever ot net levels. A 100-lb. 

lead 1 was attached to end of towing wire and, accord-

ing to t TDR traces, d agged on the bottom during most s. 

The bottom sam er was located wi in 1 rn of the lead ball and 

fre y s pped along the bottom c lecti some benthic 

organisms. No 0 -closing device was used with sam ers; 

however, a control haul was made on each station to estimate con-

tamination by setting sampling array at depth and then im-

mediat y e ievi it to the surface. percentage contamina-

tion estima hauls less than 40-m de h is less 17%, 

decreasing at aler depth levels, and is in the v inity of 

20-26% at the 50- and 80-m de h lev s sampled on es Bank 

(Table 1). en at deeper depths the higher ent contamina-

tion does not appear to be large enough to obscure or dif-

ferences in the vertical distribut of organisms bas on the 

inherently coarse re ution of the sampling sc and gear 

used. Clogging of the 0.33 mesh nets d not appear to be a 

lem based on owmeter readings and discoloration of the 

nets, but it was evident t 0.053-mm nets. All samples were 

eserv in 5% buf ed Formalin. 

The vertical series of hauls were made at fixed stat s 

since, th the sampling gear used, it was simpler logi ically 

an to follow a ee-dri ing drogue. It was b ieved at 

little significant di rence would be observ the results 

obtained by occupying a fixed station and attem ing to stay th 

same wa parcel over the 1-2 days of sam ing because the 
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currents shoal regions are dominated by strong semidiurnal 

rotary tidal currents with speeds greater than 2 knots (104 

sec) (Bumpus, 1976). cloc i se rota tion 0 f the tid al 

elipses r e 4 to 8 miles in Ie the s, the assumpt was 

made that the same population of organisms was sampled over the 

course of the 2 vertical series. It also was assumed t the 

abundances of organisms at the sampled de hs composed a con­

tinuo s distr ution duri a haul. 

Wea and hydrologic observations were prior to 

each ul. Temperature and s inity profiles were m e by XST 

drop and Nansen bottle cast. 

In 

sorted 

1 atory, all ichthyo ankton and tognaths were 

om the 0.33 mesh samples and up to 100 ing lar-

vae sam e were measured to the nearest O.l-mm standard 

1 th (SL) .. D acement v urnes of the tot ankton sample 

and crustacean component (total volume minus large and 

gelatinous organisms, chaetognaths, and fish larvae) were 

recorded se ately. Wet weights also were recorded for the 

crustacean component (mostly copepods), larv fish, and 

chae nath groups.. crustacean component was ther 

aliquoted with a Folsom ankton splitter (Longhurst and iburt, 

1967) to approximately 500 organisms, identi ed, and enumerated 

to t lowest taxon possible. ative abundance and dominance 

indices were calcula for the total zooplankton llowing the 

method of Fager and McGowan (1963). 

gut contents of 40 herring larvae am ges k 
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station and 30 larvae from Jef eys Ledge were ocessed and 

identified by t methods of Cohen and Lough (1979) om O.333-mm 

net sam es collected at middepth during da ight hours. In order 

to estimate the potential size range of food anisms consumed 

by larvae, mouth gape estimates were made based on the head 

b eadth and maxillary length of a andom s e of larvae. Two 

mouth g estimates, which are a tri tric ction of 

maxillary length assuming a 60° and 90° articulation of the lar­

val jaw were used (Shirota, 1970). 

In addition, 2 vertical se ies 0 ne mesh (0. 3-mm) sam-

pIes were analy from each location to examine the prey field 

available to the recentl tc larvae. The 100Gh and 2200h 

CDST) vertical series collected on 14 and 15 October 1974, 

respectively, we e ocessed fo the Georges Bank site, and the 

100 and 2200h ertical s ies collected 11 October 1974 were 

processed r Jef eys Ledge. Each sam e was strained ough a 

0.595-mm U.S. Stand ies sieve to remove large organisms and 

debris. The ner action was diluted by 25X its original sett­

I plankton volume, and a 1 aliquot was taken wi a Stempel 

pipette according to subsam 

(1968). Ap ximately 100 0 

ing procedures outlined by Frolander 

anisms (1/2 of a idded 5-cm petri 

dish) were coun ,identi ed to the lowest taxon possible, and 

measured. An ocular grid (0.25-mm squares) was used to rapidly 

up organisms into size classes: 0-0.25 mm, 0.26-0.50 mm, 

0.51-0 75 mm, and 0.76-1.00 mm. Lengths of cope ites and adults 

were measured the anterio tip of ce lothorax to 

tip of the metasomal segment including spines. s of 
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nau i were measured from an erior tip of he body to 

base on the caud armature. aximum b y width was measur ex-

uding appendages. Volume of organisms was c culated as a pro-

late s iod .. 

s 

ological ogical Conditions 

ithe Jeffreys ge or ges Bank udy site had a 

pronounced thermocline or locline during i period 

(Tables 2 and '3) i dicating a II-mixed wate column. wever, 

on Je freys Ledge the water column was more thermally stratifi 

an on Geo ges Bank. Surface atures on Jef eys Ledge 

averaged 12.7 0 C and decreased to 8.5 0C beyond 20 m de near 

bottom (40 m). Averag atures on the Georges Bank site 

anged om 12.8 0C ne sur e to 11.70 C at bo tom ( 0 m) 

Sal ity v ues on Jef eys dge averag from about 31.9 to 

32.5 0/00 but were somewhat higher on rges Bank, consistently 

around 32.8 % 0. No periodicity was evident at either site in 

t ature and salinity profiles over the time series. The tidal 

currents on the Jeffreys ge site are considered too weak and 

variable to be ict (Anon .. , 1974) but d ect measurements 

epor by Mc y et ale (1979) at midde (20 m) and just 

above t bottom (2 m) at a de of 38 m in ember tober 

1975 indica cur ent reversals (N to SW) every 6 hours with an 

average velocity of 31 sec, ra ing 0 to 57 sec. The 

str semidiurnal tid cur ents (range ca. 5 cm/sec) near 

t es k si te are ott in Figure 2 ( ., 1974) 
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show fluctuations during the sampling 

1974 .. Res ual currents in t vicinity of the Geo 

15 October 

es Bank sta-

tion are generally to the east or southeast in 

miles per day (Bumpus, 19 ) .. On the base of Jef 

range of 1-4 

eys the 

long-term drift is south along 

( aham, 1970)" 

coast at about 2 miles day 

Weather conditions during the Je eys ge sam ing, 11-12 

October, were clear, sunny, and ca until the final 6 hours when 

t wind w up to 20 ts from Bout st causing wave 

ight to ise to 1 m.. weather during the s Bank study, 

1 15 October, was consisten y clear and sunny wi about a 10 

knot breeze and a sea state of less than 1-m wave ight .. 

Zoo an n, Community and Abundance 

The elative undance of zoo ankton collect on Jef eys 

les 4 and Ledge is summarized for all night and day 

5, and on Georges Bank, in bles 6 and 7. 

sam es in 

taxa are listed 

sequentially on the basis of their average ran wi the highest 

density sample assi to the hig st rank. The more abundant 

species compose a typic zooplankton community of this reg n 

t autumn ( g w, 1926, an et al .. , 1979; an and 

Jones, 1980; Cohen and Lough, 1982a) .. One must bear in mind 

ef t of extrusion of t smaller zooplankton through t 

0.333-mm mesh. Studies by Colton et al (1980), Davis (1980), and 

Judkins et ale (1980) show th a mesh size of 0.333 mm fully 

retains copepods with a cephalothorax leng >0.9-1 .. 0 mm, which 

includes cope stages 3 through ults of Calanus finmar-
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ehieus, adults of Centro icus and ~ hamatus, and larger 

adult fern es of Pseudocalanus sp. Smaller stages and species 

such as 

ed .. 

acalanus vus and Oithona s . would be undersam-...:..---

On Je eys ge some 46 xa were collected by day com ed 

64 by n ht (N:D ratio = 1.4), which is most Ii y at to 

light-aid avoidance of the sam ing gear. The two dom ant 

cies were the cope ieus and Pseudoealanus 

Spa, llowed by herr ng Clu the 

copepods Calanus finmarchicus, and calanus arvus .. Although 

the chae nath, itta ele s, occurred in more n 50% of 

t sam es, its mean density was very low «5/10 m3 ). her 

densities (40-350/m 3) of S. el ans e been reported by 

and Schaner (1968) to occur in the near e area autumn. Mean 

ance 0 se species was not signi cantly dif ent 

between n and day hauls; but in many cases mean abundance was 

grea for day hauls. Copepodite stages of Centro icus 

and Calanus finmarehicus, even though t y were not lly 

retained by the O.333-mm mesh net, were as abundant as the 

ts, ind ating actively growing populations. 

On the Geo s Bank site dominant species in 

greater than 50% of hauls were Centro ieus, 

Pseudocalanus sp., Clu larvae, and Calanus finmar-

chicus, as on Je eys Ledge, but with the addition of Sa itta 

ele ausiid c yptopsis larvae~ Cen s hamatus, and 

Oithona spp. Mean abundance of Cent icus was abo half 

that found on Jef eys ge, but Pseudocalanus sp .. numbers were 
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eate by about a factor of ee. val herring mean undance 

was slightly grea on es Bank, and Sa itta ele ans, 

Oithona spp., and Centro tus were at least an order of 
~------

magnitude ea on Georges Bank than Jet' eys Ledge. Calanus 

chicus adults were of similar abundance at the two study -------------
sites, but t immatures were 3.5 times more abundant on Je eys 

Ledge. About twice number of taxa were identified on rges 

k as on Jeffreys : 93 day and 111 night hauls 

(N:D ratio = 1.2). Mean nig and day abundances the dominant 

species were similar exce for ad ts of chicus, 

Oithona spp., and itta ele ans, where greater numbers (a c-

tor of 2-12x) were caught in night hauls. On the basis of the 

Dis sion Index ovid in tables (variance ) , 1 of 

the individuals of these populations have a highly contagious or 

patchy distrib ion ( ariance)mean). Coefficients of variation 

(CV = standard deviation ean) species that occurr in more 

than 50% of the sam es typically ranged 100-400% with a 

range of 63-7171. These values (CV) were similar both study 

sites during day and night sampling. 

The occurrence of species or taxa on t Jeffreys and 

Georges k study sites is listed in Table 8. The dominant 

species, or those that occur ed in more than half of the samples, 

were common to both sites. A I number of minor species were 

caug on the Jef eys Ledge site 0 y, but are re ted to be 

widespread ughout the Gulf of Maine region and therefore 

cou be expected to occur in the es k area as well. 

Thirty-seven of spec s unique to the Georges Ba~k site were 
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relatively unim tant, occurring in equently and in relatively 

low numbers, and many of them were oceanic sur species found 

in the Slope Water south of Georges k. Those immigrant 

zoo ankters that may be indicative of intrusions of oceanic 

water we e the copepods: Candacia armata, Nannocalanus (=Calanus) 

minor, Pontellina chaeta n idia lucens, 

Oithona s inirostris, Anomalocera attersoni, 

eciosus, chaetognaths itta maxima and 

Sa itta serratodentata, and the chordates Sal sand 

aiko eura dioica (Big 0 and ars 1939; Colton et al", 1962; 

ice and t, 1 962; Go s n e r, 1 97 1 ) " 

numerically abundant zooplankton were classi ed as 

either herbivores, omnivores, or carnivores in order to desc ibe 

the tro ic structure at the two study sites" general small 

cope s are 

species range 

ivores and large ones carnivores but omnivorous 

dely in size (Jer ies and Johnson, 1973) .. 

icus and C. hamatus are omnivorous b pre 

an (Anraku and Omori, 1963) .. Calanus fi chicus, -------
Pseudocalanus sp .. , arvus, and Oithona sp .. are all 

herbivorous. The two principal carnivores were Clu s 

and ans which ey mostly upon smaller copepods 

(Cohen and Lough, 1981; Pearre, 1973). The percentage of her­

bivores: omnivores: carnivores for the Jeffreys Ledge si was 

32,,4: 67.4: 0.3 , and the ges Bank site, 33.9: 64.2: 

1. . These r ative abundances are quite similar, with the ex­

ce ion of higher percen e of carnivores on Georges Bank, 

which can be attributed to the high densities of chaetogna so 
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Sagitta ele ans is the only endemic ies of tognath found 

on Georges Bank, larg y confined to the well-mixed waters 

( Clar et '" 1943) .. 

Vertical Distribution of Select Taxa 

s 

When the entire vert al range of an anism is , and 

the ass ion is made t the re icate ul catches are within 

the expected limits of sam ing variability due to patchiness, 

n total inte ated night catches would have to vary by at 

least a fac of 3 .. 3 day catches to be si ifican y di 

ferent (Wiebe and Holland, 1968). Signi cant diel di ences 

can then be attributed to light-aid avoidance of the net. 

The vertical distribution of herring larvae by depth and me 

is presented Jeffreys and es Bank es 9 and 

10 and Figures 3 and 4. Larvae were collec all depths 

sur to bottom on study sites with a we hted mean de 

distribution of 24 m on Jef eys Ledge and 36 m on Georges Bank. 

More larvae were caught in night than day hauls at nearly all 

depths .. However, larvae tend to be broadly distributed 

t ughout most of t water c urnn and did not show a clear pat-

tern of mi atory behavior exce near surface and bottom where 

night to day ratios of catches exceeded 3.3. On both study sites 

the te ated wa umn totals (no./l0 m2 ) for n and day 

catches were not si ifican y dif ent each other (N/D 
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ratios = 1.8 and 1.2) based on ave cri ion There e , 

t hig N/D rat at surface suggests some m a y 

activity at this level but haps not as pronounced near bottom 

Composite larval 1 th equency dis ibut s by de 

level are wn Figures 5 and 6 Jef eys Ledge and Georges 

up was 7-mm SL, indicat-Bank. On both sites the modal 1 

ing that b k of larvae hatched within evious week 

since they hatch at a mod size of 6 mm (Lo h et .. , 19 ). 

rges k larvae were slig Iy larger on averag (x = 6.89 mm, 

a 5- size cl sses) th Jef ys Ledge larvae (x = 6. 5 

mm, ange: 5 -mm size classes) and corr spondingly 

centage of larvae wi k-sacs was less (2 .. 5 ) com with 

small larvae (8@5 Je ya Ledge, larvae of 

appeared to uniformly distributed t ughout the wat 

1 si ze s 

c umn. 

On rges Bank, mean leng of larvae in each haul is ot-

ted in Figure 7 by de lev • An inspect of the size dis-

tribution of larvae by de generally shOv/s t smaller larvae 

occur nearer to sur face and 1 er larvae nearer to bottom. A 

Kolmogorov-Smirnov test of c ative length- equency per-

centages of catc s ( te and Clell , 1959) indicat some dif-

is, 

the 

may 

c 

ence in the size 0 larvae c ht by n ht vs .. day tows. t 

c 

t la 

sur 

per 

gure 8 

ated 

er larvae (>7 mm) were caught more 

ating 

equen y nearer 

at this size group ht than by da , 

diel mi ations thro the water column. 

ws weig d mean de hs of larval ring 

each vertical haul made on Je eys Le 

ges Bank. No c1 ar ttern is evident the population 

6 



centers on Jef eys ge, but on ges Bank there is a 

systematic trend centers to be dee om about 30 to 

50 m) between sunset (1722 D.S.T.) and sunrise (0610) then to 

ascend at 0800 to ca. 30 m. This trend of population mean depth 

distribution appears to be related more to a light-dark cycle 

than t semidiurnal periodicity of the tidal velocity depicted 

in Figure 2. 

An estimate of sampling variability is given in Table 11 for 

ecen y tc larvae collected at t Jeffreys and 

ges Bank sites by the repeated series of vertical hauls. The 

arithmetic mean (no./l00 m3 ), stand deviation, and coefficient 

of variation (SD/mean) were calculated each de h level sam-

ed as well as t integrated water-column total (no./l0 m2). 

The mean total larval density of 12,869/10 m2 on ges Bank was 

abo t as large as that of 2,906110 m2 estimated on Jeffreys 

Ledge, and both estimates were of similar magnitude to 

densities reported Lough 801z (1979) collected 

larval 

the same 

area and time th 61-cm bongo nets. On rges Bank the CV's for 

the 6 depths ang am 0.6 to 1.6 wi a total in rated mean 

(no./l0 m2) of 0.6. On Je eys Ledge the CV's were smaller, 

r i from 0.2 to 1.1 th a total in ated mean of 0.4, 

which is indicative of a more homogeneously distrib popula-

tion than on Geo es Bank. The 9 confidence I its a single 

observation in the series was calculated by multiplying and 

dividing arithmetic mean by the log (10) standard deviation 

(x2) and representing se alues as percentages of the mean. 

