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Abstract

The present study was performed to describe the ovarian activity and plasma sex steroid levels in female climbing
perch, Anabas testudineus in four states, comprised of northern and eastern regions in Peninsular Malaysia, in relation to the
water quality parameters. A total of 720 adult-sized female fish were captured from the northern states (Kedah, Perlis) and
eastern states, (Kelantan and Terengganu) between April 2013 and March 2014. Significant differences were found in the water
quality parameters, gonadosomatic index (GSI) and sex steroid levels among states. The differences in the seasonal gonad cycle
(GSI peaked in September to October in Kedah and Perlis, and November to December in Kelantan and Terengganu) and sex
steroid levels (17B-estradiol and testosterone levels peaked in August and April, respectively in Kedah and Perlis states; and in
December and July, respectively in Kelantan and Terengganu states) in relation to water quality particularly of a lower water
temperature, suggests a direct influence of water temperature on the ovarian activity in female climbing perch of Peninsular
Malaysia.
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1. Introduction & Mehdinejad, 2013), influencing hormonal secretions,

gonadal development and courtship behaviour (Peter & Yu,

Reproduction is crucial for the survival of all living
organisms. In poikilothermic vertebrates such as fish,
environmental cues play an important role during their
reproductive cycles (Ismail, Siraj, Daud, & Harmin, 2011;
Saeed, Reza, Bagheer, & Saeed, 2011; Taghizadeh, Imanpoor,

*Corresponding author
Email address: nadirah@umt.edu.my

1997; Pham, Nguyen, Kjorsvik, Nguyen, & Arukwe, 2012;
Zohar, Munoz-Cueto, Elizur, & Kah, 2010).

Changes in the water quality affect the secretion of
several sex steroid hormones such as 17B-estradiol and
testosterone that are linked to ovulation and spawning in fish
(Ismail et al., 2011). Gonadosomatic index (GSI), which is an
index of gonad size relative to body weight (Wootton, 1991),
provides a quantitative assessment to determine the
reproductive season (Gutiérrez-Estrada, Pulido-Calvo, &
Prenda, 2000). In addition, ovarian activity and sex steroid
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hormones could give first-hand information on the fish
reproductive biology of wild broodstocks (Bernal, Aya, De
Jesus-Ayson, & Garcia, 2015; Bromage, Porter, & Randall,
2001). The knowledge would be useful in order to regulate the
gonadal development and spawning of fishes in the captivity,
through manipulation of the identified environmental factors
(Donaldson & Hunter, 1983).

Climbing perch, Anabas testudineus is a native
freshwater fish species of Asia (Froese & Pauly, 2019,
Jayaram, 2010; Pal & Chaudhry, 2010). The market price of
climbing perch is high in South Asia and Southeast Asia
(Chaturvedi, Ambulkar, Singh, & Pandey, 2015; Das, et al.,
2009) due to its good flavor, hence has encouraged the wide
spread exploitation of the wild population (Bhattacharyya &
Homechaudhuri 2009; Hidayat, Carman, & Alimudin, 2016;
Mijkherjee, Praharaj, & Das, 2003; Sarkar et al., 2005;
Zworykin, 2012). Despite its economic importance, the
biggest challenge facing their ecological restoration is
insufficient biological information. This study was therefore
designed to describe the ovarian activity (histology and
gonadal somatic index) and sex steroid levels (17p-estradiol,
testosterone) in female climbing perch in the northern and
eastern regions in Peninsular Malaysia, in relation to the water
quality parameters (water temperature, pH and dissolved
oxygen).

2. Materials and Methods

A total of 720 healthy and disease-free adult-sized
female climbing perch (15 fish per month per state) were
obtained from the eastern and northern states of Peninsular
Malaysia  (Figure 1), namely Kelantan (5.2500°N,
102.0000°E), Terengganu (4.7500°N,103.0000°E); Kedah
(6.1283N°, 100.3628°E) and Perlis(6.5000°N, 100.3217°E),
from April 2013 to March 2014, covering both dry and rainy
seasons. Rainy season that is associated with a higher amount
of rainfall usually occurs from June to November and July to
December, for the northern and eastern states, respectively.
Fish (total length 7.0 to 19.0 cm; total weight 20.45 to 78.13
g) were captured using a net or a fishing rod from three
representative habitats (irrigation canal, paddy field and
swamp) for each state. The irrigation canals selected are of
1.65 = 0.09 m water depth, with muddy sandy substrate while
the both sides of the canals are dominated by water grasses.
Paddy fields are comprised of plot of paddy field with a water
depth up to 0.40 + 0.05 m of soft muddy substrate. The
swamp areas selected are of estimated % acre with water
depth of 1.70 + 0.12 m, of cloudy water and the substrates are
mostly muddy, covered by woody debris. A minimum of three
replicate of water samples were collected from each of these
habitats and measured in-situ for temperature, pH and
dissolved oxygen by using a hand-held YSI meter (YSI model
556 MPS, USA).

