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The Banggai cardinalfish Pterapogon kauderni is the Indonesian national marine ornamental fish mascot, and an 
object of national and international conservation concern. The endemic population of this species is limited to 
the Banggai Archipelago in Central Sulawesi, Indonesia and a few nearby islands in North Maluku. In addition, 
introduced populations have become established, mainly along ornamental fish trade routes. The National 
Action Plan for Banggai Cardinalfish Conservation (NAP-BCFC) calls for monitoring and management of all P. 
kauderni populations. A survey of the Luwuk introduced P. kauderni population was carried out in October 2021.   
Data were collected at three sites with established P. kauderni populations: the ferry harbour, public harbour 
(Teluk Lalong) and a recreational area on the nearby coast (Kilo 5). P. kauderni were recorded by microhabitat 
association and size class (recruits, juveniles, adults). Data collected were compared with data from previous 
surveys where available. With the exception of one group in a sea anemone at Kilo 5, all P. kauderni were 
associated with Diadema sea urchins (D. setosum at all sites; D. savignyi at Kilo 5). At Kilo 5 P. kauderni the 
population structure indicates the possible capture of market-sized juveniles. Overall abundance was also lower 
compared to the polluted but unfished harbours. The proportion of recruits was significantly negatively 
correlated with the ratio of adult P. kauderni to Diadema urchins. The results will inform regional legislation 
currently in preparation to support sustainable management of P. kauderni populations, habitat and microhabitat 
in Central Sulawesi, as well as contributing to NAP-BCFC targets.  

 

 
Introduction 

The Banggai cardinalfish Pterapogon kauderni 
Koumans, 1933 is a small apogonid with an unusual 
life history lacking a pelagic dispersal phase (Ndobe 
et al., 2013a; Vagelli, 2011). The vast majority of the 
native (endemic) distribution of this species lies 
within the Banggai Archipelago Central Sulawesi 
Province, Indonesia. This extremely limited native 
distribution covers approximately 5000 km2 with 
around 24-30 km2 of native habitat in the coastal 
ecosystems of around 34 islands in Banggai Laut 
and Banggai Kepulauan Districts (Fondation Franz 
Weber, 2017; Vagelli, 2011). The still recent Banggai 
MPA officially established on 27 November 2019 

covers 8566.4913 km2 (MMAF-RI, 2019), including 
most of the P. kauderni endemic range (Moore et al., 
2021; Ndobe et al., 2019).  

Traded globally as a marine ornamental fish since 
around 1995, exploitation levels of the P. kauderni 
endemic population were considered excessive by 
2000 (Allen, 2000), and by 2007 this species was 
listed as Endangered in the IUCN (International 
Union for the Conservation of Nature) Red List 
(Allen and Donaldson, 2007). While the ornamental 
fishery has led to or contributed to the depletion of 
endemic P. kauderni populations (EC-PREP 2005; 
Kolm and Berglund, 2003; Lunn and Moreau, 2004; 
Moore et al., 2011, 2021; Ndobe and Moore, 2008; 
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Ndobe et al., 2013a, 2013b, 2018a, 2020; Vagelli and 
Erdmann, 2002; Wiadnyana et al., 2020), the marine 
ornamental trade has also been responsible for 
introducing P. kauderni outside its native range.  

Likely one of the first introduced populations to 
be formed was the P. kauderni population in Luwuk 
harbour, which was already well established in 
2000/2001 (Vagelli and Erdmann, 2002). Other 
sites in Central Sulawesi Province include several 
sites within the Banggai Archipelago but outside the 
native (endemic) distribution, in particular Bakalan 
(Moore et al., 2017b; Ndobe et al., 2017), 
Paisulimukon and Lumbi-Lumbia (Yahya et al., 
2012), Palu Bay (Ndobe et al., 2013a; Syahril et al., 
2020) including Mamboro (Moore and Ndobe, 
2007) and Kadongo (Ndobe, 2013c), as well as 
reported but as yet unverified sites in Parigi 
Moutong Province, Tomini Bay (Moore, 2017). 
Other introduced P. kauderni populations in 
Indonesia include Tumbak (EC-PREP, 2005) and 
Lembeh Strait in North Sulawesi, sites in and 
around Kendari, Southeast Sulawesi 
(Kusumawardhani et al., 2019; Moore et al., 2011), 
Ambon Bay in Maluku (Wibowo et al., 2019), several 
sites in Bali (Lilley, 2008; Putra et al., 2021; Putra 
and Putra, 2019; Mustika et al., 2012) and possibly 
sites in Sumatra and other regions of Indonesia 
(Ndobe et al., 2018a).  

