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ABSTRACT

The reference data of reproductive biology have important roles for fishery management. Different waters
will provide different overview of fisheries biological aspects. The red bigeye (Priacanthus macracanthus) is
an economically important demersal fish species in Indonesia. The objective of this study is to estimate the
spawning season and reproductive potency and also to evaluate how the key management related to the
species and selectivity of fishing gear. Red bigeye (Priacanthus macracanthus) was collected from bottom
gillnetter and hand liner. Measurements of red bigeye’s somatic were conducted to evaluate the fishery
aspects while the observation of its gonadic were done to evaluate reproductive aspects. The result showed
sex ratio no significant differences between males and females except in September to December. The
growth pattern indicated negative allometric. The spawning seasons were around June-July and December-
January. Fecundity was estimated to be 230 000 - 178 000 eggs. Key management obtained length at first
maturity (Lm) value was to be 21.9 cm TL which is smaller than length at first capture (Lc) 22.4 cm TL for
bottom gill netter and 23.1 cm TL for average fishes caught by hand liner. Therefore it is recommended to
close the area during the spawning period. In the case of catch, it is important to pay attention to the size of
fish allowed to be captured more than the Lm value.

Keywords: [Fecundity; Priacanthus macracanthus; Reproduction; Sex ratio; Spawning
season‘

INTRODUCTION

The Priacanthidae (commonly known as bigeyes) are tropical fish comprising 4
genera Cookeolus, Heteropriacanthus, Priacanthus, and Pristigenys. The Genus
Priacanthus consists of 12 species (Froese & Pauly, 2017) and Priacanthus macracanthus

Cuvier, 1829 is an [important species targeted by inshore fishers in Indonesia].
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The red bigeye, P. macracanthus, is widely distributed in the Indo-West Pacific, East
Indian region, southern and northern Japan, west coasts of Australia northward to
Andaman Sea, south to Australia and New Caledonia. Typically, red bigeyes inhabits
nearshore reefs (Starnes, 1999; Ramachandran & Varghese, 2009; Allen & Erdmann,

2012; White et al., 2013) where it is targeted by bottom gillnet fishers in Indonesia.

Priacanthus macracanthus supports [important fisheries bnd ldependent communities]ﬂ

in Indonesial It is used not only as marketed fresh but also in dried, salted, and as fish balls
(Starnes, 1999; Sivakami et al., 2003). fo products of red bigeyes e.g. surimi can be
utilized as an alternative feed material of animal protein in aquaculture KSaﬁtri et al.,
2016). lInformation on reproductive biology can assist with sustainable management of this
species.

The information of fish reproductive biology is one of the important parameters in

understanding sustainabilitye responses to existing fishing pressures (Lambert, 2008;

Lowerre-Barbieri et al., 2011). Some aspects of biology for red bigeyes have been

reported previously in several waters such as in India (Rao, 1983), demographic analysis in

Tungkang Waters-Taiwan (Liu et al., 1992), including feeding in Hongkong (Lester,
1968), parasitism in South China Sea (Lester & Watson, 1985), reproductive biology in
East China Sea (Oki & Tabeta, 1999) and north-eastern off Taiwan (Liu et al., 2001; Liu
et al., 2002). However, reproductive biology in Palabuhanratu Bay has never been
reported.

The objective of this study was to provide the information related reproductive
biology including length-weight relationship, sex ratio, sexual maturity stages, gonado
somatic index (GSI), size of oocytes, oocyte development based on histological
examination, fecundity, length at first maturity (Lm) and length at first captured (Lc) for

red bigeyes in Palabuhanratu Bay. It is expected that the results of this study can be used as
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baseline information and input parameters for the-further assessment of the stock in this

region.

MATERIALS AND METHODS

Samples of red bigeyes (419 specimens, 243 males and 176 females) were obtained
from the catch of local fishers including bottom gillnet and hand line in the Palabuhanratu
Bay (Figure 1). Random samples were collected each month from May 2016 to April 2017
at Palabuhanratu fishing port, southern Java island, Indonesia. Whole weight (to the
nearest 0.1 g) and total length (to the nearest 0.1 cm) were measured. Gonads were
removed and weighed to the nearest 0.01 g. Gonads were preserved in Guilson’s fluid for
further examination of fecundity and oocyte diameter.

Observation of biological aspects was conducted in Fishery Laboratory of

Palabuhanratu National Fishing Port. Observation—of fecundity measurements was

conducted in Laboratory of Fish Biology, Department of Aquatic Resources Management-
Bogor Agricultural University and Fish Biology Laboratory in Research Institute for
Marine Fisheries, Jakarta. Histological examination of ovaries was done in Histology
Laboratory, Installation of Ornamental Fish Cultivation, Depok.

Thirty five ovaries representing sexual maturity stage III and IV were selected to
confirm thomogeneity or heterogeneity bf the oocyte diameter and to estimate fecundity.
As much as 0.1 g of each ovary (the anterior, middle, and posterior) were placed in
sedgewick rafter cells for enumeration of oocytes. All oocytes were measured under
magnification of projector 10 X 10 to observe the oocytes diameter and 4 x 10 to
enumerate eggs. Histological examination followed (Mumford, 2007) with minor
modification. Ovaries were maintained in a 10% formalin solution for a minimum of 48
hours before processing. A total of 10 gonads were sectioned at 3 um thickness and stained

with haematoxylin and eosin.
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Length — weight relationship was depicted by

where : W is total body weight (g),

L is the total length (cm),

a and b are functional regression coefticients of ¥ and L (Sparre & Venema,
1998).

T-test was performed used-to test the null hypothesis that ‘b’ was isometric.
Sex ratio was presented as: (number of females)/(number of pooled sexes).

Write down in standard formula

Chi-square test used to identify differences between observed and expected values in
sex ratio.

Gonado somatic index (GSI) was calculated by

: GSI = (gonad weight/gutted body weight) X 102, .......ooooveiiieiiiiiiieen, 3)

Fecundity (F) was estimated from the equation:

Where : (number of oocytes stage 3 or 4 (0.1 g ovary in 1 ml diluent water) X ovary
weight preserved in Guilson’s fluid)/(0.1 g ovary’s sample).