Fish were immobilized in ice-cold water, measured
(total length, c¢cm), and weighed (total body weight, g).
Females were determined by manual sexing based on the
genital papilla (swollen and pinkish) and confirmed by
dissection. Individual blood sample was obtained from the
caudal peduncle using a heparinized syringe fitted with a 22-
gauge needle, kept in an eppendorf tube on ice. The ovaries
were removed, weighed and fixed in 10% formalin prior to
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Figure 1. Map of the sampling locations

histological analysis. Samples were transported to Institute of
Tropical Aquaculture and Fisheries Research, Universiti
Malaysia Terengganu for further analysis. Individual
gonadosomatic index (GSI) was calculated using the formula
GSI=Wg/Wt*100; where Wqg is the weight of the gonads(g);
and W, is the total body weight of the individual (g).

Plasma samples were obtained following
Hosseinzade, Imanpoor, and Aghilinejhad (2012) and Ismail
et al. (2011). 17p-estradiol (E2) and testosterone (T) were
quantified using enzyme-linked immunoabsorbent assay
(ELISA) of commercial kit (Cayman Chemical Company,
United Kingdom) and the absorbance was measured at 404-
420 nm using a microplate reader (Spectramax 190 Beckman
Coulter, CA) and analyzed (SoftMax Pro software, Molecular
Devices).

Paraffin- embedded ovaries were sectioned at 5um
thickness, stained with hematoxylin and eosin (H&E) (Alam,
2012; Okomoda, Koh, Hassan, Amornsakun, & Shahreza,
2018; Solomon, Ugonna, Olufeagba, & Okomoda, 2017;
Suchiang & Gupta, 2011) and microphotographed (40x
magnification) using a Nikon Eclipse 80i compound
microscope, and oocyte developmental stages were identified
(Knight, Butler, Smith, & Wager, 2007; Pears, Choat,
Mapstone, & Begg, 2007).

The monthly GSI, sex steroids and water quality
parameters obtained were pooled for each state, in order to
reduce the inter-habitat differences. These data were subjected
to a multivariate analysis of variance (MANOVA), at a
significance level of a = 5%, followed by Bonferroni
correction for post hoc comparisons. One-way repeated
measures of ANOVA (rANOVA) were also applied, however,
as the sphericity assumption had been violated (p<0.05),
Greenhouse-Geisser correction was used, prior to pair-wise
comparison. Pearson’s correlation test was used to explore the
relationship between parameters. All statistical analyses were
performed with SPSS version 21.
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3. Results and Discussion

The ovary of A. testudineus is bilobed and
elongated, lying posterior-dorsally in the abdominal cavity.
The ovaries were light yellow, thin and small before
developing into advanced stage (voluminous, bright yellowish
with abundant of capillaries) and later reduced to a smaller
size of brown reddish, corresponding to immature, maturation
and spent phase.

The immature oocytes were small (mean diameter
46.89 + 5.80 um), with centrally located nuclei while multiple
nucleoli were seen close to the nuclear membrane. The
matured oocytes were larger (mean 502.56 + 5.17 pm),
surrounded by zona radiata, filled with yolk globules but no
nuclei could be observed. During the spent phase, many of the
follicles were empty while few contained maturing and atretic
oocytes (Figure 2).

The monthly variation in the GSI is presented in
Figure 3. The GSI (%) at the immature phase, maturation
phase and spent phase were between 5.15 + 0.92% to 10.39
1.35 %; 14.70 £ 1.05 to 17.38 £ 0.96, and 3.14 + 0.28 to 3.49
+ 0.42, respectively. Highest GSI (%) values were obtained in
November and December for Terengganu and Kelantan, and
in September and October for Kedah and Perlis states,
respectively.

