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Lake Toba is an important habitat for native Indonesian fish species, but in recent years it has experienced pres-
sure due to invasive introduced fish species. Introduced fish species that have been identified include Amphilophus 
labiatus, Aplocheilus panchax, Cyprinus carpio, Mystacoleucus marginatus, M. padangensis, Oreochromis mos-
sambicus, O. niloticus, and Parambassis siamensis, while a newly recorded species has been discovered, namely 
Puntigrus tetrazona. Therefore, data are needed regarding the distribution, density, growth pattern, and risk of inva-
siveness of this species in Lake Toba as a basis for future management. This research uses an exploratory method. 
The frequency index value of P. tetrazona reached 70%, where absences were found in three locations, namely 
Ajibata, Silalahi, and Tongging. Population density values show that P. tetrazona has average value reaching 
0.08 ind./m2, where the highest density was found in Muara reaching 0.39 ind./m2. The results of the Fish Invasive-
ness Screening Test (FIST) analysis showed that P. tetrazona was within the moderate risk category for the biodi-
versity of Lake Toba with frequency distribution (FD) values reaching 50%. The results of the length-weight rela-
tionship analysis of P. tetrazona showed a value of 3.027 (isometric growth pattern). The relative weight (Wr) 
condition factor showed a value of 102.96, which indicates a stable condition. The growth pattern values indicate 
that Lake Toba is a suitable habitat for P. tetrazona. Available food sources and a low level of competition are 
beneficial for P. tetrazona in this new habitat. The moderate risk posed by P. tetrazona to biodiversity in Lake Toba 
could possibly turn into a high risk if the P. tetrazona population is not controlled. Moreover, if the species that are 
natural enemies of this fish do not yet exist in Lake Toba, then in the next few years the population of P. tetrazona 
could experience an explosion. This will add pressure and threats to the survival of native fish species in Lake Toba, 
namely the Neolissochilus and Tor groups. The results of this research are useful for managing the population of P. 
tetrazona as a newly recorded species in Lake Toba, North Sumatra, Indonesia.  
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Introduction  
 

Introduced fish species have been brough to Indonesia since the 
19th century with the aim of providing commodities for consumption, 
ornamentation, and eradicating disease vectors (Bondad-Reantaso 
et al., 2005; Valen et al., 2023). It is recorded that every year introdu-
ced fish species continue to increase, especially ornamental fish spe-
cies (Muchlisin, 2012). This correlates with the pattern of increasing 
public interest in ornamental fish. So the trade in introduced fish spe-
cies has an important role in the socio-economics of society.  

The existence of introduced fish species is already in an alarming 
condition in Indonesia. Introduced fish species whose behavior dis-
turbs native fish species and are aggressive turn into invasive fish spe-
cies (Bajer & Sorensen, 2010). Although some introduced fish speci-
es are not a nuisance, under certain conditions they can also become 
invasive due to uncontrolled population explosions (Lusk et al., 
2010). A population explosion can cause introduced fish to require 
higher food sources and thus become competitors to native fish speci-
es (Gozlan et al., 2010). Limited adaptation means that native fish 
species cannot compete with invasive fish, so native fish species tend 
to avoid them and turn to other food sources (Mills et al., 2004). Un-
fortunately, new food sources do not necessarily meet the nutritional 
needs of native fish species, instead causing growth to be disrupted. 

This will affect fish reproductive performance and cause fish to have 
late gonad maturity, decreased fecundity, decreased fertility, and diffi-
culty finding males/females who are ready to spawn (Izquierdo et al., 
2001). In the short term, the population of native fish species will de-
cline drastically, and if there are no management efforts, native fish 
species will become extinct in the long term.  

