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Abstract

The present study aimed to evaluate the effects of seasonal variations on fish disease, behavior, and mortality in
semi-cold water condition. Our findings indicate that fish mortality increased with decreasing water temperature
and decreased with rising temperature. In September, at 17°C, 10 % of the fish showed signs of infection, but there
was 0% mortality, and the fish exhibited normal behavior. In October, at 15°C, 5% of fish became infected, with a
2% mortality rate. Most fish moved to the bottom of the pond, and bacterial infections were predominant. By
December, the water temperature had dropped to 11°C. Infection rates rose to 15%, and mortality reached 4%.
Fish behavior changed significantly and they moved slowly, remained near the bottom, and stopped feeding. Fungal
infections were more prevalent than bacterial ones during this period. January showed the highest level of fungal
infections (20%), with the lowest temperature (11°C). However, in February, although the temperature remained
the same, mortality dropped to 2%, and fish began feeding again. In March, no infections were observed, fish
behavior normalized, and feeding resumed, correlating with increasing water temperatures to 20°C. In conclusion,
the study suggests that warm-water fish species are vulnerable to bacterial and fungal infections during colder

environment and need health management during intensive aquaculture.
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Introduction

Fish is the important source of protein having good
source of amino acid. Fish and fish oil contain two
type of fatty acid (EPA) and (DHA) which is
important for Alzheimer disease (Connorwe, 2000).
Fish also contain omega-3 fatty acid EPA and DHA
which have positive role and helpful to reduce heart
disease and mental illness (Nigam et al, 2018).
Fishes contain lipid, valuable protein some amount
of vitamins and minerals (Badoni et al.,, 2021). Fish
contain important fatty acid which are antioxidant
and increase body resistance against cancer.
(Anderson et al., 2014).

Fin fish consumption reduce insulin resistance in
skeletal muscle and also reduce sudden death from
heart attack (Infofish, 2002). Cod skin produced
gelatin to coat photographic paper and artificial skin
from fish and prawn to produce collagen chitosan
membrane which is to treat burns in humans
(Infofish, 2002). Fish provide phosphorus and iron as
well as provide a good source of digestible animal
protein and also vitamin A and D (Thilsted & Rooos,
1999). Marine fish is rich in zinc calcium magnesium
and is good source of lodine (Worldfish center,
2005). Fish contain omega- 3 fatty acids benefited for
health and also for those who are suffering

cardiovascular disease (Bowen et al, 2016). In
economy of Pakistan fisheries play important role by
employing 40,000 people directly and 600,000 in
another industries (Ebrahim, 2014). In Pakistan
deep water captured fishes contributed 1.3 % from
exclusive economic zone to total marine capture
(FAO., 2009). In fresh water fish, the Indus River is
the main capture point along its tributaries (FAO.,
2009).

Fish diseases play a significant role in the decline of
fisheries production. Certain pathogens can severely
infect fish, leading to serious health impacts and even
death. The rapid spread of infections often results in
mass fish mortality, contributing to the overall
decline in fish populations (Scholz, 1999). Diseases
caused by bacteria, viruses, and fungi can cause
substantial losses, especially when culturing carp
species in semi-cold water, where fungal infections
are commonly observed. Although Pakistan is rich in
aquatic resources, its contribution to global fish
production remains low (Mirza et al, 2011).

As fishes are coldblooded animal they are more
sensitive to their surrounding water temperature
which effects growth rate, behavior, food
consumption and body temperature. (Mouton et al.,
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2013). In Tasmania (Australia), Norway, Scotland
(UK), South Africa and Chile a connection between
AGD prevalence and increasing water temperature
has been noted in several studies that report
outbreaks in Atlantic salmon farms (Adams &
Nowak, 2003; Bustos et al.,, 2011; Clark & Nowak,
1999; Douglas-Helders et al., 2003; Douglas-Helders
etal.,, 2001; Douglas-Helders et al., 2005).

Temperatures of 15°C or above has also been
associated with non- optimal rate of growth and a
metabolic depression of Atlantic salmon in terms of
thermal growth coefficient (TGC), when compared to
fish at 13°C, indicative of a chronic stress response
(Olsvik et al, 2013). However, in lower latitude
production areas, at temperatures of 15 °C Atlantic
salmon can be cultured and other studies revealed a
larger range of growth temperatures for Atlantic
salmon (Oppedal et al.,2011; Stehfest et al.,, 2017) up
to a maximum of 22°C (Elliott & Elliott., 2010).

Temperature also affects the body composition by
controlling, metabolic rate, enzymatic rates and feed
consumption (Blaxter., 1992). On immune response
effect of temperature is highly species dependent,
but in some fish immune functions clearly varies
with season (Kumari et al, 2006). The present study
aimed to evaluate the effects of seasonal variations
on fish disease, behavior, and mortality in semi-cold
water condition.

Materials and Methods

Site Selection

Our study area was Malakand Division, Khyber
Pakhtunkhwa, Pakistan. In this region, seasonal
variations and temperature fluctuations are
considerably higher as compared to other areas.
Many warm water fish species were stocked at the
ponds present at university of Malakand. Therefore,
to study fish behavior, infections, and mortality, the
university fish ponds were selected for this research.

Infection and Mortality

The fish pond was visited on daily basis and the
infected fishes were checked and their mortality was
also noted. Fish having symptoms of disease were
collected and were examined with the help of
magnifying glass. Fish gills and skin were examined
to evaluate the infection and samples from the fish
were taken for further microscopic examination.

