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ARTICLE INFO ABSTRACT

Avrticle History: Agquaculture is a rapidly expanding food production industry worldwide,
Received: Jan. 28,2024  involving the controlled or semi-controlled rearing of aquatic animals. This
Accepted: Feb. 9, 2024 study aimed to gather data on the management practices and challenges in
Online: Feb. 27, 2024 aquaculture hatcheries across Khyber Pakhtunkhwa, Pakistan. The data were
collected through structured surveys, field visits, interviews, and focus group
discussions with aquaculture hatchery managers, workers, and relevant

ﬁ:mgrrig:: government officials, focusing on the management practices of fish hatcheries.
' Warm-water hatcheries had a larger proportion than cold-water hatcheries in
Cold water, £ surf h f . ith
Semi-cold water terms of surface area, a_nd the numbers o pond_s varied between 10 and 80, wit
W ’ a ratio of 60% technical to 80% non-technical staff. The most commonly
arm water, - . . . s .
Eries cultured fish in warm-water hatcheries mc_lude Cirrhinus _ mrigala,
Ei " Hypophthalmychthys molitrix, Ctenopharyngodon idella, Labeo rohita, Catla
ingerlings, : . -
Brooder fish catla, and Carassius auratus. Cold-water hatcheries contained Salmo trutta,

Oncorhynchus mykiss, and Oncorhynchus mykiss kamloops, while semi-cold
water hatcheries had Tor putitora and Carassius auratus. Only 46.70% of
hatcheries use hormonal applications for breeding success, such as ovaprim,
ovatide, and MS-222. Brooders in hatcheries were fed with oryza, AMG, aqua
Feed, wheat bran, rice bran, soybean oil, and grasses. The feed of fries consisted
of a combination of oryza, AMG, aquafeed, supreme feed, rice bran, wheat
bran, egg yolk, soybean, and Chenab feed. The common diseases found in
hatcheries across Khyber Pakhtunkhwa were fin rot, proliferative kidney disease
(PKD), saprolegnia, branchiomycosis, lernaesis, argulosis, fish ulcer, dropsy,
and whirling diseases. The study concluded that most of the hatcheries in
Khyber Pakhtunkhwa faced problems, such as the unavailability of laboratories,
incomplete staff, electricity problems, water scarcity, infected stream water, and
waterlogging. The government is recommended to overcome these basic
problems and improve hatchery production to stimulate the province’s
economy.
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INTRODUCTION

Aquaculture is the rearing of aquatic animals under controlled or semi-controlled
conditions and is one of the world’s fastest-growing food production industries. In recent
years (1970- 2008), it has noted an average annual growth of 8.3%, three times the rate
of the world’s meat production (FAO, 2018). A hatchery is an establishment where eggs
of certain organisms as fish and poultry are hatched under artificial conditions. The
purpose of a hatchery may vary, ranging from conservation efforts, such as raising rare or
endangered species under controlled conditions, to economic reasons (Adekoya et al.,
2006). The gradually rising importance of fish farming has enforced developments in the
technologies necessary for securing the initial and fundamental necessities for productive
aquaculture such as the production of fish seed for stocking. Without the artificial
propagation of seeds of favored cultivable fish species, fish culture today is almost
impossible (Akankali et al., 2011).

Efficient fish hatchery management is the backbone of an intensive fish culture
(Ali et al., 2005; Adekoya et al., 2006). The number of nurseries, rearing, and production
ponds in a hatchery is determined by the expected number of fry and fingerlings (Ali et
al., 2014; Rahman et al., 2015). The size of these ponds is influenced by factors, such as
the number of brooders, species bred, fecundity of the species, hatchable eggs, and the
number of surviving fries to fingerlings (Akankali et al., 2011).