Introduced fish are not only species that enter from outside Indo-
nesia, for native species that enter non-biogeographic habitats are also 
introduced fish. This has happened in Lake Toba, apart from being 
invaded by non-native Indonesian fish, it has also been invaded by 
native fish whose distribution is not in Lake Toba. Non-native fish 
that have been identified include Amphilophus labiatus, Cyprinus 
carpio, Oreochromis mossambicus, and O. niloticus, while native fish 
are Aplocheilus panchax, Mystacoleucus marginatus, M. padangen-
sis, and Parambassis siamensis (Kartamihardja et al., 2015; Kaban & 
Wibowo, 2018; Lubis & Ibrohim, 2019; Qomaria, 2023). However, 
based on the results of the research we have conducted, a new native 
species has also been introduced in Lake Toba, namely Puntigrus tet-
razona (Fig. 1). The original range of P. tetrazona is recorded in the 
Muara Bulian Waters, Jambi Province (Apriliawati et al., 2024), Lake 
Buaya, Bukit Tigapuluh National Park, and Kampar River, Riau 
Province (Mahyudi et al., 2017; Nakagawa et al., 2021; Nofrizal et al., 
2023), as well as the Kelekar River, Komering River, Musi River, and 
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Lake Ranau, South Sumatra Province (Muthmainah et al., 2015; 
Muthmainnah & Gaffar, 2017; Atminarso et al., 2023; Muslim et al., 
2024). Therefore, data is needed regarding the distribution, density, 
growth pattern, and risk of invasiveness of this species in Lake Toba 
as a basis for future management.  
 
Materials and methods  
 

Site and time. This research was conducted at Lake Toba, North 
Sumatra, Indonesia covering 10 observation locations, namely Ajiba-
ta (2.654983º N, 98.934007º E), Porcea (2.43446º N, 99.147743º E), 
Balige (2.339295º N, 99.062510º E), Muara (2.339295º N, 
99.062510º E), Bakti Raja (2.329096º N, 98.820362º E), Pangururan 
(2.602787º N, 98.700234º E), Onan Runggu (2.465835º N, 
98.992870º E), Tomok (2.652845º N, 98.862402º E), Silalahi 
(2.791610º N, 98.532493º E), and Tongging (2.895650º N, 
98.527195º E) from June to August 2024 (Fig. 2). The samples that 
had been collected were then taken to the Biology Laboratory, Uni-
versitas Negeri Medan for further analysis.  

Research procedures. This research uses an exploratory method. 
Fish were caught using casting nets, fishing rods, traps and scoops. 
Fish samples were placed in a plastic sample containers containing 
4% formalin and labeled (Hidayat et al., 2023).  

Data analysis. The distribution of fish in Lake Toba is deter-
mined by the frequency index. The frequency index is the percentage 
of fish found at the research location. The frequency index is calcu-
lated using an equation based on Muchlisin (2012): Fi = Li/Lt * 100, 
where Fi is the frequency index, Li is species frequency at the sam-
pling location, Lt is the total sampling location. Population density and 
relative density were calculated based on Rosmawati (2011): D = 
N/S, where D is population density, N is number of fish samples, S is 

habitat space in units of area or volume; Dr = D ni/Total D ni * 100, 
where Dr is relative density, D ni is density of a species of fish, Total 
D ni is total density of all fish species. The length-weight relationship 
was analyzed using the Linear Allometric Model (LAM) based on 
De-Robertis and William (2008): W = e0.56(aLb), where W is weight, L 
is total length of fish, a is constant and b is geometric for fish body 
proportion, e is variance of residuals of LAM, and 0.56 is the correc-
tion factor. The relative weight (Wr) condition factor using the formu-
la Rypel & Richter (2008) is as follows: Wr = (W/Ws) x 100, where 
Wr is the relative weight, W is the weight of the fish body, Ws is the 
predicted fish based on the LAM. The risk assessment of introduced 
fish was carried out using the Fish Invasiveness Screening Test 
(FIST) based on Saba et al. (2020).  

 

  
Fig. 1. Sumatran barb (Puntigrus tetrazona Bleeker, 1855)  

harvested from Lake Toba, North Sumatra  
 

  
Fig. 2. Map of research locations in Lake Toba:  

1 – Ajibata, 2 – Porcea, 3 – Balige, 4 – Muara, 5 – Bakti Raja, 6 – Pangururan, 7 – Onan Runggu, 8 – Tomok, 9 – Silalahi, 10 – Tongging  

