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ABSTRACT

A comprehensive analysis of the reproductive biology of Macrognathus aral is presented in this work. The study
was conducted on 256 M. aral specimens, consisting of 134 males and 122 females, obtained from six distinct
locations along the Kangsabati river. Comparative analysis of the reproductive biology of the one-stripe freshwater
spiny eel was conducted, focussing on sexual dimorphism, sex ratio, length at first sexual maturity, gonadal
maturation, gonadosomatic index, and fecundity. During the breeding season, both sexes show sexual
differentiation in body color; males have dorsally brown and ventrally whitish-yellow, and females have dorsally
yellowish-brown and ventrally yellowish body colors, allowing sexual dimorphism. An analysis using the Chi-
square test (02) confirmed that the male-to-female sex ratio was 1:0.72 (p < 0.05). Approximately half of males and
females reached their initial sexual maturity at body lengths ranging from 17.5 to 19.4 cm and 19.2 to 22.4 cm,
respectively. In July, the mean gonadosomatic index values for males and females were 1.95 + 0.19 and 14.51 +
0.81, respectively. July featured the greatest abundance of stage IV gonads, indicating the onset of spawning. The
absolute fecundity varied between 3312 + 34.23 to 12321 + 299.85, the mean value being 6822.56. Fecundity
exhibited a substantial and statistically significant association value of 0.9297 with total length, 0.8539 with body
weight, and 0.9640 with gonad weight (p < 0.05). This research aims to enhance comprehension of species
population dynamics and conservation mechanisms. Investigations into its reproductive behaviors can unveil its
life cycle, patterns of movement, and preferences for specific habitats. Fisheries management can use this knowledge
to enhance breeding practices, make informed decisions on catch limits, and implement conservation interventions.
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1. Introduction

India is one of the world's mega-biodiverse countries, boasting a rich variety of
wildlife. The nation hosts a diverse fish population totaling about 2,500 species.
Among these, 930 species have habitats in freshwater, while 1,570 are from marine
environments (Kar, 2003). Within the biodiversity, India proudly showcases around
374 indigenous freshwater ornamental fish species and approximately 700 indigenous
marine ornamental fishes (Raja et al., 2019). The majority of fish production and
capture find their way to local markets across India (Bhanja et al., 2023). The one-
stripe spiny eel, Macrognathus aral (Bloch and ]J.G. Schneider, 1801) is one of the
important fish species under the family Mastacembelidae, mainly inhabit freshwater
and brackish water, both water bodies can be running and stagnant (Talwar and
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Jhingran, 1991). They prefer to live in slow- moving streams and shallow waters of
plains and estuaries and are also found in canals, beels (seasonal large water-logged
area), ponds, and inundated fields (Abujam and Biswas, 2011; Dutta and Banerjee,
2014). This species is widely distributed to India and other nations, including Nepal,
Myanmar, Bangladesh, Pakistan, and Sri Lanka (Talwar and Jhingran, 1991). In the
international market, M. aral is popularly known as ‘peacock eel’ and is in high
demand for excellent ornamental value. According to the ‘Conservation Assessment
and Management Plan” (CAMP) report (1998), M. aral is included under the ‘Lower
Risk Near Threatened” (LRNT) category in India. The IUCN has considered the species
to be of "Least Concern" (Vishwanath, 2010).

In most organisms, basic survival behaviors are adapted to biological rhythms
through daily, monthly, or annual physiological changes (Ripperger, 2007). The
marked reproductive seasonality in fish and most vertebrates ensures that
reproduction and offspring development are coordinated with optimal environmental
and nutritional conditions. The reproductive biology of fish is essential for assessing
the stock’s commercial potential, life history, cultural practices, and fisheries
management (Schaefer, 1998). Also, reproductive biology is a prerequisite for
evaluating fish’s conservation and management possibilities (Jakobsen et al., 2009;
Hliwa et al., 2017; Cardoso et al., 2019). Studies on the reproductive biology of fish
include sex ratio, stages of gonadal development, duration of the breeding season, GSI
(Gonado Somatic Index), and measurement of the reproductive capacity (Maurua et
al., 2003; De Carvalho et al.,, 2009; Fontoura et al., 2009; Cardoso et al., 2019).
Evaluating the annual breeding cycle of the cultivable fish is very important for the
success of fish culture. Thus, it is possible to know the peak breeding season of the
fish. GSI has been considered an indicator of fish reproductive activity, which has
been used to determine the fish breeding season (Sley et al., 2015; Almukhtar et al.,
2016). Studies on fecundity have the potential to gain knowledge not only about the
potential stock of a species but also about fisheries management, cultural practices,
and the species’ life cycle (Lagler, 1956; Doha and Hye, 1970).