The process involves meticulous considerations, from the size and number of
ponds influenced by factors, such as brooder quantity, species bred, fecundity, and
hatchable eggs, to external influences on sexual maturation, including temperature,
photoperiod, pH, water volume, and salinity (Olaoye et al., 2011). Maintaining the health
of brood fish through proper feeding before spawning, sexing of fish, and addressing
nutritional requirements are crucial steps (Bisht et al., 2013; Migaud et al., 2013; Wang
et al., 2015). Numerous procedures of spawning are used to yield fry and fingerlings,
such as natural spawning without hormonal treatments, natural spawning with hormones,
and artificial spawning with or without hormone treatment. Nursery management begins
from the hatching phase to the free-swimming feeding fry stage (Akankali et al., 2011).
Larva are separated from eggshell and spoiled eggs for their growth and development.
The yolk sac provides a sufficient high-quality reserved food for the larvae. Young
larvae, about 3- 5 days old, are transported from hatchery tanks to nurseries where they
remain for about 15- 40 days. The rearing of larvae is the most serious stage of the entire
culture. The management of fish hatcheries is a meticulous and technical process that
requires thorough investigation from the larval stage to the marketable size. Even slight
negligence or lack of facilities can lead to problems for hatcheries. Therefore, the present
study was conducted to examine the management system and highlight the issues
associated with public sector hatcheries in the province of Khyber Pakhtunkhwa,
Pakistan.
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MATERIALS AND METHODS

Study area

The study was conducted in eight districts, namely Chitral, Dera Ismail Khan (DI
Khan), Kohat, Malakand, Mardan, Peshawar, Shangla, Swat, and Upper Dir of Khyber
Pakhtunkhwa, Pakistan (Fig. 1). The selection of these districts was based on their
geographic diversity, ecological factors within the province, and the presence of a
significant number of public sector hatcheries, making them suitable for studying the
management system of such facilities.
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Fig. 1. Study area map showing sites of hatcheries among different districts

Data collection

The data were collected through structured surveys, field visits, interviews, and
focus group discussions with aquaculture hatchery managers, workers, and relevant
government officials. The structured surveys were designed to gather quantitative data on
aquaculture management practices, production metrics, and challenges faced by the
hatcheries. In-depth interviews and focus group discussions were conducted to provide
qualitative insights into the nuances of aquaculture management, with open-ended
questions used to encourage detailed responses. The survey questions were developed
based on a thorough literature review and expert consultation.The overall study and data
collection were recorded in a well-designed and properly documented questionnaire.
During the study, a total of 15 hatcheries from both government and private sectors were
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surveyed which included 10 cold water hatcheries, 1 semi-cold water, and four warm
water hatcheries, as mentioned in Fig. (1).
Statistical analysis

The statistical analysis was conducted using SPSS 20 (20 IBM, USA) software.

RESULTS

1. Survey of hatcheries in Khyber Pakhtunkhwa: Water sources, species
composition, and pond function
During the study survey, hatcheries were subject to a study where 11 of them

belong to the government and 4 belong to the private sector. Fresh and well-oxygenated
water is very necessary for the growth of fries, fingerlings, and brooders. The supply of
water may be continuous or non-continuous. All of the visited, cold-water hatcheries
have a continuous supply of water. It was observed during the survey that all of the cold-
water hatcheries and one warm-water hatchery (Tanda Dam Kohat) received water from
continuous sources such as streams and springs i.e. 73.3%. Tanda Dam Kohat is the main
source of water for the Kohat hatchery, while two warm water hatcheries such as Rutta
Kulachi carp fish hatchery from District Dera Ismail Khan (DI Khan) and the
Government Carp Fish Hatchery from District Mardan received water from tube wells
(13.3. %). Moreover, Mahseer and carp hatchery center district Malakand received water
from both continuous and discontinuous sources (13.3%). The composition of species in
hatcheries is different based on the water temperature to which fish are adopted. Cold-
water hatcheries have different species composition than warm-water hatcheries. In cold-
water hatcheries like the Kalakot Trout Hatchery in District Dir Upper, the Government
Trout Hatchery in District Lower Chitral, and the Madyan Trout Hatchery in District
Swat, monoculture of Rainbow trout is practiced. While, in other hatcheries, polycultures
of different fish species occur. In the case of cold-water hatcheries, rainbow trout and
brown trout culture occur in the Trout Culture Training Center in Swat and Alpuri Trout
Hatchery in district Shangla. Rainbow Trout, silver, grass, goldfish, and mahseer in Fish
Biodiversity Center District Swat. In other hatcheries of the District Swat such as New
Spring Trout Fish Hatchery, Dawood Trout Fish Hatchery and Farm, and Samreen Trout
Fish Hatchery and Farm polyculture of salmon, Kamloops, brown trout, and rainbow
trout is practiced. At Shinu Trout Hatchery, rainbow trout and Kamloops are present,
while in semi-cold-water hatcheries such as the Mahseer Fish Hatchery in District
Malakand, poly culture of Mahseer and goldfish is practiced. All the warm water
hatcheries perform poly culturing of Cirrhinus mrigala (mori), Hypophthalmychthys
molitrix (silver carp), Ctenopharyngodon idella (grass carp), Labeo rohita (Rohu), Catla
catla (thaila), Carassius auratus (goldfish). Proportionally, warm-water hatcheries have
more surface area than cold-water hatcheries. For instance, both the carp hatchery in
District Peshawar and the government carp fish hatchery in Mardan have a surface area
exceeding 5 acres (13.3%). In warm-water hatcheries, the Peshawar carp hatchery has a
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larger surface area (72 acre) while the government carp hatchery in Mardan covers an
area of 9.3 acre. The Mahseer and Carp Hatchery Center in districts Malakand and Rutta
Kulachi Carp Fish Hatchery consist of an area within the range of 2.5- 5 acre (13.3%).
All of the cold-water hatcheries and warm-water hatcheries in Tanda Dam in District
Kohat have a surface area between 0.1 and 2.5 acre (73.3%). On the basis of function,
ponds are classified as spawning ponds, nursery ponds, rearing ponds, and stocking
ponds. In cold-water hatcheries, raceways are constructed (Table 1).

