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This article reports the changes in growth, production 
and histology of Penaeus monodon infested with loose 
shell syndrome in modified extensive grow-out ponds. 
The carapace of the affected shrimp is papery in nature 
and the gill is brown in colour. The gill filament shows 
fouling by protozoa and muddy particles. Hepatopan-
creas tissue reveals the absence of fat globules in its cells. 
Secondary infection of shrimp is caused by microbes and 
this fouling leads to the severity of the disease. In the loose 
shell-affected pond, the final average body weight of 
shrimps on 147 days of culture is 27.87 g, but in the case of 
the normal pond it is 31.29 g on the 140th day. The aver-
age daily growth rate of the loose shell-affected shrimp 
is 0.18 g and in the normal pond it is 0.22 g. The mean 
final survival rate of the loose shell-affected pond is 
60.65% and in the normal pond it is 81.95%. The mean 
biomass production of the affected pond is 1058.97 kg/ha–1. 
and in the normal pond it is 1915.21 kg ha–1. The poor 
survival and biomass production in the loose shell-affected 
pond is due to cannibalistic behaviour of the shrimp 
during loose shell disease. There is also a derangement 
of parameters, especially salinity and temperature in the 
loose shell-affected pond. 

 
THE loose shell syndrome is an economically significant 
disease of Penaeus monodon culture in India. The affected 
shrimp has a paper-like carapace with a gap between the 
muscle tissue and carapaces1. The soft shell syndrome is the 
result of nutritional deficiency, exposure to chemical pesti-
cides, poor pond soil and water conditions, and is highly cor-
related with poor management practices in the pond2. The 
affected shrimp loses weight during culture and turns into 
a soft leathery shell. Drastic reduction of daily growth rate 
during the middle of culture is one of the signs of the disease. 
Further, secondary infections by fungi, bacteria and protozoa 
affect the shrimp. In such cases, deposition of muddy particles 
in the carapace and appendages makes the condition more 
severe. Loose shell disease affects all size groups, particularly 
the bigger pond-reared P. monodon. However, the impact 
of this disease on histopathology, growth and biomass pro-
duction is not properly known. Hence the need for the 
present study. 

Materials and methods 

Data were collected from March to August 2003 in ten ponds. 
The densities of all the ponds are the same (8 m–2). The ponds 
are situated on the northern bank of the Vellar estuary and 
7 km west from the mouth region of the estuary in the 
southeast coast of India (lat 11°26″; long 79°46″) (Figure 1). 
Five of these ponds were loose shell-affected and five were 
normal ponds. Each pond area (water-spread area) was 
different and it ranged between 0.48 ha and 0.93 ha. The 
cultured species was P. monodon fed with commercial 
pellets like starter, grower and finisher, during the culture. 
Environmental variables such as salinity (hand refractometer), 
pH (pH pen), dissolved oxygen (Winglers’ method) and 
temperature (°C thermometer) were studied on a weekly basis 
during the day hours, except the dissolved oxygen, which was 
measured during early hours of the day. PCR-tested (White 
spot syndrome virus negative) post-larval (Pl-20) seeds were 
stocked in all the ponds with a density of 8 m–2. Sampling was 
done to analyse growth and disease conditions of the shrimp  
 
 

 
 

Figure 1. Map showing study area of Vellar estuary. 
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from 28th DOC (day of culture) onwards, once a week, using 
a cast-net. The shrimps were counted and weighed to deter-
mine the weight gain for adjusting the feed ratio. Culture 
period in the loose shell-affected pond was 147 days and in 
the normal pond it was 140 days. During weekly sampling, 
the growth, average body weight, gut fullness and stand-
ing biomass of the pond were calculated to optimize the 
feeding. The final biomass was calculated from the harvest 
data. For histopathological studies, the diseased shrimp tis-
sues (hepatopancreas, intestine and gill) were fixed in 
Davidson fixative for 24 h and then transferred to 70% 
alcohol for further processing. The fixed samples were sec-
tioned at 4 µm thickness and stained with hematoxylin and 
Eosin. The sections were examined and photographed using 
photomicrograph (Optiphot-2 Nikon-HFX-DX). 

