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Abstract 

Examination of seasonal changes in the densities of the dominant copepods in 

coastal waters of the western Gulf of Maine indicated that the depth of the 

water column rather than any particular range of temperature or salinity is 

the most important environmental factor shaping distributions. Thirty-six 

species were in the collections. Distributions of the seven most numerous 

are discussed. Two species, Pseudocalanus minutus and Cal anus finmarchicus 

constituted over 70 percent of the biomass of copepods in winter, spring. and 

summer; three species accounted for 85 percent of the biomass in autumn, P. 

minutus. Temora longicornis and Centropages typicus. The smaller species-were 

in greatest densities over shoal areas; concentrations of larger species were 

in the adjacent deeper waters. Densities of copepods were significantly greater 

in the western area of the coast where conditions for feeding and growth were 

better in the stratified waters than in the turbulent horizontally mixed waters 

in the eastern area. Vertical distributions were variable. Except for occasion­

al swanning of copepodites at the surface greatest densities of P. minutus and C. 

finmarchicus were in the mid to lower levels of the water column-sampled. 01s-­

tri6utions of herring in zooplankton gradients are discussed with regard to 

possible concentrating mechanisms. 

Introduction 

Over the past 10 years, the average annual landings for young herring in the 

fishery in western Gulf of Maine coastal waters have been about 20,000 metric 

tons. Availability of herring to the fishery based largely on age-classes 1 

and 2 is variable. To investigate the effects of environmental changes on the 

abundance and availability of the coastal herring a study was undertaken of 

their zooplankton food base. Among the zooplankters ea~en, copepods are the 

most important constituents (Battle et al., 1936; Legare and Maclellan, 1960; 

Shennan and Honey, 1968, 1971; Sherman and Perki ns. 1971). Earl i er reports 

described the coastal zooplankton assemblage (Shennan, 1968). In this study 

maximum densities of copepods are located and examined with respect to hydro­

graphy and possible relationships to herring distributions. 

Methods 

Collections of copepods and associated hydrographic observations were made on 

four seasonal cruises (winter, spring, summer, and autumn) in 1966 between Cape 

Ann, Massachusetts, and Machias Bay, Maine. Comparisons of copepod distribut­

ions were made among three coastal areas described in an earlier report (Sherman, 

1968) ,---western , Cape Ann to Cape Elizabeth; central, Cape Elizabeth to Mt. 

Presented as Working Paper 76/IV/108 at Environmental Working Group meeting, 
Szczecin, Poland, April 1976. 
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Desert Island; and eastern, Mt. Desert Island to Machias Bay. In each area, col­
lections were made from the seaward ends of two estuaries to the 100 m isobath, 
a distance of approximately 28 kilometers from the coast. Station locations and 
periods of sampling are given in Fig. 1. At each station calibrated Clarke-Bumpus 
samplers were towed simultaneously at the surface, 10, 30, and 60 m depending on 
bottom topography. Tows were made during daylight. The mouth opening of the 
sampler measured 12.7 cm, and the net apertures were 0.366 mm nylon mesh, limiting 
the collection to late copepodites and adults. All tows were made between two and 
three knots for 15 minutes, and strained approximately 15 m3 of water per sampler. 
At each towing location a bathythermograph was lowered and a Nansen cast for sal­
inity samples was made. In the laboratory to obtain subsamp1es of about 500 
organisms, the zooplankton samples were divided into a1iquots ranging from a half 
to a sixty-fourth depending on the mass of the sample, and sorted into major tax­
onomic groups. Copepods were identified to species, and the numbers of copepods 
per 10 m3 of water were calculated. Species distributions of copepods were com­
pared for seasonal changes in abundance among the three coastal areas, and from 
inshore to offshore along each of the 6 transects. Individual statistics to 
measure the relative abundance of the species were obtained from the dominance 
method of Fager and McGowan (1963). The Kruska1-Wa11is analysis of variance and 
Mann-Whitney U tests (Siegel, 1956) were used to test for differences in abundance 
along the coast. InShore-offshore comparisons were made on transects with four 
or more stations by plotting a scatter diagram of copepod abundances at stations 
arranged sequentially from inshore to offshore, showing their gradients of abun­
dance and testing the relationship with the Spearman rank correlation coefficient 
(rs )' Species abundances were plotted on distributional charts of temperature, 
salinity, and bottom topography along each transect to examine the data for 
possible relationships between copepods and water types. Observed changes in 
vertical distributions are considered only with respect to large scale seasonal 
differences as ca1anoids are known to respond rapidly to changes in illumination 
(Banse, 1964; Sherman and Honey, 1970) and collections were made at various 
times of the day under widely differing light conditions. The percentage occur­
rence of the eight dominant species was plotted by depth to compare seasonal 
distributions within the water column in each of the areas. Profiles of vertical 
distributions are based on the mean-number-at-depth for both inshore (0-10 m) and 
offshore (0, 10, 30 m and 0, 10, 30, and 60 m) plankton tows. In locations where 
the combined mean of a species within the water column was < 50 organisms/10 m3 

of water strained, no vertical profiles were prepared. -

Hydrography 

Temperature and Salinity 

Measurements were made of temperature and salinity to distinguish water types and 
frontal zones, and to investigate their possible influences on the distribution 
of copepods. 

Bigelow (1927), in his classic study of the physical oceanography of the Gulf 
of Maine, described the seasonal variations in temperature and salinity of the 
waters along the Gulf coast. His major conclusions were that: (1) the seasonal 
variations in temperature and salinity of the inner Gulf are the result of the 
atmospheric changes characteristic of the North Temperate climate, rather than 
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areas sampled in the western Gulf of Maine. 

A4 

f-I-

I-

0 1 



- 4 -

from any large-scale advection of warm or cold water; (2) water temperatures are 
largely influenced by changes in air temperature and the velocity and direction 
of winds; (3) the dominant cyclonic eddy system of the Gulf is generated by the 
spring runoff from the rivers of the northern New England coast; and (4) the 
seasonal variations in salinity are caused by river runoff which reduces the 
coastal salinity to an annual low in spring; salinities subsequently increase 
to an annual high in winter through wind and tide induced mixing in the .,ater 
col umn. 

In the present description of the seasonal variations of temperature and salin­
ity, the causative agents of the changes described have been based on the findings 
of Bigelow (1927) which have been corroborated recently by Hurlburt (1968) and 
Graham (1970). 