Table 1. Survey of hatcheries in Khyber Pakhtunkhwa: Water Sources, species
composition, and pond function

Name of hatchery Area No of pond Fish species Type of Water sources
(Acre) /hatchery water supply
Trout Culture Training  0.125-25 @ 32 Brown trout and continuous Spring and
center rainbow trout stream water
Alpuri Trout Hatchery 0.125-25 20 Brown trout and continuous Spring and
rainbow trout stream water
Fish Biodiversity Center 0.125-25 13 Rainbow trout, Silver, continuous Spring water
grass, goldfish and
mahseer
Kalkot Trout Hatchery 0.125-25 15 Rainbow trout only continuous Spring and
stream water
Government Trout 0.125-25 8 Rainbow trout only continuous Spring and
Hatchery stream water
Shinu Trout Hatchery 0.125-25 34 Kamloop and rainbow = continuous Spring and
trout stream water
New Spring Trout Fish 0.125-25 | 37 Salmon, kamloop, brown = continuous Spring and
Hatchery trout and rainbow trout stream water
Dawood Trout Fish | 0.125-25 17 Salmon, brown trout and = continuous Stream water
Hatchery and Farm rainbow trout
Samreen Trout Fish | 0.125-25 36 Salmon, brown trout and = continuous Stream water
Hatchery and Farm rainbow trout
Madyan Trout Fish Farm @ 0.125-25 @ 24 Rainbow trout only continuous Spring and
and Hatchery stream water
Mahseer Fish Hatchery 2.5-5 11 Mahseer and gold fish Continuous/ Spring and
non-contnous stream water
Ratta Kulachi 2.5-5 21 Mori, silver, grass non-contnous  Well water
Carp Fish Hatchery
Tanda Fish Hatchery 0.125-25 14 Rohu, mori, silver, grass continuous Dam water
Govt. Carp Fish >5 15 Mori, rohu, thaila, silver, non-contnous Well water
Hatchery grass, goldfish, China
Office of Deputy Director >5 90 Rohu, mori, silver, grass, Continuous/ River water
Fisheries, China, goldfish non-contnous and tube well
CarpHatchery and water

training Center

2. Assessment of laboratory facilities and staffing in hatcheries of Khyber
Pakhtunkhwa, Pakistan

The laboratory is one of the basic needs of a hatchery, and only three hatcheries

have a laboratory (20%). The disease diagnostic laboratories are present only in the Trout

Culture Training Center in Swat and the Carp Hatchery and Training Center in Peshawar

(13.3%), while the water testing laboratory is present only in Mahseer fish hatchery

Cold water

Semi cold
water

Warm
water
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District Malakand (6.6%). It was noticed during the field surveys that about 80% of
hatcheries have no laboratory which is alarming for hatchery production. To run a
hatchery effectively, both technical and non-technical staff are needed. Watchers are also
employed to check streams and rivers to prevent illegal fishing. Most hatcheries (60%)
have between 1- 10 technical staff members, followed by more than 20 and 11- 20 staff
members. In terms of non-technical staff, most hatcheries have between 1- 10 workers,
followed by 11- 20 in 13.30% of hatcheries, and more than 20 in 6.7% of hatcheries (Fig.
2).

