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Abstract. Greenback Mullets (Planiliza subviridis) are a commercial commodity and are fished daily in the Segara Anakan
Cilacap, although has not been overfished. Continuous and unregulated fishing might harm the Greenback Mullets population.
Therefore, sustainable fisheries of this species are still needed. Reproductive biology is among the essential aspect that supports
sustainable fisheries. This research aims to obtain information on the reproductive biology of Greenback Mullet in Segara
Anakan Cilacap. The research used a survey method with a purposive random sampling technique. The observed parameters
were the gonad maturity stage, gonad maturity index, and fecundity. The data were analyzed descriptively. The female
individuals have gonad maturity stages Il and IV, gonad maturity stage was 16.81+2.59 and 16.92+2.51, and fecundity was
37,208-183,661 and 38,468 - 272,835 in August and October, respectively. Conversely, male individuals have a low gonad
maturity stage and gonad maturity index. Based on the data, Greenback Mullets in the Segara Anakan estuary have maximum
gonad maturity stage, gonad maturity index, and fecundity in August and October, while in February they were in early gonadal
development. These data are essential for sustainable fisheries management in the Segara Anakan estuary Cilacap, Central
Java, especially for Planiliza subviridis.
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INTRODUCTION also a habitat for various fish species, including
Greenback Mullets (Suprastini et al.,, 2014:
Segara Anakan Cilacap is one of the estuary  Setijanto and Rukayah, 2017). Greenback mullets
ecosystems, which is the meeting place of several  (Planiliza subviridis) are among fish species that
rivers in the southwest of Central Java Province are highly tolerance to water quality changes,
(Yuniarti et al., 2018). This estuary resides in the including water salinity, and consume a wide
southern region of Cilacap Regency, Central Java, range of food items (Nuringtyas et al., 2019).
Indonesia (Rimadiyani et al., 2019; Kusbiyanto et  These fish species migrate to the ocean for
al., 2020). It is a semi-open estuary because it is  spawning and return to the estuary until the adult
separated from the Indian Ocean by stage is reached (Saha and Kabir, 2014).
Nusakambangan Island (Redjeki et al., 2020). Therefore, it is reasonable that Greenback Mullets
Segara Anakan estuary is connected to the open  could be found in the Segara Anakan estuary,
sea by two marine water inlets; an east opening Cilacap (Dawood et al., 2020, Suprastini et al.,
and a west opening at both tips of the 2014). Greenback Mullets are also reported to live
Nusakambangan Island (Rimadiyani et al., 2019).  in other coastal regions in the south and north of
At the same time, the middle areas of Segara Java Island (Herawati et al., 2020; Fitriah et al.,
Anakan are highly affected by freshwater from  2021; Ratnaningsih et al., 2021; Afiyatillah et al.,
several big rivers (Yuniarti et al., 2018). This 2022).

condition makes Segara Anakan estuary a unique Greenback Mullets have essential economic
ecosystem in terms of its water salinity (Winarni  value and are widely consumed by the public
et al., 2021). (Ratnaningsih et al., 2021). According to the

Segara Anakan Estuary is a spawning ground  Ministry of Marine Affairs and Fisheries Statistics
and nursery ground of various aquatic fauna (2019), in 2019, Mullet fish caught in Cilacap
(Nuryanto et al., 2017; Pratiwi and Sukardjo waters amounted to 94.7 tons, while in 2020, it
2018); Kusbiyanto et al., 2020). Moreover, it is  was 3.11 tons (Statistics of Capture Fisheries at the
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Cilacap Ocean Fisheries Port, 2020). It means that
the fishing rate of Mullet fish in Cilacap has not
exceeded the maximum limit according to the
Ministerial Decree of the Ministry of Marine
Affairs and Fisheries Republic of Indonesia No.
47 (2016). On the ministerial decree, the allowed
catch volume (JTB) for Mullet fish is 235.2 tons
per year.

In the case of the Segara Anakan estuary,
fishing for Greenback Mullets still needs serious
attention because the Segara Anakan estuary is
under  ecological  pressure  caused by
sedimentation from several big rivers and land
conversion (Yuniarti et al., 2018). Sedimentation
and other human activities have reduced the areas
of Segara Anakan from 4,000 ha become
approximately 2,200 in 2010. The size of the
Segara Anakan estuary is suggested getting
narrower than previously reported because high
rates of sedimentation are still occurring (Utami et
al., 2022).

