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commercial fishes depends very largely on the stock of copepods. As Dr. C. B.
Wilson writes, it is not too much to say that “their presence and abundance
count as much for the higher animal life in the ocean as does that of nitrates in the
soil or carbon dioxide in the air for plant life upon the land,” for they are the chief
intermediary through which the elemental foodstuffs elaborated by the marine
plants on which the copepods feed are made available for the support of the larger
marine animals that feed on them.

Copepods are the only animal group that has been systematically counted in the
catches of the vertical nets in the Gulf of Maine; and while the numerical calculations
include so many indeterminate sources of error that they can be taken only in a
general way, they have ‘proved undeniably instructive in tracing the seasonal perio-
dicity and relative regional abundance of several of the more common species. I
must emphasize, however, that the counts given are only a rough indication of the
relative abundance or scarcity of the several species, and that the “ probable error”
(unknown) may amount to as much as 80 to 100 per cent in extreme cases.  (For a
discussion of the allowance that must be made on this account see Johnstone, Scott,
and Chadwick, 1924, p. 180.)

For the group as a whole the numbers present per square meter have varied
from next to none at occasional stations in the coastwise zone durmg the early spring,
when diatoms are flowering and copepods are scarcest (p. 39), to upwards of 500,000
in May, when Calanus finmarchicus is swarming (e. g., station 10266, May 4, 1915).
Copepods are at their lowest ebb in the gulf in February and March, when the maxi-
mum per square meter at any station within the edge of the continent in 1920 was
37,500 (station 20049, in the western basin), the minimum 55, in the inner part of
Massachusetts Bay, and the average about 6,600. Generally speaking, at this season
there are more copepods under any given area of the sea surface in the deeper parts
of the gulf than in the shoal, the numbers caught being roughly proportional to the
amount of water strained by the net in its journey from the bottom up to the surface.
Thanks to a swarm of Calanus (p. 189), there were more copepods outside the south
eastern edge of Georges Bank than anywhere within the gulf.

In April, 1920, the average within the continental waters of the gulf was about
twice as large (13,300) as it had been in March, the maximum more than three times
(130,000 in the northern channel), and the minimum had risen from 55 to 900.

In another chapter (p. 41) I have commented on the tremendous augmentation
of copepods which takes place in May and for which the vernal wave of reproduction
of Calanus finmarchicus is chiefly responsible. In 1920 this was hardly under way
by the middle of the month, but in 1915 it had raised the average number of copepods
over the inner parts of the gulf to upwards of 140,000 by the 4th to the 14th (stations
10266 to 10278), with maxima of 511,000 off Cape Ann on the 4th and 411,500 in the
eastern side of the basin on the 6th.

Fewer copepods were taken in June, the average being only about 23,000 per
square meter. The fact that the vernal reproductive activity commences later
in the northeastern and eastern shallows of the gulf, where most of the June stations
were located, than in its western side is chiefly respons1ble for this apparent shrinkage;
but with only about one-seventh as many copepods in the eastern basin on June 19,



PLANKTON OF THE GULF OF MAINE 169

1915 (station 10288) as at a near-by location (station 10270) on May 6, it seems that
the swarm resulting from this local center of active reproduction had dispersed in the
interim. Unfortunately no vertical hauls were made later than June in the summer of
1915, but in July and August, 1914, the average number of copepods per square meter
for the gulf, as & whole, inside the continental edge but including the offshore banks,
was between 72,000 and 73,000 (see Bigelow, 1917, p. 315, for table of counts)—i. e.,
something less than half the May average for 1915, with a maximum of 227,000 in the
northern channel and a minimum of 6,000 on the northern edge of Georges Bank
at this time.