Availability of staff and Lab facility among Hatcheries
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Fig. 2. Assessment of laboratory facilities and staffing in hatcheries of Khyber
Pakhtunkhwa, Pakistan

3. Brooder management and production techniques in hatcheries of Khyber
Pakhtunkhwa

The number of brooders directly influences the production of a hatchery.
Hatcheries that have more numbers of brooders, i.e., >2000, include cold water
hatcheries, such as Trout Culture Training Center, Alpuri Trout Hatchery, Fish
Biodiversity Center, Kalakot Trout Hatchery, New Spring Trout Fish Hatchery, Dawood
Trout Fish Hatchery, and farm and warm water hatcheries, such as Thanda Fish Hatchery,
Govt. Carp Fish Hatchery, Mardan, and Office of Deputy Director Fisheries, Carp
Hatchery, and Training Center Peshawar constitute 66.6% of the total number of visits.
Shinu Trout Hatcheries contain 1000— 2000 brooders (6.6%), while the numbers of
brooders in the remaining three hatcheries, such as Dawood Trout Fish Hatchery and
Farm, Madyan Trout Fish Farm and Hatchery, Mahseer Fish Hatchery, and Rutta Kulachi
Carp Fish Hatchery, are between 500- 1000 (26.6%). Adequate care of brooders is very
important to enhance the production level of a hatchery. Oryza, AMG, and aqua feed are
given to brooders in cold-water hatcheries, while wheat bran, rice bran, soybean oil, and
grasses are given to brooders in warm-water hatcheries. Some government hatcheries
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directly stock fry or fingerlings in rivers or dams, while private and some other
government hatcheries sell or rear them up to a marketable size. Different hatcheries have
different stocking frequencies. In fish, hormonal control of reproduction is controlled by
the secretion of successive hormones by various organs, but for pre-ovulation, we used
different hormones. Hormones also reduce the latency time, due to which the gonads
ripen in the early stages. The production of eggs varies with species. If an adequate care
Is given to the brooders, healthy eggs will be produced. Only post-vitellogenin or
dormant oocytes respond to the hormone treatment. Only the transparent oocytes in
which pre-ovulation occurred would be discharged into the ovaries and be fertilized. The
mortality is too high at this stage, therefore proper care is necessary to increase
fertilization success and production at the hatchery. The fertilized eggs are incubated in
stagnant or running water in incubation troughs. Fertilized eggs swell and become sticky
when they are in contact with water. The hatching percentage is 80— 90% when small
quantities of eggs are incubated. A total of 70% of healthy larvae can be obtained through
this method. Similarly in the field survey, only 2 warm water hatcheries, such as Carp
Fish Hatchery DI Khan and Thanda Fish Hatchery Kohat, perform an occasional
hybridization (13.3%), which shows the best results. Sometimes, brooders are stocked
from the outside when there is high mortality or a smaller number of brooders in the
hatchery. During the field survey, five hatcheries added brooders from outside (33.3%) to
enhance their production rates (Table 2).

Table 2. Brooder management and production techniques in hatcheries of Khyber
Pakhtunkhwa

