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Abstract: The impacts of climate change (CC) on all spheres of human life are evident worldwide.
Fish is the premier protein source, and its production in Bangladesh is mainly dependent on hatchery-
based seed production. However, hatchery productivity is disrupted every year due to CC. This study
assesses the impacts of CC on fish seed production in hatcheries from the perspective of hatchery
owners. A semi-structured questionnaire survey was conducted with 60 hatchery owners in five
sub-districts (Trishal, Mymensingh Sadar, Gouripur, Fulbaria, and Muktagacha) of the Mymensingh
district, the highest aquaculture-producing zone in Bangladesh. Characteristically, hatchery owners
are middle-aged and highly educated, with over a decade of experience in fish hatchery management.
Likert scale results showed that hatchery owners concur with the evidence of CC, as seen by changes
in air and water temperatures, rainfall, and sunlight intensity, as well as frequent natural disasters.
Regression analysis showed that erratic rainfall, high temperature, and high solar radiation signifi-
cantly influenced the hatchery owners’ perceptions of CC. Principal component analysis (PCA) was
used to divide the impact of CC into 12 components. Maximum variance (>70%) observed could be
explained by problems related to embryonic and physiological development of fish fry, environmental
changes, disease outbreaks, and poor growth of broodfish. The first PCA explained over 50% of
the variances, with significantly higher factor loadings, comprising poor gonadal maturation, low
hatching rate, poor egg and seed quality, low fecundity, and poor sperm quality of broodfish. The
first PCA confirmed that the impacts of CC on fish hatchery operations were severe. Planting trees on
the hatchery premises, aeration of brood ponds, increased water supply, and temperature control can
be implemented to address the negative impacts on fish hatcheries. Further research in the laboratory
and hatchery environments is needed.

Keywords: climate change; fish hatchery; seed production; aquaculture; Bangladesh

1. Introduction

Globally aquaculture has grown faster than any other animal production sector [1],
and Bangladesh is one of the leading fish-producing countries in the world, with an annual
production of 4.62 million MT [2]. Aquaculture contributes to approximately 57.10% [2] of
the total fish production in Bangladesh, thus becoming a promising sector for ensuring the
food security for an ever-increasing population in Bangladesh and worldwide [3]. Over the
past decade, aquaculture production in Bangladesh has increased 2.34 times [4]. However,
this productivity is threatened by climate change (CC), which is the most critical and
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rapidly evolving global environmental issue [5]. Bangladesh is one of the most climate-
vulnerable countries on Earth, with CC expected to have a broad impact across ecosystems,
thus affecting livelihoods and food supplies, including fisheries and aquaculture [6–8].
Although aquaculture in Bangladesh was initiated using natural seed, it is now almost
entirely replaced by hatchery-produced seed [4]. Currently, in Bangladesh, 935 private
and 103 government hatcheries supply finfish seed, and 27 government and 50 private
hatcheries also produce shrimp post-larvae [4]. Therefore, hatcheries are the primary
suppliers of fish seeds in Bangladesh [9]. However, these enterprises are facing economic
losses because of a decline in natural resources caused due to CC, habitat destruction, and
the degradation of the ecological balance [9]. Fish production could be boosted by increased
seed supply, which would improve the economic viability of hatcheries.

