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ABSTRACT. Disease outbreaks in shrimp culture systems of Sri Lanka has 
resulted in a 35 to 70% reduction in production at farm sites. Several 
critical water quality parameters (Salinity: 2-31 ppt; sulphides: 0.24-0.67 
mg/l; Nitrites: 09-36 mg/l; total suspended solids: 80-160 mg/l) in the main 
water source (Dutch canal) were at sub-optimal ranges during disease 
outbreaks. 

Microfouling on shells, reduced moulting, black gill syndrome were the 
most commonly recorded symptoms. Infestations by Monodon Baculovirus 
(MBV) and peritrichous ectocommensal Zoothamnium sp. were common in 
affected farms. 

Accumulation of iron in-between gill lamellae and on lamellar cuticle 
was confirmed by Scanning Electron Micrography (SEM), Transmission 
Electron Micrography (TEM) and by histochemical studies. Several histo-
pathological changes were observed in gill, hepatopancriatic and myocardial 
tissues. 

INTRODUCTION 

Shrimp culture in Sri Lanka commenced in the mid 1980's in the coastal 
belt of the north western province. The areas under shrimp fanning and the 
foreign exchange earnings from the industry have increased considerably 
during the past few years. Around 1200 ha of land have been allocated for 
shrimp fanning. According to the National Aquatic Resources Agency 
(NARA), medium and large scale farms have increased to 71 , and 160 small 
scale farms which are usually under 1 ha in extent are operational. 
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Shrimp exports have contributed 53% to 73% of the total foreign 
exchange earnings from the fisheries sector during the period 1985 to 1992 
and foreign exchange earnings amount to Rs. 571 million. According to the 
5 year plan of the Ministry of Fisheries and Aquatic resources the targeted 
foreign exchange earnings from the cultured shrimps is Rs. 1252 million in 
year 1994 (Ministry of Fisheries and Aquatic Resources, 1991). 

Shrimp culture systems of Sri Lanka are operated at semi-intensive and 
intensive levels (Jayasinghe, 1991). Estuaries and lagoons are the main 
sources of water for farm operations. The dutch canal serves as the water 
source as well as the outlet for discharged water for more than 60% of the 
existing farms. Several lands with acid sulphate and potential acid sulphate 
soils have been converted to shrimp farms in this area. 

Gills are the primary site of respiration and osmoregulation in shrimps 
(Robertson, 1960). Gills are highly sensitive to stress and are susceptible to 
diseases and parasitic infections which pose serious problems in shrimp 
culture systems (Foster and House, 1978). 

The hepatopancreas is a vital and major organ involved in diverse 
metabolic activities. It is primarily responsible for the synthesis and 
secretion of digestive enzymes and subsequent uptake of nutrient materials. 
Other major functions of the hepatopancreas include excretion, storage of 
organic reserves, and lipid and carbohydrate metabolism (Gibson and Barker, 
1979; Storch and Lehnert-Moritz, 1980). Infections by virus, bacteria and 
by rickettsial organisms are reflected in this organ. 

The heart tissues are also vulnerable to infestations by pathogens 
(Couch, 1978, Lightner, 1988). In addition, hypoxia induced changes can be 
identified in heart tissues (Nash et al, 1988; Nash, 1990). 

This paper reports the results of a study on histopathology of cultured 
shrimp during 1989/1990 disease outbreaks. 

MATERIALS AND METHODS 

Weekly sampling of shrimps for histo-pathology, were carried out at 
selected commercial farms, bordering the Dutch canal as a part of an indepth 
study to investigate disease outbreaks in relation to soil and water quality 
during 1989/1990. From each farm site randomly selected samples of 10-15 
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shrimps were sacrificed by injecting Davidson's fluid. Gills, hepatopancreas 
and hearts were removed for pathological studies. For light microscopic 
studies (LM), tissues were stained with either haemotoxylin and eosine (H 
and E) or with Perl's Prussian blue for the demonstration of iron. 
Symptoms observed during sampling were noted. Production data during 
and before disease outbreaks were obtained through interviews with farmers. 
In a parallel study, water quality parameters of Dutch canal and detail 
investigation on soil acidity, potential acidity, were carried out (Jayasinghe, 
1991). 

