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NOTES ON THE PHYTOPLANKTON ON 
GEORGES BANK IN 1940 

BY 

MARY SEARS 

The Department of Zoology, Wellesley College 

and 

Woods Hole Oceanographic Institution' 

In earlier surveys of the phytoplankton of the Gulf of Maine 
(Bigelow, 1926; Gran, 1933; Braarud, 1934, Bigelow, Lillick , and 
Sears, 1940; Lillick, 1940) relatively few observations were made on 
Georges Bank, and the data obtained have not been ·sufficient to give 
an accurate picture of the development of the spring flowering in 
any part of this important bank region. Previous information did, 
however, suggest that although the spring growth is never as luxuriant 
on the bank as elsewhere in the gulf, the growth nevertheless con-
tinues comparatively rich there throughout the summer (Bigelow, 
Lillick, and Sears, 1940). 

With the hope of learning whether our earlier surmises were cor-
rect, samples were collected on five cruises to Georges Bank in 1940, 
from the latter part of March to the end of June, as a part of the 
study of the productivity of Georges Bank undertaken by various 
members of the staff of the Woods Hole Oceanographic Institution 
(Clarke and Bumpus). These were obtained at certain key sta-
tions at the 1, 10, 30, 50, and 80-meter levels, where the depth per-
mitted (Riley, 1941), and at the I-meter level at certain interven-
ing stations (Figures 54, 55), i. e., at 78 localities in all on the bank 
and 33 close to the latter but outside the 90-meter contour. These 
samples were treated in the same manner as those for 1933-1934 
(Bigelow, Lillick, and Sears, 1940, p. 151), so that the results of the 
two surveys should be directly comparable. 

In the absence of samples taken prior to mid-March, the data 
for 1940,2 fail to give any information 1) of the winter population 
or 2) of the inception of the spring flowering. However, although we 
cannot set the precise date for the initiation of the diatom flowering 
in 1940, this was obviously approaching its height during the 

1 Contribution No. 299. 
• The original records are on file at the Woods Hole Oceanographic Institution. 

( 247) 
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TABLE I-NUMBERS OF D IATOM CELLS WITHIN THE 90-METER CONTOUR ON 
GEORGES B AN K IN 1940 

Average N umber of diatom cells as estimated 
N umber of number under o . 1 sq. meter of sea surface 

Date stations per liter Average Maximum Minimum 

March 21-April 1 9 235,000 1,432 X 106 3,195 X 106 114 X 106 

April 17-27 11 432,000 2 ,078 X 106 11,175 X 106 106 X 106 

May 9---16 10 95,800 669 X 106 2,629 X 10• 68 X 10' 
June 1-8 25 19,800 328 X 106 5,350 X 106 0 
June 19-27 23 17,700 107 X 106 1,217 X 10' 0 

latter part of March (Table I, Figure 54). And it reached its 
climax sometime about mid-April (Table I, Figure 55), for within 
the next two weeks, the population had decreased to approximately 
1/3 its Apri l value (Table I, Figure 55), continuing to decline to 
about 1/6 of the peak value by the first week in June and to about 
1/20 by the latter part of June (Table I, Figure 55), when the 
observations were discontinued. In short, we have evidence of an 
active flowering continuing on Georges Bank for a month, followed 
by a period of nine weeks- perhaps more- when production was 
at least moderately active. 

Indeed, Georges Bank may yet prove to be among the most produc-
tive areas in the Gulf of Maine when we compare diatom counts 
for the various regions. According to the most recent considera-
tion of this question (Bigelow, L illick, and Sears, 1940), it is not 
unusual to find diatoms so thick at the peak of their production that 
several billion may exist under 0.1 sq. meters of sea surface. How-
ever, in most localities this condition persists for a relatively short 
time and is followed by a period of extreme poverty. For example, 
the deep offshore stations of the Gulf, which yi elded over 3 billion 
cells "per column" (Bigelow, Lillick, and Sears, 1940, p. 161, Figure 
2) in April 1934, became relatively barren within the next month, the 
population having dwindled to 1/ 4000 of that existing in April. And 
even in close proximity to the bank, this same sequence was re-
peated in 1940, the population being about 1/ 1000 as great in early 
June as during the latter part of April 1 (Table II, Figure 55). On 
the bank, or_i the cont~ary, as also in Passamaquoddy Bay, a 
moderately nch populat10n may persist for several months after 
the peak of the spring flowering, i. e., we may expect the popula-

1 The numbers for the immediate vi cinity of the bank are perhaps higher 
than those to be expected in the open basins of the gulf as there is probably 
some tendency at certain seasons for diatoms to be carri ed off the bank by 
the currents, particularly along the southern edge (Bigelow, 1927; Walford, 
1938). 
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Figure 54. Chart of Georges Bank with numbers of diatom cells in tens of thousands per 

0.1 square meter of sea surface. Contours delimit rich and poor areas. 