A hatchery is a multi-component system that requires close attention and various
skills to run efficiently and profitably. A study reported that a late breeding season, lack of
capital, limited technical knowledge of hatchery operation and management, poor trans-
portation facilities, high transportation costs, high labor costs, limited training, and high
spawn prices are major concerns for the effective operation of hatcheries [10]. Several
biological concerns, such as improper broodstock selection, indiscriminate hybridization,
and inbreeding, have also been raised [11]. In addition to these concerns, CC substan-
tially impacts fish hatcheries [12]. Temperature is the variable that influences fish seed
production the most, followed by rainfall, humidity, and solar radiation intensity [13–16].
Unfavorable temperature impairs growth by changing the metabolic and developmental
processes of fishes [17–19], ultimately affecting seed production [20,21]. Rearing temper-
ature considerably affects egg production, hatching rate, and larval growth rate [22–24].
The effects of water temperature on the growth and development of fish have been ob-
served for many species, including Oreochromis niloticus [15], Cyprinus carpio [25], Labeo
rohita [13], Anguilla anguilla [26], and Takifugu obscurus [27]. From a commercial point of
view, farmed fish species in Bangladesh can be broadly divided into four categories such
as carp (Labeo rohita, Catla catla, Cirrhinus cirrhosus, Labeo calbasu, Labeo bata, Labeo gonius,
Hypophthalmicthys molitrix, Aristichthys nobilis, Ctenopharyngodon idella, Cyprinus carpio),
catfish (Pangasianodon hypophthalmus, Clarias batrachus, Heteropneoustes fossilis, Ompok pabda),
tilapia (Oreochromis niloticus), mainly being cultured in freshwater, and shellfish (Penaeus
monodon, Macrobrachium rosenbergii), being cultured in coastal areas [28]. Hatchery-based
seed production of all these species, except C. carpio, mainly occurs during the period
from March to August, i.e., during summer when the temperature ranges from 25 to 28 ◦C.
For this reason, there is a subtle relationship existing between temperature fluctuation
and hatchery-based fish seed production. That is why hatchery production is almost
stopped in winter compared to the warm season [22]. The readiness, maturity, and go-
nadal development of broodfish during the spawning season are impacted by temperature
fluctuations, as well as irregular rainfall [29]. Faruk et al. [15] stated that feeding and
growth rates are reduced at temperatures higher or lower than the optimum levels, and
feeding and growth nearly stops at ≤20 ◦C. A more severe effect of CC is the weakening of
the immune system of fishes, resulting in increased diseases, which ultimately hampers
fish production [30,31]. Decreased fish production causes economic losses for hatchery
owners, nursery operators, fry sellers, and other stakeholders of the fisheries sector [11]. Al-
though cost-effective mitigation measures are difficult to implement in practice, researchers
from several countries have identified ways to limit the climatic effect on hatcheries and
fish farms [21,32]. Despite the difficulties in implementing cost-effective mitigation and
adaptation methods, several studies have reported positive outcomes at fish farms and
hatcheries. In this regard, Alam et al. [32] claimed that commercial fish hatcheries using a
shed over the brood hapa (i.e., the rearing of fish in a closed net system in a pond or open
water) during high-temperature months yielded a greater number of eggs. According to a
perception study conducted by Adhikari et al. [21] in Andhra Pradesh, Karnataka, Gujarat,
Odisha, and West Bengal states of India, fish farmers used fresh water from nearby surface
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or sub-surface sources to lower water temperature, oxygen tablets to supplement oxygen
during the summer, and nets in pond dikes to prevent fish from escaping during flooding.

In Bangladesh, studies on the impact of CC at the hatchery level are limited, and
farmers’ perceptions and practical implications of CC on hatcheries remain undocumented.
Moreover, participatory approaches including hatchery owners, farmers, traders, and
government and non-government organizations have also been inconclusive [9]. Therefore,
developing environmentally friendly solutions and considering farmers’ perceptions could
boost aquaculture production in Bangladesh. The main objective of this study was to reveal
how hatchery owners perceive and confront the impact of CC on hatchery production and
to recommend mitigation and adaptation practices for sustainable hatchery production in
Bangladesh.

2. Materials and Methods
2.1. Site and Hatchery Selection

This study was conducted in five sub-districts (Upazilas) of Mymensingh district,
namely, Trishal, Mymensingh Sadar, Gouripur, Fulbaria, and Muktagacha (Figure 1), based
on their contribution to districts’ national seed production. These Upazilas were selected
because approximately 32% of hatcheries in Bangladesh are located in these regions [4,33].
Moreover, many private fish seed hatcheries in the study site possess appropriate agro-
ecological conditions, namely, favorable climate, low-lying agricultural land, fertile soil,
and abundant labor forces [34,35]. Population size data (complete list of hatcheries) from
Upazila Fisheries Office, Department of Fisheries, Bangladesh, were considered to make
the decision about number of hatcheries being surveyed in each Upazila. Before finalizing
the sample size of hatcheries, the list of hatcheries collected from the UFO was validated
with some lead hatchery owners applying key informant interview (KII) tool in each
Upazila. From the entire list, 60 hatcheries that maintained regular production of fish
seed commercially were randomly selected for this study. Final participation was based
on ethical obligations, whereby hatchery owners consented to the use of their input for
research purposes.