Hatchery No. of Feed Fertilization = No. of Type of Occasional
brooder = of brooder | success Egg produced hormone | hybridization
(%) used
Trout Culture Training = >2000 oryzapellet = 60 >1000000 ovaprim Absent
center
Alpuri Trout Hatchery >2000 oryza pellet = 60 100000-1000000 Nil Absent
Fish Biodiversity Center = >2000 oryza pellet ' 0 0 Nil Absent
Kalkot Trout Hatchery >2000 oryzapellet 60 100000-1000000 ovaprim Absent
Government Trout = >2000 oryzapellet = 60 100000-1000000 Nil Absent
Hatchery
Shinu Trout Hatchery 1000- oryzapellet = 60 100000-1000000 MS-222 Absent
2000 and
ovaprim
New Spring Trout Fish = >2000 AMG 60 >1000000 Nil Absent
Hatchery imported
Dawood Trout Fish = 500- AMG 60 100000-1000000 Nil Absent
Hatchery and Farm 1000 imported
Samreen Trout Fish = >2000 AMG 60 100000-1000000 Nil Absent
Hatchery and Farm imported
Madyan Trout Fish = 500- AMG 80 100000-1000000 Nil Absent
Farm and Hatchery 1000 imported
Mahseer 500- oryza pellet = 90 1000-100000 MS-222 Absent

Fish Hatchery 1000

Brooder
stocking
from
outside
Yes

No

No

No

No

No

Yes
No
No
Yes

Yes
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Ratta Kulachi 500- Rice bran, 50 >1000000 ovaprim Present
Carp Fish Hatchery 1000 Wheat bran
and
soyabean
cake
Tanda Fish Hatchery >2000 Rice bran, 70 1000-100000 ovaprim Present
Wheat bran
and
soyabean
cake
Govt. Carp Fish = >2000 Rice bran, 55 >1000000 ovaprim Absent
Hatchery Wheat bran
and
soyabean
cake
Office of  Deputy >2000 Rice bran, 70 >1000000 ovaprim Absent
Director Fisheries, Wheat bran and
CarpHatchery and and ovatide
training Center soyabean
cake

4. Fingerling production and feeding practices in hatcheries of Khyber
Pakhtunkhwa, Pakistan

Fingerlings are fry that are four weeks or older. The number of fingerlings
directly depends on the rearing of fries. Most hatcheries sell them to increase their
revenue. Food selectivity and acceptability are very crucial factors for the survival and
development of fingerlings. Cold-water and warm-water hatcheries use different types of
feed for the rearing of fry. Similarly, newly hatched larvae depend entirely on the yolk
sac for energy, growth, and development. When the yolk sac is desorbed, the fish fry
accepts artificial diets 10— 18 days after hatching, and this is the major turning point in
the life of a nursed fish (Fig. 3).
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Fig. 3. Fingerling production and feeding practices in studied hatcheries

5. Assessment of annual revenue and income sources in hatcheries of Khyber
Pakhtunkhwa, Pakistan

The annual revenue shows the production of a hatchery. Depending on different
factors, each hatchery has its own annual income. The government gives a specific

No

No

No

Yes
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target to hatcheries which shows their income and progress. The annual revenue of
surveyed hatcheries is given in Fig. (4).

47%

10% 40%
26.70%
20%
13% i 13.30%

unknown 10000- 1-2 millions  Above No Target 0.1-1 above 1
100000 2millions million million

Annual revenue of hatcheries Govt Targets of annual
revenue for hatcheries

Fig. 4. Assessment of annual revenue and income sources in hatcheries of Khyber
Pakhtunkhwa, Pakistan

6. Disease prevalence and management in studied hatcheries

Like all other animals, fish also suffer from various diseases. From a causative
point of view, fish diseases are infectious and non-infectious. Their methods of treatment
are external, systemic (via diets), and parenteral. It was observed during the survey that
the most prevalent diseases among warm-water hatcheries are fin rot and proliferative
kidney disease (PKD), which are caused by bacteria and viruses (53.3%). One warm
water hatchery faces fungal diseases such as Saprolegnia along with PKD and fin rot
(6.7%). The management system regarding the hygienic condition in the Madyan Trout
Fish Farm and Hatchery in District Swat was found to be efficient, and no diseases were
yet reported (6.7%). Semi-cold-water hatchery faced fungal diseases such as Saprolegnia
and Brachymeiosis (6.7%). The prevalence of diseases in warm water hatcheries is in the
following ratios: 6.7% of hatcheries have diseases caused by bacteria and crustacean
ectoparasites (Laernia spp. and Argulus), such as fish ulcers, lernaesis, and argulosis,
respectively. Additionally, 6.7% of hatcheries have saprolegnia, fin rot, and dropsy
diseases caused by fungi and bacteria, respectively. Another 6.7% of hatcheries have
diseases such as lerniae, Saprolegnia, and branchiomycosis. Similarly, 6.7% of hatcheries
face diseases such as whirling disease, argulosis, fin rot, and branchiomycosis caused by
cnidarians (Myxbolus cerebralis), crustaceans, bacteria, and fungi, respectively (Table 3).
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Table 3. Types of diseases reported among visited hatcheries