The fecundity and length relationship was expressed by the allometric equation of

where a and b are estimated parameters .
The length at first capture (Lc) was estimated from,

Spest=1/(1+exXp (S1 =82 X L)), wovooooeooeoeeoeeeeeeee. (6)




where Lc=S/ S2; Srest is logistic curve;
S1 and S» are constants (Sparre & Venema, 1998). The Spearman-Karber method for
estimating the length at first maturity,

M= XK+ X2 - (XK EPA); oo @)

where m, logarithm of length at first maturity; xk, logarithm of the middle value of
the last class of 100% mature specimens; X, difference of logarithm of mean value; pi,

comparison of mature gonads per length class (Udupa, 1986).

Figure 1. Fishing ground (marked red) for the red bigeyes in Palabuhanratu Bay, West

Java, Indian Ocean.

RESULTS AND DISCUSSION
Results

Length-Weight Relation

Total length of male red bigeyes sampled varied from 13.5-32.5 cm, and total weight
varied between 42 and 532 g; and for females 15-31.5 cm TL with total weight 56-430 g.
The length-weight relationships were estimated to be: W = 6.92 x 102 x TL**” for males
(Figure 2a) and W = W = 5.36 x 10”2 x TL>*® for females (Figure 2b). Their type of growth

were negative allometric (each sex).



Figure 2. Length-weight relationships of red bigeye. (a) males, (b) females.

Sex Ratio

ion. The females ratio

varied seasonally and from all samples was 0.42 (176 / 419). The lowest sex ratio of

females was 0.22 in November 2016 and the highest in May 2016 at 0.64 (Figure 3).

- L TR

L

Figure 3. Monthly fluctuation in sex ratio of red bigeyes. Label numbers indicated total

number of sample.

[Based on sampling, the total number of males was dominant comparing to the

females, Furthermore the evaluation of the sex ratio with Chi-square showed that monthly

sex ratio were no significant different between males and females except during

September, October, November and December (See Appendix 1).

Gonad Maturity Stages

Both male and female, stage IV were found in every month. The males with the

highest stage IV obtained in July (50%) and January (56%) (Figure 4a) while the female

were in July (67%) and December (58%) (Figure 4b). It is estimated that the spawning

6
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season of red bigeyes occupy in May-April. The peaks of spawning occur around June/July
and December/January.

(a) Male (b) Female
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Figure 4. Percentage occurance of different stages of red bigeye’s gonades. (a) males, (b)
females.
Gonad Somatic Index (GSI)
The GSI average of males have two peaks were in July and March (2.54 and 1.56
respectively). The female also had bimodal in July and December (5.05 and 2.61 respectively)
(Figure 5). Gonado Somatic Index for male and female shows that spawning season happened

around July/August and December/January when GSI showed decreasingly after the peak value.

Figure 5. Monthly gonadosomatic index (GSI) of red bigeyes (data are means + standard
deviation).
Size of Oocytes
Oocytes dBiameter were measuredments based on ef-eeeytesfrom ovaries ef-with

maturity stages of III and stage-IV. The oocytes frequency distribution (Figure 6) shows

that each stage have one peak and two peaks pooled (both stages). This indicated that the

[
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distribution of oocytes consist of more than one group. The mode in-of stage 11l was about
0.3 mm, then: Fhis—modeprosressesshifted to 0.4 and 0.5 mm in Stage IV. This is
indicated that the spesies was chategorized as multiple spawner.
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Figure 6. Oocytes diameter of red bigeyes sampled between June 2016 and February 2017
Fecundity

Fecundity was estimated based on frem 35 ovaries with different oocytes frequency
distribution modes. Fecundity expressed as the number of oocytes with mainly diameter of

> 0.3 mm, and following equation (4) the estimation ranged from 28-28.700 (TL = 24.5

cm) to 806,900 (TL = 26 cm) with a mean of 236-230.000 + +78-178.000.

Oocyte Development
Development of oocytes for the red bigeye were determined based on histological
examination. Through its development can be estimated at least there are five stages of

sexual maturity as described below (Figure 7).



Figure 7. Histological examination of ovaries of the red bigeye. (I) & (II) Primary growth
oocytes, (IIT) Vitellogenesis, (IV) Post ovulatory, (V) Advanced; (a) Tissue of
Tunika albuginea, (b) Stage II oocyte, (c) Stage III oocyte, (d) Fully yolk
oocyte, (da) Atresia of fully yolk oocyte, (od) Coalescent stage oocytes with

lipid droplets combined into larger oil droplets.

Primary growth oocytes in stage I and II characterized by the development of
nucleolus. Stage III described by the occurrence of egg yolk deposition process,
characterized by the increasing volume of cytoplasm derived from exogenous vitelogenin
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that form the yolk into fully yolk oocyte. Stage IV characterized by coalescent phase of
oocytes with lipid droplets combined into larger oil droplets. Stage V depicted by atresia of

fully yolk oocyte.

Length at First Capture (Lc) and Length at First Maturity (Lm)
Estimation Lc value of bottom gill net was 22.4 cm TL (Figure 8) and the hook size
used for hand line were number 10-11 (information of local fishers) which the average size

of fish caught by hand line was 23.1 cm TL. While the Lm value was 21.9 cm TL (21.0,-

22.8cm TL).
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Figure 8. Length at first capture (Lc) of red bigeye from bottom gillnet fishery.

Discussion

This present study showed that length-weight relationship of males and females were
negative allometric which means increasing of length is faster than its weight. Several
studies on length-weight relationship of red bigeyes have been carried out elsewhere
including: the south China Sea (Lester & Watson, 1985), Guei-Shan Island (Joung & Chen,
1992), western region (Indonesia) (Pauly et al., 1996), west and east coast of Peninsular
Malaysia and coast of Sarawak (Ahmad et al., 2003), Beibu Gulf (Wang et al., 2011) and
southwestern Taiwan (Weng et al., 2017). Mostly those studies showed similar pattern of

length and weight relationships.
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The predicted spawning season of red bigeyes around June/July and
December/January. It was supporting by the macroscopic feature of ovary that indicated
mature ovaries appearing mostly in June/July and January/February, development of GSI
values from high to low occurred in July/August and December/January and measurements
of oocyte diameter revealed 1 or 2 modes from June to February, and that hydrated
oocytes were also found during this period. The spawning season were also corresponds to
Jabbar et al. (2017) which states that the recruitment of this species occurs in August-
September and February-March. It shown by the appearance of small fishes in September
that assumed they were 1+ month old.

The monthly changes sex ratio were no significant different between males and
females except during September, October, November and December. The sex ratio in
December also fit with the spawning season in this area.