2.2. Data Collection

Hatchery owners were the preferred interviewees for data collection, owing to their
technical capabilities for providing accurate answers. A questionnaire comprising two
sections was developed for data collection. The questions in the first section were related
to the demographic characteristics of the respondents, including name, age, gender, and
education. The second section examined the primary purpose of the research, including
the impact of CC on hatcheries, challenges, and mitigation strategies. The questionnaire
was developed in a way that hatchery owners could understand and easily respond to.
The draft questionnaire was pre-tested and validated by interviewing three respondents
from each study site, followed by modifications based on respondent feedback. The final
version of the questionnaire used for data collection was placed online via a Google form.
In addition, data from the selected hatchery respondents were collected via face-to-face
interviews from January to March 2021.

2.3. Data Analysis

The collected data were captured in MS Excel and rechecked to minimize errors. A
brief descriptive statistical analysis was carried out to describe the general background of
hatchery owners. Linear regression analysis was performed to assess the perceptions of
hatchery owners on the impacts of CC. Principal component analysis (PCA) was undertaken
to characterize the impacts of CC as perceived by hatchery owners, and to determine how
hatchery owners’ experiences challenge adapting to climate variability and whether they
are isolated or clustered. The PCA equation is as follows:

PCi = a1iV1 + a2iV2 . . . . . . . . . . . . . . . aniVn (1)
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where PCi is the principal component i, and ani (n = 1 . . . n) is the loading (correlation
coefficient) of the original variable Vn [36,37].
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A degree of subjectivity regarding the number of components was present in the PCA
extraction. The standard stopping rule for determining the number of components is to stop
when the eigenvalue drops below 1 because eigenvalues have standardized variances with
mean 0 and standard deviation 1. Thus, components with an eigenvalue <1 are considered
unimportant and were therefore excluded; however, components with an eigenvalue >1
are considered important and were therefore retained [38]. All statistical analyses were
performed using the Statistical Package for Social Science (SPSS) 20 and Minitab 18.

3. Results
3.1. General Characteristics of Hatchery Owners

The hatchery owners in the study site were aged 15–65 years, with the majority falling
within the middle age (31–50 years) category at 60%, followed by old age (51–65 years)
category at 33.33%, and then young age (15–30 years) category at 6.67% (Table 1). Addi-
tionally, all hatchery owners were male, although female counterparts sometimes assisted
in hatchery management. Among the respondents, 40% had completed class XI or higher,
38.33% had completed between class VI to X, 18% had completed between class I to V, and
the remaining 1.67% were illiterate.

The majority (58.33%) of the hatcheries had been operating for 1–12 years, 30% for
13–24 years, and 11.67% for 25–36 years. Small hatcheries comprised 46.67%, medium
hatcheries comprised 21.67%, and big hatcheries comprised 31.67% of the total hatcheries
studied. Almost 51.67% of hatcheries had been producing commercial fish seed for at
least ten years. All hatchery owners had received formal or informal training in hatchery
operations for running their businesses efficiently. Moreover, upon answering a supple-
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mentary question, respondents indicated that they obtained information and skills through
friends and relatives who had received official training from the Department of Fisheries,
the Department of Youth Development, and non-governmental organizations.

Table 1. General characteristics of hatchery owners and hatcheries.

