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  Abstract 
Lake Mansar, a subtropical and warm monomictic Ramsar wetland, is an important flyway for various winter migratory 

birds. During the present study, winter mortality of exotic carps weighing about 50gm to 2kg was observed in the lake 

during late December 2015 to early February 2016. Mortality was observed more in January as hundreds of small and 

few large dead fishes weighing >1.5kg were seen on different sites of the lakes during our visits to the lake. Among these, 

mortality percentage of Cyprinus carpio communis and Cyprinus carpio specularis was about 90% and 10%, respectively. 

Water quality analysis revealed low dissolved oxygen and high free CO2and BOD content in the lake water. Several field 

visits carried out over a period of several weeks, prior to, during, and after mortality, have led us to the conclusion that 

stress resulted from depletion of dissolved oxygen and increased free CO2 and was the main cause of sudden fish 

mortality. Although some fish kill in subtropical lakes during winters is a natural phenomenon but mass fish kills indicate 

some type of environmental stress and are ecologically unacceptable. As Mansar is a famous tourist destination in J&K, 

such mass fish kills pose serious threat to the economy of the State and affect the health of the inhabitants who rely on the 

lake for meeting their water requirements. Comparison of water quality data of winter months(December to February)of 

three years viz. year before (2014-15), during (2015-16) and after (2016-17) mass fish kill has shown lowest DO and 

highest free CO2record during the year of fish kill (2015-16) which further supports the present findings. The study 

proposes installation of aerators at different locations to aerate the lake water in order to prevent winter kills in future.  
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Introduction 
Mass sporadic die offs of fish from various water 

bodies world over have been assigned varied 

reasons by numerous workers (excessive water 

pollution due to release of harmful chemicals and 

effluents, food shortages, parasitic infestations, 

toxic algal blooms, environmental stresses, 

suffocation and injury due to over stocking, 

diseases, predation pressures, etc.). Ganapati and 

Alikunhi (1950) ascribed mass fish kill in river 

Cauvery to the discharge of effluents from Mettur 

chemical and industrial Corporation Ltd, Mettur 

Dam, Madras. Arora et al., (1970) attributed heavy 

fish mortality in Rihand reservoir to high chlorine 

content (62 ppm) discharged from Kanoria 

Chemical Industries. Beamish and Harvey (1972) 

ascribed mass fish mortalities in La Cloche  
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mountain lakes, Ontario to acidification caused by 

industrial emissions.Winter hypoxia as a factor 

responsible for mass fish mortality in Gandhi sagar 

reservoir, Nagpur was reported by Krishnamoorthy 

and Visweswara (1963) and two-basin Lake in 

southern Finland during winter (2002–2003) by 

Ruuhijarvi et al., (2010). Fish kill in Hussain sagar 

lake was attributed deoxygentaion  of  water due to 

discharge of sewage and industrial effluents and 

choking of gills through fine deposition of 

pollutants from the effluents affecting the 

respiratory activity of the fish and hence fish kill by 

Rao et al., (1989-1990). Dutta et al.,(1997) 

attributed mass mortality of fishes belonging to 

Cypriniformes, Siluriformes and Ophio 

cephaliformes in Behlolnullah, Jammu to sudden 

discharge of large amount of turbid industrial 

effluents causing imbalance in abiotic 

characteristics of Behlolnullah. Wanganeo et al., 
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(1994) attributed toxic effects of decomposing 

Microcystis blooms and mixing of bottom and 

surface water causing oxygen declineto fish 

mortality in lower lake of Bhopal. Heil et al., ( 

2001) reported the fish kill in Kuwait Bay, Arabian 

Sea to Gymnodinium sp. bloom.Cumulative factors 

have also been assigned to fish mortality episodes 

by several workers. Maryland department of 

Environment (2016) identified a karlotoxin strain as 

the probable cause of the fish kill in the upper 

Gunpowder and Bird rivers near Joppatowne 

(Harford/Baltimore Counties) which killed an 

estimated 20,553 fishes comprising of about ten 

species. Mass winter mortality of local trash fish in 

Lake Mansar, the present area of study, was first 

reported in February 1997. After this, the lake was 

stocked with various carp species. Being a religious 

spot and restriction on fishing in lake, there was 

tremendous proliferation of carps over a period of 

time thereby reducing the indigenous fish 

population of the lake. Although some fish 

mortality during winter months is usually noticed in 

this lake but there is no record of any mass fish 

mortality after 1997. However, during the 

limnological survey of this lake during the period 

(2014-2017), high fish mortality was recorded 

during late December 2015 to early February 2016 

and has been described. Comparatively very low 

fish mortality was noticed during the years (2014-

2015) and (2016-2017). 

