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Objective  To study the transfer of paralytic shellfish toxins (PST) using four simulated marine food chains:
dinoflagellate Alexandrium tamarense—Artemia Artemia salina—Mysid shrimp Neomysis awatschensis; A. tamarense—N.
awatschensis; A. tamarense—A. salina—Perch Lateolabrax japonicus; and A. tamarense—L. japonicus. Methods The
ingestion of A. tamarense, a producer of PST, by L. japonicus, N. awatschensis, and A. salina was first confirmed by
microscopic observation of A. tamarense cells in the intestine samples of the three different organisms, and by the analysis of
Chl.a levels in the samples. Toxin accumulation in L. japonicus and N. awatschensis directly from the feeding on 4. tamarense
or indirectly through the vector of 4. salina was then studied. The toxicity of samples was measured using the AOAC mouse
bioassay method, and the toxin content and profile of 4. tamarense were analyzed by the HPLC method. Results Both 4.
salina and N. awatschensis could ingest 4. tamarense cells. However, the ingestion capability of 4. salina exceeded that of N.
awatschensis. After the exposure to the culture of 4. tamarense (2 000 cells-mL™") for 70 minutes, the content of Chla in A.
salina and N. awatschensis reached 0.87 and 0.024 ug'mg™', respectively. Besides, A. tamarense cells existed in the intestines of
L. japonicus, N. awatschensis and A. salina by microscopic observation. Therefore, the three organisms could ingest A.
tamarense cells directly. A. salina could accumulate high content of PST, and the toxicity of 4. salina in samples collected on
days 1, 4, and 5 of the experiment was 2.18, 2.6, and 2.1 MU-g"', respectively. All extracts from the samples could lead to death
of tested mice within 7 minutes, and the toxin content in artemia sample collected on the Ist day was estimated to be 1.65x10”
ng STX equal/individual. Toxin accumulation in L. japonicus and N. awatschensis directly from the feeding on A. tamarense or
indirectly from the vector of 4. salina was also studied. The mice injected with extracts from L. japonicus and N. awatschensis
samples that accumulated PST either directly or indirectly showed PST intoxication symptoms, indicating that low levels of
PST existed in these samples. Conclusion Paralytic shellfish toxins can be transferred to L. japonicus, N. awatschensis, and
A. salina from A. tamarense directly or indirectly via the food chains.
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INTRODUCTION

Paralytic shellfish toxin (PST) is one of the most
common and deadly phycotoxins in the sea, produced
mainly by the dinoflagellates-including 11
Alexandrium species, Gymnodinium catenatum and
Pyrodinium  babamense — var.  compressum'™),
Previous studies showed that these toxic algae could
lead to mass mortalities of marine organisms'**.
Besides, PST could be accumulated by a part of
marine  organisms, such as  plankton?®'",
crustacean''! and shellfish!"*'¥), due to their feeble
swimming abilities. Toxins accumulated in these
organisms could be further transferred via marine
food web to organisms at higher trophic levels, such
as fish, birds and mammals in the seall:*!0-1114-15]

Furthermore, human illness caused by the
consumption of PST has been reported all over the
world!'7,

Recently, the harmful algal blooms (HABs)
caused by dinoflagellate Prorocentrum donghaiense
and Alexandrium spp. occurred in East China Sea at a
high frequency, and the Alexandrium species can
produce a high level of PSP toxins!"®. Since
Zhoushan fishery, the most important fishery of
China, is just located in this area, it is important to
know whether and how the organisms living in this
area accumulate PSP toxins when HABs occur. It is
also important to know whether the fishes or shrimps
coming to the HAB area later accumulate PSP toxins
indirectly by ingesting toxic zooplankton after the
HAB event.

