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Abstract 
 

The Banggai Cardinalfish, Pterapogon kauderni, has been 
introduced and spread in Kendari Bay, Southeast Sulawesi. 
The purpose of this study is to estimate the current fish density 
and distribution of microhabitats in Kendari Bay. Observations 
of fish populations used the belt transect method at 5 
observation stations, with 4 replications per station. Overall 
fish density ranged from 82±10 individuals/100 m2 to 
1,509±583 individuals/100 m2. The fish choose to associate 
with micorohabitats such as Diadema sp. (69.1%), fire coral 
from the genus Millepora (16.4%), Sea anemone (10.7%), and 
seagrass (3.8%). P. kauderni was observed coexisting with 
other fish species in microhabitats such as around seagrass 
roots and corals, without showing significant aggressive 
behavior. Considering its ecological adaptations, P. kauderni is 
potentially suitable for aquaculture systems that combine 
multiple species. With the right domestication approach, this 
species has great potential for development in a sustainable 
ornamental aquaculture industry. 

 
 

INTRODUCTION 
The Banggai Cardinalfish (Pterapogon 

kauderni) is a group of marine ornamental 
fish from the Apogonidae Family, which is 
known in the international ornamental fish 
trade as Banggai Cardinal Fish (BCF). BCF is 
an endemic fish from the Banggai Islands, 
Central Sulawesi, with ‘endangered’ status 
by the IUCN (Ndobe et al., 2018). In its 
natural habitat, this fish can be found at a 
depth of 4 – 8 m, but is more dominant in 
shallow waters of less than 1.5 m and lives 
in association with schools of sea urchins 
(Arbi et al., 2022). This fish has a unique 
visual appearance that attracts the 

enthusiasm of foreign ornamental fish 
lovers, with a rising selling price up to 21-25 
USD (Artayasa et al., 2022). 

The high demand for BCF has driven 
overexploitation of its natural habitat in the 
Banggai Islands, causing its population to 
decline (Ndobe et al., 2023). In addition, 
several studies have reported that the fish 
has been intentionally introduced to several 
areas in Indonesia, such as the Lembeh Strait 
(Mogontha et al., 2020), Ambon (Huwae et 
al., 2019; Wibowo et al., 2019), Makassar 
(Moore et al., 2020), Bali (Putra and Putra, 
2019), and Kendari (Kusumawardhani et al., 
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2019; Subhan et al., 2022). This 
introduction activity can potentially cause a 
serious problem of invasion of BCF in the 
future if not mitigated properly. 

The invasive potential of BCF has been 
raised in previous studies. An early study on 
its invasive potential, in the Lembeh Strait, 
BCF has succeeded in becoming a permanent 
population after being released as many as 
664 individuals, with the presence of recruits 
of 475 juveniles within a span of one month 
(Erdmann and Vagelli, 2001). Another study 
was conducted in Gilimanuk-Bali, BCF was 
found at a depth of 0.5 – 2 m, a total of 381 
individuals were successfully observed with 
a density of 0.76 individuals/m2 (Putra and 
Putra, 2019). In nature, BCF has a relatively 
short reproductive cycle of 3 months, 
fecundity reaches 50 eggs per individual, but 
the seed survival rate reaches 95.23% 
(Pompon et al., 2019). High egg survival is 
closely related to the behavior of BCF, which 
cares for eggs in the mouth (mouth breeder). 
There is no pelagic larval phase, and the fish 
can spawn throughout the year after 
reaching adulthood at 3.4 cm (Ndobe et al., 
2017). In addition, BCF has poor camouflage 
behavior that uses sea urchins to protect 
itself from predators. 

