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on April 5; the cyprid stage in abundance on the 9th, with only a few nauplii;
while by the 19th cyprids alone were taken. These dominated the surface plankton
during the last week of April, after which their numbers diminished, though some
persisted in that region until mid-May.

The reproduction of barnacles is at its height at about the same season along the
eastern shores of the gulf, for their nauplii occurred ‘at all our stations over the
shallows from Yarmouth to Browns Bank on April 13 to 15, 1920—abundantly in
the North Channel (station 20105; fig. 24). At St. Andrews, in the Bay of Fundy,
where because of the violent tides the surface waters warm slowly in spring, barnacle
larvee (either nauplii, cyprids, or both) are recorded by‘ Doctor McMurrich in his
plankton lists as early as the last week of January, regularly after mid-February,
reaching their maximum abundance during April, occurring in diminishing numbers
until June 8, and occasionally still later in that month. In 1917, according to Willey
(1921), barnacle nauplii dominated the plankton at St. Andrews on April '7; nauplii
and cyprids in subequal numbers formed nearly the entire catch on May 1; and
cyprids alone on the 17th. The season is about the same for them in the Irish Sea.

The spring season, likewise, sees striking additions to the plankton of the coast-
wise and shoaler waters of the gulf generally, in the shape of buoyant fish eggs.
Haddock eggs in particular are produced in such numbers locally during March and
April (which is the height of the breeding season) that they may be a considerable
element on the more prolific spawning grounds, such as the eastern part of Georges
Bank, the neighborhood of the Boon Island ground, and locally in Massachusetts
Bay. The extremely characteristic eggs of the plaice (Hippoglossoides platessoides)
appear early in March (that is, slightly later than those of the haddock) and are taken
until mid-June, with the height of the spawning season during April and May.
Rusty-flounder (Limanda) eggs are first seen in the tow toward the end of April,
most numerously in June and July, and rarely as late as mid-September. The
spawning season of the witch flounder (Glyptocephalus) likewise follows hard on
that of the haddock. Spring is the season most prolific in fish eggs in the Gulf of
Maine, but they are seldom numerous except in the immediate vicinity of the spawn-
ing grounds, or anywhere over the central deeps of the gulf, outside the 100-meter
contour.? :

The most obvious effect of the very active reproduction of copepods just
described, coupled with the scarcity of most other planktonic animals in the offshore
waters of the gulf at the time, is that soon after its inception the zooplankton in
the more productive centers of propagation becomes almost pure copepod; and,
whether by local breeding or by drifting out from the coastal belt, as seems more
likely, their numbers so multiply offshore as the water warms with the advance of the
season that they overwhelmingly dominate the pelagic community of the whole
gulf north of a line from Cape Cod to Browns Bank in May and during the first half
of June. Since, furthermore, the other planktonic groups of animals that assume
faunal importance later on in the year (e. g., Sagittee, amphipods, euphausiids) do
not commence multiplying actively until later in the season, it is during late spring
and the first weeks of summer that the zooplankton of the upper 100 meters (empha-

3 For the chief spawning grounds and breeding seasons of Gulf of Maine fishes see Bigelow and Welsh (1925).
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sizing this depth limit for reasons which will appear presently) of the offshore parts
of the gulf is the most monotonous. '

Although our records for this season are not all that might be desired, it seems
certain that copepods (Calanus in particular) reach their high-water mark early in
June, the exact date varying locally and with the forwardness of the season. So
completely did the calanoids (chiefly C. finmarchicus) monopolize the upper strata
of water right across from Cape Cod to Cape Sable during May, 1915, that the only
other animals to be found among a liter of copepods off Cape Ann on May 4
(station 10266) were a few Sagitta elegans, one young fish, two tiny Euthemisto, a
few euphausiid larvee, and a few fish eggs, with the zodplankton of the western basin
(station 10267), where diatoms were still swarming, so monotonous that a haul from
85 meters yielded nothing but copepods and one Tomopteris. Nor was the catch
more varied in the central deep (station 10269), only one euphausiid, one Euthemisto,
six or seven large Clione, and an occasional Limacina being detected among the
copepods in the 85-meter tow on May 6, while we found only a few Euthemisto,
euphausiids, and Sagitte, with an arctic planktonic element to be discussed else-
where (p. 50), among swarms of copepods in the eastern basin on that same day
(station 10270). »

In that year (which was apparently a typical one) the plankton of the upper
100 meters was as monotonously calanoid in June as it had been in May. In the
Grand Manen Channel, for example, on the 4th (station 10281), the 50-meter catch
consisted of copepods varied only by 1 Euthemisto, 2 Clione, 1 Aglantha, 1 young fish,
1 fish egg, 2 Sagitta elegans, and a single specimen of Tomopteris. Much the same
condition prevailed in the Fundy Deep on the 10th (station 10282); likewise near
Mount Desert Island on the 11th (station 10284), when a cursory examination of more
than 2 liters of Calanus and other copepods in the 70-0 meter haul revealed only

~one Clione and a single Sagitta as the sole variants. On the 26th of June, too, the
upper strata of the western basin were similarly occupied by a calanoid plankton
in extraordinary abundance (about 40,000 large Calanus per square meter).