General Characteristics Number %

Age of hatchery owners Young age (15–30) 4 6.67
Middle age (31–50) 36 60.00
Old age (51–65) 20 33.33

Gender Male 60 100.00
Female 0 0.00

Education Illiterate 1 1.67
Adult literacy/informal education 1 1.67
Class I to V 11 18.33
Class VI to X 23 38.33
Class XI to above 24 40.00

Age of hatchery 1–12 Years 35 58.33
13–24 Years 18 30.00
25–36 Years 7 11.67

Size of hatchery Small 28 46.67
Medium 13 21.67
Large 19 31.67

Year of fish production 1–5 Years 15 25.00
6–10 Years 14 23.33
Above 10 Years 31 51.67

Training experience Yes 60 100.00
No 0 0.00

Run other business Yes 30 50.00
No 30 50.00

Challenges face in the hatchery
production

Yes 60 100.00
No 0 0.00

3.2. Hatchery Owners’ Perceptions of CC and Its Effects

As per hatchery owners’ perceptions, 68.33% of respondents agreed with rising water
temperature being the most evident effect of CC (Table 2). About 63% of respondents agreed
with rising air temperature, and 45.76% of respondents agreed with natural calamities,
including floods, cyclones, heavy rainfall, water logging, and flash flood, these being the
next two important causes. Seven percent of respondents agreed that air temperature
influenced pond water temperature.

Table 2. Hatchery owners’ perceptions of climate change.

Perceptions of the Causes
Responsible for Climate Change

Responses (%)

Strongly
Agree Agree Neutral Disagree Strongly

Disagree

Rising air temperature 6.67 63.33 30.00 0.00 0.00
Rising water temperature 6.67 68.33 25.00 0.00 0.00
Frequent natural calamities such as
flood, cyclones, heavy rainfall,
water logging, flash flood, etc.

1.69 45.76 52.54 0.00 0.00

Prolonged drought 0.00 22.03 76.27 1.69 0.00
River erosion 0.00 15.00 83.33 1.67 0.00
Rising sea level 0.00 35.00 63.33 1.67 0.00
Intense thunderstorm 0.00 21.67 76.67 1.67 0.00
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3.3. Relationship between Hatchery Owners’ Perceptions and Key Weather Parameters

Three weather variables, namely, erratic rainfall, high temperatures, and solar radia-
tion, significantly influenced hatchery owners’ perceptions of CC causes (Table 2). This was
confirmed by the results of the Likert scale, where the values of multiple R and R-squared
increased with the addition of independent variables from models 1 to 3 (Table 3). Approx-
imately 27% of the variabilities were explained when erratic rainfall, high temperature,
and solar radiation were considered together, as in the third model. The model showed
a minimum error of the estimate and was highly statistically significant at the p < 0.05
probability level (Table 4).

Table 3. Model summary of the predictors.

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate

1 0.372 a 0.139 0.122 1.495
2 0.493 b 0.243 0.214 1.414
3 0.558 c 0.312 0.270 1.362

a Predictors: (Constant), Erratic rainfall; b Predictors: (Constant), Erratic rainfall, high temperature; c Predictors:
(Constant), Erratic rainfall, high temperature, solar radiation.

Table 4. Analysis of Variance (ANOVA) of the regression model.

ANOVA a

Model Sum of
Squares df Mean

Square F Sig.

1
Regression 18.680 1 18.680 8.363 0.006 b

Residual 116.153 52 2.234
Total 134.833 53

2
Regression 32.808 2 16.404 8.200 0.001 c

Residual 102.026 51 2.001
Total 134.833 53

3
Regression 42.024 3 14.008 7.547 0.000 d

Residual 92.810 50 1.856
Total 134.833 53

a Dependent Variable: Hatchery owners’ perceptions on climate change; b Predictors: (Constant), Erratic rain-
fall; c Predictors: (Constant), Erratic rainfall, high temperature; d Predictors: (Constant), Erratic rainfall, high
temperature, solar radiation.

3.4. Characteristics of CC Impacts on Fish Hatcheries

The PCA results (i.e., the rotated factor (varimax) matrix of independent variables with
differential factor loadings) are summarized in Table 5. The first three principal components
(PCs) explain 70.21% of the total variance and have Eigenvalues >1 (Table 5). The scree
plot of all PCs is shown in Figure 2. The scree plot result of PCA extraction in SPSS, using
a correlation matrix and standardized variables, indicated that factors are loaded and
retained under three components. Moreover, in the PCA loading plot, three distinct clusters
developed with three different types of variables (Figure 3). In this study, the content of each
PC was best interpreted by examining the variables with factor loadings ≥0.5 (Figure 3).
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Table 5. Eigenvalues of the correlation matrix.