Wu et al. (2012) revealed a relationship between sex ratio during spawning season
and fecundity. High fecundity’s species to have a low sex ratio during spawning e.g. the
white-tongued crevalle, Uraspis helvolus (Chiou & Chen, 1993). In contrast, low fecundity
species have high sex ratios in their spawning season, e.g. the notchedfin bream,
Nemipterus peronii (Wu et al., 2008), the Japanese butterfish, Psenopsis anomala (Wu et
al., 2012), and as shown in the present study.

The fecundity of red bigeyes in the present study was predicted from 28 700 to 806
900 which more than that in south-western Taiwan (110 000-320 000) (Liu et al., 1992),
east China Sea (70 000-230 000) (Oki & Tabeta, 1999), north-eastern Taiwan (70 000-200
000) (Liu et al., 2001) and that in southwestern Taiwan around 3 decades later (2 058-181
468) (Weng et al., 2017). This difference is thought to be related to water conditions and

food availability. Fecundity of fish will changes when the environment changes.
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[The length at first capture (Lc) this spesies caught by bottom gill net (22.4 cmTL)
and hand line (23.1 emTL) were bigger than length at first maturity (Lm) 21.9 c¢m, that
means mostly of red big eye capture already spawned at least once (Figure 9). I

About 51% of catch (by bottom gill net and hand line) were immature (Figure 9)
which the average length of mature fishes during sampling periode were around 22 cmTL.
This value is in accordance to the estimation of the Lm value 21.9 emTL. Lm values in
several areas were ranged 17-22 c¢cm for genus Priacanthus (Liu et al., 1992; Oki & Tabeta,
1999; Liu et al., 2001; Sivakami et al., 2001; Weng et al., 2017).

By comparing the values of both key management Lc and Lm, it seems that the mesh
size of bottom gillnet and the hook size of hand line quite safe for the red bigeye’s
resource. |

[Concluding, utilization of red bigeyes with consideration of fish size quota that
allowed to caught, season and also fishing area. For management policies may include
closing area during peak season June/July and December/January in the region of the
spawning area. It is not only to prevent capture of matured females, but also to keep the
larvae from the damage. Lc value is higher than Lm value for bottom gillnet and hand line
which means mostly of catch by those gears were in mature condition that had spawn once.
Monitoring of the bottom gillnet’s mesh size dan hand line’s hook size is needed and

determination of the individual size of fish caught to be above the Lm value|
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Figure 9. Lm and Lc value of red bigeye in bottom gillnet and hand line fisheries

[By comparing the values of both key management Lc and Lm, it seems that the mesh
size of bottom gillnet and the hook size of hand line quite safe for the red bigeye’s

resource. ‘

CONCLUSION

The increasing of the red bigeye’s body length in Palabuhanratu Bay was faster than
its weight while fecundity is low and sex ratio was mostly equal between males and
females. The spawning season have two peaks around June/July and December/January.
Lc value is bigger than Lm value for bottom gillnet and hand line which means mostly
caught fishes by those gear were in mature condition that had spawn once. Monitoring of
the bottom gillnet’s mesh size dan hand line’s hook size is necessary as well as the

necessity of closing season during peaks of spawning period.
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APPENDIX

Table 1. Sex ratio of red bigeyes in Palabuhanratu Bay during May 2016-April 2017
(pooled) by using Chi-square test

Months ~ Males Females Total 1 2
May 12 21 33 2.45
June 28 32 60 0.27
July 16 18 34 0.12
August 26 18 44 1.45
September 23 8 31 7.26 *
October 24 10 34 5.76 *
November 18 5 23 7.35 *
December 29 12 41 7.05 *
January 18 16 34 0.12
February 20 14 34 1.06
March 16 12 28 0.57
April 13 10 23 0.39
Pooled 243 176 419 10.71 *

* Significant at 5% level
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ABSTRACT

The reference data—point of reproductive biology have important roles fer—in developing a baseline
information for fishery management. Different waters will provide different overview of fisheries related to
its biological aspects. The red bigeye (Priacanthus macracanthus) is an—one of economically important
demersal fish species in Indonesia. To support the biological status of this species, a regular field observation
were carried out during May 2016 to April 2017 in Palabuhanratu bay, south of west Java. The objective of
this study is to estimate the spawning season and reproductive potency and also to evaluate how the key
management related to the species and selectivity of fishing gear. Numbers of Red-red bigeye (Priacanthus
macmcanthus) speumen was collected from bottom g1llnetter and hand lmer Measu%emeﬂ%&eﬁred—big%y%

Bd%l(, 1m‘ormdt10n rddtcd to length- chu_th bio- rcr)rodumon (mdtumv) were

collected regularly to dctcrmmc GSI, Fecundity and its impact of fishing (Lc, Lm) to evaluate the recent stok
status. The result showed sex—ratio—no significant differences between males and females except in
September to December. The growth pattern indicated negative allometric. The predicted of spawning
seasons were around June-July and December-January. Fecundity was estimated to be P301000 - 1781000‘
eggs. Key biological reference point were management-obtained i.c length at first maturity (Lm) value was
to be 21.9 cm TL which is smaller than length at first capture (Lc) 22.4 cm TL for bottom gill netter and
23.1 cm TL for average fishes caught by hand liner. Therefore it is recommended to [close the area during the
spawning period. In the case of catch, it is important jto pay-attentionapply the precautionary approach with
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INTRODUCTION

The Priacanthidae (commonly known as red bigeyes) are the tropical fish comprising
4 genera_i.e. Cookeolus, Heteropriacanthus, Priacanthus, and Pristigenys. The Genus
Priacanthus consists of 12 species (Froese & Pauly, 2017) and Priacanthus macracanthus
Cuvier, 1829 is an economically important demersal spesies targeted by inshore fishers in
Indonesia. which the trend of the annual landings generally not less than i800 tonnes

(DGCF-MMFA, 2016).

explanation on specific area to be closed (geographical reference) in
authors findings.
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The red bigeye, P. macracanthus, +s widely distributed in the Indo-West Pacific, East
Indian region, southern and northern Japan, west coasts of Australia northward to
Andaman Sea, south to Australia and New Caledonia. Typically, red bigeyes inhabits
nearshore reefs (Starnes, 1999; Ramachandran & Varghese, 2009; Allen & Erdmann,
2012; White et al., 2013) where it is targeted by bottom gillnet fishers in Indonesia.
Especially in Palabuhanratu, the red bigeyes were found more than 50% caught by the gear
(PPNP, 2015).