In winter, conditions are similar along the coast. The waters are mixed verti­
cally under the influence of the winds. Temperatures throughout the .,ater 
column are low « 4.5°C); the difference from surface to bottom is less than 
1°C. The lowest temperatures are within the estuaries. Salinities are at the 
annual high; waters greater than 32.0 0/00 bathe the coastal region to the sea­
ward ends of the estuaries (Fig. 2). 

Temperatures in spring decrease from west to east along the coast. The base of 
the developing thermocline is between 20 and 30 m in the western and central 
areas. In the east the considerable range of tides (4 to 6 m) generate vertical 
mixing through the water column, inhibiting the formation of a thermocline and 
resulting in lower temperatures. The highest temperatures are in the shallow 
waters of the estuaries. The range of temperature within the water column de­
creases from west to east. Salinities are reduced by river runoff, which displa­
ces the 32.0 0/00 isohaline to below 20 m along the coast; the greatest salinity 
gradients are within the estuaries (Fig. 2). 

Coastal water in the western area in summer is highly stratified; the base of 
the thermocline is diminished eastward where the water column is well mixed 
through tidal stirring. Surface temperatures are warmer in the western area 
than in the east. Bottom temperatures, however, are cooler in the western area 
« 5.0°C), where the stability of the water column inhibits vertical mixing. 
The dilution of the salinity in coastal waters is greatly diminished following 
the spring freshets. Waters greater than 32.00/00 salinity move toward the 
surface and shoreward. The estuarine advance of the outer coastal water is lim­
ited, and sharp salinity gradients are formed in the seaward ends of the estu­
aries (Fig. 3). 

The cool air temperatures and increased wind velocities of autumn reduce the 
thermocline gradient; bottom waters mix with the warm waters of the upper strata 
bringing bottom temperatures to an annual high. In the western Gulf the tempera­
tures of the upper waters are about 4°C cooler than in summer; bottom temperatures, 
however, advance in this area about 2°C over summer. In the eastern area tidal 
stirring maintains similar temperatures through the water column. Salinities are 
near the winter maximum; the 32.0 0/00 isohaline is close to the surface. Grad­
ients of salinity are sharpest in the estuaries where waters are generally less 
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than 32.0 0/00 (Fig. 3). 

In each of the seasons waters in the central area are intermediate in temperature 
and salinity to the extremes of the western and eastern areas. 

Water Types and Circulation 

Water types in the coastal Gulf of Maine region, where seasonal temperatures 
vary markedly, can best be identified by salinity characteristics. In the coast­
al region two types of water predominate, the low salinity « 32.0 0/00) waters 
at the seaward ends of the estuaries, and the higher salinity outer coastal water 
(, 32.0 0/00) occupying the upper 100 m of the water column from the northern 
edge of Georges Bank to the headlands as shown in Colton, Marak, Nickerson, and 
Stoddard (196B). Along the coast hydrographic differences are greatest between 
the generally stratified water (except for winter) west of Penobscot Bay and the 
vertically mixed waters of the eastern coast from Penobscot Bay to Machias Bay. 

The major non-tidal movement of surface waters is the south-westerly drift from 
Machias Bay to Cape Ann and beyond: in winter, the non-tidal drift is poorly 
developed « 4 km per day); with the addition of the freshets in spring the drift 
becomes well developed (up to 13 km per day); velocity is reduced in summer, 
(ca. 9 km/day) and in autumn the drift is further reduced to about 4 km per day, 
approaching the winter period of minimal alongshore movement (Bigelow, 1927; 
Bumpus and Lauzier, 1965). Within the immediate vicinity of the coast (10 km) 
bottom waters move shoreward, particularly in spring, to compensate for the sea­
ward movement of the less saline and surface waters; ephemeral eddies and upwell­
ings are also generated through the interaction of surface drift, wind, and tidal 
forces (Graham, 1970). 

Seasonal Changes in Copepod Densities and Distributions 

Among area and inshore-offshore distributions the abundance of cope pods varied 
seasonally. The annual low was in winter. Numbers increased in spring, were 
highest in summer, and declined in autumn. Seven of the 36 species in the samp­
les were dominant at one or more of the sampling locations in a season--Acartia 
clausi, ~. longiremis, Calanus finmarchicus, Centro a es typicus, Harpacticoid 
spp. (mostly Zaus abbreviatus and Harpacticus unlremis , Pseudocalanus minutus, 
and Temora lo~ornls. The species Calanus finmarchlCus and P. minutus were 
predominant ln winter, spring, and summer, and f. minutus, ~. t,PiCUS, and 1. 
longicornis in autumn. Distributions of the dominant species a so varied season­
ally from inshore to offshore and among the three coastal areas. 

In winter, four species and one group predominated in the coastal waters, A. 
clausi, A. longiremis, C. finmarchicus, P. minutus and harpacticoids (Table 1). 
Although-they were wldeTy distributed along the coast, differences in their 
abundances among the three areas were not significant (P , 0.05) (Fig. 4a, b). 
The greatest distributional changes were along the inshore-offshore transects; 
~. clausi, ~. longiremis, and harpacticoids were concentrated in the vicinity 
of the embayments, and ~. finmarchicus was abundant in the outer coastal waters. 
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Table 1. blithe abundance of copepods fn Gulf of Maine Coastal waters. Winter. 1966. 