Copepods were then most numerous per square meter (70,000 +) in four distinct
regions as follows:" (1) Over a V-shaped area, with one arm extending from Cape Cod
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Fi1g. 57.—~Number of copepods per square meter of sea area, July and August, 1814, as‘ calculated from the catches of the
vertical hauls. 1, scanty (less than 20,000); 2, intermediate (20,000 to 70,000); 4, rich (70,000 to 150,000); 6, very rich
(150,000 or more).. Reproduced from Bigelow, 1917, fig. 04,

toward Penobscot Bay, the other to the eastern part of Georges Bank; (2) off Cape
Sable; (3) in the extreme northeast corner of the basin of the gulf; and (4) south
of Marthas Vineyard (fig. 57). The maxima were off Cape Cod, off Cape Sable,
and in the northern channel (stations 10213, 10243, and 10229; Bigelow, 1917, p. 316).
On the other hand, we have found very few copepods in the coastal zone in the ex-
treme northeast corner of the gulf, in the southeastern part of the basin, in the eastern
channel, or in the oceanic water outside the edge of the continent during the summer.
The distribution of copepods on the basis of numbers per cubic meter has paralleled
this, except that the region northeast of Cape Cod was shown to be relatively less
productive by this than by the other calculation in July, 1914. The numbers per
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square and cubic meter for that summer and for the season of 1915 are tabulated in
an earlier report (Bigelow, 1917, pp. 315 and 319). September stations for 1915
yielded an average of about 65,000 copepods per square meter in the northern half
of the gulf—no noticeable change, that is, from the midsummer state—but the fact
that the maximum (173,000) was considerably less and the minimum (14,700) con-
siderably greater is interesting as evidence that copepods tend to become progres-
sively more and more nearly equalized in number over the gulf as the season advances.

In the earlier chapter I have pointed out that we have observed an autumnal
increase in the amount of plankton present in the western and northwestern parts
of the gulf (p. 87). In 1915 this was due to a multiplication of copepods from the
September average just given to an average of about 107,000 per square meter at
ten stations for the month of October (stations 10323 to 10329 and 10336 to 10339;
table, p. 297). As evidence that this multiplication was due to increased local repro-
duction we found upwards of 200,000 off Cape Cod (station 10336) and in Massa-
chusetts Bay (station 10338) on the 26th and 27th.

Unfortunately no vertical hauls have been made in the gulf in November,
December, or January. It is therefore impossible to follow numerically the gradual
decimation of the local stock of copepods which takes place during the winter (p. 88),
leading to the sparse copepod population of early spring (p. 82).

Outside the continental edge the numbers of copepods have invariably been small,
except for the one Calanus swarm of March just mentioned, the origin of which is
discussed under that species.

The pelagic copepods are perhaps the most truly planktonic of all animals, for
although some of them dart actively through the water, and all swim more or less
vigorously, they are utterly at the mercy of the current so far as directive journeyings
from place to place are concerned. Most of the copepods of the Gulf of Maine are
eupelagic ocean forms, floating at various depths beneath the surface of the water by
means of their elongated first antenn®. The two species of Acartia (clausi and
longiremis), the two species of Calanus (finmarchicus and hyperboreus), the two species
of Metridia (longa and lucens), and Pseudocalanus elongatus, which together constitute
80 per cent of the copepod plankton of the gulf, all belong to this class.

The scope of the present paper being ecologic and geographic, not systematic, the
copepods are arranged alphabetically here, the list of species, the distribution of which
is discussed, being as follows. - Those starred are only accidental in the plankton.
For supplemental notes on a few other rare species detected by Dr. C. B. Wilson after
the body of the report was ready for the press see p. 305.

Acartia clausi. Centropages hamatus.
Acartia longiremis. Centropages typicus.
Acartia tonsa. *Dactylopusia thisboides.
Aetidius armatus. Dwightia gracilis.
Anomalocera pattersoni. *Ectinosoma neglectum.
Asterocheres boecki. - Eucalanus attenuatus.
Calanus finmarchicus, Eucalanus elongatus.
Calanus hyperboreus. Eucheata media.
Candacia armata. Euchata norvegica.
Centropages bradyi. Euchirella rostrata.




Eurytemora herdmani.
Gaidius tenuispinis.
Halithalestris croni.
*Harpacticus litoralis.
*Harpacticus uniremis.

Heterorhabdus spinifrons.

*Idys furcata.
Labidocera mstiva.
Lucicutia grandis.
Metis ignea.
Mecynocera clausi.
Metridia longa. -
Metridia lucens.

. Monstrilla serricornis.
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Oithona similis.

*Parathalestris jacksoni.

Phyllopus bidentatus.
Pleuromamma (genus).

