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Efcient conservation eforts for valued fsh species such as Bangana devdevi, a medium-sized minor carp prevalent in Southeast
Asian countries, can be facilitated through well-established artifcial breeding techniques. Tis study aimed to investigate the
reproductive biology of B. devdevi and focused on optimizing hormone dosages for breeding purposes for the frst time. Te
research fndings indicated that the highest gonadosomatic index (GSI) for males (1.17) was observed in August, while for females,
it peaked in July (2.24). Female fsh exhibited absolute fecundity ranging from 2089 to 26287 eggs, corresponding to body weights
ranging between 10.46 and 153.73 g. Te relative fecundity ranged from 170 to 298 eggs g−1 of body weight. To induce breeding,
female brooders were administered Gonopro-FH hormone through three experimental groups: G-FH_0.4, G-FH_0.5, and G-
FH_0.6, with doses of 0.4mL, 0.5mL, and 0.6mL·kg−1 of body weight, respectively. Spawning occurred within 6–10 h after
hormone administration. Among these groups, G-FH_0.5 exhibited the highest fertilization rate (94.25%) and hatching rate
(89.03%), signifcantly surpassing the rates observed in G-FH_0.4 and G-FH_0.6 (p< 0.05). Tis study provided valuable insights
into the reproductive biology of B. devdevi and emphasized its potential application in developing management and conservation
strategies for this species in rivers and tributaries. Furthermore, the knowledge gained from induced breeding holds promise for
future large-scale seed production initiatives.

1. Introduction

Based on Mukherji’s collection of Burmese and Siamese
specimens, Bangana devdevi, previously known as Labeo
devdevi, was described while disputing the identity of Labeo
dyocheilus and Labeo dero. Kottelat reassigned L. devdevi to
the genus Bangana [1, 2]. According to the IUCN categories

specifed in the Red List, it is classifed as Least Concern (LC)
[3]. B. devdevi is a medium-sized, benthopelagic minor carp
of the Cyprinidae family that inhabits Southeast Asian
nations such as India, Myanmar, and Tailand [4]. It is one
of India’s most popular valued minor carp and is broadly
distributed in the Chindwin headwaters of Manipur,
a northeastern state [5]. Tis species is known as “Khabak”
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in Manipuri for yearling and advanced stages and “Ngaton”
for fngerling stages. Te deep, transverse groove across the
top of the snout is the key diagnostic feature of this species.
Te body of an adult is oblong and compressed. It can grow
30 cm long and is often caught in rivers using cast nets and
dip nets during the postmonsoon season. B. devdevi’s dis-
tinct sexual dimorphism is fully established and often no-
ticed during the breeding season. When handled with a bare
hand, a mature male’s pectoral fn is rough, whereas a ma-
ture female’s pectoral fn is smooth.Males mature at 2+ years
and are ready for breeding.

Te natural populations of various medium and minor
carp fsh species have experienced signifcant declines, with
some teetering on the brink of endangered or near-
threatened status. Notably, species like Labeo bata and
Osteobrama belangeri (Pengba) have transitioned from
lower-risk classifcations to near-threatened or even criti-
cally endangered statuses in their wild habitats [6]. To ad-
dress this pressing conservation challenge, there is an urgent
call to bolster their populations through standardized
breeding and rearing practices in controlled captive
environments.

In this context, Behera et al. [7] experimented on the
induced breeding of L. bata, a minor carp species. Tey
evaluated two commercial inducing agents, Ovatide and
Ovaprim, administered at 0.5mL·kg−1 body weight in both
male and female fsh.Teir fndings revealed that the highest
number of eggs was released using an Ovaprim dose of
0.5mL·kg−1 for females and 0.2mL·kg−1 for males, along
with an Ovatide dose of 0.4mL·kg−1 for females and
0.2mL·kg−1 for males. Similarly, controlled captive breeding
of another minor carp species, Labeo gonius, using an
Ovaprim dose of 0.5mL·kg−1 of female and 0.2mL·kg−1 of
male body weight, resulted in a fertilization rate of 89.3%
and a hatching rate of 85.2% [8]. Ovatide comprises a syn-
thetic analogue of gonadotropin-releasing hormone (GnRH)
and a dopamine antagonist, while Ovaprim consists of an
analogue of salmon gonadotropin-releasing hormone
(sGnRHa) and dopamine inhibitor targeting brain
neurotransmitters [7].

