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The Strait of Bali: Assessment of the Habitat Type and Population Structure

| Nyoman Giri Putra* and | Dewa Nyoman Nurweda Putra

Faculty of Marine Science and Fisheries, Udayana University
Kampus Bukit Jimbaran, Badung-Bali, 80361, Indonesia
Email: nyomangiriputra@Qunud.ac.id

Abstract

The demands of marine organisms for the aquarium trade are remain high and seems continue to increase.
Consequently, many of marine organisms has been spread out from its natural habitat as in the case of endemic
Banggai cardinalfish, (Pterapogon kauderni). That has invaded “new” habitat since it being trade in 1995. In
recent years, a small populations of P. kauderni is known to be exist in a narrow bay near the Gilimanuk harbor,
Bali. An underwater visual fish census survey was conducted on June 2018 to estimate the habitat types and
densities of P. kauderni. Additionally, 23 specimens of P. kauderni were collected randomly in order to assess
biological parameters such as the length-weight relationship. We successfully recorded 30 groups of P. kauderni
that inhabit a shallow areas with a depth range between 0.5m to 2m. Of these, more than 90% of the groups
were found to be associated with sea urchin (Diadema sp.) while the rest were found to live together with
branching coral (Acropora sp.) and branching sponge (Ptylocaulis sp.). Total number of fish observed during the
survey were 381 individuals. The fish density is 0.76 individu.m=2. Length-weight relationship showed that P.
kauderni exhibit is negative allometry (b<3) which mean that the increase in length is faster than the weight gain.
Interestingly, from the 23 specimens collected, none of these were sexually mature (SL<41 mm) which may
indicated that the population of P. kauderni in Bali are under serious threats of exploitation.
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al.,, 2015; Albins and Hixon, 2008). In aquatic
systems, ballast-water transfer by ocean going

Introduction

The Banggai cardinalfish, Pterapogon
kauderni is an endemic species limited to the
Banggai Islands, Central Sulawesi. The limited
natural distribution of this species is thought to be
due to short pelagic larval phases and limited egg
production (Allen, 2000). Since being traded in an
aquarium in 1995, demand for P. kauderni
continuing to increase this species has been heavily
collected from the wild. Moreau and Lunn (2004)
revealed that approximately 118,000 Banggai
cardinalfish were sold on the market every month
due to the weakness of the trade monitoring system
of this species. Based on data from IUCN Red List,
the P. kauderni population is continue to decreased,
leading to calls for inclusion of this species as an
endangered species (Allen and Donaldson, 2007).
Another impact arising from aquarium trade is the
spread of marine biota beyond its natural habitat.

Introduction of marine species beyond its
natural distribution has been widely documented as
in macroalgae (Mineur et al., 2008), seagrasses
(Williams, 2007; Short et al., 2010), crustaceans
(Hanfling et al., 2011), and reef fishes (Butterfield et

vessels has been identified as a leading invasion
pathway (Carlton and Geller, 1993). Other factor that
has received little attention is the introduction of
ornamental species through aquarium trade
(Semmens et al., 2004; Weigle et al., 2005; Rhyne
et al., 2017). As one of the world's largest
ornamental fish exporting countries, Indonesia
exported about 1,284 fish species with the number
of more than 6 million individuals and 413 species
of invertebrates with the number of more than 1.8
million individuals (Rhyne et al., 2017).
Unfortunately, despite the growing number of
species exported, management trade of these
ornamental species are not regularly monitored
(Moreau and Lunn, 2004) and the frequency of fish
rejection remain high especially for village-based
fisheries (Militz et al., 2016). The release of any
rejected fish could leads to the introduction of
species beyond their natural distribution as in the
case of invasion of the P. kauderni in Lembeh Strait,
North Sulawesi (Erdmann and Vagelli, 2001); Luwuk,
Central Sulawesi (Vagelli and Erdmann, 2002); Palu
Bay, Central Sulawesi (Moore and Ndobe, 2007) and
Bali (Allen and Erdmann, 2012).