Most of the known introduced P. kauderni 
populations are along ornamental fish trade routes 
(Ndobe et al., 2018a). However, some are the result 
of other human activity; for example the Ambon 
introduced population (Wibowo et al., 2019) was 
founded through government programs. These 
introduced populations cannot be classified as 
“benign introductions” under IUCN (2012) criteria, 
most seem to qualify as “wild subpopulations 
resulting from introductions outside the natural 
range” which should be assessed (IUCN, 2019). 
Their potential for contributing to conservation of 
the species is limited due to genetic diversity 
conservation issues (Ndobe et al., 2018a) 
Nonetheless, to date only one introduced 
population (Lembeh Strait, North Sulawesi) is 
reported as invasive and potentially detrimental to 
native species (Carlos et al., 2014; Erdmann and 
Vagelli, 2001; Vagelli, 2011), while several 
introduced populations have contributed to research 
on P. kauderni biology and ecology (Moore et al., 
2020a, 2020b; Ndobe et al., 2008, 2013c, 2013d, 
2018b; Syahril et al., 2020). 

As a member of the cardinalfish family 
Apogonidae, P. kauderni follows the typical 
apogonid reproductive strategy of paternal 

mouthbrooding (Vagelli, 2017). However, the 
unusual trait of direct development means that post-
larval P. kauderni (recruits) are released from the 
male parent’s mouth around 7-10 days after 
hatching (Ndobe et al., 2013a; Vagelli, 1999; Vagelli 
and Volpedo, 2004). The recruits are highly 
vulnerable to cannibalism by con-specific adults as 
well as predation from other carnivorous species 
(Ndobe et al., 2013a, 2013b, 2013c). Within its 
native and introduced habitat, P. kauderni is 
associated with and highly dependent on benthic 
organisms which serve as protective microhabitat 
(Moore et al., 2011, 2012, 2020b; Ndobe et al., 
2013a, 2013b, 2013c; Vagelli, 2011). While the 
association with each microhabitat organism or 
potential symbiont is facultative, sufficient suitable 
microhabitat for each life history phase is essential 
to maintain healthy P. kauderni populations, and in 
particular for reproductive success.  

The change in relative importance of the three 
main microhabitat types, i.e. sea urchins, sea 
anemones, and hard corals (Ndobe et al., 2008, 
2013, 2017; Vagelli, 2011) between P. kauderni life 
stages is known as an “ontogenetic shift” in 
microhabitat preference (Vagelli, 2004). While P. 
kauderni recruits and small juveniles frequently take 
refuge in sea anemones and other anemone-like 
Cnidaria (e.g. Heliofungia actiniformis and Cassiopea 
sp.), larger juveniles and adults are often found in 
(mostly branching and foliose) hard corals, and all 
life stages associate with Diadematid sea urchins 
(Moore et al., 2011; Moore et al., 2019a; Ndobe et al., 
2020; Ndobe et al., 2013c; Vagelli, 2004, 2011). 
Diadematid sea urchin microhabitat includes 
Diadema setosum, D. savignyi, and possibly D. clarki as 
well; Echinothrix diadema and E. calamaris; and more 
rarely Astropyga sp. (Moore et al., 2019a; Ndobe et al., 
2013b, 2020; Ndobe et al., 2018b; Talbot et al., 2013; 
Wiadnyana et al., 2020). 