Me • .,!! 
Frequency 

Standard 
Dtsl:!ersio,.~/ 

of S 
Rank Dam1 nance 2/ Deviation Occurrl!!!nce Occurrence 

Pnudoealanus mtnutus 23.72 20/29 11~S47 127 148.4 10.11 1.295 29/29 100 
Acartfa longtr"e'llis 21.10 1/2' 1-194 3 22.7 7.02 .460 28/29 96.55 
Calanus finmarchtcus 20.98 2/29 1-173 33 37.3 6.35 .925 26/29 89.66 
Metridla lueens 16.21 0 1-7 1 1.3 1.34 .745 19/29 65.52 
lemora longi(.ornis 15.22 0 1-244 3 1.4 6.86 .290 16/29 55.17 
Harpact.icold sp. 14.91 2/29 1-468 Z 3.6 10.73 .311 15/29 51.12 
Acartia claus1 13.72 1/29 l-J01 1 lZ.Z 7.40 .222 12/29 41.38 
OttMna spinirostriS 12.90 0 1-3 1 0.5 .BZ .665 l1/Z, 37.93 
Centropagus typi cus 12.40 0 1-7 1 0.7 1.28 .420 9/Z, 31.03 
Cal anus hyperboreus 11.97 0 1-2 1 0.3 0.78 .572 8/29 27.59 
Cyclopoid sp. 11.91 0 1-3 1 0.4 0.82 .570 '/2' 31.03 
(urytemora herchant 11. 11 0 Z-' 3 0.8 1.40 .428 6/29 20.69 
TOl"tanus d1scaudatus 10.45 0 1-1 1 O.Z 0.62 ,456 5/29 17.24 
Oithona s1::ltl is 9,97 0 1-1 1 0.1 0.55 .340 3/29 10.34 
Eurytemora h1rundotdes 9.72 0 S-6 5 0.4 1. 18 .211 2/2' 6·.90 
Centropages typicus illlll. 9.60 0 1-1 1 0.07 0.51 .21Z 2/Z, 6.90 
Xanthocalanus sp. 9.29 0 2-2 2 0.07 0.60 .189 1/2' 3.45 
EUl"ytemora afftnis 9.29 0 2-2 2 0.01 0.60 .189 1/Z, 3.45 
Calano1d sp. inrn. 9.29 0 2-Z 2 0.01 0.60 .189 1/2' 3.45 
Metrtdia langa 9.28 0 1-1 1 0.03 0.43 .189 1/2' 3.45 
Euchaeta norve9ica 9.24 0 1-1 1 0.03 0.43 .189 1/2' ':15 
Euchaeta sp. 9.22 0 1-1 1 0.03 0.43 .189 1/2' "3.45 
Euryternora lacustrh 9.21 0 1-1 1 0.03 0.43 .189 1/2' 3.45 
Diaptomus sp. 9.16 0 1-1 1 0.03 0.43 U89 1/2' 3:45 

!I Species were ranked within each sample on the basis of numbers of individuals. 
over the 29 stations samples. 

Ranks for each species were averaged 

y Proportion of samples in which the speCies was among those making up SO percent of the individuals. 

y Range. median. and mean of mean nunbers of individuals per 11)n~ of water in samples in which the species was found. 

y The ratio of the standard deviation to the mean. the expected value for I random (Poisson) distribution is 1.0. 
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Acartia longiremis 
H-1.02, P> 0.05 
West-East, U=35, P> 0.05 
Central-East, U=49, P> 0.05 
West-Central, U=34, P> 0.05 

Acartia clausi 
H-2. 55, P> O. as 
West-East, U=30, P> 0.05 
Central-East, U=45, P> 0.05 
West-Central, U=34.5, P> '0.05 

Fig. 4a. Comparisons of densities (N/IOM3 ) of ~. longiremis, ~. clausi, 
C. finmarchicus, and harpacticoids in winter among three coastal 
areas of the western Gulf of Maine. Kruskal-wallis one-way 
analysis of variance Hand P values are given for each of the 
species comparisons among areas. Mann-Whitney U and P values 
are given for between area comparisons. 
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Comparisons of densities eN/10M3) of P. minutus in "'inter 
among three coastal areas of the western Gulf of Maine. 
Kruskal-wallis one-way analysis of variance II and P.values 
are given for the comparisons among areas e Mann-tVhi tney 
U and P values are given fpr between area comparisons. 
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The most numerous species, P. minutus, was widely distributed; concentrations 
were inshore in the Sheepscot estuary and lower end of Pen.obscot Bay, offshore 
on the Pleasant transect, and widely scattered on the Merrimack, Piscataqua, and 
Machias transects (Fig's. Sa, b, c). 

In this season the inshore species A. clausi and harpacticoids were mixed in the 
water column between 0 and 10 m; some swarming of these species at the surface 
was observed (e.g., A. clausi in the eastern area and harpacticoids in the 
central area). The greatest densities of ~. longiremis were within the 0 to 10 m 
level in the inshore segments of the transects, whereas offshore, this 
species was concentrated in the upper 10 m in all areas. The most numerous 
species, C. finmarchicus and P. minutus (constituting approximately 70 percent 
of the biomass) were concentrated at different depths: C. finmarchicus was 
numerous in depths> 10 m both inshore and offshore; but-;" P. minutus "as mixed 
inshore through the-O to 10 m levels and widely distributed through the 0 and 
60 m levels offshore, with an occasional swarm at the surface as observed in the 
western area (Fig. 6). 

Three species and one group were dominant in spring (Table 3). Three of them, 
A. longiremis, C. finmarchicus, and P. minutus, declined in abundance from west 
to east (p < 0.05); harpacticoids were widely distributed along the coast 
(P > 0.05) (Fig's. 7a, b). The more numerous speCies, C. finmarchicus and P. 
minutus, generally diminished in numbers from the seaward ends of the transects 
into the embayments; both species decreased in abundance at the seaward end of 
the Penobscot transect. Distributions of the other dominants "ere variable; 
they decreased in abundance from inshore to offshore, except for an apparent 
anomalous increase of ~. longiremis seaward off the Merrimack, and the abrupt 
decrease of this species at the shoreward end of the transects within Pleasant 
and Machias Bays (Fig's. Sa, b). 

Vertical distributions of two species constituting SO percent of the copepod 
biomass, C. finmarchicus and P. minutus, were similar in all inshore segments; 
greatest densities were at the lower levels sampled. Offshore copepodites of 
C. finmarchicus were swarming at the surface in the western area. It is in 
this area that Bigelow (19261 reported the onset of the spring phytoplankton 
bloom and subsequent swarming of f. finmarchicus copepodites at the surface. 
In the central and eastern areas the larger over-wintering adults remain in 
the lower part of the water column in depth> 30 m. Greatest densities of P. 
minutus were in the lower depths sampled> 30 m. The other species were less 
numerous. Inshore they were generally near the bottom. The exception was A. 
longiremis in the western area. Offshore I. longicornis densities were greatest 
between 10 and 30 m in all areas. Distributions of A. longiremis were variable. 
They were concentrated between the 10 to 30 m layer Tn the central and eastern 
areas and were most numerous in the upper 10 m in the west (Fig. 9). 

