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The study assessed the effect of different concentration 
of dissolved oxygen in Tor putitora, commonly known as 
Golden mahseer on physiological activities of juveniles 
regarding their growth performance, behavioural response 
and stress.

Twenty-seven acclimatized fingerlings of Tor 
putitora were selected for the experiment, in which nine were 
exposed to each group of dissolved oxygen treatment 

-1 -1 -1(Natural, 6.76 mg l , low 4.81mg l  and high, 10.20 mg ml ) in 
aquaria (60×30×30) cm. The body weight (g), cortisol 

-1concentration (ng g ) and behaviour profile was assessed 
using the Ethovision XT-13 software (Noldus, Info Tech, 
Wageningen, The Netherlands).

The average value of body weight (g), cortisol 
-1concentration (ng g ) and all behavioural profiles of Tor 

putitora showed a significant difference at P<0.05. The 
average concentration of cortisol was lower in high oxygen 
dissolved exposed juveniles as compared to other oxygen 
treatment groups.

High oxygen content in water bodies reduces 
the stress level and stereotyped behavioural responses of 
fishes. These novel data, on cognitive swimming pattern in Tor 
putitora, is quite important for enhancement of production and 
maintaining the fish health issues.
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nine fingerlings were exposed to each group of dissolved 
-1oxygen content (natural, 6.76 mg l ), (low 4.81mg l ) and (high, 

-110.20 mg ml ) in the aquarium (60×30×30) cm. The dissolved 
oxygen content was controlled by the oxygen air filter pump (air 
come from filter) in each group. To regulate higher and lower 
levels of the dissolved oxygen, tank effluent DO levels were 
maintained. This was also done by aerator joystick in fast and 
slow air flow mood (Abdel-Tawwab et al., 2015). The body 
weight of fishes was measured every week using a digital 
electronic balance (0.001g). The daily dietary feed was 
adjusted (0.400 g per tank) during the acclimation period. The 
same amount of feed was given to all treatment groups. The 
survival rate of fishes at the end of the experiment was also 
calculated as the no. of live fishes/total no. of fishes in terms of 
percentage. At the end of the experiment, all fishes were killed 
by using clove oil in order to find out the stress level of fishes. 
The whole samples were immediately stored in -20˚C. 

Monitoring water quality: The oxygen contents of tanks were 
measured throughout by the Winklers method (Helm et al., 
2009) to maintain their approximate average value. Other 
parameters (pH, temperature) were maintained constant 
throughout the experiment by pH/Tem portable meter (Hanna 
instruments India Pvt. Ltd.).

Cortisol: The levels of cortisol were measured by using ELISA 
KIT (Enzyme-linked Immunosorbent Assay kit), following the 
protocols (Cachat et al., 2010). The completion of the ELISA 
protocols was with undeveloped 96 well plate (Tarson) with gentle 
shaking for 1 min and then the absorbance was taken by Elisa 
Plate Reader (Systronics) at 450 nm. During the data processing, 
for proper validation of this cortisol data was performed 
simultaneously using duplication series of eight standard cortisol 
samples before any comparisons between the investigation 
samples were conducted. The assay quality was monitored using 
duplicate pool samples included on each plate. All samples were 
done on the same plate in parallel.

Behaviour: The behaviour of individual Tor putitora (n=21) was 
also quantified with the help of Ethovision XT-13 software 
(Noldus, Wageningen, The Netherlands). Tor putitora were 
placed in open square tank (60×30×30 cm) under unobtrusive 
conditions. Their behaviour was recorded for a duration of 300 
sec at the rate of 25 frame/sec using a digital Basler camera with 
pylon 4 Camera Software Suite 4.2.1.4845 which was connected 
with an administrated computer control.  It analyses the normal or 
abnormal phenotypic movements of fish and converts into the 
regular numeric data forms.

Statistical analyses: One-way analysis of variance (ANOVA) 
was used to reveal variation in oxygen content, other water quality 
parameters. Changes in body weight, cortisol levels and 
behavioural data were assessed using one-way ANOVA. All 
statistical analyses were performed using by Graph Pad Prism.

Results and Discussion

In this study the average body weight of Tor putitora in the 
control group was (3.10±0.03 g) higher as compared to that 

-1
Introduction

Environmental parameters including dissolved oxygen 
play an important role in behavioural profiling and many vital 
activities of the fishes. Freshwater fishes are widely distributed 
in across the Trans Himalayan region and its snow-fed rivers 
among them Tor putitora is endemic to Asia. It usually greenish 
above light pink and silver-white below and fins are yellowish 
with lower part reddish in colour, the largest individuals ranged 
271 cm total length weighing 54 kg (Everard and Kataria, 2011; 
Khan et al., 2017; Nautiyal et al., 2008; Nautiyal, 2014). Length 
of fish depends on water current, area visible, fluctuation, water 
depth and water quality, individual use of nutrition and high 
concentration of dissolved oxygen (Miller Neilan and Rose, 
2014; Shen et al., 2008; Tyler et al., 2009). Dissolved oxygen 
concentration is key aspect of aquatic habitat from micro to 
higher bios quantity or quality control. 