*) Corresponding author
© llmu Kelautan, UNDIP

ijjms.undip.ac.id
DOI: 10.14710/ik.ijms.24.1.15-22

Received : 07-12-2018
Accepted : 05-02-2019



ILMU KELAUTAN: Indonesian Journal of Marine Sciences March 2019 Vol 24(1):15-22

The introduction of alien species has a
serious impact on local species communities and
reduced biodiversity from over-exploitation (Albins
and Hixon, 2008). The introduction of carnivorous
fish generally has a negative impact on the
ecosystem because the fish are likely to prey on
local fish and invertebrates or become competitors
to local predators (Albins and Hixon, 2008). Other
impacts arising from the invasion of alien species
are changes in ecosystem functions (Hanfling et al.,
2011). But other studies suggest that invasions
could accelerating the material cycle and increasing
habitat availability (Thomsen, 2010). Although
studies of the mechanisms, impacts, and factors
that triggered the invasion have been studied quite
extensively, the invasion by endemic fish is seems to
be unusual and least information is known about it.

The endemic P. kauderni is known to have
invaded Bali Strait around the Secret Bay,
Gilimanuk. Secret Bay area is a narrow bay with a
depth of about 10 meters which is ecologically quite
unigue compare to other areas in Bali (Allen and
Erdmann, 2012). This region consist of various
ecosystem such as seagrasses, corals and
mangroves. Present data of the P. kauderni
population in Secret Bay are based only on a brief
survey conducted in 2012 that showed the number
of these species were 1,000 individuals and found
to be associated with sea urchins (Allen and
Erdmann, 2012). Naturaly, P. kauderni is known to
be associated with various biota such as sea
urchins, corals, sea stars, anemones, fishes and
mangroves (Vagelli and Erdmann, 2002). Since
being introduced, population of the P. kauderni in
Gilimanuk seem continuing to flourish even though

this species is regularly collected by the local
fisherman. Therefore, this study aimed to studying
invasion of the endemic Banggai Cardinal fish and
their population structure in the Bali Straits.

Materials and Methods

The underwater visual census fish surveys
were conducted during June 2018 in two sites,
geographically located on -8.16491 114.44025
(Site 1) and -8.16951, 114.44699 (Site 2) (Figure
1). At each site, transect was set in shallow water at
a depth between 0.5 m to 2 m. All transects were 50
meters long and it is assumed that the diver can
observe fish up to 5 meters along transect (2.5
meters to each side) (English et al., 1994). The
location of transect at each site was set in the main
areas of the P. kauderni identified by local
fishermen. At each site the following data were
recorded: the number of fish groups, the number of
fish in each groups, and the habitat types along
transect.

The regulation of the Ministry of Marine
Affairs and Fisheries Republic of Indonesia number
49/KEPMEN-KP/2018 protect P. kauderni around
their natural distribution in Banggai Islands. Based
on this regulation, the introduced population are not
protected yet, thus no special collection or research
permits were necessary during specimen collection
in Bali Strait. P. kauderni were collected randomly
from two sites around Secret Bay, Gilimanuk (Figure
1) with a small fyke net used by the local ornamental
fishermen. The specimens were preserved in 70%
alcohol for transportation and storage.
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Figure 1. Fish survey located at a semi-enclosed bay near the Gilimanuk Port, Bali
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Fish population density at each transect was
calculated using the formula (Odum, 1993): D :%
Where: D is the fish population density (ind.m2), n is
the number of individual and w is coverage area.
Length-weight relationship can be used to predict
weight at a given length. Mathematically, this
relationship is described by the formula (Ricker,
1973): W = a.L’. Where: W is the wet weight in
gram, “a” and “b” are the parameters of the function
and L is the standard length (SL) in millimeter. The
length frequency data was obtained by dividing the
sample length (SL) into some groups and then
calculating the number of individuals within the
groups.