Twenty-four species were in the samples in summer, but only three were dominant, 
t. minutus, f. finmarchicus and I. lonricornis (Table 4). All three species de­
creased from west to east (p < 0.01) ( 19'5. lOa, b). P. minutus and C. finmar­
chicus decreased in abundance from offshore to inshore.- The single exception 
was the concentration of t. minutus at the mouth of the Merrimack River. 
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T.ble 2. SLllllllry" of Spe.nnan Rant Correl.tton Coeffictent (rs) and P v.lues. Results Ire for inshore-offsllore c .... rfsons 1ft dens tty chlnges of atn.nt copepods in western Gulf of Matne ,Gasul waters for four selSDnS tn 1966. 

Transects Merr'lIIlclli ! 4) ptscauguil (6) Sheepscal f) PlustnE ':' Machias ,5) Smtes and SelSon -2.. p -2.. p -- -.2.. __ -2.. __ -.2.. __ 
klrU. elillst ---vrnte-.-- 0.20 >0.05 ·0.46 >0.05 ·0.85 >0.05 ·0.45 "0.05 
Aartfl longfrellis --vrnr.r 0.96 'V.Ol 0.91- cO.Ol 1.00· <0.01 1.00· <0.01 Spring 1.00· 'V.05 •• 60 >0.05 0.75- cO.05 0.40 >0.05 0.23 >0.05 
Cabnus ffnnarchfcus 
-vrnter 0.'4- <0.01 0.96* <0.01 1 .... <0.01 0.70 ,.0.05 Spring 0.60 "0.05 0.77 >0.05 0.93· <0.01 0 .... <0.05 1.00* <0.01 -. 1.0et <0.05 1.00 <0.01 1.00· <0.01 0.90"' <0.05 0.9. <0.05 
Centrol!'ge5 typtcus ...... 0.20 >0.05 •• 60 :>0.05 0.52 :>0.05 
IIIrplct'lcofd spp. 

Wtnter 0.83* <0.05 0.64 >0.05 0.70 ,.0.05 0.65 >0.05 Spring •• 50 >0.05 •• 20 "0.05 0.71- <O.OS 0.50 ,.0.05 0.25 :>0.05 
Psevdocalanus IItnutus 

"inter 0.31 :>O.OS 0.51 :>0.05 ..... <0.05 0.08 >0.05 Spring 0.40 :>0.05 0.11 :>0.05 0.36 :>0.05 0.90* <0.05 0.917 <0.05 ....... 0.40 "0.05 0.17 :>0.05 0.54 :>0.05 0.90" <0.05 0.90* <0.05 Aut_ 0.80 >0.05 0.59 "0.05 0.93- <0.01 0.10 >0.05 I 0.88 :>0.05 
lenora longtcorn1s 
---out .... 1.00 <0.05 0.14 :>0.05 0.11 :>0.05 0.60 :>0.05 0.30 ,,0.05 S ...... •• 60 :>0.05 0.49 :>O.OS 0.32 :>0.05 0.40 :>0.05 0.10 :>0.05 
Tortanus d1scaudatus 
~ •. 50 "0.05 0.70 >0.05 0.55 >0.05 0.10 >0.05 0.38 >0.05 

.. signtfte'nt dffferences; P <0.05 
Rote: Since fewer than four stations were s..,led for the Penobscot Bay transect-It is not fncllH1ecf 1n Table 2. 
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Tabl, 3. Rel.Uve abundance of copepods fn Gulf of Mlf,.. coast.l dU:rs. Sprfng. 1'", , ...... ., .... Abundance Standard of • !ill Dominance Ran!). Hedlan Mean Deviation DfsE!!rston Occurrence Occurrence 

Pseudocalanus mtnutus 20.55 7/30 '·3483 5J3 874.9 31.48 .883 29/30 96.67 
Acartil longfremis 20.08 4/30 1-1368 51 181.1 17.17 .61. 29/30 96.67 
C .. Janus flnmarchtcus 19.87 10/30 1·9247 .. , 131.5 47.25 .58' 28/30 9l.33 
lemon 10ngleorn15 16.52 0 1-319 7 32.0 8.68 .424 24/l0 80.00 
Acartla claust 14.1S 0 1-115 • 8.' 4.61 .418 19/30 63.33 
Tortanus dlscaudatus 13.58 0 1-91 7 •• S 4.S7 .453 11/30 56.67 
tentropages hamatus 11.75 0 2-51 14 7.2 3.68 .528 11/30 36.61 
Hlrpactlcofd sp. 11.43 1/30 1-20 3 2.0 2.04 .470 12/30 40.00 
Hetrldf. lueens 10.95 0 2-28 5 2.6 2.35 .... 10/30 33.33 
[urytemorl herdmanl 10.31 0 1-138 21 7.7 5.07 .300 7/10 23.33 
Acutla spp. film. 10.17 0 1-30 • I.' 2.33 .3D0 7/30 23.33 
Oithena spin1rostris 9.82 0 2-19 • 1.7 2.07 .'06 6/30 20.00 
Cyc.lopotd sp. 9.30 0 1-19 I. 1.. 2.28 .365 5/30 16.67 
01thona stml1is 8.95 0 1-& 2 D.' 1.10 .306 4/30 13.33 
C.l.no1d sp. unknown 8.60 0 1-1 1 0.1 0.55 .333 3/30 10.00 
tl.hnoid sp. 1II1II. 8.28 0 1-1 1 0.06 0.50 .267 2/30 6.67 
tall1nu!l. tlyperboreus 8.15 0 9-. • 0.03 1.27 .18& 1/30 3.33 
£urytemora hc.ustris 8.ll 0 I-I 1 0.03 0.42 .186 1/30 3.33 
Centropages typ1c:us 8.10 0 1-1 1 O.Dl 0.42 .186 1/30 3.33 
Eurytemora oIfftn1s 8.08 0 4-. • 0.01 0.85 .186 1/30 3.33 
Centropages sp. 1m. 8.08 0 2-2 2 0.07 D." .186 1/30 3.33 
DiaptOlllUs Sp. 8.08 0 8-8 8 O.Dl 1.20 .186 1/30 3.33 
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Harpa:~=~ci~ S?p. 
0=0.49, P> 0.05 
West-East, u=49, P> 0.05 
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Fig. 7a. 

