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Abstract
The ornamental fish industry is a blooming industry in the world with potential to generate huge economic revenue. Kashmir is among the very few states in India 
having cold water fishery re-sources. Popularization of these cold-water fishes for ornamental purpose is very important to enhance their economic value. So, the 
present study focuses on the various water bodies of Kashmir to evaluate the potential and feasibility of wild fish species as ornamental fishes that can be bred and 
reared in confined water conditions. This study proposes 07 fish species belonging to 3 families i.e., Cyprinidae, Balitoridae and Poecilidae to be used for such 
purpose among 23 commonly found fish species in Kashmir. These species were able to live and thrive well in aquarium conditions with minimum care and cost-
effective attention. The mortality of these fish species was recorded on daily basis to evaluate their survival percentage. The water quality parameters were found 
to vary non-significantly in all treatments except the water temperature as the climatic constrains is the main factor responsible for motility of these fish species.
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Introduction
Ornamental fishes are currently gaining importance very 

swiftly as a live ornament due to their pulchritude and tremendous 
prospectus and economic value in the international fish trade and 
aquaculture. Keeping of ornamental fishes in the glass tank is a very 
common custom, being the second most preferred hobby in the world 
after photography mainly due to the bright coloration and natural 
stress relieving property of ornamental fishes. The large numbers 
of ornamental fish keeping hobbyists are rising day by day globally 
and in Kashmir valley also many young entrepreneurs are investing 
their money in this venture as it ensures great income generation and 
involves low investment aided by high social acceptance. However, 
the main focus of these budding entrepreneurs in the valley is fixed 
on exotic fish species from Indian tropical climates like Gold fish, Koi 
carp, Mollies, etc. that eventually leads to increase in maintenance and 
survival cost for rearing these species in temperate climatic region of 
Kashmir. It also enhances the sustainability of these exotic varieties 
of fishes to various fungal, bacterial and parasitic diseases. But if the 
endemic fish species of valley are prioritized as ornamental fishes 
by fish hobbyists and entrepreneurs, not only can it decelerate the 
maintenance cost and lower disease prevalence but can also contribute 
to the economic development of the Valley generating more profitable 
employment to unemployed youth.

Ornamental fishes are peaceful, generally small sized, attractively 
colored [1], hardy so that it could be accommodated in confined 

spaces, readily accept supplementary feed and show behavioral and 
environmental compatibility with other species [2]. This practice of 
keeping such fishes in aquariums first began in 1805 with the first 
public aquarium opened at Regent’s Park in England during 1853 [3]. 
In India keeping of ornamental fishes as a hobby is nearly 70 years old 
[4] and it began with the British colonization in India [5]. Since then 
this venture is on continuous expansion from all its dimensions in 
India and also in international market.

The minimum requirement of space and attention, relatively 
inexpensive and flexible to install at any location, where there is 
diffused light and least possibility for spread of any zoonotic disease 
and/or allergies compared to other pet animals is the main reason 
for growing interest of people in aquaria keeping all over the world. 
People prefer ornamental fishes in their homes, offices, restaurants, 
hotels, malls, public parks, museums, zoos to attract masses for 
various reasons: for decoration, children’s education, enjoyment, good 
fortune, to collect rare species as hobby and for research purposes. 
About more than 125 countries contribute to the global ornamental 
fish trade with over 2500 species involved in trade, of which over 60% 
are of freshwater origin except some eurythermal carps. Advancement 
in breeding and aquarium technology has added a new dimension 
in the ornamental fish trade with more species and varieties being 
introduced to the aquarium trade. Asian countries dominate as the 
major source of ornamental fishes in the world contributing about 
57% of total ornamental fish export [6]. Indian waters also possess 
a rich diversity of ornamental fishes, with over 374 indigenous 
ornamental varieties of fresh water origin and 700 of marine water 
origin. The ornamental fish trade in India is mainly contributed from 
fresh water sources at about 80% and just 20% from brackish and 
marine waters [7]. The major proportion of this export comes from 
exotic ornamental species that are bred in captivity and then being 
exported from India to other countries due to their high demand 
in local markets. Considering India’s richness of fish biodiversity, 
geographic location and access through air connectivity to the 
international markets, it wouldn’t be an understatement that India 
has not trapped these resources effectively that could have propelled 
exports and would have taken the country to a prominent position 
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in the global ornamental fish trade since it is projected as a “sleeping 
giant” [8]. Also, the exotic or invasive species are a growing source of 
ecological and economic harm world-wide [9,10].

