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ABSTRACT

Population lavels of the benthic epiphytic dinoflagellats thought to ba the cause of
ciguatera, Gambisrdiscus toxicus, as well as an ecologically associsted dinoflagellsts, tantatively
identified as Ostrecpsis sp., were monitored for a 14 month periocd during 1983 and 1984. The area
studied was a shallow inshore coral reef habitat located on the southwmet coast of Pusrto Rico
(Caribbean Ses). Both dinoflagellate genera were found on & variety of macroslgsl hosts as well as on
other substrats. Regular counte of dinoflagsellates on Dictyota spp. (Phascphyta) at 1.0 m depth in the
backreef area of Caracolas Reef, showed that neither species d-onltutad an obvious ssasonality with
rsspact to population numbsrs. Populations of Gambierdiscus toxicus on Di¢ tyota spp. vere normally in
the range of 100 to 300 cells/ g algsl wet weight with a high of 8,000 celis/ g Di¢ tyota counted at
one sampling. Qstraopsis sp. was extremsly variable {n {ts population hvnll through the course of the
etudy, with abundances gensrally excesding 3,000 celle/ g Dic” tyots. A maximum of 43,000 Ostreopsis
calle/ g Dic tyota was racorded on one occasion.

L'abondance de Gambierdiscus toxicus, 1'épiphyte dinoflagellé benthique suspecté d'étre la
cause de la "ciguatera™, ainsi que celle d'un dinoflagellé associé, {dentifié comme une espice probable
d'Ostreopsis, ont &té suivie pendant 14 mole en 1983 ot 198&. L'habirat détudié se trouve en sau peu
profonde sur un platier interne, situd sur la céte sud-ouest de Puerto Rico (Mer des Carafbes). Lss

deux genres de dinoflageliée ont €té trouvds sur de nambreuses de macrpalgues ainsi que sur d'autraes
profondeur & 1'arridre du récif de Caracoles n'indiquent sucun changement saisonniar des niveaux des

populations. Les populations de G. toxicus, épiphyte des espices de Dictyota, détaient de l'ordrs de 100
a 300 cellules/g de poids humide d'algues, avec un maxismum da 8,000 cellules/g de Dictyota pour un
échantillon. Tout au long de 1'étude, le niveau de la populstion $tait extrimement variable avec une
abondance généralement supérieure i 3.000 cellules/g de Dictyota. Un maxisum de 4.300 cellules
d'Ostreopsis/g de Dictyota a été obeervé en une seuls occasion.
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INTRODUCTION

Ciguatera fish poilsoning is a circumtropical
phenomena (Banner, 1974) which has long been rec-
ognized (Randall, 1%58; Ragelis, 1984), Randall
(1958) first speculated that the primary vector
of ciguatera was a benthic microorganism, eicher
bacterial or algal. It wasn't until 2 decades
later that Yasumoto (1977, 1979a, 1979b, 1979¢)
suggested that the causal agent was a benthic
dinoflagellate, which he tentatively identified
as a new species of the genus Mplopsalis. This
supposition was based on observations of herb-
lvorous fish feeding on detritus and the sub-
sequent discovery of dinoflagellates comprising
a portion of that material. The dinoflagellate
wag later described as a new genus and species,
Gambierdiscus toxious, by Adachi and Fukuyo
(1979) based on collections from the Gambier Is-
lands, French Polynesia. Gambierdiacus toxicus
is also known in the Pacific from Hawaii
(Withers, 1981; Shimizu et al., 1982), the Ryukyu
Islands (Fukuyo, 1981), New Caledonia (Fukuyo,
1981; Yasumoto et al., (1984), as well as Guam,
Fiji, and Okinawa (Yasumoto et al., 1984). C,
toxtous was initially reported from Caribbean is-
lands including Puerto Rico by Bagnis (1979). It
is also known in the western Atlantic from the

Florida Keys (Bergman, 1981; Besada et al., 1982),

Ile St. Barthelemy in the leeward Antillean Is-
lands (Besada et al., 1982), and from the British
and American Virgin Islands (Tindall et al.,
1984; Carlson et al., 1984), These atudies have
all been of short dyration and with the sxception
of the Carlson et al, (1984) report, information
on natural pepulations of Cambierdiacus toxicus
is lacking. Tindall et al. (1984) has gpeculated
that other species of dinoflagellates in addition
to G. toricus way be invelved in ciguatera fish
poisoning. Accordingly, populations of G,
toricus as well as its local assoclate, g dino-
flagellate recently identified as Ostreopsie cf.
lentioularis, were monitored at a shallow inshora
coral reef habitat on the southwest coast of
Puerto Rico over a 15 month period. Information
concerning natural populations of Ostrecpsis
lenticularis has not previously been reported.

