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ABSTRACT

The study was conducted in laboratory conditions to evaluate the effects of salinity on growth,
survival, and blood chemistry of butter catfish, Ompok bimaculatus fingerlings. The fry, initially
sized as 7.01 cm length and 1.69 g weight, were assigned in four different salinity treatments i.e., 0
ppt (T, 2 ppt (T,), 4 ppt (T,) and 8 ppt (T,) with three replications, with 21 fry in each replication as
well. Fish were fed commercial catfish diets with 43% protein and 8% lipid at 5% body weight three
times a day for 90 days. The control (T) treatment showed the significantly highest growth perfor-
mance among treatments, (p<0.05). The T, treatment group showed a lethal parameter and all fish
died within 72 hours of exposure to it. The survival rate was recorded as 90.47% for T, 71.43% for
T, and 47.61% for T, treatment. The mean weight and length gain 6.17 g and 4.93 cm observed in
T, followed by 4.59 g and 3.06 cm in T, treatment. The specific growth rate (SGR) (%) mean weight
gain, length gain, average daily weight gain, average daily length gain and percentage length gain
were (%) found to be significantly higher in Tc in comparison to those in the salinity treated groups
(0<0.05). Significantly higher hemoglobin and WBC were observed in T_among treatments and
had the lowest value recorded in T, and T,. There were no significant changes between RBC counts
among treatments.
Keywords: Salinity, growth performance, blood parameters, Ompok bimaculatus

ORCID IDs of the author:

M.A. 0000-0002-7003-8974;

M.A.H. 0000-0001-9219-3628;

S.M. 0000-0001-5514-566X;
M.M.l. 0000-0001-5720-4029

'Department of Fish Biology and Genetics,
Faculty of Fisheries, Sylhet Agricultural

University, Bangladesh

Submitted:
24.09.2021

Revision Requested:
10.12.2021

Last Revision Received:
17.12.2021

Accepted:
17.12.2021

Online Published:
25.01.2022

Correspondence:
Mohammad Amzad Hossain
E-mail:
mamzad.fbg@sau.ac.bd

INTRODUCTION

Being an aquatic animal, fishes largely depend
on water quality for their physiological perfor-
mance (Paul et al., 2019). The alarming rate of
global warming leads to extreme exchanges in
water temperature which directly or indirectly
affect the aquatic resources drastically (Baum et
al., 2005; Burel et al., 1996). This effect has driv-
en the increase of saline water intrusion to
freshwater and many freshwater fish are being
affected (Kang’ombe & Brown, 2008). Any
changes in the optimal dilutions of salinity im-
pose minor imbalance on the homeostasis of
fish, which might be manifested by a set of
physiological responses factors (Enayati et al.,
2013). However, inadequate research has been

done to define the salinity originated stress and
growth performance in butter catfish.

Freshwater aquaculture has witnessed the
broadening adoption of various endemic cat-
fish into the culture due to a lucrative commer-
cial return (Debnath et al., 2016). Commercial
freshwater aquaculture has expanded rapidly in
the past two decades by putting various indig-
enous catfish into the culture as they have
promising growth, high profitability, and better
consumer acceptance (Jayasankar, 2018). There
are a number of catfish that are known to have
numerous potential for freshwater aquaculture,
among them butter catfish, O. bimaculatus,
which is an indigenous common silurid fish of
southeast Asian countries (Dhar et al., 2019,
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Mishra et al., 2018) and has gained importance due to its premi-
um nutritional value, taste, less intermuscular spines, and high
market price (Hossen et al., 2021; Chowdhury et al., 2020; Jabed
et al., 2020). However, in recent times, this species is declining in
nature driven by the loss of its wild habitat, indiscriminate use of
pesticide and pollutants, hampering of breeding activities, and
over exploitation of mature fish without consideration of the sex
(Hossain et al., 2017; Malakar et al., 2012; Rawat, 2018). There-
fore, it has been categorized as a “threatened” group since 2015
(IUCN Bangladesh, 2015). So, it is extremely important to save
the fish from extinction through the use of a suitable cultural
practice. Although, several tactics of successful induced breed-
ing for this fish has been established (Banik & Malla, 2015; Pur-
kayastha et al., 2012; Rawat, 2018), it has not received much inter-
est in commercial farming as there is a low larval survival rate
which has created a shortage in t seed supply. It is an urgent ne-
cessity to work out the facts involving the low larval survival rate
which is associated with their cannibalistic behavior, insufficient
larval food supply, stocking density, environment borne stress,
and rearing conditions.

