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DISTRIBUTION OF DIATOMS IN RELATION TO THE 
CHARACTER OF WATER MASSES AND CURRENTS 

OFF SOUTHERN CALIFORNIA IN 1938 

BY 

H. U. SVERDRUP AND W. E. ALLEN 

Scripps Jnstitutwn of Oceanography,* 

University of California, 

La Jolla, California 

INTRODUCTORY REMARKS 

In 1938 the" E.W. Scripps" made six cruises at intervals of two months, 
covering on each cruise the same area off the coast of southern California. 
The station plan is shown in Figure 37, but not all stations indicated in that 
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Figure 37. Station plan of the "E.W. Scripps" cruises I to VI, 1938. 

* Contributions from the Scripps Institution of Oceanography. New Series, No. 69. 
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figure could be occupied on each cruise owing to unfavorable weather condi-
tions and the short time available for completion of the work. On all 
cruises observations of temperature, salinity, and oxygen were made be-
tween the surface and a depth of 600 meters. The observations were 
limited to 600 meters because work in 1937 had clearly shown that within 
this area conspicuous horizontal differences in temperature and salinity 
were found above 500 meters only, and when carrying out dynamic computa-
tions the 500-decibar surface could be used as the reference level. Collec-
tions for phytoplankton were made at most stations by taking samples at 
intervals of 10 meters between the surface and 60 meters, except that on 
Cruise III samples were taken from 70 meters instead of at 40 and 60 meters. 
The water samples were obtained by means of the Allen closing bottle which 
has a capacity of 5 liters, and were filtered through a net of number 25 silk 
bolting cloth. Later on the diatoms were counted and recorded as number 
of diatoms per liter. In this paper the relation between the water masses 
and the character of the currents and the number of diatoms present will be 
dealt with. 

CHARACTER OF SURFACE WATERS 

When discussing similar hydrographic data from three cruises in 1937 
Sverdrup and Fleming (in press) were able to show that in the spring and 
early summer three types of surface water were present, (1) inshore surface 
water, (2) offshore surface water, and (3) mixed surface water. Under 
"surface" water the water down to a depth of about 100 meters is under-
stood. 

In spring and early summer the inshore surface water represented water 
which had recently been drawn to the surface by processes of up-welling 
and which was, therefore, of low temperature and of high salinity. In most 
localities a warming and stirring had taken place near the surface and a thin 
convection layer was present below which a sharp decrease of the tempera-
ture took place. The region of sharp decrease is called the thermocline, and 
in inshore water the depth to the thermocline is small. 

The offshore surface water was, on the other hand, characterized by a 
thick convection layer of relatively high temperature and low salinity and 
by a great depth to the thermocline. 

The surface water of a mixed type had a salinity which was intermediate 
between those of the inshore and offshore waters and often had high tem-
peratures near the surface and a relatively thin convection layer. 

These three types of surface waters were encountered on all cruises in 
1938, but it appeared that the name" offshore" surface water is somewhat 
misleading. The name was chosen because in spring and early summer, 
when the 1937 cruises were made, water with a thick convection layer was 
found in the offshore areas only, but in 1938 water of similar characteristics, 
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except that the temperature was lower, was present near the coast in winter. 
It might be more correct to call the two types "new" and "old" surface 
water because a thin convection layer is characteristic of water which has 
been recently drawn to the surface, whereas a thick convection layer is 
characteristic of water which has spent a long time as surface water. We 
shall retain the terms, however, particularly because the name "inshore" 
surface water appears to be very appropriate for reasons which will pres-
ently be explained. 

RELATION BETWEEN CHARACTER OF SURFACE WATER AND 
CURRENTS 

Owing to its lower temperature and greater salinity the inshore surface 
water has a greater density than the offshore water. Within areas of 
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Figure 38. "E. w. Scripps," Cruise I, 1938. Character of currents, indicated by heavy 
lines with arrows, and distribution of diatoms, indicated by hatching. 

inshore water the distances between isobaric surfaces will therefore be 
smaller, and on charts of relative dynamic topography of the surface the 
areas of inshore water will appear as "Lows" and the areas of offshore 
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water as "Highs." If, as is usual, the contour lines of the surface are 
interpreted as approximate stream lines, an isolated area of insho_re wat~r 
will appear as a cyclonic eddy and one of offshore water a~ a? anti~yclomc 
eddy. Such eddies are present on all of our charts and it 1s particularly 
interesting to observe that eddies of inshore water are oft~n found at ~eat 
distances from the coast. That the water of these eddies actually 1s of 
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Figure 39. "E.W. Scripps," Cruise II , 1938. Character of currents, indicated by heavy 
lines with arrows, and distribution of diatoms, indicated by batching. 

