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Temporal variations in diatom abundance off Southern
California in relation to surface temperature,
air temperature and sea level
by Sargon A. Tont 1

ABSTRACT
Temporal variations in diatom abundance off the southern California coast during the 19201939 period can be explained by a combination of the changes in the circulation patterns of
major water masses and variations associated with upwelling events. Monthl y, tri-monthly,
seasonal and yearly anomalies of diatom abundances have significant negative correlation with
the anomalies of sea surface temperat ure, air temperature and sea level.

1. Introduction

Temporal changes in phytoplankton abundance have been of great interest to
marine biologists and biological oceanographers (for reviews see: Fogg, 1965;
Parsons and Takahashi, 1973). Earlier we have shown that a part of the variance
in diatom numbers and species composition off the coast of southern California can
be ascribed to processes with a time scale of weeks, and is associated with local
disturbances in physical regimes, particularly upwelling, and that part of the
variance is due to larger scale processes (months, seasons) associated with climatic
changes (Toni, I 976; Toot and Platt, 1979). In this paper I develop these ideas
further, utilizing a longer and more comprehensive data set. Also, I discuss some
aspects of the temporal variations in diatom abundances which were not reported
earlier: I) that lack of diatom blooms during the second part of the year is not due
to a lack of upwelling; 2) that significant correlations exist between sea-surface
temperature and diatom abundance anomalies based on weekly, monthly, trimonthly, seasonal and yearly averages; and 3) that air temperature is a predictive
variable of diatom abundance.
2. Methods

To create a set of geochronometric records of long duration, climatologists often
use proxy indicators, variables which are "expected" to correlate with the variable
1. Scripps Institution of Oceanography, University of California, San Diego, La Jolla, California,
92093, U.S.A.
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Figure I. Locations discussed in the text.

of interest, even if there is not a cause-effect relationship between them. The
necessary prerequisite for such correlations is that the changes in both variables to
be correlated must each be caused by a (same) third variable. For example, if
variable A causes changes in both variables B and C, then a priori, changes in B
and C are correlated. Correlations between tuna catch and growth of conifers
(Clark et al., 1975) and between sea level and air temperature (Tont, 1978) are
examples of this kind of correlation.
Those anomalies measured as deviations from long-term means (e.g., January
anomaly of a variable is the difference between that January value and the average
of all other Januaries) are useful indicators of changes other than the seasonal
scale. That is, since many climatic variables have seasonal cycles, a significant
correlation would be found between any pair of such variables, regardless of casual
connection, but the use of anomalies prevents the obtaining of such significant but
spurious correlations.
The term fluctuation, as applied to climate, is a nonperiodic deviation from the
long-term mean. Trends indicate longer-term changes in climate and are calculated
by averaging fluctuations over a long period of time (often by fitting a straight line
by the method of least squares). The designation "apparent trend" means that it is
not known whether the trend is in fact nonperiodic or is merely a segment of a very
long oscillation.
Diatom counts in numbers of individuals per liter are from the original data
records of W. E. Allen of Scripps Institution of Oceanography. During the 19201929 period, the surface samples were collected every day by clipping a galvanized
pail of 2 gallons capacity from the Scripps pier. The samples were then concentrated
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with a conical net with mesh size of 50-100 µ.m. During the 1930-1939 period, the
settling method was used (Allen, 1930). The filtering method results in the loss of
several small diatom species, but a comparison of the methods by Allen (1930)
indicated that the diatom species , most abundant during blooms, were not collected
differentially by the two methods because of the large size of the bloom species. As
a further check on the comparability of the two methods, I analyzed both data
sets separately. Conclusions in both cases were the same, hence the analysis based
on the entire data set is reported here. Sea surface temperatures have been snpplied
by F. Wilkes of Scripps Institution of Oceanography, University of California, La
Jolla, California. Solar irradiance data are from the original data records of G.
McEwen (unpublished), and sea level data have been provided by S. Hicks, National Ocean Survey, NOAA, Rockville, Maryland. Air temperature and wind velocity
data are from Local Climatological Data R eports, National Climatic Center, Asheville, North Carolina. Nitrate data are from Eppley and Holmes (unpublished).
Approximately 75 ,000 data points have been used in this study. Locations discussed in the text are shown in Figure 1.
The statistical analysis used in this paper is linear regression which requires that
the populations so analyzed be normal. Roden (1960) showed that the monthly
anomalies of both sea surface temperatures and sea levels for southern California
follow a normal distribution and I have found that monthly anomalies of air
temperatures also follow normal distribution. The anomalies of diatom counts,
however, do not follow a normal distribution. Accordingly, for reasons given by
Lee (1961), a logarithmic (base 10) transformation of the diatom counts was done
before statistical analysis.
3. Results and discussion