In the western and northern parts of the gulf, where copepods monopolize the
water more completely at their peak season than they do the deep basin offshore,
it is an unusual event for Sagitte, amphipods, euphausiids, or pteropods, etc., to
be of any importance in the plankton in spring or early summer, with the notable
exceptions of the swarms of the euphausiid shrimp Thysanoessa raschii near the
Isles of Shoals in April and May, 1913, and (with its relative, Th. inermis) on April
9, 1920 (station20093), described below (p. 145) ; with the exception, too, of Meganyoti-
phanes, which is so plentiful in the northeast corner of the trough off Grand Manan
that we captured no less than 114 liters there on June 10, 1915 (station 10283), in
half an hour’s haul at 100-0 meters, and of Pleurobrachia, which swarms on German
Bank in May and June just as it does in summer (p. 19). Even where copepods so
dominate the contents of the net, however, that nothing else strikes the eye at the
first glance, a more careful examination of the catch will reveal some few amphipods,
euphausiids, Sagitte, etc.

June 19 is the earliest date on which we found large Euthemisto in any abundance
in 1915 (eastern basin, haul from 85-0 meters, station 10288). The interesting
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hydroid medusa Mitrocoma cruciata reaches maturity during this same month,
when it may appear near shore in numbers sufficient to give a distinctive aspect to
the tow, as was the case at the mouth of Penobscot Bay on June 14, 1915 (station
10287 p. 348). For the sake of clarity I should point out, at the risk of repetition
(p. 389), that diatoms still swarm along a narrow coastwise belt east of Penobscot
Bay in June.

The advance of summer (from June on) sees an actual decrease in the number of
copepods, owing, no doubt, to the destruction wrought among them by fishes and
other enemies (p 97). In part this decrease is made good by constant reproduction,
evidence of which was afforded by an abundance of copepod nauplii near Cape Cod
on July 8, 1913 (station 10057, surface), on July 7, 1915 (station 10300), and on
August 29, 1916 (station 10398) ; likewise by the presence of large numbers of juvenile
Calanus ® between Cape Ann and the Isles of Shoals in July, 1912. The offshore
banks also serve as a copepod nursery in July—at least locally—for copepod eggs,
nauplii, and juveniles abounded on the surface near Nantucket Lightship on the
25th of that month in 1916 (station 10355), while the presence of young Calanus
at various stages in development in most of the summer towings proves that this
copepod breeds more or less regularly throughout the summer. Our experience;
however, does not suggest that sufficient reproduction takes place during the warm
months to maintain the local stock of calanoid copepods agamst quIetlon by the
many dangers to which it is subjected.

As copepods dwindle in numbers the other groups of common bomal animals
increase, lending an increasing diversity to the plankton of the offshore pazts of the
gulf during the summer, most noticeably in the western side, where the plankton
is most monotonously calanoid in May and June, thus producing the midsﬁmmer
state already described (p. 17). Events notable in this gradual alteration are a
great production of Euthemisto, resulting from local centers of reproduction such
as I have just mentioned (p. 20); the active propagation of euphausiids (p. 20); a
general penetration toward the western and northwestern shores of the Gulf on the
part of the pteropod Limacina retroversa (p. 119) ; the appearance of shoals of the white
and red jellyfishes (Aurelia and Cyanea) in the coastal belt as they disperse and
drift seaward from their estuarine nurseries (pp. 360, 362) ; the presence of large Stauro-
phora, often in abundance (p. 342); and the offshore swarming of the hydroid medusa
Phialidium languidum (p. 350). It is during the summer, too, that the large and
conspicuous arrow-worm Sagitta serratodentata first appears in any number in the
gulf as a visitor from warmer waters to the south and east outside the edge of the
continent, and spreads its range northward and westward as described elsewhere
(p.322). The copepod population, also, becomes diversified as the summer advance
by increasing numbers of Anomalocera and Centropages, not only within the gulf
but also-on Georges Bank, where the former (which we did not find in spring) is
practically universal and comparatively abundant in August.** The ctenophore
Pleurobrachia pileus reaches its maximum abundance on the German Bank ground

3 Identified by Dr. C. O. Esterly.
# The “‘green copepod” of Doctor Kendall’s field notes.
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and may almost completely monopolize the water there during the summer. InJune
and July, too, the eggs or larvee, or both, of sundry summer—breeding fishes, such as
silver hake, rosefish, cunner, and witch flounder, appear in the appropriate parts
of the gulf to take the place of such spring spawners as the haddock and plaice.