inshore character has been confirmed by M. W. Johnson's study (1939) of 
the distribution of crab larvae on the cruises in August, October, and 
December, 1938. Larvae of the common sand crab, Emerita, and other 
unidentified crab larvae were found at distances up to 150 miles from the 
coast , and with one exception all of those found at some distance from the 
coast occured in waters which, on the basis of their physical-chemical 
characteristics, had been classified as inshore water. The presence of crab 
larvae in these waters represents independent evidence of the correctness of 
the classification. 
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THE CHARACTER OF THE CURRENTS 
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The currents. are quite complicated, but a certain annual cycle in the 
patter~ of ~ow 1s revealed by a study of Figures 38 to 43. In these figures 
attent10_n will first be drawn to the heavy lines provided with arrows, which 
can be mterpreted as approximate stream lines at the time of the cruise 
although they actually represent lines of equal dynamic anomaly of th; 
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Figure 40. "E.W. Scripps," Cruise Ill, 1938. Character of currents, indicated by heavy 
lines with arrows, and distribution of diatoms, indicated by hatching. 

surface above the 500-decibar surface. On Cruise I in February there was 
an inshore flow towards the northwest past Point Conception, a cyclonic 
eddy was located between San Clemente and San Nicolas Island, and an 
anticyclonic eddy was present in the southern part of the area. The in-
shore flow has been called the California Counter Current and is present 
during a considerable part of the year but it disappears during the period 
of upwelling. 

Cruise II in April was very incomplete owing to unfavorable weather, but 
the few available data indicate that upwelling had been going on for some 
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time and that, consequently, the Counter Current had disappeared and 
had been replaced by a more or less regular flow towards the southeast. 

Prior to Cruise III in June upwelling had continued and as a consequence 
the light surface water had been transported to a considerable distance from 
the coast. The boundary between the inshore upwelled water and the 
offshore surface water was characterized by a swift current towards the 
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Figure 41. "E.W. Scripps," Cruise IV, 1938. Character of currents, indicated by heavy 
lines with arrows, and distribution of diatoms, indicated by hatching. 

southeast. The Counter Current appeared again in the southeastern 
portion of the area. 

On Cruise IV in August the strong flow to the southeast in the offshore 
area appeared to have broken down in a number of eddies. The cyclonic 
eddy located off the Channel Islands was of inshore origin because the 
water in this eddy showed the characteristics of upwelled water, whereas 
the anticylonic eddy in the southern corner of the area was formed by off-
shore water. The Counter Current was developed in the southeastern part 
only. 
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On Cruise Vat the end of October and the beginning of November the 
?ffshore area was again characterized by two eddies, one cyclonic containing 
mshore water and one anticyclonic containing offshore water. The Counter 
Current was still rudimentary. 

On Cruise VI in December conditions were encountered which showed 
considerable similarity to those met with in February. The Counter Current 

~10,00 ·100.000 

~100.0 0•l.000,000 

122" 

120 

121° 

118" 

E. W. SCRIPPS 35 

CRUISE 'lZ: OCT 26 - NOV. !>.1938 

34° 

119° 118" 

Figure 42. "E.W. Scripps," Cruise V, 1938. Character of currents, indicated by heavy 
Jines with arrows, and distribution of diatoms, indicated by hatching. 

was again fully developed, and outside of the Counter Current a large cy-
clonic eddy was present. In the southern corner of the area an extensive 
anticyclonic eddy dominated. 

Summarizing these features it can be stated that close to the coast the 
California Counter Current is more or less prevailing except in the period 
when intensive upwelling takes place. At greater distances from the coast 
a distinct flow to the southeast is found only during the period of upwelling 
in tht'I spring, and during the greater part of the year the offshore area is 
characterized by eddies which rotate cyclonically or anticyclonically, the 
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former containing inshore water and the latter containing water of offshore 
characteristics. 