95 CL's in Table 11 represent the ra of actu observa-

- 11 -



tions fairly well and we e er for Georges Bank samples 

than f eys average 95% CL's a single de 

observation on es Bank were 9% to 2,150%, and 17% to 1,029% 

for Jef eys Ledge, but are considerably narrower the total 

integrated hauls (no./l0 m2 ). The limits for herring larvae are 

s ilar although some t larger than those estimat 

copepods by Wiebe and Holland (1968), Wiebe et al. (1973), and 

Sameoto (1978). Sameoto also found that sam e variability at a 

xed station over a 26-hour period (2 tidal cycles) was s ilar 

variability over a broad area of the Scotian f. In s 

of evaluating significant differences be en single observations 

at depth in this study, one can reason 

de h-level observations are significantly dif 

by an order of magnitude, the in at 

a factor of 4. 

itta ele s 

Y sure 2 

ent if they vary 

totals, by about 

High densities (1,000-5,000/100 m3 ) of the chaetognath 

itta ele 
-~--

esent on rges Bank site. Their 

vertical dis ibution by depth and t is esented in Table 12 

and Figures 9 and 10. S. el ans in these samples clearly exhibit 

the classical di migra y pattern reported in 0 stUdies 

(Hussel, 1931, 1933; Farran, 1947; IVlcLaren, 1969; Pearre, 1973; 

King, 1979). High densities were observed near the bottom by day, 

dispersing towards the surface at sunset, descending in water 

column at midn ht, and exhibiting a less pronounc predawn 

(0400h) rise be e returning to the bottom dur g daylight 

hours. A number of investigators have reported S ele ans to be 
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concentrated thin 2 m of the bottom during the day (Russel, 

1928; Sameoto, 1975; Hesthagen and Gjermundsen, 1978/79) .. Popula-

tion centers (weighted mean d hs) reac about 20 m at night 

and 70 m by day .. The extrem y large night/day ratios of mean 

abundance at the depths sam ed substantiate their dramatic diel 

mi at s .. t that the int at water column totals 

( no" I 10m2 ) 0 n 1 y d i ed by a tor 0 1 .. 2 (N/D ratio) in-

dicates that there was little light-aided avoidance of the sam-

pIers .. A representative length- equency distribution (Figure 11) 

ws that S ele ans ranged am 7 to 17 mm a mean of 12 .. 7 

mm (1 SD = 2 1 mm) .. Seventy-four percent 0 the individuals h 

both sexually mature ovaries and testes ( age mm) , 

and 23% had only mature testes (Stage III -x = 11 .. 7 mm) .. ss 

-an 3% of the individuals were sm 1 immatures (Stage II, x = 

7 .. 7 mm) .. There does not appear to be any relationship between ~ 

ele ans t vertical migration and tidal cycle. fae t that 

the sampling methods used in this study were able to show changes 

in vertical distribution of S .. ele s, a species ---=-- wn to 

undergo extensive diel migrations, lends support to the v idity 

of these sam es to discern migratory activity, or lack of it, in 

ot species in series .. 

ustaeean ass 

tal water column crustacean biomass was somewhat lower on 

Jef eys Ledge (215 gm/10 m2 ) than on ges Bank (300 10 

average density was higher: 54 gm/100 m3 vs .. 37 gm/l00 

les 13 and 14). Mean night-day densities on eys Ledge 

ranged om 31.8 to 82.4 gm/l00 m3 at t depths sampled, and on 
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Georges Bank, from 25.8 to 52.2 gm/l00 m3 • ght/day ratios of 

mean biomass were not si ifican y dif ent om unity at 

either site, although some larger deviations occurred on Jeffreys 

at t 10- and 30-m lev s. Populat we hted mean depths plot-

ted over the time series in Figures 8 and 9 showed a irl y 

sta e populat center esidi at about 20 m on Jef eys 

28 m on ges Bank. On Jef eys Ledge, shoalest we h-

ted mean depth, 8 m, occurred shortly a 

descended eafter ough night to 

sunset at 1800h and 

deepest point of 26 

m soon a er sunrise at 080 On the es k site t e 

appeared to be some iod variation in crustacean b ass th 

the pulation center varyi between 20- and 40-m de but it 

does not a ar to be diel in nature or in ase wi tidal 

c e. However, this pat may confo ed by the combined 

ies representing the c ustacean b ass .. to (1975, 1978) 

showed that uctuations in the number of many non-migrating 

zooplankton species were correIa to dic uctuations of 

the tidal cycle in a series of fixed zooplankton sampling ex i-

ments in a marine embayment and on the Scotian Shelf. 

icus 

The vertical distribution of Cen 
---~.-.;:;..-

ius males, 
-.::.....::.---

es, and immatures on Jef eys dge is summarized in Tables 

15-17. Densities of I ee categories averaged 400-600/m 3 c. 

t icus were abundant at all d hs tom (40 m) surface 

with some tendency towa s hig densities at middepth. Weighted 

mean de hs aver about 23 m, and were shoaler by night 

than day. Adult es the greatest dif ence, about 7 m, 
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between night and day weighted mean de s .. Integra water 

column totals (no./m 2 ) were greater in n ht than day hauls, but 

means could not be consider significantly dif ent .. At the 

individu de levels more ad ts were collected in night hauls 

above 20 m (especially ales, D ratio = 5.0) than below, 

e somewhat more were collected in day hauls, indicating diel 

vertical migration. 

On ges Bank (Tables 1 20), S t icus also were dis-

ut t ughout t water column sur to 50 mt but 

with lower densities at the bottom (80 m). Average densities 

(200-400/mS) were smaller here than on Je eys Ledge, however, 

integra d water column totals were similar for adults, 

ca. 21,100/m 2• Immatures were nearly twice as abundant on Geo es 

Ba n k (c a. 3 1 , 000 1m2) a son J e e y s Le e (c a.. 1 8 000 I m2 )" 1"10 r e 

individuals were caug by day hauls than ight, a not in 

si i cant numbers exce samples at the 20-m de h level. 

The depth center of t 

adult fern es resided 

populat 

at dee 

was between 21- and 26 m; 

than 

atures. The plotted weighted mean de s 

adult males and 

adults males and 

es (Figure 12) shows the same periodicity as crustacean 

biomass since t y constitute t 

This pattern ests two shoal 

greatest portion by we ht. 

aks (10-20 m) in time at 

roughly 2000h and 0400-0600h, and two deep ints (35 m) at 2400h 

and 1000h. It is not clear whe r iod varia on in 

population de cen s is more relat to tidal excurs or 

daylight in nsity. Centro ssp. had generally been considered 

a near surface, non-mi atory species (Clar ,1933; gelow and 
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Sears, 1939; bainbridge, 1961), but some evidence r d 

mi ation at dusk and downward migration at dawn in the 

Chesape Bay was esen by White et ale (1979). 

eudocalanus sp .. 

The vertic distribution of adult males and ales of 

Pseudocalanus sp. on Jef eys Ledge and Georges Bank is presented 

in Tables 21-24. Only the larger ult ales were adequa y 

sampled by the O.333-mm me . Their average density (509/m3) on 

Jef eys Ledge was twice that of t m es (221/m3 ), eas on 

rges Bank their densities were more nearly equal (226 

eS/m 3 , 157 female 3). Pse alanus sp. were distributed -------
o ho t water column on sites wi a reduc 

abundance near sur e and a po ation center at midde h. 

o~ Jef eys Ledge, m es and fern es h a we hted mean de of 

24-27 m during night and day hauls. Night to day ratios of 

abundance were not si ifican y dif ent except for the sur 

and bottom levels where more individuals were caught at night. On 

the Georges Bank site, however, there was a mar dif ence in 

weighted-mean depths between adult es and es (Figure 

13) " ult ales were located deeper in wa column (ca .. 

48 m) than adult males (ca. 29 m) .. The males displa little 

variation in the mean depths t hout the time series, but 

females did show some iodic variation by descending to 

dee de s at nig • A similarly con s picture of the 

vertical migration was described an extensive eview of 

literature by Cor tt and Mc en (1978). The yo stages of 

Pseudocalanus are considered non-mi atory and tend to live near 
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sur e but the ell and eIII stages tough adults exhibit 

nounced di m ration, especially adult ales .. 

Cal anus fi chicus -------

The vertical distribution of Calanus chicus on Je eys 

Ledge (Table 25) and Geo es Bank (Table 26) is denoted 0 y by 

esence or absence because of thei low density and the high 

number of zero catches .. On Jef eys , the adults and 

copepodites we e distributed oughout the water column but were 

somewhat less abundant at bottom (40 m depth). Copepodites were 

the most e y caught p (39 ) and ad t es, t 

least (27%). Adult males were caught more often in the up 

of water column at night; equal numbers of es were 

ca ured in night and day hauls; and eater numbers of immatures 

were ca in day hauls at 1 depths .. 

At es Bank site, C. finmarchicus were distributed 

irly ev y om sur to 50 m depth, b were less abundant 

at bottom (80 m) .. equency of adult males, es, and 

co ites in the hauls was ne y equal, about 33% for each 

up. About twice as many positive hauls for adult males and 

ales were made at night, and even more frequently in the u 

30 m of the water column, indicating an d migration at 

nig .. Clarke (1934) found t Calanus (CIII through adults) in 

the Gulf of Maine migrat a depth of 120 m or more during the 

day and moved d to surface at night .. However, on Georges 

k (17 July 1933)~ Calanus were limited, for the most t, to 

au waters «30 m) above the thermocline .. 

- 23 -



Euphausiid Larvae 

Three dev 0 tal stages of euphausiids occurred in the 

rges 

relative 

k sam es: ilia, calyptopsis, and nauplius, 

equencies of 9, 56, and 35%, respectively ( Ie 27). 

All t ee stages were collected thro 

by night than day; the more dev 0 

near bottom and surface. These larvae 

hout the water column, more 

cilias were seldom found 

obably bel to the 

dominant species that occurs on the bank: sanoessa in s 

( g ow, 1926). Most e usiid larvae in the f of Maine have 

been reported to occur 

., 1982). 

Cen 

surface waters above 45 m (Kulka et 

s hamatus 
------~~--

Ad t males and es of C. hamatus were collected on Geor-

ges Bank with ne y equal frequency in day and n ht sam es (43 

and 57%, respectively). C. hamatus were distributed throughout 

the water column except 

surface (Table 28). 

occurrences of adult males near 

Oithona spp. 

The occurrence of Oithona similis) is probably un­

derestimated because of its small size, but adult males and 

es were frequently caught in samples throughout the wa 

column on es Bank (Table 29). An equal number of males and 

ales were collected and more than half of these samples were 

taken at night. 
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tridia lucens 

Adult male, ale, and cope i es of Metridia lucens 

were und throughout t water c urnn on both Jeffreys Ledge and 

Georges k (Table 30 and 31). On Georges Bank, adult ales 

occurred more equen y (41%) than males (31%) or copepodites 

(27%). Adults we e found 0 near the sur ce at night (above 

20 m) and dee (b ow 30 rn) duri t day. arke (1933, 1934) 

found that tridia ad t ales carried out extensive vertical 

m ations on 

rising in a 

morni • This s 

es Bank clos y llowing a specific i ume, 

noon and ni t and eturning to de h in the 

ies gener ly resides dee in the water 

column below the thermocline 

Larval i Prey Selection and Availabili 

On Jef eys Ledge only one larva in the 7-mm size class had a 

ey item in its gut, eas on rges Bank, 53% of the larvae 

examined contained at least one prey (Table 32). larvae col-

lected on both study sites had well-pigmented eyes and only a 

small centage had yolksacs, so that active feeding would 

expected. w larvae were physically d and all guts were 

intact. Based on the es Bank gut analyses, recently-hatched 

larvae from 6- to 9-mm were all actively eding. The ey 

items consisted primarily of copepod nauplii (50 ), copepodites 

and small copepods (31%), and copepod eggs (15%). No plant 

materi was identifi 

larvae had 1 or 2 ey 

to 8 ey (Figure 14). 

in the larval gut contents. Most of the 

their g s but some had an re 3 
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Estimates of larval mouth size at hatching (5.8 mm) and at 

10-mm SL are presented Tab 33 both spawning si s based 

on t linear regressions to data. The mouth bre th and 

mouth gape-900 measurements uced very similar predict mou 

sizes r a given larval length, while mouth gape 00 resul-

ted in smaller edicted mo sizes, as expect es 

Bank larvae, hatching to 10 mm, had a predicted mouth size 

range of 0.18-0.46 mm. In contrast, Jef eys Ledge larvae had 

considerably larger mouth sizes at same leng s with a range 

of 0.31-0.67 mm However, the discrepancy mouth size between 

the two spawning sites may have been measurement erro because 

dif ent hnicians measured the 2 groups of larvae. 

ne-mesh (0.053 mm) zooplankton data will now be e­

sented in order to ev uate t potential ey field of 

recentl tched rring larvae on spawning grounds of Jef-

eys Ledge and rges k. Rank-dif ence coef cients (Ta 

and Clelland, 1959) were calculated among the number of species 

m3 at each depth lev both vertic series enumerated at 

each study site and no significant dif ences were found so 

data were combined and averag for Jef eys Ledge (Table 34) and 

es Bank (Table 35). These tables list the number m3 , 

percentage of total, and relative rank each species or 

category at all depths sam ed. Mean rank, equency of occur­

rence, and sample dam ance of each species were calculated as 

described by er and McGowan (1963). so listed are total num-

b m2, en composition, and rank bas on tot in-

tegra abundance. 
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Invertebrate gs were dominant at 3 depth levels on ffreys 

Ledge and had the hig st overall mean ank. y were less 

abundant on Georges Bank but still dominant at one de h. The 

m ority of s probably belonged to one of t 1 er species 

o copepods ( a, 1968). ey a ared to increase in numbers 

th increasi depth at sites .. 

On es k thona spp. nau lii were a inant 

at all 6 depths, and cope i s were dominant 5 de 

adults we e present at all de hs b were not among inant 

oups. On Jef ys ge Oithona sis e ominan 

at 2 depths, ad ts at 1, and nau i1 at 2. th nauplii 

adults se more abundan at surface and upper levels 

near t bottom. number of cope ites was too variable to 

d aw y firm conclusion abo t ir de h dis ib ion. Two 

gen al types of cope nau lii found: T was 

teardrop-sha 

with a ce ala 

"Type 8" was shaped rno e like a copepodite 

ax and urosorne. Type ludes Oithona, 

Cen es, and Acartia 
---....::.....~-

cies; " 

Pse alanus, Paracalanus, early-st -------
sp. It e B" naupl i i ob abl y con s1 s 

E" includes 

e Calanus sp., and tridia 

d mostly of Pseudocalanus 

vus and Me idia SPa They were a 
~---- ---------sp., wi some Paracalanus 

dominant group at 4 de s on Geo es k, and 3 de s on Je 

eys gee ir number at each lev was too variable to 

detect any vertic dis i ution pat • Adults and cope i s 

of Pseudocalanus we e less numerous than the nauplii at both sta 

t ns .. 
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On Georges k, the next most abundant group of organisms 

was icus nauplii. They were esent at all de hs 

in both areas, but not dominant at any. Cope i s ad ul ts 

were much less numerous .. II Bn nauplii were less common on 

rges Bank and Jeffreys Ledge .. y were dominant at 1 de 

level on Ge es Bank and 3 on eys Ledge 

tot int at abundance of the fine mesh microzooplan-

kton grouped by 3 dominant categories, co podities, nauplii, and 

ot s, is esen in Figure 15 by size class in terms of t ir 

av ag dth leng d olume No di ent seal s fo 

Jef eys and Geo ges k comparing the aphs. l"'louth 

gape of herring larvae is related more to the width or cross-

sectional area of prey 0 anism than leng or volume .. e e , 

most of the available ey anisms of larvae <10 mm - standard 

1 th a mou h gape ing om ca .. 0.2-0 7 mm, having a 

olate s eroid ape - would reside in O .. 26-0.50-mm length 

class and t 

(1979) repor 

co esponding O-0 .. 25-mm dth class .. an et 

rst-fe g herring larvae along the western 

coast Gul f of ine to be limit to food ticles anging 

0 .. 25-0.46 mm in leng Accord ing to rman and Honey (1971), 

..., ..... ".n ...... er and Au (19 ), s et al (1979), and Colton et 

(1981), n y hatched ring larvae mostly on co pod s , 

nau ii, copepodi s. Geo es· k h roughly 3 t s more 

ey organisms available in O-O.25-mm dth class than Jef-

eys ge organisms on t k collect by fine me 

were mostly juvenile st es; on Jeffreys Ledge e we e about 

50 ults ( others) and 5 juveniles in this size class. On 
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Georges Bank the 0 26-0.50-mm length class and . ~ 0" 0 0 9 .. 0 1 6 - mm 

v ume class had the eatest number of ani s m s .. On J e eys 

ge the O.O-O.25-mm length class and the O.O-O.008-mm volume 

class edominated, but contain o anisms than on rges 

Bank .. Thus, the ne mesh data suggests t t Georges Bank h 3 

to 4 times as many potenti ey organisms available 

ecently-hatched herring larvae as Jef eys Ledge. However, these 

estimates of prey density are bas on the tot water column 

abundance (no./m 2 ); a more a iate estimate would be ba on 

density 

und in 

unit volume (no.. 3). If only the type of ey items 

larval guts (co nauplii, co podites, and eggs) 

is summed am the fine mesh data enumerated Tables 34 and 35, 

the average density of I potentially available ey is the 

same O~ Jef eys dge (5 303/m3) as on Georges k (5,235/m 3 ). 

Assuming a ical ange of sam ing variability (CeV. 25-400 ), 

patchiness of ey organisms recently-hatched ri I arv ae 

on both spawning sites would be expected to range 

21,OOO/m 3 .. 

DISCU ION 

1,300 to 

Recently-hatched ring larvae and smaller zooplan 

studied on Jef eys Ledge and no theastern Georges Bank in 

Oc er 1974 were und to be distributed throughout the water 

column. In shoal, tidally well-mix waters one might expect a 

uniform vertical dis ibution of the smaller plan .. Only the 

larger, more developed ani5ms such as ult chaetognaths e 

the swimmi capability to perform extensive vertical mi ations 
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covering tens of meters. ring larvae collected on both st y 

sites were more abundant at midde h and substantially less 

abunda~t at surface (1 m), day or night. Larvae on Jef eys 

Ledge were sligh y smaller, y more recen y-hatc than 

t se on Georges Bank, and of uniform size throughout the water 

column. size of larvae generally inc ea with de on 

Georges Bank, in water ce as deep as that of Jef eys Ledge. 

Also some evidence is presented to ind ate that larger larvae 

(7-12 mm) migra into the sur e water «10 m depth) at night. 

se esul s are s 11 to ot studies on small «12 mm) her-

ing larvae in relativ y unstrati ed waters of the 0 ocean, 

altho some con iet observations have been made for larger 

lar ae (see re ences in Introdue on). 

Most of the evidence indicates t t ring larvae per 

vertical mi ations largely in response to changes i light in-

tensity ( head and ad, 1955; axtert 1973; es 

1975). However, se responses to light apparently are a complex 

function mediated by internal and ex n conditions. 

Blaxter (1973) reported some evidence for an en-

dogenous rhythm of vertical mi ation by experimenting with lar­

vae in continuous darkness over 48 hours. Perha the best 

model of t ontogeny of vertical migratory be ior of ing 

larvae has been summari by Seliverstov (1974) based on studies 

along 

not res 

wegian coast. He concluded that yolksac larvae did 

to light at 12 hours a hatching but by 48 hours 

they dev op a s totactic response and migrate to mid­

water. Woodhe and Woodhead (1955) also observed this phototac-
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tic response of yolksac larvae to diffuse light during the first 

5 days post hatchi • At 3-5 days (6.63 .44 mm) aceo ing to 

Seliverstov, the positive phototaxis weakens so that larvae stay 

near t bottom both day and n ht. A 5 days, when the lar-

vae reach a length of 7.5 mm, they b to exhibit diel move-

ments, mig ati into t sur layers by night. atory 

st ies by liverstov showed that 8-day old larvae espond 

negatively to light by day but ve a weak photopositive res se 

at night. vae 9-17 mm were observed to m rate om bottom 

(100 m) to sur e 

Attempts to sort out the rela ve importance of environmental 

factors to the vertical dis ibution of herri in the field have 

not been very success 1. Grainger (1978) was unable to find any 

si ificant correlation between the vertical distribution of 

I larvae (7-12 m) Galway Bay, Ir and, and light intensity 

i exed as cloud cover, angle of the sun, water turbidity. 

aham and Sampson (1982) so did not find signi cant correla­

tion between abundance of herring larvae in shallow and deep tows 

and incident light and ase of tide in pscot Bay, 

[via i ne .. 

Sjoblom and Parmanne (1918) could not explain a seasonal 

reversal in the vertical dis ibut of Baltic ing larvae in 

the Gulf of finland on basis of light, or size of larvae, 

temperature, wind velocity and vertical distr ution of zoo ank­

ton. They reported t temperature gradients as great as 4 0 C did 

not appear to event vertical mi ations, altho und 

(1968) and Dubravin et ale (1976) noted that strong I 
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stratification prevented larvae om migrating into the warm sur­

water. Nevertheless, light intensity appears to have an 

overriding in uence on 

Schnack, 1974)" 

ir ver ical distribution (also see 

vertical distributions of larvae and ir zooplan 

food ey do not necessarily cor espond (Schnack, 1974; Sj 

n 

om 

and manne 1978), but mig atory excursions of the lar ae may 

be elated to search for optimal light intensity for edi 

ng larvae requi e da ight itions r feeding (Blaxter, 

1973) and ap ar to have peak edi periods a er sunrise 

ior to sunset (Cohen and Lough, 1982b; and other eferences 

there ) .. intensity of edi s been reported gener ly to 

decrease with d h and may be related to the concommitant 

decrease eyan or light intensity (Rudakova, 1971; Bj¢rke, 

1971, 1978; Seliverstov, 19'(4)" A detailed de h- eding 

c nology study was not made of the Jef eys Le and Georges 

k 

e" 

ring larvae so t 

incidence of fe i 

se questions cannot be addressed 

(53%) and type of prey ingested by 

Geo es Bank larvae a ar to be typical com ed to other 

ies of field-ca ht, ecentl atc ring larvae ( cpr 

1 97 1, 1 97 8; Sc h n a c k, 1 972 ; an and Honey, 1971), al tho a 

much lower ing incidence has been reported some studies, 

haps due loss of gut contents caused by the c lection and 

preservation ea t (Hay, 1981). ing larvae collected on 

the f eys Ledge site were vir ally devoid of gut contents, 

which may indicate t these more ecen y-hatched larvae were 

not sufficiently dey 0 to success lly capture food items .. 