Hemoglobin, RBC, WBC, cortisol, plasma glucose and hemato-
crit are considered essential indicators of the blood chemistry
used to indicate the healthiness of fish (Dowidar et al., 2018; Sol-
tan et al., 2016; Souza & Bonilla-Rodriguez, 2007). Therefore, sa-
linity and dietary food can be used as functional nutrients to
ameliorate the hematological parameters as well as to improve
overall physiological condition in fish. This research was conduct-
ed to evaluate the salinity that affects fish growth and survival.
With increasing salinity, fish fall into stress which is related to the
physiology of the body and ultimately affects its function as well
as blood parameters. For these reasons, its growth and survival
decline. This research was planned to study the salinity, growth,
survival, and blood parameters which are related to one another.

MATERIALS AND METHODS

Designing the experiments

The fingerlings of O. bimaculatus were collected from a private
fish hatchery and acclimatized for 14 days in an aquarium before
commencing the trial. Homogeneous sized, healthy fingerlings
were selected for this experiment. A total of 252 fish, comprising
an initial mean body weight of 1.69 g, were randomly distributed
to 12 prepared glass aquariums accommodating 21 fish per
aquarium (Table 1). Fish were fed 5% of their total body weight
three times a day in the morning, afternoon, and night. The wa-
ter was partially supplemented to compensate for evaporation
loss, and fecal matter and other debris were removed regularly.

Table 1. Layout of the experiment.
% Feed fed of R : No. c.>f
Treatment - Replication fingerling
body weight

released
T (Oppt) 5 R, R, R, 21
T,(2ppt) 5 R, R, R, 21
T,(4ppt) 5 R, R, R, 21
T,(8ppt) 5 R, R, R, 21

Water quality influences such as temperature, dissolved oxygen,
NH, and pH were determined at the beginning of the experi-
ment and measured twice per week during the feeding trial.

A 90-day trial with different salinity treatment (Table 1) was allo-
cated for fingerling of O. bimaculatus reared by using commer-
cial pabda fish feed. The nutritional composition of the diet con-
sisted of protein 43%, carbohydrate 20%, ash 12%, lipid 8%, fiber
and minerals 3% each and moisture 11%. The total dimensions of
each aquarium was 0.762 m x0.381 m x 0.381m and each was
cleaned properly with disinfectants and cleaning agents. Then,
they were dried and filled to 2/3 parts of its volume with clean tap
water. A variable amount of NaCl was added to the water to ad-
just salinity to 2 ppt, 4 ppt and 8 ppt, and justified with a Refrac-
tometer as well. The control aquaria were maintained to 0 ppt
i.e., without salt. Each aquarium was facilitated with an aerator
with a filtration facility for proper oxygen supply.

Sampling fish and water quality properties

Sampling was performed fortnightly to determine the growth of
fish. Weight was assessed with a digital electric balance (CAMRY
digital, Model EK 3052, Bangladesh) and length was measured
by a steel scale. Length and weight of all fish in each tank were
measured month-wise during the study period. The value of tem-
perature, pH and salinity were measured using Sl digital DO me-
ter, model 58, while NH, was analyzed by using kit (Hanna Am-
monia Test Kit HI-3824, Romania).

Collection and analysis of blood chemistry

At the end of the 90 day trial, 10 fish from each replicate were
randomly selected for blood collection through caudal puncture
with heparinized syringes to perform the complete blood count
(CBC) test. Fish were starved for 24 hours prior to the final sam-
pling. All the fish were sedated with eugenol (4-allylmethoxyphe-
nol, Wako Pure Chemical Ind., Osaka, Japan), 50 mg L. Ten fish
from each replicate were used for blood collection using 1 mL
heparinized syringes (Jimi syringes and medical devices Ltd,
Bangladesh) from the caudal vein. Following the collection of
blood samples, CBC was performed in the central laboratory of
Veterinary, Animal and Biomedical Sciences faculty, Sylhet Agri-
cultural University, Sylhet, Bangladesh by using CBC analyzer.

Growth analysis tools

Major growth biometrics were calculated using the formulas de-
scribed by (Htun-Han, 1978), (Pechsiri & Yakupitiyage, 2005) and
(Panase & Mengumphan, 2015).

Weight gain of fish (%) = (Final weight -Initial weight / Initial
weight) 100

Inw2-Inw1i

The specific growth rate, SGR (%) = ———"—X 100, Where W, =
the initial body weight (gm) at a time, W, = the final body weight
(gm) at a time, T,-T,= Duration in days

Mean value of final weight—Mean value of initial weight

Average daily weight gain =

Duration of experiment in days

Mean value of final length—Mean value of initial length

Average daily length gain =

Duration of experiment in days

The Fulton’s condition factor value, K=(W*100)/L3
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Statistical analysis

The result of fish growth performance was evaluated by using a
one-way analysis of ANOVA and Duncan’s multiple Range were
analyzed using SPSS program version IBM 26.0.