The benefits of this species are greatly felt by the Asian communities include
Indonesia. It is used not only as marketed fresh, in dried and salted but also preferable
species for surimi production and a potential source of natural antioxidant from fish skin
gelatin hydrolysate (Starnes, 1999; Sivakami et al, 2003; Phanturat et al., 2010).
Byproducts of lsolid waste of P. macracanthus surimi (such as .....) kan be utilized as

nutrition content in aquaculture alternative feed material (Safitri ef al., 2016).

Regarding lthe advantages, it is important to study the reproductive biology of this
species. Besides, the information of fish reproductive biology is one of the important
parameters in understanding sustainability responses to existing fishing pressures
(Lambert, 2008; Lowerre-Barbieri et al., 2011). Some aspects of biology for red bigeyes
have been reported previously in several waters such as in India (Rao, 1983), demographic
analysis in Tungkang Waters-Taiwan (Liu ez al., 1992), including feeding in Hongkong
(Lester, 1968), parasitism in South China Sea (Lester & Watson, 1985), reproductive
biology in East China Sea (Oki & Tabeta, 1999) and north-eastern off Taiwan (Liu et al.,
2001; Liu et al., 2002). However, reproductive biology in Palabuhanratu Bay has never

been reported.
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The objective of this study was to provide the information related reproductive
biology including length-weight relationship, sex ratio, sexual maturity stages, gonado
somatic index (GSI), size of oocytes, oocyte development based on histological
examination, fecundity, length at first maturity (Lm) and length at first captured (Lc) for
red bigeyes in Palabuhanratu Bay. It is expected that the results of this study can be used as
baseline information and input parameters for further assessment of the stock in this
region.

MATERIALS AND METHODS

Samples of red bigeyes (419 specimens, 243 males and 176 females) were obtained
from the caught of local fishers including bottom gillnet (84%) and hand line (16%) in the
Palabuhanratu Bay (Figure 1). Random samples were collected each month from May
2016 to April 2017 at Palabuhanratu fishing port, southern Java island, Indonesia. Whole
weight (to the nearest 0.1 g) and total length (to the nearest 0.1 cm) were measured.
Gonads were removed and weighed to the nearest 0.01 g. Gonads were preserved in

Guilson’s fluid for further examination of fecundity and oocyte diameter.

Figure 1. Fishing ground (marked red) for the red bigeyes in Palabuhanratu Bay, West

Java, Indian Ocean.



Observation of biological aspects was conducted in Fishery Laboratory of
Palabuhanratu National Fishing Port. Fecundity measurements was conducted in
Laboratory of Fish Biology, Department of Aquatic Resources Management-Bogor
Agricultural University and Fish Biology Laboratory in Research Institute for Marine
Fisheries, Jakarta. Histological examination of ovaries was done in Histology Laboratory,
Installation of Ornamental Fish Cultivation, Depok.

Thirty five ovaries representing sexual maturity stage III and IV were selected to
confirm the oocyte diameter and to estimate fecundity. As much as 0.1 g of each ovary (the
anterior, middle, and posterior) were placed in sedgewick rafter cells for enumeration of
oocytes. All oocytes were measured under magnification of projector 10 X 10 to observe
the oocytes diameter and 4 X 10 to enumerate eggs. Histological examination followed
(Mumford, 2007) with minor modification. Ovaries were maintained in a 10% formalin
solution for a minimum of 48 hours before processing. A total of 10 gonads were sectioned
at 3 um thickness and stained with haematoxylin and eosin.

Length — weight relationship was depicted by:

where: W is total body weight (g)
L is the total length (cm)
a and b are functional regression coefficients of W and L (Sparre & Venema,
1998).
T-test was performed to test the null hypothesis that ‘b’ was isometric.
Sex ratio was presented as:
S UFIY FAM oo )

where: F'is females, M is males
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Chi-square test used to identify differences between observed and expected values in
sex ratio.
Gonado somatic index (GSI) was calculated by:
GST= (W@/WE) X 107 ..ot e 3)
where: Wg is gonad weight (g)
Wt is gutted body weight (g)
Fecundity (F) was estimated from the equation_of (Reference??):
F=(G XX Qe “
where: G is ovary weight preserved in Guilson’s fluid
X is number of oocytes stage 3 or 4 (0.1 g ovary in 1 ml diluent water)
Qis 0.1 g ovary’s sample
The fecundity and length relationship was expressed by the allometric equation of

(reference ?7?)

where: L is the total length (cm)
a and b are estimated parameters
Sparre & Venema (1998) described the length at first capture (Lc) was estimated
from:
Srest =1/ (14 eXP (S1 =82 X L)) tueeniniitie e e (6)
where: Lc=S1/5
Siest is logistic curve;
S1and S are constants
The Spearman-Karber method for estimating the length at first maturity (Udupa,
1986):

1= XK A X/2 = (UK EPL) e el )



where: m is logarithm of length at first maturity
xk is logarithm of the middle value of the last class of 100% mature specimens
X is difference of logarithm of mean value
pi is comparison of mature gonads per length class

RESULTS AND DISCUSSION
Results

Length-Weight Relation

Total length of male red bigeyes sampled varied from 13.5-32.5 cm, and total weight
varied between 42 and 532 g; and for females 15-31.5 cm TL with total weight 56-430 g.
The length-weight relationships were estimated to be: W = 6.92 x 102 x TL**" for males
(Figure 2a) and W = 5.36 x 10" x TL?*® for females (Figure 2b). Their type of growth were

negative allometric (each sex).
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Figure 2. Length-weight relationships of red bigeye. (a) males, (b) females.
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Sex Ratio

Based on sampling, the total number of males was dominant comparing to the
females. The females ratio varied seasonally and from all samples was 0.42 (176 / 419).
The lowest sex ratio of females was 0.22 in November 2016 and the highest in May 2016

at 0.64 (Figure 3).
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Figure 3. Monthly fluctuation in sex ratio of red bigeyes. Label numbers indicated total

number of sample.

Furthermore the evaluation of the sex ratio with Chi-square showed that monthly sex
ratio were no significant different between males and females except during September,

October, November and December (See Appendix 1).

Gonad Maturity Stages

Both male and female, stage IV were found in every month. The males with the
highest stage IV obtained in July (50%) and January (56%) (Figure 4a) while the female
were in July (67%) and December (58%) (Figure 4b). It is estimated that the spawning
season of red bigeyes occupy in May-April. The peaks of spawning occur around June/July
and December/January.