Figure 55. Chart of Georges Bank with numbers of diatom cells in tens of thousands per 
0.1 square meter of sea surface. Contours delimit rich and poor areas. 
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TABLE II-ESTIMATED NUMBERS OF DIATOM CELLS OUTSIDE THE 90-METER 
CONTOUR OF GEORGES BANK IN 1940 

Average Number of diatom cell s as estimated 
Number of number under 0.1 sq. meters of sea surface 

Date stations per liter A verage Maximum Minimum 

Mar. 21-Apr. 1 3 37,950 283 X 106 747 X 10' 18 X 10• 
April 17-27 5 1,250,000 10,988 X 106 34,947 X 106 89 X 10' 
May 9-16 3 10,600 80 X 10• 2,629 X 10• 16 X 10• 
June 1-8 11 1,010 8 X 106 47 X 106 0 
June 19-27 11 1,480 12 X 10• 38 X 106 0 

tion in these localities to average several hundred million cells under 
each 0.1 sq. meter of sea surface rather than in the thousands. Thus, 
on the bank, where the counts averaged 2 billion cells at the climax 
of the flowering (in 1940), the average in late June was still about 
107 million or 1/20 the "peak" value. Similarly, in Passamoquoddy 
Bay, where there is a record (in 1932) of 4 billion "cells per col-
umn" at the height of the flowering toward the end of April, in the 
subsequent period toward the end of June, 600 million cells were 
found (Bigelow, Lillick, and Sears, 1940, pp. 158, 162, calculated from 
Gran and Braarud, 1935; see also, Davidson, 1934). 

It appears, then, from our survey of Georges Bank in 1940 that 
the bank is likely to prove to be as productive of phytoplankton 
as the Fundian region, especially as the scattered observations on the 
bank in the latter part of the summer show that rich growths regularly 
occur there at that time (Gran, 1933; Braarud, 1934). 

While our 1940 survey shows the bank to be one of the more pro-
ductive parts of the gulf in the numbers of diatom cells produced 
per annum, this does not actually answer the important question of 
whether its productivity in terms of "vegetable matter" is greater 
than in other parts of the gulf. Indeed, this is a very complex esti-
mate to make, for not only are there differences in the size of the 
cells of various diatom species and variations in the size of the cells 
of any given species at different stages in its annual cycle, but also 
very little is known of their synthetic processes. One index of 
synthesis used in the survey on the bank is the chlorophyll con-
tent of water samples (Riley, 1941), but because there are no cor-
responding measurements elsewhere in the gulf, we must rely entirely 
on available information as to the numerical distribution of the species 
concerned for our estimates of productivity. 

On Georges Bank it is doubtful whether Thalassiosira which 
initiates the spring flowering in most parts of the gulf, is ever as 
abundant as elsewhere in the gulf (Lillick, 1940, p. 206). Our 
samples taken the latter part of March support the earlier evidence 
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in this respect, fo~ the water was dominated by various species of 
C?aetoceros, especially Ch . . decipiens and Ch. debilis (Table III, 
Figure_ 56). These two species were well distributed over the bank, 
bu! with some tendency to concentrate over the southeastern half 
(Figure 57). 

In_deed the species, Ch. debilis and Ch. decipiens, continued to 
dominate the flora numerically through April and to be as generally 
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Figure 56. Average percentage composition of the diatom samples taken on Georges Bank. 

distributed over the bank (Table III, Figures 56, 57). At the time 
of the April survey, however, Thalassiosira N ordenskioeldi had so 
increased in abundance that it formed roughly 13% of the total 
population (as compared with 3% in late March, Table III). It 
was somewhat more densely distributed over the southeastern por-
tion of the bank, but actually it was thickest outside the 90-meter 
contour (Figure 58) ,-presumably having been carried off the bank 
by the drift of the water (Bigelow, 1927; Walford, 1938) . 