'The work was supported by National Basic Research Project No. 2001 CB409700, NNSFC KZCX2-YW-208.
“Correspondence should be addressed to Tian YAN. Fax/Tel: 86-532-82898589. Fax: 86-532-82893088. E-mail: tianyan@ms.qdio.ac.cn
Biographical note of the first author: Zhi-Jun TAN, male, born in 1978, graduate student of IOCAS and GSCAS, majoring in marine

ecotoxicology and HAB. E-mail: zhijuntandy@hotmail.com

235

0895-3988/2007
CN 11-2816/Q
Copyright © 2007 by China CDC



236 TAN ET AL.

Three typical organisms were chosen in our
study to examine the transfer of PST via food chains.
Perch Lateolabrax japonicus is an important
commercial fish at northern part of China. Mysid
shrimp Neomysis awatschensis belonging to genus
Mysidopsis, is widely distributed along the coast of
China, and is used as the standard test organism in
toxicity bioassay!"”\. Artemia Artemia salina, a common
diet for the larva of marine organism, can be taken as a
representative species of zooplankton. Four simulating
food chains: dinoflagellate—artemia—mysid shrimp,
dinoflagellate—mysid  shrimp, dinoflagellate—
artemia—perch, and dinoflagellate—perch were set
up in the experiment. This paper reports the results of
the simulated experiment on PST transfer via the
food chains.

MATERIALS AND MATHODS
Maintenance of Algae and Test Organisms

A strain of A. tamarense (ATHK) isolated from
South China Sea was cultured in a 5 L bottle with 4 L
of /2 medium at 20°C under a light intensity of 52
pEm™s” (14:10 h L:D cycle). Isochrysis sp. was
cultured in a 20 L bottle with /2 medium at 20°C
under natural light intensity. Both algae at
exponential phase (4. tamarense: 0.75x10* cells'mL"™;
Isochrysis sp.: 2.8x10° cellsmL") were used for
experiments.

Juvenile fishes of perch L. japonicus (about 5 cm
long) were purchased from a culture-farm in Qingdao,
China, and acclimated to experimental conditions for
two weeks in a 100 L aquarium with flow through
water supply prior to experiment. Mysid shrimps M.
avatschensis were collected from the west coast of
Jiaozhou Bay, Qingdao, and maintained in a 100 L
aquarium with flow through water supply. Healthy
and active mysid juveniles of 5+1 d were collected
and used in the experiment. Perch and mysid
cultures were continuously supplied with
sand-filtered seawater pumped from Taipingjiao (a
site out of Jiaozhou Bay without pollution history).
Eggs of artemia A. salina (hatching rate is about
80% under 25°C) were purchased from American
Salt Creek Inc. The 48 h old larvae of artemia(mean
wet-weight was 0.054+0.001 mg) were used for
experiments.

Mice (ICR strain) purchased from Qingdao
Institute for Drug Control were used for bioassay of
PSP toxicity, as described in AOAC?",

Feeding Experiments

To test the ability of N. awatschensis and A.
salina to ingest of A. tamarense, the animals were

starved for 24 hours prior to the experiment. Diluted
culture of A. tamarense collected at the exponential
phase (2000 cells'mL™") with fresh seawater was used
in the experiment, Isochrysis sp. (40 000 cells-mL™)
was used as control. For the experiment of M.
awatschensis, 200 individuals were put into 800 mL
algae medium in a 1 L beaker. For the experiment of
A. salina, 500 individuals were put into 400 mL algae
medium in a 500 mL beaker. Each group had four
replicates. One hundred individuals of 4. salina and
30 individuals of N. awatschensis were collected on
a GF/C membrane after 0, 30, 50, 70 minutes,
respectively. To determine the Chl.a level, a certain
number of cells of 4. tamarense and Isochrysis sp.
were also collected to the GF/C membrane to
analyze the relationship between Chl.a level and
cell number.

All samples were ground and extracted with 10
mL 90% acetone, and stored at -20°C in dark for 24
hours. The Chla level was determined with a
spectrophotometer using the methods described in the
Criterion of PRC (GB12763.6-91): Marine Investigation
Criterion for marine biological investigation.

Except for the analysis of Chla, the intestine
samples were also observed for 4. tamarense cells to
confirm the ingestion of A. tamarense cells by the
different organisms. The ingestion of A. tamarense
cells by L. japonicus was tested only by this method
due to the difficulty in analysis of Chla in L.
Jjaponicus.

PST Transfer via Food Chains

All accumulation experiments were carried out in
10 L glass tanks, with 8 L fresh seawater or diluted
culture of 4. tamarense. Seawater or culture of A.
tamarense was replaced every day. Continuous
aeration was given during the experiment. The
temperature was 20°C-22°C.