(a) Male (b) Female
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Figure 4. Percentage occurance of different stages of red bigeye’s gonades. (a) males, (b)
females.
Gonad Somatic Index (GSI)
The GSI average of males have two peaks were in July and March (2.54 and 1.56
respectively). The female also had bimodal in July and December (5.05 and 2.61 respectively)
(Figure 5). Gonado Somatic Index for male and female shows that spawning season happened

around July/August and December/January when GSI showed decreasingly after the peak value.
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Figure 5. Monthly gonadosomatic index (GSI) of red bigeyes (data are means + standard
deviation).
Size of Oocytes

Oocytes diameter were measured based on frem-ovaries with maturity stages of 111
and IV. The oocytes frequency distribution (Figure 6) shows that each stage have one peak
and two peaks pooled (both stages). This indicated that the distribution of oocytes consist
of more than one group. The mode of stage III was about 0.3 mm, then shifted to 0.4 and

0.5 mm in Stage IV. This indicated that the spesies was chategorized [as multiple spawnerl.

|
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Figure 6. Oocytes diameter of red bigeyes sampled between June 2016 and February 2017
Fecundity

Fecundity was estimated based on 35 ovaries with different oocytes frequency
distribution modes. Fecundity expressed as the number of oocytes with diameter of > 0.3
mm, and following equation (4) the estimation ranged from 28,700 (TL = 24.5 c¢m) to

806,900 (TL =26 cm) with a mean of 230,000 + 178,000.

Oocyte Development
Development of oocytes for the red bigeye were determined based on histological
examination. Through its development can be estimated at least there are five stages of

sexual maturity as described below (Figure 7).



Figure 7. Histological examination of ovaries of the red bigeye. (I) & (II) Primary growth
oocytes, (IIT) Vitellogenesis, (IV) Post ovulatory, (V) Advanced; (a) Tissue of
Tunika albuginea, (b) Stage II oocyte, (c) Stage III oocyte, (d) Fully yolk
oocyte, (da) Atresia of fully yolk oocyte, (od) Coalescent stage oocytes with
lipid droplets combined into larger oil droplets.

Primary growth oocytes in stage I and II characterized by the development of
nucleolus. Stage III described by the occurrence of egg yolk deposition process,
characterized by the increasing volume of cytoplasm derived from exogenous vitelogenin

10



that form the yolk into fully yolk oocyte. Stage IV characterized by coalescent phase of
oocytes with lipid droplets combined into larger oil droplets. Stage V depicted by atresia of

fully yolk oocyte.

Length at First Capture (Lc) and Length at First Maturity (Lm)
Estimation Lc value of bottom gill net was 22.4 cm TL (Figure 8) and the hook size
used for hand line were number 10-11 (information of local fishers) which the average size

of fish caught by hand line was 23.1 cm TL. While the Lm value was 21.9 cm TL (21.0,-

22.8cm TL).
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Figure 8. Length at first capture (Lc) of red bigeye from bottom gillnet fishery.

Discussion

This present study showed that length-weight relationship of males and females were
negative allometric which means increasing of length is faster than its weight. Several
studies on length-weight relationship of red bigeyes have been carried out elsewhere
including: the south China Sea (Lester & Watson, 1985), Guei-Shan Island (Joung & Chen,
1992), western region (Indonesia) (Pauly et al., 1996), west and east coast of Peninsular
Malaysia and coast of Sarawak (Ahmad et al., 2003), Beibu Gulf (Wang et al., 2011) and
southwestern Taiwan (Weng et al., 2017). Mostly those studies showed similar pattern of

length and weight relationships.
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The predicted spawning season of red bigeyes around June/July and
December/January. It was supporting by the macroscopic features of ovary that indicated
mature ovaries appearing mostly in June/July and January/February, development of GSI
values from high to low occurred in July/August and December/January and measurements
of oocyte diameter revealed 1 or 2 modes from June to February, and that hydrated
oocytes were also found during this period. The spawning season were also corresponds to
Jabbar et al. (2017) which states that the recruitment of this species occurs in August-
September and February-March. It shown by the appearance of small fishes in September
that assumed they were 1+ month old.

The monthly changes sex ratio were no significant different between males and
females except during September, October, November and December. The sex ratio in
December also lﬁt with the spawning season Lin this area.

Wu et al. (2012) revealed a relationship between sex ratio during spawning season
and fecundity. High fecundity’s species to have a low sex ratio during spawning e.g. the
white-tongued crevalle, Uraspis helvolus (Chiou & Chen, 1993). In contrast, low fecundity
species have high sex ratios in their spawning season, e.g. the notchedfin bream,
Nemipterus peronii (Wu et al., 2008), the Japanese butterfish, Psenopsis anomala (Wu et
al., 2012), and as shown in the present study.

The fecundity of red bigeyes in the present study was predicted from 28.-700 to 806,
900 which more than that in south-western Taiwan (110.-000-320.-000) (Liu et al., 1992),
east China Sea (70,-000-230.-000) (Oki & Tabeta, 1999), north-eastern Taiwan (70.-000-
200.-000) (Liu et al., 2001) and that in southwestern Taiwan around 3 decades later (2,
058-181.-468) (Weng et al., 2017). This difference is thought to be related to water

conditions and food availability_as suggested by (reference ??). iFecundity of fish will

changes when the environment changes.‘
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Length at first maturity (Lm) values of the red bigeyes in Palabuhanratu was in
ranged 17-22 c¢cm for genus Priacanthus as shown in other areas (Liu et al., 1992; Oki &
Tabeta, 1999; Liu et al., 2001; Sivakami et al., 2001; Weng et al., 2017). |Size structure of
the red bigeye in this research from bottom gill net (56%) and hand line (25%) were under
the Lm Value.‘ The length at first capture (Lc) this spesies caught by bottom gill net and
hand line were 22.4 cmTL and 23.1 cmTL, respectively. Those values were higher than its
length at first maturity (Lm) 21.9 cm. It means the red bigeye were already spawned at

least once before caught by the fishing gear (Figure 9).
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Figure 9. Lm and Lc value of red bigeye in bottom gillnet and hand line fisheries

CONCLUSION

Ceneluding+tThe utilization of red bigeyes with consideration of fish size quota that
allowed to caught, season and also fishing area. For management policies may include
closing area during peaks of spawning season, June/July and December/January in the
region of the spawning area. It is not only to prevent capture of mature females, but also to
keep the larvae from the damage. Lc value is higher than Lm value for bottom gillnet and

hand line which means mostly of catch by those gears were in condition have spawn once.
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Continuous monitoring is required in relation to the bottom gillnet’s mesh size and hand
line’s hook size and determination of the individual size of fish caught to be above the Lm

value.
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Table 1. Sex ratio of red bigeyes in Palabuhanratu Bay during May 2016-April 2017
(pooled) by using Chi-square test