The Kashmir valley is bestowed with rich aquatic fauna having fish 
production of about 20,390 tons that primarily constitutes food fishes 
of the valley [11]. Various authors have reported the ichthyofaunal 
diversity of Kashmir like [12-14]. The total of 23 fish species are 
commonly found in Kashmir valley out of total 120 species of J&K [14]. 
The ornamental fish industry also has great scope in Kashmir as well 
due to its vast freshwater resources primarily in the form of streams, 
rivers, lakes and glaciers and the availability of rich ichthyofaunal 
diversity offering impetus for this industry to grow further in the 
valley. At present various species of exotic ornamental fishes are 
available in the valley through domestic and international trade at an 
ever-increasing rate. But these invasive species pose a serious risk on 
the ecology and endemic fauna of the valley by competing for the food, 
space and breeding grounds. Also, due to harsh winters in valley, these 
exotic species demand high maintenance cost, continuous electricity 
supply to run thermostat, aerators, etc. and require sophisticated 
feeding for survival. Hence, there is a great need to search for 
endemic fishes that cannot only sustain climatic fluctuations of the 
Valley but are quite cheap or affordable to procure and can also be 
bred under captive conditions. However, the indigenous ornamental 
fish of the valley are continuously being neglected mainly due to lack 
of awareness. The assessment of indigenous ornamental fish species 
from various locations of India were reported by Arif M et al. [15] in 
Jammu area of J&K; [16] in Kerala and [2] in West-Bengal. Therefore, 
in the present study an effort was made to elucidate the feasibility of 
different ornamental fishes by laying special emphasis on creation of 
commercial ornamental industry in Kashmir.

Materials and Methods
The experiment was carried out in the Dept. of Animal Sciences 

(Zoology) at Central University of Kashmir (34°14′03″N, 74°43′31″E), 
Ganderbal, J&K for a period of 12 months.

Study area
The Kashmir valley located in the northern India, with Srinagar 

as summer capital and Jammu as winter. It is situated between Pir 
Panjal Range and the Zanskar Range and has an area of 15220 sq km. 
It is endowed with complex geological structure and rich temperate 
flora and fauna. The surface of the valley is plain and abounds with 
springs, lakes and rivers. It comprises of 10 districts, as Anantnag, 
Kulgam, Budgam, Shopian, Pulwama, Srinagar, Bandipora, Kupwara 
and Baramullah. Variety of aquatic fauna can be found in water bodies 
of these districts. The Purposive sampling was performed for the 
selection of sites (Table 1) based on maximum catch reports from the 
area.

Collection, selection and identification of fish species
The fishes were randomly sampled from different selected sites of 

the valley mainly using cast net. However, occasionally other types of 
nets like dip nets were also used. The fishes collected from each water 
body were then examined to select for aquarium culture. The various 
parameters considered for the selection of fish species for culture in 
aquariums includes, i) small to medium size of fish , ii) hardy behavior, 
iii) attractiveness, iv) ability to thrive in confined environment, v) 
acceptance to artificial feed, vi) compatibility with other species, & 
vii) Non-carnivorous feeding behavior. These selected fish fauna were 
then identified with the help of keys provided by [12,17].

Acclimatization of fishes
The experimental fishes selected from natural water bodies were 

first given prophylactic treatment for about 10-20 seconds with 5 
ppm KMnO4 solution. The dead and weak fishes were discarded 
and the healthy bath treated fishes were transferred to functional 
indoor aquarium operated a week prior to stocking of fishes for 
acclimatization to culture conditions. The fishes were fed with 
marketed feed throughout the period of 12 months @ 5% of their 
body weight twice a day [18].

Physicochemical parameters of water
The water chemistry was carried out as per standard methods of 

American public health association (2012) at each fortnightly interval 
(Table 2). Two-third water exchange was per-formed on monthly 
intervals. A constant photoperiod of 12 hours light and 12 hours dark 
was maintained using fluorescent bulbs (60 lux). 