Pseudocalanus elongatus.
| Rhincalanus cornutus.

Rhincalanus nasutus.
Scolecithricella minor.
Temora longicornis.
Tortanus discaudatus.
Undeuchaeta major.
Undeuchaeta minor.
*Zaus abbreviatus.
*Zaus spinatus.
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Acartia clausi Giesbrecht

This species has a more southerly distribution than A. longiremis, ranging widely
on both sides of the temperate North Atlantic, southward from western Norway on
the one side and from the St. Lawrence River on the other; but it was not found in
any of the samples of Arctic plankton examined by Sars (1900) and at only one station
north of the Arctic Circle in the collection of the Canadian Arctic expedition (Willey,
1920). In general, it may be described as neritic, as opposed to oceanice, for although
it is widely distributed in the oceanic areas of the North Atlantic, European students
have found it most plentiful in coastal waters such as the Irish and English- Channels
and the southern parts of the North Sea. It is found plentifully in water as little
saline as 18.42 per mille, but salinities much lower than this apparently bar it (Farran,
1910). Willey (1920) has characterized it as more of an estuarine form than A.
longiremsis, but the distribution outlined below for the Gulf of Maine shows that this
can hardly be laid down as a general rule. Steuer (1923) has recently charted its
distribution in the Eastern Atlantic and generally.

In a continuous collection of plankton from Liverpool to Quebec, made by Sir
Wm. Herdman in 1897, it disappeared at longitude 38° 6’ W. and did not reappear
until the ship was well up the St. Lawrence River (Herdman, Thompson, and Scott,
1898). T. Scott (1905) reports it from the Gulf of St. Lawrence, but Willey (1919)
did not find it among the many samples which he reported on thence, and if not
wholly wanting it is at least so rare over the continental shelf off Nova Scotia and
south of Newfoundland that the Canadian fisheries expedition took it at only one
station—this, curiously enough, the outermost on the line off Cape Sable (Willey,
1919).

It was not detected among the collections made by the Grampus between Cape
Cod and Chesapeake Bay in 1913 or in 1916, though its relative A. tonsa swarmed
locally off Delaware Bay during August of the latter year (Bigelow, 1922, p. 146).
Neither did Wheeler (1901) nor Sharpe (1911) find it at Woods Hole, where A. tonsa
is one of the commonest of copepods. It is not uncommon there during some winters,
for Fish (1925, fig. 46) found it regularly from October, 1922, to February, 1923.
It does not appear in Fowler’s (1912) list of Rhode Island copepods, but Williams
(1906 and 1907) describes it as abundant in Narragansett Bay in January and
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February, and Dr. C. B. Wilson contributes the statement that in and a.round
Chesapeake Bay A. clausi is more abundant than A. longiremis.

The earlier cruises in the Gulf of Maine gave no grounds for supposing that A
clausi was ever plentiful there, Esterly having detected it at one station only (Glou-
cester Harbor) in the towings taken during the summer of 1912, and not at all for
July and August, 1913 or 1914, nor for the winter of 1912-13 (Bigelow, 1914, 1914a,
1915, and 1917). Willey (1919), however, reported it from Passamaquoddy Bay in
August, 1915, and on January 16, 1920, he found that adults and juveniles of A.
claust formed 68 per cent of the total catch of copepods there (Willey, 1921). Dr,
C. B. Wilson has detected it in so many of the Gulf of Maine towings made during the
summer of 1915 (fig. 59), the spring of 1920 (fig. 58), and the winter of 1920-21, that
it was certainly widespread and locally abundant in the gulf during those years at
least. &