In this way dissolved oxygen helps in the survival of 
microorganism to higher aquatic life including fishes, it also 
regulates the density of the aquatic organism (Gan et al., 2013; 
Kaenel et al., 2000; Thetmeyer et al., 1999; Tran‐Duy et al., 
2012). Dissolved oxygen dynamics in lowland rivers is totally 
dependent on aquatic vegetation. The interaction of 
photosynthesis and respiration determines the dissolved 
oxygen level in aquatic habitats. A dissolved oxygen level is less 

-1than 2 mg l  is called hypoxia (Miller Neilan and Rose, 2014). In 
hypoxic conditioning fish become more stressful which can lead 
to serious health complications (Batiuk et al., 2009). If oxygen 
delivery was compromised, then tissue oxygen levels fall down 
and energy expenditure is grade up the anaerobic metabolism 
(Gan et al., 2013), which has been used as an indicator of the 
stress in hypoxic condition, that affected the swimming of 
fishes.  In aerobic condition, swimming and exercises improves 
growth rate, muscle development, osmoregulation, and 
decreases cortisol levels and anxiety. Suspended sediment and 
low dissolved oxygen (hypoxia and hazard conditions) also affect 
fish physiology which can change the functional behaviour of fishes 
(Kjelland et al., 2015). The relation between aquatic environmental 
factors with trace behavioural platform (visual activity) of fishes, 
especially dissolved oxygen, growth rate and swimming 
parameters are still not studied in the hill stream fishes of India. 
Research upon endangered golden mahseer in relation to 
behaviour has not been studied till to this date. Therefore, the 
present study was designed to investigate the role of variable 
dissolved oxygen (DO) content upon performance of growth as well 
as behavioural profiling of Tor putitora (fingerlings). 

 Materials and Methods

Collection of fish: Fingerlings of Tor putitora were collected 
from the river East Ramganga (29.54ºN, 80.104ʺE) in early 
morning hours. They were brought in fish bags to wet lab, at 
the Department of Zoology in L S M Govt P G College, 
Pithoragarh. Fish fingerlings were acclimatized for 60 days as 
described by Vaz et al., 2012. 

Experimental conditions: Of these acclimatised fingerlings, 
twenty-seven were selected for the experiment. Out of which 
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activity in fishes. In this respect the movement duration (s) of fishes 
around the centre point of arena in the control group was 
(228.6±6.99) as compare to low oxygen exposed group 
(226.8±13.78) and high oxygen exposed group (277.8±8.06).

The average behavioural scoring of all trial movement data 
was subjected to one-way ANOVA analysis (F =5.865 at P≤20

0.0109), followed by Tukey's Multiple Comparison test shows a 
significant difference at P<0.05. The average movement frequency 
of fishes around the centre point of arena were in the control 
(34.75±2.23), low dissolved oxygen (28.75±2.23) and high 
dissolved (18.40±6.76). The average behavioural scoring of all trial 
movement frequency at the centre point of arena shows a 
significant difference (F  =4.997 at P≤ 0.0188), with following the 20

Turkey multiple comparison test .The movement frequency is least 
around the centre point of arena in the high oxygen content group 
than other groups. Mostly the fishes were using their ‘personality 
traits and movement characteristics’ during their schooling 
behaviour (Tang and Fu, 2020). The duration (S) of movement 
around the centre point of arena explored area was maximum in the 
high dissolved oxygen content group as compared to other groups, 
indicating that the oxygen content plays an important role in the 
activity of the fishes. The different types of fish behavioural activity 
such as movement, average speed, exploration by the Zebrafish 
along the X axis in the arena was studied by using robotics as a 
source of artificial intelligence (Spinello et al., 2019). The 
normalised average area of exploration within the arena were in the 

2 2control (0.81±0.005 cm ), low dissolved oxygen (0.63±0.015 cm ) 
2and high dissolved oxygen (2.02±0.01 cm ). The area explored by 

the fishes during trial conditions showed a significant difference 
after the log transformation of subjected data (One Way ANOVA, 
F = 4850 at P<0.0001) the Tukey multiple comparison test. The 2400

post-hoc Turkey multiple comparison test shows a significant 
difference in both groups (Fig. 2). The novel tank explorative area 
was maximally explored by the high oxygen content group as 
compared to low oxygen content group. The immobility or not 
moving frequency and duration were less in the high oxygen 
content group as compared to the other groups. This indicates 
that the high dissolved oxygen environment is more favourable 
for the fishes as compared to others. Exploratory behaviour of 
fry of Tor putitora in the different artificial conditions were also 

higher dissolved oxygen (3.08±0.04 g), as well as lower dissolved 
oxygen (2.83±0.08 g). The average value of body weight of 
fingerlings was analysed by using One Way Anova analysis 
showed a significant difference (F  =6.95 at P<0.009) followed by 12

