
DINOFLAGELLATES IN SHRIMP CULTURE PONDS UNDER TYPICAL 
PRODUCTION CONDITIONS 

Dinoflagelados en estanques de 
cultivo de camarón bajo condiciones 

típicas de producción 

Typical  physicochemical  conditions  in 
shrimp culture ponds depend largely on artifi- 
cial fertilization, whose purpose is to promote 
diatom and phytoflagellate proliferation, be- 
cause a high proportion of diatoms in phyto- 
plankton favors shrimp growth (Gárate-Lizá- 
rraga et al., 2009). Nevertheless, adding fertili- 
zers  also  promotes  blooming  of  harmful 
non-toxic  or  toxic  species  (Delgado  et  al., 

1996; Gárate-Lizárraga et al., 2004). These 
conditions and typical (desirable) phytoplank- 
ton in an adequate abundance have been des- 
cribed on the basis of spatial and temporal va- 
riations in species diversity of diatom assem- 
blages found in culture ponds of a shrimp farm 
during a 24-week (June-October 2003) pro- 
duction cycle in the State of Sinaloa, Mexico 
(Acevedo-González, 2007). Here, we record 
the co-occurring dinoflagellate species under 
the same overall conditions, and identify the 
potentially  harmful  non-toxic  and  toxic 
species. 
 

This study was carried out in shrimp 
ponds of the farm Marea Alta Comercial, near 
the Teacapán-Agua Brava lagoon system in 
Sinaloa, where intensive production of white 

shrimp (Litopenaeus vannamei) is practiced. 
Here, during a typical production cycle (Ju- 
ne-October 2003) in six selected ponds and in 
the water supply channel monthly net phyto- 
plankton (60 µm) samples were collected from 
the surface by doing ten minute tows. Bottom 
microalgae samples were collected directly 
along the pond margins using 250 mL plastic 
jars. All samples were preserved with 4% for- 
maldehyde. 
 

To identify dinoflagellates, fresh prepara- 
tions were mounted. Samples with excessive 
organic matter were previously sieved (Mat- 
suoka & Fukuyo, 2000). Sodium hypochlorite 
and methylene blue were added to observe 
plate ornamentation. Samples were examined 
in sedimentation chambers (Hasle, 1978) un- 
der an Olympus CK2 inverted phase contrast 

microscope. Taxonomic identification was do- 
ne following Balech (1988), Licea-Durán et al. 
(1995), Sournia (1967), Taylor (1976), and 
Steidinger and Tangen (1997). Taxa propor- 
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Although  the  role  of  phytoplankton  in 
maintaining water quality of shrimp culture 
ponds is generally accepted, the consequen- 

ces of its confinement and manipulation are 
largely unknown in terms of its structure, i.e., 

floristics, species diversity, and dominance. 
Thus, the changes in phytoplankton structure 
that could lead to the onset of harmful algal 

blooms (HAB) are still uncertain. 
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tions were estimated on the basis of N = 250 
for each sample, and their time variations were 

recorded. Finally, potentially harmful and toxic 
species were identified. 
 

Bottom samples contained a total of 46 

dinoflagellate taxa included in 16 genera (Ta- 
ble 1). Those comprising 48% of the species 

were Ceratium (16) and Protoperidinium (5). 
The more abundant were Prorocentrum, 

Scrippsiella,   and   Protoperidinium,   adding 
>70% to the total abundance. Dominant taxa 
occurred during June and July, while hi- gher 
species richness occurred in August along 
with a decrease in the abundance of the domi- 
nant taxa. During September and October di- 
noflagellate abundances were the lowest (Fig. 
1) although species richness varied little. 
 

Net samples yielded 40 taxa within 14 
genera. Those with higher species richness 

were Ceratium (14) and Prorocentrum (6) with 
50% of the species. The dominant Prorocen- 

trum, Protoperidinium, and Scrippsiella ac- 
counted for >83% of the total abundance 
which decreased towards the end of the pro- 
duction cycle. Dominant taxa remained the sa- 
me as in the bottom samples plus the less 
abundant Prorocentrum micans. In contrast, 
Protoperidinium cf. pacificum occurred more 
frequently in all the ponds particularly during 
August. Except for this species, the supply 
channel showed low abundances in July and 
August. By September, P. micans had become 
the most abundant taxon. 
 

Although the abundance of dinoflagellate 
taxa varied somewhat alternatively in both 
substrata, the lowest abundances occurred to- 
wards the end of the sampling period, which 
corresponds with the highest diversity values 
estimated for the diatom assemblages in the 

Figure 1. Monthly variation of the most abundant dinoflagellate taxa (relative abundance) in the cul- 
ture ponds of Marea Alta during a typical production cycle in June-October 2003. 
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Table 1. Dinoflagellate taxa collected in the culture ponds of the Marea Alta shrimp farm, Sinaloa, 
Mexico in June-October 2003. 

        Taxon                                                                                         References   

Thecate dinoflagellates 

Alexandrium sp. 

Blepharocysta splendor-maris Ehrenberg 

Ceratium balechii  Meave del Castillo et al. 

