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Abstract

The noxious effect of Schizothrix calcicola strain UTEX B-1936 to white shrimp Litopenaeus

vannamei (Penaeus vannamei) postlarvae is reported. The larvae exposed to this cyanobacterium

during a 15-day long experiment grew smaller and weighed less (R2 = 0.6704) than unexposed

organisms (R2 = 0.9049). Histological analysis of exposed shrimps revealed severe damage to the

gastrointestinal linen. We believe that such kind of lesions may interfere with food absorption, which

could explain the slow larvae growth and size development observed. Hence, S. calcicola blooms in

shrimp ponds may jeopardize the culture by slowing shrimp growth rate and biomass yield.
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1. Introduction

Cyanophyta (cyanobacteria) blooms (Carmichael, 1992) are now considered part of a

general phenomenon known as harmful algae blooms (HABs), that is imposing a serious

threat to human health and the environment worldwide (Hallengraeff, 1993). Cyanobac-

terial toxins or cyanotoxins, in principle, could be aimed to inhibit predators, competing
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algae, and macrophytes, but may also affect other aquatic and terrestrial animals as well as

humans (Duy et al., 2000). Based on reports from the past 50 years, it is now recognized

that chronic exposure to cyanotoxins occurs in many places, particularly where surface

water (such as ponds, rivers, or reservoirs) is directly consumed. Levels as low as one part

per billion of certain cyanotoxins (e.g. microcystins and nodularins) have been associated

with nonlethal acute or chronic effects, and their monitoring and control, especially in

domestic water supplies, is recommended (Scott Yoo et al., 1992).

Most common cyanotoxins exert their effect (biotoxic, neurotoxic, and hepatotoxic)

upon ingestion; others have been detected only because of their action on cell cultures

(cytotoxins), and still others because they may exert a noxious effect on external or

exposed tissues, such as the eye or epidermis after contact. One example of this latter case

is a debromoaplysiatoxin produced by Schizothrix calcicola which upon contact causes

‘‘swimmers itch’’ and eye irritation and, if ingested, hay fever symptoms, dizziness,

fatigue, and acute gastroenteritis (Lippy and Erb, 1976; Mynderse et al., 1977). Associ-

ation with other cyanophytes considered as assemblages, particularly with Lyngbya

majuscula and S. calcicola, produces both lipid-soluble and water-soluble toxins (Harrigan

et al., 1998, 1999; Mynderse et al., 1977). Together they generate a number of metabolites,

including lyngbyastatin-1, dolastatin-2, and ypaomide, that have been shown as potent

disrupters of cellular microfilament networks and feeding deterrents. All these substances

could explain some of the fish and cultured shrimp mortalities associated with cyano-

bacterial blooms (Banner, 1966; Cortés-Altamirano et al., 1997; Cortés-Altamirano and

Licea-Durán, 1999; Harrigan et al., 1998; Karusangar et al., 1997; Nagle and Paul, 1998;

Overstreet, 1973; Smith, 1996).

It must be borne in mind that S. calcicola is found in many different environmental

conditions, including drinking water (Sykora et al., 1980) and, therefore, it is considered as

a noxious cosmopolitan species (Skulberg et al., 1993). Some authors have observed mice

mortality when the animals are injected with mixed cultures of S. calcicola and

Oscillatoria sp. (Gerwick and Bernart, 1993), and Long and Carmichael (in press)

discussed the properties of some oscillatoxins in a combined bloom of S. calcicola and

Oscillatoria nigroviridis showing dermatological and tumor promoter effects. The toxicity

and risk assessment of S. calcicola blooms in shrimp aquaculture, on the other hand,

deserve special attention because Lightner (1982) has already reported that juvenile shrimp

develops enteritis after exposure to S. calcicola. Here we describe the effect of S. calcicola

in white shrimp postlarvae feeding and growth.

2. Materials and methods

2.1. Organisms

S. calcicola strain UTEX B-1936 was obtained from the collection of the Botany

Laboratory of Texas University. The organism was cultured and maintained in ASN-III

medium (Sigma, St. Louis, MO, USA) at 21 jC, with constant stirring (100 rpm) and with

light provided by a fluorescent lamp of 3200 lx (62.5 AEi) following the procedure

described by Cotteau (1996). Aliquots of this culture were further cultured in larger
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volumes (500 or 1000 ml) under identical conditions for 2–3 weeks to obtain the cell

biomass necessary for the following experiments. The cells were collected by centrifuga-

tion at 2000� g for 30 min. The sediments were pooled and suspended in 10 ml of

supernatant. The cells were kept frozen at � 40 jC until use.