Chakraborty and Goswami (2016b), Dutta and Banerjee (2016a), Borah et al. (2017),
Deka and Barman (2020), Das et al. (2023) studied the length-weight relationship and
also the condition factors of M. aral. Abujam et al. (2013) and Dutta and Banerjee
(2014) worked on the food and feeding habits of M. aral. Very minute work has been
done on the reproductive biology of Macrognathus species. However, there are no
reports on the reproductive biology of M. aral in West Bengal. The sexual dimorphism
of M. pancalus was studied by Swarup et al. (1972). Karim and Hossain (1972) studied
the sexual maturity and fecundity of M. pancalus. Sharma and Lavanya (2002) have
worked on the biology of M. aral from the Krishna irrigation system. Faridi et al.
(2020) worked on the reproductive biology of the M. aculeatus from the river Ganga,
Uttar Pradesh. Abujam and Biswas (2011), Dutta and Banerjee (2016, b), and
Chakraborty and Goswami (2016a) studied the reproductive biology of M. aral.
Pathak et al. (2012) studied the reproductive traits of M. pancalus from the both lentic
and lotic ecosystems of the Gangetic basin. Therefore, the present study focused on
reproductive biology and the sex ratio, length at first sexual maturity, GSI, and
fecundity of the M. aral from Kangsabati River, West Midnapore.

2. Materials and Methods
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2.1 Study area and period

Six different sampling sites of the Kangsabati River provided sources of M. aral
specimen sampling every month between May 2021 to April 2022. The six sampling
sites along the Kangsabati River lie between 22°29'18.1"N 87°33'19.2"E and 22°28'56.6"N
87°05'28.4"E. Fish species were captured through a combination of cast net, bag net, gill
net, and manual handpicking methods, with the assistance of local fishermen at the six
designated sampling sites of Kangsabati River (Table 1).

Table 1. M. aral sampling sites of Kangsabati River

Study Site Area Name Latitude and longitude of the sampling site
Site-1 Shal dahari 22°29'18.1"N 87°33'19.2"E
Site-II Gopinathpur 22°26'06.9"N 87°31'00.8"E
Site-III Pathra 22°24'22.5"N 87°25'06.5"E
Site-IV Harishpur 22°24'04.2"N 87°21'47.3"E
Site-V Kankabati 22°24'58.9"N 87°14'54.9"E
Site-VI Dherua 22°28'56.6"N 87°05'28.4"E
2.2 Sampling

A total of 256 M. aral specimens were collected, of which 134 were males and 122 were
females. Out of 122 female species, 23 species were examined separately for the study
of fecundity. At first, the specimens were separated by observing the sexual
dimorphism characters.

2.3 Morphological measurements

Then, their total lengths (in centimeters) were measured by using a digital vernier
caliper (nearest to 0.01 cm), and total weights (in grams) were measured by using the
MH- 200 series scale (200gm/ 0.01gm). Male and female fish were distinguished by
examining morphological characters and internal anatomy study. The maturation
stages of M. aral were assessed by examining both gonadal morphology and histology.

2.4 Data analysis

Following Fisher's (1970) approach, the Chi-square test (x2) was used to evaluate the
significance of the comparison in the sex ratio of the species. Length at the first sexual
maturity of the species (Lm50 or Length at the first sexual maturity) was calculated,

following Hossain et al. (2010). The gonado somatic index (GSI) of both sexes was
calculated by using the following method developed by June (1953), GSI =100 x Weight
of the gonad (g)/ Weight of the body. The gravimetric method, one of the important
methods described by Lagler (1956) for fish fecundity, is the most effective and
provides reasonably precise results. Mustafa et al. (1980) and Blay (1981) also applied
this technique. About 20 specimens were painstakingly removed during the breeding
season. After washing and weighing, the ovaries were preserved in a 4% formalin
concentration. Three sub-samples of each ovary of known weight were weighed. After
that, a drop of distilled water was added to each sub-sample placed in the Petri dish to
count the number of eggs. The fecundity was obtained by the following formula: F1 =
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(number of eggs in the sub-sample x weight of gonad)/weight of the sub-sample of
gonad. Then, the average number of eggs obtained from the three sub-samples (F1, F2,
and F3) was added, and also the following equation was used to calculate each bird’s
fecundity, i.e., Fecundity (F) =(F1+F2+F3)/3. Relative fecundity = absolute fecundity/
body weight (g).

2.5 Statistical analysis

Microsoft Excel 2019 tool pack was utilized for the statistical analysis of the witnessed
data and the data analysis itself.

3. Results and Discussion
3.1 Sexual dimorphism

In general, identifying the sexual dimorphism of M. aral based on outward
characteristics is challenging. However, during the breeding season, the sexes become
externally distinguishable, primarily attributed to variations in body color. The body
color of the male species is dorsally brown and ventrally pale yellow, whereas the
female species is dorsally brownish-yellow and ventrally yellow. (Plate 1)
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A total number of 233 M. aral specimens in lotic environments were able to be sexed,
of which 134 were males and 99 were females. Male and female species of M. aral
represented 58.20% and 41.78%, respectively, of the total number (Table 2). The sex
ratio (M: F) was 1: 0.72 (p<0.05, verified by the Chi-square test).