Twice proposed for listing under CITES 
Appendix II, the Indonesian Government National 
Action Plan for Banggai Cardinalfish Conservation 
(NAP-BCFC) (Rusandi et al., 2016) includes 
monitoring of both endemic and introduced P. 
kauderni populations. Annual monitoring in the 
Banggai Archipelago took place in 2017 (T0), 2018 
(T1) and 2019 (T2) (Ndobe et al., 2020; Wiadnyana 
et al., 2020). While some populations showed stable 
or increasing trends, at other sites P. kauderni and/or 
microhabitat continued to decline or remained very 
low, with some sub-populations considered at risk 
of extirpation (Ndobe et al., 2020). The planned T3 
monitoring was postponed from 2020 to 2021 due 
to the Covid-19 pandemic. As the National Marine 
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Ornamental Mascot of Indonesia, and in line with 
the NAP-BCFC, management of all P. kauderni 
populations is clearly a matter of concern. 
Meanwhile at the regional level, the process of 
drafting a Provincial Government Regulation on the 
sustainable management of Banggai cardinalfish 
populations, habitat and microhabitat in Central 
Sulawesi Province is underway and requires data for 
both endemic and introduced populations, including 
the introduced P. kauderni population sites in Luwuk 
City, Banggai District. 
 
Materials and Methods 

Three P. kauderni introduced population sites in 
Luwuk City, Banggai District, Central Sulawesi 
Province were surveyed in October 2021.  The 
coordinates of these three sites are given in Table 1, 
together with the dates of previous published 
observations at similar or nearby coordinates. 
Screenshots and photographs of the sites are shown 

in Figure 1. Data were collected from at least six 
100 m2 transects per site, following the 
methodology commonly used in several P. kauderni 
survey and monitoring studies since the early 2000’s, 
including the T0 to T2 monitoring under the NAP-
BCFC (Ndobe et al., 2020). 

The belt transect method is illustrated in Figure 
2. All surveys were completed by buddy pairs using 
snorkelling equipment (sites 1 and 2) or SCUBA 
(site3). Data collected for each group of P. kauderni 
(BCF) in each transect included the number of P. 
kauderni by size class and the microhabitat 
association of the group. The three size classes were 
based on standard length (SL): recruit (SL<18 mm); 
juvenile (18 mm≤ SL≤ 35 mm); and adult (SL>35 
mm). Microhabitat was recorded by type: sea urchin, 
sea anemone, hard coral, soft coral, seagrass and 
other. For sea urchins and sea anemones, the 
number of individuals and the species were also 
recorded.  

 

Table 1. Site coordinates and years of previous P. kauderni (BCF) observations in Luwuk 

aVagelli and Erdmann (2002); bVagelli (2011); c Talbot et al. (2013); dMoore et al. (2017b); eMoore et al. (2019a).  
 

  
Site 1: Luwuk inner harbour, called the ferry harbour 

  
Site 2: Luwuk outer harbour, known as Teluk Lalong 

No Site 
Coordinates Previous BCF observations 

Latitude S Longitude E 2001a 2007b 2012c 2016d 2017e 

1 Luwuk ferry harbour 0° 57' 4.8" 122° 47' 48" - - - - - 
2 Teluk Lalong public harbour  0° 56' 54.7" 122° 47' 45" X X - - X 
3 Kilo 5 beach recreation area 0° 58' 57" 122° 47' 18" - - X X X 
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Site 3: Kilo 5 beach recreational area south of the harbour area in Luwuk City 

Figure 1. Photographs illustrating conditions at the three 2021 P. kauderni survey sites in Luwuk. 
 

 
Figure 2. Belt transect used for surveying P. kauderni populations and microhabitat association in Luwuk 

(adapted from (Wibowo et al., 2019). 
 
All data collected were tabulated and statistical 

analyses were implemented in Microsoft Excel 
2010. The results were evaluated with respect to 
previous survey/monitoring data where available 
(see Table 1). Differences between the three sites in 
mean P. kauderni density per transect (fish/100m2) 
and the mean percentage of each life stage present 
were subjected to analysis of variance (ANOVA), as 
were differences in mean sea urchin density per 
transect (urchin/100 m2) and mean number of fish 
per urchin. Statistical significance was evaluated at 
the 95% levels of confidence (α = 0.05) and post-
hoc t-tests implemented after testing for 
equal/unequal variance if significant differences 
were found.  
 