METHODS AND MATERIALS

Methods follow those of Yasumoto et al.
(1980) as modified by Withers (personal commni-
cation). Benthic macroalgae or other living or
inanimate substrates were collected and placed in
plastic bags with as little disturbance as possi-
ble. Bags were closed underwater without addi-
tional exchange with surrounding seawater. On
return to the laboratery, bags with substrate en-
closed were shaken vigorously and contents passad
through a 280 micron mesh screen. The filtrate
was then passed through a 35 micron mesh screen.
This slze fraction, retaining the dinoflagel-
lates, was suspended in a known volume of sea-
water. Two 0.5 ml aliquots of the above were
counted in a gridded Sedgewick-Rafter chamber and
numbers corrected to cella/g wet weight of algae
or cells/cm? of substrate. Additional aliquote
were taken in the event that counts were not in
close agreement. Sampling was conducted from
October 1983 through December 1984 with samples
taken once or twice weekly. The sampling site
wags an inshore coral reef known locally as Cayo
Caracoles and is located 1 km offshore from La

Parguera on the southwest coast of Puerto Rico,
Caribbean Sea.

At Caraccles Reef, sampling included sub-
strates across the entire reef profile but was
concentrated in the back reef at | m depth.
Surface temperatures were recorded at each sam-
Pling at the back reef of Caracoles and are
shown in Figure 1. During the course of study,
219 samples of algae (12 specles), seagrasses,
and both live and inanimate benthic substrates
were examined.

RESULTS

Gambierdiscue toricus and Ostrecpgis cf.
lenticularis were found at least occassionally
on most algal and seagrass species monitored,
see Table 1. Only Bryopsis plumosa lacked dino-
flagellates completely. Ostrecpsis was almost
always more abundant than Gambierdiscus on all
other substrates examined. Microcoleus lyngby-
aceus, Ceramium nitens, and Syringodium fili-
forme lacked epiphytic Cambierdiscus when same
rled but supported variable population densities
of Ostrecpsis. Siphonaceous green algae finclud-
ing Caulerpa racemosa, C. sertulariodes, Hali-
meda opuntia, H. simulans, Peniceillus eapttatus,
and Udotea flaballum generally supported low
Populations, an average of 22 G. toxious cells/g
and 107 0. léntioularie cells/g. Acanthophora
spicifera supported intermediate populestions of
both dinocflagellates while another rhodophyte,
Spyridia filamentosa, supported generally few
Gambierdiacus but large populations of Ogtrecp-
gi8. On dead mangrove and dead seagrass leaves,
Ostreopeis was the only dinoflagellate present.
Gambierdiecus toxicus was more abundant on Sar-
gasgwn ratans then was Osireopeie lenticularis;
however this host was only sampled once during
the course of study.

-
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Figure l: Surface temperatures measured at
the back reef of Cayo Caracoles, October

1983 - December 1984,

Consistenly highest dinoflagellate popu-
lations were found on the seagrass Thalassta
tegtudimm and the phaeophyte Dietyota spp.
Population levels for Gambterdiscus and Ogtre-
opeig on these macrophyte hosts at 1.0 m depth
from the back reef of Caracoles are shown in
Figurea 2 and 3. Dictyota species are not spec-
ified separately as more than one species com~
monly grew entangled in loose mats. This multi-
species assemblage included one or more species
of Metyota dichotoma, D. divaricata, D. bartay-
regii, and D, cerviecormis.

Average Gambierdiscus population densities
were at a maxiumum of 2,400 cells/g Dictyota at
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Table 1.

substrates at Cayo Caracoles, October 1983 - December 1984.