In experiment of A. salina, about 10* individuals
were put into each tank containing diluted culture of
A. tamarense, and 20 mL Isochrysis sp. (5x10°
cellsmL™) were added as food everyday. The
experiment lasted for 5 days. Live animals on the 2nd
and 5th days, and the excreta on the 4th day were
collected for toxicity assay. Artemia used in the toxin
transfer experiment were exposed to the diluted
culture of 4. tamarense to accumulate PST for 24
hours. These toxic artemia were then used as food of
N. awatschensis and L. japonicus in the following
experiments.

In experiment of N. awatschensis, 100
individuals were put into each tank. For simulated
food chain 4. tamarense—N. awatschensis, mysid
shrimps were exposed to culture of 4. tamarense, and
non-toxic artemia (about 3x10* individuals, wet
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weight 1.5 g) were added as food twice daily. The
experiment lasted for 6 days. For simulated food
chain A. tamarense—A. salina—N. awatschensis,
mysid shrimps were put into fresh seawater, and fed
with toxic artemia twice daily. The amount of toxic
artemia added was the same as that described above.
The experiment lasted for 8 days.

In experiment of L. japonicus, 20 individuals
were put into each tank. For simulated food chain A.
tamarense—L. japonicus, perch was exposed to
diluted culture of A. tamarense, and non-toxic
artemia (about 4x10* individuals, wet weight 2 g)
were added as food twice daily. The experiment
lasted for 6 days. For simulated food chain A.
tamarense—A. salina—L. japonicus, perch was put
into fresh seawater, and fed with toxic artemia. The
amount of toxic artemia added was the same as that
described above. The experiment lasted for 8 days.
Samples were collected after the experiment and
stored at -20°C.

Samples of perch, mysid and artemia that did not
touch A. tamarense were taken as control and
collected into test tube, and A. tamarensecells used in
the experiment (7 500 cellssmL", about 1 085 mL)
were collected by filtration with a GF/C membrane to
analyze the toxin content and profile. All samples
were stored at -20°C. The toxicity of the animal and
A. tamarense samples was assayed by the AOAC
method, and the A. tamarense sample was also

analyzed with high-performance liquid
chromatography (HPLC).
HPLC Analysis

The PSP toxin profile and content of A.
tamarense were analyzed with HPLC*!. Sample was
extracted with 0.1 mmol/L acetic acid. For C toxin
analysis, the sample was hydrolyzed by 0.1 mmol/L
hydrochloric acid and reanalized®"). The excitation
and emission wave length used for detection of PSP
toxins were 330 nm and 390 nm, respectively.
Temperature set for the post column derivatization
was 80°C. All solvents used were HPLC grade and
1-heptanesulfonic acid was purchased from Sigma.
The other chemicals were of analytical grade.
Water used for HPLC was prepared by the Millipore
Ultra Pure Water System (Millipore, Milford, USA).
Toxin standard, including GTX1, GTX2, GTX3, and
GTX4 were purchased from the National Research
Council, Canada, Marine Analytical Chemistry
Standards Program, Halifax NS, Canada.

Mouse Bioassay

Samples collected during the experiment were
extracted with 0.1 mmol/L acetic acid and 0.1
mmol/L hydrochloric acid (HCI). Toxicity of the

samples was then assayed with mice (ICR strain),
according to the protocol of AOAC (Association
of Official Methods of Analytical Chemists)!****,
The symptoms of mice after the injection
(intraperitoneally [i.p]) were observed, and the lethal
time was recorded. PSP toxin contents of A. salina
samples were estimated according to the results of
HPLC and mouse bioassay.

RESULTS
Feeding Experiments

The Chl.a level of A. tamarense and Isochrysis sp.
increased with the number of algae cells. The Chl.a
content in a single 4. tamarense cells was about 200
times as high as in a single Isochrysis sp. cell, which
was similar with the cell bulk ratio (Fig. 1) between
the two different algae. The results of the feeding
experiment showed that both N. awatschensis and A.
salina could ingest A. famarense and Isochrysis sp.
cells directly, but A. salina was more inclined to
ingest algae than N. awatschensis. After 70 minutes,
the Chl.a level of A. tamarense in A. salina and N.
awatschensis was 0.87 and 0.024 pgmg’,
respectively. The Chl.a level of Isochrysis sp. in A.
salina and N. awatschensis was 0.024 and 0.004
ngrmg”, respectively (Fig. 2). A. tamarense cells
were observed in the intestines of L. japonicus, N.
awatschensis and A. salina after these organisms
were exposed to 0.2x10* cellssmL™ 4. tamarense for
24 hours (Fig. 3). However, only a few cells of 4.
tamarense could be observed in the intestine of L.
Japonicus, compared to the congregated cells of A.
tamarense in the intestine of A. salina, suggesting
that A. salina could accumulate PST more easily
from A. tamarense than L. japonicus.