Results and Discussions
Habitat types

P. kauderni in the Bali Strait was found in a
semi-enclosed bay near the Gilimanuk Port. The
bottom substrates of the bay were composed of
sands, coral rubbles, and rocks. During the survey,
we recorded that P. kauderni inhabiting a shallow
area with a depth range between 0.5-2 m. Previous
research also showed that P. kauderni was
commonly found in protected bays on a shallow area
(Allen, 2000). In addition, a comprehensive survey
conducted to determine the geographical
distribution of P. kauderni revealed that this species
was found at depth range between 0.5 m and 4.5 m,
with an average depth recorded of 1.66 m (Vagelli
and Erdmann, 2002). Thus, P. kauderni populations
in the Bali Strait seems to have a similar habitat
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characteristics compared to their natural habitat in
Banggai Islands although these newly established
population shows some interesting differences. In
Banggai Islands, P. kauderni was known to be
associated with several species of corals (Acropora
sp., Anacropora sp., Porites sp., Goniopora sp.,
Echinopora  horrida,  Heliofungia  actiniformis,
Montipora digitata, Seriotopora hystrix, and
Nephthea sp.); anemones (Actinodendron sp.,
Entacmaea quadricolor, Heteractis crispa,
Macrodactyla doreensis, Stichodactyla haddoni and
Stichodactyla merteensis); sea urchins (Diadema
setosum, Tripneustes sp.); sea stars (Proteaster
nodosus); hydrozoans (Millepora sp.); seagrasses
(Enhalus acoroides); and mangroves (Rhizophora
sp.) (Vagelli and Erdmann, 2002). Further, this
research also revealed that 44% of the P. kauderni
in Banggai was associated with branching corals. In
contrast to previous one, present study found that
more than 90% of the P. kauderni in Bali were
associated with sea urchin (Diadema sp.) (Figure 2.).
A different condition was observed in Palu Bay,
where this species occupies an area totally lacking
of Diadema sp. (Moore and Ndobe, 2007). In
addition, given the high number of associate species
of the P. kauderni in their natural geographic
distribution (Vagelli and Erdmann, 2002), population
in Bali Strait seem possessed a less associate
species. For instance, we recorded only four
associated species such as sea urchin (Diadema
sp), coral (Acropora sp.), sponge (Ptylocaulis sp.),
and cardinalfish (Apogonidae) (Figure 3.).

As a species with an extremely limited natural
distribution, P. kauderni have been succeed to
develop  outside their natural  geographic
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Figure 2. Current proportion of the association between P. kauderni and other biota such as sea urchin (1), coral (2), and

sponge (3)
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Figure 3. Association between P. kauderni and other biota such as sea urchin (A), branching coral (B), sponge (C), and

cardinalfish (indicated by a red circle) (D)

distribution, including Lembeh Strait, North Sulawesi
(Erdmann and Vagelli, 2001); Luwuk, Central
Sulawesi (Vagelli and Erdmann, 2002); and Palu
Bay, Central Sulawesi (Moore and Ndobe, 2007).
Those areas were possibly have a different
environmental condition compared to their natural
habitat but P. kauderni appears quite tolerant to
environmental changes and pollution (Vagelli and
Erdmann, 2002). For instance, this species have
been found inhabiting an area with a high risk of
contamination derived from the human activities
(Vagelli and Erdmann, 2002). On the other hand, a
small population of P. kauderni in the Palu Bay also
known to living in area with a low salinity level
compared to those in Banggai Islands (Moore and
Ndobe, 2007). Meanwhile, habitats of P. kauderni in
Bali Strait which is located near the Gilimanuk port
are potentially contaminated by the human
activities.

Densities and population structure

The underwater visual census fish surveys
showed that the number of group found in Site 1
was 20 groups with the number of individual per
group ranging from 3-133 individuals (Table 1.). The
total number of individuals found in this site were
344 individuals with a density of 1.4 individuals.m-=2.

In contrast, population size of P. kauderni at site 2 is
seems to be lower than the previous site. At this site,
we only found 10 groups with the number of
individual per group ranging from 2-6 individuals.
The total number of individuals were 36 individuals
with a density of 0.1 individuals mZ2 Overall, we
found 30 groups with the mean group size 12.7
individuals/groups and the average densities of
0.76 individuals m2 (Table 1).Within its natural
geographic range P. kauderni formed groups with a
mean of 21.28 individuals, although the majority of
them were composed of fewer individuals (Vagelli
and Erdmann, 2002). Meanwhile, an introduced
population of P. kauderni found in Lembeh Strait has
smaller average group size of 5.8 individuals
(Erdmann and Vagelli, 2001).