Table 2. Monthly sex ratio variation of M. aral collected from Kangsabati River

Female (Observed

Sample Male value) Sex Ratio
Month Size (Observed value)
Number Percentage Number Percentage Male Female

January 13 08 61.53 05 38.46 1 0.62
February 19 11 57.89 08 42.10 1 0.72
March 23 12 52.17 11 47.82 1 0.91
April 27 15 55.55 12 44.44 1 0.80
May 21 12 57.14 09 42.85 1 0.75
June 23 13 56.52 10 43.47 1 0.76
July 20 11 55.00 09 45.00 1 0.81
August 23 12 52.17 11 47.82 1 0.91
September 13 08 61.53 05 38.46 1 0.62
October 20 12 60.00 08 40.00 1 0.66
November 17 11 64.70 06 35.29 1 0.54
December 14 09 64.28 05 35.71 1 0.55
Total 233 134 99

3.3 Length at first sexual maturity

Fifty percent of male and female M. aral specimens reached their first stage of
maturity in the length range of 17.5-19.4 cm and 19.5-22.4 cm, respectively.

3.4 Maturation stages of male and female species:
3.4.1. Stagel (immature)

Testicles are narrow, thread-like, whitish colored, and translucent. Small and thin
ovaries are observed. Ovaries are reddish-pinkish colored and thread-like semi-
transparent (Plate 2a, Plate 3a).

3.4.2. Stage Il (maturing and recovering spent)

Testes are slightly elongated and indistinct vasa differentia. Ovaries are elongated,
pink in color with small ova, and visible to the bared eyes.

3.4.3. Stage IlI (ripening)

Testes are swollen, and creamy white and vasa differentia are distinct. Ovaries
contain the ova. Ova is visible to the naked eye. Yellow color ovaries contain
approximately 2/3rd of the gut (Plate 2b, Plate 3b).

3.4.4. Stage 1V (ripe)
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The testicles are large and creamy white in color, and white milt discharges at gentle

pressure. Ovaries are bright green, occupying about the 3/4t of the abdomen (Plate
2¢, Plate 3c).

3.4.5. Stage V (spent)

Testes are shrunken, the weight of the testis decreases, and the milt is not removed
with gentle pressure. Ovaries are flabby and shrunken with some residual
undeveloped ova (Plate 2d, Plate 3d).

Plate 2. Different maturation stages of gonads Plate 3. Different maturation stages of gonads
of male M. aral: a. Immature stage, b. Ripening of female M. aral: a. Immature stage, b.
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Fig 1. Graphical representation of monthly GSI variation of M. aral species (a= Male, b= Female)

In M. aral, the cycle of gonad maturation and depletion occurs only once a year and is
synchronous in both sexes. The present study observed that both males and females
of the M. aral species have higher GSI values from June to August, indicating that the
fish has only one spawning season. The male species' peak value of the GSI is highest
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during July, which was 1.95 + 0.19, while the value is lowest during September, which
was 0.27 + 0.01. Similarly, the peak value of the GSI for the female species is highest
during July, 14.51 £ 0.81, and lowest during November, which was 0.99 + 0.06 (Fig 1).

3.6. Fecundity

The fecundity of 23 different species of M. aral was assessed using the sample and
direct counting method. During the study period from April to August, female
species of M. aral with different body weights between 32.68 gm to 152.00 gm and
lengths between 20.5 cm to 31.9 cm had a mean absolute fecundity that varied from
3312.31 + 34.23 to 12321.53 + 299.85, with an average value of 6822.56, while the
relative fecundity ranged from 80.55 to 145.84, with an average value of 111.36 + 19.23
of the same samples. The correlation coefficient (r) was highly significant (p < 0.05) for
M. aral between fecundity-total length (0.9297), fecundity-body weight (0.8539), and
fecundity-over weight (0.9640), represented in Table 5. It has been found that there is
a linear relationship between fecundity and each of these traits (Fig 2).
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Fig 2. Graphical representation or viean apsorute recunaity retauonsnip of M. aral (Log value).