 
 

Results  
Pterapogon kauderni population data  

The synopsis of the belt transect data on P. kauderni 
populations (Table 2) shows that abundance and age 
class structure of P. kauderni varied considerably 
between sites. The two harbour sites had a higher 
overall density and a significantly higher percentage of 
juvenile P. kauderni than the Kilo 5 site. 

Microhabitat association of P. kauderni 
The synopsis of the belt transect data on P. kauderni 

microhabitat associations (Table 3) shows that almost 
all P. kauderni were associated with sea urchins of the 
genus Diadema. The exception was one transect at the 
kilo 5 site where the P. kauderni present (11 recruits, 2 
juveniles and 2 adults) were associated with an 
anemone of the species Heteractis crispa. This sea 
anemone (at a depth of around 5 m) can be seen in 
Figure 1 (bottom right). 
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Table 2. Belt transect data on P. kauderni populations at three sites in Luwuk City. Superscripts indicate 
significantly different means (α = 0.05).  

Parameter Ferry harbour Teluk Lalong Kilo 5 Total 

Number of transects 6 22 16 44 

Total P. kauderni 513 1611 403 2527 

P. kauderni/100m2 - mean 85.50a 73.23a 25.19b 183.9 

P. kauderni/100m2 - SD 33.52 71.78 34.49 139.8 

% transects with recruits 100 59.09 62.50 65.91 

% transects with juveniles 100 95.45 56.25 81.82 

% transects with adults 100 95.45 93.75 95.45 

% recruits - mean 29.43ns 7.64ns 35.73ns 16.54 

% juveniles - mean 52.44a 47.92a 27.79b 45.63 

% adults - mean 18.13a 44.44b 36.48b 37.83 

Table 3. Belt transect data on P. kauderni microhabitat association at three sites in Luwuk City. Superscripts 
indicate significantly different means (α = 0.05). 

Parameter Ferry harbour Teluk Lalong Kilo 5 Total 

Number of transects 6 22 16 44 

Total Diadema spp. 382 674 830 1886 

Diadema/100m2 - mean±SD 63.7±43.9ns 30.6±28.5ns 51.9±36.3ns 42.9 

% transects with D. setosum 100 100 100 100 

% transects with D. savignyi 0 9.1 62.5 27.3 

Sea anemones 0 0 1 1 

% D. setosum 100 99.41 81.57 91.68 

% D. savignyi 0 0.59 18.43 8.32 

Fish/urchin: mean±SD 1.34±0.7a 2.39±2.0b 0.49±0.50c 1.34 

 
 

 
Figure 3. Plot of the percentage of P. kauderni 

recruits against the number of adult P. 
kauderni per Diadema urchin at three 
introduced population sites in Luwuk with 
linear regression equation 

 
There was no significant correlation between the 

percentage of recruits and the total number of 
fish/urchin (p > 0.05). Taking the full data set (all 
three sites aggregated), regression of percentage of 

recruits against the number of adult P. kauderni/sea 
urchin by transect showed a significant negative 
correlation (p < 0.05), i.e. the percentage of recruits 
was higher in groups where sea urchins were less 
densely populated by adult P. kauderni (Figure 3). 
However, the data points were widely scattered 
within the lower left quadrant and linear regression 
provides a poor fit with R2 ≈ 0.12.  

Diadema density varied between and within sites, 
but the between site difference in mean sea urchin 
density was not significant (p > 0.05). The species 
composition of the Diadema sea urchin flocks 
differed between the three sites. All urchins in the 
inner ferry harbour were identified as D. setosum, 
while D. savignyi was also present at the other two 
sites. In Teluk Lalong, the four D. savignyi observed 
were split between two transects, each with two 
individuals. At the Kilo 5 site, D. savignyi was 
widespread but less abundant than D. setosum. An 
example of a mixed flock can be seen in Figure 1 
(bottom left), where the urchin close to the centre at 
the bottom of the photograph shows typical D. 
savignyi colouration, as described in Moore et al. 
(2019). 
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Discussion 
Although P. kauderni spawning can occur in every 