Principal Component Eigenvalue Difference Proportion (%) Cumulative (%)

1 6.009 4.771 50.08 50.08
2 1.238 0.060 10.32 60.39
3 1.178 0.217 9.82 70.21
4 0.961 0.333 8.01 78.22
5 0.628 0.079 5.23 83.45
6 0.548 0.103 4.57 88.02
7 0.445 0.057 3.71 91.73
8 0.389 0.129 3.24 94.97
9 0.260 0.102 2.17 97.14

10 0.158 0.047 1.32 98.45
11 0.111 0.036 0.93 99.38
12 0.075 - 0.62 100.00
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3.4.1. Component 1: Poor Reproductive Performance of Fish

The first PC, which indicates the orientation of poor reproductive performance, ex-
plained 50.08% of the variance and demonstrated higher positive correlations with poor
larval growth; poor gonadal maturation; poor quality of eggs, seeds, and sperm; low hatch-
ing rate; and low fecundity (Table 6). These extracted components, either collectively or
individually, had significant positive factor loadings. Individually, poor larval growth, with
a positive correlation coefficient (0.874), contributed the most to this component, followed
by poor gonadal maturation (0.861), low hatching rate (0.859), poor egg quality (0.849),
poor seed quality (0.823), low fecundity (0.784), and poor sperm quality (0.736) (Table 6).

Table 6. Rotated component matrix and correlation coefficients of the variables with significant
components for characterizing climate change impacts on fish hatchery operation.

Rotated Component Matrix a

Component

PC 1 PC 2 PC 3

Poor larval growth 0.874
Poor gonadal maturation 0.861
Low hatching rate 0.859
Poor egg quality 0.849
Poor seed quality 0.823
Low fecundity 0.784
Poor sperm quality 0.736
Disease occurrence 0.810
Poor survival of larvae 0.750
Poor water quality 0.530
Poor digestion 0.701
Hampered growth rate of broodstock 0.661

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 4 iterations.

3.4.2. Component 2: Poor Survival in Relation to Disease and Poor Water Quality

The second PC was positively correlated with 10.32% of the variance and mainly
correlated with disease occurrence (0.810), poor survival of larvae (0.750), and poor water
quality (0.530) (Table 6).

3.4.3. Component 3: Poor Growth of Broodstock

The third PC indicated poor digestion and had a positive correlation coefficient (0.701).
Similarly, the hampered growth rate of broodstock (0.661) displayed a positive correlation
coefficient (Table 6).

3.5. Mitigation Measures as Perceived by Hatchery Owners

The hatchery owners gave their opinions on how the impacts of CC on hatcheries
could be mitigated. Approximately 85% of hatchery owners suggested that planting trees
around the hatchery could reduce overheating and keep the environment cool (Figure 4).
Sixty eight percent hatchery owners suggested that aeration in broodfish ponds could
increase dissolved oxygen levels in water. More than 60% of hatchery owners suggested
maintaining tolerable water temperatures in nurseries or broodfish ponds through regular
water changes or additional water supply. Around 57% of hatchery owners suggested the
need for constructing temperature-controlled hatcheries to produce fry. Approximately
37% of hatchery owners suggested that oxygen tablets could be used to overcome low
oxygen levels in the water. More than 30% of hatchery owners suggested raising the pond
dikes to prevent flooding of hatchery ponds.
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4. Discussion
4.1. General Characteristics of Hatchery Owners

Although studies on the direct impact of CC on hatchery production in Bangladesh
are limited, our findings related to general characteristics of hatchery owners are mostly
consistent with those of other studies [39–41]. Most hatchery owners in Bangladesh are
middle-aged, highly educated, have over ten years of experience, and are trained in fish
hatchery management, which is consistent with the findings of Uddin et al. [42]. These
hatchery owners continuously improve and modernize their operations to cope with CC
and maintain the economic viability of their hatcheries.

In this study, most hatchery owners were middle-aged (31–50 years). Ali et al. [43]
also reported that most fish farmers (>50%) in the Mymensingh district were aged between
31 and 40 years. Age groups vary depending on geographic regions within the country. For
example, most hatchery owners (44%) in the Chandpur district were aged 41 to 60 years [39].
Pravakar et al. [39] reported that the age of fishermen in the Sundarbans ranged from 20 to
70 years, which is consistent with the current findings.