The counts tabulated here may be considered from two aspects—a, the relative
importance of A. claust in the copepod community, and b, its absolute abundance.
It constituted 0-15 per cent of a comparatively scanty copepod plankton during
December, 1920, and January, 1921, but was so nearly universal in the inner parts
of the gulf that it occurred at 85 per cent of the stations. In February, 1920, how-
ever, it was not taken at all, either in the surface or in the vertical hauls, at the few
stations occupied in the southwest deep and on Georges Bank during that month,
It is probably at its minimum in early spring, because it averaged only 41 specimens
per square meter inshore of the 100-meter contour, and 47 in the deeper parts of the
gulf, in March, 1920, occurring in 15 of the 35 hauls. In April, however, it was
detected in 25 of the 30 vertical hauls, having risen, on the average, to 10 per cent
of the total catches of copepods and in absolute abundance to an average of 2,390
individuals per square meter within the 100-meter contour, 180 in the deeps. In
May it occurred in all the vertical hauls, both in 1915 and in 1920, averaging 6 to 9
per cent of the total copepods, with an average of 2,787 per square meter in shoal
water in 1920, and 7,857 in shoal and 8,469 in deep water in 1915. The augmenta-
tion which takes place in its numbers during the spring is further illustrated by
counts of the numbers taken at pairs of stations in the western part of the gulf in
February and March and again in May of 1920, as follows:

| Number of
Number of | specimens
i specimens | per square
Locality Date | Station | 7/ surface | roeter in
tow vertical
tow
Southwest part of Georges Bank - . ... Feb. 22 20046 0 0
May 17 20128 60 1,425
Southwest corner of basin._ _____ . il Feb. 23 20048 0 8
May 17 20127 162 1,437
oft Gloucester ..................................................................... 20050 115 0
May 4 20120 1,760 5, 500

In 1915it continued universal in June, averaging 14 per cent of the total copepods
in the vertical hauls and 45 to 50 per cent at two of the stations, but its absolute
abundance was somewhat less (averaging about 4,000 per square meter in shoal water
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and 1,600 in deep). There are no vertical-net collections for July, 1915, and the
normal summer status of A. clausi in the Gulf of Maine can not be stated from the
other data at hand. In 1915 it varied in abundance from about 500 to upwards of
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F1a. 58.—Occurrence of the copepod Acartia clausi during the spring of 1920." X, locality records for February and March;
' @, locality records for April and May. The hatched curve incloses the area whera it occurred in March :

10,000 per square meter at three stations in August, but was not detected at all at
sea during this month in the three previous years, which I take to mean that it
passes through a summer minimum succeeding the late spring maximum. In Sep-
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tember, 1915, it proved more abundant, both absolutely - (on the average about
7,000 per square meter inside 100 meters and 11,000 outside) and relatively (an
average of 20.5 per cent of the vertical ecatch of copepods), than at any time from
December to August, and the average numbers per square meter rose, respectively,
to 9,693 and 11,205 * in October of that year, when it occurred at 88 per cent of the
stations, though it constituted only about 11.5 per cent of the total copepods caught in
the vertical net during the month.

The two maxima suggest two breeding seasons for A. claus? in the gulf—one in
early spring and the other in late summer—each followed by a well-marked increase
in the actual abundance of the species, as measured both by the number of specimens
existing per square meter of sea surface and by the percentage of the total copepod
population which it constitutes. Probably it does not breed to any extent in the
gulf during the autumn or winter. A. clausi is likewise at its minimum during
winter in north European waters and most abundant during the warm months. In
the southern part of the North Sea its minimum falls in February and its maximum
in August (Farran, 1910). It is to be noted that the seasonal distribution of A.
claust in the gulf shows it to be endemic there, not an immigrant, propagating in
spring in the centers where some few have persisted through the unfavorable winter
season and extending its area of reproduction as its spreads far and wide with the
increase in its numbers.

Regional distribution.—In February and March, 1920, it occurred sparingly on
the eastern part of Georges Bank, on Browns and German Banks, off Machias, off
the mouth of the Merrimac Rwer near Gloucester, and off Cape Cod, but at only
3 stations in the basin of the gulf, all in the southeastern part (fig. 58). Thus, at
the season when it is at its miminum it persists in small numbers here and there
throughout the shoal zone but disappears from most parts of the basin. By April,
with the increase in its numbers just noted (p. 172), it had become sufficiently dis-
persed over the basin to be taken at most of the deep stations in one or other net;
but it still continued most abundant over a zone running offshore from the neigh-
borhood of Cape Sable out across Browns Bank to the Eastern Channel and to the
eastern part of Georges Bank, with secondary centers of abundance along western
Nova Scotia, off Cape Cod, and off Cape Elizabeth, just as was the case in March.

