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ABSTRACT: Species of the genus Pseudonitzschia have been 
implicated in outbreaks of domoic acid (DA) toxicity off the 
coasts of North America. This led us to look at the historical 
(1930-1939, 1967, 1983, 1991-1993) occurrence and abun- 
dance of these species off the Scripps Institution of Oceanogra- 
phy pier, Southern California, USA, with special emphasis on 
l? australis Frenguelli for which we have the most complete 
data. The organism occurs sporadically in high numbers (10' to 
106 cells I-') between February and August but no major toxic 
episodes have been reported. The periods of high abundance 
were associated with intrusion of cool, high-nutrient waters 
probably related to upwelling events. To date, there have been 
no major DA outbreaks in the Southern California Bight. 
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In light of new information on potentially toxic 
diatoms of the genus Pseudonitzschia (U.S. Food and 
Drug Administration 1992) we are interested in 
extending our knowledge of these organisms in order 
to assess the likelihood of toxic occurrences in South- 
ern California. The importance of the group in this 
area has been noted since Allen's work in the 1920s to 
1940s (e.g. Allen 1928, 1936, 1940, Reid et al. 1985). 
These diatoms have been associated with the produc- 
tion of domoic acid (DA), a neuroexcitatory amino acid 
known to be produced by 2 rhodophycean macroalgae 
(Maeda et al. 1986), and recently by at least 3 
Pseudonitzschia species, F! australis Frenguelli (= 
Nitzschia pseudoseriata Hasle), P pungens f. multi- 
series (Hasle) Hasle (= N. pungens f. multiseries Hasle) 
and P pseudodelicatissima (Hasle) Hasle (= N. pseudo- 
delicatissima Hasle); see Hasle (1993) for recent 
nomenclatural changes. It is toxic to humans through 
the consumption of DA-contaminated seafood (Subba 
Rao et al. 1988, Bates et al. 1989, Bird & Wright 1989). 
The resulting syndrome, severe gastrointestinal and 

neurologic illness, has been named 'Amnesic Shellfish 
Poisoning'. 

Toxin production by diatoms was undetected before 
1987 when a bloom of Pseudonitzschia pungens f .  multi- 
series occurred in Cardigan Bay, Canada, causing toxi- 
city in cultivated mussels (e.g. Subba Rao et al. 1988, 
1989, Addison & Stewart 1989, Todd 1989). There was a 
recurrence in 1988 (Smith et al. 1989). During July to 
October 1988 a toxic bloom of P pseudodelicatissima 
was reported from the Bay of Fundy, Canada, and DA 
was detected in softshell clams and blue mussels (Mar- 
tin et al. 1990). In early September 1991, DA produced 
by P australis was responsible for the death or sickness 
of pelicans and cormorants in Monterey Bay, California 
(Buck et al. 1992, Fritz et al. 1992, Garrison et al. 1992, 
Work et al. 1993). Until January 1992 Malibu Beach, 
USA, was the southernmost location at which DA had 
been positively identified in bivalve shellfish; by May 
1992 small amounts of DA (2.2 ppm; alert level is 
20 ppm) were detected in mussels collected from the 
Scripps Institution of Oceanography (SIO) pier (Califor- 
nia Department of Health Services 1992). 

The Pseudonitzschia species implicated in these 
reports occur sporadically off the S10 pier (32'50' N, 
117" 10' W). The aim of this work is to summarize and 
update the temporal distribution and abundance of the 
potentially toxic species F! australis for which we have 
the best data. 

Material and methods. Our observations of Pseudo- 
nitzschia australis in samples collected from the S10 
pier include the years 1990 to 1993. From 18 October 
1990 to 26 July 1991 Niskin bottle samples were col- 
lected weekly; the sampling interval was increased to 
semiweekly from 21 February 1992 to 11 June 1993. 
Aliquots of 50 m1 were analyzed by the Utermohl 
method (Utermohl 1958). 
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and occurred in all years from 1930 to 1939 with the 
exception of 1931 and 1935. Relative abundances were 
high (representing 25 to 71 % of total diatoms). The data 
show (1) 3 periods during the year when 'N. seriata' 
becomes abundant: February and/or March, April 
and/or May, and June or July or August, each lasting ca 
3 to 7 d; (2) that 'N. seriata' and total diatom abundances 
fluctuate concurrently; (3) the large interannual varia- 
tion; and (4) the lack of an autumn peak, common in 
other areas of the west coast of the United States, such 
as Monterey Bay (Bolin & Abbott 1963, 
Buck et al. 1992). Data for 1930, 1933 and 
1939 are illustrated in Fig. 1 in order to 
show this seasonal pattern. 