Approximately 40% of hatchery owners had a higher education than secondary school,
which is important for improved hatchery management. In general, education can be
essential in enabling farmers’ technical understanding and approach to constraints [41] and
ultimately efficient hatchery management. The literacy rate of respondents in this study
was higher than the national adult literacy level of 65% [44]. According to Ali et al. [45],
50% of the fish farmers had completed SSC level education, and 22% had completed
HSC level education. In Bagmara, Rajshahi district, Bangladesh, approximately 6% of
respondents were illiterate, while 4% of respondents held a bachelor’s degree. In contrast,
Zaman et al. [46] found that 23.3% of fish farmers were illiterate, and 14.4, 8.9, and 6.7%
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were educated up to the primary, secondary, and higher secondary levels, respectively.
Tasnoova et al. [47] found that 60% of alternate-rice-fish farmers and 50% of rice-cum-fish
farmers held a graduate degree or higher level of education. Pravakar et al. [39] stated that
the level of education influenced the use of ponds for fish farming, which is consistent with
the current findings.

All hatchery owners received either formal or informal training to run their businesses
efficiently. Family members, friends, and relatives provided informal training, whereas the
Department of Fisheries, the Department of Youth Development, and non-governmental
organizations provided formal training. According to the respondents, the training enabled
them to manage their hatchery activities effectively. Islam et al. [48] and Uddin et al. [42]
reported effective management of fish farms by farmers who had received training. Approx-
imately 50% of the hatchery owners earned income from other sources, such as fish culture,
rice farming, cattle rearing, and poultry production. However, over recent years, hatchery
owners have faced many unavoidable challenges, such as the impact of COVID-19, seed
marketing problems, financial problems, and diseases during the production cycle [49].

4.2. Hatchery Owners’ Perceptions on CC and Its Effects

All hatchery owners were professionals with extensive practical experience in hatchery
management, and they agreed that the increasing water temperature was an effect of CC.
Azad and Wadood [50] reported that high temperatures and erratic rainfall affect fish
reproduction, growth, and migration patterns. Faruque and Kabir [51], in a case study of
fish farmers in northwestern Bangladesh, claimed that the reduction in the overall total fish
production was because of the decreased growth rate of cultured fish and increased fry and
fingerling mortality caused by heat shock and diseases. As with fish farmers, fishermen
perceived that the rise in temperature, frequency of tropical cyclones, and sea level, as
well as the decrease in monsoon rainfall, had pronounced impacts on the declining fish
population of the Bay of Bengal [52]. The findings of this study and the evidence included
in the literature indicate that the perceptions held by hatchery owners on CC are realistic.

4.3. Relationship between Hatchery Owners’ Perceptions and Key Weather Parameters

Hatchery owners depend heavily on nature for producing and sustaining their liveli-
hoods. Therefore, they shared their views, potential abilities, and valuable knowledge
through this survey, all of which were significant. Erratic rainfall, high temperatures, and
solar radiation significantly influenced hatchery owners’ perceptions of CC. According to a
study in South Bengal, high temperatures, low rainfall, salinity intrusion, seasonal fluctua-
tions, and prolonged droughts are the major effects of CC that affect pond fish farming [53].
Another study reported that aquaculture is vulnerable to several climatic factors, including
global warming, rainfall variability, floods, droughts, temperature fluctuations, and salinity
changes [54].

