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ABSTRACT. Karimunjawa National Park provides substantial reef fish resources, leading to higher
market demand for reef fish production. This study aims to determine the diversity of reef fish, particularly
in regions where fishing boats dock, specifically in Legon Bajak Port, Kemujan Island, Karimunjawa
National Park, Jepara, Central Java. The findings of this investigation should enrich previous studies. The
study was conducted on the right and left sides of the Legon Bajak Port. The visual count of belt transects
was used to obtain data on reef fish. The study results obtained the number of reef fish at the Legon Bajak
Port was 2769 individuals/500 m? on the right and 1809 individuals/500 m? on the left side, representing
40 species, 26 genera, and 13 families. Istigobius rigilius had the largest density of individuals, with 233
individuals/500 m?. The fish diversity index (H') value on the right side of the Legon Bajak Port was 3.24,
which includes the high category, and on the left side was 2.89, which includes the medium category. The
dominance index (D) was between 0.05 and 0.06 (low), while the uniformity index (E) was between 0.74

and 0.83 (unstable in a stable community).
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INTRODUCTION

Karimunjawa National Park is one of the
national park conservation areas in Indonesia
encompassing five distinct ecosystems and a
diverse array of coral reefs (Kementerian
Kelautan dan Perikanan, 2021). Coral reefs are
ecosystems with a high level of diversity, owing
to the variety of habitats on coral reefs
(Messmer et al., 2011; Tyler et al., 2011).
These habitat variables contribute to the
diversity of fish found in coral reef ecosystems.

Sugianti & Mujiyanto (2013) previously
investigated the amount of reef fish diversity in
Karimunjawa in several places including Pulau
Kumbang, Pulau Burung, and Pulau Kecil. The
study's findings indicated that the amount of
reef fish diversity in the three locations was
moderate, as shown by the species diversity
index (H") value of 2463. The study discovered
59 species of reef fish belonging to ten families.
According to Yusuf (2013), coral reefs play a
critical function in the reef fish community in
Karimunjawa National Park. Coral reefs
provide protection against waves for a habitat,
a source of food, a breeding ground, and
process catalyzes recovery by recruiting

herbivores and larvae for marine life (Villanoy
etal., 2012; Duarte et al., 2020). This condition
triggers the number of reef fish to become
abundant and population growth.

The enormous potential of reef fish on
Karimunjawa Island increases market demand
for reef fish production. This situation leads to
various disturbances to reef fish populations. A
disturbance occurs due to an extensive and
irresponsible fishing attempt for marine
commodities. Shellfishing, cyanide and arsenic
poisoning, fish bombing, destructive fishing
gear, are frequently detrimental to current
fisheries and coral reefs in Indonesia reef
fisheries (Setiawan, 2013; Putra et al., 2015;
Yuliana et al., 2016). Additionally, activities
that may degrade other marine resources
include rock mining, underwater diving, anchor
mooring, oil runoff from ships or boats, and
conversion of mangrove forests to aquaculture
ponds or settlement (Sambali et al., 2014,
Johansen et al., 2017; Tynyakov et al., 2017;
Yusuf et al., 2017; Forrester, 2020). As a result,
aquatic resource sustainability is threatened,
particularly reef fish.

Copyright © 2021. The authors. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)


https://creativecommons.org/licenses/by/4.0/

Maulany & Kurniawan

A number of issues arising from previous
research exposes need the development of data
and information on reef fish resources in the
marine conservation area of Karimunjawa
National Park. This study aims to determine the
diversity of reef fish, particularly in regions
where fishing boats dock, specifically in Legon
Bajak Port, Kemujan Island, Karimunjawa
National Park, Jepara, Central Java. With the
requirement for reef fish biodiversity to be
sustained, data on reef fish diversity and status
become critical. The findings of this study are
relevant and applicable as an addition to and
complement to the policy of fisheries and
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conservation management strategies
implemented in Karimunjawa National Park.

MATERIALS AND METHODS

Study area. The research was conducted in
January-April 2021 at Legon Bajak Port on the
right-left side of the beach located in Kemujan
Village, Kemujan Island, Karimunjawa
National Park. Geographically, the location of
Legon Bajak Port on right side is located at
5°47'20.1"S, 110°28'32.6"E and Legon Bajak
Port on left side at 5°47'12.5"S, 110°28'35.8"E

(Fig. 1).
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Fig. 1. Research location of Legon Bajak Port (right-left side).

