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about 25 cubic centimeters, graduated as required, serves well for copepods and all
smaller animals. The chief difficulty is that it is not always easy to make sure that
the diluted plankton is evenly distributed in the fluid while the sample is being
taken, because the various animal~ settle at different rates. Therefore, it is usually
advisable to take two or sometim~s three samples from each haul and average the
results.

Animals as large as amphipods, Sagittre, and euphausiids are seldom so numer­
ous but that it is easy to count the entire number caught in a vertical haul, and as a
rule it is necessary to remove them before taking the sample of copepods, etc., lest
they clog the mouth of the pipette. Fish eggs, also, can usually be counted directly
from the entire catch, though they sometimes occur in such numbers that it is neces~

sary to take a sample for this purpose. The copepods have been counted for most of
the vertical hauls, the reswts being discussed in the chapter on that group (p. 167).
Notes on numerical strength of other animals will be found under the particular
species.

The unit of measurement best available for the volume depends upon whether
horizontal or vertical nets are used. If the former, calculation of the amount per
hour's hauling, as employed by Jespersen (1924), can hardly be bettered; but vertical
hauls lend themselves to a somewhat more exact measure, namely, the amount present
under some chosen area of the surface of the sea, which is usually expressed in cubic
centimeters of plankton per square meter. This would be a sufficient index to the
total productivity of any locality at any given time, and hence is often extremely
instructive from the biologic viewpoint; but, as I shall have occasion to emphasize
later (p. 90), it does not necessarily throw any light on the density with which the
plankton is aggregated, since it neglects the possible stratification of the latter at
different levels.

On this basis the animal plankton of the gulf as a whole, like the phytoplankton
(p. 399), is apparently at its lowest annual ebb late in February and during the first
half of March, when it was only in the western basin and over a tongue extending
from the Eastern Channel and eastern edge of Georges Bank northward along the
axis of the eastern basin to the 100~metercontour off Grand Manan (fig. 37) that we
found as much as 75 cubic centimeters per square meter in 1920. Nor did we make
any rich hauls then even in these comparatively productive zones, judged by mid~

summer standards (p. 83). In all other parts of the gulf at the time, both inshore and
over the basin, except as. just qualified, and on Georges Bank as a whole, the water
supported less than 25 cubic centimeters of plankton per square meter of sea surface,
with several of the catches too small to measure, while on one occasion (off Cape
Elizabeth, March 4, station 20059) the vertical net yielded nothing whatever.

If the minimal catches of February ,and March, 1920 (less than 25 cubic centi~

meters), be credited with 15 cubic centimeters of zooplankton per square meter
(probably an excessive estimate), the average for the whole gulf at this season was
only about 40 cubic centimeters, contrasted with about 100 cubic centimeters in
midsummer, and the distinction between rich and barren was decidedly more sharply
marked than we have found it during the more productive seasons of the year.



PLANKTON OF THE GULF OF MAINE 83

The few data available suggest that April sees a general augmentation in the
amount of animal plankton across the southern half of the gulf from the mouth of
Massachusetts Bay to the coastal bank off Cape Sable, including the eastern part of
Georges Bank. Over this zone tllePlankton volumes per square meter averaged
about 100 cubic centimeters during the second and third weeks of that month in
1920; but north of a line from Cape Cod to Cape Sable, where diatoms were flowering
freely (p. 385), our hauls, horizontal as well as vertical, certainly yielded no latger
amounts of animal plankton in April than in March and an unmistakable decrease
in the amount of zooplankton took place from March to April in the northeastern
part of the basin coincident with the local flowering of diatoms. However, the
swarms of microscopic plants which are then present make quantitative measure­
ments of the larger forms difficult or even impossible, both by clogging the meshes
and by overshadowing the copepods, etc., in the catches of the tow nets.

Unfortunately we have not been able to follow the planktonic cycle through the
whole of anyone spring. But if the Maystate of 1915 represents the normal sequence
to the April state of 1920 (a reasonable working hypothesis unless shown to be false),
the zooplankton increases to volumes of 200 to 235 cubic centimeters off Massachusetts
Bay and northward toward Cape Elizabeth, on the one hand, and in the eastern basin
off German Bank, on the other, during the last half of April and first half of May,
as tabulated elsewhere (Bigelow, 1917, p. 312), an increase caused by the tremendous
production of copepods which succeeds the vernal flowering of diatoms (p. 41).
In fact, it will probably be no exaggeration to set the average volume of zooplankton
per square meter by the last of May at 100 or more cubic centimeters for the whole
gulf outside the 50-meter contour and north of the Cape Cod-Cape Sable line,39 with
the exception of the coastal zone from Penobscot Bay eastward, where the water
still remained extremely barren on May lland 12 (volumes of 10 to 20 cubic centi­
meters at stations 10275 and 10276).