Study Area 
Lake Mansar (32

0 
48’N  and 75

0 
23’E)- a 

designated Ramsar site along with another lake 

Surinsar, is located in Shivalik belt about 55km east 

of Jammu City. Situated at an elevation of 664m 

amsl, Mansar is semi-oval in shape (Fig. 1) with an 

area of 0.59 km
2
, circumference of 3.4 km and 

depth of 38.25m (Kumar et al., 2006). This warm 

monomictic, non-drainage type  lake is usually rain 

fed and also receives freshwater from subterranean 

springs and surface runoff from the catchment. The 

drinking water is supplied to the adjoining villages 

through this lake. Lake water is also used for 

irrigating the fields located in the vicinity.  

 

Material and Methods 
Water samples for physicochemical analysis were 

collected from lake in pre-cleaned, poly-propylene 

plastic bottles of 1L capacity on monthly basis 

during the years (2014-2017) with fortnightly 

sampling during early December to late February 

(2016). Air and water temperature was recorded on 

spot by mercury bulb (
0
C) thermometer and 

transparency by Secchi disc while rest of the  

parameters were determined in the laboratory 

within 24 hours. For dissolved oxygen, samples 

were fixed in well stoppered DO bottles of 300 ml 

capacity and initial fixation was done in the field. 

Fig. 1 Map showing Lake Mansar with various points indicating areas of fish kill 
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Analysis of all water quality parameters was carried 

out in laboratory following Standard Methods 

(APHA, 2005). Some dead fish specimen were 

collected and brought to laboratory for detailed 

study. 

 

Results and discussion 
During the fortnightly visits of Lake Mansar from 

early December(visit prior to fish mortality), late 

December to early February(visits during fish 

mortality) and late February(visit after fish 

mortality), hundreds of dead fishes were seen 

floating at various sites of lake Mansar. On careful 

examination, it was observed that dead specimen 

were mostly of Cyprinus carpio communis and 

Cyprinus carpio specularis both belonging to order 

Cypriniformes. In the dead specimens, Cyprinus 

carpio communis shared high percentage (90%) 

than Cyprinus carpio specularis (10%). Dead 

specimen were not restricted to a particular place 

around the lake but were seen scattered all over the 

lake in the area along the wildlife sanctuary, 

cremation ground, near the pumping station, temple 

site, market side and parking area(Fig.1;2a-d;3a-d). 

The dead specimen of Cyprinus carpio communis 

and Cyprinus carpio specularis varied from 5cm to 

15 cm in size andbetween 110g- 2kg and 120-700g 

in weight, respectively. Visual observations showed 

that apparently there was nothing wrong with these 

dead fishes which was further affirmed by 

microscopic examination of skin and gills of dead 

fish specimens revealing absence of any ecto-

parasite. However, some decomposed specimens 

were covered with fungus. Fishes during morning 

hours were seen gulping air at the surface of water 

especially near the edges, depicting the sign of 

oxygen stress as reported by Helfrich (2009) (Fig. 

4a-d). Results of various water quality parameters 

investigated prior to fish mortality (early 

December), during fish mortality (late December to 

early February) and after fish mortality (late 

February) have been tabulated in table 1. Water 

quality analysis revealed sudden fall in water 

temperature during fish mortality (from late 

December to early February) which corresponded 

to the subsequent fall in air temperature. pH and 

free CO2showed inverse relationship with each 

other. High pH (7.4) was observed prior to fish 

mortality with lowest free CO2 record (6.60mg/l) 

and low pH(6.42) was noticed during fish 

mortality(late January) with highest free CO2 

record(24.20mg/l).DO showed inverse relationship 

with free CO2 and observed sudden decline during 

fish mortality (from late December to early 

January).The increase in free CO2concentration and 

decline in DO in lake water may be due to lake 

upwelling resulting in mixing of bottom anoxic 

water with the upper oxygenated layers. Similar 

increase in free CO2and decrease in DO with lake 

overturn has been reported by Malhotra et al., 

(1979); Pandita (2005) and Dutta et al., (2014). 