Medium carp species like O. belangeri have also been
successfully bred in captivity using WOVA-FH (containing
sGnRHa and domperidone) at a dose of 0.5mL·kg−1 of
female and 0.2mL·kg−1 of male body weight, resulting in
impressive fertilization and hatching rates of 91.7% and
85.0%, respectively [9]. Tese species can also be bred using
various inducing agents other thanWOVA-FH, such as carp
pituitary extract (CPE) or synthetic hormones like Ovaprim
and Ovatide [10]. Synthetic hormones have shown greater
efcacy compared to CPE. Furthermore, Udit et al. [11]
achieved remarkable results with another medium-sized
carp species, Puntius sarana, using Ovatide at a dose of
0.2mL male−1 (180 g) and 0.3mL female−1 (232–240 g),
resulting in fertilization and hatching rates of 90.5% and
75.39%, respectively.

Analyzing fsh biology is crucial for gaining insight into
various aspects of fsh life cycles, including migration,
distribution, fshery management, and conservation [12].
Research focusing on fsh reproduction, such as evaluating

size at frst maturity, fecundity, daily spawning behavior,
spawning fraction, and duration of the reproductive season,
provides valuable information about the reproductive ca-
pacity of specifc fsh species [13]. Due to its signifcant
demand in local markets, particularly in Manipur, Northeast
India, B. devdevi is considered an economically important
species, often commanding a price nearly three times higher
than that of Indian Major Carps (IMC). Consequently, there
is an urgent need to study and develop induced breeding
strategies to produce high-quality seeds of this species to
meet the growing market demand. To the best of our
knowledge, no prior investigations have been conducted on
the reproductive biology and optimization of hormone
dosage for breeding B. devdevi. Terefore, the present study
aims to explore reproductive biology and establish stan-
dardized induced breeding protocols to optimize the ef-
fective dosage of a commercially available synthetic
hormone (Gonopro-FH, manufactured by Hemmo Phar-
maceuticals Pvt. Ltd., Maharashtra, India), composed of
gonadorelin A, domperidone BP, and benzyl alcohol, in
B. devdevi to assess its efcacy in fertilization, spawning, and
hatchability in captivity.

2. Materials and Methods

2.1.CollectionofFish. Specimens of B. devdeviwere collected
from the Toubal River, Iril River, and Imphal River, all
tributaries of the Manipur River in Manipur, India. Samples
were collected monthly for a period of two years, from
October 2015 to September 2017, using cast nets, dragnets,
gill nets, and bamboo traps. Te geographical details of the
sampling sites along these rivers are shown in Figure 1.

2.2. Length at First Maturity. Te minimum size at which
a fsh attains its frst maturity was determined by examining
the maturity stages. Following Grier [14], female specimens
at maturity stages III and above were considered mature.
Cumulative frequency was plotted against length groups.
Te length at frst maturity was defned as the size at which
50% of the fsh in a population reached sexual maturity.

2.3. ReproductiveBiology. Samples were collectedmonthly for
a detailed investigation of reproductive biology. However, due
to the insufcient sample size caused by the scarcity of this
species in the rivers of Manipur, we pooled data from the two
years and analyzed the reproductive biology collectively. To
study fecundity and ova size, ovaries were preserved in 5%
formaldehyde, and Gilson’s fuid was used to separate ova.