4.4. Characteristics of CC Impacts on Fish Hatcheries
4.4.1. Poor Reproductive Performance of Fish

The first PC addresses the adverse effects of CC on the embryonic and physiological
development of fish fry, based on factor loadings. Poor larval growth had the highest
loading, suggesting that larval growth of fishes was associated with favorable environ-
mental conditions [55]. Several studies have highlighted that temperature has a strong
influence on embryogenesis, hatching [24], and subsequent larval development, growth,
and survival [56]. Moreover, temperature controls the physiological processes in fish, such
as oxygen uptake rate, heart rate, locomotion, water balance, digestion, developmental
rate, sex determination, and immune function [57]. Similarly, Aziz et al. [58] revealed that
temperature strongly influences all physiological processes, particularly reproductive pro-
cesses such as gamete development, ovulation and spermiation, spawning, embryogenesis,
hatching, larval and juvenile development, and survival. Several reproductive functions,
such as the gametogenesis and growth of larval and post-metamorphic individuals, are
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also temperature-dependent [59]. Extreme environmental temperatures affect the typical
morphology of fish larvae, resulting in decreased egg, sperm, and seed quality [60]. Because
fish are poikilotherms, changes in water temperature cause metabolic and developmental
disorders, lowering larvae survival rates, reducing fecundity, and hampering gonadal
maturation [56,61,62]. Additionally, incubation at temperatures below the optimum level
delays embryo development, increasing disease susceptibility and reducing viability [63].

4.4.2. Poor Survival in Relation to Disease and Poor Water Quality

The disease occurrence and poor survival of larvae showed a positive correlation
with CC, indicating that CC induces stress on fish larvae, thus leading to an increased
susceptibility to disease, parasite infection, and death in fishes from hatcheries. Various
studies have reported that the effects of CC are responsible for disease susceptibility in
fishes [20,64,65]. Similar findings by Chiaramonte et al. [66] report that the increased sus-
ceptibility of fish larvae to pathogen attack caused by temperature change is a significant
determinant of diseases, and is likely to be affected by direct and indirect thermal stressors.
Harasawa et al. [67] reported that disease threats and invasive species induced by CC di-
rectly impact fish hatcheries. Rising water temperatures due to CC increase larval mortality
in fishes [56]. Moreover, fish metabolism is directly related to surrounding water temper-
ature, and changes in water temperature are known to affect their immune system [65].
Temperature fluctuation will likely accelerate the replication rate, virulence, life-cycle
longevity, and transmission of pathogens among several fish species [68]. Additionally,
CC is linked to water quality parameters because it gives rise to changes in the hydrology
and hydrography of water systems [69]. The effect of CC has been described extensively,
including the effect on water quality which disrupts host—pathogen interactions, some-
times creating beneficial conditions for pathogen amplification and spread or microbial
and ecological dysbiosis [70–73]. Islam et al. [74] indicated that temperature fluctuation
might be responsible for fish disease, water quality deterioration, oxygen deficiency in
water, and larvae disfigurement. Ahmed and Diana [75] reported that changes in water
temperature decrease primary productivity through water stratification and reduction
in surface water nutrients. Furthermore, excessive heavy rainfall causes water turbidity,
which reduces the growth of fish larvae by limiting sunlight penetration and hampering
oxygen production [75]. Several studies showed the association of harmful algal bloom
outbreaks with CC [76,77].

4.4.3. Poor Growth of Broodstock

Fish health, in terms of factors such as poor digestion and hampered growth rate
of broodfish, has been positively linked to CC (Table 6). Abnormal fluctuations in water
temperature causes loss of appetite in fish and larvae, and they stop feeding, which thus
hinders their growth and development in hatcheries [19,78,79]. The effects of tempera-
ture on broodfish development, ovarian growth, egg production, and relative fecundity
are profound [22]. The egg production capacity of broodfish decreases with the increase
in water temperature [15]. Earlier studies observed maximal growth efficiency within a
range of optimal water temperatures, with declining efficiency at both lower and higher
temperatures [80]. Fang et al. [81] reported that water temperature directly impacts the
activities of all enzymes, which in turn affect the digestibility and metabolism of nutrients
such as proteins and lipids. In addition, the digestive processes and nutrient digestibility
of fish larvae decreased at temperatures beyond the optimal range [82]. For example,
fish feed more vigorously at higher water temperatures, and their digestive processes are
accelerated [83]. In turn, cooler water temperatures reduce nutrient digestibility by reduc-
ing digestion rates, increasing gut transit time, and lowering gastrointestinal evacuation
rates [84]. Furthermore, the metabolism and physiology, feeding behavior, and growth
performance of fish are affected by prolonged temperature stress [68,85].
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4.5. Mitigation Measures as Perceived by the Hatchery Owners