- 32 -



Altho ring larvae begin eding during ksac absor ion, 

the ey capture efficiency is very w at this time and con-

tinues to be 10 through the st 2 weeks of Ii ( sen 1 and 

Hem ,1971; Blaxter and ines, 1971). On both the Jef eys 

Ledge and Georges Bank study sites t potentially available food 

organisms appeared to be distr uted ughout the water c umn 

with aver e prey densities of about 5 ey Ii and an 

estimated ange of 1-21 ey liter. These ey densities are 

generally considered lower than the minimum abundance required 

for optimum edi of sma herring larvae (Rosenthal and Hem-

pel, 1971). Beye and urence (1981) estimated that st ed-

i larvae equire an 0 density of 500-1000 nauplii 

lite r maximum survival. 

en y is one of the fe s ies of sh whose 

larvae form extensive v tic migrat s in t water column. 

Their vertical distribution patterns exhibit considerable 

variability with age and habitat and appear to be a complex in-

teraction of multi e tors. In order to understand the adap-

tive value of this behavior and the r ative importance of a num-

ber of ecological tors, future stUdies will need to incorpo-

rate laboratory behav ysiology experiments detailed mul-

tifactorial eld sampling into simulation models. ific areas 

to be exam ed in eater detail are the effects of light in-

tensity, wa column atification, turbulence, and patchy dis-

tr ut n of prey and ators on the larvae, as well as larv 

activity patterns induced by hung -satiation e Ids, 

dey opment of an air bladder as an aid in conserving energy, 
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(Hunter and Sanchez, 1976), and social behavior such as the early 

initiation of schooli 
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Table 1. Mean volume of water filtered by 20-cm bongo, 0.333-rnm mesh net hauls at the 
selectedsampling depths on the Jeffreys Ledge and Georges Bank vertical dis­
tribution study sites. An .estimate·of the percentage contamination of each 
net from the upper part of the water ~olumn during the setting and retrieving 
of the samplers is based'upon the vo 1 ume of water fi 1 tered by the control 
haul. 

JEFFREYS LEDGE 

Depth (m) Mean Volume Std. Dev. Contro 1 Haul Estimated 
Fi 1 tered (m 3 ) Vo 1 ~ F i 1 te re d (m 3 ) Contamination 

1 59.0 5.9 0.3 0.5 
10 62.5 6.0 3.1 5.0 
20 66.4 6.2 6.1 9.2 
30 70.4 5.9 9.2 13.1 
40 74.1 6.8 12.2 16.5 

GEORGES BANK 

Depth (m) Mean Volume Std. Dev. Contro 1 Haul Estimated 
F i 1 te re d ( m 3 ) Vo 1. F i 1 te re d (m3 ) Contamination 

1 53.2 6.7 0.3 0.6 
10 54.4 8.4 2.6 4.8 
20 58.6 6.3 5.3 9.0 
30 61.5 6.1 8.0 13.0 
50 67.2 5.9 . 13.2 19.6 
80 72.8 509 18.6 25.5 

(%) 

(%) 



Table 2. Temperature and salinity observations at selected depths made on the Jeffreys Ledge vertical distribution study site (420 40 ' N, 700 25 1W), 
11-12 October 1974. 

DEPTH (m) TIME (h) I r1EAN S.D. 
1400 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 

1* 12.7oC 13.0 12.5 12.2 12.4 12.5 12.6 12.6 12.8 13.2 13.1 12.7 0.31 
31.949%0 32.037 32.007 32.015 31.960 31. 965 31.932 31. 891 31. 928 31. 952 31. 994 31.960 31. 966 0.412 

10 12.2 12.3 12.1 12.2 12.2 12.2 12.2 12.2 12.4 12.5 12.7 12.8 12.3 0.22 
31. 943 32.001 31.89Q 31.971 31.95'1 0.0472 

20 12.1 12.1 12.0 12.2 11.9 11.8 12.2 12.2 12.1 12.3 12.6 12.3 12.2 0.21 
32.104 31. 937 31.958 31. 951 32.092 0.1337 

30 10.0 10.5 9.8 10.0 9.9 10.5 11.3 11.5 10.5 9.5 10.0 9.6 10.3 0.63 
32.274 32.224 32.087 32.204 32.197 0.0792 

40 8.6 8.5 8.8 8.5 8.3 8.4 8.6 8.5 8.9 8.1 8.2 8.2 8.5 0.24 
32.417 32.469 32.466 32.561 32.479 0.0601 

* Surface bucket temperature readings; all others made by XBT. 

,l i 



Table 3. Temperature and salinity observations at selected depths made on the Georges Bank vertical 
distribution site (42°00'N, 66°40'W), 13-15 October 1974. ' 

Time {h} 
Depth I 

m) 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

1* I 12.6°C 12.2 12.3 12.5 12.8 11.5 12.7 12.2 12.8 13.6 13.2 13.6 
32.811%0 32.847 32.860 32.728 32.813 32.828 32.807 32.854 32.829 32.772 32.744 32.635 

101 12.2 12.3 12.4 12.5 12.5 12.1 12.4 12.2 12.4 12.7 12.6 12.7 
33.019 32.736 32.782 32.773 32.779 32.635 

20 I 11.6 12.3 12.4 12.5 12.5 12.1 11.6 12.1 12.8 12.7 12.4 12.7 
33.016 32.733 32.974 32.735 32.933 32.779 

30 I 11. 5 12.2 -12.3 12.5 12.5 11.6 11.6 11.4 12.6 12.7 12.3 12.0 
32.882 32.741 32.933 

50 I 11.4 12.1 12.3 12.5 11.5 11.6 11.2 12.2 12.2 12.0 11. 9 
32.972 32.781 33.009 32.772 33.024 

80 I 11.4 12.0 12.3 12.4 11.5 11.5 11.1 . 11.8 12.0 11. 9 11. 9 
32.757 32.824 32.972 32.785 33.047 

Time {h} cont'd 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 Mean S.D. 

13.1 12.7 13.1 13.0 12:7. 13.2 13.0 13.0 12.7 12.8 0.49 
32.712 32.748 32.753 32.696 32.743 32.600 32.766 0.0737 

12.8 12.2 12.7 12.8 12.3 12.4 12.4 12.4 12.2 12.4 0.21 
32.749 32.734 32.776 0.1089 

12.2 12.0 12.4 12.6 12.1 12.3 11.7 12.2 12.2 12.3 0.34 
32.789 32.986 32.868 0.1203 

11. 9 11. 9 12.4 12.4 12.0 11.8 11.6 12.1 12.2 12.1 0.39 
32.749 33.119 32.885 0.1552 

11.1 11.7 12.2 12.2 11. 9 11.2 11.2 11.5 12.3 11.8 0.44 
32.816 33.034 32.915 0.1200 

11.0 11.6 12.1 12.2 11.8 11.1 11.1 11. 4 12.2 11.7 0.44 
32.816 32.867 0.1155 

*Surface bucket temperature readings; all others made by XBT. 



Table 4. Relative abundance of zooplankton on Jeffreys Ledge for all day samples (20-cm bongo, 
0.333-mm mesh net) co 11 ected over the peri od 11-12 October 1974. 

Abundance 3 

SF'ECIES ~EAN RANl(l 00,...2, RIINGE HEDIAN '1EIIN DISp4 .!TD Df.V F'~e:Q :to:C:.J'l 
. -. -- -- ... _- -............ -...... -...... -._._--------- .--- ...... -- .. -.. -.. -- -.- .. -- -_ .. ------------------------- .. ----- -_ .... -- .. ,,-_ .. --~ ... -- -_ ....... -... _ .. -_. 

PSEUD6CAUNUS ADULT (F') H'11 11 2~ 213- 484571 45;:>11'5 60""4.9 13'5805.500 90901' H 28/ 2! 100'J 
CENTR6F'AGES T ADULT CM) "3.68 01 2~ 1043". 436906 48432 h91!i'1 100263.125 80&75.68 27/ 28 ,H .... 
CENTROF'IIGES T ADULT (F') 43·57 11 2!! 9156. 31 911>6 .7573 6353':" '5 70 855.875 67098'.0,6 - ~71 2~ 9&. ~ 
CENTROF'AGES SF' ceF'FF'I'IDI( IH) 43·39 21 28 191 9 .. 1193226 \7615 54918.7 172810·938 9"36038 281 28 100'0 
PSEUDOo.UNUS ADULT 1M) 42·20 01 28 479. 5193111 7914 3411111,6 26902\ t12S 96680 .. 11 28/ 28 100'0 
c,t,LANU5 F'. CE!PFPIlDtlIH) 38'07 0/ 213 159- 64000 tn5 "27901 .32966.41l0 l1l!77.t2 261 2! 92.9 
PSEUDO OR P A 1'1 A CI'WFP"DI (IH1 37013 01 28 81- 140800 3;>73 10899.8 66320'000 26886.21 24/ 2~ 85.7 
CLUPEA H. ADULT IUt-I) 36·~5 01 28 2. 12509 3'1'5 1319.9 71h.770 3079.31 ~~I 28 100. :) 
CALANUS r. ADULT (HI 32·68 01 28 !n· '+977 721 ~30.1 160n.375 1152.62 21/ 29 73.0 
CALANU5 1='. ADULT (F') 28.27 01 28 106- 91'02 532 1'+7.6 4273.661t 1787.51 1';'1 2! 57'1 
PAR"'CAL"'NUS F', ADULT (FI 26'05 01 28 159. 3812 613 533.7 1663.629 9,+2.25 1<11 2S _6.4; 
54GITU e:. ADULT (UN) <'5·6 .. 01 28 1· S 2 1.3 1.7 .. 1 1·52 161 28 57.1 _ 
P"OflN SF'P. ADULT (UN) 22·89 01 28 98. \~22 .?It i50.8 72£.3017 330. 9 9 81 2! 28." 
PARACALANUS P. ADULT IH) n·63 01 28 2036- 56685 19M3 ,+538.1 31835.070 12019,6!5 71 28 25.0 
fEHBRA L. ~DUL T 1M) 22·36 01 28 53 .. 1828 "n6 18S.0 81!2.8!59 _07.36 91 2!1 32.1 
METRIDA L. Cf.lP~P~Dt I 1H) 22'02 01 28 98- 1828 363 \ 51·11 935.3<,9 376.31+ !II 1:8 28" 
CEi>/TR8PAGr=:S ~. ADULT 1M) ;:>\ .86 01 28 119. 375" 

1 "" 
185.2 2713.075 708.!7 81 213 28.6 

SF'IR",re:LU R. ADULT <UN) ?\.52 01 21! 49 .. 1828 195 123·0 1079.338 36 ... 31 81 213 28.6 
ACARTI4 SPP. ADULT (M) 21·05 01 28 98- 1279 360 119.9 687.~21 ~87.0,. 71 2S 25'0 
6tl(Il PLI;:UI'1A D. ADULT (UN) 19.71 01 28 119- 711 106 53.5 501.652 \6'1. 75 51 2! 17.9 
fllf~flN4 SF'. "DUl T (F) 19·63 01 28 98. 1422 673 102·11 96n.632 313,57 Itl 2S 1'+.3 
I'! I TfoI(!N4 SP. ADULT 'MI 1!'1·38 01 28 49. 711 106 IH .3 46'+.715 138.46 51 29 17.~ 

HETRIDA L. ADULT (F') 19011 01 28 ~9. 1706 8_2 122.8 11127 t156 418.&7 1+1 2!! 14.3 
Acu;rIA 5PP. ADULT IF') 18.a2 01 2~ 147 .. 4266 _79 1711.7 3729.866 807.26 31 28 10,7 
EVADNE 5PP. AOUl T (UN) 18·6 .. 0/ 211 159. 1126 ?OO 28'0 29b.908 91.24 31 28 10.1 
i-IVPERIIDF.:,l ADUL r (UN) 18-50 01 28 371" 1828 1706 139.5 1552.2,+7 .65,e8 31 29 10.7 
ACARTU 5P". C/\PFPFlDI (IH) U!.36 01 28 200- 7\1 711 57.9 61\,917 t88.27 31 28 100] 
HETRIIJA L- ADULT CH) 18.34 01 28 106. 775 145 ~3.8 572.8;07 158.37 31 28 10.7 
THVS4 NflE5S A I. "DULT IUt-I) 18.34 01 28 170" 711 ;000 38.6 511.0?3 140. ~6 3/ 28 10.7 
""ISH EGG "OUl T CUN) ! ~_ 34 01 28 53 .. 200 I'll 11·9 1~0.!'I18 '+1.00 3/ '28 10,7 
CENTRtlPAGE:S ~. ADULT CF') 18·18 01 28 371- 13994 II II illlii III; 513·0 13615.371 26"2,95 2/ 23 701 
8RACI-IYURA l"lEA (JH) 17·79 01 211 341 .. 7U 11111111111/11 37·6 573.99" 146. i!!5 2/ 29 701 
TEH"R" L. ADULT IF) 17.75 01 28 160. 673 111/1/1/11141/ 36.9 5H..5"5 1112.00 21 28 701 
I-IVDR(!LI'IA HEnIlS ... 11M) 17·75 01 28 .. 9. 319 II I/M II 11111/ 13.1 279_901 60,65 21 28 701 
fltT~BNA SF'. ADUl T (Ut-Il \7.73 01 213 170- 371 l1li11111/11/1 19-3 299.203 76.03 21 28 7. t 

CtlPEP/lO ... C~PFPflDlI [H) 17-68 01 28 81- 191 /11/1/1//1/111 !'I.7 151.-n29 3!1t&/l 21 2~ 70 1 
ACATIA L. ADULT (F') 17.59 01 28 106. 360 /lI//I/i/lU 16-& 296.155 70,21 21 28 7.1 
OR 1 fJE.A LAPV" 11M) P·20 01 28 812. IIt2 /II/III/Iii/II 29.0 51;:>.000 \53.'+5 11 i!S 3. , 
"CARTIl C. ADULT (M) 17- 18 01 28 295. 295 Uili//IU 10·5 291 .. !'I99 55.75 11 c~ 3 • ., 
H~NSTHILl8ID" ~DULT (Ut-I) 17·13 01 28 1'+1- 3-1 11111//1111/* 12.2 3/t0·999 6.,. ..... 11 2~ 3.(, 
foIYDRRL.Il" MEDIISA (UN) 17·13 01 28 319- 3\9 fI/lllllllfllI. 11-1t 318.998 60.29 11 28 3.(, 
TEM8 RII L. c.'1F'FPflDl (IH) 17'09 01 28 3 .. 5. 345 l1li IIflll 1111 12·3 3 ..... 999 65.20 11 25 3.(' 
OPI-IIUH"IDE" ADULT IUN) 17'05 01 28 312· 312 fI/I/i./I/il/ll 11-1 311·997 58.96 11 2§ 3.6 
PE:LECYP1lDA LARV~ OH) \7·04 01 28 81- 81 /lI;III/IlU 2.9 81'000 15,31 11 28 3.6 
S I PU~CUl 1 OA ArlUL T (UN) 17'0" 01 211 /u- 81 /11/11/1/1/111 2.9 111.000 15.3l 11 2! 3.6 
CUOflCER.il' UNI(N"Wt-l (UN) 16·98 01 28 53- 53 1111/111111111 1-9 53.000 10.02 1/ 2~ 3_!> 

lSpecies or taxonomi c groups' were ranked within each sample on the bas.is of numbers of i ndi vi dua 1 s . 
Ranks for each species or group were averaged over the total numoer of samples. Highest density 
sample was assigned hi ghest rank. 

200minance: Proportion of samples in which the speci es composed 50 p.ercent or more of the individuals. 

3Range, median, and mean numbers of individuals per 100 m3 of water in samples in whi ch the species 
was found. 

40ispersion: The ratio of the variance to the mean; the expected va1ue for a randllltTJ 
(Poisson) distribution is 1.0. 



Table 5. Re 1 ati ve abundance of zooplankton on Jeffreys Ledge for all night samples (20-cm bongo, 0.333-mm mesh net) co 11 ected over the peri'od 11-12 October 1974. 