The pH is the negative logarithm of the Hydrogen ion 
concentration of a solution and is the measure of whether liquid 
is acidic or alkaline. It is the most important factor that affects 
productivity of water body. In aquatic ecosystems, oxygen is present in 
dissolved form. The dissolved oxygen was maintained using air stone 
throughout the experiment. It is the most important factor responsible 
for healthy growth and survival of fishes as anoxious conditions can 
lead to heavy fish motility. The ammonia is present in water as a result 
of microbiological activity which causes the reduction of nitrogen-
containing compounds. Ammonia and nitrate are the most common 
forms of nitrogen in aquatic systems. Nitrate nitrogen is the oxidized 
form of ammonia-nitrogen or nitrogen compounds found in natural 
waters. These are very lethal for the survival of the fish. Continuous 
siphoning is performed to eliminate these nitrogenous waste 
products. Total Alkalinity is the acid combining capacity of water. It is 
the measure of carbonate, bicarbonate and hydroxyl concentration in 
water and the Total hardness is the amount of dissolved calcium and 
magnesium in water along with other salts.

Survival rate
The survival rate of fishes is the most important parameter for the 

culture in fish as the aquarium provides confined and static conditions 
for the wild species of fishes. Therefore, the higher survival indicates 
higher feasibility of fish species to aquarium conditions and vice-versa. 
The survival rate of fishes is expressed in terms of percentage [18].

Table 1: Various sampling sites used in study.

Sampling Site Location Sampling Sites
Manasbal Lake 34°15′ N, 74°40′ E Gratbal, kondbal, safa pora
Dal Lake 34°07′ N, 74°52′ E Gagribal, Hazratbal, Nigeen
Anchar Lake 34°01′ N, 74°02′ E Soura, Kreshbal
Wular Lake 34°20′ N, 74°36′ E Ashtangoo, Watlab
Jhelum Lake 34°07′ N, 74°82′ E Larkipora, Khanabal
Tulmullah Water Canal 34°11′ N, 74°33′ E Tulmullah
Table 2: Estimation of various physico-chemical parameters of water.

Water Parameters Method
Water temperature Mercury thermometer calibrated to 0.1C

pH Digital pH meter (Microprocessor pH 
system 1011E)

Dissolved Oxygen Modified Winkler’s Method (APHA, 
2012)

Total Hardness EDTA Method
Total Alkalinity Mackereth et al.

Ammonia-Nitrogen (NH3-N) Phenate method (APHA, 2012)
Nitrate-Nitrogen (NO3-N) Salicylate method
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This was calculated as follows:

  Survival Rate=Number of fishes survived/Total 
number of fishes × 100

Statistical analysis
All the experimental data collected were statistically analyzed 

with the help of statistical software SPSS version 20.0 and Microsoft 
Excel 2010. The results were expressed as the Mean ± Standard error.

Result and Discussion
The present study suggests the availability of at least 07 fish 

species of 3 families (Table 3) to have eminent ornamental value as 
they have potential to survive and flourish well in confined aquarium 
conditions. All of these were found to survive in confine aquarium 
conditions for more than 12 months with minimum care and 
attention. Also, the extreme cold weather conditions prevailing in 
valley that prior resulted in high maintenance cost for rearing exotic 
ornamental varieties could now be easily curtailed by introducing 
these indigenous species of fishes for ornamental purposes. The study 

also revealed the hardy and uncompetitive nature of these native fish 
species that can be easily utilized for their poly culture in aquariums.

Therefore, it is quite evident that the fresh water resources 
of the valley are of great commercial importance due to the rich 
faunal diversity. But as a result of various anthropogenic activities, 
such as overfishing, water contamination, dam construction, illegal 
encroachment, introduction of exotic species and habitat alteration, 
the ecology of these water bodies has changed considerably that in 
turn resulted in decreased water quality. Consequently, impacting 
the wild fish species both morphologically as well as physiologically. 
But by introducing these species in aquarium not only the economic 
importance of these species shall increase but also conservation of 
these species will become easy. It shall also help to aware the younger 
generation of researchers, entrepreneurs and students about their 
behavior and role in ecology. 