Months Males Females  Total L] 2
May 12 21 33 2.45
June 28 32 60 0.27
July 16 18 34 0.12
August 26 18 44 1.45
September 23 8 31 7.26 *
October 24 10 34 5.76 *
November 18 5 23 7.35 *
December 29 12 41 7.05 *
January 18 16 34 0.12
February 20 14 34 1.06
March 16 12 28 0.57
April 13 10 23 0.39
Pooled 243 176 419 10.71 *

* Significant at 5% level
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REPRODUCTIVE BIOLOGY OF THE RED BIGEYE
(Priacanthus macracanthus Cuvier, 1829) IN
PALABUHANRATU BAY, INDONESIA
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Nyoman Suyasa

Abstract

The reference point of reproductive biology play an important roles in developing a
baseline information for fishery management. Different waters will provide different
overview of fisheries related to its biological aspects. The red bigeye (Priacanthus
macracanthus) is one of economically important demersal fish species in Indonesia. To
support the biological status of this species, a regular field observation were carried out
during May 2016 to April 2017 in Palabuhanratu bay, south of West Java. The objective
of this study is to estimate the spawning season and potential reproductive stages
including to evaluate how the key management related to the species and its gear
selectivity. Numbers of red bigeye (Priacanthus macracanthus) specimen was collected
from bottom gillnetter and hand liner. Basic information related to length-weigth, bio-
reproduction (maturity) were collected regularly to determine GSI, Fecundity and its
impact of fishing (Lc, Lm) to evaluate the recent stock status. The result showed sex
ratio no significant differences between males and females except in September to
December. The growth pattern indicated negative allometric. The predicted of spawning
seasons were around June-July and December-January. Mean of fecundity was estimated
to be 230,000 + 178,000 eggs. Management keys were obtained i.e. length at first
maturity (Lm) value was to be 21.9 cm TL which is smaller than length at first capture
(Lc) 22.4 cm TL for bottom gill netter and 23.1 cm TL for average fishes caught by hand
liner. Therefore it is recommended to close the waters in the bay area during the
spawning period. In the case of catch, it is important to apply the precautionary
approach with emphasizes to the size of fish allowed to be captured more than the Lm
value (above 21.9 cm TL).
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Full Text:

PDF

References

Ahmad, A. T, Isa, M. M., Ismail, M. S., & Yusof, S. (2003). Status of demersal fishery
resources of Malaysia. 1120 Pp. In G. Silvestre, L. Garces, I. Stobutzki, M. Ahmed, R. A.
Valmonte-Santos, C. Luna, L. Lachica-Alino, P. Munro, V. Christensen, & D. Pauly (Eds.),
Assessment, management and future directions for coastal fisheries in Asian countries:
WorldFish Center.

Allen, G. R., & Erdmann, M. V. (2012). Reef fishes of the east Indies (Vol. 1). Perth:
Tropical reef research.

Bagenal, T. B. (1957). Annual variations in fish fecundity. Journal of the Marine Biological
Association of the United Kingdom, 36, 377-382.

Chiou, W. D., & Chen, C. T. (1993). Age and growth of the white-tongued crevalle,
Uraspis helvolus, in Suao coastal waters of northeastern Taiwan Zhejiang Haiyang
Xueyuan Xuebao Ziran Kexue Ban, 20(2), 125-134. [In Taiwan, with English abstract].

DGCF-MMFA. (2016). Directorate General of Capture Fisheries. Statistics of marine
capture fisheries production 2005-2015. Jakarta (ID): Ministry of Marine Affairs and
Fisheries Republic of Indonesia.

Effendie, M. I. (1992). Method of Fisheries Biology [In Indonesian]. Bogor: Yayasan
Agromedia.

Froese, R., & Pauly, D. (2017). Family Priacanthidae. World Wide Web electronic
publication. www.fishbase.org. Version (10/2017). Accessed 10 Apr. 2017.

Froese, R., & Pauly, D. (2018). The Spawning Table. World Wide Web electronic
publication. www.fishbase.org. Version (02/2018). Accessed 16 Mar. 2018.

Jabbar, M. A., Kamal, M. M., Boer, M., Suman, A., Suyasa, I. N., & Nurdin, E. (2017).
Population dynamics of the red bigeye (Priacanthus macracanthus Cuvier, 1829) (fish:
family Priacanthidae) in Palabuhanratu Bay, Indonesia. Aquaculture, Aquarium,
Conservation & Legislation: International Journal of the Bioflux Society, 10(5), 1198-
1209.

« iTher

nneake

CITATIONS (July, 2022)

Indices All
SCOPUS 79
SINTA 622
GOOGLE 630
SCHOLAR

o il
g =1 oy
e e n

b LIZURSILIF 514 TERL

&0 Jaumaual

Tamplohe


http://ejournal-balitbang.kkp.go.id/index.php/ifrj/user/register
http://ejournal-balitbang.kkp.go.id/index.php/index/user
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/user/profile
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/login/signOut
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/issue/archive
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search/authors
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search/titles
http://ejournal-balitbang.kkp.go.id/index.php/index
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/information/readers
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/information/authors
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/information/librarians
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=Arafura%20Sea
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=CPUE
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=Eastern%20Indian%20Ocean
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=Indian%20Ocean
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=Indonesia
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=Java%20Sea
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=abundance
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=artificial%20reefs
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=bigeye%20tuna
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=catch%20rate
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=density
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=distribution
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=fisheries
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=genetic
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=genetic%20variation
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=growth
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=longline
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=management
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=purse%20seine
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=reservoir
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search?subject=tuna
javascript:openHelp('http://ejournal-balitbang.kkp.go.id/index.php/ifrj/help')
http://ejournal-balitbang.kkp.go.id/index.php/iaj/index
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/index
https://e-journal.unair.ac.id/JIPK/index
https://ejournal.undip.ac.id/index.php/ijms
https://bit.ly/39MOr90
http://www.ithenticate.com/
https://www.scopus.com/results/results.uri?sort=plf-f&src=dm&nlo=&nlr=&nls=&sid=e1fb08e717deadc24d37f92500c6ad44&sot=a&sdt=cl&cluster=scoexactsrctitle%2c%22Indonesian+Fisheries+Research+Journal%22%2ct%2c%22Journal+Of+Indonesian+Fisheries+Research%22%2ct%2c%22Indonesian+Fisheries+Research+Journal+Ifrj%22%2ct&sl=37&s=Indonesian+Fisheries+Research+Journal&origin=resultslist&zone=leftSideBar&editSaveSearch=&txGid=819d368aac6eeed8716b2cda44948d48
https://sinta.ristekbrin.go.id/journals/detail?id=2758
https://scholar.google.co.id/citations?user=kuQ_XI4AAAAJ&hl=id
http://info.flagcounter.com/hCRy
https://bit.ly/3pCYmWx
https://bit.ly/3zihCNm
https://drive.google.com/file/d/0B9eMEW1qFKE8UlZTa1NBNWVtX0E/view
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/index
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about
http://ejournal-balitbang.kkp.go.id/index.php/index/user
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/search
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/issue/current
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/issue/archive
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/announcement
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about/editorialPolicies#focusAndScope
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about/editorialTeam
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about/editorialPolicies#custom-0
https://scholar.google.co.id/citations?hl=id&authuser=1&user=kuQ_XI4AAAAJ
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about/submissions#authorGuidelines
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/pages/view/indexing
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about/displayMembership/54
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/about/editorialPolicies#peerReviewProcess
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/index
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/issue/view/568
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/article/view/6618/0
http://ejournal-balitbang.kkp.go.id/index.php/ifrj/article/view/6618/5751