Except for this barren zone, where the catches have been so small as hardly to
be measurable, the gulf as a whole probably supports a greater mass of animal plank­
ton during the last week of May and the first part of June than at any other season,
though we have few quantitative records for the latter month. The considerable
number of vertical hauls made in July and August during the summers of 1912 to
1916 (listed in table on p. 84) make it possible to outline with some confidence
the major geographic variations in the amount of zooplankton present in the gulf
in midsummer.

During the sum~er of 1914, which may serve as representative, the animal
plankton was most plentiful (volumes of 100 cubic centimeters or more per square
meter) in three distinct and separate regions, which I have described elsewhere
(Bigelow, 1917, p. 308, fig. 91)-first, over a belt running diagonally across the gulf
from the Massachusetts Bay-Cape Cod region to the northeast corner of the basin
off the mouth of the Bay of Fundy, as outlined on the accompanying chart (fig. 38);
second,over the northeast corner of Georges Bank; and, third, from Cape Sable out
across the northern channel to Browns Bank, which, on the evidence of the hori­
zontal hauls, should include German Bank, because of the Pleurobrachia which we

It We have no quantitative data for May and lune from Georges Bank.
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found swarming there in 1912, 1913, and 1914 (p. 19).40 While 1914 is the only
summer for which we have quantitative data from the offshore banks, all the most
productive (100+cubic centimetersrof the summer hauls of 1913, 1914, 1915, and
1916 ~l were likewise similarly concentrated in the Cape Cod-Bay of Fundy belt
just outlined (fig. 38). So uniformly productive has this "rich zone" proved in
summer that only 3 of the 25 vertical hauls, which we have made there in June,
July, and August, have failed to yield upwards of 100 cubic centimeters of animal
plankton per square meter, although the waters both immediately to the north and
to the south of it have often proved decidedly barren, as the chart illustrates.
The average volume of plankton for all the vertical summer hauls in this rich zone
has been nearly 170 cubic centimeters per square meter including those for 1916
(an exceptionally rich year), and more than 150 cubic centimeters if the 1916 hauls
are omitted.

Approximate volume of plankton per 8quare meter of 8ea 8urface. July and AugUBt haul8, 1912 to 1916

Volume Volume
Year Station in cubic Depth Year Station in cubic Depthcenti· centi·

meters meters

------
Me/tT' Meter,

1912••••••••••••.•••••••••••"" 10002 250 119 1914.••..•••••••••••••••••••••. 10213 210 110
10004 50 55 10214 120 175
10007 60 265 10215 60 70
10008 50 41 10216 30 70
10011 20 110 10218 50 500
10015 10 37 10223 170 75
10021 10 110 10224 240 55
10022 30 82 10225 30 260
10025 80 91 10226 200 85
10027 30 165 10227 50 220
10031 30 128 10229 170 100
10035 Trace. 73 10230 140 50
10036 30 165 10243 100 55
10038 20 73 10244 15 50
10043 15 165 10245 60 110

10246 200 190
Fathom, 10247 10 30

1913•••••••••••••••.•••••••••••• 10087 180 128 10248 100 190
10089 80 183 10249 105 220
10090 120 164 10250 360 145
10092 160 219 10253 60 140
10095 60 37 10254 200 260
10096 120 91 10255 70 175
10098 70 55 1915 1•••.•••...•..•...••••••••. 10304 275 200
10099 30 37 10306 110 140
10100 220 165 10307 165 2U
10101 100 73 1916•.•...•.•.• , ••••••••••••••• 10340 125 45
10102 90 128 10341 250 80
10103 70 73 10342 250 55
10104 90 146 10344 225 80
10105 65 110 10345 200 150

10346 200 62

1 For a list of the hauls for other months of this year see Bigelow, 1917, p. 314.

Contrasting with the rich belt, the entire coastal zone of the gulf, from Cape
Ann on the south and west to Grand Manan Island at the mouth of the Bay of
Fundy on the east and north, has invariably proved far less productive of. zooplankton
in midsummer-never with more than 90 cubic centimeters per square meter, usually

I' These ctenophores had shrunk in the preservative to only a fraction of their natural bulk before the vertical hauls were
me8llUl'8d. \