Newman-Keuls Mutiple Comparison test (Fig. 1a). The average 
concentration of cortisol in high oxygen dissolved exposed 

-1juveniles was (14.15± 5.68 ng g ) as compared to control 
-1(30.94±5.54 ng g ) and low oxygen exposed juveniles 

-1(41.06±4.34 ng g ). There was a significant difference in the 
cortisol value among groups of juveniles of Tor putitora (one Way 
ANOVA, F = 8.50 at P<0.002) (Fig. 1b). The growth of fingerling 24

of Tor putitora was more in the high dissolved oxygen group than 
lower oxygen group. All water quality parameters such as 
temperature and pH were constant in all the groups. 

The relation between the oxygen and growth 
performance of fishes was studied by (Abdel-Tawwab et al., 2014; 
Abdel-Tawwab et al., 2015). The data of dissolved oxygen 
content subjected to one way ANOVA analysis (F = 6.925 P< 8

0.0001) followed by Tukey's Multiple Comparison test showed a 
significant difference at P<0.05. Survival rate were of control 
(66.66%), low dissolved (88.88%), and high dissolved oxygen 
(44%). The other water quality parameters such as pH, 
temperature were approximately similar to each other and there 
was no significant difference among them. The oxygen levels 
down due to any toxicant or either any decayed material, lower 
rushing water and vegetation in aquatic habitat. That effect on the 
brain in terms of their physical performance (growth and 
behavioural pattern). Swimming is an innate behavioural learning 
pattern. But some time until it would be highly affected by any 
stressor condition and it would also affect the growth rate of 
fishes. As in cases of rainbow trout effective stress (through 
cortisol marker) level responsible for growth performance 
(Fevolden et al., 2002; Quillet et al., 2014). Researchers have 
previously explored the relation between oxygen consumption 
and metabolic activity of fishes (Pichavant et al., 2000). The 
oxygen levels in the ecosystem of an organism affecting its 
routine behavioural activity.  At low level of threshold, it elicits 
stress behaviours like as slow swimming activity, fast gill or opening 
mouth activity, low disease resistance detrimental effect upon the 
respiratory system. These also affect the aggressive behaviour 

-1Fig. 1: (a) Average body weight (g) and (b) Cortisol level (ng g ) in Tor putitora fish fingerlings exposed to high and low oxygen content groups. Values are 
Mean±S.E.
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studied by Ullah et al. (2017). The aquatic vegetation in lowland 
rivers regulates the dissolved oxygen content by aquatic biota. 
With decreasing level of dissolved oxygen, fish gills ventilation 
frequency increases oxygen consumption in exposed fishes 
(Perry et al., 2009). 

This is the first study of Tor putitora regarding variability, 
how oxygen level affected growth rate and behavioural 
responses. Growth of fingerling of Tor putitora was more in the 
high dissolved oxygen group than in others. The chronic marker of 
stress i.e. cortisol was less in the highly dissolved oxygen group 
members than in low and control groups. Such a study was done 
by (Welker et al., 2019) on the rainbow trout. They found that the 
high cortisol contents in low oxygen exposed fishes. According to 
(Castro et al., 2011) and Vandeputte et al. (2016). Atlantic salmon 
showed growth, as well as resistance to macro infection as well as 
good  swimming performance with adequate dissolve oxygen  
content. On the other hand, the fishes subjected to the anaerobic 
condition changes the dynamic action with induced stress (Mette 
Remen et al., 2013; Remen et al., 2015). Concurrently with 
hypoxia situation, the metabolic rate (ATP production) decreases 
with high consumption of energy which may lead to more stress 
than under the normoxia situation (Bergheim et al., 2006; 
Richards, 2009). Stress increases blood glucose levels through 
activating either glycogenolysis or gluconeogenesis in order to 
enhance the catecholamine levels (Barth et al., 2007). 

The ecology of aquatic organisms is affected by the level 
of oxygen in the medium. In order to cope low dissolved oxygen, 
fishes use the minimum metabolic energy for exporting and 
covered smaller area as compared to others. High oxygen 
content in the water bodies reduces the stress level of the fish and 
enhances their stereotypic behavioural responses. All these 
novel data on Tor putitora, are quite important for enhancing 
quality and quantity of production and maintaining the fish health 

related with swimming pattern. The hypoxia, normoxia and 
hyperoxia conditions studied here drive a significant difference in 
the growth performance as well as stereotypic behavioural 
performance of fingerling Tor putitora. This study provides useful 
knowledge for stereotypic behavioural aspect of Tor putitora in 
relation to their conservation and management.
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Fig. 2: Exploratory behaviour of Tor putitora fingerlings after exposure to oxygen content. Values are mean±S.E.
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