The ecological pressure and fishing of
Greenback Mullets in the Segara Anakan estuary
might harm its population and might threaten the
sustainable fisheries of Greenback Mullets.
Sustainable fisheries of this mullet species are
needed to be supported by adequate scientific data,
including reproductive biology. The previous
study reported that reproduction is an essential fish
characteristic for sustainable fisheries and
conservation (Soborido-Rey and Trippel, 2013).
Reproductive characteristics of fish can be
assessed using several parameters, such as Gonad
Maturity Index (GMI), gonadal maturity stage
(GMS), and fecundity (Rahman et al., 2015;
Ratnaningsih et al., 2021; Susatyo et al., 2022).

Recent data about the reproductive biology of
Greenback Mullet from the Segara Anakan
estuary, Cilacap do not available. Previous studies
reported  reproductive  characteristics  of
Greenback Mullets. Those studies reported
different  reproductive characteristics  of P.
subviridis among regions (Fitriah et al., 2021;
Ratnaningsih et al., 2021). It is assumed that the
reproductive characteristics of Greenback Mullets
from the Segara Anakan estuary are also different
from such characteristics reported in previous
studies. However, this assumption must be proven
through research.

This study aims to evaluate the gonad somatic
stage, gonad somatic index, and fecundity of
Greenback Mullets (Planiliza subviridis) from
Segara Anakan Cilacap, Central Java, Indonesia.
The data are essential for fisheries management in
the Segara Anakan estuary, especially for
Greenback mullets.

METHODS

Sampling location and time

Greenback Mullet's samples were collected in
Karangsalam areas of the Segara Anakan estuary
Cilacap, Central Java. The geographic position of
the sampling sites was in the coordinates of
7°42'52.4"S and 108°56'09.2"E (Figure 1). Field
trips were carried out in August and October 2021
and February 2022. Fish sample identification and
reproductive characterization were carried out at
the Animal Taxonomy Laboratory Faculty of
Biology, Jenderal Soedirman University. These
steps were performed from March to June 2022.

ﬁ @) Karang Salam
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Segara Anakan Cilacap

Figure 1. Research Location Map Showing Sampling Site (Sources: Geospatial Information
Agency, Indonesian Sea Shapefile, Google Maps)
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Research Parameter

Three main parameters were observed during
the research to evaluate the reproductive
characteristics of Greenback Mullets (Planiliza
subviridis). These parameters were Gonad
Maturity Stage (GMS), the Gonad Maturity Index
(GMI), and fecundity. We measured also some
additional parameters, i.e., total body weight,
gonad weight, the weight of the gonad sample, and
the number of eggs in gonad samples.

Research procedures
Fish collection

Fish samples were collected at the selected
areas using gill nets that are commonly operated
by the fishermen in the Segara Anakan estuary
Cilacap (Figure 1). Sampling was carried out with
help of the local fishermen. The fresh samples
were directly placed in an ice box filled with ice
and transported to the laboratory. In the
laboratory, the samples were washed in running
water before the identification step.

Fish Identification

Taxonomic status is the most essential
information and the first step to be done before
other steps in biology and ecology research. In this
research, fish samples were identified by
comparing their morphological characteristic with
species characters in literature (White et al.,

2013). The validity of the species’ name was

checked in Eschemeyer’s Catalog of Fishes
(Fricke et al., 2022).

Body weight measurement and fish dissection

Fish body weight was measured before
dissection. The measurements were carried out
using an electric balance with an accuracy of 0.01
g. Afterward, each specimen was dissected using
a scalpel. Dissection procedures were as follow.
Dissection was started from the anus to the
anterior part of the body behind the operculum
following ventral areas of the abdomen. Next step,
dissection was continued from the anus to the
dorsal areas following the body cavity. Then the
scalpel was turnover to the anterior direction
following the dorsal region of the body cavity up
to the operculum. Finally, the flesh was cut off to
expose the gonads (Susatyo et al., 2022).