The GSI value reported in the current study
encompasses the GSI ranges for climbing perch previously
reported by Jacob (2005) and Shashi and Akela (1996) in
India. Results of MANOVA based on Wilks' A criterion
showed that, the monthly changes in the GSI levels were
significantly affected by the monthly changes in water quality
parameters (Table 1). Mean GSI were statistically different (F

e
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(1.107, 3.321) = 13.521, p=0.029) with the values were
significantly higher in October 2013 compared to May, June
and July 2013. Therefore, water quality has significant effect
on the oocyte developmental stage as reflected by the GSI
values.

In  Vietnam, the GSI peaked during May
(Hafijunnahar & Hossain, 2016). Higher GSI correlates with a
significant increase in oogenesis (Nichole, 2010). We
observed that the majority of the oocytes (>90%) were in the
immature phase at a higher water temperature while a lower
water temperature was associated with the maturation phase.
The highest peaks of GSI is probably associated with a higher
amount of the rain fall during rainy season (Figure 6) that
reflects a colder water temperature while a lower GSI values
were observed during hot and dry period.

—t— Terengganu Kelantan =—sr—Kedah =bé==Perlis

Gonadosomatic Index (%)

April  May June July Aug  Sept ©Oct Nov  Dec an  Feb March
Month
Figure 3. Monthly mean of gonadosomatic index (GSI) in female
climbing perch in four sampling states from April 2013 to
March 2014

Figure 2. Ovary of female climbing perch, Anabas testudineus at various growth phase (a) Immature phase ovary with early developed oocytes;
(b) Maturation phase ovary with large diameter oocyte; (c) Spent phase ovary with empty follicle; Oo=oocyte, N = nucleus, Nc =
nucleolus, Fc = follicular cell, Zr = zonaradiata;Yg = yolkglobules, Vm = vitelline membrane; Pof= post ovulatory vesicles; Atr =

atretic oocyte; scale bar =100 pm
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Table 1. Results of MANOVA of state and month effects on the water quality based on gonadosomatic index and plasma 17p-estradiol and
testosterone in female climbing perch
. Wilks' Hypothesis  Error . Partial Eta Squared,
Parameter Water quality Effect N F df df Sig. partial 2

Gonadosomatic index ~ Water temperature State 0.96 0.65 6 190 0.689 0.02
Month 0.04 3231 22 190 0.000 0.79

State*Month 0.08 7.53 66 190 0.000 0.72

pH State 0.95 0.81 6 190 0.524 0.03

Month 0.07 23.24 22 190 0.000 0.73

State*Month 0.19 3.79 66 190 0.000 0.57

Dissolved oxygen State 0.95 0.82 6 190 0.554 0.03

Month 0.06 25.49 22 190 0.000 0.75

State*Month 0.19 3.67 66 190 0.000 0.56

17p-estradiol Water temperature State 0.81 3.63 6 190 0.002 0.10
Month 0.04 34.36 22 190 0.000 0.80

State*Month 0.04 34.36 22 190 0.000 0.80

pH State 0.77 4.40 6 190 0.000 0.12

Month 0.14 14.87 22 190 0.000 0.63

State*Month 0.17 4.03 66 190 0.000 0.58

Dissolved oxygen State 0.79 4.00 6 190 0.001 0.11

Month 0.13 15.72 22 190 0.000 0.65

State*Month 0.18 3.95 66 190 0.000 0.58

Testosterone Water temperature State 0.80 3.65 6 190 0.002 0.10
Month 0.05 32.09 22 190 0.000 0.79

State*Month 0.06 9.44 66 190 0.000 0.77

pH State 0.75 5.00 6 190 0.000 0.14

Month 0.19 11.02 22 190 0.000 0.56

State*Month 0.21 348 66 190 0.000 0.55

Dissolved oxygen State 0.79 4.04 6 190 0.001 0.11

Month 0.20 10.75 22 190 0.000 0.56

State*Month 0.23 3.16 66 190 0.000 0.52

The highest mean of 17f-estradiol was observed in T : el
December and August (Figure 4) while the highest mean of /A 1
7\