Stations 

Comparisons of densities (N/IOM3) of C. finmarchicus 
and harpacticoids in spring among three coastal areas 
of the western Gulf of Maine. Kruskal-wallis one-way 
analysis of variance Hand P values are given for each 
of the species comparisons among areas.' Mann-l1hitney 
U and P values are given for between area comparisons. 

85 



- I~ -

WEST CENTIIIL EAST 
2.0] 

• Acartia longiremis 
H=5.73, P >0.05 1.OOi West-East, U=24·.5, P< O. 025 
Central-East, U=21, P< 0.05 
West-Central, U=50, P> 0.05 

~ 

'" 0 

" "-• " • 
~ 
" 

800 

600 

400 

200 

• • • • 
• 
• 

•• 
• 

·0 •• 
OLa~·~-________ -L __________ :o~ __ ~o~.~e~~~ ____ __ 

3000 

1 1 2 J 4 4 4 4 S 6 7 7 7 7 7 8 9 10111213131314151616161718 
A ABC ABeD AB A8 

• 
• • 

Pseudocalanus ninutus 
H=21.41, P< 0.001 
West-East, U=20, P< 0.025 
Central-East, U=27, P< 0.05 
West-Central, U=13, P< 0.01 

'1.: 2000 -.. o 

" • 
~ 
" ~lOOO • • • -" 

500 • • • 
400 '. • 
JOO 

• 200 • • 
100 • e • OL-__________ ~o~~ ________ ~La ____ ~~ ____ ___ 

1 2 ] 4 4 4 4 5 6 1 7 7 7 7 8 9101112 IllJll1415161G1617 18 
ABC ABCD Aa 1\8 

Station_ 

Fig. 7b. Comparisons of densities (N/IOM3) of A. longiremis 
and P. ~inutus in spring among three coastal areas 
of the western Gulf of Maine. Kruskal-wallis one­
way analysis of variance Hand P values are given 
for each of the species comparisons among areas. 
Mann-Whitney U and P values are given for between 
area comparisons. 
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Tlbl. 4. Relltfve abundance of copepods in Gutf of Maine coastal waters. SUlllller. 1966. 

linn Abundance Std. 
Frequency 

0' S 
Rink Dominance Ringe Median Re.n ~ Dtsl:!ersion Occurrence Occurrence 

Pseudoc.lanus mfnutus 23.20 9/30 2-7983 766 1348 40.80 .810 30/30 100.00 
lemara 10n91(01"'n15 21.10 1/30 3-4443 188 517.2 29.62 .589 28/30 93.33 
cal anus f1nmarchfcus 20.93 4/30 1-7322 259 808.3 28.18 .555 JO/30 100.00 
Acartia longfremfs 20.72 0 2-529 47 106.8 11.14 .860 JO/30 100.00 
Centropages hamatus 19.28 0 1-2558 90 238.3 22.10 .488 27/30 90.00 
£urytemora herdmant 17.53 0 1-449 22 7.0 10.39 .651 25/30 83.33 
Acart1a cl.usf 16.78 0 1-310 11 38.6 8.43 .544 26/30 86.67 
Tortanus discaudatus 14.37 0 1-39 17 10.2 3.46 .850 20/30 66.67 
Metrfdia loeeas 13.43 0 1-91 15 1.2 4.61 .564 17/30 56.67 
Dithon. spinfrostrfs 13.00 0 1-37 14 7.8 3.34 .697 17130 56.67 
Harpactfcofd sp. 11.98 0 1-'0 1 4.3 3.38 .376 16/30 53.33 
Acartia spp. 1nrn. 9.68 0 1-19 5 1.8 2.17 .382 7/30 23.33 
£urytemora lacustris 9.42 0 1-28 3 1.4 2.25 .283 7/30 23.33 
Dithon. s fmfl is 9.22 0 2-24 3 1.7 2.28 .333 6/30 20.00 
centropa~es typfcus 8.42 0 1-11 14 1.1 2.04 .272 3/30 10.00 
Monstrtl aida 8.35 0 2-17 13 1.1 1.94 .282 3/30 10.00 
Anomalocera pattersonf 7.93 0 1-1 1 0.07 0.50 .267 2/30 6.67 
Cyc1opold sp. 7.93 0 1-7 4 0.3 1.12 .211 2/30 6.67 
£urytemora sp. 7.92 0 1-3 2 0.1 0.75 .237 2/30 6.67 
Eurytemora .ffinis 7.82 0 1-1 1 0.03 0.42 .186 1/30 3.33 
Euchaeta norvegici 7.77 0 2-2 2 0.07 0.60 .186 1/30 3.33 
Calanus hyperboreus 7.77 0 2-2 2 0.07 0.60 .186 1/30 3.33 
Metrfdia 10nga 7.73 0 2-2 2 0.07 0.60 .186 1/30 3.33 
Ofthonl sp. 7.72 0 11-11 11 0.04 1.41 .186 1/30 3.ll 
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Fig. lOa. Compa:isons.of densities (N/10M 3) of !. longicornis and £.fin­
march1cus in summer among three coastal areas of the western 
Gulf of Maine. Kruskal-wallis one-way analysis of variance H 
and P values are given for each of the species comparisons among 
areas •. Mann-Whitney U and P values are given for between area 
,?omparl.sons .. 
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Within the area sampled T. longicornis concentrations were variable. Swarms were 
found along the length or the Merr1mack transect. inshore in the Piscataqua trans­
sect and along the lengths of the Sheepscot and Penobscot transects. On the 
eastern transects numbers were greatly reduced over the deeper water (Fig's. lla, 
b) • 

In this season about 70 percent of the copepod biomass is represented by ~. 
finmarchicus and P. minutus. Greatest densities of both species are near the 
bottom in the inshore waters with the exception of some swarming (probably 
copepodites) at the surface in the west. Concentratfons of ~. finmarchicus 
decreased with depth from west to east moving from the surface 1n the west to 
10 m in the central area and down to 60 m in the eastern area. A similar pat­
tern is found for P. minutus offshore with densities increasing from 10 m in 
the west to 30 m in the central area and bet~leen 30 and 60 m in the eastern 
area. In all areas 1. longicornis was generally concentrated between the sur­
face and 10 m. The one exception was at the offing of Penobscot Bay at 30 m 
(Fig. 12). 