Abundance 3 

SPECIES '1EAN RANK! D6M2 RANGE I1EOI,,1>I '1£ A 1>1 Dysp4 "'ID OE.V ''<E:;I "~::C~R ._- ........ _- ---- --- .. -- .... ------... ------- -.- -------- -- ... -.. -------_.- .. -- --- -- --_ ..... ---- .-.. -- -._-- .. ----- -. ----- --.. -~ .... -.- .... ----- .. ---_ ..... 
CENTRtlPAGES T "OUlT (F', ";:0.92 11 30 81 t 2- 366545 1,'190 74717.3 511e]'!\36 65391032 301 3J 100.0 
PSEUOflCAUNUS ADULT (1'") 1,;:>-20 11 30 3413- 20'+800 _M,eH 51517.9 4323,.7,.2 47\93031 301 30 100.J 
CENTRf:jPAGES T ADULT (H) 6;:0' 12 11 30 199h 11153H 4/!"iO] 5H04,0 39592.5~1 ,+6411,111 30/ 30 100.0 
PSEUOOCAUNUS' "DULT (11) 60. 78 0/ 30 ~25 .. 13~971 \0666 226117.3· 38892.473 2%78. ~1 )01 30 100'0 
CENTRBPAGES SP CIlP~PIlDI (1M) '<'0'02 01 30 997. 224193 \5768 42999. '+ 74288.562 S6518,U 29/ 30 96.7 
CLUPE.l H. .lDULT (I)"!) 55.67 01 30 38- 1202 1\37 907·8 '17.278 (,58. Z3 301 30 100'0 
CALANUS F'. ADULT (11) 5\.78 01 3D 350- 91'12 '.::>2 t 3116'1 2204.833 184603'- 251 3::1 83.3 
CAL.I\NUS F'. Cf:jPCPf:jD!(tH) 49·72 01 30 213. M562 7~1 37112.2 6876;::O.6M 160111.39 21f1 30 !O.O 
PSEUOB BR P.lR.l CIlP~PIlDI<IH) IIB.63 01 30 533. 26331 11400 ·267.0 8690.203 6089.~5 21/ 30 70. J 
CAL~NUS F'. ~DULT IF") 41,05 01 30 45- 1279 7!'i8 367.7 53\ _9116 /0112.2& 161 30 53.3 
S.lGITTA E. ADULT IU"!I 40-07 01 30 l- SI 3 ,. .4 21.922 'h!2 181 30 60.0 
TEI16RA L. .lOUlT (11) 38 ·27 01 30 .45- 2327 o;~11 ?97.11 838.365 499.30 \ 4/ 30 46.7 
I11"TRIOA L, CBP~P~Ot (IH) 37.28 01 30 182- 1625 371 1'33.9 59(,. 49/0 373.50 131 3::1 43,3 
METRIUA l. ADULT (1'1 35.28 01 30 175- 77S 10;2 157.11 399.151 250,65 lt1 30 36.7 
CE:"!TRBPAGF'S H. ADtlLT 1M) 311.58 01 30 175- 147393 61o~ '3::170< 7 H2509.6::>5 26881.75 101 30 33.3 
PARACALANUS p. .lDUlT (M) 34'28 01 30 203- 17958 11 :>6 12111'& 10518.6114 35711.'10 91 30 30.::1 
PAR.lCALANUS P. .lDULT IF', 13-18 01 30 350- 3'190 101\1 382.7 1771.711l1 823.'17 81 3J 26.7 
CE"!TRtlp.lClES ).4, ADULT IF') 32·72 01 30 90- 1106 3117 15.9 259.030 140.22 81 30 26.7 
J.C~RTU SPP. ADULT (M) 31·115 01 30 175- 21138 "nO 1 ''!102 1'+00. 11 05 '155.31 7/ 30 23.3 
METRIOA L. ADULT (H) 30.·2 01 30 91- 731 5~\. 92.9 531.070 222,16 61 30 20.0 
SPIRHELLA R. ADVlT (V"! I 30·32 01 30 106- 761t 406 81·5 1130·815 181.34 61 3:) 70.0 
TE:M6R.l L. ADULT IF'I 30·30 01 30 83 .. 1238 ::>79 79.5 731 .099 241009 61 30 20.0 
6tTHBNA SP. ADULT IF') 30·27 01 30 83. 812 1~0 61·11 459.594 \.67.99 61 30 20.' 
E RYT\.IflRPS E. ADULT !UN) 30·23 01 30 1- H5 73 24.6 278.422 82.82 61 30 20,0 
BIT\.IBNA SP. ADULT (11) 29.'13 01 30 17'5· 787 ~1I7 6'5.6 '163'029 tH.28 51 30 16,7 
TH'fSAN(lESSA I. ADULT (UN) ;<9·32 01 :30 2. 175 371 52.5 527.771 166 • .." SI 30 16.7 
DICHEI..(lPANDALU .... OULT I U"! , 29'17 01 30 1. 332 '5 11 .5 317.815 6005 .. 51 30 16,7 
P~OON SPP. ADULT (lJ"!' 28.55 01 30 106. 1238 4;:>1 7209 867.963 ;>51 .~9 41 3:) 13.3 
A/1PHll'eD.l UNK"OWN (UN) 28.50 01 30 1- H5 ;>3 15.4 37\..6:'10 75.73 41 30 13.3 
AHPELlsCA v. .lDULT (U"!) 28·'10 01 30 t· '198 9 17.2 .78.799 90.34 41 3:) 13_ 3 
AXlUS (lR CALL LARV.\ (111) 27.90 01 30 175; 1651 t IIBIf 110-3 1 11 35,606 397.99 31 30 10_0 
FISH EGG ADULT (UN) 27'5] 01 30 382- 812 1/',7 66.0 67s'6:16 211.22 31 30 10.0 
IICAlI" L. ADULT (F') 26.80 01 30 400- 691 1/11/11/111111 36.4 566.8:\6 143.58 21 30 6.7 
peL YCHAETA LARVA (Y'1) 26.12 01 30 831- 123!! iI 1/1/1li1Mil 69'0 1040·;::032 ;>67,85 21 30 6.7 
l1eN6CUL6DES SP ADULT (U"!' 26.67 01 30 2_ 498 l1li II 1/11 I/M 16.7 1195.117" 90.~1 21 3:) 6.7 
BRACH1UR,I, l1lE~ ( (H) ;<6·65 01 30 213. 1625 1111111/1111/1 61·3 14118.",. ;097.89 21 3Q 6.7 
CUI'1ACEII ADULT (U"!) 26.65 01 30 311- 61>11 11111111/1/1/1 3'1'0 5:30.876 t 3'1.211 21 30 6.1 
ORIIJEA LARV", (1M) ~6.55 01 30 1- 715 11111111111111 25.9 173.9::13 \ /tt.49 21 30 6,7 
ANIl"!YX L. .lOUI T (UN' ?6 •• 7 01 30 4- 166 /I/lIlI//Ui/I 5.7 161.919 30.29 21 30 6.7 
5 I PUNCUL I OA ADULT (UN) ;:>6.'13 01 30 1- 831 1/I/ilI/lil/il 27.7 829.933 151. 71 21 30 6.7 
l'1eNSTR I LL6! DA "DUl r (U~l) 26.35 01 30 I. 166 III/itlill/ll/ 5.6 16h'H3 30.30 21 30 6.7 
TEMBR" L. CBP<PIIOI (I"') OZ5.17 01 30 345- 345 MIIIIIIII:IIII 11·5 345.000 62.99 1/ 30 3. ::I 
IlITWINA. sp, ADULT IUNI 25.70 01 30 825- 8OZ5 111/11/111:1111 27.5 825·onn ,50. 6 2 11 30 3.3 
IlNC"E" v. ADULT 1M) 2'5·65 01 30 175- 175 Nllllilliltil 5.a 175. noD 31,95 11 3Q 3.3 
I1EG"~IYCT I pH"Nf ADULT (U"!, ;>5.65 01 30 6. 6 1111111111111/ .2 6.noo 1.10 11 30 3.3 
PBL VCH,ETA LARVA (UlIJ) 25·65 01 30 175 .. 175 11/1111111:1111 5.8 175.000 31035 11 3:) ~30 • 
.lCATIA L. AI)ULT (M) <''5.63 01 30 111- 371 111/1111111111 12'· 370·995 67.73 1/ 30 3.3 
HYPp-q IDEA ADULT (UN) ;:>5.63 01 30 171- 371 /111111111111/ 12''+ 37n.995 67.73 11 30 3.3 
EVADNE Spp. AOlJt T IUN) 2'5·63 01 30 171- 371 /tl/II/Uft/I 12,4 370,995 67,73 11 30 3. ::I 
AXIUs eR CALL JUVFNILE( tH) ;>5·1>2 01 30 5- 5 /11111/1111111 .2 5.000 • ':/1 1/ 30 3.1 
PENA£lDEA ADULT (UN) 25·60 01 30 2- 2 11111//1111111 .1 2'000 .37 11 30 3.3 
PLEUSYI'1T.:S G. ADULT (U"!, 25.60 01 30 , 1>"- 166 111111/1111111 5.5 166.oon 30.31 11 30 3.3 
PENAEIOEA LARVA ( IH) :>5.5~ 01 30 41OZ- 1f12 1111:11:11"1111 13·7 1>11. 997 75,22 11 30 3.3 
61KePLEURA D. AOIJlT (UN) 25·58 01 30 llt7- 3B7 Ii:ll II II 1/1/11 12·9 3B6.999 70. 6 6 11 30 3.3 
ACARTIA !,;pP, (f'\P~P'lnl( 11'11 ::>5.57 nl 30 387. 3117 #:111111"111/ 12·9 386.999 70. 6 6 11 30 3·3 
BRIICHYURA lAP 1M) ;>'3.55 01 30 t06- 106 11111111/11/11 3.5 106 '000 19035 11 30 3.3 

PANj,-ALtS BeREA ADUI.T (UN)- 25.53 01 30 2- 2 - . II/U l1li 1111 .1 2"000 -;37 IT 3::1 -3.r 
ep).4!UH81DEA "OUl T (U"!, 2'i·53 01 30 1. I 11111111111/11 .0 1.000 .til 11 3::1 3,3 
PANl).lllS 8frRE.l JUVp~ILEI lHI ::>'5.52 01 30 1. I 1/11111/111111 .0 1.000 .18 II 30 303 
P6NTe liENEI" I. ADULT IUlIJl 25·S0 01 30 83- ~3 1111111111111/ 2·8 8:;>.999 15.15 11 30 3.3 
SP I RBNTfrCAR I S ADULT tU"!, ;:>5·118 01 30 1- t IIIIIIIIUII .0 t .000 ,18 11 30 3. ) 
RACHBTRBPIS e. MlVI.T (UN) 25 ... 7 01 30 1 .. 1 /I/il/tlllfi' .0 \ .oon .18 11 30 3. :3 
PELECvPeOA LARVA (11'1) ;>5.'17 01 30 I. I 111111/11/1111 .0 1.000 .111 tI 30 3,3 
F"BRAI'1!NIF'ERA ADULT IUN) 25.1f7 01 30 I- I 1;.11.111/:111/11 ·0 l.noo .18 11 30 3d 

lSpecies or taxonomi c groups were ranked within each sample on the bas.is of numbers of individuals. Ranks for each speci es or group were averaged over the total number of samples. Highest densi ty sample was assigned highest rank. 

20ominance: Proporti on of sampl es in whi ch the species composed SQ:percent.or:moreof-the individuals. 

3Range, median, and mean numbers of individuals per 100 m3 of water in samples in whi ch the species was found. 

4Dispersion: The ratio of the variance to the mean; the expected value for a random (Poisson) distribution is 1.0. 



Table 6. Relative abundance of zooplankton on Georges Bank for all day samples (20-cm bongo, 
0.333-mm mesh net) coll ectedover the pedod 13-15 October 1974. 

Abundance3 

SPECIES MJeAN RANK 1 O(jH2 R"'IGE: MEDI,l'l "lEAN DISPlj. ST!J DeV ;:-'lEG! XI:!CCUR . --_ .. -- .. _.- ------- .. _- ... - ... _---- .. --- ----- -_ .. --- --.----.---- -.- .... -. ----- ---_ .. -.......... -- --._--- .. --_ .. -------_ ..... " _ ..... -.. -- --- ......... -- -_ .. 
CENTRl:!pAGES T C(lP~PF!OI (IH) ~Z·76 11 4~ 86- 1111277 15;'01 45~69.6 301511.61\0 31U2. 4 15 421 ~2 100,0 
CENTR6PAGES T ADULT ('~ ) 92.62 0/ 42 118. 1311400 10415 3~22D·2 183l1!.996 25775.00 421 42 100.0 
PSEUOf:lC.lLANUS ADULT ('1) 91·50 01 ~2 106- 115200 167"!9 21703.8 15919.84" lB5B8.22 421 42 100'0 
CENTR6PAGES T AOUL T (F) <l0·46 01 42 138- 97066 ;'49,4 26'193.4 12166.293 17953. 46 ~11 42 97.6 
PSEUOf:lC.lLANUS AOUlT (F') 119·26 11 42 22B- 117333 5!H1 14;>90·2 39618.348 23794.02 HI 42 97." 
CLUpE" H. ADULT (UN) .1;5·'12 01 42 7- 5792 95& 1'153.3 1569.181 1510·15 "11 42 97.6 
CALANUS F. C~P~P801 (!H) !l4'01 01 42 8- 2477 962 928.8 1150.268 646.68 "01 42 95.2 
EUpHAUS I ACEA CALypTBP( 1'1) 74.63 01 42 2 .. 2715 (,62 697.3 912·435 797.h 331 "2 78.~ 
CENTROP "GE'; H. ADUl'!' IF, 74.39 01 42 8 .. 3839 1059 872'0 110;>·8&5 980.1>9 321 ~2 76.2 
SAGITTA E. ADULT (UN) 73.95 11 42 1- 4980 37 41h2 2711.971+ 1059.31 161 42 ~5. 7 
C"L~"'US F. ADULT (H) 72'0" 01 42 17 • 1955 "('6 365.5 421.959 393. 62 311 42 73.8 
CAlANUS F. ADUt T (F', 68·31 0/ 42 4 .. 3011 639 513.0 1009.578 719.70 271 42 6'+. :3 
CENTRf:lPAGES H. ADULT ('1, 61.92 0/ 42 5. lo193 '193 670·3 178"!.317 1093.29 271 42 64.3 
LpFRAIi INV~RTI"G( 11'11 62'08 01 42 1· 853 ::l~0 196.8 333.6t\7 251'..2'+ <!31 42 5'1.8 
OITHI'!NA SP. ADULT (F', 58·81 01 1<2 3. 1706 ;;11 12/0.5 7tl5.670 50'1.96 191 1+2 45.2 
B !TH6NA SP. ADULT 1'1) 5/1.36 01 1+2 1- 4266 433 ,S4.5 1572·8''1 777.65 191 42 45·2 
EUpHAUSIACEA NAUPlIUSIIHI 55.48 01 1t2 168 .. t015 3~2 191·5 1063.4117 297.95 171 42 4005 
PSEUOBCAUNUS CIlPF P601 (1M, 55·37 01 42 2. ]15~7 no !61'0 27298.613 4848.24 171 42 4005 
_CALN6ID SPp. Cflp~PI:!OltIH' 53·18 01 42 106. 853 :>2~ 120.6 37;1.3115 l!11.91 151 '>2 35.7 
MErR ILl A L. ADULT tF)- 52·51 01 102 1 .. 1066 191 95.7 1027.820 202.31 151 42 35.7 
OIKI.!PI.EURA D. ADULT (UN' 50·79 01 42 1- 1706 :on6 104 •• 75l!.94a 280.31 131 42 31.0 
CARIDEA LARVA (tH) 50·39 01 ~2 1. 609 ;>\6 ]8.8 31110'11>4 \58.112 131 42 31.0 
POlYCHAETA LARVA tIl1) '9.33 01 42 1- 1052 :?04 81.8 463.201 194.69 121 lie! 28., 
CAL NUS M. ADULT (F) 41\.54 01 42 9B- 1066 "06 7406 460·798 185.~0 111 ~2 26,2 
5 I PUNCUL I DA AOUlT (UN' .1\-31 01 "2 1. 220 3 8.6 160.4R5I 37.19 121 "2 28.6 
PASIPH.l.E JUV~IIIILEI 1M) 101.99 01 42 I· 8 1 .51 4.472 1.516 IV 42 28.6 
METRIOA L. AOULT (H) 116.58 01 42 44. 1066 135 6 .... 2 531h733 \86.03 91 42 21." 
METRIOA L. CeF'fpBOI (1M' 45·83 01 -'2 175. 842 1<59 87.5 4B4.933 il05.99 8/ 42 19'0 
ERYTH6RPS E. AOUt,r (UN' 45·58 01 102 1- 462 ;>6 22·3 338.566 86.96 81 1t2 19.0 
ANeMURE URVII ( IHI 4S-06 01 42 I" 213 161 22.6 172.570 &2.'11 81 42 19.0 
CAlNUS M. ADULT (P1) 44.55 01 42 106. 'H57 "12 52·8 326'156 t 31·21 ., I 42 16.7 
flNCAEA 'I. ADULT IF', "4.55 01 42 2· 308 196 28.2 20 , .. 5051 75.36 71 42 16.7 
nlus (lR CALL JUV~NtlE:I I~' ·4.ltO 0/ 1t2 1. 16 2 .8 9.?34 2.73 8/ 42 19.0 
SPIRATELU R. "DUlT (UN' 44.39 01 42 98. 376 117 31 .. 7 230.13. 89.35 71 42 16.7 
HeNBCULlIDES SP ADULT (UN) 44.27 01 42 1- 350 2 13.5 261·295 59.50 71 42 16.7 
BR,t,Cl-IVURA HEOAlflPS( IH) 4,·21 01 42 1. II 1 .11 ?0161 .8!! 81 42 1'300 
SALP4 F. ADULT (UN) '13·611 01 ~2 1~ 103 (; 4.~ 71.66.4 17.81 . 7/ 42 16,7 
AL TEUTHA O. AOULT (UN' "2·67 01 42 2- 154 "" 6'1 104.912 25.3~ 51 42 11.9 
~ARpACTlcaIO S UNI<~leWN (UN, "2. 44 01 1t2 175. 228 "03 2403 1!!5.96n 67.27 51 "2 11.9 
THYSAN/IESSA I. ADULT IUNI 1t;>_43 01 "2 1· 220 4 7.6 174.892 36.'15 51 4-2 11.9 
ACATIA L. AOULT IFl 'It-49 01 1t2 9B .. 308 10;3 17'0 207.1190 59031 ~I 42 9.5 
AMpHIPBOA U~JKN"WN tUN) 10 1.25 01 42 1· 35 4 1'0 28.1'62 5.~' Itl ~~ 3.5 
AC~RTI" D. ADULT ( FI 40·50 01 11.2 127 .. 412 ;'0 17·9 29~.660 72.S! 31 "2 7'1 
FISH EGG AOULT (UN' 40. 45 01 42 2- 127 .6 ,,·2 102.555 20.~1 3/ 4~ 7'1 
TEMB~" L_ ADULT (H, 40·38 01 "2 213 .. "26 4;2 25'0 360.913 95.03 31 'Ie 7'1 
EUpHAUS IACEA FUI'1r:ILlA1IHl 40·.31 01 412 19'" 426 ;';>0 20.0 305. 8 70 78.31 31 42 701 
CUIDACIA A~. CBpl'F'eOHIH' "0·26 01 42 177 .. "26 1115 18.8 301·916 75.26 31 42 7'1 
pAFHME. TI:!PELLA AOUl T (UN' 39·71 01 "2 "4 .. 3"" Ii Ii 111111 1111 lit 8 288.63t 50.29 21 42 4. II 
rEHORA l. ADULT (F) 39.'" 01 42 12].. 191 11/1/1/1/1/111 7.6 16t.719 34,99 21 42 ".8 BRACHYIjRA lflP (lH) 39.413 01 102 203. 220 /I/lIIII#//1i 10·1 206.688 115.1>2 21 4~ ".11 
fEMBRA L. CI:!PI' 1",..01 (1M) 39·31 0 1 42 \96. 206 11/1 Ii II 111111 9.6 196.nlo 43.3,. 21 "2 4.3 
UNDINUlA V. ADULT (F) 39.29 01 42 1,,5. 213 11111111 II Ii II 9.5 1950154 113.00 21 42 '1-8 
.l.NeMURE MI';ClA~ flpS I 1M' 19·25 01 1t2 1- 206 III/M II IIMII ".9 204.961 31.78 21 42 4.!! 
SAGITTA. S. ADULT (UN) 39·20 01 42 1 .. 8 111111111/1111 .2 7. t 79 1.2'1 2/ 42 '>.8 
CUMACf.A ADlit T (UN) 39·04 01 "2 1- 1 111111111111:11 ·0 .976 .22 21 4-2 ".11 
CENTRB'=~GEL'I. Cep~p/lOJ(IH) 38·55 01 '12 15I0I0- 1SH Ii 1111111111 II 3/i.8 154 ,.991 ___ ~~8~~L~_U '.:- 2-" ZPFRAC; LARVA tIM) 38·49 01 412 30B .. 308 111/1111 II II Ii 7.3 307.99& 47.53 11 '12 2.4 
METRIDA L. AOUL T (UN' 38-'19 01 42 2133- 2133 1111 UII 1111 50. 8 2132.994 329013 1/ "2 2.'1 
HARPACTlCf!IO S ADULT (UN' 38.48 01 42 "28. 221! III/IiUI//I. 5.10 228 '000 35.1B 1/ 42 2. 4 
BlTH6NA Sp· Cep~P/lOI (Ii'll 3~.H 01 42 127- 127 /I i/II I/. I//l.M 3-0 12~.999 19·1>0 11 42 2.4 
DENTIF lED IN .DUl T 1M) 38.44 01 "2 164 .. 164 /1/111111/1111 3.9 16"'000 25.31 11 42 2.4 
EUpHAUS I ACE: A CAL YPTflP t M, ~1! •. 1t4 01 42 2213-0 228 1111 i/U Ii/l. 5.4 22'10000 35.18 11 42 2 ... 
EUPHAUS I ACEA FURc:tLlA(F) 38·44 01 42 228. 228 lilli/Utili 5.4 22'1'000 35.1B 11 112 2.4 
IlIK~F'lEURA O. ADULT ('1, 3'1·43 01 42 ~12. H2 /I/Ii/I/Iillil 9.8 1t11.999 63.57 11 42 2.'1 
P8NTBGENEIA I. ACULT (UN) 38.113 01 '12 350" 350 /11/1/11/1./1./1. 8.3 3-9.999 5it'01 11 "2 2.4 
PLEUSYMTF:S G. "DUL l' (UN) 38.43 01 42 1t33 .. 1133 /1./1 I/Ii 11/111 10·3 413:;>.998 66.81 11 42 2. it 
Pt:lNTElLINA P. ADULT (1'") 38·43 01 112 433. 1133 1111 I/I/MI/Ii 10·3 432·998 66.81 11 42 2.4 
CANDACI A AR. ADULT (Ml 38. 42 01 '+2 98. 98 II IiIiIiM I/ilc 203 98'000 15.12 11 '+2 2.10 
CANDAqA AR. ADULT (F) 38·'12 01 412 98. 98 /11/1/111111* 2.3 98.000 15.12 11 '>2 2. '+ 
peL YCHAETA L~RVA (UN' 38.412 01 42 5_ 5 /11111Il101111 ·1 5.000 .77 11 42 2. '+ 
AC~RTlA C. ADULT (MI 38. 40 01 "2 412· HZ Ii II II l1li11/1. 9.8 1111·998 63.57 11 42 2.4 
HypERItDEA UNK"I'IWN (UN) 38.410 01 "2 ?28- 228 iiI/III/III/II 5.'1 228.000 35.18 11 ·2 2.,. 
PELECypllDA LARVA ( fH, 38·'10 01 '12 12 .. 12 /1/1 l1li II Ii II .3 12.000 1.85 11 '12 2.,. 
B !THBNA SPl. ADULT (F, :.:IB.39 01 42 246 .. 246 IIIi 1/11/1 1//1 5.9 246.000 37.96 1/ "2 2.1+ 
ACAn .... L. ACUlT (M) 38.38 01 102 103 .. 103 111/11Il101111 2.5 102.999 15.89 1/ 42 2 ... 
eITHI.!NA sPI. ADULT ('1, 31\.38 01 42 22"" 224 11/1.11111/11/1. 5.3 223.999 3~. 56 11 42 2.4 
DENTIFIED IN ADutT (F, 38·38 01 "2 114. 1111 II 1/11 I/lillii 2.7 lH.ooo 17,59 11 42 2. " 
aASTRePBOA LARVA IIH) 38.38 01 42 191. 191 Ii I/Ii II III/II 4.5 191.000 29.47 11 42 2.4 
IDBTEA B. ADULT (UN' 38·38 01 42 1· 1 111111 1/.1/. Ii Ii .0 1.000 .15 11 42 2.4 
CALNUS M. CBpFpl'IOI I IH, 38.37 01 42 106. 106 1111 II U 1111 2·5 105.999 16.:36 1/ 42 2.4 
Po\.. YCHAe:U RTEr;(UN' IIH) 3/1.37 01 42 168 .. 168 Ii 11/1 11/1. II II 4.0 16~.noo 25.92 1/ 42 2. '+ 
ZPF"RAG Z~EA CIHI 38·36 01 412 188· 18!! 1111/1.1111/111 4.5 188.000 29.01 11 42 2. II 
PSEUOBCALANUS RTEr;(UNI I IHI 311.35 01 42 426. 426 11/11/1111/1./1 1001 1125.999 65.73 II ,,2 2. ~ 
I'INCAe: .... V. ADULT (HI 31\.35 01 42 426. 426 UIIUIi/l 1001 425.999 65.7] 11 42 2.10 
DICHe:LBPANOAlU ADULT (UNI 38035 01 42 4- 4 I/Ii/l.till liil t1 •• 000 .r.2 11 42 2.4 
CI.!RYCAEUS Sr>P. ADULT (F) 38.32 01 42 196. 196 NIlI/IlliIiIl '1.7 19t,.000 30.24 11 '12 2.'1 
ANBNYX L. ADULT IUN' 38031 01 42 2 .. 2 1111 I/U Ii II .0 2.noo 031 11 42 2.4 
I'ISTRAC()OA ADULT fUN' 38-29 01 42 1. 1 IIIIIIUi/1l .0 i.OOO 015 11 42 2.4 
ANI.!HUAE Z/ll';· ( IH) 38- 2~ 01 42 1. 1 IIIIIIUi/1i .0 t.ooo .15 11 "2 2.'1 
CRANGON s· ADULT (UNI 38·23 01 '12 1. 1 1I1/1III1Ii/1i .0 1.000 015 11 42 2.,. 
ACHELI" S. ADULT (UN' 38·23 0/ 42 1. t II II 1111/1. lIiI .0 1.000 .1S 11 42 2, .. 
P,tGURlOAE ADULT fUN) 38·23 01 102 1. 1 II II 1I/l.1i 1111 .0 1.000 .15 1/ "e 2. ~ 
p"GUR I o AI'; Z~EA (lH, 38.23 01 ~2 2· 2 111111111111/1. .0 2.000 .31 11 42 2. ~ 
HYPERIIDEA ADULT (UN) J8.18 01 42 2· 2 iI II 111//11/11 .0 2.000 ,31 11 42 2.1t 

