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Abstract: Analyses of ciguatoxicity in the great barracuda Sphyraena barracuda and quantity of toxic benthic
dinoflagellates on coastal reefs (correlated with the number of cases of human ciguatera intoxications in Puerto
Rico) were used to construct a model formulated on data obtained during the period of 1985-1988. The validity
of the proposed model has been questioned by recent data obtained during the period of 1990-2000. Barracuda
ciguatoxicity no longer showed a prominent seasonality while the fraction of randomly caught barracuda that
were ciguatoxic significantly increased during this period. These two changes, accompanied by the discovery
that ciguatoxic fish contained a variety of multiple toxins, appear to be correlated with the steadily increasing
periods of elevated sea surface temperatures in this region.
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Ciguatera fish poisoning has been reported in the Caribbean Sea since the late 18th century (Halstead 1967). Estimates of the number
of human ciguatera intoxications based on data
obtained from public health services on the
Caribbean islands are regarded as underestimates, for generally 0.1% or less of intoxicated persons consult a physician (Tosteson
1995). Surveys conducted in the area of Puerto
Rico and the American Virgin Islands from the
late 1970’s through mid 1980’s and more
recently (1990-1996) suggest that an estimated
16 to 18 thousand people were poisoned per
year during these periods (Tosteson 1995).
Seasonal fluctuations in ciguatoxicity of
the great barracuda, Sphyraena barracuda, randomly caught off the southwest coast of Puerto
Rico and the blooms and toxicities of benthic
dinoflagellates found on the coastal reefs in this
region generated a model that correlated well
with fluctuations in the reported human ciguatera intoxications in Puerto Rico as a whole

during the period of 1985-1988 (Tosteson et al.
1988, Tosteson 1995, Tosteson et al. 1998).

MATERIALS AND METHODS
Large S. barracuda (5 to 10 kg) were randomly caught in the offshore coastal waters of
southwest Puerto Rico during the course of
this study. The tissues of the individual barracuda were extracted and their ciguatoxicity
determined in mice using reported procedures
(Tosteson et al. 1988, Tosteson 1995,
Ballantine et al. 1988). While data concerning
the density and toxicity of benthic dinoflagellates found on the coastal reefs in the area of
the Marine Station is not cited directly here,
during the course of this study dinoflagellates
were harvested, microscopically examined,
extracted and assayed for their toxicity in
white Swiss mice using reported procedures
(Ballantine et al. 1988, Tosteson et al. 1989).
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Sea surface temperatures (SSTs) were
taken daily during the morning at the Marine
Station during the course of this study.
Recorded temperatures correlate well with
those taken at mid-day on coastal reef sites
along the southwest coast of Puerto Rico
(Ballantine et al. 1988). The total number of
days during which the SST was >29.5°C was
noted during each of the months of this study.

RESULTS
Table 1 summarizes the yearly distribution
of ciguatoxicity among the 539 barracuda randomly caught off the southwest coast of Puerto
Rico from 1985 through 2000. The yearly rate
of barracuda ciguatoxicity increased significantly during these three sampling periods. Table 2
illustrates the correlation of barracuda ciguatoxicity with the total cases of human ciguatera
intoxications reported to the Department of
Health of Puerto Rico during each of the periods
described in Table 1. The average percentage of
ciguatoxic barracuda/year in each of the three
periods sampled is linearly correlated with the
average number of human ciguatera cases/year
reported to the Department of Health (correlation coefficient r = 0.995). These data indicate

that the yearly frequency of barracuda ciguatoxicity is a useful bioindicator of the frequency of human intoxications with ciguatera.
During the initial period of this study (19851988) 252 barracuda specimens were analyzed
for their ciguatoxicity. There was a marked
seasonal fluctuation in the frequency of barracuda ciguatoxicity. Thus, in the winter
(December and January) and summer (June
and July) the percentage of captured barracuda
that were ciguatoxic was negligible. The average percentage of ciguatoxic barracuda caught
in the spring (February, March, April and
May) and fall (August, September, October
and November) were 35 and 46% respectively.
The original seasonal model of ciguatera was
based on these data. Two major developments
have altered the continued validity of this
model. These changes were: (1) the gradual
loss of seasonal fluctuations in percentage of
ciguatoxic barracuda and (2) significant
increases in the fraction of ciguatoxic barracuda caught along the southwest coast of Puerto
Rico in all seasons in 1990-2000. Table 3 illustrates the change in the seasonal pattern of barracuda ciguatoxicity during the three periods
of this study. The seasonality of barracuda
ciguatoxicity was clearly gone in barracuda
samples studied in 1990-1995 and 1996-2000.

TABLE 1
Ciguatoxic S. barracuda on the Southwest Coast of Puerto Rico
1985-88:
1990-95:
1996-00:

252 samples analyzed in 37 months sampled.
Average sample size/month = 7
192 samples analyzed in 50 months sampled.
Average sample size/month = 4
95 samples analyzed in 32 months sampled.
Average sample size/month = 3

Average % ciguatoxic fish/yr 25 +/- 5 (SE)
Average % ciguatoxic fish/yr 82 +/- 3(SE)
Average % ciguatoxic fish/yr 44 +/- 4 (SE)

TABLE 2
Ciguatoxic S. barracuda and Reported Human Ciguatera Intoxications
Years

% Ciguatoxic fish
Average/yr

1985-1988(4)
1990-1995(6)
1996-2000(5)

25 +/- 5 (SE)%
82 +/- 3 (SE) %
43 +/- 4 (SE) %

Reported Ciguatera Cases #
Total
Average/yr
18
83
33

5
14
7
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However, it is of interest to note that while not
as pronounced, the seasonal fluctuations of
reported cases of human ciguatera intoxications in Puerto Rico as a whole remained during both of these periods. The persistence of
some seasonal fluctuations in reported cases of
ciguatera poisonings may in large part be due
to the eating habits of the people in Puerto
Rico with respect to fish and the major holidays (i.e. Easter and Thanksgiving) in the
spring and fall seasons of the year.