In 2010, around 7,000-10,000 BCF 
were imported from the Banggai Islands, 
Central Sulawesi (Subhan et al., 2022). The 
fish were initially released around Kendari 
Bay, such as Sama Jaya Village and Bokori 
Island, and have since spread to ±20 km 
from the initial introduction location 
(Kusumawardhani et al., 2019). This 
introduction aimed to ease the fishermen, 
reducing the strenuous navigation across the 
fierce Banda Sea to get to the Banggai 
Islands for fishing and to meet the routine 
demand for small-scale ornamental fish. 
However, the COVID-19 pandemic between 
2020-2021 has caused many ornamental fish 
exporters in Kendari to stop operating, thus 
halting the fishing. This pause is expected to 
increase the BCF fish population in Kendari 
Bay, as no harvesting has been held for two 
years. 

The purpose of this study was to 
determine the population structure of P. 
kauderni in Kendari Bay waters in terms of 
density, size distribution, and microhabitat. 
The latest information on the distribution 
and population is very useful and needed as 
a reference in determining 
recommendations to the management 
authority, especially regarding the trade 
quota and management of BCF nationally. 
The results of this study provide information 
and basic data for further monitoring of the 
existence of BCF in Southeast Sulawesi. 
Furthermore, the scientific findings of this 
study may come as a valuable insight for 
future mitigation strategies for the potential 
invasiveness of BCF. Additionally, 
understanding the population structure and 
microhabitat preferences is also important to 
support domestication efforts for P. kauderni 
in the context of aquaculture development. 
The process of domestication can involve a 
variety of methods, including artificial feed, 
controlled spawning management, and a 
cultivation environment that resembles the 
animal’s natural environment. These efforts 
not only contribute to the sustainability of 
the ornamental fish trade but also serve as a 
conservation strategy to reduce pressure on 
wild populations. 
 
METHODOLOGY 
Ethical Approval 
 There were no animals harmed or 
improperly treated during this research. 
 
Place and Time 

The study was conducted around 
Kendari Bay, Southeast Sulawesi Province. 
Data collection was carried out in October – 
December 2024. The research location was 
divided into 5 observation stations. The 
selection of stations was based on 
information on the presence of BCF obtained 
from interviewing local fishermen, BCF 
entrepreneurs, and references from previous 
literature. The specific sampling locations 
are presented in Table 1. 
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Table 1.  Sampling locations and conditions of water substrates. 

Site Name Coordinate Subtrates Condition Latitude Longitude 
Waworaha 3o53’47.8’’ S 122o34’40.2’’ Seagrass bed, sandy  
Samajaya 3o55’31.6’’ S 122o39’06.4’’ Sandy, a lot of Urchin 
Bokori Island 3o56’20.1’’ S 122o39’37.6’’ Coral reef 
Mata 3o58’08.5’’ S 122o36’47.2’’ Rubble 
Tondonggeu 4o00’05.3’’ S 122o38’31.4’’ Coral reef 

 

 
Figure 1.  Map of data collection locations, red marks are fish survey points. 
 
Research Materials 

The study is an underwater survey 
activity using SCUBA (Self Contained 
Underwater Breathing Apparatus) 
equipment, Slate and underwater writing 
instruments, an underwater camera 
(Olympus TG-7, Japan), GPS (Garmin-
GPSMap 67, Japan), a roll meter (50 m tape 
meter), and a Rubber Boat. 

 
Research Design 

The data collection method used in 
this study is a quantitative descriptive 
method. A total of three locations were 
selected as sampling stations. The five 
locations were selected based on initial 
information obtained from various sources 
about the presence of BCF in the waters, 
especially from marine biota traders. In 
addition, the selection of locations was also 
based on initial observations conducted in a 

number of other locations suspected of 
containing the fish population. 

 
Work Procedure 

The fish observation process was 
carried out underwater with the help of 
SCUBA diving equipment. BCF observations 
were carried out using the Underwater 
Visual Census method by applying the 
modified Belt Transect method (Hill and 
Wilkinson, 2004) by drawing a 20-meter 
transect line parallel to the coastline. The 
BCF observation area was carried out at a 
radius of 2.5 m to the right and left of the 
transect line. So that the area of observation 
is 20 x 5 = 100 m2 for each transect. Then, 4 
repetitions of the transect were carried out 
with a gap of 10 m for each station. 
Schematically, a picture of the observation of 
BCF in one transect is presented in Figure 2. 
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Figure 2. Illustration of fish population observation using the Belt Transect method 

measuring 20 m x 5 m (Wibowo et al., 2019). 
 