Fish Feeding and Mortality

Fish were fed daily with artificial diet. Their feeding
behavior and movement were also monitored. It was
observed that the fish exhibited normal movement
and feeding at 20°C. However, after October, changes
in behavior were noted the fish reduced their
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movement and stopped feeding. Feeding resumed
after February as temperatures began to rise.

Water Quality Parameter

Water quality parameter such as pH, dissolved
oxygen and temperature was regularly checked with
the help of water quality meters. Especially
temperature was recorded on daily basis with the
help of underwater thermometer. Dissolved oxygen
was measured with the help of DO meter. pH was
determined with the help of pH meter. We found that
temperature have significant effects on fish

physiology.

Treatment and Health management

The infected fish were collected and placed in
different aquaria in the Fisheries and Aquaculture
Laboratory, Department of Zoology, University of
Malakand. The infected fishes were exposed to Nacl
solution. Dead fish from the pond was removed and
mortality of fish was recorded regularly.

Results and Discussion

Temperature Variation and Fish Response
Temperature of the aquatic environment plays a
crucial role in the survival, distribution, and normal
metabolism of fish. Throughout the year, by
observing fish behavior, feeding patterns, and
mortality rates, we found that during the months of
September, October, December, January, February,
and March, temperature fluctuations led to increased
infections and significant changes in fish movement.
The inability of fish to adapt to such temperature
variations often results in increased mortality
(Cnaani, 2006).

Mortality Rate

In the present study we recorded that at the water
temperature was 17C° in the month of September
and mortality of fish was 0%. Similarly in the month
of October at 15 C° the observed mortality was 2%.
According to Bly and Clem (1992) the
immunological, non-permissive temperature has
been suggested at 14C° in carps. Temperature below
the optimum limits adversely affected the fish in the
month of December at temperature of 11C° in this
study. Fish mortality increased and reached up to 4%
in December, this indicate the adverse effect of
temperature decline on fish health (tablel).
Significantly higher mortality of fish was recorded in
the month of January (5%) at the temperature of
10C° this might be due to low intake of food or due to
some non-immune response.

Similarly according to (Ainsworth et al.1991) the
innate immune response of channel cat fish was
influenced by low temperature (10C°) as phagocytic
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activity of neutrophil was reduced. An another study
shafland and pstrak (1982) reported that the lethal
temperature for fish mortality is 9.4C° in florida.
However the mortality of fish decreased as the
temperature increased and only 2% fish mortality
was recorded in the month of February at 11C°.
While in the month of March 0% fish mortality was
recorded as shown in tablel.

Rate of Infection and Infection Types

During the observation period, it was found that
seasonal fluctuations significantly impacted fish
health, leading to infections and physiological
changes. In September, no fish were found to be
infected at a water temperature of 17°C. In the
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October, as the temperature dropped to 15°C, 2% of
the fish became infected, and most of the infections
were bacterial and some fungal infections. As the
temperature continued to decrease, the infection
rate increased. Similar results were also reported by
Albert et al, (2013) while working on marine
organisms. In December at 11°C, 15% of the fish
showed signs of infection, predominantly fungal,
with a few bacterial cases. The risk of infection was
highest in January, when the temperature fell to
10°C. At this point, 20% of the fish were infected,
with fungal infections being most prevalent. These
infections severely affected the gills, skin, and fins,
leading to high mortality, as shown in Table 4.1.

Table, 1. Mortality rate, infected fish, infection type, water temperature and fish behavior of fishes during the
study period.
Months Mortality rate Infected fish | Infection type Water Fish behavior
Temperature
September | 0 % fishes 0% Not infected 17°C Normal behavior
October Most infections were | 15°C Normal behavior
2% fishes 0% bacterial with few fungal
infections.
November Most infections were
bacterial with few fungal Fish majority
2 % fishes 5% infections 15°C move to bottom
Most fungal infections with
few bacterial infections
December 4 % fishes 15% 11°C Slow movement in
fish
Most fungal infections with
few bacterial infections
January 5 % fishes 20% 10°C abnormal
movement  and
stop feeding
Most fungal infections with
few bacterial infections
February 2% fish 15% 11°C Move slowly and
start feeding
No infection normal
March 0 % fish 0% 20°C movement

Fish Behavior and Food intake

Observations on fish behavior revealed that
physiological processes such as food consumption,
digestion, and movement are significantly influenced
by seasonal fluctuations. These behavioral changes
were primarily associated with temperature
variation, although other environmental factors may
also contribute to physiological processes. During
the months of September and October, fish displayed
normal movement and feeding behavior. In
September, at a water temperature of 17°C, fish
showed healthy growth and consistent feeding, as

presented in Tablel. Similarly, in October, with a
slight drop in temperature to 15°C, feeding remained
normal, although slight changes in movement were
observed. However, as the temperature continued to
decrease, the physiological activity of fish declined.
In December, reduced temperatures led to slower
movement, and fish were observed resting near the
bottom of the pond. According to Olsvik et al. (2013),
temperatures of 15°C or higher are associated with
metabolic depression and suboptimal growth rates
(measured by the Thermal Growth Coefficient) in
Atlantic salmon at 13°C.
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Fig,1: Impact of temperature on fish mortality in the freshwater ecosystem.

Conclusion

It was concluded from the current study that warm
water species could be culture in semi-cold
freshwater ecosystem after adaptation. But during
fish culture, disease in fish may increase in winter
(October to February) with decrease in water
temperature. Highest mortality rate of fish were
observed in the month of January at temperature of
10C°, while there was no (0%) mortality and no
disease in the month of September and March in fish.
It is suggested that suitable health managementisi.e
plant extract, organic and environmental friendly
remedy is required for fish disease management
when intensively cultured in semi cold freshwater
ecosystem.
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