4. Discussion

The sexes of the species are easily differentiated internally by dissection and the
examination of the gonads. Ovary color ranged from reddish-pinkish in the immature
ovaries to bright green in the mature ovaries. In contrast, the testes' color ranged from
white in the immature testes to creamy white in the mature testes. A similar result of
sexual dimorphism was reported by Das et al. (2023). In the study period, it was
observed that the gonad of this fish is ‘bi-lobed unequal’, and both the right ovary and
testes were somewhat smaller than the left. Mian et al. (2020) observed a similar result
in Channa punctatus.
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Researchers led by Swarup et al. (1972) observed that the sex ratio of bisexual species
is nearly 1:1, and this finding was corroborated in a study conducted on Tor tor;
Schizothorax plagiostomus by (Magloo et al., 2024); Oreochromis niloticus (Abdalla et al.,
2024) and Cirhinus mrigala by Pathani (1978) and Jhingran and Khan (1979),
respectively. In the present study, the sex ratio (M: F) was 1: 0.72 (p<0.05, verified by
the Chi-square test), which did not so much variation from the speculative sex
proportion of 1:1 and it indicates males are more dominant than the female species of
M. aral. The maximum sex ratio (M: F) was observed for March and August (1:0.91),
while the minimum sex ratio was recorded for November month (1:0.54). Abujam and
Biswas (2011) have reported the male dominance of the same species in the
population of both lotic and lentic ecosystems of the two districts in Dibrugarh and
Tinsukhia from Upper Assam, reasons proposed for the predominance of females in
lotic and males in lentic environments in this study may be the segregation of both
sexes at different times of the year, differences in size, gear selection associated with
sex differences in the morphology and the physiological activity, and differences in
the natural or artificial mortality. Variations in different environmental stresses and
food availability during critical developmental stages can lead to imbalances in
primary sex ratios within certain species (Geffroy & Wedekind, 2020; Abdollahpour et
al., 2022). Sharma and Lavanya (2002) reported similar results. Chakraborty and
Goswami (2016a) reported an average male-to-female ratio of 1:0.862 for the natural
environment of wild stock and a male-to-female ratio of 1:1.25 for the captive
environment. Dutta and Banerjee (2016, b) reported that the overall sex ratio in M. aral
was 1:1.65 (M: F), so females are more dominant (p< 0.01) than males. However, some
workers reported male dominance over the female fish, such as Rangaswami (1974) in
Mugil cephalus and Gowda and Shanbhogue (1988) in Valamugil seheli, Hoda and
Qureshi (1989) in Liza klunzingeri. On the other hand, female dominance was also
reported by several workers such as Suresh et al. (2006) in Macrognathus pancalus,
Rahman et al. (2012) in Macrognathus aculeatus, Qayyum and Quasim (1964) in
Ophiocephalus punctatus, Effendi and Sjapal (1976) in Mugil dussumieri, Fatima and
Khan (1993) in Rhinomugil corsula, Cardoso et al. (2019) in Prochilodus lacustris, Mandal
and Mandal (2022) in Lepidocephalichthys guntea, Ribolli et al. (2023) in Pimelodus
maculatus.

Sharma and Lavanya (2002) have reported the early maturation of males at the length
of 16 cm and females at 17.5 cm for M. aral, while Abujam and Biswas (2011) stated that
12.05 cm in males and 16.05 cm in females for the same species. Dutta and Banerjee
(2016b) and Chakraborty and Goswami (2016a) also get similar results. Abujam and
Biswas (2011) reported that higher GSI values for males and females were observed in
Upper Assam from February to August (peak in May) and March to September (peak in
August), respectively. Changes in hydrology, climate, the availability of food, the
health of the fish, etc, may bring on this geographic difference in breeding frequency.
The study found that June, July, and August had higher GSI values than the other
months. So, based on these results, it can be clearly said that the three months of June
to August were the species' breeding season. From the current study, it is also
observed that the male species of M. aral mature earlier than a similar- length female
species. In this research work, most stage IV (ripe) gonads were recorded from June to
August, spawning peaking during the core monsoon. An increase in the GSI value
indicates progress in maturity. High GSI values in both sexes of the species during the
June-August period indicated full development of the gonads. Recovering stage I,
gonads remained dormant from October to January as temperature and photoperiod
remained minimal. In February-March, the development of the gonads intensified
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with rising temperatures. The maximum development of the gonads was recorded in
July when temperature and photoperiod reached their maximum.

Assessing the fecundity of fish is a prerequisite for successful breeding programs, as a
species' fecundity indicates a species' reproductive potential. Bagenal & Braum (1978)
and Mignien & Stoll (2024) found that the fecundity of fish species was characteristically
different between individuals of the same size and age. Fagade et al. (1984) and
Lombo et al. (2024) proposed that the variability in fertility might be due to different
amounts of food. So, the one stripe spiny eel a moderately fecund. The fecundity of
the species was highest during April to August. During the study period, the
fecundity of the species was not seen from October to February. Abujam and Biswas
(2011) studied from Upper Assam and have reported that the fecundity of M. aral
ranges from 250 (21.6cm / 27.4gm) to 5,220.1 (27.2cm / 66.3gm) while relative
fecundity ranges from 39.63+18.61 to 88.76+28.31, and on the other hand, from the
lower Krishna irrigation ponds, Sharma and Lavanya (2002) have documented that
the fecundity of M. aral ranges between 1,065 to 4,961 from the ponds in lower
Krishna irrigation system. Also, the fecundity range of 622.49 + 226.96 to 4511.73 +
498.59 has been reported by Dutta and Banerjee (2016b). According to Narejo et al.
(2002), spiny eels' overall length and body weight were the key determinants of their
fertility. Dutta and Banerjee (2016b) stated that the correlation coefficient between
fecundity-TL, BW, and GW were 0.49, 0.45, and 0.95, respectively (p < 0.01).