By mid-May, however, not only had the population of Th. Norden-
skioeldi again dwindled (now 3% of the total), but also that of 
both Ch. decipiens and Ch. debilis. These were almost entirely con-
fined to the bank itself (Figure 57). With the diminution. of these 
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TABLE III-AVERAGE NUMBERS OF DIATOM CELLS PER LITER ON EACH OF THE 
CRUISES TO GEORGES BANK DURING 19401 

Species March April May Junel-8 Junel9-27 

Asterionella japonica 580 2879 1492 90 X 
Chaetoceros atlanticus 23.65 4273 1360 360 135 
Chaetoceros borealis 3323 4150 689 254 23 
Chaetoceros compressus 3983 9172 6888 2904 468 
Chaetoceros constrictus X 90 121 771 1310 
Chaetoceros debilis 45238 221517 16686 308 
Chaetoceros decipiens 95706 46310 5083 4667 791 
Chaetoceros laciniosus X X 7744 1707 393 
Chaetoceros sp. 1720 9129 19569 2212 1249 
Chaetoceros spores X 140 1144 692 665 
Coscinocliscus sp. 1359 689 271 172 41 
Coscinosira polychorda 419 2391 1139 98 162 
Fragillaria sp. X X 106 746 X 
Guinardia ftaccida X 679 95 X 100 
Leptocylindrus danicus X 25 X X 204 
Leptocylindrus minimus X 38 X X 5993 
M elosira sulcata 595 1187 12 285 307 
Navicula sp. X 235 257 1376 236 
Nitzschia seriata 2492 1143 1779 407 591 
Rhizosolenia fraoilissima X 1328 1009 X 89 
Rhizosolenia hebatata semispina 249 721 4200 401 20 
Thalassionema nitzschioides 1058 1198 324 203 28 
Thalassiosira decipiens 3097 11659 2629 466 
Thalassiosira oravida 805 47 10 1025 242 
Thalassiosira hyalina X 6291 X X X 
Thalassiosira Nordenskioeldi 7189 55280 3177 119 110 
Thalassiosira sp. 98 3825 239 715 2933 

1 X signifies that the species was detected in quantities -averaging Jess than 'l cell per liter 
whil e - signifies that the species was not detected on that particular survey. 

forms, another Chaetoceros species, Ch. compressus, appeared in some 
abundance over the northeastern portion of the bank (Figure 58). 

By early June, the center of abundance for Ch. compressus had 
shifted somewhat to the west and south. And on this survey, with 
a closer network of stations, it is more obvious that the reduced 
population of Ch. decipiens was chiefly confined to the bank (Figure 
58). 

By the latter part of June-when the surveys were discontinued-
this species was definitely limited to the central part of the bank and 
the numbers remained comparatively small-only enough to make 
4% of the reduced population (Table III, Figure 57). But at this 
time, Leptocylindrus minim us and a small species of Thalassiosira ( of 
doubtful identity) were taken relatively abundantly in roughly this 
same area (Figures 56, 58). 

With this survey of the chief species concerned in the diatom pro-
duction on Georges Bank, it seemed desirable to justify our conten-
tion that the bank is one of the more productive areas (as appears 
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Figure 57. Chart of Georges Bank with average numbers of representative diatom cells per li ter. 
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Figure 58. Chart of Georges Bank with average numbers of representative diatom cells per liter. 
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from a consideration of numbers alone) by a consideration of their 
bulk,1 because of the great differences in the size of the species 
occurring on the bank. Thus, it is obvious that Chaetoceros decipiens2 

is many times the bulk of Leptocylindrus minimus8-I estimate 
roughly 200 times. This would mean that when Ch. decipiens 
dominated the flora toward the peak of the flowering, the organic 
matter produced by this species alone would perhaps be 3000 times 
greater than that produced by L. minimus when it dominated the 
plankton toward the end of June-that is, if we are justified in 
assuming that the production of organic matter by a species is 
directly proportional to its volume. However, when we consider the 
bulk of all the more abundant species, it appears that the sizes are 
so varied at all times that the relative volumes of diatoms do not 
vary markedly from the relative numbers of diatom cells taken on 
each cruise (Table IV) . Hence we are probably justified in con-
cluding that Georges Bank is among the more productive areas 
of the gulf. 

TABLE IV-COMPARISON OF RELATIVE VOLUMES1 AND RELATIVE NUMBERS OF 

DIATOM CELLS ESTIMATED FOR EACH CRUISE 

Relative R elative 
Date volumes numbers 

March 21-April 1 30 13 
April 17-27 28 19 
May 9-16 3 .9 6 
June 1-8 4.4 3 
June 19-27 1 1 

1 Estimated from the dimensions given in Gran (1908) and Hustedt (1930) and from 
Tables I and III. 

SUMMARY 

The 1940 phytoplankton survey on Georges Bank shows not only 
that a spring increase takes place but that there is a more prolonged 
period of diatom abundance than in most parts of the gulf. Further-
more at the peak of production, the waters surrounding the bank, 
parti~ularly to the southeast are as rich, if not richer, than the 
waters on the bank, but later these waters become practically devoid 
of diatoms (Tables I-II, Figures 54--55). 