DISCUSSION
Increases in the fraction of captured barracuda that were ciguatoxic and changes in the
seasonal frequencies of ciguatoxic barracuda
may reflect an increasing complexity of multiple toxins brought about by changes in environmental temperatures that have taken place
during the period of this study. The predominant ciguatoxic fishes in the Pacific Ocean and
the Caribbean Sea have multiple toxins
(Legrand et al. 1992, Lewis et al. 1991,
Tosteson et al. 1992, Tosteson et al. 1995,
Pottier et al. 2002). The multiple toxins found
in ciguatoxic fish are no doubt responsible for
the broad and variable spectra of medical
symptoms found in human beings intoxicated
with ciguatera. Both the variety and nature of
these toxins differ in fishes and marine invertebrates found in the various tropical oceans of
the earth. The multiple toxins found in ciguatoxic fish in the Caribbean and the toxic benthic dinoflagellate vectors of this poisoning may
be the result of variable environmental conditions and/or variable microbial symbionts in
these microalgal vectors (Tosteson et al. 1992,
Tosteson et al. 1995).
Analyses of seawater temperatures recorded at the Marine Station on the southwest coast
of Puerto Rico since 1966 indicated that the
six-year period of 1990-1995 was the warmest
period in the last 30 years of recorded sea surface temperatures in this area (Tosteson et al.
1998). The indicator used to evaluate changes
in ambient SSTs in each of the three periods of
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TABLE 3
Seasonal Fluctuations in Ciguatoxic Barracuda and
Reported Ciguatera Cases
% Ciguatoxic Fish
85-88
90-95 96-00

Period:
Season:
Winter
Spring
Summer
Fall

9
39
0
46

89
74
92
89

Ciguatera Cases
85-88
90-95
96-00

86
43
33
29

1
7
0
9

3
14
8
59

3
12
2
12

the study reported here was the number of days
in which the SSTs were elevated to temperatures >29.5°C. (ESST). Table 4 summarizes
the number of ESST days during each of the
three study periods. The ESST days/year
steadily and significantly increased during the
course of this study. It is of interest to note that
both the total number of reported cases of
human ciguatera intoxications and the percentage of ciguatoxicity in captured barracuda also
increased (Table 2).
Several factors may account for the correlation between increasing sea surface water
temperatures and ciguatoxicity in fish. In general, tropical marine organisms live at the
upper limits of their thermal tolerance. Thus,
changes of two or three degrees in ambient
temperature would be expected to produce
marked responses in tropical marine biota.
These responses are reflected in changes in
respiration, metabolic rates, circulating hormones and predatory activity in a variety of
fishes (Senthilkumaran and Joy 1995, Beddow
et al. 1995). Elevated sea surface temperatures
would also be expected to alter the growth patterns of the dinoflagellates and their associated

TABLE 4
Elevated Environmental Temperatures
on the Southwest Coast of Puerto Rico
Period

Total ESST Days

ESST Days/yr

1885-1988
1990-1995
1960-2000

124
258
486

31
43
97
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microbial flora, vectors of the “ciguatoxins” in
the ciguatera food chain (Ballantine et al.
1988, Pitcher et al. 1993, Oshima et al. 1993,
Lewis et al. 1993). Increased temperatures
(30°C) have been shown to reduce the toxicity
and alter the symbiotic bacterial flora associated
with laboratory cultured Ostreopsis lenticulars,
the predominant toxic benthic dinoflagellate
vector of ciguatera in the barracuda found
along the southwest coast of Puerto Rico
(Ashton et al. 2001). Changing environmental
temperatures would be expected to have several
important effects on the ciguatera food chain,
namely, (1) alterations in the production and
variety of toxins introduced by microbial vectors of ciguatoxicity into the barracuda and (2)
modifications in the subsequent metabolism of
these products in ciguatoxic fish, resulting in a
variety of multiple toxins that subsequently produce complex ciguatera intoxications when
transmitted to human consumers. The thermal
envelope of the marine environment appears to
have a broad and comprehensive effect on the
changing paradigm of ciguatera in the
Caribbean.
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RESUMEN
Pruebas de ciguatoxicidad en la gran barracuda,
Sphyraena barracuda y la cantidad de dinoflagelados bentónicos tóxicos en los arrecifes de la costa están correlacionados con el número de casos de intoxicaciones por
ciguatera en humanos, en Puerto Rico. Estos hechos fueron utilizados para construir un modelo que fue formulado
con la información recopilada durante el período de 19851988. La validez de este modelo propuesto ha sido cuestionada debido a la información recientemente obtenida

durante el período 1990-2000. La ciguatoxicidad en la barracuda ya no demostraba una marcada asociación con las
temporadas mientras que la cantidad de barracuda ciguatóxica capturada al azar tuvo un aumento significativo durante este período. Estos dos cambios estuvieron
acompañados por el descubrimiento de que peces ciguatóxicos contienen una gran variedad de toxinas que parecen
estar relacionadas con los períodos de elevadas temperaturas en la superficie del mar. Estas temperaturas continúan
aumentando de manera que a su vez continúan en un aumento estable en esta región.
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