Counting the number of Banggai 

cardinal fish by 2 divers to count fish on the 
left and right sides of the transect. To avoid 
bias against BCF recorded more than once, 
observers swam at a constant speed and 
were careful not to count the same fish or 
group of fish more than once (Hill and 
Wilkinson, 2004). In addition, framing was 
also carried out via video, so that it could be 
more detailed and minimize bias. 
Furthermore, divers also estimated the 

length of the fish directly. During the length 
estimation observation, BCF was classified 
into 3 body size groups (TL = Total Length), 
namely the juvenile group consisting of 
larvae (size <2 cm SL), juveniles (size 2-6 
cm TL), and adults (> 6 cm TL) (Arbi et al., 
2022). The method for determining fish 
body length follows the commonly used fish 
morphometric rules, as presented in Figure 
3. 

 

 
Figure 3.  Guideline for measuring fish body length (Standard Length, Fork Length, Total 

Length). 
 
Some of the data collected include 

habitat (coral reefs, seagrass beds, or others) 
and microhabitats (sea urchins, especially 
Diadema sp., hard corals, soft corals, sea 
anemones, sponges, seagrass vegetation, or 
others), abundance (individuals/m2), and 
individual size estimates. BCF microhabitat 
measurements were taken at the same 
location as BCF density measurements. 
Microhabitat data obtained in the study 
include the types of microhabitats used by 
BCF and the number of individuals or 
colonies of each available microhabitat. 

Furthermore, presented in tables and graphs 
and analyzed descriptively. 

Counting the number of BCF fish by 2 
divers to count fish on the left and right sides 
of the transect. Divers count the number of 
fish directly and the type of microhabitat 
they occupy. Observers swam at a constant 
speed and avoided counting the same fish or 
group of fish more than once to minimize 
bias against Banggai cardinal fish recorded 
more than once (Hill and Wilkinson, 2004). 
Additionally, framing was also carried out 
via video, allowing for more detailed 
analysis and minimizing bias. Some of the 
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data collected included habitat (coral reefs, 
seagrass beds, or others) and microhabitats 
(sea urchins, especially Diadema sp., hard 
corals, soft corals, sea anemones, sponges, 
seagrass vegetation, or others), abundance 
(number of individuals/m2), and estimation 
of individual size (TL = Total Length). 
Generally, BCF lives in association with 
colonies of sea urchins, sea anemones, 

branch corals, sponges, and other 
microhabitats. The determination of the 
type, number, and area of microhabitats was 
conducted on the same transect as the 
measurement of individual density. 
Microhabitat area measurement refers to the 
method of measuring coral colonies 
according to English et al. (1997) (Figure 4). 

 
Figure 4.  Micro-habitat area measurement method (English et al., 1997). 
 
Data Analysis 
 The density of Banggai cardinal fish in-
dividuals per unit area of observation was 
calculated based on the formula presented 
by Carlos et al. (2014): 
D =

c
A 

Description : 
D =Individual compactness or density (individ-

uals/100 m2) 
C  =Number of individuals counted in the tran-

sect 
A  =Area observed (100 m2) 

The difference in density levels at each 
observation location was then calculated us-
ing one-way analysis of variance (ANOVA) 
with the help of AnalyStat software. Further-
more, if the suspicion of a difference in the 
average density of each location is proven, it 
is continued with a significant difference test 
(Fisher’s LSD test). Furthermore, the micro-
habitat data obtained in the study include 
the type of microhabitat used by BCF and the 
number of individuals or colonies of each 
available microhabitat. Furthermore, it is 
presented in tables and graphs and analyzed 
descriptively. 
 