5r 0.05
4+ 0.04
3r  —m— A.tamarense 0.03

<+ O~ - - [sOChrysis sp.

Chlorophyl-a level of A. tamarense (mg)
Chlorophyl-a level of Isochrysis sp.(mg)

Cell number (x10%)

FiG.1. The relation between chlorophyll-a
level and cell number of A. tamarense
and Isochrysis sp.

Profile and Content of PSP Produced by A.
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FIG. 2. The chlorophyl-a level in A. salina (A) and N. awatschensis (B) during intaking process.

FIG. 3. The A. tamarense cells in the intestines of L. japonicus (A), N. awatschensis (B) and 4. salina (C).

The results showed that PST produced by A.
tamarense was mainly composed of C, Bl (GTX5),
GTX1/4, and GTX2/3. The proportion of GTX toxins
was the highest, accounting for 54.84% of the total

toxins. The total PSP content of this strain was 18.5
fmol STX Equal/cell (Fig. 4 and Table 1).

Toxicity of Algae, Artemia, Mysid, and Perch Samples

TABLE 1

Toxin Composition and Content of PST Produced by 4. tamarense (ATHK) at Stationary Phase

Toxins Cl 2 Bl GTX 4 GTX1 GTX3 GTX2
Quantity (pg/cell) 230 5.82 018 4.84 3.10 0.18 0.12
Quantity (fmol/cell) 0.468 1.224 0.048 1.176 0.754 0.046 0.030
Percent (%) 12.49 32.67 1.03 31.39 20.13 1.02 0.55
Toxicity (pg STX Equal/cell) — 0.188 0.010 3.16 2.04 0.10 0.04

Total

5.538 pg STX Equal/cell or 18.5 fmol STX equal/cell

Note. C, B1: N-sulfocarbamoy toxins; GTX1,2,3,4: Gonyautoxinl,2,3,4.

From Table 2, it could be seen that A. tamarense
sample had strong toxicity to the mice, with a toxicity
of 1.83 MU-mL". Both live 4. salina and the facets
contained a high content of PST. The toxicity was
2.18 and 2.1 MU-g" for the live A. salina samples
collected on the 1st and 5th day after the exposure to
A. tamarense. The facet sample collected on the 4th
day had a toxicity of 2.6 MU-g". The tested mice
died within 7 minutes and showed typical symptoms
caused by PST, such as gasp, convulsions, leap,

staggering during the experiment. Samples of N.
awatschensis and L. japonicus collected from the
direct or indirect accumulation experiments also
showed typical symptoms of PSP intoxication in tested
mice, though no death of tested mice was observed,
probably due to the low PST content in these samples
suggesting that A. salina could directly accumulate
PST from A. tamarense, and N. awatschensis while L.
Japonicus could accumulate PST directly from A.
tamarense or indirectly from A. salina as a vector.
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FIG. 4. Chromatograms of toxins extracted from A. tamarense (ATHK) before (A) and after (B) hydrolysis.
TABLE 2
The Toxin Level of 4. tamarense, A. salina, N. awatschensis, and L. japonicus Samples Analyzed Using Mouse Bioassay
Samples Symptoms of Mouse Effects/Toxicity
Control 0.1 mol-L™! Hydrochloric Acid (HCI) Painful and Uneasy, But Recovered Soon -
0.1mol-L™" Acetie Acid Painful and Uneasy, But Recovered Soon -
4. salina Extracted by HCI Painful and Uneasy, But Recovered Soon -
’ Extracted by Acetie Acid Painful and Uneasy, But Recovered Soon -
N avatschensis Extracted by HCI Painful and Uneasy, But Recovered Soon -
' ) 5t Extracted by Acetie Acid Painful and Uneasy, But Recovered Soon -
. X Extracted by HCI Painful and Uneasy, But Recovered Soon -
L. japonicus . . .
Extracted by Acetie Acid Painful and Uneasy, But Recovered Soon -
I mL A. tamarense (910" Cells) Gasp, .Convul’swfls, Leap, Respiratory Failure, ++++ :
and Died at 525 (1.83 MU-mL™)
A. salina : . Lasted for 1 Day Gasp, .Convul,sm:ls, Leap, Respiratory Failure, ++++ }
(0.1 mol'L" Acetie and Died at 6'48 (2.18 MU-g™")
Acid) ; ; ;
Lasted for 5 Days Gasp, .Convul’swgls, Leap, Respiratory Failure, ++++ }
and Died at 6'28 (2.1 MU-g")
Facets Collected on the 4th Day Gasp, .Convul’swfls, Leap, Respiratory Failure, ++++ }
and Died at 5'51 (2.6 MU-g")
N. avatschensis Accumulated Directly Irregular Breathing, Convulsions, Staggering, +
(0.1 mol-L" Acetie (4. tamarense—N. avatschensis) Leap, Did Not Die
Acid) Accumulated Indirectly Irregular Breathing, Convulsions, Staggering, +
(A. tamarense—A. salina—N. avatschensis) ~ Leap, Did Not Die
L. japonicus Accumulated Directly Irregular Breathing, Convulsions, Staggering, +
(0.1 mol-L" Acetie (4. tamarense—L. japonicus) Leap, Did Not Die
Acid) Accumulated Indirectly Irregular Breathing, Convulsions, Staggering, +