Data collection tools and techniques.
Reef fish data were collected using the visual
census technique-belt transect concurring to
English et al. (1997) at 250 m?on each side (50
m length and 5 m width). The depth to be
observed is 1-3 m above the transect line (Fig.
2). Groups of reef fish found, documented and
recorded species and numbers. The reef fish
groups were photographed with an underwater
camera, and the species and numbers were
recorded. Reef fish data were identified based
on identification guidelines for coral fish
species in Karimunjawa (Mulyadi, 2012) and

field guidelines for identifying coral fish and
marine invertebrates equipped with monitoring
methods by Setiawan (2010). Environmental
parameter data measured include temperature,
pH, DO, and salinity.

Data analysis. Determination of reef fish
species diversity was through ecological index
analysis. Ecological indices include the
Shannon diversity index (H'), Simpson's
dominance index (C), and the uniformity index

(E).
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Fig. 2. Research sampling design with visual census
technique-belt transect.

The diversity index is the balance of
diversity by dividing the number of individuals
of each species, the lowest value is obtained
when all individuals come from a genus or only
from one species, as formulated (Odum, 1953):

ni
G2
H' = _Z Nni
log(F)
Notes:
H' = diversity index

Ni = number of first individuals caught
N = total Number of individuals

The criteria for the diversity index (Krebs,
1989) are H' 1= low diversity; 1 < H'< 3=
medium diversity; H> 3= high diversity. The
uniformity index (E) shows a nearly uniform
and evenly distributed abundance between
species as follows (Odum, 1953):
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Notes:

E = uniformity index
H' = diversity index

S = number of types

The uniformity index value ranges from 0-
1. The uniformity index value based on Krebs
(1989) categorized are 0 < E 0.5 = community
is depressed; 0.5 <E 0.75 = unstable
community; 0.75 <E 1 = stable community. The
dominance index (C) describes the dominance
of an individual in an ecological community, as
formulated (Krebs, 1989):

. ni_,
H = 3G
Notes:
C = dominance index
Ni = number of individuals of the i-th species
N = number of individuals of all species

The dominance index value ranges from 0
- 1 with the following categories 0 < C < 0.5 =
low dominance; 0.5 < C 0.75 = moderate
dominance; 0.75 < C 1.0 = high dominance
(Krebs, 1989).

RESULTS AND DISCUSSION

Composition and abundance of reef fish
species. The location on the right and left sides
of Legon Bajak Port showed 13 families,
consisting of 40 species and 26 genera in 500
m? observation area (Fig. 3). A total of 13
families were found on the right side of the
Legon Bajak Port, including Apogonidae,
Engraulidae, Gobiidae, Labridae, Lutjanidae,
Monacanthidae, Nemipteridae, Pomacentridae,
Pseudochromidae,  Scaridae,  Serranidae,
Siganidae, and Syngnathidae, while at the
Legon Bajak Port on the left side were found 11
families, including Apogonidae, Gobiidae,
Labridae, Lutjanidae, Nemipteridae,
Pomacentridae, Pseudochromidae, Scaridae,
Serranidae, Siganidae, and Syngnathidae.
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Legon Bajak Port on left side
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Fig. 3. Number of reef fish families found at the study site.

A total of 15 species of Pomacentridae are
most frequently family found on the right side
of Legon Bajak Port, while on the both of side
of Legon Bajak Port, the three most frequently
found families are the Pomacentridae,
Labridae, and Gobiidae, which we will discuss
(Fig. 3). These fish have a territorial attitude
and will spend their lives on a coral reef.
Additionally, the Gobiidae family is frequently
found on coral reefs, as it feeds on large
invertebrates that are abundant on coral reefs.
Pomacentridae coral reefs are the most obvious
due to their prominence as a fish family in coral
reef ecosystems. It comprises several groups of
Anemonefish,  Humbugs, Pullers, and
Damselfishes whose existence is largely reliant
on the presence of coral reefs (Mulyadi, 2012).
Certain species lay their eggs on the coral reefs
guarded by male fish and incubate them on a
rocky bottom for two to seven days.
Pomacentridae comes in remarkable variety of
colours, and each one is unique (Souza et al.,
2011).

The Labridae family contains 70 genera
and over 150 species in Asia, however only 56
species are found in Karimunjawa National
Park (Parenti & Randall, 2011; Balai Taman
Nasional Karimunjawa, 2020). This fish is a
valuable commodity that is much sought after
by fishermen. It comes in a variety of shapes,
sizes, colors, and behaviors depending on the
species (Pambudi et al., 2019). The majority of
Labridae are sand burrowers, invertebrate
carnivores on coral reef bottoms and in the

water column, some are plankton eaters, while
others act as ectoparasites on larger fish
(Wickel et al., 2016; Tatom-Naecker &
Westneat, 2018; Ulfah et al., 2020; McEachran
& Fechhelm, 2021). The majority of the several
species of wrasses are capable of changing their
gender from male to female (hermaphrodite).
Wrasses spawn in pairs at dusk in groups led by
a brightly colored male and eggs are appearing
on the surface of the water where the mother is
not around to protect them. (Mulyadi, 2012;
McEachran & Fechhelm, 2021).