In 1967 Pseudonitzschia australis, origi- 
nally identified as Nitzschia sp. 'large', 
showed maximum numbers on the order of 
104 cells 1-' in mid-May, June and early 
August. After the August peak there was a 
sudden decline and a dinoflagellate bloom 
('red tide') of Gonyaulax polyedra devel- 
oped (Reid et al. 1970, Goodman et al. 
1984). In 1983 N. seriata 'group' (probably 
including l? australis and l? pungens) was 

In order to obtain historical information about the 8 

Fig. l .  Example of AUen's data (Tont 1986) for the S10 pier: to- 
tal diatom and 'Nitzschia seriata' abundances (cells X 105 I-') 

for 1930, 1933 and 1939 

occurrence of Pseudonitzschia species we examined 
phytoplankton data and samples collected at the S10 6 - 

conditions (e.g. suppressed coastal upwelling; Reid et al. 
1985). In mid-March 1991 a major bloom of P australis 
(106 cells I-', representing 57% of total diatoms) was 
recorded (Fig. 2). The 1992 samples showed a late 
February/early March peak of the order of 104 cells 1-' 
followed by another in early July exceeding 104 cells I-'. 

1930 

J F M A M J J A S O N D  
--- 1990 p 1991 - 1992 ------ 1993 

most abundant in March-April and June, 
Fig. 2. Pseudonitzschia australis. Abundance at the S10 pier (cells X 10' I-') 

the numbers were an order of from 18 October 1990 to 26 July 1991 and from 21 February 1992 to 11 June 
magnitude lower (103 cells I-') than those 1993. Dashed line: 18 Oct-31 Dec 1990; thin solid line: 1 Jan-26 Jul 1991; 
reported before, possibly due to El Niiio thick solid line: 21 Feb-31 Dec 1992; dotted line: 1 Jan-l1 Jun 1993 

pier by W. E. Allen in 1930 to 1939 (Allen 1940). His 
counts in Sedgewick-Rafter cells were based on 
aliquots of 1 1 settled water. We also compiled diatom 
abundance information for periods in 1967 and 1983 
from work already published by Reid et al. (1970, - 
1985). Abundance data refer to counts of single cells 8 
with protoplasm, but length of chains and empty cells 7 
were also noted in recent analyses. lT 66-. 

Light and scanning electron microscopy were used 
for species identification (Hasle 1965) for all samples. X 4.. 

V) 

This showed that Allen lumped together Pseudo- = 
nitzschia australis and wide cells of l? pungens under 8 ' 

the name 'Nitzschia seriata ', and also verified the occur- - n 
rence of a third species, l? pseudodelicatissima. 

Nutrient and temperature data for the period 1990 to 
8 - 

1993 were obtained from the Marine Life Research 
1939 

6.. 
Group (MLRG) time series which is in progress at the 
S10 pier. Earlier data, for temperature only, can be 4.. 
found in Reid et al. (1970, 1985) and Tont (1986). 

Results and discussion. The large body of phyto- 2.. 
plankton data collected by W. E. Allen resulted in quan- 
titative information on diatoms and dinoflagellates 0. A  ̂ 'I 

(summary in Allen 1928, 1936, 1940, 1941). Maxima of J F M A M  J J A  S O  N D 
'Nitzschia seriata' ranged between 104 and 106 cells 1-' 'N. seriata' - TQTAL DIATOMS 

9.48' 1933 



Lange et a1 : Temporal distribution of Pseudon~tzschla austrahs 

The latter was followed by a dinoflagellate bloom of 
Gymnodinium flavum (F. M. H. Reid unpubl. data). In 
1993 there was a 3 to 4 d period in March when P aus- 
tralis occurred though in small numbers (Fig. 2); other 
Pseudonitzschia species, P pungens f .  pungens and 
P pseudodelicatissima, were more numerous. There 
was a similar occurrence in late May/early June 
(104 cells 1-'1, concurrently with a Gonyaulaxpolyedra 
'red tide' (F. M. H. Reid unpubl. data). 