Gill samples were processed for scanning and transmission electron 
microscopic studies. A Phillips PSM 500 Scanning electron microscope and 
a Phillips 301 electron microscope were used in these studies. 

RESULTS AND DISCUSSION 

The accepted ranges, optimal levels and values recorded at the Dutch 
canal of important - water quality parameters for shrimp culture are given 
in Table 1. 

Microfouling on shell, dying on pond sides, black spot, reduced feeding, 
black/brown gill condition, tail rot, black spot, reduced growth, soft shell 
condition and red/brown deposits on belly were the common symptoms in 
shrimps recorded in the present study. Table 2 presents the most widely 
recorded symptom and the production before and during disease outbreaks 
at selected eight farm sites. 

Scanning micrograph of the gills collected from disease specimens is 
given in Plate 1. Gills of some affected shrimps were found to be covered 
with a heavy layer of coarsely granular material in SEM studies. Detritus 
was also found trapped in these deposits and the lamellae were swollen. 
Histochemical studies on the above gills using Prussian blue stain 
demonstrated the presence of iron (Plate 2). Concurrent TEM sections 
(Plate 3) very clearly indicate the electron dense material. 
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Table 1. Accepted ranges of water quality, optimal levels for 
shrimp culture, and levels recorded in Dutch canal 
during disease outbreaks (Boyd, 1989; Poernomo, 
1990). 

Parameter Acceptable 
range 

Optimal* 
level 

Values 
'recorded in 
Dutch canal 

Temperature °C 26-33 29-30 29-32 

Turbidity (FTU) 0-150 2-30 16-32 

Total suspended 
solid (mg/1) 

2-14 < 5 80-160 

Dissolved oxygen 
level (mg/1) 

3-12 4-7 4.0-7.2 

Salinity (ppt) 10-35 15-20 02-31 

pH 7.5-8.7 8.0-8.5 7.6-8.5 

Nitrate Cone (mg/1) 0-200 na 0.001-0.065 

Nitrite Cone (mg/1) <0 .25 < 0 . 0 2 0.091-0.360 

Ammonia cone 
(unionised mg/1) < 0 . 2 5 <0 .11 0.23-0.37 

Hydrogen sulphide 
cone (mg/1) < 0 . 2 5 < 0.002 0.24-0.67 

BOD 5 (mg/1) < 1 0 na 8-54 

na - not available 
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Table 2. Shrimp production before and during disease outbreaks, 
symptoms observed and % reduction in production due to 
disease outbreaks. 

Farm Production Production Symptoms Reduction 
before during observed in 
disease disease production 
outbreak outbreak 
mt/ha/cycle mt/ha/cycle 

A 3.3 0.9 1,2.3,4,8 12% 

B 1.9 1.03 4 45% 

C 6.7 1.8 2,4,5,6,8,13 73% 

D 7.5 3.5 1,2,3,8 53% 

E 10.5 3.25 4 69% 

F 1.9 0.9 4,13 52.6% 

G 0.88 0.57 1,2,3,8,10 35.2% 

H 9.6 3.2 1,2,3,11,10 66% 

Key: 
1 microfouling on shells 8 dying on pond sides 
2 reduced frequency of molting 9 size disparity 
3 reduced feeding 10 empty guts 
4 black gills 11 red/brown deposit on belly 
5 soft shell condition 12 shrimp with red coloration 
6 tail rot 13 reduced growth 
7 black spot 

Source: ADB 1990; Jayasinghe 1991 
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Plate 1. Stunning electron micrograph of a gill with deposits (d) on gill lamellae x 600. 