testosterone occurred in July and April (Figure 5) of the
eastern and northern states, respectively. The changes in the
levels of 17B-estradiol and testosterone were in coherent with
the fluctuation in the monthly water quality parameters (Table
1) with the mean 17B-estradiol and testosterone were
statistically different (F (1.243, 13.671) = 25.4088, p=0.000;
(F (1.320, 14.515) = 9.978, p=0.004). Plasma 17p-estradiol
fluctuate significantly (p<0.05) from April to October 2013
and Dec 2013 to February 2014 while the testosterone levels
varies significantly (p<0.05) from July to September 2013,
and January to February 2014. It is hypothesized that
testosterone is a precursor to 17B-estradiol (Chaves-Pozo et
al., 2008). Hence, the rise in the level of the former, gradually
increases the level of the latter (Ismail et al., 2011). Numerous
studies have reported that the ovarian follicular development
and gametogenesis is correlated with the sex steroid levels
(Rinchard, Kestemont, Kuhn, & Fostier, 1993; Rosenblum et
al,, 1987; Tamaru et al., 1991). 17pB-estradiol stimulates
vitellogenesis, so as to produce mature eggs and prepared the
female for spawning (Barcellos et al., 2001; Carral et al.,
2003; Lee & Yang, 2002). This is in line with our
observations that the development and maturation of the
oocyte was in synchronization with the changes in 17f3-
estradiol and testosterone. Similar findings were reported in
catfish, Heteropneustes fossilis (Lamba, Goswami, &
Sundaraj, 1983); gold eye, Hiodon alosoides (Pankhurst,
Stacey, & Van Der Kraak, 1986); Japanese whiting, Sillago
japonica (Matsuyama, Adachi, Nagahama, Maruyama, &
Matsuura, 1990); Japanese sardine, Sardines melanostictus

Month

Figure 4. Monthly mean of 17B-estradiol in female climbing perch
in four sampling states from April 2013 to March 2014

st Kodah e
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Figure 5.  Monthly mean of testosterone in female climbing perch in
four sampling states from April 2013 to March 2014
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(Matsuyama, Fukuda, Ikeura, Nagahama, & Matsuura, 1991);
snook, Centropomus undecimalis (Roberts et al, 1999);
Capsian kuntum (Saeed et al,, 2011) and common carp,
Cyprinus carpio (Taghizadeh et al., 2013).

The monthly mean of water temperature and
rainfall, water pH, dissolved oxygen for each state are shown
in Figure 6, Figure 7 and Figure 8. In the eastern states, the
highest water temperature was recorded in April whereas the
lowest water temperature was observed in December. A lower
water pH (acidic) was recorded in June while a higher pH
(less acidic) was observed in April. The dissolved oxygen was
higher in December and February while the lowest was
recorded during July. In contrast, a higher water temperature
was recorded in February whereas the lowest temperature was
observed in September for the northern states. A lower water
pH (acidic) recorded in April while a higher water pH (less
acidic) was observed in October. The dissolved oxygen was
highest during October and lowest during May. The water
quality parameters differ significantly (p<0.05) among the
northern and eastern states with the water temperature varies
significantly in June, July, December and January while pH
and dissolved oxygen differs significantly in April, August
and March; July and February, respectively.

The Pearson correlation coefficient, r, (Table 2)
indicated that, there is a strong linear relationship between
water temperature, 17p-estradiol and GSI (p<0.05).
The correlation between the GSI with water temperature; and
GSI with 17p-estradiol were highly significant (p<0.05) with r
> 0.8 and r>0.9, respectively. The GSI showed a negative
correlation with water temperature while showing a positive
correlation with 17f3- estradiol. Environmental cues such as
water temperature and daylight dictates the timing of
reproductive activity in many tropical (Campos-Mendoza,
McAndrew, Coward, & Bromage, 2004; Manosroi, Meng-
Umphan, & Manosroi, 2003) and temperate fishes (Estay,
Roberto, Nelson, Luis, & Alfredo, 1998; Hoffman, Karin,
Deborah, & John, 2008; Katarzyna & Jozef, 2005). The
outcome of this study is in contrast with the results reported
by Hafijunnahar and Hossain, (2016) that suggest a positive
association between the GSI of the climbing perch in
Vietnam, with the increased in the water temperature. It is also
important to note that from the histological section of the
ovaries at the maturation phase and spent phase, few oocytes
at different developmental stages were observed (data not
shown), indicating a possible multiple or asynchronous
spawning. Hence, in general, water quality may play some
parts if not all, for ovarian activity in climbing perch
(Shinsuke, Ito, Kitamura, & Vongvichith, 2009; Sonmoina,
Dipanjan, & Kalita, 2011; Uttam, et al., 2005). The ease of
accessibility to spawning habitat, availability of food
resources and less predation risk associated with a higher
amount of rainfall may possibly trigger the ovarian activity of
the female climbing perch. In Selangor, a state located in the
west region of the Peninsular Malaysia, the breeding season
occurs between March to October (Zalina, Saad, Rahim,
Christianus, & Harmin, 2012). We suggest that the climbing
perch of the northern and eastern states in Peninsular Malaysia
is a seasonal spawner as the ovarian activity is higher during
September to October for Kedah and Perlis, and between
November and December for Kelantan and Terengganu, that
correlates with a lower water temperature.
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Figure 6. Monthly mean of water temperature (lll.l) and monthly
mean of rainfall (—) in four sampling states from April
2013 to March 2014
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Monthly mean of water pH in four sampling states from
April 2013 to March 2014
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Figure 8. Monthly mean of water dissolved oxygen in four sampling
states from April 2013 to March 2014