II In 1916 the zooplankton was unUllUally abundant in the waters oft Cape Cod and in the southwest comer of the gulf in
:July, a fact discussed on p. 97.
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with less than 70 cubic centimeters, and ranging from this down to traces too small
to measure. North of Cape Ann the general rule has been the closer to land in
summer the scantier the catch (fig. 38), while the coastal belt as a whole then sup-
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FIG. 37.-Volumes of plankton,ln cubic centimeters, below each square meter.of the sID,1'aC8 of the sea In :!"ebluary and
March, 1920, as calculated frolll the catches made in the vertlCl'1 hlIuls. In the shaded area the volumes were uniformly
greater than 75 cubIc centimeters.

ports less zooplankton to the north and east of Cape Elizabeth than to the south and
west, with the Grand Manan Channel the most barren part of the open gulf. We
have no quantitative data from the immediate vicinity of the western coast of Nova
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FIG. 38.:--Volumee (cubic centimeters) of animal plaI!kton below eacb sql1BrIl meter of. tl\e Spl'~e Qf tbll Quit of Maille in
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~.50' to"lOll" CUbic centimeters or more per square meter; O. 50 cubic ~entlmete~ .orI. per sql1are meter; .A. ~tations
wbere 'borlZontal hauls sbowed an abundant plankton. but wbere no "9"ertlcal bauls were made~ ,

Tbe hatched curve Includes areas wbere we bave usually found more than 100 CUbic' ceriifui~ters per square meter;
tbe stippled curve wbere tbe catcbes bave usually beenI. tl).an 50 cubic centimeters per sqqare !I1eter.
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Scotia, but in 1914 the neighborhood of Lurcher Shoal proved far less productive
than the deeper basin near by.

Were all parts of the gulf equally favorable for the existence and multiplication
of animal plankton, the catches of the vertical hauls might be expected to vary in
direct ratio to the depth-that is, to the amount of water filtered by the net-and,
speaking broadly, there usually is more plankton below any given unit of the sea's
surface in moderately deep water~y 50 meters or more) than in very shoal water.
Notwithstanding the comparative barrenness of the greater part of the coastal zone,
however, the regional differences in the abundance of plankton in the .01,11£ of Maine
do not correspond closely to the depth; nor can they be correlated with the distance
from the coast, per se, because we have repeatedly found the plankton very plentiful
in moderate depths both near land, as in Massachusetts Bay, and close in to Cape
Sable, and as far offshore as Georges and Browns Banks, while, on the other hand,
some of our deep hauls have proved unproductive in spite of the considerable length
o.f the column of water fished through. Such, for example, was the case in the Eastern
Channel and the neighboring.part of the basin in July, 1914. In fact, the vertical
hauls made in the southeastern deep of the gulf in summer (July 23, 1914, station
10225,and June 25, 1915, station 10298), have both proved extremely barren, with
only 30 to 70 cubic centimeters per square meter in spite of the considerable depths of
the hauls (175 to 260 meters), showing that both in June of 1915 and July of 1914 the
rich zone was bounded on the east by much less prolific waters. It is on the strength
of these hauls that I have laid down the dema.rcation between the two, zones on the
accompanying chart (fig. 38), but the volume of plankton present in the water varies
so widely from season to season and from year to year that the lines must not be
drawn too finely in plotting its regional variations, and the future alone canshow
whether it is regularly cha.racteristic of the summer season foJ,' such a barren wedge
to separate the rich waters to the north from the equally prolific shallows of Georges
and Browns Banks.

The presence of more than 200 times as .much animal planktoJ;l. beneath each
square meter of the surface of the sea at the mouth of Massachusetts Bay on July; 20,
1916, as in water nearly twice as deep in the Grand MaJ;l.an Channel on AugtiBt 19,
1912 (only a trace), and the fact that there were 200 cubic centimeteJ,'S per square
meter in 85 meters of water on the northeastern edge of Georges Bank on July 24,
1914, but only 50 cubic centimeters per square meter that same dayin the Eastern
Channel, 15 miles distant, where the depth was 220 meters, illustrate thecontr8tst
between productive and barren waters.