The 1991 Pseudonitzschia bloom consisted mostly 
of single cells, and in 1992 and 1993 chains of up to 
16 cells were more common. 

In Monterey Bay Pseudonitzschia australis abun- 
dances also showed a seasonal pattern, the highest 
numbers being in excess of 6 X 105 cells 1-' in Novem- 
ber 1991 (Buck et al. 1992). 

The waters at the pier during the major Pseudo- 
nitzschia australis peaks were somewhat colder than 
during the days immediately preceding them; this was 
especially evident in June 1992 when the temperature 
dropped from 18.6 to 14.9 "C. In every case, there was a 
small nutrient (NO3 and SiO,) input a few days before 
the abundance peak (compare Figs. 2 & 3). This sug- 

o J : : : : . : : . - : : : l  
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Fig. 3. (A) Temperature ("C); (B, C) nutrient data (pg-at. 1-') at 
the S10 pier for 1991, 1992 and 1993. Thin solid line: 1 Jan- 
26 Jul 1991; thick solid line: 21 Feb-31 Dec 1992; dotted line: 

1 Jan-l1 Jun 1993 

gests that the periods of high abundance are associated 
with intrusion of cool, high-nutrient waters probably re- 
lated to upwelling events. Such events at the S10 pier 
usually occur in spring and are of short duration (see re- 
view in Jackson 1986). Internal tidal bores have also 
been implicated to explain the drops in surface temper- 
atures at the S10 pier during summer. They have been 
correlated with increases in phytoplankton numbers 
and biomass (Pineda 1991). In Monterey Bay, P australis 
was positively correlated with temperature (mostly 
114 "C), though many periods of high abundance were 
at times of weak upwelling (Buck et al. 1992, Garrison et 
al. 1992). In contrast we found warm temperatures at the 
S10 pier (2 18 "C) to be associated with the dinoflagellate 
bloom of Gymnodinium flavum. 

The time series we have collected, together with the 
historical information, indicate that Pseudonitzschia 
australis has been a regular and abundant component of 
the phytoplankton off Southern California, particularly 
in the spring and early summer. Although cell concen- 
trations reach levels equivalent to those seen in Mon- 
terey Bay at the time of the 1991 severe DA outbreak, 
toxic episodes related to massive occurrences have not 
been reported. The small amounts of DA identified in 
mussels in May 1992 did not coincide with a high l? aus- 
tralis abundance in the water column (Fig. 2), and the 
large peak of July did not produce any detectable DA 
levels (California Department of Health Services 1992). 
DA levels remained below the detection limit in 1993. 
Monitoring for DA has been carried out by public health 
agencies at this location since November 1991, and has 
been restricted to mussel survey only. 

Our findings confirm that the mere presence of a 
potentially toxic Pseudonitzschia species does not nec- 
essarily give cause for concern. There are many factors 
that can affect DA production. The study carried out by 
Bates et al. (1991) on cultures of P pungens f .  multi- 
series demonstrated the importance of nutrient ratios 
in controlling toxin production and the close coupling 
between photosynthetic activity and DA synthesis. 
Their experiments showed that a source of extra- 
cellular nitrogen and light must be available in order 
for DA to be produced during stationary growth phase. 

The fact that, to date, there have been no major DA 
outbreaks in the Southern California Bight leads us to 
hypothesize that either Pseudonitzschia australis does 
not produce the toxin in significant amounts, or that the 
toxin does not accumulate sufficiently in the water col- 
umn to be transferred to higher trophic levels. Com- 
pared to the situation in Monterey Bay, nitrogen levels 
were lower during the period 1990 to 1993 (compare 
Fig. 3B in this study with Fig. 13 in Buck et al. 1992). In 
addition, physical factors such as circulation patterns as- 
sociated with an enclosed bay do not apply to the S10 
pier location. 
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