(A. tamarense—A. salina—L japonicus)

Leap, Did Not Die

Note. ++++ means strong toxicity; + means weak toxicity; - means negative control.
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Estimation of PSP Level in A. salina

Based on the results of mouse assay and HPLC
analysis, the content of PSP produced by A.
tamarense was 5.538 pg STX equal-cells”, or 2.0x10”
MU cells”. The toxicity of A. salina exposed to A.
tamarense for 1 day was 2.2 MU-g", which was
about 6.092x10° pg STX equal'g’. The average
wet-weight per individual of A. salina was 0.054 mg,
and the toxicity was about 3.29 pg STX equal/
individual.

DISCUSSION

Growth and toxin production of dinoflagellate
are greatly influenced by the environmental factors
such as light, salinity, temperature and nutriment>*>")
as well as algale growth rate and nutrition
metabolism®®.  The biosynthesis,  transform,
decomposition and excretion of phycotoxins have a
relationship with algae physiology, which is strongly
affected by environmental factors. In this paper, C1,
C2, GTX1, GTX2, GTX3, GTX4, and GTXS5 were
detected in A. tamarense with the total toxicity of
18.5 fmol STX Equal/cell. The toxin content and
profile of A. tamarense were slightly different from
the previously reported result®’ which might be due
to the sample collection time. Martins et al.®" found
that saxitoxin production is lost in A. lusitanicum
during routine culture maintenance.

We found that both N. awatschensis and L.
Japonicus could accumulate PST by direct ingestion
of A. tamarense cells, despite the carnivorous
characteristics of these organisms, suggesting that
this process is not the major way for nutrient uptake
of these organisms. The algal cells found in their
intestines may be due to the mistaken intake or other
reasons, such as water swallow. It has been reported
that Calanus finmarchicus, a planktonic copepod,
could feed upon the non-toxic diatom Thalassiosira
weiffflogii and avoid toxic dinoflagellate A.
excavatum when presented with a mixture of both
algae” suggesting that it may have some A.
excavatum cells in its body and that the copepod
could ingest the toxic dinoflagellate, either in a
wrong way or during exploratory bouts of feeding.
Toxin analysis results of C. finmarchicus samples
showed a similar toxin profile to that of the toxic
dinoflagellate, suggesting that the copepod could
accumulate toxins from A. excavatum. White et al.
Bl also has demonstrated that first-feeding larvae of
red sea bream, Pagrus major, could ingest A.
excavata directly. However most studies showed that
crustaceans!''! and fishes!"'*! could accumulate PSP

indirectly by ingesting toxic zooplankton or other
organisms. The PSP mainly occurs in the liver, gut,
gill, etc.". Since PSP does not appear to
accumulate in muscle of fish, and humans who
consume only the muscle are unlikely to become
intoxicated, whereas those who eat the viscera are
more easily to become sick****,

Zhoushan fishery is one of the most important
fish industries in China. The HAB caused by
Prorocentrum donghaiense and toxic Alexandrium
species not only do harm to the different marine
organisms through the toxic effects, but also pose a
potent threat to human-beings through the toxin
transfer process via marine food chains. Marine
zooplankton, crustaceans or fishes could accumulate
PST directly from toxic algae or by ingesting toxic
zooplankton after the HAB event. Therefore, to
protect the environment and human health, great
attention should be paid to HAB and marine algal toxins
from the environmental and epidemiological view.