RESULTS AND DISCUSSIONS 

A total of 9,380 BCF individuals were 
counted during the study period. The 

location with the highest density was in 
Samajaya Village with a value of 1,509±583 
individuals/100 m2. The location with the 
lowest density was in Waworaha Village 
with a density of 82±10 individuals/100 m2. 
Other locations have BCF densities such as 
Bokori Island (357±172 individuals/100 
m2), Tondonggeu Village (307±44 
individuals/100 m2), and Mata Village 
(92±22 individuals/100 m2 (Figure 1 ).  

The high density of BCF on the coast of 
Samajaya Village is because this area is the 
initial introduction location in Kendari Bay. 
Overall, the average density value is in the 
range of 82-1,509 individuals/100 m2. As a 
comparison, the census results in the waters 
of the Banggai Islands obtained 4-30 
individuals/4,800 m2 (Vagelli, 2011), when 
compared to the density of fish in Kendari 
Bay is clearly less. This fish has also been 
introduced to Ambon Bay with a density of 
5-42 individuals/100 m2 (Huwae et al., 
2019). However, in some of the largest 
numbers of fish in one group that have ever 
been recorded, it can reach 500 individuals 
associated with Enhalus acoroides (Vagelli, 
2011). The behavior of BCF that live in 
groups in microhabitats, such as sea urchins, 
anemones, and branch corals, forms small 
groups with varying numbers. Generally, 
each group is composed of 1 – 6 individuals 
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with an appearance percentage of 60-80% (Arbi, 2022). 
 

 
Figure 5.  Average density (x±sd) of P. kauderni at each observation station. 
 
Table 2.  Results of the real difference test (Fisher’s LSD test) of density values based on 

observation location. 
 (1) Samajaya (2) Bokori (3) Tondonggeu (4) Mata (5) Waworaha 
(1) Samajaya -     
(2) Bokori 0.0091* -    
(3) Tondonggeu 0.0063* 0.5934 -   
(4) Mata 0.0028* 0.0223 0.0001* -  
(5) Waworaha 0.0027* 0.0189 0.00005* 0.4642 - 

Note :  The “*” shows significantly different values. 
 
The results of one-way analysis of 

variance (one-way-ANOVA, F(0.05;2;7) = 
3.0556) obtained a statistical probability 
value of P <0.05. Based on this value, the 
assumption that there is at least one average 
value of the samples from the five 
observation locations that is larger or smaller 
is true. Furthermore, based on the follow-up 
test or significant difference test (Fisher’s 
LSD test), the significant differences in the 
average samples of each observation station 
are presented in Table 2. The results of the 
significant difference test show a significant 

difference between the average BCF density 
in Samajaya Village and other stations, 
respectively (P1-2 = 0 0.009), (P1-3 = 
0.0063), (P1-4 = 0.028), (P1-5 = 0.0027). 
Furthermore, significant differences in BCF 
density are also shown at the locations of 
Mata Village and Waworaha Village against 
Tondonggeu Village (P3-4 = 0.0001) and 
(P3-5 = 0.0000). Meanwhile, in other areas, 
if the values are (P2-3, P2-4, P2-5, and P4-
5), the comparison of average density is not 
so significant. 

 

 
Figure 6.  Percentage of BCF density based on microhabitat types of sea urchin (Diadema 

sp.), fire coral, sea anemone, and seagrass. 
 

A microhabitat is a small or limited 
part of a larger habitat, and its nature is 

different from its surroundings. The BCF 
population found was at a depth of 4 – 7.5 
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m and was generally found at a depth of 5 
m. Most fish were found associated with sea 
urchins, Diadema sp. (69.1%), while others 

were associated with fire coral from the 
genus Millepora (16.4%), Sea anemone 
(10.7%), and seagrass (3.8%) (Figure 6). 

 

 
Figure 7.  Banggai Cardinalfish (BCF) is associated with several microhabitat variations in 

the waters of Bokori Island: (a) Sea urchin, Diadema sp., (b) Anemone, (c) Fire 
Coral, Millepora sp., and (d) seagrass, Enhalus acoroides. 