Gobiidae, commonly known as broomstick
fish (gobies), inhabit shallow waters and and
freshwater streams (Blom et al., 2016;
Muthiadin et al., 2020). Although very few
members of this family live on the bottom of the
water, several of the more frequent species are
found on coral reefs (Doll et al., 2021). Certain
species hide in sand holes with shrimp and crab
(Werding et al., 2016). This species of fish
reproduces by laying eggs in holes, under rocks,
or in abandoned clams, where males keep an
eye on the eggs until they hatch, and the larvae
swim freely in open water (Mulyadi, 2012;
Teichert et al., 2013). Although Gobiidae is
predicted to contain more than 2000 species as
the largest marine fish family, only five have
been detected in the Karimunjawa National
Park, which are spread throughout the park’s
waterways (Froese & Pauly, 2020; Balai Taman
Nasional Karimunjawa, 2020). Fig. 4 illustrates
the reef fish species and total number of
individuals in our study.
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Legon Bajak Port on left side

Cheilodipterus quinguelineatus
Ostorhinchus sealei
Amblygobius phalaena
Amblygobius stethophthalmus
Cryptocentrus cinctus
Istigobius rigilius
Valenciennea muralis
Choerodon anchorago
Halichoeres chloropterus
Halichoeres melanurus
Halichoeres papilionaceus
Hemigymnus melapterus
Lutjanus carponotatus
Acreichthys tomentosus
Pentapodus trivittatus
Scolopsis bilineata
Scolopsis margaritifera
Abudefduf septemfasciatus
Abudefduf sexfasciatus
Abudefduf vaigiensis
Amphiprion ocellaris
Chrysiptera brownriggii
Chrysiptera oxycephala
Dascyllus trimaculatus
Dischistodus chrysopoecilus
Dischistodus perspicillatus
Dischistodus prosopotaenia
Hemyglyphidodon plagiometopon
Pomacentrus chrysurus
Pomacentrus simsiang
Pomacentrus wardi
Stegastes leucostictus
Pseudochromis fuscus

Scarus quoyi
Scarus rivulatus

Epinephelus areolatus
Epinephelus merra
Siganus virgatus

0 50 100 150 200 250

Corythoichthys intestinalis

0 50 100 150 200

Number of individuals/700 m?

Fig. 4. Reef fish species found in Legon Bajak Port on the right-left sides.

The study identified 15 species belonging
to the Pomacentridae family, including
Abudefduf septemfasciatus, Abudefduf
sexfasciatus, Abudefduf vaigiensis, Amphiprion
ocellaris, Chrysiptera brownriggii,
Chrysiptera oxycephala, Dascyllus
trimaculatus, Dischistodus chrysopoecilus,
Dischistodus  perspicillatus,  Dischistodus
prosopotaenia, Hemyglyphidodon
plagiometopon,  Pomacentrus  chrysurus,
Pomacentrus simsiang, Pomacentrus wardi,
and Stegastes leucostictus. A total of five reef
fish species in Labridae family including
Choerodon anchorago, Halichoeres
chloropterus, Halichoeres melanurus,

Halichoeres papilionaceus, and Hemigymnus
melapterus. While Amblygobius phalaena,
Amblygobius stethophthalmus, Cryptocentrus
cinctus, Istigobius rigilius, and Valenciennea
muralis were discovered in the family
Gobiidae.

The most significant number of individuals
along the right side of the Legon Bajak Port
were Istigobius rigiliusas many as 233
individuals/250 m? and Valenciennea muralis
as much as 209 individuals/250 m?. The most
numerous species on the left in the Legon Bajak
Portis Istigobius rigilius, with 181
individuals/250 m? (Fig. 4). Both fish are
included in the family  Gobiidae.



Maulany & Kurniawan

The location that impacts the existence of these
fish is the sand substrate as a shelter for
Gobiidae  fish  from  predators. The
Pomacentridae family has 1152 individuals per
250 m? on the right side of the Legon Bajak
Port, but only 409 individuals per 250 m?on the
left side. Pomacentridae is the most abundant
family of fish found at Legon Bajak Port as
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coral reef habitats. Hence it is a resident species
with territorial behavior that rarely travels more
than a few miles from its food source and
habitat.