lSpecies or taxonomic groups. were ranked withi.n each sample on the basis of numbers of individuals. 
Ranks for each species or group were averaged over the total num5er of samples. Highest densi ty 
sample was assigned highest rank. 

20ominance: Proporti on of samples in whi ch the spec; es. cC:l!uposed-5Uperc"cenF er--mo'reof-·the individuals. 

3Range, median, and mean numbers of individuals 100 3 of water in samples in which the speci es per m 
was found. 

4Dispersion: The ratio of the vari ance to the mean; the expected val ue for a random 
(Poisson) di s tri buti on is 1.0. 



Table 7. Relative abundance of zooplankton on Georges Bank for all night samples (20-cm bongo,' 
O.333-mm mesh net) collected over the period 13-15 October 1974. 

Abundance 3 

_~~::::: ____ ••••• ___ • __ •• _. __ ::~~_ ~~~~_l_. __ ~~::. __ • ______ ._ ~~~~: ___ • ___ ~:~~~~. ___ ~:~~ _____ • _ ~ ~ ~~.~ _____ ::!.. ~_:~z:': _____ ~~:~ __ . __ :~:::~ 
CENT"ttPAr,ES T AOIILT (H) 
PSEUDf:tCALANUS ADULT (H) 
cEr>n'l!lPA('lES T AOUL T (F) 
PSEUOllCALANUS AOUL T (F) 

CENTR!lpAGES T CApFPROI (1M) 
CLUPE" H. ."ULT (1)"1) 
CALANUS F. COp."RDI(IH) 
CALA"IUS F. ADULT (,) 
SAGJTH E. ADULT (UN) 
CALANUS 1'. ADUlT (H) 
EUPHAUSUcEA CAL Y"T"P( II'<) 
CENTRtlpAGES H. "OUl T IF) 
!lITHeNA SP. ADULT (H) 

e (TH!l"lA 51'. ADULT (I") 

!! I KBPlEUFlA O. ADULT (U"I) 
LP'RAb INVFRTF'Cl( 11'<) 
THYS AN6ESSA I. ADULT (UN) 
EUPHAU!'i!J,.cEA NAU"'~ IUS( IHI 
CENTR6PAGI':S H. ADULT I'll 
PSEUOOCALA"IUS C6 PF P~O I ( I H) 
PASI""AE JUVFNILE( IH) 
SPIRATI':LLA R. ADULT (UN) 
ERYTH!!RPs E:. ADULT (UN) 
AHPHI"'ODA UNKNOWN (U1\l) 
H!!NllCUL60E:S SP AOUL T (UN) 
CALNelD spP. CBPF"ROI( IHI 
CRANCl!l'1 S' AOUL T !liN) 
HETRICA L. ADULT (F') 
Bi'lACHYURA HEliAlOPS( IHI 
SIPUNCULIO" ADULT (UN) 
ACArt" L. ADULT (FI 
CARIDEA lORVA (lHI 
8NCAEA V. ADUt..T IFI 
HETRIUA L. ADULT (HI 
CALNUS H. ADUL T (H) 
AN6NYJ( L. AOUL T (UN I 
CALNUS H. AOUL T (F') 
P!'!LVCHAETA LAI'IVA IIH) 
PARAHET6PELLA ADULT (UN) 
ALTEUTHA 0' ADULT (UN) 
AXIUS IlR CALt.. JUVFI\lILE( IH) 
EUPHAUS I ACEA F"U"'(J LI A ( "11 
HETRIOA L. CBpFPAOl( IH) 
TEHeRA L. ADULT 1M! 
OICHElo~P"'NDALU ADUL:T IlIN) 
1"15H EGG ADULT (UN) 
CUHACO AOUI.T (UN) 
SAloP. 1". AOUl T IUNI 
TEM"RA L. ADULT (~) 
PASI""'AE ADULT (UN) 
ANeMU'"'E LtRVA 111'1) 
CALNfllD SP'" NAU"L IUSIIH) 
~lTHIlNA Sp. C~P'''~I)III'1! 
HEGANYCT I P .... NI': ADUt.: T I U'I) 
e I1'H/!"'A S"I. lOUt r (~I 

_ ._~AN!)~~_~_. __ .oULL (M! 
"~NTf!{jEN!':IA r. ADUl.T (11"11 
SAGITTA 5. ADULT IUN) 
A NeHU"!': HEOAl f\PS ( I H) 
CANOlerA M'l. ADULT (F) 
HYDRela. H<;CDIIS. (IH) 
><YPE~IIDFA ADULT (U"') 
CIRllloANA P. ADUt..T IUH) 
6NOEA v. 'DULT (H) 
ACARTIA D. ADULT (F') 

lPF"R.a INveRTE:I3(U"') 
EUP",AUS I ACEA CAL Y"T~P ('1) 
ACATIA L. ADULT 11'1) 
SAGITTA HX. ADULT (U'I) 

CpITR8P'GES T ADULT (!HI 
ClASTR6paOA U~v. 11M) 
CAL ANUS F. N'U"~ IUS! IH) 
LUCI~ER ~. ADULT !UN) 
AXIUS OR CALL LARVA (IH) 
PLEUSTES p. AOUt.. T (UN) 
PELECV"eO. LARVA IIH) 
CENTRt!P'GES T ce",ep"oIIH) 
ISIlPOUA UNK"""'N I UN) 
PLEUROBR.lNC><!A ADULT (UN) 
CI<!Rlf'EOIA NAU"lIUSIUN) 
[PFRAG RTI':f1(UNH IHI 
MICFleSETF"LLA N ADULT (UN) 
AO Tl A L. C~"'''eD II I H) 
EUpHAUS lACE. cepe PRO I ( 1 H I 
TEHe R .. L. CBP."ROI (1M) 
ANRHALilC~'RA" ADULT ('1) 
CAL~leID ~PP. ADULT (~) 
DENT! F I EO r N AOUI. T (F) 
SplRUELlA R. ADULT (") 
EUPHAUS IACEA NAU"~ 1 Us (lJ'I) 
EUP><AUS IAC£4 CAL vPTRP (U'II 
DE'lT IF lED IN ADULT (F') 

HYPE" Il spP ADUL T (IJN I 
HYCIOACEA AOULT IU"I) 
pSEuoeOt..ANUS ADULT ( I H) 
HETR I fJA L. C"pc PRI) II H) 
EliCHA':T. N' ADULT (") 
err>;"",,, 5P, CRPFPIlO((H) 
"H"Hlf'eo. U"IK"I"WN (F') 
PLEUSYHTES a. ADUlT WN) 
PeL YC"'AETA LARVA (HI 
10I'!T£" B. ADULT (U"I) 
<:IRRlf'EOIA NAIJ"~ IUS! IH) 
TR I CH!lPHflXUS £ ADLIL T I UN' 
CTENf:!">;O"A ADUL r (U"II 

CANCER ;;P". JUVFNILE( IH) 
ANeHURE Z.>'" (I H) 
SPIRBNTBCARIS ADULT (U"I) 
PASIPHAE JUV~N1LE(UN' 
CHIRIOBle::. 5P. AOIILT IU"I) 
"AGURIDAE ADULT (UN) 

109'''5 
108.67 
10~·65 
107.39 
107.3~ 

103·25 
98·80 
9~. 75 
9",69 
'h·~6 
79·86 
76·26 
7"·OS 
73·77 
63.61 
61·2" 
67·1" 
66.92 
65·63 
~".99 

~3'0" 
61.95 
61·69 
61·31 
61·30 
59·60 
59'''' 
59'''1 
58'19 
56.S" 
55·77 
55.70 
54.93 
5 .. ·18 
5 •• 5. 
'i".5" 
5 .. • .. 2 
5".38 
<;3·52 
<;3·25 
53' 16 
<;3'01 
52·65 
~1·81 
51.51 
!il·22 
0:;0'11 
0:;0·16 
"9·23 
"8.85 
4~. "'1 
"8·29 
.A.25 
"8-12 
·g·OI .,.q':J 
~i.98 
"7·~3 
47.67 
",.42 
41.42 
'7.33 
·7·10 
"6.89 
46.81 

"6·e" 
"6·81 
"".77 
"6·63 
46.49 
46.13 
"6'08 
46·07 
.6·05 
106·02 
"5·98 
45·69 
0'5.69 
"5.68 
"5·66 
45·63 
"S·62 
"5.61 
,,~.60 

"5·51 
05.57 
"'i.57 
45.57 
45·57 
45.57 
45·57 
"5·55 
45·55 
"5·5" 
"5·33 
"5·53 
"5·53 
"5·53 
"5.53 
40;·53 
"'5.53 
"0;.52 
45·51 
"5.51 
-5 .. .,.9 
4!i.48 
4<;.°6 
4;; .. 4~ 

.5,'5 
4".42 
,,<;-42 

11 83 
01 33 
01 ~3 
II n 
21 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 !3 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83-
01 83 
01 83 
01 ~3 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 ,1\3 
01 83 
01 83 
01 83 
01 !3 
01 83 
01 ~3 

01 83 
01 83 
01 83 
01 83 
0/ 83 
01 ~; 

01 83 
01 83 
01 83 
01 ~3 
01 ~3 

01 83 
01 83 
0/ n 
01 83 
01 ~3 

-6-1 83 
0/ 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 !!3 
01 83 
01 R3 
01 83 
01 83 
01 83 
01 83 
01 g3 
01 83 
01 a3 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83· 
0/ 83 
01 83 
01 83 
01 83 
01 83 
01 83 
01 83 
0/ 83 
01 83 
01 83 
01 83 
01 83 
01 B 
01 83 
01 83 
01 83 
01 83 
01 ~3 

01 n 
01 81 

12'57H 
26'13'56 

669M 
91583 

150"00 
4348 

27927 
'1200 

~S2qo 

~"OO 
~666 
3710 

2181S6 
233739 

1113 
325. 

629 
2206 
2"00 

91269 
355 

2226 
935 

1- 2800 
1· 212 
5. 300521 
1~ 731 

8_. 
a6. 
I. 

103. 
1-
3-
5. 
I· 

106-
2-

H­
I-
6_ 
Ie 
I. 

H­
\-
1-

8"· loB-
I-

103. 
185-

1· 
1 -
I· 

.3. 
193. 

I­
I. 

to"· 
11"· 
\88. 
"3-
98-
I-

32'32 .... 
101.1· 

1-
2. 
1-
\-
1-

21403. 
2"3. 
~"3. 

77'1\3. 
393. 
209· 

18. 
"92-
220· 

.. 3-
It ... 
II .... 
312-

3339-
86-
20. 

297-
16A. 
108. 
lOll. 
108. 
10"-

4-,. 
10" 

5-
21 6 -

1 -
I-
3-
I-
I-
I­
I-
1-

1010 
228 
2"6 
Boo 
433 
.79 

1219 
800 
355 
595 
738 
581 
365 
355 
H2 
8~2 
882 
200 
662 
331 
220 
371 

13 
371 

61443 
'557<;5 

3 
n3 
3~7 

171 
31 

180 
216 
3S5 
"57 

2 
2") 
662 

1113 
185 
220 

3 
23930'1 

218 
103 
I~O 
25 

1 
1 

21'03 
2"3 
8"3 

71913 
393 
209 

18 
"'12 
220 

43 
II" 
11'+ 
312 

3339 
M 
?O 

297 
168 
108 
108 
1M 
10" .. 

3 
104 

S 
216 

I 
1 
3 
1 
I 
1 
I 
I 

~6~H 

15;>77 
~Cl9n6 

6"00 
:>5517 

I 1 ~2 
<;71 
It" 7 
1tA 
732 
5~1 
492 
:>.9 
3~1 

~05 

2". 
2 

?1" 
:>16 
::I~" 

I> 
;>:>0 

:>0 
22 

" 193 .. 
:>l:I~ 

2 
2 

:>00 
110 
163 
I At 
no .. 
"0 
16A 
'n9 
113 , 
:>n6 
?:'to 
193 

J 
1 A3 

" 7 
110 

1 
0;;:> 

In49 
119 

I 
::>06 
?n1 

I> 

" I 
j 36 
'62 
1 nS 

I 
193 
1'13 
"13 
In" 
, 6~ 

1 
flllli/I/IIII 
UNII.III/ll 
IIMI/i/MII" 
MIlIA,M_. 
lIill/lIl/llll 
MtiIUJliiU; 
III/UIIU 
1111 II I/MOII 
IIIIII./H/. 

'1/11111111/1 
MMMIIJlIIM 
III/IIUII. 
/lIIIIUU 
IIIIMun 
MIIMNIOIM 

II.IIUIIII 
II.IIU.II 
IIIIIIIII/U 
IIIIM.iit/1i 

IIIII/lil/U 
IIIIUUII 
IUltiJliiMti 
U/lfllIlIlI· 
1/11/111111111 
1I/I//IU/I/I 
"-1/1111*11 
IIIIIIUJI. 
IIIII/III/U 
/l.MMtI~.M 

UIIUIIII 
II 1/1/11 II 11M 
1/111//11//111 
.III/UIIII 
1I1I1I.;UOI 
II 11M II ItHUI 

'.1/./111" 
lIi1III1M"II 
NII.JUIIOIM 
II.UIIU 
HilMI/III/II 
Mi/NI/ililil 

liM IHI Ii to; 

32159.2 
209"0'0 
232S5·1 
1367'1_0 
33'1 0. 9 

1366.8 
139).3 
1228'0 
1088.,. 

926'0 
396·1 
H6." 