DISTRIBUTION OF DIATOMS 

In Figures 38 to 43 the average number of diatoms per liter between the 
surface and 60 or 70 meters has been indicated by hatching. It should be 
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Figure 43. "E.W. Scripps," Cruise VI, 1938. Character of currents, indicated by heavy 
lines with arrows, and distribution of diatoms, indicated by hatchlng. 

observed, in the first place, that neighboring stations often show similar 
conditions. The stations with numerous or few diatoms are not distributed 
at random but a certain pattern of distribution appears from which it may 
be concluded that the method of sampling has been adequate and that the 
distribution of the diatoms is approximately correctly represented. This 
conclusion is also confirmed by the fact that if numerous diatoms were found 
at one level at any station the numbers at the other levels of the same sta-
tion were also high. Thus, a certain system prevails both in horizontal 
and vertical directions and a closer inspection of the different charts bears 



1939] JOURNAL OF MARINE RESEARCH 139 

LOG. NO. DIATOMS 
0 2 4 6 

20 

40 
J: 
I-
D. 
IA.I 
0 

60 

80 

28A 

LOG. NO. DIATOMS 
0 2 4 6 

80 

TEMPERATURE 
12° 14° 

24 

CRUISE .m 

Figure 44. "E. W . 
Scripps," Cruise I, 1938. 
Vert i ca I distribution of 
temperature at Stations 1 
and 24 (few diatoms) and 
at Station 28A. Vertical 
distribution of diatoms at 
Station 28A. 

Figure 45. "E.W. 
Scripps," Cruise III, 
1938. Vertical dis-
tribution of temper-
ature at Station 23 
(few diatoms) and at 
Stations 1 and 12. 
Vertical distribution 
of diatoms at Sta-
tions 1 and 12. 
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out that this system is related to the character of the surface waters and the 
currents. . 

On Cruise I in February few diatoms were found in the Counter Current 
which was characterized by a thick convection layer and very few in the 
conspicuous offshore water eddy in the southern corner which _also was 
characterized by a thick convection layer. Diatoms were present in mod-
erate numbers over large areas within which the waters were all more or less 
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Figure 46. "E. W . Scripps," Cruise IV, 1938. Vertical distribution of temperature at 
Station 25 (few diatoms) and at Stations 9 and 13. Vertical distribution of diatoms at 
Stations 9 and 13. 

inshore in character and with relatively thin convection layers. Figure 
44 has been prepared in order further to emphasize this relationship. In 
this figure are shown the vertical distribution of temperature between the 
surface and 100 meters at Stations I (in the Counter Current), 24 (in the 
offshore water eddy) and 28A (at the southern end of the inshore water 
eddy). At Stations I and 24 the number of diatoms was less than 100 cells 
per liter but Station 28A showed the greatest abundance with an average of 
more than 10,000 cells per liter. The convection layer was thick at Stations 
I and 24 and thin at Station 28A. The vertical distribution of diatoms at 
Station 28A is also entered and appears to be nearly independent of depth 
down to 60 meters. 
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On Cruise I_I much larger numbers of diatoms were present but most avail-
able observations were made in water of inshore character, for which reason 
no great contrasts appear. 

On Cruise III in June the big eddy of offshore water in the southwestern 
portion of the area was lacking in diatoms, but in the upwelled water which 
extended to considerable distances from the coast large numbers were 
present. The greatest abundances were encountered near the Channel 

LOG. NO. DIATOM S 
0 2 4 6 12° 

20 

-,._, 
13 24 

40 
:r 
I-
IL 
w 
0 

60 

CRUISE y 
80 

Figure 47. "'E. W. Scripps," Cruise V, 1938. Vertical distribution of temperature at 
Station 24 (few diatoms) and at Stations 8 and 13. Vertical distribution of diatoms at 
Stations 8 and 13. 

Islands and within a cyclonic eddy to the west of Point Conception. The 
distribution of diatoms was again related to the thickness of the convection 
layer. Figure 45 shows the vertical distribution of temperature at Station 
23 located in the offshore water and at Stations 1 and 12 near the coast in 
the region of upwelling. At the two latter stations the convection layer was 
thin, but at Station 23 the upper layer of high temperature was more than 
100 meters thick. At Station 23 the number of diatoms was less than 100 
cells per liter but at Stations 1 and 12 numerous diatoms were found. Ac-
cording to the curves showing the vertical distribution of diatoms at 
Stations 1 and 12 the greater number was found above the thermocline. 
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On Cruise IV there was less agreement between the distribution of dia-
toms and the pattern of flow, particularly within the central part of the 
area where according to the results from the preceding cruise, one should 
have expected a considerable population but where no diatoms were present. 
A great abundance was found on this cruise, h?wever, at t~e center of a big 
eddy of inshore water to the southwest of Pomt Conception. The waters 
of this eddy contained, on the whole, considerable populations of diatoms 
and the greatest numbers, averaging more than 10,000 cells per liter, were 
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Figure 48. "E. W. Scripps," Cruise VI. 1938. Vertical distribution of temperature at 
Stations 1 and 24 (few diatoms) and at Stations 10 and 27. Vertical distribution of diatoms 
at Stations 10 and 27. 

