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Abstract: The presence and establishment of invasive alien fish species is one of the biggest threats to 
aquatic biodiversity. The red devil, Amphilopus citrinellus, is one of the emerging invasive species and its 

occurrence is massively detected in common water bodies in tropical areas such as Indonesia. However, the 
topic remains under-reported from the small urban lakes. This study aims to present the reproductive 

characteristics of the fish in Situ Cilodong, a small urban lake in the country, that can be used as a principal 

reference for population control. The sampling was conducted in June 2021 and May 2022 using a mix of 
seven mesh-sized gillnets. The results of the length-weight relationship reveal that both the female and male 

fish perform isometric growth type. The calculated Gonad Somatic Index (GSI) and the histological analysis 
confirmed that the fish is a multi-spawner species. The results imply that sustainable population control 

efforts must include intensive catch and engage a participatory approach between the legal authority and the 

local fishers.  
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1. Introduction 

 
Both globally and nationally, the 

biodiversity of freshwater fisheries is 
undergoing massive threats such as 
hydrological alteration, habitat degradation, 
overfishing, pollution, and invasive species 
domination (Dudgeon et al., 2006). The last 
threat, invasive species, is mostly caused by 
anthropogenic factors and has generated 
economic, ecological, and health disturbances 
(Krantzberg, 2019).     

To mitigate such impacts, a structured 
population control method must be established, 
such as by preventing their translocation 
movement (Gherardi, 2010). However, if the 
species has been established in a new location, 

gradual eradication is advisory, such as by 
conducting intensive fishing on the sexually 
matured fish (Gherardi, 2010; Dina et al. 2022). 
Therefore, knowledge of their reproductive 
biology becomes important information that 
should be obtained by the resource managers.  

In this study, we use the red devil 
(Amphilopus citrinellus) as a case study to show 
the importance of the knowledge of 
reproductive biology in planning a sustainable 
population control plan. The red devil, 
previously a valuable ornamental fish, is 
selected due to its rapid growth and 
establishment in common water bodies (Umar 
et al., 2015; Hedianto et al., 2022).   

The fish originally from Nicaragua, Central 
America (Colombo et al., 2013), has been 
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reported to massively proliferate in tropical 
common water bodies such as in Indonesia 
(Dina et al., 2022). Its ability to adapt to new 
environments because of its phenotypic 
plasticity (Salzburger & Meyer, 2004; Machado-
Schiaffino et al., 2014) makes the fish 
categorized as an invasive species that can be 
harmful by The Regulation of The Minister of 
Marine and Fishery no. 19/ 2020 (MoMF, 2020).  

There has been various research on the 
reproductive biology of the red devil in 
Indonesia; for examples: Jatiluhur reservoir 
(Purnamaningtyas & Tjahjo, 2010), Situ Panjalu 
(Warsa & Purnomo, 2013), Kedung Ombo 
Reservoir (Adjie & Fatah, 2015), Lake Sentani 
(Ohee et al., 2020), Sangiran Reservoir 
(Santoso, 2019), and Sermo Reservoir 
(Hedianto, 2023). Nevertheless, those studies 
did not provide a histological assessment of the 
fish’s gonad development. Furthermore, the 
study on the topic of urban small lakes is 
currently absent from academic literature 
although these types of lakes are crucial to 
support the livelihood and welfare of 
marginalized urban people.  

Besides, providing water and livelihood 
for the locals. The urban lake in our case study 
also serves as a habitat for native fish species 

such as Barbodes binotasus and Rasbora 
argyrotaenia (Phadmacanty et al., 2023). 
Therefore, the presence of the red devil may 
generate an adverse impact on biodiversity and 
human welfare, making thorough planning on 
the red devil population control vital. We expect 
that our results can provide basic information 
and reference for the development of such a 
plan considering the significance of the 
information on their reproductive biology.   