5. Conclusion

To better understand the biological mechanisms that could be in charge of preserving
the underlying stock structure and to ensure adequate conservation and management
of M. aral in its native environment, the study provides vital information on the
reproductive pattern of this species. The findings from the present study on the
reproductive biology of M. aral have revealed that males are more dominant than the
female species and mature earlier than females. The gonad of this fish is ‘bi-lobed
unequal’. June to August was the species' breeding season, so it can be clearly said
that the species breeds only once a year. The total length, body weight, and gonad
weight of the fish in M. aral were significantly correlated with fecundity. This study
will facilitate comprehension of fish species' life cycle and population dynamics. An
indispensable contribution to sustainable fishing techniques, this study offers vital
insights into fish stock recruitment, spawning patterns, and genetic variability. A
comprehensive knowledge of reproductive biology enables managers to enhance
fishing techniques, therefore mitigating the potential for overfishing and the
subsequent reduction of fish populations.

Acknowledgments

We appreciate the administrative team at Vidyasagar University for establishing a
modern laboratory for the Department of Fishery Sciences. We also want to express our
gratitude to Dr. Basudev Mandal for guiding me in my research work.

References

Abdalla, M. Y. M,, Elhalim, A. E. I. A,, Shuaib, M. E. K,, Hamid, A. M., Sati, N. A,,
Elhassan, M. M., & Adam, A. E. B. (2024). A Study of Age, Sex Ratio, Gonado-
Somatic Index, Fecundity, and Breeding Season, of Nile Tilapia (Oreochromis

138



Int. J. Agr. Syst. 12(2): 130-143

niloticus Linnaeus, 1758) from Khashm El-Girba Reservoir and Atbara River,
Eastern Sudan. Asian Journal of Research in Zoology, 7(3), 28-46.

Abdollahpour, H., B. Falahatkar and G.V.D. Kraak. (2022). Effect of water
temperature and food availability on growth performance, sex ratio and
gonadal development in juvenile convict cichlid (Amatitlania nigrofasciata).
Journal of Thermal Biology, 107, 103255.
https:/ /doi.org/10.1016/j.jtherbio.2022.103255

Abujam, S.S. and S.P. Biswas. (2011). Studies on the reproductive biology of spiny eel,
Macrognathus aral from upper Assam. Journal of Environmental Biology, 32(5),
635-639.

Abujam, S.S., RK. Shah, S.J. Singh and S.P. Biswas. (2013). Food and feeding habit of
spiny eel Macrognathus aral (Bloch and Schneider) from Upper Assam. Journal of
Fisheries Sciences, 7(4), 360-373. https:/ /doi.org/10.3153 /jfscom.2013040

Almukhtar, M.A., W. Jasim and F. Mutlak. (2015). Reproductive biology of hilsa shad
Tenualosa ilisha (Teleostei: Clupeidae) during spawning migration in the Shatt Al
Arab River and Southern Al Hammar Marsh, Basra. Iraq. Journal of Fisheries
and Aquatic Science, 11(1), 43-55. https://doi.org/10.3923/jfas.2016.43.55

Bagenal, T.B. and E. Braum. (1978). Eggs and early life history. In T. Bagenal (Ed.),
Methods for Assessment of Fish Production in Fresh waters. Blackwell Scientific
Publications. 165-201

Bhanja, A., P. Payra, B. Mandal, M. Das, S. Mandal and T. Bhunia. (2023). A Study on
the Availability of Marine Fishes in Digha Mohana Fish Landing Centre, Purba

Medinipur, West Bengal, India. Biological Forum-An International Journal,
15(4), 279-292.

Blay, J. (1981). Fecundity and spawning frequency of Sarotherodon galilaeus in a
concrete pond. Aquaculture, 25(1), 95-99. https://doi.org/10.1016/0044-
8486(81)90103-4

Bloch, M.E. and Schneider, (1801). Blochii, M. E. Systema Ichthyologiae iconibus cx
illustratum. In J. F. Hennig and J.G. Schneider (Eds.), Berolini. Sumtibus auctoris
Impressum et Bibliopolio Sanderiano commissum. pp584.

Borah, S., B.K. Bhattacharjya, B.J. Saud, A.K. Yadav, D. Debnath, S. Yengkokpam, P.
Das, N. Sharma, N.S. Singh and K.K. Sarma. (2017). Length-weight relationship
of six indigenous fish species from Deepor Beel, a Ramsar site in Assam, India.
Journal of Applied Ichthyology, 33(3), 655-657.
https:/ /doi.org/10.1111/jai.13348

Cardoso, R.D.L., M.H.L. Silva, RIN.F. Carvalho-Neta, A.C.L. de Castro, C.F.C.
Ferreira, H.R.S. Ferreira and D.M.S. Santos. (2019). Aspects of reproductive
biology of curimba Prochilodus lacustris (Pisces, Prochilodontidae) in a tropical
lake in North-Eastern Brazil. Journal of Applied Ichthyology, 35(2), 488-500.
https://doi.org/10.1111/jai.13868

Chakraborty, S. and M.M. Goswami. (2016a). A comparative study on ecology and
breeding biology of Macrognathus aral (Bloch and ]J. G. Schneider, 1801) in a
natural and captive environment. Shodh Ganga, a reservoir of Indian theses.
http:/ /hdl.handle.net/10603 /201225

139


https://doi.org/10.1016/j.jtherbio.2022.103255
https://doi.org/10.3153/jfscom.2013040
https://doi.org/10.3923/jfas.2016.43.55
https://doi.org/10.1016/0044-8486(81)90103-4
https://doi.org/10.1016/0044-8486(81)90103-4
https://doi.org/10.1111/jai.13348
https://doi.org/10.1111/jai.13868
http://hdl.handle.net/10603/201225

ISSN: 2337-9782, E-ISSN: 2580-6815

Chakraborty, S. and M.M. Goswami. (2016b). Length-weight relationship and relative
condition factor of peacock eel, Macrognathus aral (Bloch and Schneider, 1801)

from Dora wetland of Assam. International Journal of Fisheries and Aquatic
Studies, 4(3), 548-551.