By May and June of 1915 we found A. clausi so generally distributed over the
eastern, northern, and western parts of the gulf (in numbers ranging from 1,400 to
25,000 per square meter) that no separation into “rich” and “poor’’ areas is possible,
except that it seems to have been scarce in the neighborhood of Mount Desert
Island. Curiously enough, this was also the case on Browns Bank, which was one
of its chief centers of abundance in April, 1920. Probably it is equally universal on
Georges Bank during these months, judging from its presence at all the stations on
the line from Cape Cod out across ‘the western end of the bank on May 16 and 17,
1920; but there were only about 200 per square meter at the outermost station,
just outside the continental edge (Station 20129), contrasted with about 14,000 at
the station on the bank (Station 20128), suggesting that this was about its oﬂ"shore
boundary, which accords with its neritic nature.

7 The counts of.copepods for 1915, on which these calculations are based, are given in Bigelow, 1917, p. 319,
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A. clausi continued universal over the northern and western parts of the gulf
during November and October, 1915 (this, as just remarked, being its season of
maximum abundance), and across the whole breadth of the continental shelf off
Marthas Vineyard, varying in abundance from 6,000 to upwards of 40,000 speci-
mens per square meter of sea area at most of the stations. Nor do our records for
the midwinter cruise of 1920-1921 suggest any shrinkage in its range during the
later autumn, for it occurred at nearly all the stations during that December and
January. But if the picture presented by the early spring hauls of 1920 be normal,
ai. till.ausi must disappear from the basin of the gulf later in the winter as its numbers

ecline.

A. clausi has always averaged a larger percentage of the total copepod popula-
tion in the coastwise belt of the gulf and over the offshore banks than in the deeper
parts. In 1920 it formed 10 to 20 per cent of the copepod catch in the vertical hauls
at most of the stations on the eastern part of Georges Bank, on Browns Bank, in
the Cape Cod-Massachusetts Bay region, off Cape Elizabeth, and along western
Nova Scotia from February to May, but usually less than 5 per cent at the stations
in the deeper basin and channels where it occurred. From June to October in 1915,
the area in which 4. clausi usually constituted 10 per cent or more of the copepods
was continuous around the whole periphery of the gulf and around Cape Cod and
Nantucket to the westward (fig. 59). In December, 1920, and January, 1921, it
amounted to less than 10 per cent at all but one of the stations. Thus, this species
is only of minor importance in the general planktonic community in the more oceanic
parts of the gulf and negligible outside the continental edge in the open Atlantic,
but in shoal waters, both inshore and on the banks, it is usually an important factor
and may locally equal as much as half the total catch of copepods of all kinds.

Vertical distribution.—The hauls have not been adapted to show the vertical
distribution of A. clausi, and the fact that all but one of the percentages of 30 or
more were in hauls shoaler than 75 meters can not be taken as meaning a concentra-
tion of this species in the upper water layers because associated with the fact that
the species is most plentiful in the shoal zone. On the whole, however, A. clausi
was a slightly larger element in the copepod community on the surface than in the
vertical hauls during the spring of 1920 (March, 13 per cent; April, 15.5 per cent;
and May, 14 per cent, on the average); and on two occasions—that is, Eastern
Channel, March 17 (station 20073), and off the northern slope of Georges Bank,
March 10 (station 20063)—we found them congregated so close to the top of the
water that each of the surface hauls yielded about 1,200 specimens, whereas the
vertical hauls took none in the one case and only 3 in the other. On the other hand,
A. clausi has repeatedly proved more plentiful at some deeper level than on the sur-
face, of which the following cases are typical:

Number
Der | Number
: : ’ 8quare | ¢oyen in
Locality Date Station x;xeter surface
rom
vertical | Daul
haul
Southeast basin .. . e ammee e me e amcmeee e —a——————— Mar. 3,1920 20053 600 0
OffCape Ann. .___._.____ ... Apr. 9,1920 20091 1,125 31
Northeast basin......._.......... Apr. 12,1920 20100 475 0
BrownsBankK. ... . o...... ..| Apr. 18,1920 20108 3, 000 2
Eastern part of Georges Bank.. SO I do.._.... 20108 21,262 225
Western l;asin.--..._._.....,........._-.__..._._.._....-........-,-..._., ........ Apr. 18,1920 20115 800 0
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