a. Short-period (weeks) changes. Although exceptions do occur, Figure 2 is representative of three findings generally true of most years examined in this study: 1)
diatom blooms correlate with a drop in SST; 2) largest blooms occur during spring
and summer months; and 3) these blooms occur within a few weeks of each other
at three locations spaced 200 krns apart along coast.
A uniform drop in sea surface temperature of a few weeks duration is the signature of upwelling in the region (Kamykowski, 1974; Tont, 1976). Although we do
not have comprehensive nutrient data during the 1920-1939 period , nitrate measurements taken during a similar event in 1965 by Eppley and H olmes ( personal
communication) clearly indicate an increase in nitrate-N at the surface layer which
is indicative of upwelling (Fig. 3).
An increase in alongshore southward wind stress has been proposed by Sverdrup
(1942) as the initiator of upwelling along the California coast: " [In the spring and
summer months] .... north-northwest winds prevail off the coast of California,
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Figure 2. Sea surface temperature (above) and diatom abundance (below) in 1921 at three
locations. Although all the mathematical analyses of the diatom abundance have been done
after the logarithmic (base 10) transformation, they are plotted here without such transformation to show that diatom blooms can occur from extremely small abundances.

giving rise to upwelling that begins mostly in March and continues uninterruptedly
until July." As can be seen in Figures 2 and 3, upwelling is not a steady-state or
quasi-steady-state phenomenon as implied by Sverdrup (1942), but is an episodic
event. Several studies off the coast of Oregon also confirm this finding (e.g., Smith,
1974). Due to the lack of daily wind data, which is necessary considering the short
period nature of upwelling, it bas not been possible to test the hypothesis that upwelling is a wind induced phenomenon for all the years considered in this study.
However, as a preliminary test of this hypothesis, I have investigated wind stress,
SST, and diatom abundance relationships of 1931, during which one of the
smallest blooms was recorded, and 1936, when some of the largest blooms were
recorded (Figs. 4 and 5). Within the year 1931 there are some reasonable correlations between southward wind stress and drops in temperature, but only a small
bloom occurs during a slight drop of sea surface temperature, whereas in 1936 the
tripartite relationship between wind stress, drop in sea surface temperature, and
diatom blooms is more conspicuous. However, it is important to note that during
the second part of each year, although SST decreases occur, these are not accompanied by diatom blooms. (Although occasionally a diatom bloom would occur
as late as August during the years not shown here, the significant majority of them
occur during the first six months of each year.) One likely explanation for the lack
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Figure 3. Daily sea surface temperature versus once-a-week nitrate-N measurements at
Scripps pier during an upwelling event. Nitrate-N data is from R. W. Eppley and R. W.
Holmes (unpublished).

of diatom growth during the second part of the year is that nutrient concentration
during this period is not only depleted in the surface layer, but also in the portion
of the water column affected by upwelling. Indeed, recent measurements in the
California Bight indicate that the depth of the nitrate gradient, defined as depth
to 1 N µ,g at/I, is considerably deeper during the second part of the year than the
first (Eppley et al., 1978). Therefore, although a diatom bloom is a response to increased nutrients in the euphotic zone, an upwelling event may not necessarily be
able to supply these nutrients. Recent work by Estrada and Blasco (1979) in the
Baja upwelling region provide an equally good explanation. They state that, "When
the source water is the deeper undercurrent, the intensity of upwelling is likely to be
stronger and the nutrien t concentrations brought to the smiace may be higher. All
these factors would result in a selective advantage for diatom growth (Margalef,
1974)."
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Figure 4. Alongshore wind stress (southward is positive), sea surface temperature and diatom
abundance at Scripps pier in 1931. Note that diatom scale in Figure 5 is 25 times greater
than the scale shown in this figure.

Statistical analysis for the entire set presented in Table 1 confirms the findings
already discussed in conjunction with Figures 2, 4, and 5. Low correlation between
sea surface temperature and diatom counts, but higher correlation between their
anomalies, indicates that the temperature itself is not a causative factor in diatom
growth, but that the changes in sea surface temperature indicative of upwelling are
the primary cause of diatom growth. Furthermore, as expected, the correlations between anomalies of diatom counts and sea surface temperature are higher during
the first part of the year than the correlations for the entire year. Explained variance
(r') of 0.21 calculated from the first 26 weeks of the 1920-1939 period is still considerably smaller than unity, indicating that other processes besides upwelling influence diatom growth or that SST "measures" or "reflects" only a part of the total
variance of upwelling. Due to lack of data the role of predators cannot be ascertained here. The low correlation (r' = 0.02) between diatom abundance and solar irradiance recorded at Scripps pier for a period of 238 weeks indicates that solar irradiance is not a limiting variable in this region. Furthermore, Carlucci (1970)
found no statistical evidence to show that concentration of vitamins limited the
production of phytoplankton near the vicinity of Scripps pier. In the light of these
considerations, it is reasonable to hypothesize that part of the unexplained variance
(0. 79) between diatom abundance anomalies and sea surface temperature anomalies
are due to the larger scale processes affecting this region.
b. Long-Period (months, years) changes and proxy indicators. According to Reid
et al. (1958) th e major water masses of the California Current come from the
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Figure 5. Alongshore wind stress (southward is positive), sea surface temperature and diatom
abundance at Scripps pier in 1936.