Results  
 

A total of 95 samples were collected from Lake Toba with a total 
length ranging from 23–60 mm (mean 45.00 ± 8.70) and body weight 
0.30–4.00 g (mean 1.66 ± 0.95). The results of the length-weight rela-
tionship analysis of P. tetrazona showed a value of 3.027 (isometric 
growth pattern, Figure 4). The relative weight (Wr) condition factor 
showed a value of 102.96, which indicates a stable condition. The fre-
quency index value for P. tetrazona in the ten locations observed sho-

wed a value reaching 70%, with absences in three locations, namely 
Ajibata, Silalahi, and Tongging (Table 1). Population density values 
show that P. tetrazona has an average value reaching 0.08 ind./m2, 
where the highest density was found in Muara reaching 0.39 ind./m2 
(Fig. 3). Based on relative density values, P. tetrazona has an average 
value reaching 2.79%, where Muara is the location with the highest 
relative density reaching 17.37%. The results of the FIST analysis 
showed that P. tetrazona was of moderate risk category for the biodi-
versity of Lake Toba with frequency distribution (%FD) values reach-
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ing 50% (Table 2). This is based on the details of assessment instru-
ments, including maximum adult length between 20–40 cm, relative 
frequency between 30.1–100%, history of establishment between 0–
7 countries, ability to breed in the wild is high, competition with na-
tive species is moderate, feeding plasticity is opportunist / moderately 
voracious, temperature tolerance is high, and tolerance to low dissol-
ved oxygen.  
 
Discussion  
 

The discovery of new records regarding P. tetrazona is an inte-
resting matter regarding the spread of the introduced species in Lake 
Toba. Recorded introduced fish species that have been identified in 
Lake Toba include A. labiatus, A. panchax, C. carpio, M. marginatus, 
M. padangensis, O. mossambicus, O. niloticus, and P. siamensis 
(Kartamihardja et al., 2015; Kaban & Wibowo, 2018; Lubis & Ibro-
him, 2019; Qomaria, 2023).  

Table 1  
Population density (ind./m2), Relative density (%),  
and frequency index (Fi) of introduced fish species in Lake Toba  

Location Population density, 
ind./m2 

Relative 
density, % 

Frequency 
index, % 

Ajibata – – – 
Porcea 0.03 0.71 + 
Balige 0.03 1.56 + 
Muara 0.39 17.37 + 
Bakti Raja 0.16 2.16 + 
Pangururan 0.11 4.72 + 
Onan Runggu 0.01 0.34 + 
Tomok 0.08 1.08 + 
Silalahi – – – 
Tongging – – – 
Average/Total 0.08 2.79 70 
Note: symbol “+” is present, “–“ is absent.  

 
Fig. 3. Map of population density (ind./m2) of Sumatra barb (Puntigrus tetrazona) in Lake Toba:  

1 – Ajibata, 2 – Porcea, 3 – Balige, 4 – Muara, 5 – Bakti Raja, 6 – Pangururan, 7 – Onan Runggu, 8 – Tomok, 9 – Silalahi, 10 – Tongging  

   
Fig. 4. Analysis of the length-weight relationship (above) and growth patterns (bellow) of Puntigrus tetrazona in Lake Toba  

Although the natural range of P. tetrazona, is on the sland of Su-
matra, Lake Toba is not within their original range. The original range 
of P. tetrazona is recorded in the Muara Bulian Waters, Jambi Pro-

vince (Apriliawati et al., 2024), Lake Buaya, Bukit Tigapuluh Natio-
nal Park, and Kampar River, Riau Province (Mahyudi et al., 2017; 
Nakagawa et al., 2021; Nofrizal et al., 2023), as well as the Kelekar 

y = 3.027x - 11.13
R² = 0.872

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

3.2 3.4 3.6 3.8 4.0 4.2Ln
 w

ei
gh

t

Ln total length

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5

20 25 30 35 40 45 50 55 60

W
ei

gh
t, 

g

Total length, mm

Observation
Prediction



4 
Biosystems Diversity, 2025, 33(1), e2504 

River, Komering River, Musi River, and Lake Ranau, South Sumatra 
Province (Muthmainah et al., 2015; Muthmainnah & Gaffar, 2017; 
Atminarso et al., 2023; Muslim et al., 2024). Furthermore, previous 
research reports indicate that this species has also been introduced to 
Lake Tang, West Borneo (Romini et al., 2023) and Mrica Reservoir, 
Central Java (Mubarik et al., 2021).  