Conservation Assessment and Management Plan (CAMP) report. (1998). Freshwater
Fishes of India, National Bureau of Fish Genetic Resources, and Zoo Outreach
Organisation. pp 327.

Das, M., S. Mandal, A. Bhanja and B. Mandal. (2023). Morphomeristic characteristics,
length- weight relationship, and condition factors of one stripe spinyeel,
Macrognathus aral (Bloch and ]. G. Schneider, 1801). Research Journal of
Agricultural Sciences, 14(1), 131-138.

De Carvalho, P.A., A.L. Paschoalini, G.B. Santos, E. Rizzo and N. Bazzoli. (2009).
Reproductive biology of Astyanax fasciatus (Pisces: Characiformes) in a reservoir
in south-eastern Brazil. Journal of Applied Ichthyology, 25(3), 306-313.
https:/ /doi.org/10.1111/j.1439-0426.2009.01238.x

Deka, P. and H.P. Barman. (2020). Length-weight relationship and relative condition
factor of Macrognathus aral (Bloch and Schneider, 1801) from Deeper Beel of
Guwahati, Assam. International Journal of Fisheries and Aquatic Studies, 8(4),
56-60.

Doha, S. and M. A. Hye. (1970). Fecundity of the Padma River Hilsa ilisha (Hamilton).
Pakistan Journal of Science, 22, 176-183.

Dutta, D. and S. Banerjee. (2014). Studies on some aspects of feeding biology of
Macrognathus aral (Bloch and Schneider, 1801) - An important freshwater
ornamental fish. Indian Journal of Scientific Research and Technology, 2(4), 30-
39.

Dutta, D. and S. Banerjee. (2016a). Studies on length-weight relationship, condition
factor, and hepatosomatic index of one stripe spiny eel Macrognathus aral (Bloch
and Schneider, 1801) in West Bengal. International Journal of Scientific and
Research Publications, 6(8), 34-43.

Dutta, D. and S. Banerjee. (2016b). Studies on some aspects of the reproductive
biology of one stripe spiny eel Macrognathus aral (Bloch and Schneider, 1801)- an
important ornamental freshwater fish. International education and Research
Journal, 2(7), 5-8.

Effendi, M.]. and D.S. Sjapal. (1976). The reproductive potential of the mullet Mugil
dussumieri, Val. In Cimaunk estuary. Indramaya. Mar. Fish res. Rep. 1 (pp. 55-
56).

Fagade, S.O., A.A. Adebisi, and A.N. Atanda. (1984). The breeding cycle of
Sarotheondon galilaeus in the IITA lake, Ibadan, Nigeria. Archiv fir
Hydrobiologie, 100, 493-500.

Faridi, A.A., F. Bano and M. Serajuddin. (2020). Aspects of the reproductive biology of
the lesser spiny eel Macrognathus aculeatus (Bloch, 1786) from river Ganga, Uttar
Pradesh, India. @ Indian  Journal @ of  Fisheries, 67(2), 15-22.
https:/ /doi.org/10.21077/ijf.2019.67.2.94362- 03

140


https://doi.org/10.1111/j.1439-0426.2009.01238.x
https://doi.org/10.21077/ijf.2019.67.2.94362-
https://doi.org/10.21077/ijf.2019.67.2.94362-03

Int. J. Agr. Syst. 12(2): 130-143

Fatima, M. and A.A. Khan. (1993). Cyclic changes in the gonads of Rhinomugil corsula
(Hamilton) from River Yamuna, India. Asian Fisheries Science, 6(1), 23-29.
https:/ /doi.org/10.33997/j.afs.1993.6.1.003

Fisher, R. A. (1970). Statistical methods for research workers. In Breakthroughs in
statistics: Methodology and distribution (pp. 66-70). New York, NY: Springer New
York.

Fontoura, N. F., Braun, A. S., & Milani, P. C. C. (2009). Estimating size at first maturity
(L50) from Gonadossomatic Index (GSI) data. Neotropical Ichthyology, 7, 217-222.
https:/ /doi.org/10.1590/51679-62252009000200013 /

Geffroy, B. and C. Wedekind. (2020). Effects of global warming on sex ratios in fishes.
Journal of Fish Biology, 97(3), 1-11.

Gowda, G. and S.L. Shanbhogue. (1988). On the reproductive biology of grey mullet,
Valamugil seheli (Forskal) from Manglore waters. Mahasagar, 21, 105-112.