North (Subarctic), from the west (Central Pacific) and from the south (Equatorial
Pacific). The surface characteristics of the near shore waters are also influenced by
upwelling. Some part of these upwelling waters comes from the lower levels of
Subarctic water and some parts are a transitional form of the Equatorial Pacific
water. Variation in the flow pattern of these water masses covering areas of several
hundred kilometers frequently occur and these variations are indicated by changes
in water temperature, salinity, nutrients and sea level.
It has been customary to examine the nonseasonal variations in the California
Current since 1916 by using monthly anomalies of variables, such as temperature,
since "The major anomalies in temperature, high or low, seem to last several
months . . . ." (Reid et al., 1958). Monthly changes of diatom abundance at the
Scripps pier are shown in Figure 6. Periods such as 1924-1926 and single years
1931 and 1934 were periods of low diatom abundance, whereas the 1936-1938
period and the years 1922 and 1928 were periods of relatively high diatom abundance. An important question to be asked is whether these long-term changes are
correlated with nonseasonal variations in the California Current.

Figure 6. Monthly averages of diatom abundances at Scripps pier, 1920-1939.
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T able I. Correlation coefficient (r), percent of total variance (,') between log., diatom
abundance ( DA) and sea surface temperature (SST) at Scripps pier, 1920-1939 (top) , and
the same between anomalies (bottom) . N is the number of samples. Probability that the
null hypothesis may be rejected in each case is less than .0 I.

,.

log10 DA-SST
log10 DA(Anomaly)

-0.26
-0.37

O.Q7

0.14

,.

N

N

(1st 26 weeks)

(whole year)
1040
1040

-0.20
-0.46

0.04
0.21

520
520

SST(Anomaly)
Table 2. Correlation coefficient (r) , percent of total variance (,') between anomalies of log.,
diatom abundance (DA) and sea surface temperature (SST), air temperature (AT) and sea
level (SL) for various time increments (tri-montbly: January, February, March for winter;
seasonal : December, January and February per winter) for the 1920-1939 period at Scripps
pier. The apparent trend of SL is 0.19 cm/ yr, AT 0.02 c• 1yr, the SST < 0.01 C / yr. These
trends have been removed prior to calculation of anomalies. Probability that the null hypothesis may be rejected in each case is less than .01.
0

Monthly
N
r'
log10 DA-SST
log10 DA-AT
log.o DA-SL

- 0.50 0.25 240
- 0.36 0.13 240
- 0.24 0.06 240

Tri-monthl y
r' N
r
- 0.58 0.34 80
- 0.52 0.27 80
- 0.31 0.10 80

Seasonal
,'
r
N

-0.63 0.40 80
- 0.54 0.30 80
- 0. 35 0.12 80

Yearly
r' N
-0.79 0.62 20
-0.76 0.58 20
-0.46 0.21 20

A shift in the wind driven circulation has been suggested by several investigators
as the most likely cause of large scale sea surface temperature anomalies (e.g.,
Namias, 1959; Isaacs, 1969). Thus lessening of southward wind stress, for example,
would result in positive sea surface temperature anomalies due to both slackening
of the California Current and to decreased upwelling (opposite is true for increased
southward wind stress). Zentara and Kamykowski (1977) report a nearly linear
relationship (inverse) between ambient nitrate concentration and ambient temperature. Indeed, after examining 179 observations recorded during 1974-197 6, Eppley et al., (1978) found a similar relationship near the coast of southern California.
If diatom abundances are related to the rate of nutrient input, then they would be
expected to follow temperature variations that reflect such nutrient inputs. It has
already been shown that in this region positive correlations exist between sea surfac e temperature and air temperature (Hubbs , 1948; Roden, 1960a), sea level and
sea surface temperature (Stewart et al., 1958; Roden, 1960b) and between air
temperature and sea level (Toot, 1978). On the basis of these findings one can hold
as a priori that any of these variables may be used as proxy indicators of diatom
abundance. Furthermore, if diatom abundance depends not only on upwelling but
on larger scale processes as well, then one reasonably expects that correlation be-
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Figure 7. Yearly anomalies of sea 1eve1, air temperature, sea surface temperature and diatom
abundance at Scripps pier.

tween the monthly, tri-monthly, seasonal, and yearly anomalies of sea surface
temperature and diatom abundance should be higher than that obtained by using
weekly anomalies which primarily shows changes due to upwelling. Results presented in Table 2 and Figure 7 indeed verify this hypothesis.
The significant correlation (inverse) between air temperature and diatom abundance is perhaps the most important finding reported in th.is paper. Th.is finding
clearly indicates that large scale climatic changes are reflected in diatom abundance
and considering the recent successes in long-term climate forecasting (e.g., Narnias,
I 978; Barnett and Preisendorfer, I 978) forecasts of diatoms abundances may soon
become a reality.
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