As summer passes into-autumn Sagitta serratodentata continues to spread west-
ward rightinto Massachusetts Bay (p. 322). Thehyperiid—amphipod genus Euthemisto
likewise works inshore in September and October, so that it is more numerous in
the bay then than at any other time of year, and Pleurobrachia may swarm locally,
notably off the coast of eastern Maine and at the mouth of the Bay of Fundy. It
is during late summer or early autumn, too, that Phialidium is most plentiful and
that Salpz and other tropical forms (p. 53) are most often encountered in the gulf.

Hand in hand with the autumnal cooling of the surface, the small Phialidium
languidum disappears first and then the larger scyphomeduss, either dying at the
close of their natural period of life or being destroyed by the fury of the autumn
storms. The large, blue copepod Anomalocera likewise vanishes from the waters
of the gulf (p.184). On the other hand, ctenophores may be locally abundant until
well into the autumn, witness the swarms of Pleurobrachia that appeared off Cape
Cod during October, 1916 (p. 367); and the small brown copepod Temora longi-
cornis becomes so plentiful locally near the land at this season that it dominated
the surface catch off Cape Ann on October 31, 1916 (station 10399), when a sample
of the copepods consisted of over 100 Temora with but 2 Centropages and 1' Calanus.
Doctor McMurrich, likewise, found Temora most regularly and in greatest abun-
dance in October, November, and the first half of December at St. Andrews (p. 289),
but in the open Gulf no definite seasonal periodicity has been established for it (p. 289).

Centropages was the most numerous copepod on the surface off Cape Cod in
November, 1916 (station 10404), but all our deeper hauls in autumn have been
dominated by Calanus, Pseudocalanus, and Metridia, with Euthemisto of both
species, Sagitta elegans, Meganyctiphanes, Thysanoessa, and Limacina. In fact,
they ha¥e paralleled the community characteristic of summer. So few of the bot-
tom dwellers of the Gulf breed in October or November that their larve are practi-
ca.lly nonexistant in the plankton at that season; but the presence of juvenile Calanus
in the! western basin on November 1 (station 10400), of young Aglantha and young
Sagigga elegans, of eggs probably referable to the latter, and of an abundance of small
as wll as large Limacina off Massachusetts Bay at that time (stations 10399 and
1040B) proves that all these pelagic animals reproduce in the Gulf during October,
thouigh probably not in any great abundance.

I have already pointed out that no general alteration takes place in the zoo-
pl nkton of the Massachusetts Bay region during late autumn and early winter, for
odr tows gave us much the same yield off Cape Ann at the end of November and in
December, 1912, and in January, 1913, as is to be expected there in August, Sep-
tember, or October—that is, Calanus dommant with such other copepods as Pseudo-
calanus, Metridia lucens, Centropages and Euchsta; the chaetognaths, Sagitia elegans
and occasional S. serratodentata; Euthemisto compressa and E. bispinosa,; the common

3 These hauls are described in an earlier report (Bigelow, 1914a, p. 404)
758908—26——4
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boreal pteropod Limacina retroversa; and the ctenophores Pleurobrachia and Beroé.
This also applies to tow-net catches at 12 stations between Cape Cod and Yarmouth
These lists vary
somewhat from station to station, as is always to be expected, but there is no charac-
teristic qualitative difference between the western and the eastern stations, the
Calanus community (and chiefly C. finmarchicus) dominating the same general
assemblage of boreal animals as occurs in summer at the localities in question.

(Nova Scotia) for the midwinter of 1920 and 1921, listed below.

Location, date, and depth of hauls

Species 1 oft oft ‘Western - on Off the Off Isles of
Boston, Cape Ann, Basin, Cape Cod, | Merrimae, |  Shoals,
Dec. 29, 1920, | Dec. 29, 1820, | Dec. 29, 1920, | Dee. 30, 1920, | Dec. 30, 1920 ,| Dec, 30, 1920,
station 10488, | station 10489, | station 10400, | station 10491, | station 10492, | station 10493,
15-0 meters | 75-0 meters | 240~0 meters | 125~0 meters me 760 meters

Acartia clausi_.___.._ X b P, X X X

Calanus finmarchicus X X X X X X

Calanus hyperboreus__. .. ________ | ccooooio.. X

Pseudocalanus elongatus. . X .