Beamish and Harvey (1972) advocated acidification 

of lakes as a factor responsible for fish mortality 

from La Cloche mountain lakes, Ontario.The range 

of DO during fish mortality period (1.22-2.82mg/l) 

was well below the optimum concentration required 

for the survival of fish particularly carps(5ppm) 

(Moore,1942). Less photosynthetic activity due to 

shorter photoperiod and low temperature during 

winter reduces the overall production of oxygen in 

lake (Vasisht and Sekhar, 1979). Fishes overcome 

this stress by lowering their metabolic rates and 

oxygen requirements but very less photosynthetic 

activity and high oxygen demand can further 

exacerbate oxygen stress which causes fish kill 

(Holeton, 1980; Hurst, 2007).Diaz and Breitburg 

(2009) and Small et al., (2014) stated that hypoxia 

(DO range less than 2-3mg/l in marine water and 5-

6mg/l in fresh water) can result in sudden fish kill 

and is quite evident in the present study also. 

According to Bickler and Buck (2007), fishes, 

under severe hypoxia, need to cope with ion 

disturbance associated with inadequate energy 

supply and the acidosis associated with anaerobic 

metabolism. The disturbance of cellular function in 

fish leads to cellular necrosis eventually leading to 

death (Richards 2009). Kangur et al., (2016) 

observed massive fish kill following sudden dip in 

oxygen (0.49 to 2.8mg/l) from shallow lake of 

Estonia. An inverse relationship between DO and 

BOD was also noticed in the present study. The 

maximum and minimum BOD was recorded during 

late January (6.0mg/l) and early December 

(1.8mg/l). Electrical conductivity, TSS and TDS 

showed a direct relationship and observed sudden 

increase during the mortality period. However, 

Water quality changes and winter mortality of major carps 
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transparency observed inverse relation with TSS 

and decreased during the period of fish mortality. 

Concentration of anions and cations also noticed 

increase during the mortality period. It was noticed 

that the fish kill was spontaneous in the area as live 

fish specimens were also seen swimming among 

the dead specimens at the time of the observation. 

Comparison of three years water quality data during 

the winters (December-February) of year before 

(2014-15), during (2015-16) and after (2016-17) 

fish kill has shown lowest record of DO and highest 

record of free CO2 during the year of fish kill 

(Table 2) which further confirms our results. The 

present findings are also in consonance with the 

earlier studies of Pandita (2005) and Dutta et al., 

(2014) who ascribed mass mortality of fishes in 

lake Surinsar, Jammu to winter lake overturn 

resulting in sharp decline in oxygen (0.5 mg/l and 

3.10 mg/l) causing death of fishes due to 

suffocation. Strong correlation between fish 

mortality and dissolved oxygen depletion has been 

advocated by various workers from India and 

abroad (Powers, 1938; Ganapati  and Alikunhi, 

1950; Banerjea et al., 1956; Khan and 

Hussain,1976; Hingorani et al.,1977; Bhagat et al., 

1979; Holeton, 1980; Sanzi, 1981; Ruparelia et al., 

1986; Orietta, 2016). 

Fig.2a-d Dead specimen of Cyprinus carpio communis  and Cyprinus  carpio  specularis 

scattered all over the lake. 

 
Fig.3a-d Dead specimen along a.  cremation ground b. wildlife sanctuary area c. temple site aread. market 

area 
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Table-1.Water quality of lake Mansar prior to, during and after fish kill during year (2015-16) 
 Units Prior to fish 