Population levels of Gambierdipcus toxicug and (Ostrecpsis lenticularis counted on various

Substrate

Bryopsis plumosa
(Chlorophyta)
Caulerpa racemcaa
{(Chlorophyta)
Ceramium nitens
{Rhodophyta)
Dictycta spp.
(Phaeophyta)
Halimeda opuwntia
(Chlorophyta)
Halimeda simulane
(Chlorophyta)
Udotea flabellum
(Chlorophyta)

Aeropora palmata
(coral)

Gorgonia ventilana
{gorgonian)

Millepora complanata
{coral)

Coral rubble with algal turf

Acanthophora spicifera
(Rhodophyta)
Dictyota spp.
{Phaeophyta)
Halimeda opuntia
{Chlerophyta)
Microcoleus lyngbyaceus
(Cyanophyta)
Thalassta teetudimem
{seagrasa)

Millepora complanata
{coral)
Porites porites
(coral}
Zooanthus-Thalasaia mat
(zooanthid + seagrass)
Coral rubble with algal turf

Aeanthophora spicifera
{Rhodophyta)
Caulerpa sertulariodes
(Chlorophyta)
Dietyota spp.
{Phaecphyta)
Halimeda opuntia
(Chlorephyta)
Halimeda simulane
(Chlorophyta)
Penteillua capitatue
(Chlorophyta)

Depths
Collected
M)

0.9 - 1.2
0.6 - 0.8

7.6 - 9.1

1.2 - 6.1

15.2

15.2

0.4 - 0.8

2.4 - 6.1

0.9 - 1.2

N Gambierdigcus toxricus

FORE REEF

cells/g
0

0-18

0 - 2]
0
0 - 186
cells/cm?
0
o
0

0-16

REEF FLAT AND REEF CREST

0.1 - 0.4

0.3 - 0.4
0.4

0.1 - 0.3

0.2 - 0.4
0.3

0.3 - 0.4
0.2

0.3 - 0.4

0.7 - 1.0

1.0 - 1.2

0.5 - 2.5

0.4 - 1.5

0.9 - 1.0

1.2 - 1.5

86

10
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cells/g
48 - 221

14 ~ 2,210
97
0

0 -8

cellsfcm2

21 - 54

cells/g
i8 - 138

0 - 189
0 - 7,788
0 - 57
0-13

0~ 17

Ostreopeis lenticularis

cells/g

0 - 38
cells/cm2
0
0
0

0 - 12

cells/g
0 - 378

42 - 3,210
S0
0 - 156

11 - 2,814

cells/cm2

0 - 58

cells/g
57 - 6,234

136 - 791
85 - 43,359
0 ~ 318
0 - 41

0 = 434



Table 1. (cont.)

Depths
Collected
Substrate M) N Gambierdiscus toxricus Ostrecpsie lenticularis
cells/g cells/g
Sargasswm natans floating 1 29 15
(Phaeophyta)
Spyridia filamentosa 2,4 - 2.5 2 0 - 31 1,934 - 2,154
{Rhodophyta)
Syringodiun filiforme 2.5 2 0 218 - 1,561
(seagrass)
Thalassia testudinum 0.5 - 2,8 49 0 - 1,463 0 - 10,059
(seagrass)
Dead Thglassia testudinum 1.3 1 0 615
leaves (seagrass)
Dead Fhizophora mangle 0.6 - 1.0 2 0 7 - 405
leaves (mangrove)
cells/cm2 cells/cm?
Bare sand 1.0 1 0 19
Coral rubble with algal turf 1.0 1 0 35
Coral rubble without algal 0.9 1 2 15
turf
the beginning of the study. Thereafter popula- of G, tozicus populations on Thalassia showed a
tion densicties decreased through February and similar decline (from a peak of 700 cells/g)
March, after which they fluctuated between 50 from October te February 1984. Low population
and 500 cells/g Dietyota through the remainder of densities ( <30 cells/g Thalassia) were subse-
the study (Fig. 2). A high of 7,788 cells/g quently found through the remainder of the study
Dictyota was counted at one sampling. Averages with the exception of a small peak (145 cells/g
Thalapsia} in October 1984. Dictyota was con-
sistently a better host for Gambierdiacus than
was Thalaseia.

- Populations of Catreopsis on both Dictyota
spp. and Thalassia were highly variable with
average densities generally between 2,000 and
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Figure 2: Population levels of Gambierdiscus Figure 3: Population levels of OUstrecpsie
toricus epiphytic on Thalaseia and Dictyota lenticularis epiphytic on Thalassia and
at 1.0 m at the back reef of Cayo Caracoles, Dictyota at 1.0 m at the back reef of Cayo
October 1983 - December 1984 (squares represent Caracoles, Qctober 1983 - December 1984
Dietyota spp. and circles represent Thalasaia . (squares represent Dictyota spp. and circles
testudinum) . represent Thalasgia testudinum).
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7,000 cells/g host (Fig. 1). Ostrecpsts did not
demonstrate greater preference for either host
althéugh its greatest abundance was found on a
sample of Dictyota (43,359 cells/g).