Metridia longa._........ X

Metridia lucens...._... X

Centropages typicus_ ... . _....._.___.. X

egl
Meganyctiphanes norvegica. . ......_...._.
rmis :

Thysanoessa inermis__....
Thysanoessa longicaudata. . ....oooocooo oo .
Euthemisto COMPressa. ... cqueeeeueocecn]ococraoaaoaan
Sagitta elegans_____
Eukrohnia h t
Limacina retroversa.
Clions limaci
Tomopteris catharina. __
Aglantha digitale. ... ..o . ) X
Pleurobrachia pileus. ... _....._..... .| 1
Bero# i ) X X beemromnmmon X .
Btephanomis._........ .o ... X X X X
Location, date, and depth of hauls
1 Oft Cape Off Seguin | Off Matini- | Off Mount Off Lar
Bpecies Elizabeth, | Island, | cusIsland, |  Desert, ' g:;dz Deep,| . Shoal,
! Dec. 30, 1920, | Dec. 31, 1920, | Jan. 1, 1921, | Jan. 1, 1821, station 10496 gan 4,1 ;
station 10494, | station 10495, | station 10496, | station 10497, 150-0 meters | ® ation ¥
75~0 meters | 60-0 meters meters | 50-0 meters netses | 3.0
: ‘ N «
Acartiaclausi. ... .. ... .. ... X b S S . X b S P SRR o
us finmarchicus.. X X X X X =X H
Calanus hyperboreus. .. X X X [ O,
Pseudocalanus elongatus. . X X X ’
Metridia longa. .. X X X
Metridia lucens . _ X ' X
Centropages typi X X
ta norvegica.. .., X 3
Meganyctiphanes norvegica. X
Thysanoessa inermis..._.__.__ X

Thysanoessa longihcgudata...

Clione limacdins.. . .

Tomopteris catharin:
Aglantha digitale.
Pleurobrachia pile
Bero¥ cucumis ..

Stephanomia_ ... .. ... o ...

! For complete lists of the copepods at these stations see p. 304.
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The winter plankton of 1920-1921 differed from that of 19121913 in the rarity
of the amphipod genus Euthemisto, both species of which not only occurred regularly
during December, January, and February, 1912 and 1913, but usually in consider-
able numbers. Sagitta elegans, though it occurred regularly, was also far less
numerous in the midwinter of 1920-1921 than at that season in 1912-1913, when it
wes an important factor in the tows made in Massachusetts Bay from December
until February. Whether these differences were actually the result of annual fluctua-
tion in the stock of these two animals present or whether both are normally more
sbundant in Massachusetts Bay and its vicinity than in other parts of the gulf in
winter remains to be learned.

Other features of the winter plankton of the gulf worth mention are that the
buoyant eggs of the American pollock (Pollachius virens) appear in great numbers from
November until February over its restricted breeding grounds; that cod eggs are to
be expected throughout the winter (Bigelow and Welsh, 1925, p. 424) if the nets be
towed near where the fish are spawning—seldom otherwise or in large numbers; and
that some few copepods (probably Calanus) continue to reproduce right through the
cold season, for their nauplii were detected at most of our December-January
stations of 1920 and 1921, most plentifully in Massachusetts Bay. Euthemisto, too,
must breed then (though probably in small numbers) to account for- very young
specimens taken off Gloucester on December 29, 1920. In this connection I may
also call attention to numbers of large Calanus hyperboreus (5 per cent of all the cope-
pods) among a very rich catch of C. finmarchicus in the western basin on December
29, 1920 (station 10490, p. 304), and of Stephanomia bells in the eastern basin and
in the shoal water off Yarmouth (Nova Scotia), which was nearly barren otherwise,
on January 5. On the other hand, the arrow-worm Sagitta serratodentata vanishes
from the gulf sometime during late winter, our latest seasonal record of it being for
January 16, 1913 (off Gloucester).

Judging from the tow-net hauls made during 1913, the zooplankton of the
Massachusetts Bay region continues decidedly uniform in composition thrcaughout
January and February, when the successive hauls reproduced one another with
monotonous regularity, until early in March, when the quantity of animal plankton
present in the water decreased to its annual minimum (p. 39) coincident with the
vernal augmentation of vegetable plankton described elsewhere (p. 385), a change
soon followed by the wave of reproduction on the part of the copepods which I
have just discussed. It may safely be assumed that this is equally true of the
northeastern part of the gulf, for although, unfortunately, we have no plankton records
from its outer waters during the period January 9 to February 22, Doctor McMurrich
found Calanus finmarchicus and Pseudocalanus, with Temora longicornis and the neritic
copepod genus Acartia, the chief animal constituents of tow-net catches during this
season of the year at St. Andrews.