4. Conclusions

The increased in the ovarian activity of wild female
climbing perch, A. testudineus of the northern and eastern
regions in Peninsular Malaysia, is strongly correlated with a
lower water temperature possibly following a higher amount
of rainfall. The generated information from this study will
provide some guideline for future management, propagation
and conservation strategies of wild female climbing perch in
Peninsular Malaysia.
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Table 2.
parameters and sex steroid hormones

Pearson correlation coefficient and p-value of gonadosomatic index of female climbing perch in
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correlation to water quality

Pearson correlation coefficient, r

Terengganu

Kelantan Kedah Perlis

Water quality
Water temperature -0.886 (p=0.000)
pH 0.535 (p = 0.001)
Dissolved oxygen 0.485 (p = 0.003)

Sex steroid hormones
17p-estradiol
Testosterone

0.903 (p = 0.000)
-0.451 (p = 0.006)

-0.864 (p = 0.000)
0.529 (p = 0.001)
0.397 (p = 0.016)

0.907 (p = 0.000)
-0.409 (p = 0.013)

-0.884 (p = 0.000)
0.587 (p = 0.000)
0.590 (p = 0.044)

-0.871 (p = 0.000)
0.461 (p = 0.005)
0.458 (p = 0.005)

0.918 (p = 0.000)
-0.648 (p = 0.000)

0.913 (p = 0.000)
-0.587 (p = 0.000)

Acknowledgements

We thanked
Tropical Aquaculture

the laboratory staff of Institute of
and Fisheries Research, Universiti
Malaysia Terengganu for their technical assistances. We
acknowledged the financial support provided by the
Malaysian Government for “MyBrain Scholarship” awarded
to the first author. Deep gratitude also goes to the late
Associate Prof. Aizam Zainal Abidin and late Associate Prof.
Dr. Safiah Jasmani for their initial commitment and
supervisions.

References

Alam, M. J. (2012). Histological study of gametogenesis in
endangered mud eel, Monopterus cuchia (Master’s
thesis, Bangladesh  Agricultural  University,
Bangladesh).

Amornsakun, T., Sriwatana, W., & Promkaew, P. (2005).
Some aspect in early life stage of climbing perch,
Anabas testudineus larvae. Songklanakarin Journal
of Science and Technology, 27, 403-418.

Barcellos, L. J. G., Wassermann, F. G., Scott, A. P., Woehl,
V.M., Quevedo, R.M., Istvan” Ittzes", I., . .. Lulhier,
F. (2001). Steroid profiles in cultured female jundia,
the Siluridae Rhamdia quelen (Quoy and Gaimard,
Pisces Teleostei), during the first reproductive cycle.
General and Comparative Endocrinology, 121,
325-332.

Bernal, R. A. D., Aya, F. A., De Jesus-Ayson, E. G. T., &
Garcia, L. M. B. (2015). Seasonal gonad cycle of
the climbing perch Anabas testudineus (Teleostei:
Anabantidae) in a tropical wetland. Ichthyological
Research, 62, 389-395.

Bhattacharyya, M., & Homechaudhuri, S. (2009). Assessment

of captive breeding of Anabas testudineus with the

synthetic hormone, Ovaprim. Proceedings of

Zoological Society, 62, 23-27.

N., Porter, M., & Randall, C. (2001). The
environmental regulation of maturation in farmed
fish with special reference to the role of photoperiod
and melatonin. Aquaculture, 197, 63-98.
Campos-Mendoza, A., McAndrew, B. J., Coward, K., &

Bromage, N. (2004). Reproductive response of Nile
tilapia (Oreochromis niloticus) to photoperiodic
manipulation; effects on spawning periodicity,
fecundity and egg size. Aquaculture, 231, 299-314.