Mortality 

During Fish mortality After 

mortality 

Parameters   Early 

December 

Late 

December 

Early 

January 

Late 

January 

Early 

February 

Late 

February 

Air Temp  
0
C 20.0 14.4 13.10 13.0 13.50 15.80 

Water Temp  
0
C 17.0 11.70 11.50 10.0 11.75 13.64 

EC  mS/cm 0.157 0.287 0.319 0.222 0.231 0.237 

TSS  ppm 0.193 0.225 0.281 0.315 0.424 0.372 

TDS  ppm 76.45 142.75 154.75 159.5 116.4 118.87 

Salinity  ppt 0.10 0.20 0.20 0.30 0.20 0.17 

Transp. cm 160.02 157.42 154.94 147.32 126.68 138.80 

pH   7.49 7.05 6.96 6.42 6.80 7.07 

Free CO2 mg/l 6.60 13.20 19.80 24.20 17.60 11.0 

DO  mg/l 4.10 3.01 1.60 1.22 2.82 4.15 

BOD  mg/l 1.80 3.20 3.80 6.0 5.80 2.24 

Bicarbonate mg/l 95.37 81.9 100.27 102.9 66.15 86.62 

Chloride  mg/l 8.56 10.25 13.5 14 15.20 15.37 

Calcium  mg/l 59.3 71 85.31 88.28 80.57 79.8 

Magnesium mg/l 15.7 11 7.43 18.12 21.92 23.95 

Total 

Hardness 

mg/l 75 82 92.75 100 102.5 103.75 

 

Table-2. Comparison of water quality of Lake Mansar during the winter months (December-February) 

ofthree year study period (2014-15, 2015-16and 2016-17) 

Parameters  
Dec 

(2014) 

Jan 

(2015) 

Feb 

(2015) 

Dec 

(2015) 

Jan 

(2016) 

Feb 

(2016) 

Dec 

(2016) 

Jan 

(2017) 

Feb 

(2017) 

Air Temp(0C) 13 13.5 13.87 17.2 13.05 14.65 14.17 13.75 17 

Water Temp 

(0C) 

11.75 11.25 15.37 14.35 10.75 12.70 11.75 13 13.75 

EC(mS/cm)  0.269 0.220 0.237 0.222 0.303 0.274 0.259 0.261 0.259 

TSS - - - 0.209 0.298 0.398 - - - 

TDS(ppm) 150.1 116.37 118.87 109.6 157.13 117.64 131.43 129.3 130.9 

Salinity (ppt) 0.35 0.3 0.3 0.15 0.25 0.19 0.27 0.25 0.24 

Transp.(cm) 191.12 182.86 188.87 158.72 151.13 132.74 173.72 181.64 183.45 

pH  7.22 7.14 7.74 7.27 6.69 6.94 7.45 7.37 7.25 

Free CO2 

(mg/l) 

8.52 12.1 8.8 9.9 22 14.3 8.10 11.15 10.2 

DO(mg/l) 3.65 3.75 4.55 4.43 1.41 3.49 3.85 3.6 4.1 

BOD (mg/l) 3.6 3.35 3.05 2.5 4.9 4.02 3.40 4.3 3.7 

HCO3
-(mg/l) 94.4 47.25 86.62 88.64 101.59 76.39 76.36 71.2 72.6 

Cl-(mg/l)  10.25 11.27 11.37 9.41 13.75 15.29 11.83 11.5 12.5 

Ca2+(mg/l) 72.09 78.48 75.96 65.15 86.80 80.19 78.75 73.89 77.66 

Mg
2+

(mg/l) 12.69 13.23 13.12 13.35 12.78 22.94 6.80 8.805 7.9 

TH(mg/l) 232 250.17 243.45 78.5 96.38 103.13 264.37 272.25 272.05 

- Data not available 
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Fig. 4a-d: Fishes gulping air at the surface of water in morning hours 

 

Conclusion 
The present study indicated that the winter mass 

fish kill in 2016 in Lake Mansar was likely caused 

by a combination of successive and co-occurring 

extreme phenomena resulting in low water 

temperature, low pH, low DO, high free CO2 and 

low transparency. Sudden fish kills are the first 

visible sign of environmental stress. Carps, among 

fishes, though have tolerance for environmental 

variations but mass deaths are often associated with 

sudden environmental changes that may affect 

other animals and plants and may have a direct 

impact on other users of the water.The sudden fall 

in water temperature during December resulted in 

breaking of stratification and mixing of anoxic 

water from hypolimnion with the oxygen rich water 

of epilimnion. The dead specimen were collected 

by State Wildlife Department and locals and buried 

along the banks of lake but such incidences pose 

danger of epidemic in the area as the water from 

lake is used for drinking and other domestic 

purposes by the inhabitants. Therefore, the study 

proposes installation of more aerators at different  

 

 

locations of the lake which are considered to be 

very effective in maintaining oxygen exchange 

from the atmosphere to water in order to prevent 

future winter fish kill in the lake. 
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