Results 

Loose shell disease 

After experiencing stresses like bloom crash, water quality 
and weather changes, the aged ponds with high density during 
summer are prone to loose shell infection. Protozoa like 
Zoothamnium sp. foul the appendages. In severe cases, the 
barnacles foul the carapace. The shrimp does not moult for 
a long time. The gill, pleopod, periopod and other appendages 
acquire severe fouling in badly affected shrimps and they 
are brown, black or rusty in colour. Fuzzy mat is evident due 
to fouling by protozoan on shell and gill of loose-shelled 
shrimps. This is due to the poor bottom conditions of the 
ponds. The affected shrimp has a paper-like carapace with 
a gap between the muscle tissue and exoskeleton (Figure 2). 
Generally, the gills are reddish to brown in colour (Figure 
3 a). Sometimes, the loose shell-diseased shrimps are sky-
blue in colour instead of the normal brown-black (Figure 3 b). 
The indicator of onset of the disease can be predicted by  
 

 
 

Figure 2. Penaeus monodon cut across the tail. a, Normal P. mono-
don cross-section of intact muscle. There is no space between muscle 
tissue and exoskeleton. b, Cross-section of loose shell syndrome-
affected P. monodon with a gap between muscle tissue and exoskele-
ton. 

proper sampling at regular and frequent intervals. One of the 
first indicators of the disease is an abrupt decline in feed 
consumption. The probability of onset of the disease can be 
assessed by an examination of the shrimps at the centre of the 
pond, shrimps with empty gut or lack of faecal strands in 
the lift net. Apart from the loose shell condition, the shrimp 
intestine turns into an opaque milky white colour during 
severe condition of the disease (Figure 4). Auto-entrants like 
Metapenaeus brevicornis and Acetes indicus are also turned 
into milky white intestine. Deposition of muddy particles 
on the shrimp surface leads to difficulties during locomotion. 
Also, during this time, the cannibalistic behaviour of the 
shrimp is evident in the pond. 

Histopathology 

Darkening of gill filament due to secondary infection is seen 
in the gill tissue during histopathological studies. Further, 
the presence of hemolytic infiltration in the space between 
the tubules of the gill is evident, and also the melanized 
non-functional tubules are present in the gill lamellae 
(Figure 5 a). Fouling of Zoothamnium and muddy debris 
in the gill filament of the shrimp is noticed (Figure 5 b). 
Sometimes, the gill lamellae show discolouration due to 
 
 

 
 

 
 

Figure 3. a, Loose shell syndrome-affected P. monodon with brown 
gill. b, Loose shell syndrome-affected P. monodon. 

b 
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detritus or silt accumulation and epicommensals (filamentous 
bacteria, protozo and algae). In severe cases, it leads to 
asphyxia. In the gill tissue, the hyperplasia of the gill epithe-
lium is evident. 
 The hepatopancreas is smaller in size in infected shrimps 
than healthy ones. Histological examination of the hepatopan-  
 
 

 
 

Figure 4. Loose shell-affected P. monodon with milky white inten-
stine without contents. 

 
 

 

 
 

Figure 5. a, Darkening of gill filament due to secondary infection. b, 
Cross-section of gill of P. monodon (a) Fouling of protozoan (Zo-
othamnium sp.) in the gill filament. b, Muddy debris fouling in gill 
filaments. 

creas tissue of the affected shrimp shows atrophied tubular 
cells (Figure 6) and absence of storage vacuoles (Figure 7 a) 
while the normal shrimps show no such changes (Figures 7 b). 
The absence of storage vacuoles is due to continuous 
starvation of the animal in the pond because of loose shell 
disease. 
 
 

 
 

Figure 6. Cross-section of hepatopancreas. (a) Hepatopancreas is at-
rophied with fibrosis and hemocyte infiltration in the intertubular 
spaces. (b) Melanized tubules. (c) Non-functional affected tubules. 