2.3.1. Spawning Season. Maturity stages were segregated
based on the diferent parameters, including colour, shape,
ovary size, and body cavity space, to study maturity and
spawning season. Further, ova diameter and yolk deposition
in the ova were considered to recognize the diferent ma-
turity stages for females. Diferent ovary maturity stages
were determined using the method of Tamhane and Som-
vanshi [15] as immature, maturing, mature, ripe, and spent.
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For two years, the percentage of incidence of diferent phases
of maturity in various months was explored. Te presence of
ripe specimens in the acquired samples was used to de-
termine the spawning season.

2.3.2. Spawning Periodicity. Both Clark [16] and Prabhu [17]
illustrated the measurements of the ova diameter of intra-
ovarian eggs recorded from preserved ovaries. For ova di-
ameter studies, ten mature ovaries were taken for each fsh.
Te ova were taken out of the anterior, middle, and posterior
areas and were investigated to understand the diferential
egg distribution pattern. At least 1000 eggs from each ovary
were analyzed to rule out any possible misrepresentation of
various stages of development. A Leica DFC 425 camera
ftted on Leica S8APO stereo zoom microscope was used to
measure ova diameter. Te frequency polygons were gen-
erated using the measured ova diameters divided into class
intervals into 0.01mm divisions.

2.3.3. Gonadosomatic Index (GSI). Te weight of each
specimen was collected to the closest gram to examine the

GSI, and the weight of the gonad was also documented every
month following dissection. Te following equation was
used to enumerate the ratio of month-wise and sex-wise [18].

GSI �
Weight of the gonad
Total body weight

× 100. (1)

2.3.4. Fecundity. Te gravimetric method was utilized to
study fecundity following the method of Hunter and
Goldberg [19]. Ten mature ovaries (preserved in 5%
formaldehyde) were used for fecundity estimation. Gilson’s
fuid was applied for the ova separation. Moreover, it was
evaluated by summing the number of mature ova from
a specifc weight of mature ovary, i.e., 0.1 g of subsamples
was taken from three diferent parts (anterior, middle, and
posterior) of each ovary. Te number of mature ova was
counted after the subsamples were dispersed uniformly on
a counting slide along with two or three drops of water. Te
following formula was used to calculate fecundity using an
average of three subsamples:

Fecundity �
Number of ova in the subsample × Total ovary weight

Weight of the sample
. (2)

Relative fecundity, i.e., the number of eggs g−1 of body
weight (unit body weight or ovary weight), was achieved by
dividing absolute fecundity with the total weight of fsh. To

establish the relationship of fecundity “F” with total length
“TL” and body weight “TW,” the following formula was used
[20]:

Sampling locations. 1,2=Toubal River; 3,4,5=Iril river; 6,7=Imphal river

Figure 1: Location details of the sampling area along diferent rivers of Manipur, India.
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F � aL
b
,

F � aW
b
,

(3)

where a and b are constants; L is the total length in mm; and
W is the body weight in g.

Te least-square method was employed to estimate the
correlation coefcient between fecundity and total length
and also between fecundity and body weight.

2.3.5. Sex Ratio. Te sex ratio is believed to be 1 :1 in nature.
However, inequality in sex ratio is frequently noticed in fsh
due to the opposite sexes’ behavior, environmental condi-
tions, fshing methods employed, and bias in sampling [21].

To study the distribution of sexes as per season and size,
the sex ratio of females and males was noted for two whole
years, and later, data were combined. Te ratio of females to
males was calculated monthwise and lengthwise. Here, the
chi-square test was employed to determine the homogeneity
of the sex distribution [22] by applying the following formula:

X
2

�
(O − E)

2

E
, (4)

where “O” represents observed frequencies and “E” repre-
sents expected frequencies.

2.4. Induced Breeding

2.4.1. Broodstock Collection andMaintenance. Fish collected
from the sampling sites were shifted in a well-aerated Hundi
(vessels used for fsh transport) and underwent an accli-
matization phase within the central farm pond at the
premises of the Central Agricultural University (Imphal),
located in Lamphelpat, Imphal West District, Manipur,
India. Tis specifc site served as the experimental location.
Subsequently, the fsh were reared within a specialized
brooder pond. Tey were provided with a formulated
foating feed, primarily consisting of fsh meal, which was
administered at a rate of 3% of their body weight per day.
Tis feed formulation contained 32% protein and 5% lipid
content. Tis feeding regime was consistently maintained
and monitored until the onset of the breeding season. In
preparation for induced breeding, the females and males
were housed separately in individual tanks for approxi-
mately one month. Tis arrangement was made to ensure
optimal conditions leading up to the impending induced
breeding activities.