month (Prihatiningsih and Hartati, 2012; Vagelli, 
2011), length-frequency-based population dynamics 
analysis indicates that P. kauderni recruitment 
success peaks in September-November (Ndobe et 
al., 2013a). This survey was carried out during the 
predicted reproductive peak, and therefore the 
relatively high percentage of recruits is not 
surprising. However, the significant difference 
between the percentage of juveniles at Kilo 5 
compared to the two harbour sites may indicate 
fishing pressure. While it is possible that this 
unusual population structure is related to past 
reproductive success (or lack thereof), it is 
noteworthy that the size range with a low relative 
abundance is the size range sought after in the 
marine ornamental trade. The Luwuk populations 
were originally founded due to the trade, and it is 
not unlikely that traders may, at least occasionally, 
exploit this population.  

Despite the striking difference in the mean 
proportion of recruits, the lack of statistical 
significance is due to high inter-transect variability. 
Nonetheless, the lower mean proportion of recruits 
in the harbour populations, especially in Teluk 
Lalong (Table 2), may indicate that these P. kauderni 
populations are reaching or have reached the 
carrying capacity for P. kauderni, specifically based 
on microhabitat abundance. The lack of a significant 
correlation between proportion of recruits and total 
P. kauderni relative density in the sea urchin 
microhabitat indicates that recruit survival is most 
likely not influenced by competition for resources 
such as suitable prey. The significant negative 
correlation between proportion of recruits (a proxy 
for reproductive success) and the relative density of 
adult P. kauderni in the sea urchin microhabitat is 
consonant with previous studies, as a higher density 
of adults will mean a higher likelihood of 
cannibalism, thought to be a major factor in P. 
kauderni population dynamics (Ndobe et al., 2013a, 
2020; Ndobe et al., 2013c). However, the 
distribution of the data indicates a non-linear 
relationship, with all points lying below a concave 
curve bending down from a maximum of 100% 
recruits and zero adults/urchin to approach the x 
axis as the asymptote of zero recruits at around 3 
adults/urchin. This indicates that there is a limit 
above which increasing the density of adults 
precludes reproductive success.  

The sea urchin densities observed in this study 
are relatively high compared to recent data from 
several other P. kauderni population sites, but 

consonant with historical data from this and other 
P. kauderni population sites (EC-PREP, 2005; 
Moore et al., 2019a; Ndobe et al., 2013a, 2013b; 
Ndobe et al., 2018a). With regards to microhabitat 
other than Diadema, two of the sites (the ferry 
harbour and Teluk Lalong harbour) are highly 
degraded sites, with no other benthic organisms 
known to serve as P. kauderni microhabitat seen 
during the survey. At the Kilo 5 site, data on coral 
reef habitat condition was limited to visual record. 
However, when compared to similar visual records 
from 2017 to 2019 (Moore and Ndobe, unpublished 
data), there is a noticeable increase in dead and 
broken coral, with much less live coral of the type 
commonly used as microhabitat by adult P. kauderni, 
i.e. mainly branching and foliose forms. Coral 
bleaching was recorded at Kilo 5 in 2016 (Moore et 
al., 2017b) and an outbreak of the coral predator 
Acanthaster planci was seen to the south of Kilo 5 in 
2017-2018 (Moore, unpublished data). During this 
study some bleached and recently dead (pure white) 
colonies were observed, as well as extensive coral 
rubble and some recently broken corals. However, 
the cause of the decline in potential P. kauderni coral 
microhabitat is unknown, and in 2017 all P. kauderni 
were associated with Diadema urchins despite the 
presence of apparently suitable coral microhabitat 
(Moore et al., 2019). Sea anemones were already 
relatively scarce at the Kilo 5 site in 2017 (Moore et 
al., 2019), and the only sea anemone seen during 
this study was at a depth of around 5 m, below the 
depth at which most P. kauderni and Diadema were 
found.  