 

 

 
 

Figure 7. a, Hepatopancreas of loose shell syndrome-affected P. 
monodon. (a) Presence of poorly vacuolated cells lining the tubules; b, 
Normal structure of hepatopancreas of healthy P. monodon showing 
well-vacuolated cells. 

a a 

b b 
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Table 1. Mean values of grow-out pond shrimp production in both loose shell-affected and  
  normal ponds 

Parameter Normal pond Loose shell-affected pond 
 

FCR 1.69 (± 0.13) 1.95 (± 0.13) 
Percentage of soft population during harvest 4.86 (± 0.91) 8.99 (± 1.32) 
Survival (harvest) 81.96 (± 3.7) 60.67 (± 4.36) 
Final average body weight 31.29 (± 1.38) 27.87 (± 2.84) 
Total DOC 140 147 
Average daily growth rate 0.22 0.18 
Biomass/tons ha–1 1.9 ± 1.7 1.06 ± 1.9 

 

 

 
 

Figure 8. Cross-section of loose shell diseased P. monodon intestine. 
(a) Necrosis in the intestinal wall. (b) Degeneration of basement mem-
brane. (c) Degeneration of epithelial cell in the inner wall of the intes-
tine. (d) Intra nuclear inclusion bodies. 

 
 

 Intestinal cell necrosis and degeneration of basement 
membrane are also noticed in the affected shrimp. Further, 
degeneration of epithelial cells in the inner wall of the intes-
tine and cell necrosis are noticed (Figure 8). 

Environmental variables in normal and loose shell  
diseased ponds 

The salinity of the normal pond ranges between 30.6 and 
46‰. The temperature of normal pond varies between 28.9 
and 32.7°C. Water pH in the pond ranges between 7.6 and 
8.6. Soil pH varies from a minimum of 4.62 to a maxi-
mum of 6.8. Dissolved oxygen ranges between 5 and 
7.34 ppm (Figure 9 a). 
 Water quality parameters in loose shell-affected ponds 
are more or less similar. The salinity of the loose shell-
affected pond varies between 30.4 and 44‰. pH of the 
pond water is between 7.6 and 8.6. The soil pH is ranged 
between 4.62 and 6.49. Dissolved oxygen content of the 
pond varies between 5.12 ppm on 140th DOC and 2.7 ppm 
on 133rd DOC. The temperature of the pond does not 
vary much; it ranges only from 30.2 to 32.5°C (Figure 
9 b). 

Feeding 

The daily feed consumption rate (FCR) is one of the indica-
tors of disease onset in the pond. In the normal pond, the 
FCR is normal (Figure 10 a). In the loose shell-affected 
pond, the FCR is reduced substantially (Figure 10 b). 

Growth and production 

In the present investigation, the FCR in the loose shell 
syndrome-affected pond is between 1.82 and 2.08. This is 
an abnormal level for shrimp culture. In the normal pond, 
the FCR ranges between 1.56 and 1.82. Shrimp biomass pro-
duction in the loose shell-affected pond ranges between 
0.758 and 1.338 tons ha–1. In the case of normal pond, it 
ranges from 1.797 to 2.086 tons ha–1. The average body 
weight of the shrimp during harvest in the loose shell 
syndrome-affected pond is between 25.98 and 31.32 g and 
in the normal pond it is between 29.44 and 32.12 g (Fig-
ure 11 a and b). The total DOC for the normal pond is 140, 
and for the loose-shell syndrome-affected pond it is 147. The 
daily growth rate of the shrimp pond is important for effi-
cient FCR. In the present study, the loose shell-affected 
shrimp shows minimum mean daily growth rate (DGR) 
value of 0.02 g on 105th DOC and maximum value of 
0.40 g on 63rd DOC. In the normal pond, maximum DGR 
of 0.371 g has been achieved on 77th DOC and minimum of 
0.24 g on 105th DOC (Figure 11 a). It is evident that 
shrimp survival in the normal and loose shell-affected 
ponds varies greatly. In the normal pond, the mean final 
survival is 81.95% and in the case of loose shell-affected 
pond it is only 60.68% (Figure 12). During harvest, the 
mean soft shell in the loose shell-affected pond is 8.99% 
and it is 4.86% in the normal pond. 