Bromage,

Carral, J. M., Rodriguez, R., Celada, J. D., Saez-Royuela, M.,
Aguilera, A., & Melendre, P., (2003). Successful
gonadal development and maturation of tench
(Tinca tinca L.) in small concrete ponds. Journal of
Applied Ichthyology, 19, 130-131.

Chaturvedi, C. S., Ambulkar R., Singh, R. K., & Pandey, A.
K. (2015). Successful induced spawning of climbing
perch, Anabas testudineus (Bloch,1792) under
controlled conditions at Raipur (Chhattisgarh),
India. National Journal of Life Science, 12, 209-
214.

Chaves-Pozo, E., Arjona, F. J., Garcia-Lopez, A., Garcia-
Alcazar, A., Meseguer, J., & Garcia-Ayala, A.
(2008). Sex steroids and metabolic parameter levels
in a seasonal breeding fish (Sparus aurata L.).
General and Comparative Endocrinology, 156,
531-536.

Das, B. K., Chandan, D., Pranati, P., Dipak, K. S., Kuldeep,
K., & Bibudhendra, K. M., (2009). Effect of B-
glucan on immunity and survival of early stage of
Anabas testudineus (Bloch). Journal of Fish and
Shellfish Immunology, 27, 678-683.

Donaldson, E., & Hunter, G. (1983). Induced final maturation,
ovulation, and spermiation in cultured fish. In W. S.
Hoar, D. J. Randall, & E. M. Donaldson (Eds.), Fish
physiology (pp. 351-403, Volume IX, Part B). New
York, NY: Academic Press.

Estay, F., Roberto, N., Nelson, F.D., Luis, V., & Alfredo, T.
(1998). Gametogenesis and sex steroid profiles in
cultured coho salmon (Oncorhynchus kisutch,
Walbaum). Journal of Experimental Zoology, 280,
429-438.

Froese, R., & Pauly, D. (2019). Fish base, world wide web
electronic publication, version December 2019.
Retrieved from http://www.fishbase.org/home.htm.

Gutiérrez-Estrada, J. C., Pulido-Calvo, I., & Prenda, J. (2000).
Gonadosomatic index estimates of an introduced
pumpkinseed (Lepomis gibbosus) population in a
Mediterranean stream, using computational neural
networks. Aquatic Sciences, 62, 350-363.

Hafijunnahar, R. A, & Hossain, M. M. (2016). An

investigation on breeding biology of Vietnam strain

of climbing perch, Anabas testudineus (Bloch)
reared in a commercial hatchery. International

Journal of Fisheries and Aquatic Studies, 4, 8-12.

R., Carman, O., & Alimudin. (2016). Sexual

dimorphism related to growth in climbing perch

Hidayat,



1210

Anabas testudineus. Akuakultur Indonesia, 15, 8-
14.

Hoffman, J. C., Karin, E.L., Deborah, A.B., & John, E.O.
(2008). Over wintering habitats of migratory
juvenile American shad in Chesapeake Bay.
Environmental Biology of Fishes, 81, 329-345.

Hosseinzade, M., Imanpoor, M. R., & Aghilinejhad, S.M.
(2012). Changes in serum steroid hormones by
ovarian  development of Persian  Sturgeon
(Acipenser Persicus) during final maturation
induced by hormonal treatment. Open Access
Scientific Reports, 532.

Humpbhries, P., King, A. J., & Koehn, J. D. (1999). Fish, flows
and flood plains: Links between freshwater and their
environment in the Murray-Darling River system,
Australia. Environmental Biology of Fishes, 56,
129-151.

Ismail, M. F. S., Siraj, S. S., Daud, S. K., & Harmin, S. A.
(2011). Association of annual hormonal profile with
gonad maturity of mahseer (Tor tambroides) in
captivity. General and Comparative Endocrinology,
170, 125-130.

Jacob, P. K. (2005). Studies on some aspect of reproduction of
female Anabas testudineus (Bloch) (Doctoral thesis,
Cochin University of Science and Technology,
Cochin, India)

Jayaram, K. C. (2010). The freshwater fishes of the Indian
region (2" ed.). Delhi, India: Narendra.

Katarzyna, D., & Jozef, D. (2005). Differentiation of gonad
maturation in sibling precocious males of the sea
trout (Salmo trutta m. trutta L.) in their first year of
life. Journal of Aquaculture, 250, 713-725.

Knight, J. T., Butler, G. L., Smith, P. S., & Wager, R. N. E.
(2007). Reproductive biology of the endangered
Oxleyan pygmy perch Nannoperca oxleyana
Whitley. Journal of Fish Biology, 71, 1494-1511.