RESULTS AND DISCUSSION

The readings for pH, ammonia, dissolved oxygen, and tempera-
ture of the aquarium water were observed as presented in Table
2. The standard dissolved oxygen (DO) concentrations in the ex-
perimental tanks ranged from 5.49 to 5.68 mg/L during the entire
experimental phase. Maximum pH was recorded 7.25 and lowest
7.01 The values of above parameters were found uniform for all
treatment groups.

Water temperature is one of the parameters that directly affects
fish growth and other biological activities (Burel et al., 1996; Rem
et al., 2020). The water temperature above or below optimal
thermal limits (25-32°C) reduced the feed intake and growth per-
formance in tropical fish culture (Cho et al, 2015; Fatma &
Ahmed, 2020). Low temperature drives the animals toward de-
creased metabolic rate, thus growth (Makori et al., 2017). Catfish
reared in 31°C water temperature exhibited maximum growth
compared to the ambient, 29°C and 33°C water temperature
(Rem et al., 2020). The temperature observed in current work was
found within the optimal range for animals’ growth. The DO lev-
el >5 ppm is crucial to sustain fish production (Bhatnagar & Devi,
2013). The optimal pH range for the suitable growth and devel-
opment of butter catfish ranges between 6.0-8.0 (Riede, 2004),
and levels during the experimental period were satisfactory. Fish

were found dead at pH levels lower than 4 and higher than
11(Boyd & Lichtkoppler, 1979). The maximum limit of ammonia
for aquatic organisms was between 0.01-0.02 mg/L (Bhatnagar &
Singh, 2010; Santhosh, 2017). From the above information it is
evident that the indicated water quality parameters in the pres-
ent study were suitable for the butter catfish culture.

The highest mean weight gain was 10.62+0.56 g as observed in
the T group compared to T, and T, (Table 3). The T, treatment
group’s environment was lethal, and fish died within 72 hours af-
ter release into the aquarium. Again, the lowest weight gains of
4.59+59 g were recorded in the T2 treatment group. In compari-
son to the control group, a significant rise in weight gain (p<0.05)
was observed in T_and T,. Significant increases in percentage
weight gain (PWG) follows the same trend as well (p<0.05). Spe-
cific growth rate was highest in T_as 2.29+0.29, no significant dif-
ferences were observed between T, and T, Lowest specific
growth rate was found for T, treatment 1.48+0.24, (0<0.05) (table
3). The highest mean length gain was observed in T_was 6+0.46
cm, which is significantly higher among treatments, (p<0.05; Ta-
ble 3). Among the treatments, T, showed the significantly lowest
length gain in contrast to the T_and T,, (p<0.05). The percentage
of length gain follows the same trends. The PLG (%) 44.00£9.69
and 69.6+7.25 were observed in T, and T, treatment groups, re-
spectively. Among the treatments, no significance differences
were found between T, and T, groups, whereas significant in-
creases were observed in T_(p<0.05).

The growth performance revealed that the T_and T, treatment
groups demonstrated better growth performance than that of

Table 2. Mean value of water quality parameters.
Parameters Tc (Oppt) T1 (2ppt) T2 (4ppt) T3 (8ppt)
Temperature (°C) 29.3+1.56® 29.6+1.42° 28.9+1.392 29.11+1.522
pH 7.13+0.41° 7.19+0.38° 7.01+0.59° 7.25+0.45°
NH, (mg/I) 0.028+0.0%9a 0.018+0.08¢ 0.011+0.09* 0.021+0.09*
Dissolved Oxygen (mg/l) 5.65+0.011° 5.55+0.0182 5.49+0.016° 5.68+0.06°
Table 3. Growth parameters of butter catfish of 90 days treatments.
Parameters Tc (0 ppt.) T1 (2 ppt.) T2 (4 ppt.) T3 (8ppt)
Mean Initial Weight (g) 1.59+0.38° 1.78+0.322 1.69+0.35°
Mean Final Weight (g) 12.20+0.53° 7.95+0.30° 6.28+0.47¢
Mean Weight Gain 10.62+0.56° 6.17+0.41° 4.59+0.59°
% Weight Gain 709.42+193.952 360.38+87.50° 286.32+83.23°
SGR % 2.29+0.26° 1.44+0.2° 1.48+0.24°

Lethal treatment
Mean Initial Length 6.89+0.5° 7.11+0.34° 6.99+0.422
Mean Final Length 12.9+0.5 12.04+0.36° 8.24+0.46¢
Mean Length Gain 6+0.46° 4.93+0.37° 3.06+0.58¢
% Length Gain 150.11+11.5° 69.6+7.25° 44.00+9.69¢
ADWG (g) 0.12+002 0.07+00° 0.05+00¢
ADLG (cm) 0.07+002 0.05+00° 0.03+00°
Survival rate 90.47+7.12° 71.43+9.2° 47.61+£10.08¢