Joung, S. J., & Chen, C. T. (1992). Age and growth of the big eye Priacanthus
macracanthus from the surrounding water of Guei-Shan Island, Taiwan. Nippon Suisan
Gakkai Shi, 58(3), 481-488.

Lambert, Y. (2008). Why should we closely monitor fecundity in marine fish populations?
Journal of Northwest Atlantic Fisheries Science, 41, 93-106. doi:10.2960/1.v41.m628

Lester, R. J. G. (1968). Feeding of Priacanthus tayenus and P. macracanthus near
Hongkong. Publications of The Seto Marine Biological Laboratory, XVI(1), 1-6.

Lester, R. J. G., & Watson, R. A. (1985). Growth, mortality, parasitism, and potential
yields of two Priacanthus species in the South China Sea. Journal of Fish Biology, 27,
307-318.

Liu, K. M., Chen, C. T., & Joung, S. J. (1992). Some aspects on the fishery biology of big
eye Priacanthus macracanthus in the Tungkang waters, Southwestern Taiwan. Journal of
the Fisheries Society of Taiwan, 19(4), 251-262.

Liu, K. M., Hung, K. Y., & Chen, C. T. (2001). Reproductive biology of the big eye
Priacanthus macracanthus in the north-eastern waters off Taiwan. Fisheries Science, 67,
1008-1014.

Liu, K. M., Hung, K. Y., & Joung, S. J. (2002). Estimate of reproductive value of the big
eye Priacanthus macracanthus in the north-eastern waters off Taiwan. Fisheries Science,
68, 523-528.

Lowerre-Barbieri, S. K., Brown-Peterson, N. J., Murua, H., Tomkiewicz, J., Wyanski, D.
M., & Saborido-Rey, F. (2011a). Emerging issues and methodological advances in
fisheries reproductive biology. Marine and Coastal Fisheries : Dynamics, Management ,
and Ecosystem Science, 3(1), 32-51. doi:10.1080/19425120.2011.555725

Lowerre-Barbieri, S. K., Ganias, K., Saborido-Rey, F., Murua, H., & Hunter, J. R. (2011b).
Reproductive Timing in Marine Fishes: Variability, Temporal Scales, and Methods. Marine
and Coastal Fisheries, 3(1), 71-91. doi:10.1080/19425120.2011.556932

Mumford, S. (2007). Submitting samples and tissue processing. In: Fish histology and
histopathology. USFWS-NCTC.

Murua, H., & Saborido-Rey, F. (2003). Female reproductive strategies of marine fish
species of the North Atlantic. Journal of Northwest Atlantic Fishery Science, 33, 23-31.

Nandikeswari, R. (2016). Size at first maturity and maturity stages of Terapon puta
(Cuvier, 1829) from Pondicherry Coast, India. International Journal of Fisheries and
Aquatic Studies, 4(2), 452-454.

Oki, D., & Tabeta, O. (1999). Reproductive characteristics of big eye Priacanthus
macracanthus in the East China Sea. Fisheries Science, 65(6), 835-838.

Park, J. W., & Morrissey, M. T. (2000). Manufacturing of surimi from light muscle fish. In
J. W. Park (Ed.), Surimi and Surimi Seafood (pp. 23-58). New York: Marcel Dekker Inc.

Pauly, D., Cabanban, A., & Torres Jr, F. S. B. (1996). Fishery biology of 40 trawl-caught
teleosts of western Indonesia. Pp 135-216. In D. Pauly & P. Martosubroto (Eds.),
Baseline studies of biodiversity: The fish resource of western Indonesia.: ICLARM Studies
and Reviews 23.

Phanturat, P., Benjakul, S., Visessanguan, W., & Roytrakul, S. (2010). Use of pyloric
caeca extract from bigeye snapper (Priacanthus macracanthus) for the production of
gelatin hydrolysate with antioxidative activity. LWT - Food Science and Technology,
43(1), 86-97. doi:10.1016/j.Iwt.2009.06.010

PPNP. (2015). Pelabuhan Perikanan Nusantara Palabuhanratu. The Annual Statistical
Report of Palabuhanratu National Fishing Port 2014. Sukabumi [ID]: Palabuhanratu
National Fishing Port

Ramachandran, S., & Varghese, B. C. (2009). New record of arrowfin bigeye Priacanthus
sagittarius Starnes, 1988 (Pisces: Priacanthidae) from Indian waters with taxonomic
account. Journal of the Marine Biological Association of India, 51(2), 217-222.

Rao, T. A. (1983). On some aspects of biology of Priacanthus macracanthus (Cuvier).
Research Centre of Central Marine Fisheries Research Institute, Waltair. Pp 380-382.

Safitri, F. E., Arief, M., & Lamid, M. (2016). Red bigeye (Priacanthus macracanthus)
surimi solid waste chemical utilization of nutrition content as alternative fish feeding
materials Journal of Aquacuture and Fish Health, 5 (2), 1-10 [In Indonesian, with English
Abstract].