The FIST value (% FD) of P. tetrazona shows a value of 50% 
which represents a moderate risk to aquatic ecology. However, this 
could change if the P. tetrazona population continues to experience a 
significant increase. Then competition will arise for control of living 
space, food sources, reproduction and habitat selection (Winfield, 
2004; Martin et al., 2010). This will result in native fish species beco-
ming stressed and having difficulty competing, resulting in a signifi-
cant decline in their population every year. Therefore, it is necessary 
for researchers to carry out annual monitoring to control the P. tetra-
zona population.  

Table 2  
Results of fish invasiveness screening test (FIST) analysis  
of Puntigrus tetrazona in Lake Toba, North Sumatra,  
Indonesia based on Saba et al. (2020)  

No Traits Criteria Score Puntigrus 
tentrazona 

1 Maximum  
adult length 

20.0–40.0 cm 
40.1–60.0 cm 
>60.0 cm 

+ 
+ + 
+ + + 

+ 

2 Relative  
frequency 

0.0–10.0% 
10.0–30.0% 
30.1–100.0% 

+ 
+ + 
+ + + 

+ + + 

3 History  
of establishment 

0–7 countries 
8–15 countries 
> 15 countries 

+ 
+ + 
+ + + 

+ 

4 Ability to breed  
in the wild 

low 
moderate 
high 

+ 
+ + 
+ + + 

+ + + 

5 Competition with 
native species 

low/absent 
moderate 
high 

+ 
+ + 
+ + + 

+ + 

6 Feeding  
plasticity 

specialist/not voracious 
opportunist/moderately 
voracious 
generalist/voracious 

+ 
 

+ + 
+ + + 

+ + 

7 Temperature 
tolerance 

low 
moderate 
high 

+ 
+ + 
+ + + 

+ + + 

8 Tolerance to low 
dissolved oxygen 

low 
moderate 
high 

+ 
+ + 
+ + + 

+ + + 

% FD = frequency distribution, % 50 
 

The results of field observations show that there is an interesting 
behavioral pattern in P. tetrazona, where this species can interact di-
rectly with other invasive introduced species, namely A. labiatus. 
P. tetrazona is a schooling fish species that competes for food with 
A. labiatus, which previously dominated in Lake Toba. The authors 
here speculate that P. tetrazona is a natural enemy of A. labiatus, and 
that this may lead to a decline in future A. labiatus populations. 
The natural process of ecological succession continues to occur in 
Lake Toba due to introduced species, until eventually, when the cli-
max period gains momentum, a new stable ecosystem will reform.  

The growth of P. tetrazona is shown as stable in Lake Toba ba-
sed on the b value which reaches 3,027 (isometric). These results indi-
cate that the fish are getting enough food (Batubara et al., 2019; Ak-
mal et al., 2024). Furthermore, the relative weight condition factor va-
lue also shows the same thing, where this value represents water con-
ditions that are low in predators and competitors (Wr > 100). 
Therefore, Lake Toba is an ideal habitat for P. tetrazona so that a 
potential population explosion will occur in the future if the popula-
tion is not controlled.  
 
 

Conclusion  
 

Puntigrus tetrazona is a newly recorded species with a moderate 
risk (% FD = 50%) to biodiversity in Lake Toba. The growth pattern 
of this fish in Lake Toba is relatively optimal based on the b value of 
3,027 (isometric) and the condition factor of Wr > 100. The growth 
pattern values indicate that Lake Toba is a suitable habitat for P. te-
trazona. Available food sources and low level of competition are 
beneficial for P. tetrazona in this new habitat. The moderate risk of 
P. tetrazona to biodiversity in Lake Toba could possibly turn into a 
high risk if the P. tetrazona population is not controlled. Moreover, if 
natural enemies of this fish do not exist in Lake Toba, then in the next 
few years the population of P. tetrazona could explode. This will add 
pressure and threats to the survival of native fish species in Lake To-
ba, namely the Neolissochilus and Tor genera. The results of this re-
search will be useful for managing the population of P. tetrazona as a 
newly recorded species in Lake Toba, North Sumatra, Indonesia.  
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