 
2. Materials and Methods 

 
2.1. Study site 

Situ Cilodong is administratively located in 
Kalibaru County, Depok Municipality, West Java 
(Figure 1). Its extent reached a 9.5 ha area 
with a maximum depth of 3 meters (Pratiwi, 
2013).    The situ is surrounded by housing and 
agricultural areas (Figure 1).   

The fish sampling was conducted in June 
2021 and May 2022 by horizontally setting a 25 
x 1.8 m gillnet with a mix of mesh-sized (¾, 1, 
1¼, 1½, 2, 2½, and 3 inches) in the outlet 
area. The sampling site was selected to 
mitigate its disturbance on the tourism boat 
while still representing the extent and depth of 
the situ.  

 

 

 
Figure 1. Study site and sampling location  
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2.2 Sample preservation and laboratory 
observation 

The sampled fish was preserved in a 10% 
Formaldehyde solution (Silvano et al., 2009), 
and then in the laboratory, they were wind-
dried before being weighed and measured.  
Then, the samples were dissected to take their 
gonad to estimate their Gonad Maturity Level/ 
GML (Effendie, 1997). 

Meanwhile, a 5% Formaldehyde solution 
was used to preserve a total of 15 gonad 
samples for the histological analysis, and 
hematoxylin-eosin (HE) was applied to color 
the specimens (Zulfadhli et al., 2016). The 
specimens were observed referring to the work 
of Longenecker et al. (2020).  

 
2.3 Data analysis 

The length-weight relationship was 
calculated referring to the formula created by 
Pauly (1984) (Equation 1).  

 

𝑊 = 𝑎 𝐿𝑏 ....Eq. 1 
 

where;   𝑊 = fish weight (gram),  𝐿 = fish 

length (mm), 𝑎 and 𝑏= Constanta. The 

obtained b constant is further tested with the 
95% confidence level t-test with the H0: b=3 
and H1: b ≠ 3.   

Gonad Somatic Index/GSI (Equation 2) 
was calculated following the work of (GSI) 
(Ohta et al., 1996).  

 

𝐺𝑆𝐼 =  
𝑔𝑜𝑛𝑎𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
 × 100 ....Eq. 2 

 
3. Results and discussion  

 
The range of the length of the fish samples 

was 66 – 185 mm and 65 – 200 mm for females 
and males respectively. Meanwhile, their body 
weighed 6.3 – 135 grams for female fish and 
5.4 – 177 grams for males.  These 
measurements show that the fish are larger 
than the fish sample obtained from Sermo 
Reservoir (see Hedianto et al., 2022), which 
implies that the red devil in Situ Cilodong is 
currently in the reproduction and establishment 
stage (see Lawson & Hill, 2021).       

From the length-weight relationship and 
the following t-test (Figure 2, Table 1), it can 
be concluded that the red devil follows 
isometric growth−equal growth between 
length and weight (Effendie, 1997).  The 
growth pattern of fish is affected by age, body 
shape, GML, seasons, temperature, salinity, 
and food availability (Thulasitha & 
Sivashanthini, 2012). We suggest that the 
stable tropical environment and the abundance 
of food because of the situ’s eutrophic condition 
are the principal factors affecting fish growth in 
the study area (see Aisyah et al., 2021).  

 

  

Figure 2. The length-weight relationship of the red devil in Situ Cilodong (a) Females, (b) Males 
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Table 1. t-test results for the red devil b-Constanta 

Sex tstat tcritical Decision 

Female 0.8033 1.9785 Failed to reject H0: b = 3 

Male 0.8553 1.9688 Failed to reject H0: b = 3 

 

Table 2. Length, weight, GML, and GSI of the red devil in Situ Cilodong 

GML n Length (mm) Weight (g) GSI (%) 