The cause of this decline two of the three main 
P. kauderni microhabitats is not known and calls for 
further investigation, and possibly active 
management intervention, especially in view of the 
recreational value of the Kilo 5 site. The sea 
anemones which host clownfishes (genera 
Amphiprion and Premnas) and P. kauderni are thought 
to have density-dependent fertilisation, meaning 
that depleted populations might be unable to 
recover naturally; furthermore, these relatively long-
lived, slow-growing animals also tend to recruit at 
irregular intervals (Hobbs et al., 2013; Scott, 2017). 
As suggested for sites in the endemic P. kauderni 
distribution (Moore et al., 2020a; Ndobe et al., 
2018a), stock enhancement of sea anemones might 
be an option, including through asexual propagation 
of sea anemones such as Stichodactyla gigantea, 
Heteractis crispa and Entacmaea quadricolor, but not the 
genus Actinodendron (Moore et al., 2020a).   

The dominance of D. setosum within the Luwuk 
harbour and presence of D. savignyi at Kilo 5 (≈8% 
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of urchins seen) was also observed in 2017 (Moore 
et al., 2019). The percentage of D. savignyi at the Kilo 
5 site (18.2%) was higher than in 2017. Four D. 
savignyi were recorded in the outer harbour area 
where the 2017 study recorded 100% D. setosum 
(Moore et al., 2019). These data indicate that D. 
savignyi is well established in this area, particularly in 
the more exposed and less polluted coastline facing 
the Peleng Strait. These observations are consonant 
with earlier studies reporting that D. savignyi seems 
less able to adapt to polluted and otherwise 
degraded habitat than D. setosum (Bronstein and 
Loya, 2014; de Beer, 1990; Pearse, 1998).  

The relatively high ratio of sea urchins to fish at 
the Kilo 5 site indicates that this site might be a 
potential donor site to support the BCF Garden 
approach to P. kauderni conservation, specifically the 
recovery of depleted endemic populations. This 
concept is based on the premise that recovery of 
microhabitat populations will promote natural 
recovery of P. kauderni populations by reducing 
mortality of recruits and small juveniles from 
predation, including cannibalism (Moore et al., 
2017a, 2020b; Ndobe et al., 2018a). However, sea 
urchins can host many species other than fishes, 
including many invertebrates (Magnus 1967; 
Coppard and Campbell 2004). Furthermore, 
associated species can vary between sea urchin taxa, 
including between D. savignyi and D. setosum (Grygier 
and Newman, 1991; Ponder and Gooding, 1978). 
The risk of pests and diseases which could be 
transported and affect target sites could be higher 
for animals from a more polluted environment 
(Kim et al., 2005), such as urchins from the harbour 
sites, although Kilo 5 is also within the urban 
environment and likely exposed to sewage and other 
potential sources of pathogens. Furthermore, 
climate change and other anthropogenic impacts are 
predicted to affect host-pathogen relations, mostly 
in ways deleterious to the host (Byers, 2021). 
Therefore, a preliminary study on the biosecurity 
risks should be considered before moving any 
organisms, in particular sea urchins, to other sites, 
especially in the generally less polluted waters of the 
Banggai Archipelago.   

 
Conclusion 

This survey of three Banggai cardinalfish 
(Pterapogon kauderni) introduced population sites in 
Luwuk highlights the role of microhabitat, in 
particular sea urchins, in supporting reproductive 
success, specifically recruit survival. The lack of sea 
anemones at the Kilo 5 site is a cause for concern, 
and requires further investigation to determine the 

cause. The condition of the coral reef was not 
evaluated quantitatively but the observed damage is 
a cause for concern, especially as Kilo 5 is a popular 
area for recreation, including snorkelling and diving. 
The abundance of Diadema sea urchins makes 
Luwuk a potential donor site for heavily depleted 
sea urchin populations in the Banggai Archipelago. 
Such interventions should ideally refer to historical 
data on the species present (D. setosum and/or D. 
savignyi) at target sites, in particular, in the context of 
applying the BCF Garden concept for P. kauderni 
population recovery through habitat and 
microhabitat rehabilitation. Biosecurity should, 
however, be a concern, especially if transporting sea 
urchins from the polluted harbour environments is 
considered. Further research is also needed to verify 
whether or to what extent the Kilo 5 P. kauderni 
population is fished for the marine aquarium trade, 
and whether or not there is a need for regulation of 
both fishing and future releases.   
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