Hliwa, P., J. Krol, J. Sikorska, J. Wolnicki, G.]. Dietrich, R. Kaminski and A. Ciereszko.
(2017). Gonadogenesis and annual reproductive cycles of an endangered
cyprinid fish, the lake minnow Eupallasella percnurus (Pallas, 1814). Animal
Reproduction Science, 176, 40-50. https://doi.org/10.1016/].
anireprosci.2016.11.006.

Hoda, S.S.M. and N. Qureshi. (1989). Maturity, Sex ratio, ova diameter and fecundity
of the mullet, Liza klunzingeri from Karachi-Sind waters. Indian Journal of
Fisheries, 36, 183-192.

Hossain, M.Y., Z.F. Ahmed, A.B.M.S. Islam, S. Jasmine and ]. Ohtomi. (2010).
Gonadosomatic index-based size at first sexual maturity and fecundity indices
of the Indian River shad Gudusia chapra (Clupeidae) in the Ganges River (NW
Bangladesh).  Journal of  Applied Ichthyology, 26(4),  550-553.
https://doi.org/10.1111/].1439-0426.2010.01454.x

Jakobsen, T., M.]. Fogarty, B.A. Megrey and E. Moksness. (2009). Fish reproductive
biology: Implications for assessment and management. Wiley-Blackwell
Scientific Publications. https://doi.org/10.1002/9781444312133

Jhingran, V.G. and H.A. Khan. (1979). Synopsis of biological data on the mrigal,
Cirrhinus mrigala (Hamilton, 1822). FAO Fisheries Synopsis, 120, 1-78.

June, F. C. (1953). Spawning of yellowfin tuna in Hawain waters. United States Fish
and Wildlife Service Fishery Bulletin, 54, 47-64.

Kar, D. (2003). Fishes of Barak drainage, Mizoram and Tri pura, pp. 203-211. In:
Kumar, A., C. Bohra and LK. Singh (Eds.). Environment, Pollution and
Management. APH Publishing Corporation, New Delhi, pp 604.

Karim, M. and A. Hossain. (1972). Studies on the biology of Mastacembelus pancalus
(Hamilton) in artificial ponds. Part II. Sexual maturity and fecundity.
Bangladesh Journal Biology and Agricultural Science, 1, 15-18.

Lagler, K.F. (1956). Enumeration of fish eggs. Fresh water fishery biology (2nd ed)
(pp. 106- 110). WM Brown Company Publishers.

Lombo, M., Giommi, C., Zarantoniello, M., & Chemello, G. (2024). A Pretty Kettle of Fish:
A Review on the Current Challenges in Mediterranean Teleost
Reproduction. Animals, 14(11), 1597.

141


https://doi.org/10.33997/j.afs.1993.6.1.003
https://doi.org/10.1590/S1679-62252009000200013
https://doi.org/10.1016/j
https://doi.org/10.1111/j.1439-
https://doi.org/10.1111/j.1439-0426.2010.01454.x
https://doi.org/10.1002/9781444312133

ISSN: 2337-9782, E-ISSN: 2580-6815

Magloo, A. H., Bhat, F. A., Shah, T. H., Bhat, B. A., Kumar, A., & Wanjari, R. N. (2024).
Sex ratio and condition factor of Schizothorax plagiostomus in Kashmir Himalaya.

Mandal, S. and B. Mandal. (2022). Reproductive biology of Lepidocephalichthys guntea
(Hamilton, 1822) from Kangsabati River, West Bengal. Research Journal of
Agricultural Sciences, 13(5), 1528-1535.

Maurua, H., G. Kraus, F. Saborido Rey, A.R. Witthames, P. Thorsen and V. Junquera.
(2003). Procedures to estimate fecundity of marine fish species in relation to
their reproductive strategy. Journal of Northwest Atlantic Fishery Science, 33,
33-54.

Mian, S., A.W. Shah, M.A. Hossain, M.S. Hossain, M.M. Igbal and P. Debnath. (2020).
Reproductive Biology of Captive reared spotted snakehead, Channa punctatus
(Bloch 1793) Channidae. Bulletin of Environment, Pharmacology and Life
Sciences, 9(2), 08-15.

Mignien, L., & Stoll, S. (2024). Reproductive success of stream fish species in relation to
high and low flow patterns: The role of life history strategies and species
traits. Science of The Total Environment, 946, 174366

Mustafa, G., AT.M. Ahmed and K.R. Islam. (1980). Food and feeding habit and
fecundity of a freshwater perch, meni fish. Bangladesh Jr Agrol. Science, 5(4),
205-210.