Population densities of Gambierdigous tox-
ieus and Cstrecpeis lenticularie were found to be
highly variable even within short distances and
on the same substrate. Dicfyota plants collected
within a 3 m radius varied as much as an order of
magnitude in difference during one sampling (80
cells/g to BB? cells/g Dictyota; 6-27-84)., At
the same sampling, Ostreopgts variled nearly as
greatly (from 81 to 748 cells/g Dictyota). Dur-
ing other sampling periods, Cambierdiscus and
Ostreopeig varied by at least a factor of 3.

Coefficents of variation (?g X 100) ranged

from 33X to 112% calculated for Gambierdiscus
and from 25% to 632 for Ostreopsis. This high
population variability is further reflected by
the large ranges of dinoflagellate numbers given
in Table 1.

In general, greater numbers of both dino-
flagellates were found on the back reef side of
Cayo Caracoles than in the shallow fore reef at
comparable depthe. Coral dominated cover in the
fore reef and reef crest areas. Both live coral
and gorgonian species were unsuitable for dino-
flagellate colonization, although approximately
50 Ostreopsis sp. cells/cm? were found on Porites
porites on one occasion. Low algal turfs growing
on dead coral and coral rubble comprises the
major algal cover on an area basis on the fore
reef of local inshore reefa. These turfs alsc
appeared to support fewer dinoflagellates/cm?
than on the reef flat and back reef.

DISCUSSION

Gambierdiscus toxicus and Ostreopeis lantic-
ularis colonized most algal hosts present at
Caracoles Reef, and the latter species was almost
always present in greater abundance than the
former. Among all surfaces examined, both dino-
flagellates demonstrated clear preference for
Dictyota spp. and Thalaseia testudimwm. High
population densities of Ostreopsis were also
found on Acanthophora spieifera and Spyridia fil-
amentosa.

Populations of Gambierdiscus toxicus on
Dictyota and Thalassia demonstrated fluctuations
not related to temperature, thus there does not
appear to be a marked seasonality in Gambier-
digcus abundance. The initfal large peak in G.
toxtous abundance was not repeated during the
following period of greater than one year. Such
bloom conditions are probably related to factors
other than or in additien to temperature such as
nutrient input with runoff due to rain. Bagnis
(1981) similarly did not find correlation between
sbundance of Tahitian C. toxfous and physical
factors. The highly fluctuating population den-
sities of Ostrecpeie lenticularis throughout the
study period further do not indicate seasonality,
Large variability in population densities from
samples taken from the same site and host implies
a high degree of patchiness in the smzll scale
distribution of the two dinoflagellate species.

Population densities of Gambierdiscus toz-
icug at Caracoles Reef appear to be accasionally
higher but otherwise comparable to reports of
Hawalian (Taylor, 1979; Withers, 1980; Shimizu,
1982) and Tahitian (Yasumoto, 197%a, 1979b, 1980)
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populations. Puerto Rican populations, however,
do not approach the densities(to 318,000 cells/g
Jania) reported from the Gambier Islands (Yasumo-
to et al., 1979a, 1980}, In the only previous
report of G. toxicus populations in the Caribbean,
Carlson et al. (1984) presented maximum dinoflag-
ellate densities on three algal species. As av-
erage population densities were not reported, it
is difficult to make comparison of that work with
the present study. Puerto Rican Cambierdiscus
toricus and Ostreopsis lenticularis populations
have been ghown to be highly variable both temp-
orally and spatially. Caution is therefore re-
quired in formulating conclusions concerning
status of benthic dinoflagellate populations
based on short term studies.

A Puerto Rican Ostreocpeis lemticularis clone
has recently been shown to have considerably
greater toxicity than a Puerto Rican Gambier-
discus toricus clone (Tosteson et al., 1985).
Greater toxicity in 0. lenticularis coupled with
its higher population densities than G. toricus,
probably indicate that the former species is a
more important contributor to the phenomena of
ciguatera than 1s the latter in southwest Puerto
Rico.
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