Sivakami, S., Vivekanandan, E., Raje, S. G., Shobha, J. K., & Rajkumar, U. (2003).
Lizardfishes, pomfrets and bullseye. Pp 141-157. In M. Joseph & A. Jayaprakash (Eds.),
Status of Exploited Marine Fishery Resources of India: ICAR

Sparre, P., & Venema, S. C. (1998). Introduction to tropical fish stock assessment, Part
I: Manual. Rome: FAO Fish. Tech. Pap. 306/1, Rev 2. 407 pp.

Starnes, W. C. (1999). Priacanthidae, Bigeyes. Pp 2590-2610. In K. E. Carpenter & V. H.
Niem (Eds.), FAO species identification guide for fishery purposes. The living marine
resources of the Western Central Pacific. Ref No [40512] Key No. [238] (Vol. 4). Rome:
FAO.

Sujatha, K., Shrikanya, K. V. L., & Iswarya Deepti, V. A. (2014). Species diversity and
some aspects of reproductive biology and life history of groupers (Pisces: Serranidae:
Epinephelinae) off the central eastern coast of India. Marine Biology Research, 11(1),
18-33. doi:10.1080/17451000.2014.949271

Tsikliras, A. C., Antonopoulou, E., & Stergiou, K. I. (2010). Spawning period of
Mediterranean marine fishes. Reviews in Fish Biology and Fisheries, 20(4), 499-538.
doi:10.1007/s11160-010-9158-6

Udupa, K. S. (1986). Statistical method of estimating the size at first maturity in fishes.
Vol 4.2. Pp 8-10. Metro Manila: ICLARM, Fishbyt.

Wang, X. H., Qiu, Y. S., Zhu, G. P,, Du, F. Y., Sun, D. R., & Huang, S. L. (2011). Technical
contribution: Length-weight relationships of 69 fish species in the Beibu Gulf, northern
South China Sea. Journal of Applied Ichthyology, 27(3), 959-961. doi:10.1111/j.1439-
0426.2010.01624.x

Weng, J. S., Huang, J. Z., Wu, C. C,, Liu, K. M., & Wu, L. J. (2017). Reproduction ecology
of the red bigeye, Priacanthus macracanthus, in the waters of southwestern Taiwan.
Journal of Taiwan Fisheries Research, 25(1), 1-13. [In Taiwan, with English abstract].

White, W. T., Last, P. R., Dharmadi, Faizah, R., Chodrijah, U., Prisantoso, B. I., . . .
Blaber, S. J. M. (2013). Market Fishes of Indonesia. ACIAR Monograph No. 155.
Canberra, 438 pp.

Wu, C. C., Su, W. C,, Liu, K. M., Weng, J. S., & Wu, L. J. (2012). Reproductive biology of
the Japanese butterfish, Psenopsis anomala, in the waters off southwestern Taiwan.
Journal of Applied Ichthyology, 28(2), 209-216. doi:10.1111/j.1439-0426.2011.01905.x

Wu, C. C., Weng, J. S, Liu, K. M., & Su, W. C. (2008). Reproductive biology of the
notchedfin threadfin bream, Nemipterus peronii (Nemipteridae), in waters of
southwestern Taiwan. Zoological Studies, 47(1), 103-113

grammarly


https://app.grammarly.com/

DOI: http://dx.doi.org/10.15578/ifrj.24.1.2018.25-36

Indonesian Fisheries Research Journal is licensed under a Creative Commons Attribution-
ShareAlike 4.0 International License.
View My Stats
p-ISSN 0853-8980
e-ISSN 2502-6569

WrlaCat B Myl
IEI Crossref sz liL SHERPA/ROMEO Logo
'i'l I .J google scholarnd_oaj o m—'

ARSI

e BN R

“ipLEE
C



http://dx.doi.org/10.15578/ifrj.24.1.2018.25-36
http://dx.doi.org/10.15578/ifrj.24.1.2018.25-36
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://www.statcounter.com/
http://statcounter.com/p10752033/?guest=1
http://u.lipi.go.id/1180432796
http://u.lipi.go.id/1456117983
http://www.worldcat.org/title/indonesian-fisheries-research-journal/oclc/985007934&referer=brief_results
https://search.crossref.org/?q=Indonesian+Fisheries+Research+Journal
https://scholar.google.co.id/citations?user=kuQ_XI4AAAAJ&hl=id
http://www.sherpa.ac.uk/romeo/search.php
http://isjd.pdii.lipi.go.id/
https://scholar.google.co.id/citations?user=kuQ_XI4AAAAJ&hl=id
https://doaj.org/toc/0853-8980?source=%7B%22query%22%3A%7B%22filtered%22%3A%7B%22filter%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22term%22%3A%7B%22index.issn.exact%22%3A%220853-8980%22%7D%7D%2C%7B%22term%22%3A%7B%22_type%22%3A%22article%22%7D%7D%5D%7D%7D%2C%22query%22%3A%7B%22match_all%22%3A%7B%7D%7D%7D%7D%2C%22from%22%3A0%2C%22size%22%3A100%7D
https://onesearch.lancaster-university.uk/primo-explore/fulldisplay?docid=44LAN_ALMA_DS51109357000001221&context=L&vid=LUL_VU1&lang=en_US&search_scope=LSCOP_44LAN_LANUL_LIB&adaptor=Local%20Search%20Engine&tab=books&query=any,contains,Indonesian%20Fisheries%20Research%20Journal&sortby=rank&offset=0
https://www.base-search.net/Search/Results?lookfor=Indonesian+Fisheries+Research+Journal&type=all&oaboost=1&ling=1&name=&thes=&refid=dcresen&newsearch=1
http://explore.bl.uk/primo_library/libweb/action/display.do?tabs=moreTab&ct=display&fn=search&doc=BLLSFX991042728039816&indx=1&recIds=BLLSFX991042728039816&recIdxs=0&elementId=0&renderMode=poppedOut&displayMode=full&frbrVersion=&frbg=&&vl(488279563UI0)=any&dscnt=0&scp.scps=scope%3A%28BLCONTENT%29&tb=t&vid=BLVU1&mode=Basic&srt=rank&tab=local_tab&dum=true&vl(freeText0)=Indonesian%20Fisheries%20Research%20Journal&dstmp=1520221258781
https://www.mendeley.com/research-papers/?query=Indonesian%20Fisheries%20Research%20Journal
http://sinta2.ristekdikti.go.id/journals/detail?id=2758
http://garuda.ristekdikti.go.id/journal/view/12948
https://app.dimensions.ai/discover/publication?search_text=Indonesian%20Fisheries%20Research%20Journal&search_type=kws&search_field=full_search&or_facet_journal=jour.1046450