Litopenaeus vannamei white shrimp PL30, with an average weight of 35 mg/larvae,

were acquired from the Laboratory of Aquaculture Genetics of CIBNOR. To attain such

developmental stage, 14,400 nauplii 5 were reared in flat-bottomed tanks of 120 l until

stage PL1 (organism density: 120/l). At this stage, the organism density was adjusted to

support only 25 organisms/l by removing excess or dead animals. UV-treated (180 W, UV-

Aquanetic Systems lamp) and filtered (10 Am, pore membrane filter) seawater (35 ppm)

was exchanged daily, keeping the temperature at 28 jC and under constant airing. Feeding

was provided three times a day with frozen Artemia franciscana and a commercial food

preparation (PIASA, La Paz, BCS, Mexico; pellets with 45% protein) in flakes or grains

according to shrimp stage development.

2.2. Cyanobacteria concentration standard plot

The concentration of S. calcicola was found by determining the chlorophyll a content

in samples extracted with 99.5% acetone. For this, a standard plot using different aliquots

of different weights was prepared from the cell suspension of a 250-ml culture. Essentially,

the procedure consisted of mixing 0.5 ml of cell suspension with 1 ml of 99.5% acetone

and stirring in a Vortex for several seconds. The extract was centrifuged in a microfuge

(Beckman microfuge E) for 5 min, and the supernatant absorption at 647, 664, and 630 nm

was determined in a Beckman DU 640 spectrophotometer.

2.3. Dry weight determination

Concentration was also determined by finding the dry weight of a given suspension as

follows. The samples were obtained from 200-ml culture aliquots and the cells collected as

indicated above. The wet sediments were weighed and then freeze-dried and weighed

again. From this, the percentage of humidity was determined.

2.4. Shrimp assays

For an acute toxicity evaluation, 150 ml of a twofold serial dilution (i.e. 100%, 50%,

25%, 12.5%, and 0%) of the cyanobacterium culture was poured in 200-ml bottles in

triplicate. Previously fed (2 h) postlarvae (5 organisms per bottle), weighing 35 mg each,

were exposed to the different cyanobacteria concentrations for 7 h under constant airing.

Afterwards, the organisms were collected manually with a net and fixed in Davidson

medium (Lightner, 1996) for 24 h, and afterwards in 70% alcohol for histological

observation and storage.

For a chronic exposure evaluation, 30 flat-bottomed plastic recipients of 20 l each,

filled up to 50% capacity, were used to grow the shrimp larvae at a density of 6.5

organisms/l for 15 days under dim light and constant airing. Salinity was maintained at

35.5F 0.7 ppm and temperature at 24.5F 1.3 jC, following recommendations of Sánchez
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(1996). Water exchange (100%) was carried out daily by siphoning with 1 2= -in. plastic

tubes holding a 500-Am filter net at the end and the discharge treated with 1–2 ml/l of 6%

sodium hypochlorite for 48 h before being drained. Feeding was provided once a day

every morning, adding 0.3 g of a finely ground (300–700 Am) commercial feed to each

recipient following recommendations of Cevallos-Orozco and Velázquez-Escobar (1988)

and Olivera and Akano-Cohelo (1997). The food was allowed to settle down by

interrupting the aeration. When the shrimps approached the feed, 150 mg of cyanobacteria

suspended in 0.5 ml of filtered and UV-irradiated seawater were distributed over the food

grains to induce their ingestion. After 5–10 min, aeration was carefully reassumed

avoiding the resuspension of the feed and/or the cyanobacteria. The shrimps of two

recipients (one from the blank group and another from the experimental group) were

sacrificed daily and fixed for histological analysis (Lightner, 1996). Surviving animals at

the end of the experiment were counted and weighed as a group. Individual weight was

estimated by dividing the group weight with the number of surviving organisms.

2.5. Histological analysis

Thirty surviving animals in the 1st, 3rd, 8th, and 15th day, from both the control and

the experimental recipients, were sampled. For histological analysis, the organisms were

injected with Davidson’s AFA solution (Humason, 1972) at 1:10 dilution. After 24-h

fixation, the samples were stored in ethanol (50%) until analysis. Histopathology was

carried out by routine procedure (Lightner, 1996) sectioning at 3–5 Am, mounting on

microscope slides, and staining with a variant of Harris’ hematoxilin and eosin

preparation, as described by Mantoja and Mantoja-Pearson (1967). Histopathological

examination of control and infected organisms was performed with a standard light

microscope (Luna, 1968).

2.6. Statistical analysis

The Student’s t test was applied (Daniel, 1995; Sokal and Rohlf, 1998) with the aid of

the Statistica program.