Gonad maturity stage measurement

The gonad maturity stage (GMS) of fish is
observed to know morphological changes of both
male and female gonads during reproductive
cycles. The changes were observed based on
naked-eye observation. The gonad maturity stages
of Greenback Mullets were determined based on
the male and female gonad characteristics as
described by Ahmad et al. (2018) (Table 1).

Table 1. Classification of Gonad Maturity Stage (GMS)

GMS  Female Male

I The ovaries are like threads, extending Testicles are like short threads visible at the
from the hind part to the anterior part of hind part of the body cavity and colorless.
the body cavity, colorless, and smooth
surface.

I The size of the ovary is larger than in The size of the testes is larger than GMS I.
GMS | with a yellowish color. Eggs are The color is white like milk. More
not yet clearly visible visually. prominence shape than GMS 1.

Il Ovaries are yellow. Eggs are visible to Testes become larger than GMS 11 with
the naked eye. creamy white and translucent. It breaks

easily when preserved.

v Have larger ovaries, eggs are yellow, and  The testes have a larger size than GMS 11l and
egg granules are visible and easily are milky white and solid which occupy most
separated from one granule to another. of the abdominal cavity.

Vv The ovary has thick walls and is Testes size becomes reduced, and testicles

wrinkled; residual eggs are located near
the release point. Lots of eggs like in
stage IlI.

become flattened and shrunk. Spermatozoa
are located close to the release point.

13



Sri Sukmaningrum, et al. / Biosaintifika 15 (1) (2023): 11-19

Gonad maturity index measurement

The gonad maturity index (GMI) describes the
proportion of gonads to body weight. Gonad
weight was also measured using an electric
balance with an accuracy of 0.01 g. The GMI of
Greenback Mullets from the Segara Anakan
estuary was estimated following the formula from
Flores et al. (2015).

GMI= G/W

Note:

GMI= Gonad maturity index

G  =gonad weight

W = Total body weight (includes gonad)

Fecundity estimation

The fecundity of Greenback Mullets was
calculated using the gravimetric method. A small
portion of the female gonads was taken and
weighed using electric balance to estimate fish
fecundity. The number of eggs in the gonad
samples were calculated manually. Fecundity was
estimated using the following formula after Islam
etal. (2012).

G
F=nx—

Note:

F: Fecundity (pcs)

n: Number of eggs in gonad sample
G: Weight of total gonad (g)

g: Weight of gonad sample (g)

Data Analysis

Data on the gonad maturity stage, gonad
maturity index, and fecundity were analyzed
descriptively by comparing gonad characteristics
of Greenback Mullet's samples with standard
characters in literature (Islam et al., 2012; Flores
etal., 2015; Ahmad et al., 2018).

RESULT AND DISCUSSION

Specimen number and description

This study used a total number of 99
Greenback Mullets samples consisting of male
and female individuals. The total body length of
the fish samples ranges from 13.58 to 30.34 cm.
Morphological observation proved that all the
samples have the following characteristics; dark
green dorsal, yellowish pectoral, white ventral, 4 -
5 spines with 8 - 9 soft rays in dorsal fins, and three
hard spines with nine soft rays in the anal fin.
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Planiliza subviridis has 4-5 dorsal spines, 8-9
dorsal rays, 3 anal spines. Additional
characteristics of this species are dark green
dorsally and white ventrally White et al. (2013)
and Froese & Pauly, 2022). The observed
characteristics of Greenback Mullets from the
Segara Anakan estuary were fit well with the
characteristics of Planiliza subviridis as described
in the literatures. Therefore, this study determined
that all mullet samples from the Segara Anakan
estuary were taxonomically identified as P.
subviridis (Figure 2). The validity check to
Eschemeyer’s Catalog of Fishes (Fricke et al.,
2022) proved that P. subviridis is the valid name.

Figure 2.

Morphological ~ appearance  of
Greenback Mullets, P. subviridis
(Valenciennes, 1836) from Segara
Anakan estuary.

Note: (1) Mouth, (2) Eye, (3) Dorsal fins, (4)
Caudal fin, (5) Anal fin, (6) Ventral fin, and (7)
Pectoral fin

Gonad maturity stage (GMS)

After dissection, 75 out of 99 individuals of
Greenback Mullet's samples were females. The
remaining 24 individuals were identified as male
(Table 2). Sexuality was determined based on the
gonad morphology.