3556.2 
36H·O 

171·8 
185·1 
31t5 

\ "!3>9 
lSI.) 

H2t.t 
12·3 

108.6 
52·1 
53.7 
1?·;J 

396·'0 
10·5 
79.6 
~.6 

10'0 
53·5 
35·9 
38.5 
.8.5 
5"tl 
5·4 

'8." 
'0.9 
37'0 
23·5 
•• 8 

36.\ 
"3_9 
31·7 
3.2 

28.8 
7.5 
3.8 

12.9 
.3 

R.2 
'''8.3 
839.2 

tl 
14·0 
15·0 

'>.2 
.5 

2.2 
6.4 

12.9 
8·0 

.1 
6.5 

11. 7 
20.9 
"'0 
5·9 

·1 
3275.0 

4.7 
\.3 
2·2 

.3 

.0 

.0 
~57.9 

2·9 
10·2 
~38.7 

".7 
2.5 

.2 
5.9 
2.1 

.5 

1'" 
1.4 
3.8 

40·2 
1·0 

.2 
3.6 
2-0 
1-3 
1·3 
1·3 
\.3 

.0 
'0 

1·3 
01 

2·6 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

2062:1'~nt 
"37"0.895 

9llb·oo8 
239!~ .0610 
30516.\91 

lD/H.852 
13"2.953 
2117 .933 

25755.281 
1216·346 

701·267 
1129'098 

17 0011'000 
187040.0U 

460'029 
1026.160 

334.272 
6510217 
812.A2" 

67938'000 
25t.3!H 
126.2011 
H!h132 

1806.811 
13!","3 

27.930·938 
~12'119 
385'''11 
1 .... ·90 .. 
188·183 
3"9.201 
258.855 
236.706 
"95.476 
388.835 
280.196 
296.866 
330.962 
310.7"6 
176'131 
31!·612 
236.896 
"63.6'59 
"0901:>9 
153.805 
J77.::!75 
229,1>116 
160·536 
213.114 

8'016 
273.6n6 

SlU!·160 
46919 •• 51 

1>802 
<!7?6::12 
26n.n9 
163.818 

22.912 
1 ](,,012 
160.398 
276.91\1 3, •. 505 

1.356 
19"0191 
"98'''''6 
83!'0?5 
13!.908 
11'10660 

2.662 
213863.813 

22~.537 
tOlt992 
177.99" 

210.053 
.91\8 
.3M 

21402·9"5 
2 .... 999 
842.996 

7791l.3t3 
392.990 
209.000 

18.000 
~9t .998 
220.000 

"3'000 
113.998 
113.398 
311·9'18 

333!1.991 
86.1)00 
19.999 

296.988 
167.999 
101.999 
107.999 
101.999 
10:h998 

".000 
hOOO 

103.998 
5.000 

215.999 
1.000 
1_000 
).000 
\.000 
1.1)00 
1.000 
10000 
1.000 

25753.55 
30~6~.~9 
14559. 9 9 
18112.;1] 
32054.79 

1193.31 
3198,53 
t~3S.3& 

S~9h"" 
1087.12 
527.03 
&85.65 

2"589,05 
26096.05 

2!11.a 
435. ~3 

102. 10 " 
308019 
350.71 

10"9,,,56 
55,69 
<80.~8 
153.97 
311· 5a 
42.39 

33012.51 
BOetS 

t7S-20 
2'5> 76 
43'''1 

136.7" 
96.3" 
95.~6 

t 5".95 
1,,5,02 
38.77 

119.112 
116.28 
107.28 
Oil.) 6 
38.94 
92.~3 

1"2. 7 1 
113.90 

22.08 
10'" 16 
"t," 
2",68 
52. '" 
1.56 

.7.38 
6982.75 
6?1 •• 86 

."" 61036 
62.57 
26. \7 

).:52 
19.75 
32.03 
59.810 
5 •• 90 

.29 
36,5" 
1&,211 

I 31.~" 
23.37 
31.89 

'''7 
26465.30 

32 '('0 
11> 30 
1:1.76 
2.7. 

0\5 
• 15 

2H:1.28 
2!"b7 
92.53 

8552.03 
43.1" 
22.9" 
1.ge 

5'1.00 
2".15 
".72 
12'~1 
12.51 
3".25 

.66.50 
9. loll 
2.20 

32.60 18.,." 
U.as 
11.S!5 
11.85 
11."2 

-"It 
• 33 

\1."2 
,55 

23. 7 1 
011 
.11 
,33 
.It 
.11 
til 
.1\ 
.11 

~31 83 
B31 83 
~31 83 
B31 83 
BOI 83 
831 B3 
781 83 
781 83 
75/ 83 
72/ 83 
511 83 
45/ 83 
44/ 83 
HI 83 
361 B3 
HI 83 
391 83 
341 83 
321 83 
301 83 
3V 83 
~71 83 
HI 83 
HI 83 
2~1 83 
231 83 
~61 83 
a31 83 
2"1 83 
~11 83 
111 83 
181 83 
161 83 
161 83 
151 83 
t 71 83 
\5/ 83 
lSI 83 
131 83 
131 83 
lSI 83 
131 83 
121 83 
111 83 
121 83 
101 83 

91 83 
91 33 
11 33 
7/ 83 
61 83 
5/ 83 
51 83 
6/ 83 
51 83 
51 83 
51 83 
51 33 
51 83 
./ 83 
"I 83 
"I 83 .1 83 
31 83 
31 !3 
31 83 
3/ 83 
31 83 
31 83 
2/ 83 
21 B3 
2/ 83 
21 83 
21 83 
21 83 
21 83 
11 83 
11 83 
11 83 
\1 83 
11 33 
11 33 
11 83 
11 83 
11 53 
II 83 
11 83 
II 83 
II 83 
11 83 
11 83 
11 83 
11 83 
11 83 
II 83 
11 83 
II 83 
II 83 
II 83 
11 83 
\/ 83 
11 83 
II 83 
11 83 
\1 8) 
11 ~3 
II 33 
\1 83 
II S3 
II 83 
II 83 

100'0 
100-0 
IOO·~ 
100.0 
96." 

100'0 , ... ~ 
9~-J 
90." 
86.7 
6\.,+ 
5~.a 
53., 
53.0 .3. " 
"!to 
H.O 
",.) 
31lt& 
36.1 
38.6 
32.5 
32.5 
32.5 
33.7 
27.7 
31.3 
27. ] 
2'1·; 
25.3 
20.5 
21.7 
13- 3 
1903 
18'1 
20.5 
18.1 
18'1 
\5.7 
15.7 
18.1 
15.7 
1".5 
1303 
1"·5 
12'0 
10.8. 
10·8 

8 •• 

8. " 
7'2 
6-0 
6.0 
7·2 
6.~ 

6'0 
--6;,;)-

6.0 
6'0 
4.8 

'-8 
,+.8 
~. ~ 

3.~ 
3.6 
3.6 
3.6 
3.~ 
).4 

2." 
2 •• 
2.4 
2." 
2. " 
2.4 
2 •• 
1>2 
1.2 
1.2 
1.2 
102 
1.2 
1.2 
1.2 
1,2 
\·2 
102 
\12 
\. 2 
1.2 
1, a 
\.2 
1.2 
102 
Iti!. 
\·2 
102 
102 
1·2 
Ita 
1- 2 
1.2 
hZ 
\.2 
1.2 
1. ~ 
102 
1.2 
1.2 
1.2 
1.2 

lSpecies or taxonomic groups were rankedwHhin each sample on the basis of numbers of individuals. 
Ranks for each,species or group were averaged over the total number of samples. Highest density 
sample was asslgned highest rank. 

20ominance: Proportion of samples in which- the species cr.lmposed SO l'ereent 01" ~re-,-of th.e ind;vicuals. 

3Range, median, and mean numbers of individuals per 100 m3 of water in samples in which the species 
was found. 

40ispersion: The ratio of the variance to the mean; the expected value for a random 
(Poisson) distribution is 1.0. 



Table 8. Species list for the Jeffreys Ledge and Georges Bank vertical 
distribution study sites, October 1974. 

Species common to both sites 

Centropages typicus 
Centropages hamatus 
Pseudocalanus sp. 
Calanus finmarchicus 
Metridia lucens 
Temora longicornis 
Acartia longiremis 
Oncaea venusta 
Oithona spp. 
Paracalanus parvus 
Sagitta elegans 
Cl u pea ha rengus 
Splratella (=Llmacina) 

retroversa 
Erythrops erythrophthalma 
Axi·is or Callianassa sp. 
Pleusymtes glaber 
Pontogeneia inermis 
Spirontocaris sp. 
Thysanoessa inermis 
Meganyctiphanes norvegica 
Oikopleura dioica 
Eu phaus i acea 
Amphi poda 
Cumacea 
Hyperiidea 
Pasi phaea 
Brachyura 
Pelecypoda 
Polychaeta 
Fish egg 

Species occurring only 
on Jeffreys Ledge 

Ampelisca verrilli 
Rhachotropis oculata 
Podon s p. 
Evadne sp. 
Pandalus borealis 
Foram i ni fera 
Ophi uro idea 
Penaeidea 

Species occurring only 
on Georges Bank 

Nannocalanus (=Calanus) minor 
Ca n d a cia a rm a t a 
Euchaeta norvegica 
Pontellina plumata 
Acartia clausi 
Aca rt i a- danae 
M;crose~ella norvegica 
Anomalocera pattersoni 
Undinula vulgaris 
Oithona spinirostris 
Corycaeus speciosus 
Alteutha depressa 
Monoculoides sp. 
Anonyx liljeborgi 
Parametopella cypris 
Pleustes panoplus 
Trichophoxus epistomus 
Ci ri olana pol i ta 
Hyperia sp. 
Idothea baltica 
Chirldotea sp. 
Crangon septemspinosa 
Dichelopandalus leptocerus 
Lucifer faxon i 
Cancer s p. 
Sal pa fus i formi s 
Pleurobranchia sp. 
Sagitta setosa 
Sagi tta maxi rna 
Hydrozoa medusae 
Anomura 
Gastropoda 
Isopoda 
Cirripedia 
Mysidacea 
Ctenophora 
Paguridae 



Table 9. Vertical distribution of herring larvae (~ea harengus) (No./lOO m3) -on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (m) 1400 

1 2 

10 99 

20 1,297 

30 994 

40 392 

No.flO m2 2,587 

Weighted Mean 25.7 
Depth (m) 

INight hauls 2000-0400 
Day hauls 0800-1600 

1600 1800 2000 

10 133 241 

396 667 645 

805 1,162 1,644 

304 1,156 910 

228 632 645 

1,624 3,368 3,642 

21. 7 23.6 22.4 

Sunrise 0610D.S.T. 
Sunset 1722 

Time (h) 
2200 2400 0200 

108 474 140 

627 1,283 371 

700 1,196 1,548 

38 856 822 

1,446 857 3,198 

2,142 4,001 4,410 

26.0 20.5 29.6 

--- ---.--~--- --

INight IDay 
0400 0600 0800 1000 1200 Mean Mean Ratio N/D 

244 230 23 31 13 241 16 15.1 

1,054 1,689 232 198 44 796 194 4.1 

1,279 558 1,373 352 776 1,273 921 1.4 

1,240 995 782 212 1,092 773 677 1.1 

526 167 638 221 358 1,334 367 3.6 

3,958 3,441 2,718 888 2,098 3,631 1,983 1.8 

21.6 17.8 25.3 23.4 27.2 24.0 24.7 



Table 10. Vertical distribution of herring larvae (Clupea harengus) (no./100 m3) on Georges Bank 
over the sampling period 13-15 October 1974. 

Time {h} 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

1 8 273 1,159 1,036 174 77 104 29 756 7 63 0 

10 289 355 2,246 1,642 2,724 217 360 150 2,079 420 316 265 

20 578 1,403 1,974 2,278 3,387 170 430 189 2,256 1,003 552 1,042 

30 776 2,141 3,139 2,550 3,517 2,165 1,349 398 5,827 2,367 1~815 2,520 

50 558 1,595 4,360 3,~04 3,115 390 1,559 1,720 2,545 2,137 5,685 2,352 

80 12 283 5 1,963 1,883 1,054 150 1,453 1,073 785 833 872 

No./lO m2 3,448 9,518 20,416 _ 19,218 22,086 6,229 6,988 7,430 21;426 11 ,497 19,084 12,275 

Weighted mean 
gepth(m) 31.5 34.1 30.,8 36.1 34.4 42.5 37.7 54.3 32.2 40.2 46.7 41.4 

Time h cont'd 
Ratio 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 N/D 

248 84 717 2,932 1 ;401 280- 9 25 132 796 142 5.6 

1,526 1~026 693 1,044 2,794 139 41 2~292 959 1,289 946 1.4 

1,932 1,819 1,217 1,587 2,846 157 59 3,602 2,381 1,587 1,631 1.0 

2,417 2;706 1,266 2,667 . 4,244 13 - 212 1 ;912 2,867 2,362 2,583 0.9 

760 2,496 1,209 3,269 4,340 821 438 283 1,818 2,476 2,197 1.1 

302 1,10d 621 2,100 3,135 148 123 245 1,335 563 2.4 

9,561 14,836 8,122 19,420 28,259 6,404 1,740 9,667 12,619 15,198 12,859 1.2 

27.1 37.4 31.9 33.8 36.3 48.2 46.6 22.0 31.4 36.9 35.1 

Sunrise 0610 D.S.T. JJ Night hauls 2000-0400 
Sunset 1722 Day haul s 0800-1600 



Table 11. Abundance indices of recently-hatched herring larvae based on the 
repeated series of vertical hauls made on the Jeffreys ledge and 
Georges Bank fixed statio'ns. The arithmetic mean. number /100 m3, 
range, standard deviation~ and coefficient of variation (CV) are shown 
for each depth level sampled, as well as for the total integrated 
depth index (number per 10 m2). The 95% confidence limits (Cl) for 
a single opservation is represented as percentage of the,mean. 

JEFFREYS lEDGE (12 hauls) 
Mean number 3 Standard CV 

Depth (m) larvae per 100 m Range deviation SO/Mean 95% Cl(%) 

1 1.37 2- 474 141 1.03 4-·2}40 
10 609 44~1,689 506 0.83 12- 854 
20 1,058 352-1,548 409 0.39 39- 254 
30 1,713 38-1,240 389 0.23 13- 770 
40 776 167-3,198 839 1.08 19- 529 

Total No. /10 m2 2,906 888-4,410 1,074 0.37 40- 252 

GEORGES BANK (21 hauls) 
Mean number 3 Standa ra CV 

Depth (m) 1 arvaeper 100 m Range devi ati on: SO/Mean 95% Cl (%) 

1 453 0-2,932 709 1.56 2-6,164 
10 1,027 41-2,794 922 0.90 10-1,022 
20 1,470 59-2,846 1,074' 0.73 10-1,000 
30 2,232 13-4,244 1,360 0.61 7-1,423 
50 2,126 390-5,685 1,473 0.69 18- 551 
80 907 5-3,135 843 0.93 4- 2,742 

Total No./IO m2 12,869 1,740-28,259 7 ,063 ' 0~55 26- 386 



Table 12. Vertical distribution of Saaitta elegans (no./100 m3) on Georges Bank over the 
sampling period 13-15 October 1974. 

Time '(h)' 

Depth (m) 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

1 0 46 1,460 359 24 21 219 4 9 4 4 0 

10 36 54 923 360 137 111 150 2 46 10 7 5 

20 35 306 631 371 144 61 582 3 51 40 11 5 

30 35 840 607 380 182 349 646 18 85 71 9 6 

50 168 107 413 293 345 69 904 503 175 59 55 118 

80 190 196 23 740 581 1,172 529 3,721 1,613' 2,422 2,237 4,962 

No./10 m2 829 2,205 4,262 3,323 2,300 2,637 4,864 6,873 3,086 3,939 3,527 7,757 

Weighted mean 
Depth (m) 53.4 34.8 16.9 37.3 49.9 57.4 ,39.8 69.8 65.9 69.8 71.3 71.9 

Time (h), cont'd' 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 Night1 Day1 Ratio 
mean mean N/D 

14 864 1,218 277 127 89 5 2 14 466 5 93.2 

70 876 355 245 100 10 17 3 22 327 18 18.2 

91 919 316 244 135 38 16 24 27 344 28 12.3 

482 1,005 358 739 271 3 64 75 43 454 46 9.9 

1,659 822 193 1,303 475 1,149 1,198 ' 522 28 597 161 3.7 

732 943 392 3,125 2,881 2,812 3,785 435 1,039 2,235 0.5 

6,137 7;204 2,888 9,681 6,214 4,693 7,345 7,123 848 4,807 3,873 1.2 

52.0 32.0 22.3 55.1 61.8 54.,4 65.5 69.1 61.9 42.7 66.2 

Sunrise 0610 D.S.T. 1/ Ni ght hauls 2000-0400 
Suns'et 1722 Day hauls - 0800-1600 



Table 13~ Vertical distribution of crustacean biomass (gm/100 m3) on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (m) 1400 1600 

1 17.4 71.8 

10 19.2 78.3 

20 57.4 70.6 

30 52.7 56.3 

40 ---- 27.2 

No./lO m 2 164.4 254.7 

Weighted Mean 21.1 16.7 
Depth (m) 

INight~auls 2000-0400 
Day hauls 0800-1600 

1800 2000 2200 

263.2 77.5 48.7 

27.8 101.1 62.0 

25.9 25.0 51.3 

27.5 25.9 9.2 

17.8 9.8 48.2 

221. 7 195.6 171.0 

8.1 11.9 17.6 

Sunrise 0610 D.S.T. 
Sunset 1722 

Time (h) 
INight 

2400 0200 0400 0600 0800 1000 1200 Mean 

39.0 28.5 3L6 83.9 25.7 23.4 36.6 45.1 

107.9 41.8 99.1 40.8 9.7 21.7 30.2 82.4 

41.8 127.8 37.5 19.2 54.7 75.6 91.0 56.7 

36.5 24.7 74.5 67.6 87.9 48.5 116.4 34.2 

54.9 54.2 24.9 27.4 63.5 21.0 71.1 38.4 

233.2 235.7 239.4 183.3 196.9 168.0 291.5 215.0 

18.4 21.0 18.6 17.0 26.0 21.2 24.3 17.5 

IDay 
Mean Ratio N/D 

35.0 1.3 

31.8 2.6 

70.5 0.8 

72.4 0.5 

45.7 0.8 

215.1 1 

21.9 -



Table 14. Vertical distribution of crustacean biomass (gm/100 m3) on Georges Bank 
over the sampling period 13-15 October 1974. 