Vertical hauls in the Massachusetts Bay region, the only part of the gulf where
our data warrant even a tentative account of the quantitative fluctuations that take
place during late summer and autumn, suggest a diminution in the volume of zoo­
plankton duringth~ late summer followed by an autumnal increase, which was so
considerable in 1915 that there was over twice as much plankton per square meter
in water only 80 meters deep by the end of October as we had found at a neighboring
station in 140 meters depth two months previous.
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Zooplankton volume8, mouth of Mas8achu8ett8 Bay

Date Station
Depth
of haul

In meters

Approxi­
mate

volume,
cubic
centi­

meters
per

square
meter

Date Station
Depth
of haul

In meters

ApproIi·
mate

volume,
cubic
centi­
meters

per
square
meter

14lHl 110
14<Hl 150
80-0 250

15<Hl ::1:25
120-0 10
12lHl 270

10306
10324
10338
20050
20090
10266

250 Aug. 31, 1915 _
125 Oct. I, 1915 _
250 Oct. 27, 1915 _
250 Mar. I, 1920 _
ISO Apr.9,192O _
60 May 4, 1915 _

10002
10340
10341
10342
10087
10253

---------1---1--....>.,,'"-1--- 11---------1:--------'-
lllHl
45-0
80-0
M-O

128-{)
14lHl

1uly 10, 1912 _
1uly 19,1916 _

Do _
Do _

Aug. 9, 1913 ~ • _
Aug.22,1914 _

Evidence that a similar augmentation spread generally throughout the coastal
waters west of Penobscot Bay in 1915 is afforded by volumes as great as 100 to 150
cubic centimeters per square meter off Penobscot Bay, off Cape Elizabeth, and near
the Isles of Shoals during that October. However, we have yet to learn whether
this increase is an annual event, nor does our experience suggest that it extends east
of Penobscot Bay, because vertical hauls yielded only 30 cubic centimeters per square
meter off Mount Desert Island and 20 cubic centimeters off Machias on October 9
(stations 10328 and 10327).

We have made no quantitative hauls in the gulf during the period between Octo­
ber and late February, but the comparative scantiness of the yields of the horizontal
nets in Massachusetts Bay during the cold months of 1913 (Bigelow, 1914a) and at
all our inshore stations from Cape Cod to Yarmouth, Nova Scotia, in December,
1920, and January, 1921, points to an ebbing zooplankton as characteristic of the
coastal belt in late autumn and early winter, leading progressively to the extremely
barren state of the water typical of the first weeks of spring (p. 82). Hauls made
near Mount Desert Island and in the northeast corner of the gulf from. January 1
to 5, 1921 (stations 10497, 10500, and 10502) were equally unproductive," but I
hesitate to conclude from this that the water was actually so barren there, because
horizontal hauls were hardly more productive in that general region in March, 1920,
although the vertical nets yielded large catches, a fact suggesting that the former
missed the level at which the plankton was most concentrated. However this
may be, it seems that in winter and early spring the zooplankton is far more plentiful
in the western side of the basin than near shore, because we made a rich horizontal
catch there on December 29, 1920 (station 10490), a rich vertical haul (though a
rather scanty horizontal) on February 23, 1920 (station 20049), and a rich horizontal
and a comparatively rich vertical on March 24 of that year (station 20087).

The results of both vertical and horizontal hauls point to the Massachusetts
Bay region and the neighboring part of the basin, on the one hand, and to the deeps
off Lureher Shoal and the eastern part of Georges Bank, on the other, as the parts of
the gulf uniformly most productive of zooplankton; while the deep water in the

.. Yield of halt an hour's haul with a ;rmeter net was only about 100 to 150 cubic centimeters In each case at 5<Hl, 7lHl, and
15<Hl meters.
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southeastern corner of the gulf, where vertical hauls have yielded only 25 to 65 cubic
centimeters per square meter on four visits (March 11,1920, station 20064; April 17,
1920, station 20112; June 25, 1915, station 10298; and July 23, 1914, station 10225),
although made in depths of from 200 to 340 meters, and the coastal zone east of
Penobscot Bay would seem to be the least productive.

Recapitulating for the Massachusetts Bay region, the zooplankton is at its
scantiest some time in Mar,h, earlier or later according to the forwardness of the
season; it increases very rapidly in amount during May, reaches its annual maximum
of abundance late in Mayor early in June, when there may be from 10 to 20 times
as much animal life in the water (200 to 300 cubic centimeters per square meter) as
in March, and wanes in August. A second well-marked pulse is noticeable in Sep­
tember, culminating in October, after which the plankton diminishes once more.
Our experience during the cold months of 1912 and 1913 (Bigelow, 1914a) was that
amoderate amount of zooplankton is to be found in the bay throughout the winter,
but that it suddenly declines almost to the vanishing point late in February or
early in March.