Narejo, N.T., S.M. Rahmatulla and M.M. Mamnur Ras. (2002). Studies on the
reproductive biology of freshwater spiny eel, Mastacembelus armatus (Lacepede)
reared in the cemented cisterns of BAU, Mymensingh, Bangladesh. Pakistan
Journal of Biological Sciences, 5(7), 809-811.
https:/ /doi.org/10.3923 / pjbs.2002.809.811

Pathak, B.C., R. Ali and M. Serajuddin. (2012). Comparative analysis of reproductive
traits in barred spinyeel, Macrognathus pancalus (Hamilton, 1822) from lotic and
lentic ecosystems of Gangatic Basin, India. World Journal of Fish and Marine
Sciences, 4(5), 470-479. https:/ /doi.org/10.5829/idosi.wijfms.2012.04.05.6454

Pathani, S.S. (1978). A note on secondary sexual characters in Kumaun mahseers,
Tor tor (Hamilton) and Tor putitora (Hamilton). Journal of Animal Science, 48,
773-775.

Qayyum, A. and Z.S. Qasim. (1964). Studies on the biology of some freshwater fishes.
Journal of the Bombay Natural History Society. 61, I: Ophiocephalus punctatus
(Bloch), 74-98.

Rahman, M.M., M.Y. Hossain, M.A. Hossain, F. Ahamed and J. Ohtomi. (2012). Sex
ratio, length-frequency distributions and morphometric relationships of length-
length and length weight for spiny eel, Macrognathus aculeatus in the
Ganges River, NW Bangladesh. World Journal of Zoology, 7(4), 338-346.
https:/ /doi.org/10.5829/idosi.wjz.2012.7.4.6659

Raja, K., P. Aanand, S. Padmavathy and ].S. Sampathkumar. (2019). Present and
future market trends of Indian ornamental fish sector. International Journal of
Fisheries and Aquatic Studies, 7(2), 06-15.

Rangaswami, C.P. (1974). Maturity and spawning of Mugil cephalus of Lake Pulicat.
Recent researches in estuarine biology. In R. Natarajan (Ed.), Hindustan
Publishing Corporation Ltd. Delhi (pp. 47-60).

142


https://doi.org/10.3923/pjbs.2002.809.811
https://doi.org/10.5829/idosi.wjfms.2012.04.05.6454
https://doi.org/10.5829/idosi.wjz.2012.7.4.6659

Int. J. Agr. Syst. 12(2): 130-143

Ribollj, J., Janior, J. J. B., Zaniboni Filho, E., Guereschi, R. M., & de Oliveira Nufier, A.
P. (2023). Long-term monitoring reveals a consistent female-biased sex ratio in
Pimelodus maculatus from the Upper Uruguay River Basin. Boletim do Instituto
de Pesca, 49.

Ripperger, J.A. (2007). The rhythms of life. Genome Biology, 8(8), 313.
https:/ /doi.org/10.1186/ gb-2007-8-8-313

Schaefer, K.M. (1998). Reproductive biology of yellowfin tuna (Thunnus albacares) in
the eastern Pacific Ocean. Inter [American Tropical Tuna Commission bulletin]
(pp. 205-243).

Sharma, S.V. and A. Lavanya. (2002). On the biology of the One-stripe spiny eel,
Macrognathus aral (Bloch and Schneider) from the ponds in lower Krishna
irrigation system. In S. Ayyappan, J. K. Jena & M. M. Joseph (Eds.). The Fifth
Indian Fisheries Forum Proceedings. Published by AFSIB, Mangalore and AoA,
Bhubaneswar, Orissa, India. pp. 271-273.

Sley, A., A. Hadj Taeib, O. Jarboui, M. Ghorbel and A. Bouain. (2015). Annual
reproductive cycle, spawning periodicity and sexual maturity of false scad Caranx
rhonchus (Geoffroy Saint-Hilaire, 1817) (Pisces, Carangidae) from the south-
eastern Mediterranean (Gulf of Gabes, Tunisia). Journal of Applied Ichthyology,
31(3), 437-441. https:/ /doi.org/10.1111/jai. 12675

Suresh, V.R., B.K. Biswas, G.K. Vinci, K. Mitra and A. Mukherjee. (2006). Biology and
Fishery of Barred spinyeel, Macrognathus pancalus, Hamilton. Acta Ichthyologica
et Piscatoria, 36(1), 31-37. https:/ /doi.org/10.3750/ AIP2006.36.1.05

Swarup, K., S. Srivastava and V.K. Das. (1972). Sexual dimorphism in the spiny
eel, Mastacembelus pancalus. Current Science, 41, 68-69.

Talwar, P.K. and A.G. Jhingran. (1991). Inland fishes of India and adjacent countries.
pp-1063, 1 and Vol-2. Oxford and IBH Publishing Co. Pvt. Ltd. New Delhi,
Bombay, India and Calcutta.

Vishwanath, W. (2010). Macrognathus aral. IUCN Red List of Threatened Species,
2010:e.T12596A3363924.https:/ / doi.org/10.2305/IUCN.UK.20104.RLTS.T12596 A3
363924.en.

143


https://doi.org/10.1186/gb-2007-8-8-313
https://doi.org/10.1111/jai.12675
https://doi.org/10.3750/AIP2006.36.1.05
https://doi.org/10.2305/IUCN.UK.20104.RLTS.T12596A3363924
https://doi.org/10.2305/IUCN.UK.20104.RLTS.T12596A3363924
https://doi.org/10.2305/iucn.uk.20104.rlts.t12596a3363924.en