Time h 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

31.2 31.3 28.6 43.0 30.5 85.4 69.1 59.9 31.6 28.4 43.9 40.5 

10 33.5 34.5 36.2 38.9 53.5 77 .4 60.4 72.9 76.9 45.0 53.3 73.9 

20 18.3 22.5 26.9 40.0 49.8 133.0 29.8 67.3 30.4 34.8 48.2 74.8 

30 33.3 19.6 36.2 37.1 49.6 60.3 44.4 67.7 36.0 39.5 52.7 58.9 

50 26.9 16.2 36.7 34.7 36.8 68.1 37.9 44.9 47.7 41.2 40.8 37.2 

80 12.9 7.4 4.0 36.1 34.7 32.9 15.3 30.0 35.2 39.6 30.9 24.3 

No./lO m2 204.0 153.7 229.5 297.0 337.0 563.2 309.1 429.0 349.2 315.7 350.9 386.8 

Weighted mean 
Depth(m) I 27.0 22.0 25.9 30.2 30.1 25.3 23.0 26.1 29.8 33.0 28.6 25.7 

Time h cont'd 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 Night1 Day! Ratio 
mean 'mean . N/D 

102.5 93.0 48.3 29.5 20.6 38.8 50.0 58.1 41. 9 48.7 39.4 1.2 

57.9 40.2 35.4 33.1 19.6 31. 9 59.6 35.1 47.8 42.7 52.2 0.8 

34.9 32.5 29.1 28.9 17.6 30.5 45.6 35.6 43.3 41.8 40.8 1.0 

44.5 23.3 32.8 52.2 26.8 4.2 66.3 44.7 47.3 36.7 44.6 0.8 

26.0 15.8 20.9 48.3 31.8 34.8 50.7 . 30.0 30.3 36.6 36.3 1.0 

18.1 16.9 14.0 32.8 45.1 19.1 22.3 20.2 25.8 26.5 1.0 

303.0 219.0 211.1 325.0 234.9 227.3 385.1 275.3 289.1 295.3 310.1 1.0 

19.9 1"8.5 23.5 33.8 39.7 33.2 26.9 25.9 26.2 27.3 28.0 

Sunrise 0610 D.S.T. 1/ Night hauls 2000-0400 
Sunset 1722 Day hauls 0800-1600 



Table 15,. Vertical distribution of Centropages typicus adult males (No./m3) on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (m) 1400 

130 

10 419 

20 512 

30 280 

40 

No.li 14,160 

Weighted Mean 17.8 
Depth (m) 

INight hauls 2000-0400 
Day hauls 0800-1600 

1600 1800 2000 

478 4,369 962 

671 250 1,435 

690 203 642 

397 1,243 153 

89 38 20 

20,415 38,995 27,210 

15.9 9.2 10.9 

Sunrise 0610 D.S.T. 
Sunset 1722 

Time (h) 

2200 2400 0200 

582 474 266 

708 1,394 514 

504 353 1,412 

84 225 167 

149 357 103 

16,615 23,875 22,775 

13.2 15.1 17 .4 

IN; ght IDay 
0400 0600 0800 1000 1200 Mean Mean 

678 1,453 227 163 508 592 301 

1,422 613 104 214 676 1,095 417 

497 97 595 987 860 682 729 

139 67 856 484 1,252 154 654 

172 682 340 177 1,091 160 424 

24,830 18,445 18,358 18,550 35.875 23,061 21,472 

12.5 13.5 24.5 21.5 23.6 13.8 20.7 

Ratio NID 

2.0 

2.6 

0.9 

0.2 

0.4 

1.1 



'v-

Table 16. Vertical distribution of Centropages typicus adult females (No./m3) on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (m) 1400 

1 117 

10 338 

20 545 

30 338 

40 ---

No./m2 14,485 

Wei ghted Mean 19.1 
Depth (m) 

INight hauls 2000-0400 
Day hauls 0800-1600 

1600 1800 2000 

525 3,192 1,325 

398 302 1,528 

574 298 560 

353 2,121 232 

127 141 129 

16,510 43,875 30,470 

16.3 14.2 11.0 

Sunrise 0610 D.S.T. 
Sunset 1722 

Time (h) 

2200 2400 0200 

634 691 331 

980 977 500 

355 408 1,032 

81 547 210 

841 914 590 

21,535 27,345 22,025 

18.1 19.9 20.6 

INigl:Jt IDay 
0400 0600 0800 1000 1200 mean Mean 

480 842 161 192 476 692 294 

1,097 469 92 199 592 1,016 205 

671 155 451 712 576 605 572 

790 509 1,038 495 804 372 606 

891 3,666 1, 115 336 1,455 673 758 

32,435 33,870 22,190 16,700 29,375 26,762 19,852 

21.1 28.8 29.2 22.8 24.9 18.1 22.5 

Ratio NID 

2.4 

5.0 

1.1 

0.6 

0.9 

1.4 

---



Table 17. Vertical distribution of Centropages typicus immatures (No./m3) on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (111) 1400 1600 

1 446 1,796 

10 474 459 

20 387 551 

30 121 219 

40 --- 10.7 

No ./012 12,655 21,805 

Weighted Mean 12.3 9.8 
Depth (01) 

INight hauls 2000-0400 
Day hauls 0800-1600 

1800 2000 

4,932 582 

160 0 

151 835 

969 84 

43 10 

37,675 12,150 

7.6 13.9 

Sunrise 0610 D.S.T. 
Sunset 1722 

Time (h) 

2200 2400 0200 

213 107 45 

604 1,591 209 

1,058 657 2,242 

29 90 158 

52 84 18 

18,235 24,335 26,405 

15.6 13.9 19.6 

INight 1 Day 
0400 0600 0800 1000 1.200 Mean Mean 

96 1,218 35 19 73 209 474 

1,439 570 24 49 184 769 237 

326 32 663 824 740 1,024 633 

88 25 61 170 1,621 90 438 

65 374 72 78 61 46 80 

19,335 14,230 8,015 10,885 26,120 20,092 15,896 

13.0 10.9 21.2 22.0 25.3 15.2 18.1 

Ratio NID 

0.4 

3.2 

1.6 

0.2 

0.6 

1.3 

---



Table 18. Vertical distribution of Centropages typicus adult males (no. 1m3
) 011 Georges Bank 

over the sampling period 13-15 October 1974. 
Time h 

De~ 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

1 287 216 214 383 985 345 985 684 417 221 608 430 

10 305 150 272 278 560 738 468 1,011 734 364 488 877 

20 1.344 169 226 337 488 468 208 748 297 232 441 752 

30 225 126 472 272 365 545 301 698 284 311 531 717 

50 95 52 311 226 273 590 206 274 258 301 373 251 

80 7 16 9 94 147 109 35 157 156 84 90 

No./m 2 3,780 7,700 21,040 19,205 25,645 38,345 21,870 40,685 25,445 20,515 29,635 36,820 

Weighted mean 
Depth(m) 19.2 18.4 26.7 23.9 26.7 . 26.6 15.6 21.1 22.6 27.0 21. 4 21.8 

Time {h) cont'd) 

1600 1800 ·2000 2200 2400 0200 0400 0600 0800 1000 Night1 Dayl Ratio 
mean mean N D 

1,257 1,051 218 352 234 286 523 471 469 420 415 1.0 

842 351 236 346 129 382 814 333 523 376 518 0.7 

265 226 172 279 112 283 447 301 333 280 529 0.5 

294 132 232 328 173 7 488 304 512 283 412 0.7 

137 56 134 460 116 254 199 173 246 263 242 1.1 

72 35 21 258 68 70 52 47 86 62 1.4 

26.270 14.530 12,315 28,300 10,095 18,345 . 28,570 18,360 25,440 21,009 25,714 0.8 

13.5 11.0 22.2 31.4 25.0 21.2 19.6 20.4 21.6 23.0 22.0 

Sunrise 0610 D.S.T. 11 Night hauls 2000-0400 
Sunset 1722 Day haul s 0800-1600 



Table 19. Vertical distribution of Gentrop~~ typicus adult females (no./m3) on Georges Bank 
over the sampling period 13-15 October 1974. 

TimJU.hl 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

204 138 123 277 84 219 445 587 260 464 448 

10 177 89 196 204 306 366 334 670 632 265 282 547 

20 971 117 149 285 360 323 140 459 258 220 293 417 

30 164 160 260 244 281 305 . 235 415 252 228 275 544 

50 90 90 201 164 266 295 192 316· 286 297 288 229 

80 7 21 8 141 199 98 27 229 230 144 118 

.No./m2 17,315 7,715 13,110 16,150 20,930 21,405 15,695 31,785 24,580 19,180 19,410 27,535 

Weighted mean 
23.1 Depth (m) 20.0 24.4 26.5 26.8 32.1 26.9 19.6 23.9 27.1 34~5 21. 2 

Time (h) cont'd 

1600 1800 '2000 2200 2400 0200 0400 0600 0800 1000 Night1 Day1 Ratio 
mean mean N/O 

603 622 216 256 136 186 471 249 331 256 326 0.8 

560 258 182 209 92 320 435 221 285 247 _ 344 0.7 

254 145 139 187 94 183 283 196 239 2,001 371 0.5 

288 110 258 212 200 5 364 231 351 211 292 0.7 

201 49 122 445 124 247 239 153 178" 211 217 1.0 

100 33 28 256 101 76 59 45 99 86 1.2 

22,000 10,510 11,630 23,385 10,155 15,915 22,110 13,590 17,285 15,889 19,842 0.8 

19.6 12.8 23.2 35.3 31. 4 23.6 22.0 24.0 22.7 25.8 24.7 

SUnrise 0610D.S.T. 1/ Night hauls 2000-0400 
Sunset 1722 Day hauls 0800-1600 



Table 20. Vertical distribution of Centropages typicus immatures (no./m3) on Georges Bank 
over the sampling period 13-15 October 1974. 

Time {h} 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200· 1400 

292 522 191 179 48 657 216 362 468 247 281 350 

10 396 933 394 228 408 1,463 634 691 755 587 625 1,141 

20 1,259 282 239 419 515 324 240 496 315 163 786 1,433 

30 168 167 486 382 771 1,027 445 338 354 175 1,113 1,052 

50 72 48 210 332 426 1,193 242 133 339 388 472 226 

80 6 22 9 96 210 164 7JI. 27 105 67 57 

No./m2 22,420 18,795 19,960 , 22,835 34,835 68,935 22,860 22,480 28,400 22.065 44,025 49,775 

Weighted mean 
Depth (m) , 18.0· 13.1 24.0 29.3 32.4 27.0 23.3 18.4 22.2 25.0 25.5 21.4 

Time {h} cont'd 

1600 1800 2000 2200 .2400 0200 0400 0600 0800 1000 
Nightl~-- Day! Ratio 
mean mean N/D 

709 1,504 85 95 287 69 379 1,051 597 335 469 0.7 

278 775 897 399 225 550 68 644 704 597 693 0.9 

144 401 356 573 165 602 21 440 557 383 708 0.5 

176 163 490 1,016 211. 12 428 349 714 500 561 0.9 

51 40 144 597 78 269 108 47 298 353 263 1.3 

30 23 38 227 55 40 24 64 99 46 2.2 

12,130 23,070 24,475 43,765 11,275 22,805 I 12,505 22,865 34,715 29,482 32,638 0.9 

13.0 9.8 21. 2 33.2 20.8 22.8 23.5 13.1 21.5 24.4 21.0 

Sunrise 0610 D.S.T. \ 1/ Ni ght haul s 2000-0400 
Sunset 1722 Day hauls 0800-1600 



Table 21. Vertical distribution of Pseudocalanus sp. adult males (No./m3) on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (m) 1400 1600 

5 13 

10 70 8 

20 251 78 

30 565 223 

40 29 

No./m2 11,710 3,300 

Wei ghted Mean 27.0 26.9 
Depth (m) 

INight hauls 2000-0400 
Day hauls 0800-1600 

1800 2000 

85 91 

110 109 

531 560 

519 717 

82 96 

12,435 14,795 

23.0 23.9 

---_._-

Sunrise 0610 D.S.T. 
Sunset 1722 

Time (h) 

2200 2400 0200 

41 58 21 

44 95 51 

180 52 272 

58 388 241 

149 292 238 

3,770 7,100 6,935 

24.3 27.9 26.9 

INight IDay 
0400 0600 0800 1000 1200 Mean Mean 

11 8 11 53 13 44 19 

41 16 7 69 16 68 34 

105 150 332 378 384 234 285 

1,390 333 573 280 277 559 384 

210 781 56 32 34 197 38 

16,465 8,935 9,455 7,695 7,005 9,813 7,833 

29.7 33.0 26.6 22.2 24.1 26.5 25.4 

Ratio NID 

2.3 

2.0 

0.8 

1.5 

5.2 

1.3 



Table £2 Vertical distribution of Pseudocalanus sp. adult females (No./m3) on Jeffreys Ledge over the sampling period 11-12 October 1974. 

Depth (m) 1400 

10 

10 515 

20 855 

30 787 

40 

No./m
2 25,555 

Wei ghted Mean 22.1 
Depth (m) 

INight hauls 2000-0400 
Day hauls 0800-1600 

1600 1800 2000 

38 751 425 

191 478 729 

1,109 566 657 

245 4,846 438 

173 649 155 

16,505 65,900 21,140 

21. 7 25.8 16.8 

Sunrise 0610 D.S.T. 
Sunset 1722 

Time (h) 

2200 2400 0200 

111 124 72 

348 701 118 

508 263 877 

40 381 230 

813 1.173 1,372 

13,580 19,935 19,470 

25.1 25.7 28.9 

INight IDay 
0400 0600 0800 1000 1200 Mean Mean Ratio N/D 

34 54 21 38 2 153 22 7.0 

195 221 20 162 86 418 195 2.1 

656 239 999 304 974 592 848 0.7 

2,048 610 883 488 1,145 627 710 0.9 

544 1,322 428 98 350 811 262 3.1 

31,880 17,580 21,265 10,220 23,810 21,201 19,471 1.1 

27.9 30.7 26.7 24.0 26.5 24.9 24.2 

- --~-----



Table 23. Vertical distribution of Pseudocalanus sp. adult nlales (no. 1m3) on Georges Bank 
over the sampling period 13-15 October 1974. 

Time (h 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

69 62 34 11 56 35 88 62 73 95 57 96 

10 219 638 96 119 186 244 181 239 367 252 345 299 

20 1,152 153 96 114 182 2,694 143 154 140 123 146 194 

30 398 282 246 338 412 253 309 -473 351 169 306 398 

50 160 119 110 140 153 438 237 240 234 226 193 149 

80 5 17 2 158 93 128 131 71 167 312 149 

No./m2- 24,100 15,680 8,560 13,325 15,360 46,220 16,205 18,400 19,055 28,180 14,625 17,340 

Weighted mean 
Depth (m) 23.5 20.7 28.9 37.8 31. 2 25.6 33.9 31.3 \ 31. 9 29.5 25.4 30.1 

Time {h} cont'd 
Night1 Day1 Ratio 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 mean mean NLD 

i05 91 59 86 146 331 73 112 55 94 80 1.2 

330 216 168 179 164 . 499 320 212 298 205 285 0.7 

169 132 102 162 100 176 118 147 158 390 294 1.3 

508 268 303 320 361 10 272 351 438 282 344 0.8 

218 119 125 186 210 72 182 151 214 179 190 0.9 

72 42 120 78 163 92 65 72 102 110 0.9 

19,665 11.560 12,465 14,460 16,480 12,523 14,755 14,165 17 ,835 16,716 19,329 0.9 

28.6 26.5 33.0 30.7 33.7 11.0 29.2 28.3 29.9 29.2 28.4 

Sunrise 0610 D.S.T. 11 Night hauls 2000-0400 
Sunset 1722 Day haul s 0800-1600 



Table 24. Vertical distribution of Pseudocalanus sp. adult females (no./m3) on Georges Bank 
over 'the sampling period 13-15 October 1974. 

Time {h} 

1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 1400 

1 13 14 18 7 2 12 37 75 11 2 5 0 

10 81 20 28 17 12 37 72 184 56 13 15 17 

20 1,173 59 41 19 30 67 195 272 45 13 12 21 

30 366 191 64 33 28 277 397 372 132 31 35 51 

50 391 254 88 73 76 26 614 916 200 75 75 324 

80 9 34 37 249 136 516 59 566 601 782 3 409 

No./m2 28,005 10,585 4,495 6,450 4,790 13,645 25,045 41,905 11,060 14;340 2;740 15,380 

Weighted mean 
38:1 Depth (m) 28.2 41.0 59.1 54.5 53.0 39.4 45.6 57.3 67.7 39.3 59.5 

Time~t'd 

Night1 Day1 Ratio 
1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 mean mean N/D 

50 9 5 8 14 18 30 11 14 13 8 1.6 

56 62 21 4 30 29 49 27 55 31 38 0.8 

56 132 15 8 77 50 109 73 58 63 199 0.3 

252 168 67 56 225 336 335 79 132 147 0.9 

347 182 97 82 594 ,147 258 197 71 198 190 1.0 

, 107 120 162 196 803 144 85 38 253 275 0.9 

15,430 10,855 6,245 5,990 31,410 6,775 15,380 12,280 4,730 11,570 13,505 0.9 

41.4 40.1 53.2 58.1 56.6 41.6 40.7 40.0 34.3 49.4 46.6 

Sunrise 0610 D.S. T. 11 Night hauls 2000-0400 
Sunset 1722 Day haul s 0800-1600 



Table 25. Vertical distribution of Calanus finmarchicus denoted by presence (+) or absence (-) on Jeffreys Ledge 
over the sampling period 11-12 October 1974. 

Time (h) IPositive Hauls 
Depth {m} Life Stage 1400 

1 r~al e -
Female -
Copep. + 

10 Male + 
Female + 
Copep. + 

20 Male -
Female + 
Copep. + 

30 Male + 
Female + 
Copep. + 

40 Male ( NO Female 
Copep. SAMPLE) 

~---_L-. 

INight hauls 2000-0400 
Day hauls 0800-1600 

1600 1800 2000 

- - + 
+ - + 
+ - -

- + + 
- + + 
+ + + 

+ + + 
- + -
+ + + 

+ + + 
+ + -
+ + -

+ + + 
+ - -
+ + + 

Sunrise 0610 D.S.T. 
Sunset 1722 

2200 2400 

+ + 
+ + 
+ + 

+ + 
- -
+ + 

+ + 
+ + 
+ + 

+ + . 
+ -
+ + 

+ + 
+ -
+ -

0200 0400 0600 0800 1000 1200 N D 

+ + - + + + 5 3 
+ - - + + - 4 3 
+ + + + + + 4 5 

+ + + + + + 5 4 
+ - + -+ + - 2 3 
+ - + + + + 4 5 

- + + + - + 4 3 
+ + + + + - 4 3 
+ - + + + + 4 5 

+ - + - + + 4 4 
+ - - + - + 2 4 
+ + + + + + 4 5 

- - + - + - 3 2 
- + - - + + 2 3 
- + + + + + 3 4 

TOTALS: Male 21 16 
Female 14 16 
Copep. 19 24 

54 56 



Table 26. Vertical distribution of Calan-us finmarchicus denoted by presence (+) or absence (-) on 
Georges Bank over the sampling period 13-15 October 1974. 

Time (h) 

Life 
Depth (m) staae 1600 1800 2000 2200 2400 0200 0400 0600 0800 

1 Male - + + + + + + - + 
Female + + + + + + + + -
Copep. -+ - + + + + + + + 

10 Male + - + + + + - + + + 
Female - + + + + + + + -

-" Copep. + + + .j.- + + + + + 

20 Male - + + + + + + + + 
Female - + + + + - + + + 
Copep. + + + + + + - + + 

30 Male + + + + + + + + + 
Female + + + + + + + + + 
Copep. + + + + + + + + + 

50 Male + + + + + + + + + 
Female + + + + + + + + + 
Copep. + - + - + + + + + 

80 Male + + - + + + + + + 
Female + + + + + + + + + 
Copep. + + + + + + + + -

Time (h) cont'd) 

1400 1600 1800 2000 2200 2400 0200 0400 0600 0800 " 1000 

- (no + + + + - + - - -
- haul) + + + + + + + - -
+ + + + + + t - + + 

- + + + +, - + + + -
- + + + + + + + + + 
+ + + + + + + + + + 

+ + + + + + + + + -
- + - + + + + + + + 
+ + + + + + + + + + 

+ + + - + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + + + 

.' 

+ + + + + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + + + 

+ + - - - - (no + + + 
+ + - + + - sample) + + -
+ + - + + + + + + 

Total Ma.1e 
SUnri se 0610 D.S.T. 11 Night hauls 2000-0400 female 
Sunset 1722 Day haul s 0800-1600 Copep. 

1000 1200 

+ + 
+ -
+ + 

+ -
+ -
+ + 

+ + 
- -
+ + 

+ -
- + 
+ + 

+ + 
+ + 
+ + 

-

- + , 
+ + 
- + 

Positive hauls 1 
N D 

9 3 
10- 2 
10 7 

9 4 
10 3 
10 7 

10 5 
8 3 
9 7 

9 6 
10 6 
10 _ 7 

10 7 
10 7 

9 7 

4 6' 
7 6 
8 5 

" 

51 31 
55 27 
56 40 

162 98 



Table 27. Vertical distribution of euphausiid larvae denoted by presence (+) or absence (-) on Georges Bank over the 
sampling period 13-15 Octoper 1974. 

TIME (h) 
Depth I Li fe Pbs'. hauls-(m) stage 1600 1800 2000 2200 2400 0200 0400 060'0 0800 1000 1200 1400 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 N U 

}J 

1 Furcilia - - - - - - - - + - - - (n'o - - - - + - - - - 1 2 
Calyptopsis + + + + + - - + + + + + hau1 ) - - + + + + - + + 7 7 
Nauplius - - - - - - - - - - - - - - - + - + - - - 2 0 

10 Furcil i a - - + + - - - - - - - - - - - - - - - - - 2 0 
Calyptopsis - - + + + + - - + + + + - - + + + + + + + 8 6 
Naupl ius - + + + + - - - + - - - - + + + + + + + + 8 2 

20 Furci 1; a - - - + - - - - + - - - - - + - - - - - - 2 1 
Calyptopsis - + + + + - + + + + + + + + + + + - - + + 8 6 
Nauplius - - - - + + - - + + + + + - - - + - + + + 3 6 

30 Furcilia - + + - - - - - - - - - - - - - + - - - - 2 0 
Calyptopsis + + .+ + + + - + + + + + - + + + + + - + - 8 6 
Nauplius - + + + + + + - :I- + + + + + - - + + - + + 8 6 

50 Furci 1; a - - + + + 
I - - - - - - - - - - - - - + - - 3 0 

Caloptopsis + + + +. + - - - + - + + - + + + + + - - + 8 5 
Nauplius - - + - + - + - + - + + + + - + + - - - + 6 4 

80 Furcil i a - - - - - - - - - - - ... - - - - - - (no - - - 0 0 
Caloptopsis - - - + + - + - - - .1- - ..; + + + - sample) + - + 6 2 
Nauplius - - - + + - - - - - - - - - + - - - - - 3 0 

Sunrise 0610 0.5. T. Y Ni~ht hauls, 2000~0400 Fut'(!l]1 a 10 3 

Sunset 1722 Day hauls 0800-1600 Ca 1 iptops is 45 32 
Nauplius 30 18 

!:lo 03 



~--.---.~> •• 

Table 28. Vertical distribution of Centro pages hamatus denoted by presence (+) or absence (-) on Georges Bank 
over the sampling period 13-15 October-I97~ 

Time (h) 
DEPTH Li fe 

(M) ?tage 
1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 - 1400 1600 1800 2000 2200 

1 Male - + - - - - - - 4- + + - (No + - + 
Female - + - + - - + - + + ... + haul) - - + 
Copep. - - - - - - - - - - - - - - -

10 Male· - + - - + - - - + + + - - - + 
Femal e + + + + + - - - + + + - - + + 
Copep. ~ - . - - - - - - - + - - - , - -

20 Male - - + - - - - - + + + - - - + 
Female + + + + + - - - + + + + - + + 
Copep. - - - - - - - - - - - - - - - -

30 Male - + + - - - - - + + + 4- + + + 
Female + + + + - - - - + + i- + + - + 
Copep. - - - - - - - - - - - - - - -

50 Male - - - - + - - - 4- + + + - - + 
Femal e + + + + + - - - + + + - + 4- + 
Copep. - - - - - - - - - - - - - - -

80 Male + + - + + - + - + + + - + + + 
'Fema 1 e - - + + + + - - + + + - + + + 
Copep. - - -, - - - - - - .:. - - - - -

Sunri se 0610 0.5. T. 1Night haul~ 2000-D400 Sunset 1722 Day hauls 0800:"lQOO 

..-------. 

Pos. hauls] 
2400 0200 0400 0600 0800 1000 N 0 

- - - - - - 1 3 
+ ... - - - + 4 5 
- - - - - - 0 0 

+ + .j- - - + 5 4 
+ + - - - + 7 5 
- - - - - - 0 1 

+ + - - - - 4 3 
+ + - - + + 7 7-
- - - - - - 0 0 

+ + - - + - 5 5 
+ + - - - - 5 5 
- - - - - - 0 0 

+ + - - + + 4 6 
+ + - - + + 7 6 
- .. - - - - 0 0 

+ - (No - + + 6 6 
+ - samp1e - - + 7 4 
- - - - - 0 0 

Male 25 27 
Female 37 32 
Copep. 0 - 1 

62 59 



Table 29. Vertical distribution of Oithonaspp. denoted by prese.nce (+) or absence (-) on Georges Bank 
over the sampling period 13-15 October 1974. 

Ti me (h) 
DEPTH Li fe 

Pas. hauls
1 

(M) stage 
1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 ' 1200 1400 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 N D 

1 Male - + - + - + - + - + - + (No - - +, + - - - - - 4 1 
Female - + - - - + - + - + + - haul) - + - - + - - + + 3 4 
Copep. + + - - - - - - - - - - - - - - - - - - - 0 1 

10 Male - + + + + - + + + - - + + + + - - + - - - 7 2 
Female + + + .- - + - + + + - + + - + - - - + + '- - 5 4 
Copep. - + + - + - - - - - - - - - - - - - - - - 2 0 

20 Male - + - + + + - - + + + + - + + - + + - + - 7 5 
Fema 1 e - - + + + + - - + -, + - - - - - - - - - - 4 2 
Copep. - - - - - + - - - - - - - - - - - - - - - 1 a 

30 Male - + + - + - + + + - + + - + - - + • - - + + 5 5 
Fema 1 e - - + - + -\- + + + + - - - + + + + - - + - 8 3 
Copep. - - - - - - - - - - - - - - - - - - - - - 0 0 

50 Male - - - + + + - + + + + + - + + - + - - - - 6 4 
Fema le - - + + + + - + + + 1- - + + - + + - - - - 7 3 
Copep. - - - - - - - - - - - - 7 - - - - - - - - 0 0 

80 Male - - + + - - + - - + + - + + - + - (No - - - 5 2 
Female - + 1- 1- - - + - + + + - + + + + - sampl e - - - 6 3 
Copep_ - - - - - - + - - - - - - - - - - - - - 1 0 

Male 34 19 
Femal e 33 19 
Copep. 4 0 

y 37 38 



Table 30. Vertical distribution of t~etridia lucens denoted by presence (+) or absence (-) on Jeffreys Ledge over the 
sampling period 11-12 October 1974. 

Time (h) IPositive Hauls 
Depth (m) Life Stage 1400 

Male 
Female 
Cope(il). 

10 Male 
Female 
Copep. 

20 Male 
Female 
Copep. 

30 Male 
Female 
COP9!p. 

40 Ma.le ( NO Female 
Copep. 'SAMPLE) 

INight hauls 2000-0400 
Dat hauls 0800-1600 

1600 1800 2000 

+ + 
+ 

+ 

+ 

+ + 
+ 

+ 

+ 

Sunrise 0610 D.S.T. 
Sunset 1722 

2200 2400 

+ + 

+ 

+ 

+ 
+ 
+ 

0200 0400 0600 0800 1000 1200 N D 

+ 0 1 
+ + 5 0 
+ + 3 0 

+ 1 0 
+ + 0 1 

+ + + + + 2 2 

+ 1 0 
+ + 0 1 
+ + 1 1 

+ + 3 2 
+ + 4 0 
+ + 2 1 

0 0 
0 0 

+ + 0 1 
TOTAL 22 10 



Table 31. Vertical distribution of Metridia lucens denoted by presence (+) or absence (-) on 
Georges Bank over the sampling period 13-15 October 1974. 

Time (h) 

Life 
Depth (m) staqe 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000 1200 

1 Male - - + - - - - - - - -
Female - -+ + + - + '+ - - - -
Copep. - - + - - - - - - - -

10 Male + - - + - + + - - - -
Female - - - ,- + - - - - - -
Copep~ + - - - - - - - + - -

20 Male + - - - + - - - - - + - Female + + + - - - - - - - -
Copep. - - - - - - - - - - + 

30 Male - - - - - - - - + - -
Female - - - + + - - - - - -
Copep. + - - - - + - - + - -

50 Male + - + - - - - - + - -
Femal e + - + - + - - - + + -
Copep. - - - - - - - - + - + 

80 Male - - - - + - - - - - -
Female - - - - - - - - + + + 
Copep. - - - - - - - + + - -

Time (h) cont'd 
Positive hauls1 

1400 1600 1800 2000 ' 2200 2400 0200 0400 0600 0800 1000 N D 

- (no - + + - - + - - - 4 0 
- haul) - - + + + - + - - 7 0 
- - - + + + - - - - 4 0 

- - - + - - - - - - 4 1 
- - - - - + - - - - 2 0 
- - + - + - - - - - 2 2 

- + - - - - - - - - 1 2 
- - - - - - - + + - 0 4 
- + + - - - + - - - 2 1 

- - + - - - - . - - - 1 1 
- - - - - - - + - + 2 1 
- - - - - - .;; - - - 1 2 

- - - + - - - - + + 2 4 
+ - - - - - - + + + 2 6 
- - + - - - - - - - ~l 2 

- + - - - - (no - - + 1 1 
- - + - - - sample) - - + 1 4 
-' - - + - - - - - 1 1 

Totals Male 13 9 
Sunri'se 0610 D.S.T. 11 Night hauls 2000-0400 Female 14 15 
Sunset 1722 Day hauls 0800-1600 Copep. 11 8 

38 32 



Table 32.. Summary of larval herring prey items from daylight samples collected on 
Georges Bank (13-15 October 1974, 30 m.depth) and Jeffreys Ledge (11-12 
October 1974, 20 m depth). 

Prey Items 

Larva 1 No. larvae No. 1 arvae Cope pod Un; dent. Copepod 
1 ength class examined feeding nauplius Copepod or egg 
(mm) fragment 

GEORGES BANK 

6 17 10 8 1 3 

7 16 7 2 4 

8 6 3 2 2 1 

9 1 1 1 1 

Total 40 21 13 8 4 

JEFFREYS LEDGE 

6 14 

7 16 1 1 

Total 30 1 1 

Invert. 
egg 

1 

1 



TableB3. Regression summary of various larval herring mouth size measures versus standard length and the predicted 
mouth size of larvae at hatching and at 10 mm SL from the Georges Bank and Jeffreys Ledge vel~tical dis­
tribution study sites, October 1974. 

Predicted Mouth Size (mm} at: 

Slope Intercept Std. Error Correlation 
(R) 

N 4Hatch (5.7 mm SL) 10 mm SL 

GEORGES BANK 
IMouth Breadth (om) 0.040 0.050 0.033 0,848 78 0.28 0.45 

2Mouth Gape - 90° (mm) 0.040 0.064 0.044 0.773 78 0.29 0.46 

3Mouth Gape - 600 (mm) 0.025 0.039 0.027 0.773 78 0.18 0.29 

JEFFREYS LEDGE 
IMouth Breadth (mm) 0.027 0.307 0.045 0.516 60 0.46 0.58 

2Mouth Gape - 90° (mm) 0.039 0.284 0.043 0.682 53 0.44 0.67 

3Mouth Gape - 60° (mm) 0.027 0.160 0.028 0.698 60 0.31 0.43 

IMeasured as maximum skull width. 

2Maxillary length x l2 ; assumes 900 articulation of larval jaw (Shirota, 1970). 

3Maxillary length x ~ 1:3 ; assumes 60° articulation of larval jaw (Shirota, 1970). 

4Mean size (0.54 mm SO) of 100 newly hatched yolksac larvae (Formalin preserved) from egg bed samples collected by divers 
on Jeffreys Ledge study site (38 m depth), 8 October 1974. 



Table 34. Relative abundance of fine-mesh (0.053-mm) zooplankton at sampled depth levels on Jeffreys Ledge. Species or taxonomic group 
densities represent the average of two samples collected 11 October 1974 at 1000 and 22000 h. 

1m 10m 20m 30m 40m Total integrated abundance Mean rank 
Dominance1 

Frequency 
Organism ~ No./m3 No./m3 No./m3 No./m3 2 % Rank all depth of No. m No./m levels occurrence 

Invertebrate egg 348 675 1,158 1,059 1,876 47,359 20.09 23 12.4 3/5 5/5 
Type B nauplius 646 541 1,063 823 865 33,027 14.01 22 11.6 3/5 5/5 
Oithona sp. copepodite 1,019 633 730 693 600 26.944 11.43 19 11.2 2/5 5/5 
Oithona sp. adult 944 1,217 501 542 480 27,116 11.51 20 10.8 1/5 5/5 
Oithona sp. nauplius 1,268 1,029 440 296 338 21,265 9.02 18 10.6 2/5 5/5 
Calanus finmarchicus nauplius 1,044 892 945 602 314 27,681 11. 74 21 8.7 3/5 5/5 
Pseudocalanus sp. adult 50 46 154 563 647 1,411 5.99 12 7.2 0/5 5/5 
Centropages ~icus copep~dite 149 93 177 84 121 4,805 2.04 15 6.6 0/5 5/5 
Centropa~ ~picus naupllUs 323 163 130 82 152 5,428 2.30 16 6.4 0/5 5/5 
Pseudocalanus sp. ~op~pbdite, 50 256 111 83 58 17 ,577 7.46 17 4.6 0/5 5/5 
Type A nauplius . 75 81 884 0.37 10 3.0 0/5 2/5 
Harpacticoid 50 212 38 2,552 1.08 14 2.6. 0/5 3/5 
Centropages typicus adult 50 89 62 1,560 0.66 13 1.9 0/5 3/5 
Euphausiid nauplius 50 40 454 0.19 7 1.6 0/5 2/5 
Nannocalanus minor adult 76 760 0.32 8.5 1.3 0/5 1/5 
Unidentified cope pod adult 76 760 0.32 8.5 1.3 0/5 1/5 
Spiratella sp. 47 89 1,319 0.56 11 0.9 0/5 2/5 
Euchaeta norvegica copepodite 38 380 0.16 2.5 0.4 0/5 1/5 
Gastropod larva 38 380 0.16 2.5 0.4 0/5 1/5 
Metridia sp. copepodite 42 424 0.18 4.5 0.3 0/5 1/5 
Oncaea venusta adult 42 424 0.18 4.5 0.3 0/5 1/5 
Unidentified copepodite 43 432 0.18 6 0.2 0/5 1/5 
Bivalve larva 50 50 0.02 1 0.2 0/5 1/5 

1proportion of samples in which the species was among those comprising 50% of the individuals. 



Table 35. Relative abundance of fine-mesh (O.053-mm) zooplankton at sampled depth levels on Georges Bank. Species or taxonomic group 
densities represent the average of two samples collected on sUcce,eding days, 14-15 October 1974, 1000 h. 

Organism 

Oithona sp. nauplius 
Oithona sp. copepodite 
Type B nauplius 
Centropages typicus'nauplius 
Oithona sp. adult 
Centropages typicus copepodite 
Pseudocalanus sp. cQpepodite 
Cal anus finmarchicus nauplius 
Invertebrate egg 
Type A nauplius 
Pseudocalanus sp. adult 
Harpacticoid 
Spiratella sp. 
Cal anus finmarchicus copepodite 
Unidentified copepodite 
Polychaete larva 
Fish egg 
Bivalve larva 
Pseudocalanus sp. nauplius 
Nannocalanus minor adult 
Euphausiid nauplius 

1m 
No./m3 

2,281 
751 

1,020 
564 
751 
322 
242 
242 

54 

54 
268 

107 

10m 
No./m3 

2,121 
1;319 

569 
414 
620 
310 
415 
543 

78 

52 

104 

52 
52 

52 

20m 
No./m3 

1,590 
746 

1,069 
646 
373 
279 
273 
348 
50 

398 
249 
124 

50 

30m 
No .1m3 

1,458 
1,174 

646 
671 
406 
239 
455 
693 

48 
95 
96 
48 
48 
48 

50m 

No./m3 

1,157 
1,250 
1,003 

533 
533 
334 
178 

40 
67 

224 
133 

67. 
44 

44 

44 

80m 

No./m3 

848 
736 
810 
177 
165 
230 
218 
155 
743 

42 
83 

155 
41 

31 

31 

42 

21 

Total integrated abundance 

No./m2 % Rank 

100,429 
78,913 
67,650 
33,431 
29,733 
21,869 
21,355 
20,994 
25,291 
19,232 
8,651 
8,165 
2,604 
1,465 
3,603 
1,846 
1,401 

991 
336 
464 
630 

2.3~ 

~, :~!~,' 7.4 
6.6 
4.8 
4.7 
4.68 

t~13 1.9 
1.8 
0.5 
0.3j 
0.8~ 
0.4~ 
0.3] 
0.22 
o.o~ 

1

0.10 
0.14 

21 
20 
1~ 
18 
17 
15 
14 
13 
16 
12 
11 
10 
8 
6 
9 
7 
5 
4 
1 
2 
3 

1proportion of samples in which the species was among those comprising 50% of the individuals. 

Mean 
rank 

all depth 
levels 

14 
12.6 
12.2 

10 
9.8 
8.3 
7.9 
7.3 
4.9 
4.8 
4.3 
3.3 
1.8 
1.7 
1.5 
1.1 
1 
1 

0.9 
0.3 
0.2 

Domin­
ance1 

6/6 
5/6 
4/6 
0/6 
0/6 
0/6 
0/6 
1/6 
1/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 • 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 

Frequency 
of 

occurrence 

6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
5/6 
4/6 
5/6 
5/6 
3/6 
3/6 
2/6 
3/6 
2/6 
2/6 
1/6 
1/6 
1/6 
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Figure 1. The Jeffreys Ledge and Georges Bank vertical distribution study sites, 

R/V DELAWARE II, Cruise 74-.;(.2, .1.1-],.5 October 1.974. 
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13-15 October 1974. 
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Figure 15. Total integrated abundance of fine-mesh (0.053 mm) zooplankton grouped by three dominant 
categories (copepodites, copepod nauplii, others) versus size classes based on width, 
length, and volume for the Jeffreys Ledge and Georges Bank study sites. 