found right at the center of the eddy. In the Santa Barbara Channel the 
abundance was also great, but the eddy of offshore water in the southern 
corner showed very few diatoms. The relation between the depth to the 
thermocline and the number of diatoms is illustrated in Figure 46 in which 
are shown curves of vertical temperature distribution at Stations 25 (in the 
offshore water eddy), 13 (in the Santa Barbara Channel) and 9 (in the in-
shore water eddy). At the two latter stations the depth to the thermocline 
was small and numerous diatoms were present, as shown by the curves to 
the left, but at Station 25 the depth to the thermocline was considerably 
greater and diatoms were lacking. At Stations 9 and 13 the greater abun-
dance again was found above or in the thermocline. 
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On Cruise V the agreement between the currents and the distribution of 
diatoms was again good. The inshore counter current had few diatoms but 
large numbers were found in the flow to the south at a short distance from 
the coast. The most conspicuous feature was, however, that the cyclonic 
eddy of inshore water in the northern part of the area showed a great 
abundance of diatoms, particularly near the center, whereas the anticy-
clonic eddy of offshore water in the southern portion had few diatoms. 
Figure 47 demonstrates the relation between the depth of the thermocline 
and the number of diatoms at a few selected stations. At Station 24 in the 
eddy of offshore water the depth to the thermocline was great and very few 
diatoms were found, but at Station 13 in the Santa Barbara Channel and 
at Station 8 at the center of the eddy of inshore water the depth to the 
thermocline was small and both stations showed large numbers of diatoms, 
as evident from the curves to the left. Again the greater number was 
found above or in the thermocline. 

On Cruise VI the pattern of flow was similar to that on Cruise I and the 
distribution of diatoms also shows considerable similarity. The counter 
current contained very few diatoms except in the southern part, exactly as 
was the case in February. Similarly, the offshore eddy in the southern 
portion was lacking in diatoms but otherwise moderate numbers of diatoms 
were found over considerable areas. Figure 48 shows the vertical tempera-
ture distribution at a few selected stations. At Station 1 within the counter 
current and at Station 24 in the eddy of offshore water the depth to the 
thermocline was great and no diatoms were present. At station 10 off the 
Channel Islands and at Station 27 in the southern part of the inshore water 
eddy the depth to the thermocline was small and numerous diatoms were 
found, particularly above and in the thermocline. 

CONCLUSIONS 

It is evident from this examination that generally the eddies of offshore 
water contain few diatoms, whereas eddies of inshore water may contain 
considerable numbers. It is also evident that the counter current is, on the 
whole, lacking in diatoms, whereas the southeast-flowing upwelled water 
which is characteristically present in spring contains numerous diatoms. 

The relationships which have been shown to exist between the depth to 
the thermocline and the number of diatoms can be interpreted as showing 
that the" age" of the surface water is of great importance. It was pointed 
out that a thick convection layer and a great depth to the thermocline is 
found within waters which have existed as surface waters for a long time, 
whereas a thin convection layer and a small depth to the thermocline 
indicate that ascending motion has taken place recently and that the water 
in question has not yet spent a long time as surface water. Without ex-
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ception, few diatoms were found within water masses which had existed as 
surface waters for a long time and large populations of diatoms were found 
only in water masses which had spent relatively a short time as surface 
waters. On .the other hand, water which had recently been drawn to the 
surface or was of mixed type did not always contain many diatoms. Factors 
must therefore exist which limit the size of the population in areas where 
the character of the waters appears favorable for large numbers of diatoms. 
These factors are probably of combined biological and chemical nature, 
meaning that the diatoms may not have had time to develop or may have 
been removed by grazers after or prior to a depletion of necessary nutrient 
salts. The conspicuous absence of diatoms in the offshore water is probably 
due to depletion of the nutrient substances and removal by grazers. 

The important conclusion is that a definite relationship exists between 
the character of the surface water and the pattern of flow on the one hand 
and the number of diatoms on the other hand. It is hoped that future 
studies may help to explain this relationship. 

LITERATURE 
1. JOHNSON, M. y.1. 

1939. Dispersal of pelagic larvae of Emerita analoga in relation to season and 
hydrographic conditions off the southern California coast. Sixth Pacific 
Sci. Congress, Berkeley, 1939, Proc. (In press.) 

2. SVERDRUP, H. u., AND R. H. FLEMING. 

1939. The waters off the coast of southern California, March to July, 1937. 
Scripps Inst. Oceanography, Bull., Technical Series. (In press.) 