Table 2. Number of female and male individuals
of Greenback Mullets with their GMS

Sampling  Female GMS Male GMS
period 1"l v i v
August

2021 8 29 2 -
October

2021 ! 23 i i
February

2022 & - 2 -
Total 23 52 24
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It could be observed in Table 2 that gonad
maturity was faster on female than male
individuals. It is shown by GMS IV that only
observed in female individuals during period
between August and October but none was
observed in male individuals. This finding was in
accordance to previous report that gonad
development in female individuals of fish is faster
than in male individuals (Parker et al., 2018)

Planiliza subviridis has ovaries fused
anteriorly. This type of ovaries was also reported
in wide range of fish species; such in Puntius
sarana (Ahmad et al.,, 2018), Schizothorax
plagiostomus (Pasha et al., 2016), and Squalius
platyceps (Krivokapic 2015). Moreover, similar
ovarium type was also reported in Pomadasys
stridens (Amtyaz et al., 2013). Therefore, the
ovarium of Greenback Mullets from the Segara
Anakan shows the general type of fish ovary.

Careful and detailed observation of the gonad
morphology of each Greenback Mullets (P.
subviridis) individual proved that 23 female
individuals had yellow ovaries with clearly visible
egg granules. Ovaries filled out about two-thirds
abdominal cavity. The remaining 52 female
individuals have ovaries with yellow color and
larger egg granules than the ovaries of the 23
female individuals (Figure 3). These gonads
morphology indicated that 23 individuals of the
female Greenback Mullets were in GMS |11, while
52 female individuals were in GMS IV stage.
These were because the gonad characteristics were
similar to characteristics of GMS Il and GMS IV
as described by Ahmad et al. (2018) that GMS 111
of female gonad fish is characterized by yellow
visible eggs, while GMS IV is characterized by
similar color ovaries with GMS 111 but has a larger
size than in GMS 1.

GMS III GMS IV

Figure 3. Morphology of female Greenback
Mullet ovaries on GMS I11 (left) and IV

(right)

According to the data in Table 2, most parts of
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the female individuals of Greenback Mullets from
Segara Anakan estuary had GMS 1V in August
and October 2021, while no female individuals
with GMS IV in February 2021. These phenomena
indicate that female individuals matured and
possibly spawn from August to October, while in
February the female individuals were suggested in
the early stages of gonadal development before the
next spawning season in April and May.
According to Djumanto et al. (2015), the spawning
season of Mullet species is between April to May
and September to October. However, it needs
further observation of Greenback Mullets from the
Segara Anakan estuary by collecting Greenback
Mullets monthly over the year.

The present result was similar to the previous
study that Greenback Mullets in the Cengkok
coastal waters of Banten also in GMS IV in
August. We could not make a further comparison
in the following month, such as October and
February because the previous study did not
collect samples in those two months (October and
February). However, we assumed that there were
different spawning times and periods between
Greenback Mullets in Segara Anakan and
Cengkok coastal waters because we observed a
high percentage of GMS IV both in August
(78.37%) and October (76.66%), while previous
study (Fitriah et al., 2021) observed maximum
GMS IV were occurred in July and become
significantly decreased in August. We suggested
Greenback Mullets in the Segara Anakan spawn
start in August to October, while from Cengkok
bay start earlier in July but possibly finished in
August. The difference in pawning times was also
suggested between Greenback Mullets from the
Segara Anakan estuary and the Northern coast of
Indramayu West Java (Ratnaningsih et al. 2021).
We did not observe female Greenback Mullets in
GMS 1V during sampling in February in the
Segara Anakan estuary, while Ratnaningsih et al.
(2021) found that most female Greenback Mullets
in Indramayu coastal waters were in GMS IV
February. These phenomena are assumed due to
differences in ecological parameters among
locations which need further clarification.