The number of individual between groups
recorded at this present study ranged from 2 - 133
individuals.groups?. An introduced population of P.
kauderni in Palu Bay also showed nearly similar
groups  size  that ranged from 2-200
individuals/groups (Moore and Ndobe, 2007) but
the native population in Banggai Islands has larger
group size that ranged from 2-500
individuals.groups? (Vagelli and Erdmann, 2002).
Thus, the introduced population including Bali Strait
populations were seem to characterized by a lower
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number of individual and group size compared to
native population in Banggai Islands. Further, the
density of Bali Strait population also lower than the
native population. For instance, the densities of P.
kauderni in Banggai Islands were ranged from 0.5-3
ind.m=2 (Yahya et al., 2012).

Alien population of P. kauderni in the Lembeh
Strait, Luwuk, Palu Bay, and Bali Strait may have
established since few years ago following trading
activities which have been started in 1995. The
release adult individuals fish from the holding cages
of an aquarium fish exporter should be consist of a
small number individuals and firstly, they have adapt
to their new environments. Therefore, those may
responsible for the lower number of fish, fish
density, and fish group size observed at the
introduced sites including Bali Strait. Collection of
this species by local fisherman might also contribute
to the lower number of individuals observed (Moore
and Ndobe, 2007; Yahya et al.,, 2012). Fishing
activities, degradation of microhabitat and collection
of the associate biota such as sea urchin and
anemone also cause a decline in P. kauderni
densities (Kasim et al., 2016).

The measurements of the length frequency
showed that P. kauderni in Bali can be categorized
into six length classes. The length were ranged from

Table 1. Population size and densities of P. kauderni in each sites

12.9 to 29.7 mm SL with majority classes were
found at length between 19.1-22.1 mm and
between 25.3 to 28.3 mm (Figure 4) while the latest
length classes (28.4-31.4 mm) contain the lowest
number of individual. The Length-weight relationship
equation of P. kauderni is W = 0.0002L 25269 with
the coefficient of determination value (R2) = 0.8778
(Figure 5). Thus, the value of b obtained from the
equation is 2.5269. The t-test at a significant level of
95% showed that the value of b< 3 (negative
allometry) which means that the increase in length is
faster than the weight gain.

The population of P. kauderni in the wild has
been decline about 89% since the start of the
aquarium fisheries (Allen and Donaldson, 2007).
Major threats for this species were came from
exploitation which has significantly decrease the
population size of P. kauderni (Yahya et al., 2012;
Kasim et al., 2016). Over exploitation might also
declining genetic diversity or in some cases totally
erase a subpopulation (Madduppa et al., 2018). P.
kauderni potentially vulnerable to those event since
this species occupied a restricted area and exhibit a
highly genetic structure which mean the majority of
the populations were genetically isolated from one
another (Bernardi and Vagelli, 2004; Hoffman et al.,
2005). Therefore, recently Ministry of Marine Affairs
and Fisheries Republic of Indonesia has been

No. Observed parameter Site 1 Site 2 Mean
1 Number of groups 20 10 15
2 Number of individual in each groups 3-133 2-6 12.7
3 Total number of individual recorded 344 36 190.5
4 Species density (ind./m2) 1.4 0.1 0.76
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Figure 4. Length frequency of P. kauderni collected in Bali Strait
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Figure 5. The Length Weight Relationship of P. kauderni in The Bali Strait

marked P. kauderni in Banggai Islands as protected
species through regulation number 49/KEPMEN-
KP/2018. Unfortunately, the regulation has not
included the introduced population even though the
later also exhibit major exploitation (Moore and
Ndobe, 2007). P. kauderni in Bali Strait may also
facing the same problem as the population mostly
consist of small individuals (<30 mm SL). This
population appears to be exploited, as medium sized
fish (30-40 mm SL), the size preferred by the trade,
were periodically rare. According to Vagelli &
Volpedo (2014), P. kauderni showing gonadal
maturity was at 41 mm SL. Thus, P. kauderni
collected in Bali Strait probably were not sexually
mature yet.

Conclusions

Invasion of the endemic species with a very
restricted distribution is a rare cases and interesting
subjects to study in relation to their ability to adapt
in the new environments. Here, we found that the
introduced P. kauderni in the Bali Straits possess
some interesting differences compare to their
natural population in the Banggai Islands regarding
to their habitat and population structure. P. kauderni
in the Bali Straits is highly associated with Diadema
(sea urchin). Interestingly, the population of
P.kauderni in the Bali Strait is characterized by low
individual number within group and the majority of
fishes recorded were a small fishes (<30 mm SL)
which may indicate this species are being heavily
exploited.
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