2.4.2. Experiment Designs. Te breeding experiment was
conducted in June 2018, coinciding with the early monsoon
in India, which is the best suitable time for breeding of carp
[23]. For this investigation, the brooders were caught by
netting from the earthen (brooder) pond and transferred to
fber-reinforced plastic (FRP) tanks for acclimatization for
around 5-6 h. Tree distinct experimental groups, viz. G-
FH_0.4, G-FH_0.5 and G-FH_0.6 were given corresponding
to the three individual doses of hormone Gonopro-FH, i.e.,
0.4mL, 0.5mL, and 0.6mL·kg−1 body weight, respectively,
for females. Males were given half doses of females. Te
positive control group (P_CTRL) was injected with crude
pituitary extract (CPE) with an initial dose of 2mg·kg−1 body
weight of female fsh. Ten, 4mg·kg−1 bodyweight of female
fsh was injected as the fnal dose after 6 h. A single dose of
CPE was administered to males at 4mg·kg−1 body weight.
Finally, a negative control group (N_CTRL) was maintained
that received no hormone injection.

2.4.3. Selection of Broodfsh. Each experimental group
consisted of twelve fsh, comprising four females and eight
males, maintaining a 1 : 2 (female: male) ratio. Tere were
four replicates in each group. Te experiment utilized fully
matured females weighing 65± 2 g alongside males dem-
onstrating milt oozing. Te females were considered fully
matured when they exhibited a swollen abdomen with easily
oozed eggs upon being pressed.

2.4.4. Hormone Injection. A 1mL graduated syringe was
used to administer intramuscular injections of the required
hormone doses to the males and females in each group at
a 45° angle between the lateral line and dorsal fn. Te
brooders were randomly placed into sixteen distinct hapas
installed in the farm pond immediately following the hor-
mone injection. Following spawning, each female’s fecun-
dity was calculated by randomly selecting eggs from the total
number of eggs released by the female and placing them in
a 10mL graduated measuring cylinder. Te total eggs
present in 1mL were counted and multiplied by the total
volume of eggs released. Te rate of egg fertilization was
evaluated by randomly selecting 100 eggs and placing them
in a glass Petri plate. Fertilized eggs showed intact nuclei
inside the clear egg cells. After spawning, the spent fshes
were pulled out from each respective breeding hapa.

Te water quality parameters of the breeding ponds,
analyzed according to APHA (2005) [24] standards, were
maintained at the following levels: water temperature at
27.36± 0.095°C, pH at 7.57± 0.032, dissolved oxygen at
6.23± 0.032mg·L−1, total alkalinity at 110± 2.5mg·L−1,
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transparency at 29.33± 0.398 cm, and ammonia at
0.173± 0.0088mg·L−1.

2.5. Calculation

Fertilization rate (%) �
Number of the fertilized eggs

Total number of the eggs in a batch
× 100,

Hatching rate(%) �
Number of the eggs hatched

Total number of the eggs in a batch
× 100.

(5)

2.6. Statistical Analysis. Statistical analysis was executed by
using SPSS version 23. Analysis of variance (ANOVA) and
Duncan’s post hoc comparison tests were used to determine
the association between the hormone dosage and several
metrics, including egg production, fertilization, and
hatching rate (p< 0.05).

2.7. Ethics Statement. Te manuscript does not need an
ethical approval.

3. Results

3.1. Reproductive Biology

3.1.1. Gonadosomatic Index (GSI). Te monthwise distri-
bution of the GSI is depicted in Table 1. Te maximum value
of GSI (1.17) was observed during August for males, whereas
for females, the highest was observed during July (2.24).