A careful observation proved that 24 male
individuals had white color and translucent gonads
but do not occupy most parts of the abdominal
cavity. These characteristics were similar to the
testes characters on GMS 111 described by Ahmad
et al. (2018). Therefore, this study determined that
most of the male individuals of Greenback Mullets
in Segara Anakan estuary were in GMS 111 (Figure
4).
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Figure 4. Morphology of Male Greenback
Mullet testes on GMS 111

According to the data in Table 2, two male
individuals of Greenback Mullets were in GMS I11
but no specimen was in GMS IV in August. In
October, none of the Greenback Mullets were
either in GMS Il or GMS IV was observed. These
phenomena might indicate that male Greenback
Mullets finished spawning in August and October.
All fished Greenback Mullets had GMS |11 during
sampling in February. This data become a strong
indication that males Greenback Mullets in Segara

Anakan estuary were in early gonadal
development during February. It was assumed that
male individuals will mature in March or April
and be ready to spawn during these two months.
Our assumption was made based on the result of a
previous study that mullet species spawn from
April to May and September to October
(Djumanto et al., 2015). We could not make a
comparison to the GMS of Greenback Mullets
from the Cengkok coastal waters because Fitriah
et al. (2021) did not collect samples in February.
Further compared to Ratnaningsih et al. (2021) we
found that there were differences in spawning time
between male individuals of Greenback Mullets
from Segara Anakan and Indramayu coastal
waters because we only observed GMS Il in
February, while Ratnaningsih et al. (2021)
reported that majority of male individuals of
Greenback Mullets from Indramayu coastal
waters were in GMS IV during February.

Gonad maturity index (GMI)

The other component of reproductive biology
is the gonad maturity index. The value of the
gonad maturity index of Greenback Mullet during
sampling in the Segara Anakan estuary is
presented in Table 3.

Table 3. Gonad Maturity Index (GMI) of Greenback Mullet

Year Month GMI (%) Average + Standard Deviation
Male Female Male Female

2021 August 10.27 - 10.93 11.58 - 19.79 10.60 £ 0.46 16.81 +2.59

October - 11.07 - 19.84 - 16.92 +2.51

2022 February 8.15-12.85 10.98 - 14.05 10.45+1.54 12.45+1.00

The results show that the gonad maturity index
(GMI) in the female Greenback Mullet is higher
than in male individuals (Table 3). The data
indicated that female individuals were mature first
and followed by male individuals (Parker et al.,
2018). The phenomena were also reported to occur
on the Golden Gray Mullet (Liza aurata) in the
Gulf of Gabes, Mediterranean, Tunisia
(Abdallah et al., 2013) and Greenback Mullet
(Planiliza subviridis) in Karangsong Coastal
Waters, Indramayu (Ratnaningsih et al., 2021).

According to the data in Table 3, it can be
assumed that the GMI of male and female
individuals is less than 25%. According to Ridho
(2021), GMI will be raised to maximum
proportion until spawning has occurred. The
spawning period occurred when GMI reach 25%
of body weight. Therefore, the observed GMI
values indicated that Greenback Mullets in the
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Segara Anakan estuary were not ready to spawn
during sampling times. The observed GMI values
support the GMS data that Greenback Mullets in
the Segara Anakan estuary are most probably
spawned from August to October because the
highest GMI values were observed since August.
However, the assumption needs to be strengthened
by adding data obtained in other months such as
June-July and September-November.
Nevertheless, the highest GMI values observed in
the current study were similar to the maximum
values observed in the same species from
southeast coast India (Rahman et al., 2015).

Fecundity

The fecundity of Greenback Mullet from the
Segara Anakan estuary calculated during the study
is presented in Table 4.
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Table 4. Fecundity of Greenback Mullet

Year Month Fecundity Average + Standard Deviation

2021 August 37.208 - 183.661 73.765 + 32.299
October 38.468 - 272.835 99.749 £ 50.773

2022 February 19.674 - 93.706 64.908 + 28.934

It can be seen in Table 4 that high fecundity
was observed in August and October, while in
February the fecundity was considerably lower
than in August and October. The value indicated
that some individuals almost spawned in both
August and October. The data strengthen previous
GMS and GMI data that Greenback Mullets in
Segara Anakan estuary most probably spawned
from August to October. This data indicated that
the spawning time of Greenback Mullets is
different among places (Rahman et al., 2015;
Fitriah et al., 2021; Ratnaningsih et al., 2021).
However, our result was similar to the report by
Djumanto et al. (2015), that the spawning season
of Mullet fish is between April to May and
September to October.