I 
♂:80 

♀:35 

♂: 89 ± 16 

♀: 99 ± 19 

♂: 16.28 ± 8.87      

♀: 22.18 ± 11.41 

♂: 0.02 ± 0.02 

♀: 0.04 ± 0.02 

II 
♂:94 

♀:37 

♂: 107 ± 13 

♀: 109 ± 8 

♂: 25.78 ± 8.66 

♀: 27.3 ± 5.94 

♂: 0.06 ± 0.04 

♀: 0.09 ± 0.06 

III 
♂:30 

♀:13 

♂: 135 ± 23 

♀: 136 ± 21 

♂: 57.14 ± 30.64 

♀: 57.28 ± 24.34 

♂: 0.12 ± 0.07 

♀: 0.32 ± 0.26 

IV 
♂:3 

♀:17 

♂: 198 ± 3 

♀: 149 ± 19 

♂: 172.8 ± 3.7 

♀: 77.31 ± 28.19 

♂: 0.35 ± 0.04 

♀: 1.85 ± 0.87 

 

The calculated GSI for female fish is 
bigger than the male’s (Table 2), which is a 
common phenomenon (Effendie, 1997). 
Further, the GSI data also reveal that the fish 
is a multi-spawner species since their GSI is 
smaller than 20% (Bagenal, 1978).  Moreover, 
the data in the table confirm that four maturity 
levels are found in the sample, which also 
aligns with the histological observation (Figure 
3 and 4). 

According to the criteria proposed by 
Longenecker et al. (2020) and Nurhidayat et 
al., (2017), the histological results elaborate 
four GML for the female fish: GML I (Figure 3A), 
characterized by lots of primary oocytes; GML 
II (Figure 3B), exhibited more second-stage 
oocytes, thickened nucleus, and epithelial cells; 
GML III (Figure 3C), identified by the 
occurrence of third stage oocytes; and GML IV, 
hinted by the dominance of large sized oocytes.   

The histological results for the male fish 
elucidate that: GML I (Figure 4A), hinted by the 
abundance of the spermatogonia and the 
primary spermatocytes; GML II (Figure 4B), 
shown by the emergence of both the primary 
and secondary spermatocytes; GML III (Figure 
4C), identified with the occurrence of 
spermatid; and GML IV (Figure 4D), 
characterized by the spermatozoa equipped 
with flagella (ibid).    

The histological analysis presents that the 
female red devils undergo asynchronous gonad 
development referring to the fact that there are 
several oocyte stages in the same GML. Thus, 
the fish is considered a multi-spawner species 
(Muchlisin, 2014; Purnamaningtyas & Tjahjo, 
2010). This result corroborates the study 
conducted by Adjie & Fatah (2015), who 
observed the reproductive biology of the red 
devil in Kedung Ombo Reservoir.   

Contextualizing our results with the study 
area, we suggest that eradication of the red 
devil in this situ using intensive catch as the 
most appropriate control program. Further, it is 
advised that the catch should be conducted at 
various times within a year considering that the 
fish can perform several spawning seasons. 
The use of selective fishing gear such as gillnet 
with appropriate mesh size is also 
recommended. In this case, there should be 
further discussion regarding the governance 
process because, in the current situation, the 
locals are only allowed to use hooks. Therefore, 
we recommend that the Watershed Agency of 
the Ministry of Public Works and Housing take 
the lead in the population control process. 
Furthermore, we advise the endorsement of a 
participatory approach connecting the 
government agencies and the local fishers.  
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Figure 3. Histological observation on the female red devil: (A) GML I (immature), (B) GML II 

(develop), (C) GML III (mature), (D) GML IV (ripe) 
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Figure 4. Histological observation on the female red devil: (A) TKG I (immature), (B) TKG II 

(develop), (C) TKG III (mature), (D) TKG IV (ripe) 
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4. Conclusion 
 

We attribute the red devil as a multi-
spawner species with several spawning 
seasons. Hence, there is a tendency that the 
fish can be a great biodiversity threat in the 
study area. We extend this knowledge can be a 
trend in other water bodies in Indonesia 
considering its climatic suitability. We suggest 
that a coordinated action plan can be 
performed by the authorities and local people 
to mitigate the impacts. Our main 
recommendations also include intensive catch 
and continuing monitoring programs in the area 
where the presence of the red devil has been 
acknowledged.  
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