REFERENCES

1. Castonguay M, Levasseur M, Beaulieu J L, et al. (1997).
Accumulation of PSP toxins in Atlantic mackerel: seasonal and
ontogenetic variations. J Fish Biol 50, 1203-1213.

2. Hallegraeff G M (1995). Harmful algal bloom: a global
overview. In: (Hallegraeff G. M, Anderson D M, Cembella A D)
Manu. on Harm. Mari. Microa. IOC Manuals and Guides No.
33. UNESCO.

3. Landsberg J H (2002). The effects of harmful algal blooms on
aquatic organisms. Reviews in Fisheries Science 10(2), 113-390.
(Stickney Robert R). New York: CRC Press

4. Chen C Y, Chou H N (2001a). Ichthyotoxicity studies of
milkfish chanos chanos fingerlings exposed to a harmful
dinoflagellate Alexandrium minutum. J Exp Mar Biol Ecol 262,
211-219.

5. Chen C Y, Chou H N (2001b). Accumulation and depuration of
paralytic shellfish poisoning toxins by purple clam Hiatula
rostrata Lighttoot. Toxicon 39, 1029-1034.

6. Glibert P M, Landsberg J H, Evans J J, et al. (2002). A fish kill
of massive proportion in Kuwait Bay, Arabian Gulf, 2001: the
roles of bacterial disease, harmful algae, and eutrophication.
Harm Alga 1,215-231.

7. Robineau B, Fortier L, Gagne J A, et al. (1991a). Comparison
of the response of five larval fish species to the toxic
dinoflagellate Alexandrium excavatum (Braarud) Balech. J Exp
Mar Biol Eco 152, 225-242.

8. Robineau B, Gagne J A, Fortier L, et al. (1991b). Potential
impact of a toxic dinoflagellate (Alexandrium excavatum)
bloom on survival of fish and crustacean larvae. Mar Biol 108,
293-301.

9. Turriff N, Runge J A, Cembella A D (1995). Toxin
accumulation and feeding behavior of the planktonic copepod
Calanus fonmarchicus exposed to the red-tide dinoflagellate
Alexandrium excavatum. Mar Biol 123, 55-64.

10.Durbin E, Teegarden G, Campbell R, et al. (2002). North
Atlantic right whales, Fubalaena glacialis, exposed to paralytic
shellfish poisoning(PSP)toxins via a zooplankton vector,
Calanus finmarchicus. Harm Algae 1,243-251.

11.0ikawa H, Fujita T, Saito K, et al. (2004). Comparis on of
paralytic shellfish poisoning toxin between carnivorous crab



PST TRANSFER V74 FOOD CHAINS 241

(Telmessus acutidens and charybdis japonica) and their prey
mussel (Mytilus galloprocincialis) in an inshore food chain.
Toxicon 43, 713-719.

12.Blanco J, Reyero M I, Franco J (2003). Kinetics of
accumulation and of paralytic shellfish toxins in the blue
mussel Mytilus galloprovincialis. Toxicon 42, 777-784.

13.Chen C Y, Chou H N (2002). Fate of paralytic shellfish
poisoning toxins in purple clam Hiatula rostrata, in outdoor
culture and laboratory culture. Mar Poll Bull 44, 733-738.

14.Geraci J R, Anderson D M, Timperi R J, et al. (1989).
Humpback whales (Megaptera novaeangliae)fatally poisoned
by dinoflagellate toxin. Cana J Fish Aquan Scien 46,
1895-1898.

15.Montoya N G, Akselman R, Franco J, et al. (1996). Paralytic
shellfish toxins and Mackerel (Scomber Japonicus) mortality in
the Argentine sea. Harmful and Toxic Algal Blooms, Japan, by
the United Nations Educational, Scientific and Culture
Organization, pp. 417-410.

16.Garcia C, Bravo M C, Lagos M, et al. (2004). Paralytic
shellfish poisoning: post mortem analysis of tissue and body
fluid samples from human victims in the patagonia fjords.
Toxicon 43, 149-158.