Prevalent disease

Fin rot
Pyloric kidney disease

Fin rot
Pyloric kidney disease

Saprolegnia
Saprolegnia
Branchiomycosis
Fish ulcer
Lernaesis

Argulosis

Saprolegnia
Fin rot
Dropsy
Lernaea,
Saprolagnia,

Branchiomyecosis (gil rot)

Argulosis
Fin rot

Whirling disease

Branchiomycosis
No diseases reported

Pathogen Frequency Hatchery

Bacterial 8 (563.3%) Trout Culture Training center,

Viral Alpuri Trout Hatchery
Kalakot Trout Hatchery
Government Trout Hatchery Chitral
Shinu Trout Hatchery
New Spring Trout Fish Hatchery
Dawood Trout Fish Hatchery and Farm
Samreen trout fish

Bacterial

Viral 1 (6.7%) Fish Biodiversity Center
Mahseer Fish hatchery

Fungal 1 (6.7%)

Bacterial Ratta Kulachi Carp Fish Hatchery

Argulos spp.

(Crustaceans 1(6.7%)

Ectoparasite)

Lernae spp.

Crustaceans

Ectoparasite

Fungal Thanda Fish Hatchery

Bacterial 1(6.7%)

Bacterial

Lernae spp. Govt. Carp Fish Hatchery Mardan

Fungal

Fungal 1(6.7%)

Fungal Office of Deputy Director Fisheries, Carp

Bacterial Hatchery and training Center Peshawar

- 1(6.7%)

Parasitic

Cnidarian

Fungal

Nil 1 (6.7%) Madyan Trout Fish Farm and Hatchery

Prominent aquatic weeds include floating, marginal, emergent, submerged, and
algal weeds. These must be removed, as if left unchecked, they may cause serious
damage to pisciculture. 10 of the visited hatcheries perform only netting methods for
weed control (66.6%). While in 2 hatcheries, along with netting, chemical methods such
using diesel, karosin oil, and limestone are used for weed control (13.3%). 13.3%
hatchery only used chemical methods. In one hatchery such as a government trout
hatchery, chitral basements are cemented and hence are weed-free (6.6%). According to
field surveys, the majority of government hatcheries face major problems including
climate change, incomplete staff, water scarcity, electricity, unavailability of labs, least
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surface area, among others. These basic problems must be overcome to boost the
production and economy of hatcheries (Fig. 5).
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Fig. 5. Major problems faced by the visited hatcheries

DISCUSSION

The findings of present study reveal crucial insights into the aquaculture
management practices and challenges within hatcheries across Khyber Pakhtunkhwa,
Pakistan. The identified 15 hatcheries in the region, with 11 in the government sector and
4 in the private sector, play a pivotal role in the aquaculture landscape. Hatcheries were
categorized based on water temperature, resulting in cold-water, semi-cold-water, and
warm-water hatcheries. Cold-water hatcheries, benefitting from continuous water supply
from streams and springs, primarily focused on monoculture of rainbow trout. In contrast,
warm-water hatcheries engaged in polyculturing of various fish species. The composition
of species within hatcheries varied based on water temperature, influencing the overall
surface area, with warm-water hatcheries generally exhibiting larger areas.

The study aligns with general principles of aquaculture and hatchery management,
as illustrated by Valenti and Daniels (2007). The classification of hatcheries into flow-
through and recirculation systems further emphasizes the diversity in management
approaches.

Despite the diversity, a common challenge emerged—most hatcheries in Khyber
Pakhtunkhwa lack laboratories for diagnosing diseases or testing water quality. Peshawar
and Madyan stand out as exceptions, emphasizing the need for laboratory expertise in
these facilities. Drawing parallels, Russel’'s (2019) fish health laboratory in Augusta
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exemplifies the role of diagnostics, disease management, and prevention in hatchery
operations.