Lamba, V., Goswami, S. V., & Sundararaj, B. I. (1983).
Circannual and circadian variations in plasma levels
of steroids (Cortisol, Estradiol-17 beta, Estrone and
Testosterone) correlated with the annual gonadal
cycle in the catfish, Heteropneustes fossilis (Bloch).
General and Comparative Endocrinology, 50, 205-
225.

Lee, WK, & Yang, S.W. (2002). Relationship between
ovarian development and serum levels of gonadal
steroid hormones, and induction of oocyte
maturation and ovulation in the cultured female
Korean spotted sea bass, Lateolabrax maculates
(Jeom-nong-eo). Aquaculture, 207, 169-183.

Manosroi, A., Meng-Umphan, A., & Manosroi, J. (2003).
Annual sex hormonal profiles,gonad development
and age determination of the Mekong giant catfish
(Pangasianodon gigas, Chevey). Aquaculture
Research, 34, 1379-1385.

Matsuyama, M., Adachi, S., Nagahama, Y., Maruyama, K., &
Matsuura, S. (1990). Diurnal rhythm of plasma
steroid hormone levels in the Japanese whiting,
Sillago japonica and daily-spawning teleost.
Journal of Fish Physiology and Biochemistry, 8,
329-338.

Matsuyama, M., Fukuda, T., lkeura, S., Nagahama, Y., &
Matsuura, M. (1991). Annual reproductive cycle of

M. S. Jalilah et al. / Songklanakarin J. Sci. Technol. 43 (4), 1204-1211, 2021

the captive female Japanese sardine Sardinops
melanostictus: relationship to ovarian development
and plasma levels of gonadal steroid hormones.
Journal of Marine Biology, 108, 21-29.

Mijkherjee, M., Praharaj, A., & Das, S. (2003). Conservation
of endangeredfish stocks through artificial
propagation and larval rearingtechniques in West
Bengal, India. Aquaculture Asia, 8, 8-11.

Nichole, F. C. (2010). Seasonal abundance, age structure,
gonadosomatic index, and gonad histology of yellow
bass, Moronemississippiensis in the upper Barataria
Estuary, Louisiana (Master’s thesis, Nicholls State
University, Thibodaux, LA).

Okomoda, V. T., Koh, I. C. C., Hassan, A., Amornsakun, T.,
& Shahreza, M. S. (2019). Water quality tolerance
and gill morphohistology of pure and reciprocal
crosses of Pangasianodon hypophthalmus and
Clarias gariepinus. Journal of King Saud University
— Science, 31, 713-723.

Pal, M., & Chaudhry, S. (2010). A. testudineus. The IUCN red
list of threatened species. Retrieved from http://
dx.doi.org/10.22305/IUCN.UK.2010-4.RLTS.T166
5434A6232945.en

Pankhurst, N. W, Stacey, N. E., & Van Der Kraak, G. (1986).
Reproductive development and plasma levels of
reproductive  hormones  of  goldeye, Hiodon
alosoides(Rafinesque), taken from the North
Saskatchewan River during the open-water season.
Canadian Journal of Zoology, 64, 2843-2849.

Pears, R. J., Choat, J. H., Mapstone, B. D., & Begg, G. A.
(2007). Reproductive biology of a large, aggrega
tion-spawning serranid, Epinephelus fuscoguttatus
(Forssakal): Management implications. Journal of
Fish Biology, 71, 795-817.

Peter, R. E., & Yu, K. L. (1997). Neuroendocrine regulation
of ovulation in fishes: Basic and applied aspects.
Review in Fish Biology and Fisheries, 7, 173-197.

Pham, H. Q., Nguyen, A. T., Kjorsvik, E., Nguyen, M. D, &
Arukwe, A. (2012). Seasonal reproductive cycle of
Waigieu seaperch (Psammoperca waigiensis).
Aquaculture Research, 43, 815-830.

Rinchard, J., Kestemont, P., Kuhn, E. R., & Fostier, A.
(1993). Seasonal changes in plasma levels of steroid
hormones in an asynchronous fish the gudgeon
Gobio gobio L. (Teleostei, Cyprinidae). General
and Comparative Endocrinology, 92, 168-178.

Roberts, S. B., Jackson, L. F., King, W. V., Taylor, R. G,,
Grier, H. J.,, & Sullivan, C. V. (1999). Annual
reproductive cycle of the common snook: Endocrine
correlates of maturation. Transactions of the
American Fisheries Society, 128, 436-445.