 
BCF are known to have minimal 

movement and poor camouflage methods, 
which make them very vulnerable to 
predators. Therefore, these fish utilize 
anemones, sea urchins, and branch corals as 
shelters as well as microhabitats. The BCF 
microhabitats found include anemones, fire 
corals, and sea urchins found at depths of 4-
7.5 m (Figure 7). Initially, P. kauderni were 
found in shallower waters of 1.5 – 2 m and 
lived in association with schools of sea 
urchins. The cleaning of sea urchins by the 
management of Bokori Island tourism for 
the safety of tourists caused the fish to move 
to other, deeper microhabitats. The highest 
concentration of fish was found in the 
anemone type, with a percentage of 10.17% 
of the total density. This finding is quite 
different from several previous studies, 
where sea urchins (Diadema setosum) have 
been known to be the most common species 
as a microhabitat for BCF (Carlos et al., 
2014; Huwae et al., 2019; Kusumawardhani 
et al., 2019; Moore et al., 2020; Ndobe et al., 
2019). As a comparison, observations in 
their original habitat in the Banggai Islands 
showed that the concentration of fish in the 
branching coral microhabitat reached 37-
44%, sea urchins 32-40% and 21-24% in 

anemones (Vagelli, 2011). Several BCF 
groups containing 6-104 individuals made 
minimal movements while taking shelter 
above the anemone. The type of anemone 
that is a microhabitat for BCF is Heteractis 
crispa, where the anemone also lives in 
association with the Amphiprion ocellaris 
fish, with 2-5 individuals. Another type of 
anemone is Entacmaea quadricolor, where 
there is an associated fish, Premnas 
biaculeatus, with 1-3 individuals. Although 
there are other fish associated with the 
anemone, BCF can live peacefully with the 
associated fish. 

Fire corals are the second most 
preferred microhabitat inhabited by BCF. 
Fire corals from the genus Millepora are 
known to have nematocyst cells, which are 
stinging cells commonly found in Hydrozoa 
animals, such as jellyfish (García-Arredondo 
et al., 2012; Radwan and Aboul-Dahab, 
2004). A recent study in the waters of 
Luwuk, Central Sulawesi, Hydrozoa from 
the type Cassiope adromeda are the main 
choice for the recruit and juvenile phases of 
BCF in this symbiotic relationship (Arbi and 
Faricha, 2021). Fire corals can be a 
comfortable area for shelter, although BCF 
must share space with other fish such as 
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Chrysiptera hemicyanea (Pomacentridae), 
Dascyllus aruanus (Pomacentridae), and 
Cheilodipterus isostigmus (Apogonidae). As 
far as observed, the BCF can coexist with 
these species. 

In terms of size distribution, small BCF 
or the larger recruit category (<2.5 cm TL 
(Total Length) are relatively more 
commonly found in sea urchin (Diadema 
sp.) microhabitats, with several parents (>5 
cm TL) found together with other juveniles. 
More mature fish tend to hover above the 
sea urchin, where smaller fish take shelter 
from predators. The hovering behavior of 
adult fish is to anticipate predators, and 
when one approaches, they will 
simultaneously take shelter in the gaps 
between the sea urchins. The types of 
predatory fish that often target young 
recruits and juveniles are the Scorpanidae, 
Serranidae, Cirrhitidae, and Labridae 
families (Kusumawardhani et al., 2019; 
Ndobe et al., 2013). 
 
CONCLUSION 

The population density of BCF in 
Kendari Bay and its surroundings can be 
categorized as quite high when compared to 
other areas in Indonesia. The distribution of 
larger fish body lengths is more dominant in 
the Diadema sp. Microhabitat, compared to 
other microhabitats such as fire coral and 
sea urchins. Overall, BCF can coexist with 
other species such as Amphiprion ocellaris, 
Premnas biaculeatus, Chrysiptera 
hemicyanea, Dascyllus aruanus, and 
Cheilodipterus isostigmus. The invasive 
potential of this animal has not been clearly 
seen because the fish can coexist with other 
types of fish without disturbing each other 
in the same or adjacent microhabitat. 
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