r-
Plate 2 . Iron containing deposits (tl) stained with Pearl's prussian blue in gills of shrimp 

Plate 3. Trunsiuissiou electron micrograph of a lamellar cuticle of a shrimp showing 
electron dense deposits (1)1 X 14700. 
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Affected.shrimp were frequently found invested with ectocommensal 
protozoans in JLM studies. These ciliated'protb^a'ns were found attached to 
the tips of thep^tHiffljtrn|nts by a stalk.. The SEM studies on the gill samples 
showed the detailed stracture^f;t_he paganism and the mode of attachment of 
the ectocommensal to the host gill (Plate 4). The ..base of each stalk 
terminated in a. circular disc that is attached to the shrimps gill cuticle. No 
mechanical damage could be.observed. , •>• 

LM studies of the H&E stained .'histological sections of gills revealed 
structural changes in the gill lamellae. Lamellae were swollen and the 
epicuticular layer was found separated in brown-gill shrimps with increased 
vacuolations and dilated blood sinuses in some animals. 

All the cell types described by Staniar et al., (1986); Gibson and Baker 
(1979); Dall and Moriarty (1983) were well represented in the tubules of the 
hepatopancreas of the healthy shrimps (Plate Sa). Considerable areas of the 
tubules were occupied by very clear, well vacuolated R-cells (Restzellan). 
Darkly stained F-cells (Fibrillenzellan) and B-cells (Blasenzellan) were 
observed in normal shrimps. The lumens of the tubules were filled with 
secretions. 

The hepatopancriatic tubules of the affected shrimps were dominated by 
B-cells (Plate Sb). R-cells were .very poorly represented. The lumens of the 
tubules were without secretions". .The F-cells were not'observed frequently. 
It may also to be noted that signs of parasitic infestations were observed in 
hepatopancreatic tissues of the shrimps. Haemocyte infiltrations and 
hemocytic encapsulations were observed in haemosinuses of tubules. 
Chromatin marginated, hypertrophid nucleii were also observed. MBV 
occlusion bodies-were found in most 'oi the shrimps. The nuclei of the 
myocardial cells arid the nucleii of associaied, satellite.cells are very clear in 
the heart tissue o^h0.rmal;sh/imr)s as^,desc|ibedjby Bell and Lightner, (1988). 

Necro%;areas% the myocardium were observed^m affected shrimps. 
Myocardial Tibres appeared split and fragmented into multiple rounded, 
shrunken masses of multivacuolated tissue. The nuclei of the fragmented 
areas showed evidence of disintegration. •Haemocytic infiltrations and 
encapsulations and even nodule Formations were noted near necrotic areas 
indicating signs of severe infections. 
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Stress generated through poor water quality, poor soil quality and 
deteriorating environmental conditions are most likely to provoke histological 
changes and disease outbreaks resulting in poor growth and low survival in 
shrimp culture systems (Lightner, 1988; Sindermann, 1989; Liao, 1989; 
Nash, 1990). The variations in the basic water quality parameters such as 
pH, and dissolved oxygen concentrations recorded in the present study were 
within the acceptable ranges specified by Apud et. al., (1989), Chiu (1988 
b), Boyd (1989) and Poernomo (1990) for shrimp culture systems. Results 
also revealed that the ranges of nitrites, sulphides and suspended solids were 
not within the recognised accepted limits (Wickins, 1981; Chiu, 1988 a & 
b; Boyd,-1989) in Dutch canal during disease outbreak. 