Reef fish ecological index value. Fig. 5
illustrates the diversity, homogeneity, and
dominance indexes of reef fish at the Legon
Bajak Port on the right and left side.
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Dominance index

Legon Bajak Port

H Right side ® Left side

Fig. 5. The ecological index of reef fish at the study site.

The diversity index of reef fish obtained at
the Legon Bajak Port on the right side is 3.24.
(Fig. 5). In general, the value of the reef fish
diversity index is in the high range. The waters
on the location have a favorable environment.
There is less pressure from the natural
environment in which creatures live and human
activity, resulting in a high variety index. A
high diversity score denotes a secure and
comfortable atmosphere and vice versa. The
diversity index value at the Legon Bajak Port
on the left is 2.89, which is considered medium.
Assuming the index value is 1<H'< 3, the area
has a moderate degree of diversity. Numerous
factors could account for the difference in the
diversity index score, including the low live
coral cover at the observation site, as the
majority of reef fish rely on coral reef substrates
for shelter and food. The uniformity index
quantifies whether or not the number of
individual species is distributed uniformly. On

the right side, the homogeneity index at the
Legon Bajak Port is 0.84, which is stable. This
demonstrates that the species found at the
observation site are more evenly distributed, as
there are no dominant species. The dominance
index value calculated for the right side of the
Legon Bajak Port is 0.05, indicating that the
diversity index value is inversely proportional
to the dominance index value in areas with a
high diversity index value. It can be determined
that the reef fish dominance at Legon Bajak
Port is minimal. This suggests that a species
does not dominate the amount of fish, and so is
difficult to observe due to the even dispersion
of fish.

Environmental quality conditions.
Physical-chemical environmental parameters
were measured during the study at the Legon
Bajak Port on the right-left side including water
surface temperature, water pH, and salinity as
shown in Fig. 6.
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Fig. 6. The environmetal parameter of reef fish at the study site.

It is critical to understand the physical and
chemical qualities of waterways since they will
affect the lives of aquatic biota directly or
indirectly. Temperature and salinity are two
physical and chemical elements that might
affect the growth of reef fish. The temperature
value at each observation location is 32°C,
based on the measurement findings (Fig. 6).
This number falls within the range typically
required by reef-dwelling fish. A temperature
range optimal for fish survival is between 25°C
to 32°C, generally found in tropical regions
such as Indonesia. The Legon Bajak Port on the
left side has a salinity range and pH of 31.7%
and 8.3, respectively. On the other hand, the
right side is 32% and 8.26. This salinity and pH
value is still classified as normal. Generally,
marine and coastal waters have a more stable
pH, typically ranging between 7.6 and 8.3,
indicating alkaline. The majority of aquatic
biotas prefer pH values between 7-8.5. In line
with Franco & dos Santos (2018), that the
salinity, temperature, and pH of the water
suggest the potential for reef fish to assemble,
since they could be benefited by tropical
conditions' warm waters and normal salinity.
Surprisingly, Istigobius rigilius was the most
abudant species at Ashmore Reef, Australia's
North-west Shelf (Edgar et al., 2017).
Additionally, Ashmore reefs are reported to
have warm sea surface temperatures ranging
from 25°C to 30.2°C (Wilson, 2014) and
salinity values comparable to those in Legon
Bajak Port, Karimunjawa National Park.
Located only 120 km from Rote Island, East
Nusa Tenggara, Ashmore Reef's proximity to

the Indonesian archipelago contributes to the
Ashmore reef's rich diversity of species, one of
which being Istigobius rigilius. The dissolved
oxygen measurement on the right side indicated
an oxygen concentration of 8 mg/l, while on the
left indicated a concentration of 5 mg/l. The
observed dissolved oxygen value is factored
into the study site's standard criteria for reef fish
survival. Reef fish requires dissolved oxygen
for various functions, including respiration,
metabolic processes, and oxidation of organic
and inorganic elements.

Marine biota, particularly reef fish, may
sustain certain environmental factors in Legon
Bajak Port. Regardless of the ecological index
and environmental parameters in the waters
surrounding Karimunjawa National Park, it
would be preferable if activities that disrupt
reef fish populations could be minimized
through proper maintenance activities that can
be accomplished through the synergy of
government and local community.

CONCLUSION

The abundance of fish at the Legon Bajak
Port is 2769 individuals/500 m? on the right and
1809 individuals/500 m? on the left,
representing 40 species, 26 genera, and 13
families. On the right, the diversity index value
(H") is 3.24, which is in the high category, while
on the left, it is 2.89, which is in the medium
category. The right side has a stable uniformity
index of 0.84, whereas the left side has a
uniformity rating of 0.74, which is unstable.
The dominance index value is between 0.05 and
0.06, which is considered modest.
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