Survival rate
Survival is most vital aspect of fish production and rearing. The 

survival of fish is the key factor that determines success of potential 
ornamental fishes and it depends on various factors like, physico-
chemical characteristics of water, disease prevalence, stocking density, 
availability and type of feed, etc. The survival percentage among 
the suggested indigenous ornamental fishes was found to follow 
the decreasing trend as, Pethaia conchonius > Cyprinus carpio > 
Carassius carrasius > Crossocheilus diplochilus > Gambusia holbrooki 
> Triplophysa kashmeirensis > Triplophysa marmorata (Figure 1). 
Survival was found to be significantly higher ranging from 82.6% in 
P.conchonius to 57.3 % in Triplophysa marmorata (Table 4). Therefore, 
the confined environmental constrains did not significantly enhanced 
mortality rates of these endemic species. Ornamental fishes that 

Table 3: Indigenous fish species of Kashmir having ornamental culture 
potential.

Family Scientific Name Common Name Local Name
Cyprinidae Puntius conchonius Rosy barb Bloz
Cyprinidae Carassius carrasius Crussian Carp Gang gad
Cyprinidae Cyprinus carpio Common Carp Punjabe gad
Cyprinidae Crossocheilus diplochilus Kashmir Latia Tether
Balitoridae Triplophysa kashmeirensis - Ara gurun
Balitoridae Triplophysa marmorata - Ara gurun

Poecilidae Gambusia holbrooki Eastern Mosquito 
fish -

Table 4: Survival percentage (%) of different fish species.

Species P.conchonius C. carpio C. carassius C. diplochilus G. holbrooki T. kashmerensis T. marmorata
Sample percentage 100 100 100 100 100 100 100

0-30 97.3 94.6 93.3 90.6 90.6 86.6 85.3
30-60 96 94.6 93.3 88 86.6 86.6 84
60-90 96 90.6 93.3 88 85.3 82.6 80

90-120 96 90.6 84 86.6 85.3 80 76
120-150 89.3 90.6 84 82.6 81.3 80 76
150-180 89.3 86.6 81.3 80 78.6 77.3 73.3
180-210 86.6 86.6 81.3 80 73.3 76 73.3
210-240 86.6 84 81.3 77.3 73.3 74.6 68
240-270 86.6 84 78.6 77.3 72 70.6 68
270-300 86.6 82.6 78.6 76 69.3 66.6 64
300-330 82.6 80 76 73.3 69.3 64 61.3
330-360 82.6 80 74.6 70.6 68 62.6 57.3

Table 5: Table of various water quality parameters observed during study.

Days D.O pH Total Alkalinity Total Hardness Temp. Ammonia Nitrate Free CO2
0 3.02 ± 1.53 6.2 ± 0.005 216.6 ± 0.86 154.7 ± 1.53 16.4 ± 0.20 0 ± 0.06 0.08 ± 0.10 5.78±0.08