3. Results and discussion

The culture medium chosen for S. calcicola strain UTEX B-1936 growth proved to be

appropriate for our purposes. This medium (ASN-III) allowed an optimum growth of S.

calcicola in small volumes (200 ml) after 2–3 weeks, and in large volumes (up to 1 l)

within 4–5 weeks. Because S. calcicola makes enclosures and filaments that easily break

and dissociate, it is not possible to estimate directly the number of cells in a Neubauer

chamber; hence, the cell amount was found by correlating the chlorophyll a content and/or

dry weight with the corresponding cell biomass. For example, 200 ml of culture medium

averaged 5.5 g of wet weight and 0.21 g of dry weight cell biomass. The optical density at

630 nm of this culture was 0.03. These values were therefore used as references to estimate

the amount of cells in each of the experiments.
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3.1. Shrimp assays

There was no abnormal behavior, neither an unusual mortality, observed in L.

vanammei postlarvae shrimps exposed to live S. calcicola cells in an acute-like dose, or

in a repeated subacute dose exposure experiments. Daily mortality was less than 20% in

both cases, considered normal for these particular shrimp postlarvae (Lawrence et al.,

1998). When exposed to S. calcicola, white shrimp postlarvae showed a reduced feeding

activity compared to unexposed animals during the test period. This observation was

confirmed by the amount of food left and removed from the tanks, and by comparing the

group and individual postlarvae weight gain (Fig. 1a and b). The average weight gain in

each case showed a significant variation between the test lots and the control group that

translated into different development tendencies as expressed by their corresponding linear

regression values. For example, as a group, the unexposed postlarvae showed a better

growth tendency (R2 = 0.9345) than exposed animals (R2 = 0.4631) throughout the study

period (Fig. 1a). The sudden increase in weight gain at the end of the experiment (15th

day) in the exposed group may be due to differences in the number of organisms provoked

by mortality which, nevertheless, is still considered normal at this stage for this particular

shrimp species (Lawrence et al., 1998). We confirmed this assumption by determining the

average individual weight gain over all the study interval and found that the unexposed

postlarvae indeed showed a tendency to gain more weight (R2 = 0.9049) than the exposed

ones (R2 = 0.6704) at all times. As depicted in Fig. 1b, the exposed organisms showed an

important increment in weight in the 15th day, yet such weight was still lower than that of

unexposed organisms. It is also worth mentioning that ingestion of S. calcicola conferred a

blue-green color to the digestive tract of the postlarvae. This was commonly observed 20

min after the cyanobacteria were added to the feed. Altogether, these observations confirm

that S. calcicola is capable of producing some feed deterrents (Harrigan et al., 1998, 1999;

Mynderse et al., 1977).

3.2. Histological analysis

A cross-section sample of the dorsal lobule of a normal shrimp postlarvae hepatopan-

creas is shown in Fig. 2A. As can be observed, the connective tissue surrounding the

tubules presents a low number of hemocytes, and the cells forming the tubules are well

defined and integrated. In contrast, the dorsal lobule of an abnormal shrimp postlarvae

hepatopancreas formed by disrupted tubules with damaged cells and a severe hemocytic

infiltration in the surrounding connective tissue after 8 days of exposure is shown in Fig.

2B and exemplifies the effect of S. calcicola ingestion.

Fig. 3a shows a longitudinal cross section of a normal shrimp postlarvae hindgut in

which the epithelium can be seen composing of a simple layer of cylindrical cells with a

central nucleus. The luminal surface appears irregular because of microvilli, but the

mucosa maintains its integrity and shape, and the lumen appears empty. Fig. 3b, in

contrast, shows the longitudinal cross section of a shrimp postlarvae hindgut that has been

exposed to the cyanobacteria during 8 days where the epithelium appears to be losing

integrity due to cell desquamation. Some bacteria can be observed in the lumen, indicating

tissue disruption. Finally, Fig. 4 also shows a longitudinal cross section of the hindgut of a

J. Pérez-Linares et al. / Aquaculture 218 (2003) 55–65 59



shrimp postlarvae exposed to cyanobacteria after 14 days. In this case, the epithelium

appears to be losing integrity, and some hemocytic infiltration in the connective tissue

surrounding the gut is observed, revealing a severe damage.

It is worth to mention the human poisoning event registered in Hawaii in September

1994 attributed to consumption of the red alga Gracilaria coronopifolia contaminated by

aplysiatoxin and debromoaplyasiotoxin presumably of cyanobacteria origin (Nagai et al.,