One of the important components in
reproductive biology is fecundity. It is essential
for estimating fish production, stock-recruitment,
and stock management (Qadriet al., 2015).
Therefore, the present results can be used as a
basis for policy makers in the Cilacap Regency to
make a regulation of Greenback Mullets fisheries
in the Segara Anakan estuary. Fishing activities of
Greenback Mullets (Planiliza subviridis) in the
Segara Anakan estuary should be restricted or
even prohibited from August to October and April
to May to ensure that the recruitment of
Greenback Mullets running and safe.

CONCLUSION

Based on the result and discussion, Greenback
Mullets, Planiliza subviridis in the Segara Anakan
estuary have maximum gonad maturity stage,
gonad maturity index, and fecundity in August and
October, while in February they were in early
gonadal development. These data are essential for
sustainable fisheries management in the Segara
Anakan estuary Cilacap, Central Java, especially
for Planiliza subviridis. This is the first study
about reproductive character of Greenback
Mullets (P. subviridis) in the Segara Anakan
estuary. However, the research was only covered
narrow areas of the estuary (Karangsalam) and
only short sampling periods. Further study with
broader areas covering all areas of the Segara
Anakan estuary and extending research periods
are still needed to obtain comprehensive
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information about reproductive
Greenback Mullets (P. subviridis).

biology of

ACKNOWLEDGEMENT

We would like to thank Universitas Jenderal
Soedirman for the funding through Competence
Improvement Research Scheme (RPK) 2021. We
appreciate Research and Community Services and
the Faculty of Biology of Universitas Jenderal
Soedirman for administrative support. We also
thank the fishermen for their help during the field
trips.

REFERENCES

Abdallah, C., Ghorbel, M., & Jarboui, O. (2013).
Reproductive biology of the Golden Grey
Mullet Liza aurata (Risso, 1810), in the Gulf of
Gabes (Central Mediterranean, Tunisia).
Mediterranean Marine Science, 14(2), 409-
415.

Afiyatillah, G., Sulistiono, Haryadi, S., Simanjuntak,
C. P. H,, Riani, E., Rostika, R., & Kleinertz, S.
(2022). Heavy metals (Hg, Cd, Pb, Cu) in
Greenback Mullets (Planiliza  subviridis
Valenciennes, 1836) from Bojonegara coastal
waters, Banten Bay, Indonesia. IImu Kelautan:
Indonesian Journal of Marine Sciences, 27(2),
169-180.

Ahmad, R. M., Basavaraja, N., & Romisa G. (2018).
Morphological and histological studies on the
reproductive system of Puntius sarana
(Hamilton, 1822) (Cyprinidae). Environment
Conservation Journal, 19(1&2), 93-102.

Amtyaz, Khan MA, Khan MZ, Hashmi UA. 2013.
Studies on gonadosomatic index and stages of
gonadal development of striped piggy fish,
Pomadasys stridens (Forsskal, 1775) (Family:
Pomadasyidae) of Karachi Coast, Pakistan.
Journal of Entomology and Zoology Studies,
1(5), 28-31.

Dawood, M. A. O., Mahmoud, S. G., Ali, A. S,
Mustafa, S., Asem, A. A., Elsayed, M. Y.,
Abdel, W. A. A. W., Hien, V. D., Adel, H. S,
Mohamed, A., Hany, M. R. A. L., & Sabreen,
E. F. (2020). Marine-derived chitosan
nanoparticles improved the intestinal histo-
morphometrical features in association with the



Sri Sukmaningrum, et al. / Biosaintifika 15 (1) (2023): 11-19

health and immune response of Grey Mullet
(Liza ramada). Marine Drugs, 18(611), 1-16.

Decree of the Ministry of Marine Affairs and
Fisheries Republic of Indonesia, No.47 in 2016
about the Estimation of Potential, Permitted
Amount of Catch, and Level of Utilization of
Fish Resources in the Fisheries Management
Avrea of the Republic of Indonesia.

Djumanto, Mike, G., & Eko, S. (2015). Dinamika
populasi ikan Belanak (Chelon subviridis)
(Valenciennes, 1836) di muara Sungai Opak,
Yogyakarta. Jurnal Iktiologi Indonesia, 15(1),
13-24.