30 5.2 0.07 7.6 ± 0.01 209.3 ± 1.48 149.6 ± 1.78 19.1 ± 0.05 0.026 ± 1.10 0.49 ± 0.97 1.2 ± 0.15
60 4.5 ± 0.19 7.9 ± 0.016 206.4 ± 0.99 132.2 ± 1.49 24.7 ± 0.18 0.05 ± 0.35 0.4 ± 0.37 0.9 ± 0.04
90 4.7 ± 0.08 6.9 ± 0.02 200.4 ± 1.12 130.7 ± 1.15 28.9 ± 0.04 0.01 ± 0.61 1.24 ± 0.02 1.45 ± 0.07
120 3.9 ± 0.16 7.2 ± 0.017 201.9 ± 0.96 114.5 ± 2.34 30.9 ± 0.55 0.06 ± 0.94 0.22 ± 0.08 0.5 ± 0.11
150 4.01 ± 0.10 7.5 ± 0.025 203.1 ± 1.18 127.3 ± 1.15 26.1 ± 0.35 0.09 ± 0.22 0.45 ± 0.97 0.2 ± 0.10
180 5.8 ± 0.14 7.7 ± 0.007 281.6 ± 1.14 212.5 ± 1.26 19.6 ± 0.62 0.032 ± 0.26 0.53 ± 0.71 0.32 ± 0.12
210 6.8 ± 0.16 7.8 ± 0.013 208.4 ± 1.22 199.5 ± 1.34 12.3 ± 0.20 0.06 ± 0.53 0.23 ± 0.07 0.47 ± 0.16
240 5.2 ± 1.12 8.2 ± 0.11 211.4 ± 1.29 137 ± 2.45 9.6 ± 0.31 0.041 ± 0.27 0.14 ± 0.06 0.5 ± 0.11
270 5.8 ± 0.34 7.8 ± 0.006 208.6 ± 0.12 218.3 ± 1.28 7.2 ± 0.42 0.063 ± 0.41 0.17 ± 0.09 0.98 ± 0.15
300 4.7 ± 0.11 7.9 ± 0.016 206.5 ± 1.18 200.2 ± 1.68 6.3 ± 0.45 0.032 ± 0.91 0.43 ± 0.38 1.1 ± 0.09
330 6.2 ± 0.43 7.4 ± 1.012 293.7 ± 1.07 191.74 ± 2.31 8.9 ± 0.22 0.06 ± 0.31 0.62 ± 0.08 0.8 ± 0.19
360 6.1 ± 1.64 7.9 ± 0.006 215.6 ± 1.54 188.6 ± 1.33 16.4 ± 0.16 0.14 ± 0.75 0.22 ± 0.05 1.2 ± 0.13
P-value > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
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are highly adoptable to culture conditions and are capable of living 
in wide environmental variations [19] are found to be suitable for 
culture in aquariums.

The physiochemical parameters of water
In aquatic fish culture, water quality management has significant 

importance as it can lead to disease prevalence or motility of fish 
species when not found under optimum range. The various water 
chemistry parameters of aquarium during the culture of indigenous 
wild fish species of Kashmir for the whole experimental study are 
shown in Table 5. The pH ranged from 8.2 to 6.2 in the present study. 
The principal component regulating ion pH in natural waters is the 
Carbonate, which comprises C02, HCO2 and HCO3 (APHA, 2012) 
[20]. The optimum range of pH for fish culture is between 7 to 9 
[4]. However, fish growth will be reduced if pH is outside this range. 
The pH values less than 4.5 or greater than 10 may lead to heavy 
mortalities [21]. The temperature in the present study varied from 
as high as 30.9 to as low as 6.3. The variation of water temperature 
was found in the range to 30.9°C to 6.3°C. The fluctuations in the 
water temperature were due to the change in weather. The range of 
dissolved oxygen content in the present study varied from maximum 
of 6.8 to minimum of 3.02 mg/l. The optimum dissolved oxygen 
content to support fish growth is 6 mg/l to 9 mg/l. The D.O content 
of less than 5 ppm may result in high motility of cold water fishes 
[21]. The variation in D.O content can be due to various factors 
like temperature as solubility of oxygen increases with decrease in 
temperature and vice-versa. The free carbon dioxide to support good 
fish population must be less than 5 mg/l [22]. The observed variation 
of free CO2 ranged from 5.78 mg/l to 0.2 mg/l. The total alkalinity 
of water must be in the range of above 20 mg/l to less than 400 mg/l 
for ponds [23]. Several species of ornamental fishes are well adapted 
to various ranges of hardy and alkaline water environments as fishes 
can tolerate broad fluctuations of both the parameters. In the present 
study the variation of total alkalinity and total hardness varied from 
293.7 mg/l to 200.4 mg/l and 218.3 mg/l to 130.7 mg/l respectively. The 
recommended level of ammoniacal nitrogen for fish culture is found 
to be <0.2 mg/l [24,25]. The concentration of ammonia and nitrate 
in present study varied between 0.14-0.00 and 1.24-0.08 respectively. 
The increase in ammoniacal and nitrate nitrogen content can be due 
to the decomposition of uneaten feed and fish excreta. Since all the 
water quality parameters were found to be in the optimum range 
throughout the study period suggests that no impact of water quality 
parameters were on possible morality of fish species.
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