The plankton passes through Ii. corresponding quantitative cycle throughout
the entire coastal zone from Massachusetts Bay to the mouth of the Bay of Fundy;
but although the waters east of Cape Elizabeth are as barren as the region from
the Isles of Shoals to Cape Cod in early spring, they are never as productive of
zooplankton as is the latter in late spring and early summer, and, consequently,
the difference between the seasons of maximum and of minimum abundance of
plankton is not as great.

The fact that the northern corner of the eastern basin proved extremely barren
on April 20, 1920 (station 20100), whereas we have found an abundant animal
plankton there in summer, suggests that this region, like Massachusetts Bay, is the
site of a wide seasonal fluctuation, with a brief period of barrenness in spring coin­
cident with the vernal flowerings of diatoms. This applies likewise to the shallows
off Cape Sable and over the eastern part of Georges Bank, where the zooplankton is
extremely plentiful in midsummer but sparse in March.

So far as our experience goes, the seasonal fluctuation in the amount of plank­
ton present is widest in the neighborhood of the Isles of Shoals, with a range of
from practically nil to upwards of 300 cubio centimeters per square meter. The
coastal belt along the outer islands east of Penobscot Bay illustrates the opposite
extreme. Here the catches of the vertical nets may be but little larger (25 to 30
cubic centimeters per square meter) in summer (the richest season) than in spring,
and we have only once made a reasonably productive vertical haul in this zone (70
cubic centimeters per square meter at station 10098).

The quantitative fluctuations are also comparatively narrow from season to
season, or at least no pronounced impoverishment takes place in spring, in the deep
waters of the western basin, so that the plankton of that part of the gulf is classed as
"rich," not "scanty," the year around, as shown by the following table.
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Volumes of plankton per square meter, western basin

Date

Cubiocenti
meters of
zooplank.
ton per
square
meter

Date

Cubio centi­
meters or
zooplank·
ton per
square
meter

Feb. 23.1920••••..• __ •• _••. ..•. _.•••..• \.
Mar. 24.1920 ._._..• _. .. __ • __ •• __ •• _•• ,

~:y 1~ l~~=======================================

175 lune 26.1915•• . .. . __ ._.._..• _.• _
95 July 15.1912 ._._. . __ .. __ ....•. _...__ . __

15Q± Aug. 22.1914 . ._._ .... _....• • ,
250 Aug. 31.1915__.. _... ..._._._.. _._.. ._. __ .•.

2IiO
65

200
165

There is, likewise, less fluctuation with the seasons on the western part of Georges
Bank than on the eastern. The largest volume of plankton per square meter yet
recorded for the Gulf of Maine was 425 cubic tentimeters in the eastern side of the
basin on September 1, 1915 (station 10309), while the smallest was a bare trace.
In fact, .the animal population may be so sparse locally that a vertical haul may catch
nothing at all, as has been our experience at several stations along the coast of Maine
and in the Grand Manan Channel (p. 84); but even then, a half hour's tow with the
horizontal net has invariably yielded a few copepods orother animals, proving that
although, the planktonic community may fall to a very low ebb, indeed, at its season
of scarcity, it never vanishes wholly from any part of the gulf at any time of the year.

DENSITY OF ASSOCIATION OF THE ZO()PLANKTON

A statement of the volume of zooplankton existing in the total column of water
below any chosen unit of sea area-e. g., each square meter--serves to illustrate the
total regional and seasonal production of the gulf; but unless the water in question
be very shallow, it throws little light on the density in which the animals concerned
are congregated, because the catch of the vertical haul may be distributed generally
over a column so long that even a considerable volume of plankton m.ight mean only a
sparse population. To meet this need,another unit of measurement is required, the
one usually employed in other seas, and of which I have made use in previous re­
ports (Bigelow, 1915 and 1917), being the volume of pianktonpresellt in each. cubic
J:}leter of water. This, ofcourse, is simply the product of the volume per square meter
of sea surface divided by the depth (in meters) covered by the haul in question.

Were the zooplankton of the gulf uniformly distributed from the surface down
to bottom, this simple calculation would not only" establish the relative richness of
different regions in plankton, and hence in food for the pelagic fishes" (Bigelow, 1915,
p. 327), a question naturally of much importance in the economy of the gulf, but go
far to explain many biologic problems even more far reaching. Unfortunately for
the.statistician, however, such is not the case, all our experience tending .to show that
the zooplankton is often more or less stratified and that the degree of stratification
varies widely from place to place with the time of day and with the change of the
seasons. COllsequently, the results always require analysis in the light of any
information bearing on the vertical distribution of the planktonic communities
represented in the catches in question. Otherwise one is apt to be led to conclusions
so widely astray as to be worse than none.