3.1.2. Fecundity. Te total length, body weight, and ovary
weight of 10 specimens of B. devdevi are presented against
individual fecundity in Table 2. Te length of B. devdevi
ranged from 96.3 to 237.76mm, and body weight varied
from 10.46 to 153.73 g. Te ovary weight varied from 0.76 to
61.02 g. Te absolute fecundity ranged from 2089 to 26287
eggs, whereas the relative fecundity ranged from 170 to 298
eggs g−1 of body weight.

Te relationship between total length and fecundity and
body weight and fecundity was established for B. devdevi as

logF � 118.9944 – 52.6391 log L,

logF � 10.3661 – 4.1809 logW.
(6)

3.1.3. Length at First Maturity. Te study on the length at
frst maturity is based on 22matured females of B. devdevi. A
maturity curve was plotted using the cumulative percentage
against the length groups of mature females. Moreover, the
length at which 50% of the fsh attain maturity was observed
to be 93mm for B. devdevi (Figure 2).

Maturity stages of B. devdevi:

Stage I. Te size ranges from 0.9mm to 1.1mm, with
a mode at 1.02mm.
Stage II. Te average mode of mature ova falls at
1.23mm with a maximum size of 1.3mm.

Stage III. Te size of the ova increases to a maximum
size of 1.5mm with a mode of 1.45mm.
Stage IV.Temode shifts to 1.59mm.Tere was a slight
increase in ova diameter to 1.7mm.
Stage V. Immature and maturing groups of ova have
a diameter averaging from 0.96mm to 1.72mm. Te
immature eggs are widely separated from the mature
ones, indicating a signifcant gap in their release once
the mature eggs are shed.

3.1.4. Spawning Periodicity. Te ova diameter study was
performed to understand the spawning periodicity. Te
percentage of ova diameter frequency in various maturity
stages of the ovary was plotted against the ova diameter. Te
ova diameter frequencies showed an increase in ova di-
ameter with the advancement of maturity stages. Te
stagewise distribution of ova diameter is presented in Fig-
ure 3. All the mature ovaries gave bimodal distribution,
showing spawning twice a year.

3.1.5. Sex Ratio. Te sex ratio (female: male) recorded for
B. devdeviwas 1 : 2.Te analysis of the sex ratio for the entire
study period indicates the slight dominance of males over
females in the studied species. Te observed ratio was tested
against 1 :1 using the chi-square test for (n-2) degrees of
freedom at a 1% level of signifcance (p< 0.01). Te cal-
culated chi-square value for B. devdevi was 0.04, indicating
no signifcant diference in the 1% signifcance level
(p< 0.01).

3.2. Induced Breeding. Table 3 displays the results of the
hormone optimization for the three doses of Gonopro-FH
used to induce breeding in B. devdevi. Among the three
doses, G-FH_0.6 produced the most eggs but had the lowest
fertilization and hatching rates. Compared to G-FH_0.6, G-
FH_0.5 had slightly fewer eggs produced but had a notice-
ably greater rate of fertilization and hatching. G-FH_0.4 had
the lowest egg output, fertilization rate, and hatching rate
among the three treatments. Furthermore, there was no
signifcant diference in egg production, fertilization, and
hatching rates between G-FH_0.5 and P_CTRL (p> 0.05).
Te N_CTRL group did not produce any eggs because they
were not administered any hormones. After injection,
spawning started within 6–10 h and ended in less than 4-5 h.
Te unfertilized eggs were pale and opaque, whereas the
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fertilized eggs were bluish-white, translucent, and demersal.
After 11–16 h of fertilization, fertilized eggs hatched out at
their optimal temperature of 26.4–27.5°C. Te hatchlings

had a wide oval head, a prominent yolk sac, and a short tail.
Tey were translucent in colour and ranged in length from
3.20 to 3.80mm.

Table 1: Monthwise gonadosomatic index of B. devdevi.