Ceratium belone Cleve 

Ceratium breve var. paralellum (Schmidt) Jörgensen 

Ceratium candelabrum var. candelabrum Sournia 

Ceratium deflexum (Kofoid) Jörgensen 

Ceratium falcatum (Kofoid) Jörgensen 

Ceratium furca (Ehrenberg) Claparède et Lachmann 

Ceratium furca var. furca Sournia 

Ceratium fusus (Ehrenberg) Dujardin 

Ceratium kofoidii Jörgensen 

Ceratium lunula (Schimper ex Karsten) Jörgensen 

Ceratium macroceros (Ehrenberg) Vanhöffen 

Ceratium massiliense (Gourret) Jörgensen 

Ceratium trichoceros (Ehrenberg) Kofoid 

Ceratium tripos var. atlanticum (Ostenfeld) Paulsen 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Balech (1988) 

Balech (1988) 

Meave del Castillo et al. (2003) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Balech (1988) 

Licea-Durán et al. (1995) 

Sournia (1967) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Balech (1988) 

Balech (1988) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Ceratium tripos var. pulchellum (Schröder) López ex Sournia Licea-Durán et al. (1995) 

Dinophysis caudata Seville-Kent 

Dinophysis sp. 

Dinophysis tripos Gourret 

Dinophysis rudgei Murray & Whitting 

Gonyaulax polygramma Stein 

Licea-Durán et al. (1995) 

Balech (1988) 

Licea-Durán et al. (1995) 

Balech (1988) 

Licea-Durán et al. (1995) 

 24    Gonyaulax spinifera (Claparéde et Lachmann) Diesing             Licea-Durán et al. (1995)   

same ponds (Acevedo-González, 2007). We 
also observed that S. trochoidea and P. mini- 
mum were among the most abundant in the 
same season as in Cortés-Altamirano and Li- 
cea-Durán (1999), albeit they recorded the 
highest diatom diversity towards the end of 
summer. 
 

Microphytoplankton characteristics (flo- 
ristics and diversity) vary according to seasons 
but not in shrimp culture ponds where a domi- 
nance of diatoms is mostly desired and should 
be maintained throughout the production 
cycle. However, this is impossible due to water 
recycling and artificial fertilization practices, 
which alter species composition of phyto- 
plankton in the ponds. Hence, two microphyto- 
plankton assemblages were recorded in the 
ponds of the Marea Alta shrimp farm at the be- 
ginning of the production cycle (June-July). 
They showed low species richness and diver- 
sity  related  to  artificial  fertilization  (Aceve- 
do-González, 2007), resembling eutrophiza- 
tion processes in the natural environment 
(Alonso-Rodríguez et al., 2000), and higher 

abundance of dinoflagellates in the ponds both 
in net and bottom samples. Diatom assembla- 
ges increased their species richness and di- 
versity values (H’) twofold in most ponds from 
June to September-October (Siqueiros-Beltro- 
nes & Acevedo-González, 2010). In this pro- 
cess, dominant diatom abundances decrea- 
sed sharply and equitability increased, while 
dinoflagellates decreased their abundances 
tenfold, down to a few specimens in October. 
On the other hand, August (start of the rainy 
period) seems to be a transitional phase when 
the highest species richness of dinoflagellates 
was observed, which agrees with an increase 
in the common diatom taxa and a decrease in 
the most dominant ones. 
 

Several dominant dinoflagellate taxa re- 
corded in this study are accountable for HAB in 
other shrimp culture ponds (Table 2). Gára- 
te-Lizárraga et al. (2006) indicate that these 
types of blooms are common throughout seve- 
ral shrimp ponds being operated in Baja Cali- 
fornia Sur, Mexico. Species responsible for 
such blooms are Nephroselmis sp., Scrippsie- 
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Table 1.  Continued 

        Taxon                                                                                         References   

Thecate dinoflagellates 

Goniodoma polyedricus (Pouchet) Drugg & Loeblich 

Heterocapsa sp. 

Ornithocercus magnificus Stein 

Ornithocercus sp. 

Oxyphysis oxytoxoides Kofoid 

Peridinium quinquecorne Abé 

Prorocentrum compressum (Bailey) Abé ex Dodge 

Prorocentrum gracile Schütt Prorocentrum 

micans Ehrenberg Prorocentrum minimum 

(Pavillard) J. Schiller Prorocentrum 

rhathymum Loeblich III et al. Podolampas 

palmipes Stein 

Protoperidinium conicum (Gran) Balech 

Protoperidinium elegans (Cleve) Balech 

Protoperidinium grande (Kofoid) Balech 

Protoperidinium cf. pacificum (Kofoid &  Michener)  F.J.R. 