CentropaJes typicus. ~. minutus. and 1. longicornis were dominant in autumn 
(Table 5. As in summer, concentrations of the dominants were greatest in the 
western Gulf (p < 0.01) (Fig. 13). P. minutus decreased in abundance from off­
shore to nearshore in all areas. ~.-typicus was swarming at the mouth of the 
Merrimack and declined in abundance in the estuary and on the seaward end of 
the transect. Concentrations increased from inshore to offshore on the Pisca­
taqua, Sheepscot. and Penobscot transects; 10~1 numbers precluded assessment of 
the inshore-offshore distribution of this species in the east. T. longicornis 
swarmed along the length of the Merrimack transect. but numbers were reduced 
off the Penobscot estuary; on the other transects concentrations decreased in 
two directions, from the lower ends of the embayments to offshore. and within 
the Piscataqua. Sheepscot, Pleasant, and Machias estuaries (Fig's. 14a. b). 

Three species constituted 85 percent of the copepod biomass in autumn. P. min­
utus, ~. typicus and 1. longicornis. Inshore greatest densities of all-species 
were near the bottom of the water column. A notable exception was the swarming 
of ~. minutus at the surface in the eastern area. Although~. typicus ~Ias the 
only species between the surface and 10 m offshore, this occurrence shoulct·be·,· 
treated with caution as the numbers in the samples were extremely low. In the 
west where the abundance of this species was centered. maximal numbers were in 
the upper 30 m of the water column. 1. longicornis was concentrated bet\~een 
10 and 30 m; P. minutus was abundant at 30 m in the western and central areas 
and between 10 and 60 m in the eastern area. Both species avoided the surface 
layers offshore (Fig. 15). 

Copepod Distributions and Hydrography 

The dominant copepods in the samples are all endemic to the Gulf of Maine 
(Bigelow, 1926), but their centers of abundance in the Gulf differ temporally 
and spatially. The seasonal changes in abundance result from local fluctuations 
in water temperature and stability, rather than from large-scale advection of 
waters. Evidence supporting this relationship is available from several sources. 
The annual warming and increased stability of the water column begins in the 
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• 

Pseudoc~lanus minutus 
-H-11.17, P< 0.01 

• 

West-East, U=11, P< 0.01 
Central-East, U-16, P< 0.01 
West-Central, U=34, P> 0.05 

Acartia longirenis 
H=1.90, P> 0.05 
West-East, U=38.5, P> 0.05 
Central-East, U=33, P> 0.05 
West-Central, U=41, P> 0.05 
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Statione 

Fig. lOb. Comparisons of densities eN/10M3) of Pseudoca1anus ninutus 
and Acartia longiremis in summer among three coastal areas 
of the western Gulf of Maine. Kruska1-wal1is one-way analy­
sis of variance Hand P values are given for each of the 
species comparisons among areas. Mann-Whitney U and P values 
are given -for between area comparisons. 
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T.bl. S. RebUve abundaftC. of copepods 1n Gulf of Maine coastal Idters. AutUlll'l. 196&. 

Frequency ..... .td. ., S 
.!!a Dominanc. De •• Dtsl!!rsfon Occurrence Occurrence 

Ps.uclocallnus .1nutvs 18.68 '/3Il 5-3841 317 757.6 29.90 .847 30/30 100 
TlIIOr, 10ng1col"nt5 18.03 7/30 J·3839 366 604.' 27.97 .772 29/30 96.67 
Centropages hamatus 16.17 0 1-610 63 100.2 11.43 .761 29/30 96.67 
AcIrtia longtremts 15.40 0 1-383 " 1&.8 10.74 .666 27/30 90.00 
Cll.nus ftnmllrchicus 14.50 0 1-280 3. SO.6 8.80 .783 26/30 86.67 
Aclrtta claus1 13.90 0 1-180 10 28.6 6.92 .5" 26/30 86.61 
CentroPlges typkus 13.65 2/30 1-3925 31 456.3 31.02 .474 22/30 73.33 
Metrtdtil lueens 11.05 0 1-" 15 9.17 3.46 .764 17/30 56.67 
Toi'tanus dtscaudatus 10.72 0 1·36 15 8.8 3.50 .718 16/30 53.33 
DUhon" spinirostrts 9.90 0 1-37 8 6.6 3.28 .615 16/30 53.33 
Eurytemora herdmant 7.90 0 1-13 3 1.2 1.63 .463 9/30 30.00 
Mttridi. 10nga 7.18 0 1-U • 1., 1.83 .357 5/30 16.67 
HarpacUcotd sp. 1.15 0 1-5 3 0.' 1.08 .397 5/30 16.67 
Cyclopo1d sp. 1.08 0 1-5 1 0.3 0.99 .341 5/30 16.61 
Otthona sfmtlh 7.00 0 1-1 1 0.' 1.1' .306 5/30 16.61 
(uchuta norvegfca 6.43 0 1-2 1 0.1 0.63 .253 2130 6.61 
C&1&n014 spp. Inn. 6.42 0 1-18 9 0.6 1.80 .196 2/30 6.61 
Eurytemorl Ifflnis &.40 0 24:J..243 '43 8.1 6.60 .186 1/30 3.33 
Eurytemora 1,custris &.33 • 41·41 .7 1.6 '.90 .186 1/30 3.33 
Anomaloterl plttersoni 6.12 0 1-1 1 .03 0.42 .186 1/30 3.33 

C3 



~ • 
~ 
"-• 
" j 
z 

1,000 

1 

1,000 

10. 

1. 

WEST tUIRAl EAst 

• . ', ' .. '. • 
• .' .' 