Month Male Female
January 0.33 1.56
February 0.76 1.08
March 0.95 1.74
April 1.02 1.88
May 1.07 1.92
June — —
July 1.13 2.24
August 1.17 2.03
September — —
October 1.05 1.18
November 0.70 1.46
December 0.66 1.04

Table 2: Total length, body weight, ovary weight, absolute fecundity, and relative fecundity of ten specimens of B. devdevi.

Total length (mm) Bodyweight (g) Ovary weight (g) Absolute fecundity
Relative fecundity with

respect to body
weight

192.07 73.66 45.11 22024 298
228 98.20 47.02 20370 207
116 15.11 0.81 2583 170
122 15.91 0.76 2830 177
96.3 10.46 0.93 2089 199
237.76 153.73 61.02 26287 170
119.53 15.93 1.14 2734 171
212.89 86.28 44.25 15738 182
159.38 44.27 1.15 7770 175
130.52 23.56 1.55 4428 188
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Figure 2: Length at frst maturity of female B. devdevi.
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4. Discussion

Te biology of fshes begins with the development of sexual
maturity and the determination of fecundity. Tese pa-
rameters are often evaluated for species of economic interest
due to their role in population dynamics [25]. Observing
seasonal developmental changes in the gonads is the most
efective way to identify the reproductive cycle of female fsh
[26–28].

In B. devdevi, the GSI has been high since July-August,
with the maximum fecundity observed reaching 26,287 eggs.
Te relative fecundity ranged from 170 to 298 ova g−1 of
body weight. Te highest value of GSI observed in the
present study indicates the peak spawning season, consistent
with fndings by Sivakami [29]. However, contrasting ob-
servations were reported in common carp (Cyprinus carpio),
where multiple peak spawning seasons were observed from
February to April, with the highest observed in April [30].

In our study, the ova diameter frequency distribution
revealed an increase in ova diameter with the advancement
of maturity stages. Likewise, all mature ovaries exhibited

a bimodal distribution, indicating spawning twice a year,
a phenomenon observed in several fsh species, such as white
bass (Roccus chrysops), koi carp (Cyprinus sp.), and common
carp (Cyprinus carpio) [31–33]. In contrast to these fndings,
unimodal oocyte distribution was reported in mature giant
gourami, African catfsh (Clarias gariepinus), Hetero-
branchus longiflis, and clown loach [34]. Te observed fe-
cundity in this study falls within the recorded values in our
preliminary study on breeding the same species [35].

Several studies have observed that the size of 50% ma-
turity of fsh difers based on species [17, 36]. In the case of
B. devdevi, the length at which 50% of the fsh attain maturity
was found to be 93mm. Tis fnding underscores the im-
portance of fsh stock management [37] and maintaining the
sustainability of the fsh stock. It suggests that individuals
shorter than this length should not be caught from the river
to ensure they have a chance to mature at least once in their
lifetime. However, in our study, the spawning of both
batches of eggs appears not to be widely separated, as the
distance between the mature and maturing stock is not
very far.
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Figure 3: Percentage of ova-diameter frequency of B. devdevi.

Table 3: Hormone dosage optimization for Gonopro-FH to induce breeding of B. devdevi with carp pituitary extract (CPE) as positive
control and no hormone administration as negative control.

Experimental group
Hormone dose
for female
(mL·kg−1)

Hormone dose
for male
(mL·kg−1)

Latency period
(h)

No. of
eggs released

(,000)
Fertilization (%) Hatching (%)

G-FH_0.4 0.4 0.2 10 10.400± 0.13b 90.00± 0.40c 78.93± 0.26b
G-FH_0.5 0.5 0.25 8 12.325± 0.05c 94.25± 0.63d 89.03± 0.14d
G-FH_0.6 0.6 0.3 6 12.800± 0.04d 86.75± 0.63b 80.35± 0.12c
P_CTRL
1st dose 2mg·kg−1·BW — 7 12.200± 0.09c 93.75± 0.85d 88.88± 0.09d2nd dose 4mg·kg−1·BW 4mg·kg−1·BW