The water supply emerges as a fundamental need for hatcheries, resonating with
the findings of Mundorff (1962) and Tekwombuo et al. (2013). The study noted
variations in pond sizes and surface areas between warm-water and cold-water hatcheries,
with Peshawar hatchery standing out as the largest. The significance of adequate water
supply and proper sizing aligns with the general principles of hatchery management.
Brooder stocking density and feed types were highlighted as crucial factors influencing
fish health and productivity (De-silva, 2008). The study echoes the importance of
balanced feed, as suggested by Alikunhi (2011) and Titcomb et al. (2020). Additionally,
the focus on fertilization success and fingerling production rates underscores the need for
effective breeding strategies and improved care. Induced breeding methods, as noted in
the field survey, align with the studies of Akankali et al. (2011) and Nwadukwe et al.
(1993), providing insights into the dosage and methods employed in Khyber
Pakhtunkhwa hatcheries. Despite the observed challenges, the study emphasizes the
economic potential of the fisheries sector in Khyber Pakhtunkhwa. Aligning with
Laghari's (2018) assessment of challenges and opportunities in Pakistan's fisheries
sector, it underscores the need for immediate actions by the government to overcome
basic problems, enhance hatchery production, and boost the country's economy. The
findings of the present research indicate that a significant percentage of hatcheries in
Khyber Pakhtunkhwa produce a large number of eggs, with a notable proportion
achieving high fertilization success. However, the study also revealed that a few number
of hatcheries lack the expertise to run laboratories for diagnosing diseases or testing water
quality. The limitation of the fertilization period in fish, as noted by Akankali et al.
(2011), resonates with the present research. The immediate swelling of fish eggs upon
contact with water, leading to micropyle closure, underscores the importance of timely
and controlled breeding practices. This insight from the literature coincides with the
observed variations in fertilization success across the surveyed hatcheries. The findings
of the present research indicate that approximately 33.3% of hatcheries in Khyber
Pakhtunkhwa produce more than one-lac fingerlings, with 26.7% producing 100- 10000
fingerlings, and 20.0% producing 10000- 100000 fingerlings. This is consistent with the
importance of fingerling production as a bottleneck to the continued expansion of
aquaculture, as noted by Bartholomew (2006). Throughout Asia, the Americas, and
Africa, the tilapia aquaculture continues to expand and represents an important source of
fish to domestic and export markets. The development of effective techniques for mass
production of mono-sex (male) tilapia fingerlings, specifically sex reversal technology,
was an important factor contributing to the rapid development of tilapia aquaculture
during the past decade.

On the other hand, fish suffer from various diseases, including infectious and non-
infectious ones, and their treatment methods include external, systemic, and parenteral
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approaches. The present research discusses the prevalence of various diseases in fish
hatcheries and the different treatment methods used to manage them. The Madyan Trout
Fish Farm and Hatchery in District Swat was found to have an efficient management
system with no reported diseases. However, some warm-water hatcheries face diseases
caused by bacteria and viruses, while semi-cold-water hatcheries are affected by fungal
diseases.

The government is reported to overcome these basic problems and improve
hatcheries production boosting the economy of the country. Muhammad Younis
Laghari (2018) studied the challenges and opportunities in the fisheries sector of
Pakistan. He stated that in recent years, the fisheries sector is facing numerous challenges
including natural and anthropogenic, such as natural disasters, climate change, and
industrialization, environmental pollution and overfishing. These factors collectively
threaten food security and the community's income. Therefore, immediate actions are
required by the government and policymakers.

CONCLUSION
The study conducted on the management system of public sector hatcheries in

Khyber Pakhtunkhwa, Pakistan revealed that most of the hatcheries face problems, such
as unavailability of laboratories, incomplete staff, electricity problems, water scarcity,
infected stream water, and waterlogging. The government is recommended to overcome
these basic problems to improve hatchery production and boost the economy of the
country. The study also found that the composition of fish species in hatcheries varies
based on the water temperature, and the most common diseases found in hatcheries were
fin rot, proliferative kidney disease, Saprolegnia, branchiomycosis, lernaesis, argulosis,
fish ulcer, dropsy, and whirling diseases. Efficient fish hatchery management is crucial
for an intensive fish culture, and the production of fish seed for stocking is essential for
productive aquaculture.
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