'0' • '" 
• 

• • 
• 

•• 
1 1 2 ) 4 4 4 4 5 6 1 1 1 1 1 8 9 10 1112131)13141516161617 18 
A ABC A8CD A8 A8 

'" 
•• 

• • 
o 

o 00' 

• • 
• 

• 
• 

o 

'" 
• 

• • • 
• 

- 31 -

Pseudocalanus minu~us 
H-5, P< 0.05 
West-East, U=22, P< 0.025 
Central-East, U=33, P> 0.05 
West-Central, U=35, P> 0.05 

Temora longicornis 
H-14.2l, P< 0.001 
West-East, ~=4, P< 0.001 
Central-East, U=14, P< 0.01 
West-Central, U=33, P> 0.05 

• L-________ ~~ ________ ~ ________________ _ 

1 1 2 J 4 4 4 4 5 6 7 7 1 7 78 9 101112 13131J1415 1616161718 
A ABC A8CD A8 A8 

1,000 0 •• 

, .. 
1. 
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• • 

• • • 
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• • 
• .0 • 

• • GI • 
1 I 2 3 4 4 4 4 S 6 7 7 7778 9101112131l1l14151616 1611 18 
A ABC ADCD A8 AB 

It. tiona 

Centropages tvpicus 
H=9.72, P< 0.01 
West-East, U=8.5, P< 0.001 
Central-East; U=46.5, P> 0.05 
West-Central, U=21.5, P< 0.025 

Fig. 13. Comparisons of densities (N/lOM3) of P. minutus, !. longicornis, 
and £. typicus in autumn among three coastal areas of the west 
ern Gulf of Maine. Kruskal-wallis one-way analysis of variance 
Hand P values are given for each of the species comparisons 
among areas. Mann-Whitney U and P values are given for between 
area comparisons. 
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coastal gulf in late spring, reaches a peak in summer, and declines in autumn 
and winter (Fig. 2 and 3); changes in copepod abundance also follow this sea­
sonal sequence. Between late April and the first half of May, the copepod 
fauna changes from a low abundance level of essentially adult individuals to" 
swarms of nauplii and copepodites (Bigelow, 1926; Sherman, 1970). This follows 
the onset of the vernal phytoplankton bloom, which is dependent on the initia-' 
tion of thermal stratification (Bigelow et al., 1940). The close relationship 
between phytoplankton blooms and copepod-Swarming has been reported for at least 
two of the more numerous calanoids, C. finmarchicus and P. minutus, which under­
go maximal breeding activity in response to increases in-temperature and food. 
abundance (Marshall and Orr, 1964; McLaren, 1965). Both species breed most 
intensively in the Gulf during the warm months of the year (Fish, 1936a,b). 

The general decline in copepod abundance from west to east in spring, summer, 
and autumn is consistent with similar differences found for the coastal zoo­
plankton assemblage in both the early decades of the century (Bigelow, 1926), 
and more recently from 1963 to 1968 (Sherman, 1970). The differences result 
from the dissimilar hydrography along the coast. In the east, the unstable 
water column and the lack of appreciable influx of zooplankton from the north 
and east lead to minimal conditions for population growth. The higher spring, 
summer, and autumn temperatures in the western and central areas, where the 
waters are relatively stable and stratified, provide an increasingly favorable 
environment for growth and development of zooplankton from Mt. Desert to Cape 
Ann (Bigelow, 1926; Fish and Johnson, 1937; Sherman, 1968). The lack of sign­
ificant differences in abundance among the areas in winter is not clear. This 
may be a reflection of the low abundance of copepods, lack of significant breed­
ing activity, and similarity of hydrographic conditions along the coast in this 
season. 

The changes in copepod distributions on the inshore-offshore transects reflect 
differences resulting from the mixing of gradients of abundance rather than 
simply changes in the presence or absence of species. ~. clausi, ~. longiremis, 
and harpacticoids are most numerous inshore, and f. finmarchicus and f. typicus 
are abundant offshore. The distributions of P. minutus and I. longicornis are 
more variable. I. longicornis is concentratea ;nshore when moderately numerous; 
however, in summer as abundance increases, swarms are common throughout the ' 
coastal zone. The abundant P. minutus appears to be the species most tolerant 
of environmental differences-within the sampling zone; concentrations tend to 
decrease from offshore to inshore in spring, summer, and autumn, but swarms 
occasionally occur inshore, particularly in winter. 

Differences in the gradients of abundance of the dominants are in agreement with 
observations made earlier by Bigelow (1926) who, in his classical study of Gulf 
of Maine plankton, reported that A. c1ausi, A. 10ngiremis, and T. 10ngicornis 
were more abundant in the coasta1~elt and over shoal water than over the deeper 
basins during the colder half of the year and more widely distributed in the 
warmer months as their abundance increased. He classified C. finmarchicus as 
the dominant ca1anoid in waters outside the immediate coastal zone, and c. ~­
icus as widespread, with its chief center of abundance off Massachusetts-Say 
north of Cape Cod, but also numerous out to the edge of the continental shelf 
off southern New England: f. minutus was considered to have a wider distribution 
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in the Gulf of Maine over both shoal and deep water areas, and T. discaudatus 
and the harpacticoids, Zaus abbreviatus and Hargacticus uniremis, were found 
in abundance only in the-sJioal waters of the em ayments. 

The differences in the gradients of abundance of the more numerous species from 
inshore to offshore are more closely associated with changes in depth of the 
bottom than with a specific temperature or salinity regime. Trends in the in­
shore-offshore gradients of abundance persist in all seasons regardless of the 
area of the coastal zone occupied by cold or warm water or by low salinity 
inner coastal water (> 320/00) that bathes most'of the region sampled in spring 
and summer and the higher salinity (> 32 0/00) outer coastal water that predom­
inates in autumn and winter. 

The biological and ecological factors that may influence the changes in abundance 
of copepods with depth have been discussed by several investigators, but have not 
been clearly defined. Bigelow (1926) in commenting on this relationship for T. 
longicornis remarked " ... why Temora (and this applies to many other neritic mem­
bers of the plankton) should be so closely confined to the comparatively shoal 
regions, irrespective of the physical state of the water within wide limits, 
when it has no connection with the bottom at any stage in its existence but is 
pelagic throughout its life, is a question to which no answer can yet be given •.. " 
Other contemporary investigators have reported similar conclusions. Fleminger 
(1956). in discussing biological faciation of copepods in the Gulf of Mexico. 
concluded that calanoid facies were most directly influenced by the land mass 
and its contribution to the marine environment; a view previously held by Clarke, 
et al.(1943), whoppostulated that chemical substances from the shore or bottom 
may-C:ontrol the distribution of holoplanktonic species. This conclusion was 
based. in part. on the differential distributions of chaetognaths and calanoid 
copepods on Georges Bank. where they found the chaetognath Sagitta elegans"and. 
Pseudocalanus minutus concentrated on- the Bank. with S. serratondentata, S. 
enflata, and Cal anus finmarchicus numerous over the deeper water around the 
periphery of the Bank. More recently. Pavshtics and Gogoleva (1964) reported 
that T. longicornis and P. minutus were concentrated on Georges Bank when C. 
finmarchicus was abundant over the adjacent deeper water. In the waters immed­
iately south of Cape Cod, Grice and Hart (1962) found that four of the species 
that are predominant in coastal waters of the Gulf of Maine, P. minutus. c,· 
typicus, T. longicornis, and f. finmarchicus, decreased in abundance from-the 
shoal nerTtic to deeper slope waters and two of this group. P. minutus. and C. 
typicus, remained moderately abundant in slope water, but none were in the GuTf 
stream or Sargasso Sea. In more northern waters, however, C. finmarchicus is 
distributed across the North Atlantic (Matthews, 1970). The persistence of P. 
minutus in the deeper slope waters is not consistent with other reports of irs 
differential distribution on Georges Bank and in adjacent waters. Apparently 
this species has wide tolerance to ecological changes offshore in the outer 
shelf waters as well as in coastal waters. 