N_CTRL 0 0 0 0a 0a 0a

G-FH_0.4, G-FH_0.5, and G-FH_0.6: experimental groups with hormone doses of 0.4mL, 0.5mL, and 0.6mL·kg−1 of body weight (BW), respectively;
P_CTRL: positive control group injected with crude pituitary extract (CPE); N_CTRL: negative control group that received no hormone injection. Diferent
letters in the same column indicate a signifcant diference (p< 0.05).
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In the present study, the sex ratio (female: male) of
B. devdevi is 1 : 2. Furthermore, analysis of the sex ratio for
the entire study period suggests a slight predominance of
males over females in the studied species. Te occurrence of
more female specimens indicates the peak spawning season.
Terefore, the dominance of males over females may be
attributed to less sampling during the spawning season.

Induced breeding or hypophysation is a scientifc
technique whereby a mature animal is induced to discharge
eggs by giving pituitary hormones or any one of the synthetic
hormones or by providing conditions to breed in captive
conditions [38, 39]. Te stimulation urges the timely dis-
charge of sperm and eggs from ripe gonads. Induced
breeding in the confnement of numerous native fsh species
was performed efectively by utilizing the diferent hor-
mones [36]. Te brooders used in our investigations were 2+
years old, weighed 100–250 g, and reached full maturity in
captivity between July and August at a water temperature of
18–22°C. In their natural environment, they breed during
the southwest monsoon season. Te current fndings
revealed that a dose of 0.4mL·kg−1 to 0.6mL·kg−1 of hor-
mone was required for adequate spawning of B. devdevi.Te
hormone dosage signifcantly afects the percentage of egg
production, fertilization, and hatching rate [10]. Induced
spawning and hatching were successful at 0.5mL·kg−1 body
weight for females and 0.25mL·kg−1 for males. It can be used
as a standard dose for B. devdevi induced breeding and is an
efcient way to conserve this species. Additionally, it is
possible to recommend to farmers the use of our stan-
dardized optimal hormone dose to increase the output of
B. devdevi seeds grown in confned areas. Te latency period
of B. devdevi in this investigation was observed to be ap-
proximately 6–10 h, which was nearly comparable to the
latency period of B. dero, i.e., 7–10 h, as reported by Bashuda
et al. [36]. Similarly, Purkayastha et al. [40] reported the
latency period of Ompok pabda to be 9-10 h when Ovatide
was administered at 0.6mL·kg−1 body weight in females.
Additionally, fertilization and hatching rates are dependent
on temperature, and even small temperature changes can
substantially afect developmental time. A temperature
diference of >3°C resulted in a variation of 15–17 h in
hatching time. Furthermore, Rath et al. [41] also described
a more signifcant hatching rate in IMC by injecting
WOVA-FH at 0.4–0.5mL·kg−1 bodyweight of females.

Te objective of the present study is a breakthrough in
revealing that Gonopro-FH, which is administered at
0.5mL·kg−1 body weight, can produce the optimum egg
production, spawning, and hatching rate in B. devdevi. Both
females and males showed a favourable response to a single
dose of Gonopro-FH.Tis breeding protocol can be viable for
both economic and commercial seed production. It is more
interesting that this breeding protocol does not require a high
investment, so marginal farmers can adopt it for seed pro-
duction and thereby contribute to the species restoration and
conservation needed to achieve sustainability in fsheries [42].

5. Conclusion

Tis study has uncovered the most important aspects of the
B. devdevi reproductive biology, such as the sex ratio, size at
frst sexual maturity, GSI, fecundity, and spawning season,
which can help with strategies for managing and conserving
the species in rivers and their tributaries. Te current in-
vestigation further revealed that the ideal dosage of
Gonopro-FH for induced spawning was 0.5mL·kg−1

bodyweight of female B. devdevi. Te information obtained
on induced breeding may be successfully applied for large-
scale seed production in the future, considering the strong
seed demand for B. devdevi due to its preferred favour and
nutritional qualities.
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