Brown gill colour in gills appears to be one of the main symptoms 
recorded (Table 2). Brown gill syndrome has been widely reported in 
cultured as well as in wild crustaceans (Rinaldo and Yevich, 1974; Lightner 
and Redman, 1977; Greig et al, 1982; Lightner, 1988; Sindermann, 1989 
and Nash et al., 1988). Environmental degradation (Sawyer, 1982; 
Sindermann, 1989); infestations with epiphytic and epizoic organisms 
(Couch, 1978; Lightner, 1988; Sindermann, 1989); exposure to heavy metals 
(Couch,1 1978; Greig,' et al., 1982) and accumulation of iron-containing 
deposits (Nash et al, 1988; Nash, 1990, Jayasinghe. 1991) have been related 
to the appearance of brown gills. Lightner (1988); Nash et al., (1988); and 
Nash (1990) have also indicated the presence of iron deposits among gill 
lamellae or encrustations on gill lamellae of shrimps cultured on acid 
sulphate soils or acidic culture systems rich in iron. 

In a parallel study (Jayasinghe, 1991), the possibility of formation of 
iron hydroxides and manganese hydroxide at the bottom of shrimp culture 
ponds where disease specimens were collected has been clearly 
demonstrated. Highly pyritic • soils of these ponds exhibit acid sulphate 
/potential acid sulphate conditions (Jayasinghe 1991). There is a tendency 
for these hydroxides to enter into the gills of the shrimps with respiratory 
currents (Jayasinghe, 1991). 

The fine structure of the ectocommensals closely reassembled the 
peritrichous ectocommensal of the genus Zoothamnium as described by 
Johnson et al. (1973), Overstreet (1973), Johnson (1976) and Foster et al. 
(1978). 

According to Foster et al. (1978), Lightner and Redman (1977), and 
Couch (1978), Zoothamnium sp. have a peritrichus mode of attachment. 
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Here the ectocoramensals cause no mechanical damage to the underlying 
tissue and elicit little response by the shrimp's haemocytes. 

The histology and the function of various cell types of the 
hepatopancreatic tubules are well documented (Stainer et al., 1986); Hopkin 
and Nott, 1980; Dall and Moriarty, 1983). B-cells are characterized by a 
large single vacuole containing digestive enzymes. The F-cells synthesize 
digestive enzymes which accumulate in vacuoles that enlarge by pinocytosis 
of nutrients and fluids from the tubular lumen. Fatty acids, neutral lipids 
and phosphor lipids (Momin and Rangneker, 197S) and lipid droplets have 
been identified in R-cells: According to Lozzi and Peterson (1971) and 
Momin and Rangneker (1975), R-cells are the major site of lipid absorption, 
digestion and lipid metabolism. These cells also metabolize and store 
glycogen. 

Hopkins and Nott (1980) and Dall and Moriarty (1983) indicate that B-
cells can presumably develop from the F-cells in the fasting animals, when 
no luminal nutrients are present for absorption and development'. R-cell 
activity is an indication of active lipid absorption, digestion and lipid 
metabolism in shrimps (Dall and Moriarty, 1983). The predominance of B-
cells and the lack of R-cell activity in the tubules of affected shrimps indicate 
that they are in a poor nutritional state in spite of receiving the normal 
recommended ration of supplementary feed. There were severe infections 
in heaptopancreatic tissues in dying shrimp in the present study. 

The chromatin marginated hypertrophied nucleii observed in the 
hepatopancreas are per-occlusion changes of viral infection. MBV 
(Monodon Baculo virus) occlusion bodies confirmed the MBV infections in 
the present study. Histological changes related to depleted oxygen supply to 
myocardial tissue and evidence of severe infestations with bacteria were 
observed in affected shrimps. The iron containing deposits observed among 
gill lamellae can obstruct the normal respiratory current affecting the normal 
gas exchange via the respiratory surface leading to the above changes. 

CONCLUSION 

In conclusion, the adverse water quality in the Dutch canal which 
serves as. the water source and the adverse soils conditions related to acid 
sulphate appears to be indirectly. responsible for investigated disease 
outbreaks. 
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Rehabilitation of the water source to improve the water quality, 
incorporation of an effluent treatment system to reduce suspended solid 
concentration in the water, amelioration procedures to prevent formation of 
iron hydroxides in the pond environment can contribute significantly to 
reduce the risk of disease outbreaks. 
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