In the northeast Atlantic where neritic, shelf, and oceanic waters mix near the 
coast, the relationship of the holoplanktonic copepods to the bottom and/or dis­
crete water bodies is more complex than in the coastal waters of the Gulf of 
Maine. The relationships between surface water bodies and species associated 
with them are not dependent on temperature or salinity, but rather on a "unique 
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and Honey, 1970). Other small copepods important in the larval diet in winter 
include harpacticoids, 1. longicornis, ~. longiremis and ~. clausi, all species 
that are more numerous over the shoal inshore spawning areas than in the deeper 
outer coastal waters. A similar observation was made by Deevey (1960), who 
found that small copepods were the predominant species in Long Island Sound, 
which she considered a nursery area for fishes; the larger calanoids were more 
numerous in the adjacent deeper coastal waters. In this regard, it is possible 
to speculate on the importance of concentrations of small copepods over the 
offshore banks for the survival of commercially important fish stocks. Concen­
trations of P. minutus, Acartia sPp., and 1. lQogicornis that have been observed 
over the shal10w areas of the banks in outer coastal waters that are also freque­
nted by spawning fish, would provide a readily available source of food if the 
fish larvae and their planktonic food were maintained on the banks. The presence 
of eddy systems over a shoal area of Georges Bank, as reported by Clarke et al., 
(1943) for the chaetognath, Sa~itta elegans, suggests that concentrating mec~ 
anisms for fish larvae and the1r forage could also be present on the Bank, where 
several important commercial species spawn, including herring. 

Although adult herring are known to undergo migrations in outer coastal and 
shelf waters, information on the movements of adults on the Gulf coast is scanty. 
Adults are fished on Jeffreys Ledge and adjacent shoal areas by vessels of 
several nations. Adult fish collected in autumn from Jeffreys area were feeding 
heavily on ~. typicus (Sherman, unpublished data); and it is possible that they 
may aggregate over the rich feeding groupds in the western Gulf, where the large 
calanoids, C. finmarchicus and ~. typicus, are concentrated in summer and autumn. 
It is unlik~y that 1n a feeding migrat10n adults preying on large calanoids, 
which are most numerous in outer coastal waters, would move into the coastal 
embayments. 
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property" of the water as yet undefined (Bary, 1963). How these relationships 
may relate to changes in the depth of the bottom is not clear. Other investi­
gators who examined the changing distributions of copepods and other zooplankters 
among a wide range of areas and depths in the northeast Atlantic, have reported 
that changes in gradients of abundance of several plankters, including copepods, 
are correlated with the 100 fathom curve; some species are abundant over deep 
water and absent over the shelf, and others abundant over the shelf but decline 
abruptly at the 100-fathom isobath (Colebrook et !l., 1961). 

The differential distributions of copepods in· coasta·l waters of the Gulf of Maine 
can only be considered as trends that are indicative of directions of change in 
abundance of the dominant species between the shoal and deeper waters of the 
coast. Correlation coefficients (rs ) were significant (P < 0.05) for only four 
of the species: A. longiremis in wlnter; C. finmarchicus on three transects in 
winter and spring~ and on all of them in summer; harpacticoids on single tran­
sects in winter and spring; and P. minutus on a single transect in winter, blo 
in spring and summer and one in autumn. The r values for ~. longicornis and ~. 
discaudatus were non-significant (P > 0.05) in each of the seasons, largely 
because of their concentrations at the mouths of the estuaries and sharp reduct­
ions both within the estuaries and offshore; the r values for A. clausi were low 
because of its limited abundance (Table 2). -

Copepod Distributions and Herring Ecology 

The survival, growth, and distribution of herring in coastal waters of the north­
west Atlantic are affected by differences in the availability and abundance of 
copepods, their predominant food source. Pavshtics (1963) and Zenkevitch (1967) 
have reported that movements of commercial aggregations of adult herring in outer 
coastal waters between the mid-Atlantic Bight .and Georges Bank are correla.ted 
with copepods and other zooplankters that are concentrated in seasonally formed 
frontal zones between coastal and slope waters. By monitoring the formation 
and movement of these frontal zones it may be possible to develop short-term 
forecasts of herring availability in the Georges Bank region. In coastal "aters 
of the Gulf of Maine, where the fishery for immature herring is centered, it is 
likely that short term availability forecasts based on hydrographic and plankton 
conditions can be made. Preliminary findings, based on tag returns, indicate 
that one and two year old herring, the age groups preferred by the "sardine" 
industry, do not undergo extensive migrations (Watson, J.E., Bur. Comm. Fish., 
Boothbay Harbor, unpublished data), suggesting that local feeding conditions 
will have a dominant influence on survival and growth. This influence is reflec­
ted in differences in the increased length of herring west of Penobscot Bay, by 
about 2 cm, over fish in the eastern area of the coast (Watson, J.E., unpublished 
data); conditions for feeding and growth are better in the warm waters in the 
western area with their high standing stock of copepods, than in the cooler less 
productive waters of the eastern coastal region. 

In addition to providing a vital food source for juveniles, copepods are also 
the predominant food of larval herring in coastal waters of the Gulf (Sherman 
and Honey, 1968). One of the smaller but abundant copepods, P. minutus is a 
species that serves as a primary food source for herring larvae ln coastal 
waters during the critical period of low zooplankton abundance in winter (Sherman 
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