17.Lagos N (1998). Microalgal blooms: a global issue with
negative impact in Chile. Biol Res 31, 375-386.

18.Zhou M J, Yan T, Zou J Z (2002). Preliminary analysis of the
charateristics of red tide in Changjiang River estuary and its
adjacent sea. Chinese J Appl Ecol 14(7), 1031-1038. (In
Chinese)

19.Yan T, Zhou M J, Tan Z J, et al. (2002). Study and application
of Toxicity Test Method Using Neomysis awatschensis in
Toxicity Evaluation of Drilling Fluid. Mar Sci Bull 4(1), 71-75.

20.A0AC. (1990). Paralytic Shellfish Poison. Biological method.
Finaltion. In: (K. Hellrich, ed) Official methods of Analysis.
15th Edition. sec 959.08. Association of Official Methods of
Analytical Chemists. Arlington. Viginia. USA. 881-882.

21.0shima Y, Kiyoko S, Takeshi Y (1989). Latest advances in
HPLC analysis of paralytic shellfish toxins. Mycotoxins and
Phycotoxins, pp.319-326.

22.Chou H N (1999). Manual on microalgal toxin detection in
seafood products. Department of Health, Taiwan. The SueiChan
Press of Taibei.

23.Boyer G L, Sullivan J J, Andersen R J, et al. (1987). Effects of
nutrient limitation on toxin production and composition in the

marine dinoflagellate Protogonyaulax tamarensis. Mari Biol
96, 123-128.

24.Anderson D M, Kulis D M, Sullivan J J, et al. (1990a).
Dynamics and physiology of saxitoxin production by the
dinoflagellate Alexandrium spp. Mari Biol 104, 511-524.

25.Anderson D M, Kulis D M, Sullivan J J, et al. (1990b). Toxin
composition variations of the dinoflagellate Alexandrium
fundyense. Toxicon 28, 885-893.

26.Franks P J S (1997). Models of harmful algal blooms. Limno
Ocean 42, 1273-1282.

27.Cembella A D (1998). Ecophysiogology and metabolism of
paralytic shellfish toxins in marine microalgal. In: Anderson, D.
M., Cembella, A.D. and Hallegraeff, G.M. (Eds) Physiological
Ecology of Harmful Algal Blooms, Berlin: Springer, pp:
381-403.

28.Tett P (1987). Modelling the growth distribution of marine
microplankton. In: Fletcher M, Gray T R G, Jones J G (eds)
Ecology of Microbial Communities, V.41, Cambridge
University Press, Cambridge, pp. 387-425.

29.Yu R C, Hummert C, Luckas B, ef al. (1998). Analysis of PSP
toxins in algae and shellfish samples from China using a
modified HPLC method. Chromat 48(9/10), 671-676.

30.Martins C A, Kulis D, Franca S, ef al. (2004). The loss of PSP
toxin production in a formerlly toxic Alexandrium lusitanicum
clone. Toxicon 43,195-205.

31.White A W, Fukuhara O, Anraku M (1989). Mortality of fish
larvae from eating toxic dinoflagellates or zooplankton
containing dinoflagellates. In: Red Tides, Biology, Science and
Toxicology, pp.395-398. (Okaichi, T., Anderson, D. M. and
Nemoto, T., Eds.). New York: Elsevier.

32.Gonzalez C L, Ordones J A, Maala A M (1989). Red tide: the
Philippine experience. In: Red Tides, Biology, Environmental
Science and Toxicology, pp.97-100. (Okaichi T, Anderson D M,
Nemoto T, Eds). New York: Elsevier.

33.Maclean J L (1979). Indo-Pacific red tides. In: Toxic
Dinoflagellate Blooms, pp.173-178. (Taylor D L and Seliger H
H, Eds.). New York: Elsevier.

34.Maclean J L, White A W (1985). Toxic dinoflagellate blooms in
Asia: a growing concern. In: Toxic Dinoflagellates, pp.517-520.
(Anderson D M, White A, and Baden D G, Eds.). New York:
Elsevier.

(Received January 20, 2006 Accepted March 7,2007)



	*Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, Shandong, China;  #Graduate School, Chinese Academy of Sciences, Beijing 100039, China  
	N. avatschensis
	L. japonicus