Fitriah, N., Rahardjo, M. F., Affandi, R., Sulistiono.,
Wildan, D. M., & Simanjuntak, C. P. H. (2021).
Reproductive aspects of Greenback Mullet
(Planiliza subviridis) (Valenciennes, 1836) in
Cengkok coastal waters, Banten Bay Indonesia.
International Conference on Sustainable
Utilization of Natural Resources, 800(1), 1-14.

Flores, A., Wiff, R., & Diaz, E. (2015). Using
the gonadosomatic index to estimate the
maturity ogive: application to Chilean hake
(Merluccius gayi gayi). ICES Journal of
Marine Science, 72(2), 508 — 514.

Fricke, R., Eschmeyer, W. N. & Van der Laan, R.
(eds) (2022). Eschmeyer's Catalog of Fishes:
Genera, Species, References. http://
researcharchive.calacademy.org/research/ichth
yology/ catalog/fishcatmain.asp. Electronic
version accessed 14 10 2022

Froese, R., & Pauly, D. (2022). FishBase. World
Wide Web Electronic Publication.
www.fishbase.org. version (08/2021).
[Accessed on 1 January 2022].

Government Regulation of Indonesian Republic No.
22 in 2021 about Implementation of
Environmental Protection and Management.

Herawati, T., Wahyudewantoro, G., Andriani,
Y., Herawati, H., & Siregar, N. M. Y.
(2020). Fish diversity in the downstream
region of Cipanas River Indramayu, West
Java Indonesia. Zoo Indonesia, 29 (1), 29-
38.

Islam, M. R., Hossain, M.B., & Mondal, S.
(2012). Estimation of fecundity and
gonadosomatic index (GSI) of gangetic
whiting, Sillaginopsis panijus (Hamilton,
1822) from the Meghna River Estuary,
Bangladesh. World Applied Sciences
Journal, 17(10), 1253-1260.

Krivokapic M. 2015. Female reproductive cycle
phases (oogenesis) of white chub, Squalius

18

platyceps (Actinopterygii: Cyprinidae) from
Skadar Lake (Montenegro). International
Journal of Biosciences, 6(11), 9-18.

Kusbiyanto, Bhagawati, D., & Nuryanto, A. (2020).
DNA barcoding of crustacean larvae in Segara
Anakan, Cilacap, Central Java, Indonesia using
cytochrome c oxidase gene. Biodiversitas,
21(10), 4878-4887.

Ministry of Marine Affairs and Fisheries Statistics.
(2019). Produksi Perikanan Tangkap Laut.
statistik.kkp.go.id. [Accessed on 30 November
2021].

Nuringtyas, A.E., Larasati, A.P., Septiyan, F.,
Mulyana, 1., Israwati, W., Mourniaty, A.Z.A.,
Nainggolan, W., Suharti R., & Jabbar, M.A.
(2019). Aspek biologi ikan belanak (Mugil
cephalus) di perairan Teluk Banten. Bulletin
Jalanidhitah Sarva Jivitam, 1, 81-87.

Nuryanto, A., Hendro, P., & Sastranegara, M. H.
(2017). Molecular identification of fish larvae
from East Plawangan of Segara Anakan,
Cilacap, Central Java, Indonesia. Biosaintifika,
9(1), 33-40.

Parker, G. A., Steven, A. R., Jussi, L., & Jonathan,
M. H. (2018). The evolution of gonad
expenditure and gonadosomatic index (GSI) in
male and female broadcast-spawning
invertebrates.  Cambridge  Philosophical
Society, 93(1), 693-753.

Pasha, R. H., Taj, S., Irm, M., Anjum, M. Z., Khan,
M. A, Khan, I. A.,, & Qamar, M. F. (2016).
Seasonal morphological changes in the gonads
of  Schizothorax  plagiostomus  (Pisces:
Cypriinidae). Biologia, 62(2), 241-249.

Pratiwi, R., & Sukardjo, S. (2018). Effect of
rainfall on the population of shrimps
Penaeus monodon Fabricius in Segara
Anakan Lagoon, Central Java, Indonesia.
Biotropia, 25(3), 156-169.

Qadri, S., Tasadug, H. S., Balkhi, M. H., Bilal, A. B.,
Bhat, F. A., Najar, A. M., Oyas, A. A., Iram, F.,
& Syed, A. (2015). Absolute and relative
fecundity of Snow Trout (Schizothorax
curvifrons) (Heckel, 1838) in River Jhelum
(Jammu & Kashmir). Skuast Journal of
Research, 17(1), 54-57.