Discussion 

Loose shell disease is one of the non-infectious shrimp 
diseases, which causes serious threat to shrimp industry3. 
The loose shell syndrome is the result of chronic toxic 
pond-bottom conditions due to the release of ammonia 
and nitrates4. The shrimps apparently suffocate when dense 
colonies of foulers reduce the effective respiration surface 
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Figure 9. Water quality parameter in (a) normal pond and (b) loose shell diseased pond. 
 
 
 

 

 
 

Figure 10. Daily pellet feed consumption in (a) normal ponds (b) loose shell diseased ponds. 
 

 
 
area of the gill5. Good water quality is an important preven-
tive measure6. 
 Chronic cases of long-term pollution and zoothamnium 
fouling of the shell and gill of P. monodon lead to shrunken 
hepatopancreas7. The main function of the hepatopancreatic 
R-cell is storage of food8. The poor vacuolation of hepa-
topancreas in soft-shelled shrimps is reportedly due to chronic 

starvation of the shrimps9. The hepatopancreatic tubules of 
loose-shelled shrimps are mostly disarranged and disrupted. 
In the loose-shelled shrimp, compressed hepatopancreas 
tubules are found. Poor consumption of pellet feed leads 
to cannibalism of shrimps in the pond10. The dissolved oxy-
gen levels should be kept above 2 ppm at all times11. In the 
present study, the minimum dissolved oxygen is above 5 ppm 
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Figure 11. a, Daily growth rate of P. monodon in normal and loose shell-affected 
pond. b, Growth of P. monodon in normal and loose shell affected ponds. 

 

 

 
 

Figure 12. Mean survival of P. monodon in normal and loose shell-diseased ponds. 

 
 
in both the ponds. The ponds have been installed with paddle 
wheel aerators. Earlier workers have observed the shrimp 
mortalities in the pond when the oxygen level reaches as low 
as 2.7 ppm during the night hours12. 
 Temperature plays a vital role in the metabolism of 
shrimps. In grow-out ponds, the temperature should range 
from 25 to 30°C; values greater than this range are lethal 
to shrimps13. During the present study the temperature 
ranged between14 28.7 and 32.7°C. The ideal salinity for P. 
monodon is 15–25 ppt, and high or low salinity beyond the 
optimal range affects the normal physiology of shrimps15. 
In this study, it ranges between 30.4 and 46 ppt. The feed con-
sumption pattern in normal and loose shell-affected ponds 
differs. There is a sudden fall in daily consumption of pellet 
feed in the loose shell disease-affected pond. In the normal 
pond, pellet feed consumption is normal. The feeding res-
ponse may be reduced by 30–50% at temperatures16 higher 
than 32–33°C. The average daily growth rate of shrimp in 
the loose shell-affected pond is 0.18 g and in the normal 
pond it is 0.22 g. Maximum daily growth rate of 0.17 g for 

P. monodon culture pond has been recorded earlier17. Com-
pared to the normal pond, in the present study the loose 
shell-affected pond has recorded poor daily growth rate, 
which ultimately leads to prolonged culture days to reach 
the harvestable size. The mean survival rate in the loose 
shell-affected pond is 60.68% and in the normal pond it is 
81.95%. The poor survival in the loose shell-affected 
pond is due to cannibalistic behaviour of shrimps in the pond. 
The final survival of P. monodon has previously been re-
ported18 to be 81.7% at the stocking density of 11 m–2. 
The density of 5–20 prawns m–2 has shown no effect on the 
survival rate19. Comparable results have been reported at a 
stocking rate of 5 m–2 and at 7.5 m–2 on growth and survival 
of pond-reared P. monodon20. 
 Earlier work has recorded a production of 800–2500 kg ha–1 
per crop for a system of shrimp culture, where feed inputs are 
a major source of nutrients for shrimp in ponds21. Production 
of 700 kg ha–1 to 11.2 tons ha–1 has been reported in Taiwan22. 
In the present study, production in the normal pond is 1.797 to 
2.086 tons ha–1, and in the loose shell-affected pond it 

b 

  a 
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ranges between 0.75 and 1.338 tons ha–1. A previous study 
has recorded about 3% soft-shelled shrimps at 20 m–2 density 
culture23, whereas the present study has observed 8.99% 
of diseased shrimps (soft-shelled) at 8 m–2 density. 
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