Taylor & Balech ex Balech 

Protoperidinium pellucidum (Bergh) Balech 

Pyrophacus steinii (Schiller) Wall & Dale 

Scrippsiella trochoidea (Stein) Loeblich III 

Naked dinoflagellates 

Gymnodinium catenatum Graham 

Cochlodinium polykrikoides Margalef 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Balech (1988) 

Balech (1988) 

Licea-Durán et al. (1995) 

Balech (1988) 

Licea-Durán et al. (1995) 

Balech (1988) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Balech (1988) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Balech, 1988 

Balech, 1988 

41 

42 

43 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

Licea-Durán et al. (1995) 

44 

45 

Licea-Durán et al. (1995) 
Gárate-Lizárraga et al. (2004) 

 46    Noctiluca scintillans (Macartney) Kofoid & Swezy                      Licea-Durán et al. (1995)   

lla trochoidea, Prorocentrum minimum,  and 
Heterocapsa triquetra, which are likely favored 

by the high concentrations of artificial nutrients 
commonly poured into the ponds, especially in 
summer. On the other hand, a red tide caused 
by Ceratium balechii, Pseudo-nitzschia spp. 
and Gymnodinium catenatum (Cortés-Altami- 
rano & Alonso-Rodríguez, 1997) was blamed 
for a massive mortality of white shrimp nauplii 
in laboratories of southern Sinaloa in 1997. 

Supposedly, the hydrosoluble toxin made its 
way through the water filter considering that no 

cells were found in the water pumped from the 
sea. Meanwhile, another case of massive mor- 
tality of shrimp nauplii and adults in Fe- bruary-
March coincided with a series of red ti- des 
involving G. catenatum off the coast of Si- 
naloa (Gárate-Lizárraga et al., 2002). 
 

The    Teacapán-Agua    Brava    lagoon 
system  shows  a  high  primary  productivity 

Table 2. Harmful dinoflagellates found in culture ponds of Marea Alta Comercial shrimp farm (Sinaloa) in June-Octo- 
ber 2003, and their potential effects. 

Prorocentrum rhathymum 

Prorocentrum micans 

Hemolythic toxin producer 

Blooms may cause mortality of fish by oxygen 

depletion 

Okadaic acid producer; involved in diahrreic toxin 

production (DSP) 

Produces DTX-1 diophysitoxin involved in DSP 

Certain strains excrete substances toxic to Artemia 
nauplii. Associated to fish and bivalve mortality; DSP 

Nakajima et al. (1997) 

Horstman (1981) 

Dinophysis caudata Fukuyo et al. (1990) 

Dinophysis tripos 

Prorocentrum minimum 

Lee et al. (1989) 

Grzebyk et al. (1997) 

Fukuyo, Y. &. 
Y.T. Ishimaru. (1986) 

Hernández-Orozco & Gárate-

Lizárraga (2006) Gárate-

Lizárraga et al. (2004) 

Noctiluca scintillans Produces concentrated ammonia 

Gymnodinium catenatum PSP toxin producer; forms red tides 

Cochlodinium polykrikoides Ichthyotoxic (hemolythic), ROS Toxin producer 
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mainly at the start and at the end of the rainy 
season (June and November, respectively). It 

is related with an increase in the available nu- 
trient concentrations and to the presence of 
humic substances, which may stimulate pro- 
ductivity or otherwise inhibit it in higher con- 
centrations (Alonso-Rodríguez et al., 2000). 
 

According to the evidences gathered up 
to now, certain HAB produced by dinoflagella- 

tes in shrimp culture ponds seem to be exten- 
sions of these phenomena occurring in the ad- 
jacent marine environment, where conditions 
allow formation and resuspension of cysts that 

Balech,  E.,  1988.  Los  Dinoflagelados  del 
Atlántico Sudoccidental. Publ. Espec. 

Inst. Esp. Oceanogr. N° 1. Madrid. 314 p. 
 

Cortés-Altamirano, R. & S. Licea-Durán. 1999. 
Florecimientos de algas nocivas en es- 
tanques para cultivo semi-intensivo de 
camarón en México. Rev. Latinoam. Mi- 

crobiol., 41: 157-166. 
 

Delgado, G., G. Arencibia, L. De la Paz & R. E. 
Nodar, 1996. Red tide in shrimp culture 
ponds in Cuba. Rev. Cuba. Invest. Pesq., 
20 (1): 23- 24. 

 

Fukuyo, Y. &. Y.T. Ishimaru. 1986. Toxic dino- 
flagellates in Japan. 307-310, In: J.L Ma- 
clean. LB. Dizon & L.V. Hosillos (eds.), 
The First Asian Fisheries Forum. Asian 
Fisherles Society, Manila. Filipinas. 

 

Fukuyo, Y., H. Takano, M. Chihara & K. Mat- 
suoka 1990. Red tide organisms in Japan 
– an illustrated taxonomic guide. Uchida 
Rokakuho, Tokyo. 430 pp. 

 

Gárate-Lizárraga, I., J.J. Bustillos-Guzmán & 
R. Alonso-Rodríguez. 2002. Distribution 
of Gymnodinium catenatum Graham, in 
coastal waters of México. Harmful Algae 
News, 23:1-2. 

 
Gárate-Lizárraga, I., D.J. López-Cortés, J.J. 

eventually  germinate  and  enter  the 
through the supply channel. 
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