The impact of CC on hatchery productivity is multi-factorial and cost-effectively
addressing its negative effects is challenging. In this study, most hatchery owners perceived
that controlling water temperature and quality (Figure 4) are the prime mitigation and
adaptation strategies. Fish farmers and hatchery owners have continued to produce fish for
an extended period despite adverse climatic conditions. Hatchery-based seed production is
critically impacted by climatic factors. As a result, fish hatchery seed production is impeded,
affecting aquaculture productivity and resulting in economic losses. Sustainable mitigation
strategies to combat poor climatic conditions have not been established yet in hatchery
production and the aquaculture sector. The results of this survey revealed that farmers have
observed benefits from implementing several mitigation measures and also highlighted that
future mitigation measures, if cost-effective, could result in increased benefits. Farmers and
hatchery owners are front-line stakeholders in fish production and have been attempting to
adopt appropriate, cost-effective measures to tackle the adverse climatic conditions, as CC
has a direct impact on fish farms and hatcheries. Several studies present cost-effective CC
mitigation strategies for farms and fish hatcheries. Alam et al. [32] reported that commercial
fish hatcheries should utilize cloth covered sheds for brood hapas to generate more eggs in
the higher-temperature months. In addition, farmers pump freshwater into fish culture
ponds to lower the temperature [21]. During the summer, several farmers use oxygen
tablets in the ponds to increase the amount of oxygen in the water [32]. Adhikari et al. [32]
reported that 60% of farmers maintain pond water levels by pumping water from boreholes,
48% used mesh-like structures in pond bunds to prevent fish from escaping in the event
of flooding, and 16% used pumps to remove water. To operate their businesses, hatchery
owners must be skilled in various areas to deal with increased technical issues. This study
highlights this issue alongside other findings. Hemal et al. [10] reported that hatchery
owners require more technical knowledge to run hatcheries effectively, and their capacity
building is necessary for successfully producing hatchery-based seed and managing the
related business.

According to Maulu et al. [20], mitigation and adaptation measures may help farming
communities, ecosystems, and populations become more resilient to CC. Table 7 summa-
rizes the existing mitigation techniques and future possible mitigation measures under
adverse climatic conditions.

Table 7. Summary of the possible mitigation and adaptation measures under adverse climatic
conditions as stated by hatchery owners.

Mitigation and
Adaptation Strategies Method Timeframe Impact

Increasing the inside air
temperature

Use of polythene sheets to
cover the hatchery

During the seed production
cycle, when the temperature
falls below the optimum

Positive

Maintaining favorable
nursery and broodfish
pond water temperature

Supply clean additional
water to increase the
volume of water in the
hatchery tank and
broodfish pond

If the seed and broodfish
pond temperature exceeds
tolerable limits.

Positive

Maintaining water
oxygen levels

Use of a simple aerator
system and oxygen tablets

If oxygen levels drop during
hatchery seed production
and pond broodfish
management.

Positive

Preventing fish from
escaping during
seasonal floods

Repairing and raising
pond dikes In the dry season Unknown

Creating a cool production
environment

Suitable tree planting in
pond dikes and the
hatchery compound

In the wet season

Environmentally
friendly
hatchery
compound
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Several hatchery owners profited from implementing some of these mitigation mea-
sures; however, further research is needed to determine which mitigation practices and
adaptation strategies are most suited for long-term hatchery seed production. Further-
more, to ensure sustainable output in the future, a long-term investigation of additional
prospective mitigation techniques is required in laboratory and hatchery environments.

5. Conclusions

The overall findings of the present investigation showed that temperature, rainfall,
and solar radiation influence hatchery productivity negatively. Therefore, the results of
the present study on the perceptions of hatchery owners are appropriate and the most
contextual in this regard. According to hatchery owners, the mitigation practices discussed
in this study might have a positive impact on hatchery seed production, but the outcomes of
several possible future mitigation measures are unknown. As a result, more laboratory and
hatchery-based research is needed to increase hatchery seed production and sustainable
aquaculture production under harsh climatic conditions.

6. New Insights

This paper investigated a different aspect from the perspective of hatchery owners on
CC and expressed it in their language, which provides a new insight for readers.
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