Fig. 1. Growth inhibition of white shrimp (L. vannamei) exposed to S. calcicola-impregnated feeds: (a) daily

weight gain calculated as the weight of pooled surviving larvae; (b) daily individual weight gain calculated from

the group weight divided by the number of surviving larvae.
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1996). The symptoms were characterized by vomiting, diarrhea, and a burning sensation

of the mouth and throat. Kato and Scheuer (1975) have previously reported that these

toxins produce skin irritation, which could explain the throat and mouth burning sensation

reported in Hawaii’s human poisoning event. In mice, the main signs of toxicity 30 min

after intraperitoneal injection of the toxins are diarrhea and lethargy, as well as muscular

contractions, and sometimes hind leg paralysis. A dose of 5 Ag aplysiatoxin was found to

be lethal if injected intraperitoneally after 2 h (Ito and Nagai, 1998), and the autopsy

revealed bleeding in the small, but not in the large, intestine. The capillaries were

congested and the villi eroded and bleeding with an exposed shortened lamina propria

Fig. 2. Cross-section histology of hepatopancreas tissue of (A) unexposed and (B) exposed white shrimp (L.

vanamei) postlarvae to S. calcicola during 15 days (40� ).

J. Pérez-Linares et al. / Aquaculture 218 (2003) 55–65 61



after exfoliation of surface epithelial cells. The large intestine also showed erosion from

where the fluid flowed out. No other organs showed evidence of injury. Animals treated

with lower doses recovered after 24 h with some loose muscularis, edema in submucosa

membrane tissue, and weight loss. Similar effects have been observed when the toxin is

administered via gastric intubation. In this case, after 3 h, the large intestine showed edema

and watery substances and, after 8 h, the villi decreased in number and became short. The

mechanism by which aplysiatoxin produces all these effects remains unclear and it has

Fig. 3. Histological analysis of white shrimp postlarvae after 8 days of treatment: (a) cross section of normal

hindgut tissue; (b) cross section of affected hindgut tissue by S. calcicola ingestion (40� ).

J. Pérez-Linares et al. / Aquaculture 218 (2003) 55–6562



been considered reasonable to assume that the inflammatory action of aplysiatoxin is

derived from the activation of protein kinase C, which would also explain its tumor

promoter capacity (Fujiki et al., 1982). The resemblance of aplysiatoxin-induced lesions in

mice and those found with shrimp postlarvae exposed to S. calcicola cells suggests that the

release of such kind of toxins if the cyanobacteria is ingested is feasible. Moreover, it is

also interesting to note that the red alga G. coronopifolia becomes toxic because of

epiphytic parasitism by noxious cyanobacteria. Thus, these organisms could enter the food

chain of many organisms of interest in aquaculture if conditions are favorable for

blooming and attachment to their feeds.

4. Conclusions

The above results confirm that S. calcicola (UTEX B-1936) is a toxic cyanobacteria to

L. vannamei shrimp postlarvae. The mechanisms by which S. calcicola provokes tissue

disruption affecting food absorption and processing and thus, growth and development of

the shrimp postlarvae resemble that observed in mice. Several metabolites including

oscillatoxins, aplysiatoxin, debromoapysiatoxin, lyngbyastatin-1, dolastatin-2, and ypao-

mide are known to be produced in the assemblage of S. calcicola and other cyanobacteria.

They have been shown as potent cellular disrupters of microfilament networks and feeding

deterrents (Harrigan et al., 1998, 1999; Mynderse et al., 1977). Considering the prevailing

situation of shrimp aquaculture practice in Northwest Mexico, the possibility of a sudden

S. calcicola bloom that would affect the animal’s growth, thus inducing lower yields or

prolonging the necessary culture period to reach a commercial size, is a risk that needs to

Fig. 4. Histological analysis of white shrimp postlarvae hindgut tissue affected by S. calcicola ingestion after 14

days of treatment. The arrow shows a desquamated cell from a disintegrating tissue (40� ).
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be faced. We also believe that shrimp farms may become more susceptible to infectious

agents that promote high mortalities as a result of an S. calcicola bloom. Therefore, in

order to prevent the collapse of the culture, monitoring of noxious and toxic cyanobacteria

blooms is highly recommended.
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discussions about cyanobacteria properties, and to Ira Fogel for manuscript revision.

References

Banner, A.H., 1966. Marine toxins from the Pacific: I. Advances in the investigation of fish toxins. Anim. Toxins

4, 157–165.

Carmichael, W.W., 1992. A Status Report on Planktonic Cyanobacteria (Blue-green Algae) and Their Toxins US-

EPA, Ohio. 71 pp.

Cevallos-Orozco, M.L., Velázquez-Escobar, M.A., 1998. Perfiles de la alimentación de peces y crustáceos en los
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J. Pérez-Linares et al. / Aquaculture 218 (2003) 55–65 65

 http:\\www-cyanosite.bio.purdue.edu\cyanotox\toxins\aplysia.html 

	Introduction
	Materials and methods
	Organisms
	Cyanobacteria concentration standard plot
	Dry weight determination
	Shrimp assays
	Histological analysis
	Statistical analysis

	Results and discussion
	Shrimp assays
	Histological analysis

	Conclusions
	Acknowledgements
	References