Here, SGR= Specific growth rate, ADWG= Average daily weight gain, ADLG= Average daily length gain. *Values are means + SD of triplicate groups. Within a row,

means with the same letters are not significantly different (p>0.05). *Means in the column with different superscripts are significantly different (P < 0.05)
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the T, treatment. On the other hand, the T, treatment showed
the lowest growth performance compared to the control group.
A negative association between the increasing salinity and sur-
vival rate of seabream fish has already been documented by
(Tandler et al., 1995). The study noted that as the nurturing salin-
ity decreased from 40 to 25 ppt, the survival increased from 5.3 to
18.6%. As high salinity increases, the fish metabolic rate falls into
a stress condition, so the fish started growing more slowly (Dubey
et al., 2016; Sakthivel et al., 2013). An extreme increase in salinity
level might be lethal for fish (Tietze, 2016). The metabolic rate ris-
es due to a gradual increase in the salinity range because fresh-
water fish can not tolerate saline water easily. The lethal salinity
level for black bream was 60 ppt (Partridge & Jenkins, 2002).
Most fry of Ompok pabda were dead after 24 hour exposure to
2.5 ppt saline (Alam et al., 2020). Grass carp, Ctenopharyngodon
has been reported to experience cardiac arrest associated with
an ion imbalance following a long-term high concentration level
of salinity (Enayati et al., 2013). A level of salinity above 11%. was
found to be lethal for larvae (Gbulubo & Erondu, 1998), while
>8ppt causes larval deformity and delayed hatching in African
catfish (Clarias gariepinus) (Borode et al., 2002). Fish grew more
on high food rations, but the growth and water content of the
specimens declined with increasing salinity. The best growth per-
formance observed in 0 ppt means freshwater was a freshwater
fish. When saline water was added, the fish fell into stress and its
growth ultimately declined. Overall, results show that without
salt water the butter catfish grew very well depending on its food
consumption rate.

The highest mean hemoglobin was found 3.45+0.13 g/dL in T,
followed by 3.11+0.08 g/dL and 2.87+0.15 g/dLin T, and T, treat-
ments, respectively (figure 1A). There are significant differences
foundin T, T,and T, (P<0.05), with significant increases of hemo-
globin found in T, as compared to the T, and T,. The highest
number of WBC was found in T_53950+387.3 count/cumm which
is significantly higher among treatments and followed by T, and
T, 53125+263.99 count/cumm and 45275+403.11 count/cumm,
respectively (figure 1B). The maximum red blood cell (RBC) count
was observed in T_1.56+0.01 m/ul which is followed by 1.49+0.03
m/pland 1.10+0.07 m/plin T, and T, respectively (figure 1A). Sig-
nificant decreases of RBC were observed in T, and T,

56000 -

52000 -

Tc (0 ppt.)

T1(2 ppt) T2 (4 ppt) Tc(Oppt)  Ti(2ppt)  T2(4ppt)
[ @Hemoglobin(g/dl)  mRBC(m/u) |
A B

Figure 1. (a, b) The blood parameters of Butter catfish at
different treatments (*WBC= White blood Cell,
RBC= Red Blood Cell *Values are means+SD of
triplicate  groups. Different superscripts  are
significantly different at p<0.05).

A blood parameter reading is important in determining fish
stressors and health factors (Hasan et al., 2021; Javed et al., 2016;
Pandey, 1977). Fish growth observed in T_treatment was greater
than other treatment groups. As the fish of T_treatment showed
maximum growth performance, their blood parameters were
also more satisfactory than any other treatment investigated in
the present experiment. There were significant differences
among treatments at p<0.05, T_showed increased WBC in com-
parison to T, and T, showed decreased WBC in contrast to the
control group. From this point, the count of WBC decreases with
the increase of salinities. Hasan, (2016) experimented with Cypri-
nus carpio, and found a higher level of WBC at up to 10 ppt, but
at 15 ppt it was drastically decreased. A drastic increase in the sa-
linity level was found to negatively affect the hematological pa-
rameters in Cyprinus carpio (Mubarik et al., 2019; Salati et al.,
2011). However, Tra catfish (Pangasianodon hypophthalmus)
were able to acclimate to the salinity changes by modifying their
RBC and Hb concentrations (Phuc et al., 2017). The T_treatments
fish showed maximum growth performance and satisfactory
WBC count. There is a correlation between the hemoglobin
quantity and RBC count (Souza & Bonilla-Rodriguez, 2007).

CONCLUSION

The results of the current experiment clarified that salinity has a neg-
ative effect on growth as decreased performance was observed in
all weight/length parameters (mean, final, %) with the increase in sa-
linity. In the above findings, it can be concluded that the water with-
out salinity is most suitable for the growth performance, survival,
and blood parameters of butter catfish. Further experiments should
be designed to find a way to maintain the water salinity in aquacul-
ture for maximizing the growth performance of fish.
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