Rosenblum, P. M., Pundey, J., & Callard, I. P. (1987).
Gonadal morphology, enzyme histochemistry and
plasma steroid levels during the annual reproductive
cycle of male and female brown bull-head catfish,
Ictalurus nebulosus Lesueur. Journal of Fish
Biology, 31, 325-341.

Saeed, S. S., Reza, M., Bagher, A. F., & Saeed, G. (2011).
Study on the levels of 17-beta estradiol and
testosterone in the female kuntum, Rutilus frissi
kutuk (Kamenskii, 1901) of Southern Caspian Sea.
World Journal of Zoology, 6, 220-226.



M. S. Jalilah et al. / Songklanakarin J. Sci. Technol. 43 (4), 1204-1211, 2021

Sarkar, U. K., Deepak, P. K., Kapoor, D., Negi, R. S., Paul, S.
K., & Singh, S. (2005). Captive breeding of
climbing perch, Anabas testudineus (Bloch, 1792)
with Wova-FH for conservation and aquaculture.
Aquaculture Research, 36, 941-945.

Shashi, S. B., & Akela, B. P. (1996). Determination of
maturity and spawning period by gonadosomatic
index and measurement of mean ova diameter in
certain teleosts. Environmental Geology, 14, 399-
403.

Shinsuke, M, Ito, S., Kitamura, S., & VVongvichith, B. (2009).
Growth and morphologycal development of
laboratory-reared larval and juvenile climbing perch
Anabas testudineus. Ichthyological Research,
56,162-171.

Solomon, S. G., Ugonna, B. O., Olufeagha, S. O., &
Okomoda, V. T. (2017). Haematology and gonad
histology of Oreochromis niloticus (Linnaeus, 1758)
fed Carica papaya seed meal. Brazilian Journal of
Aquatic Science Technology, 21, 8-15.

Sonmoina, B., Dipanjan, K., & Kalita, B. (2011). Seed
production of climbing perch (Anabas testudineus)
through natural and induced breeding [online
article]. Central Institute of Fisheries Education
(CIFE), 7 Bungalows, Versova, Andheri (W),
Mumbai-61. Retrieved from http://Aquafind
com/articles/Production-of-Anabas-testudineus.php

Suchiang, P., & Gupta, B. B. P. (2011). Variations in the
plasma levels of thyroid hormones and testicular
activity in the male air-breathing catfish (Clarias
gariepinus) over the annual cycle. International
Journal of Biology, 3, 144-154.

1211

Taghizadeh, V., Imanpoor, M. R., & Mehdinejad, N. (2013).
Study on the seasonal steroid hormones of common
carp in Caspian Sea, Iran. Springer Plus, 2, 193.

Tamaru, C. S., Kelley, C. D., Lee, C. S., Aida, K., Hanyu, 1.,
& Goetz, F. (1991). Steroid profiles during
maturation and induced spawning of the striped
mullet, Mugil cephalus L. Aquaculture, 95, 149-
168.

Uttam, K. S., Prashant, K. D., Dhurendra, K., Raje, S. N,
Samir, K. P., & Sreeprakash, S. (2005). Captive
breeding of climbing perch, Anabas testudineus
with Wova-FH for conservation and aquaculture.
Aquaculture Research, 36, 941-945.

Wootton, R. J. (1991). Ecology of teleost fishes. London,
England: Chapman and Hall.

Yalcin, S., Solak., & Akyurt, U. (2001). Certain reproduction
characteristics of the Catfish (Clarias Gariepinus
Burcell, 1822) living in the River Asi, Turkey.
Turkey Journal of Zoology, 25, 453-460.

Zalina, |., Saad, C.R., Rahim, A.A., Christianus, A, &
Harmin, S.A. (2012). Induced breeding and
embryonic development of climbing perch (Anabas
testudineus Bloch). Journal of Fisheries and
Aquatic Sciences, 7, 291-306.

Zohar, Y., Munoz-Cueto, J.A., Elizur, A., & Kah, 0. (2010).
Neuroendocrinology of reproduction in teleost fish.
Generaland Comparative Endocrinology, 165, 438—
455.

Zworykin, D.D. (2012). Reproduction and spawning behavior
of the climbing perch Anabas testudineus
(Perciformes, Anabantidae) in an aquarium.
Ichthyology, 52, 379-388.