The seasonal planktonic cycle in the deep waters of the gulf below 100 meters
calls for separate discussion, because the Euch®ta community is largely below
the reach of the wide fluctuations of temperature to which the inhabitants of the
shoaler strata of the gulf are subject. Data on this for the early wirnter consist of
two tow-net hauls, one from 240 meters in the western basin, December 29, 1920
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(station 10490), and the other from 150 meters in the eastern basin on January 5,
1921 (station 10502). On the former occasion the only members of the Euchsmta
community detected among a great abundance of large Calanus finmarchicus and
Calanus hyperboreus (p. 304) were a few Euchseta and Eukrohnia; on the latter date the
whole catch was extremely scanty (not over one-tenth liter), consisting chiefly of débris
of the siphonophore genus Stephanomia, with Calanus and other copepods, among
which there were a few Euchw®ta, Meganyctiphanes,. Thysanoessa inermis, Th.
longicaudata, Sagitta elegans, pteropods (Limacina retroversa), two Euthemisto com-
pressa, but none of the deep-water chetognaths. These hauls suggest that a decided
impoverishment of the deep-water plankton takes place during the autumn, but
this may have been accidental. The Euchata community probably persists unal-
tered in qua,htatlve compos1tlon throughout the winter, as widespread over the deep
trough then as it is' in summer, judging from the following catches: made with the
closing net in the central and eastern parts of the basin on March 2 to 3, and in the
Fundy Deep on March 22, ,1920. :

[D, dominant; M, many; X, occurrence]

b i ¢ Station m,}statibn 20055,|Station- 20079,
Specis copral b Somibént | caet b, | Fundly Dewp
i
: . .| 180 meters meters - | . meters .

Calanus ﬁnmamh cus D X D X
Metridia luocens.. X - X X X
Euchmta norvegi M X X M
‘Meganyctiphanes norvégica. 11 2 2. 22
Thysanocessa inermls .- O R SRR 1 X
Pagshsa__ - e cadcciCicclieaddiesesibocebomcacacasemneneal b feccmdcidccaias 1 12
Euthemisto com ressa. et aeasmememm e eeaee - 1 1 1
Euthemisto bis Y P i : SR RO S S “1:
Tomopterls cat] arma. .................................. X 1
Sagitta elegans..... o N X X
Sagitta lyra. 1 11
Eukrohnia haniata._ X . 204
Limacing retroversa .o oo oo iiiiciiieiccmamcmcecameaee| X | X eecccmemee| ol
Clione limacina. .- mmemmmmm———. 2 DN
Berof. ... e ceacame oo 1 i1
Aglanthe__......._._... : A N SRS SU N 2 [ S,

_ 1In open-net haul ﬂom 200 meters

Occurrence of characterzstzc ammals in the Eastern Basin, various localmes and months 1
[D, dominant; M, many; X, occurrence}

Location, date, and depth of heuls
Station | Btation | Station | Station | Station | Station | Station | Station lgat&‘)ngg%
Species : 20081, 20086, 20112, 10270, 10288, 10248, I y - 10310, 10502,
, 140-0 150-0 200-0 150-0 200-0 150-0 170-0 1760 1600
o meters, | meters, | meters, | meters, | meters, | meters, | meters, | meters; meters,
o .+ . | Mar, 22, | Mar. 23, | Apr. 17, | May 6, | June 19, Aug. 12, | Aug. 12, | Sept. 2, Jan. 4 and
’ 1920 1920 1920 1920 1915 1014 1913 1915 5, 1921
Calanus #narchicus___..___.....| D D D D D D D D
Metridialueens__ .- feeemaaen X X X b S PO,
Eucheeta norvegica__._____ X X D M X M X
Meganyctiphanes norvegica. D X M M Do S IS X
"Thysarioessa, various species_....._|......... X X X X X X
Pasiphse . ; X X X
Euthemiste compeessa______. .. ... ________ x
Euthemisto bisSpiBosa. ... covemo|ovemnan .
Tomopteris cat X
Sagitta elegans...... X
Sagitta maxima_____ X
Eukrohnia hamata. X
Limacipa retroversa___ .. . _ ... |...._____.
Clione limacina...._ X
X
R X

1 For further lists of the copepods see p 297.