1 The volume of a diatom cell may be very roughly calculated from the dimen-
sions given in Gran (1908) or Hustedt (1930). 

2 12-78 !'- wide and perhaps ½ as long (Gran, 1908, p. 74). 
• 1.5-2.5 !'- wide and 40 !" long (Hustedt, 1930, p. 561). 
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Chaetoceros seems to be the most characteristic genus throughout 
the spring-a large species, Ch. decipiens, being characteristic of the 
early part of the season and smaller species such as Ch. debilis, Ch. 
compressus, etc., during the latter part of the season, with an exceed-
ingly small species, Leptocylindrus minimus, forming as much as 
34% by number by late June (Table III, Figure 56). 

Taking the size of the species concerned into consideration strength-
ens the idea that the period of maximum production of "vegetable 
matter" took place between late March and late April, although the 
production continued moderate through late June (Table IV). It 
further indicates that Georges Bank is one of the more productive 
areas of the gulf. 

BIBLIOGRAPHY 
BIGELOW, H.B. 

1926. Plankton of the offshore waters of the Gulf of Maine. Bull. U. S. 
Bureau of Fisheries, Vol. 40, pp. 1-509, 134 textfigs. 

BIGELOW, H. B. 
1927. Physical Oceanography of the Gulf of Maine. Bull. U. S. Bureau of 

Fisheries, Vol. 40, pp. 511-1027, 207 textfigs. 
BIGELOW, H.B., Lors C. LILLICK, AND MARY SEARS 

1940. Phytoplankton and plank.tonic protozoa of the offshore waters of the 
Gulf of Maine. Part I. Numerical distribution. Trans. Am. Phi l. Soc., 
N . S., Vol. 31, Pt. 3, pp. 149-191, 10 textfigs. 

BRAARUD, TRYGVE 
1934. A note on the phytoplankton of the Gulf of Maine in the summer of 

1933. Biol. Bull., Vol. 67, pp. 76-82. 
CLARKE, G. L ., AND DEAN BUMPUS 

In preparation. 
DAVIDSON, V. M . 

1934. Fluctuations in the abundance of plank.tonic diatoms in the Passamo-
quoddy Bay region, New Brunswick, from 1924 to 1931. Contri b. 
Canadian Biol. and Fish., N. S., Vol. 8, No. 28, pp. 357-407, 33 t extfigs. 

GRAN, H . H. 
1908. Diatomeen. Nordisches Plankton, Botanischer Teil, pp. XIX 1- XIX 

146, 178 textfigs. 
GRAN, H . H . 

1933. Studies on the biology and the chemistry of the Gulf of M aine. II . 
Distribution of phytoplankton in August , 1932. Biol. Bull ., Vol. 64, No. 
2, pp. 159-182. 

GRAN, H. H ., AND TRYGVE BRAARUD 
1935. A quantitative study of the phytoplankton in the Bay of Fundy and 

the Gulf of Maine (including observations on hydrography, chemistry 
and turbidity) . Jour. Biol. Board of Canada, Vol. 1, pp. 279-467, 69 
textfigs. 



1941] JOURNAL OF MARINE RESEARCH 257 

HUSTEDT, F . 
1930. Die Ki eselalgen Deutschlands, Osterreichs und der Schweiz mit Beriick-

sichtigung der iibrigen Lander Europas sowie der angrenzenden Meeres-
gebiete. 
Dr. L . Rabenhorst's Kryptogamen-Flora von Deutschland, Osterreich und 
der Schweiz, Vol. 7, 920 pp., 542 textfigs. 

LILLICK , LOIS C. 
1940. Phytoplankton and Planktonic Protozoa of the offshore waters of the 

Gulf of Maine. Part II. Qualitative composition of the planktonic 
flora. Trans. Am. Phi l. Soc., N. S., Vol. 31, Pt. 3, pp. 193-237, 13 
textfigs. 

RILEY, GORDON A. 
1941. Plankton Studies. IV . Georges Bank. Bull. Bingham Oceanographic 

Collection, Vol. 7, Art . 4, pp. 1-73, 4 textfigs. 

w ALFORD, L. A. 
1938. Effect of currents on distribution and survival of the eggs and larvae 

of the haddock (M elanogrammus aeglefinis) on Georges Bank. Bull. 
U. S . Bureau of Fisheries, Vol. 49, pp. 1-73, 50 textfigs. 