Rahman, M.A.U., Mohanchander, P., Lyla, P.S.,
Khan, S.A. (2015). Reproductive characteristics
of Greenback Mullet, Liza Subviridis
(Valenciennes, 1836) from Parangipettai
Waters (Southeast Coast of India). International
Journal of Pure and Applied Zoology, 3(3),
240-250.

Ratnaningsih, S., Sulistiono., Kamal, M. M., Dudi,


http://www.fishbase.org/
http://www.statistik.kkp.go.id/

Sri Sukmaningrum, et al. / Biosaintifika 15 (1) (2023): 11-19

M. W. & Ayu, E., 2021. Biologi reproduksi ikan
belanak (Planiliza subviridis) yang tertangkap
di perairan Pantai Karangsong, Indramayu,
Jawa Barat. Jurnal Teknologi Perikanan dan
Kelautan, 12(1), 61-72.

Redjeki, S., Hartati, R., Endrawati, H.,
Widianingsih, Nuraini, R. A. T., Riniatsih, .,
Agus, E. L., & Mahendrajaya, R. T. (2020).
Growth pattern and condition factor of
mangrove crab (Scylla tranquebarica) in
Segara Anakan Cilacap Regency. E3S Web of
Conferences, 147, 02005.

Ridho, M. R. (2021). Reproduction aspect of tiger
fish (Datnioides polota Hamilton) in Musi
River South Sumatera. IOP Conf. Series: Earth
and Environmental Science, 860, 012110.

Rimadiyani, W., Krisanti, M., & Sulistiono. (2019).
Macro zoobenthos community structure in the
Western Segara Anakan Lagoon, Central Java,
Indonesia. Biodiversitas 20 (6): 1588-1596

Saha, S. B., & Kabir, M. F. (2014). Breeding and
seed production of Green Back Mullet, Chelon
subviridis (Val. 1836). Bangladesh Journal of
Zoology, 42(1), 129-132.

Setijanto & Rukayah, S. (2016). Segara Anakan
lagoon (SAL): Fish biodiversity and the
ecological role. OmniAkuatika, 12(1), 13-21.

Soborido-Rey, F., & Trippel, E.A. (2013). Fish
reproduction and fisheries. Fisheries Research,
138, 1-4

Statistics of Capture Fisheries at the Cilacap Ocean
Fisheries Port., 2020. Laporan Statistik
Perikanan Tangkap Pelabuhan Perikanan

19

Samudera Cilacap.

Suprastini, Erwin, R. & Agus, N. (2014). Diversitas
dan distribusi ikan di Segara Anakan Cilacap.
Scripta Biologica, 1(2), 147-151.

Susatyo, P., Lestari, W., Sugiharto, & Chasanah, T.
(2022). Reproductive aspects of Javen barb fish,
Systomus orphoides in the initial domestication
program. Biodiversitas, 23(3), 1511-1519.

Utami, E., Eva, P., Rendy., Teguh, I., & Endah, P. I.
(2022). Pengembangan budidaya ikan Belanak
Belinyu (Mugil cephalus) di Kecamatan
Belinyu,  Kabupaten  Bangka.  Jurnal
Pengabdian Masyarakat Indonesia, 2(1), 67-
76.

White, W. T., Peter, R. L., Dharmadi., Ria, F., Umi,
C., Budi, I. P., John, J. P., Melody, P. &
Stephen, J. M. B., 2013. Market Fishes of
Indonesia. Australia: Australian Centre for
International Agricultural Research (ACIAR).

Winarni, E. T., Kusbiyanto, & Nuryanto, A. (2021).
Estimating crustacean species utilize Segara
Anakan Estuary Cilacap, Indonesia, as nursery
ground through DNA barcoding. Journal of
Hunan University Natural Science, 48(10),
275282

Yuniarti, lhsan, Y. N., Asdak, C., Dahiyat, Y.,
Kamarudin, M. K. A., Gasim, M. B., Yusra, A.
F. I., & Juahir, H. (2018). Impact sedimentation
to community structure macro zoobenthos in
Segara  Anakan lagoon. Journal  of
Fundamental and Applied Sciences, 10(1S),
565-579.



