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Abstract 

Recent biodiversity surveys in the lentic habitats of Singapore revealed that non-native cichlids (at least 14 species from 

different origins) were the most abundant species in the reservoirs of Singapore. To understand the diversity and 

distribution patterns in six reservoirs (two inland and four coastal), we investigated the species richness and abundances 

of these cichlids. We also investigated foodwebs to characterise the trophic relationships of cichlids relative to the 

aquatic community using stable isotope and gut content analyses in each reservoir. Based on various sampling methods 

(electrofishing, netting and trapping), a total of 5,675 individual cichlids representing 14 species and two hybrids were 

caught. The three most abundant species (contributing to 66.8% of all cichlids) included the green chromide, Etroplus 

suratensis, the eartheater cichlid, Geophagus altifrons, and the Orinoco Peacock Bass, Cichla orinocensis. Based on a 

canonical correspondence analysis, we found that the distribution and abundances of cichlids appeared to be related to 

abiotic parameters such as salinity and dissolved oxygen, and that species richness and abundances of cichlids differed 

between coastal and inland reservoirs. We also found that the trophic positions of different cichlid species varied within 

and across the reservoirs surveyed, where sympatry between highly specialised as well as generalist cichlid species were 

commonly observed. This was reflected in both the gut contents as well as the empirical foodwebs generated. While we 

are unable to determine source and timing of the introductions of these cichlids, we are at least confident that that many 

of the cichlids have already established in these six reservoirs. We postulate that the establishment success and the co-

existence of this non-native group has come about through their ability to adapt to the conditions within each reservoir, 

and this is related to the life history strategies, feeding and behavioural patterns that these different cichlid species 

display. 
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Introduction 

The Cichlidae are a large family of freshwater fishes (>3,000 species) whose native distribution 

spans three continents (South America, Africa and Asia), with species originating from many 

countries (Lowe-McConnell, 1969; De Silva et al., 1984; Chakrabarty, 2004; Lamboj, 2004; Sparks 

and Smith, 2004; Stauffer Jr et al., 2006). Cichlids are also known invasives that are widely 

established outside their native range; with some examples including the Mayan cichlid, Cichlasoma 

urophthalmus, and the Nile tilapia, Oreochromis niloticus, in the United States (Bergmann and 

Motta, 2005; Grammer et al., 2012); the pearl cichlid, Geophagus brasiliensis, and the Mozambique 

tilapia, Oreochromis mossambicus, in Australia (Arthington and Blühdorn, 1994; Morgan et al., 

2004; De Graaf and Coutts, 2010); the chameleon fish, Australoheros facetus, in Portugal (Ribeiro et 

al., 2007); and the mango tilapia, Sarotherodon galilaeus, in West Africa (Gbaguidi et al., 2016). 

Within Southeast Asia, there are records of establishment of the Mayan cichlid, Cichlasoma 
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urophthalmus, in Thailand (Nico et al., 2007), and also the blackchin tilapia, Sarotherodon 

melanotheron, in the Philippines (Ordoñez et al., 2015). In Singapore, a broad-based qualitative 

biodiversity survey performed between 2006–2010 across 14 reservoirs found that non-native 

Cichlidae was the most speciose fish family (Ng and Tan, 2010a). In addition, what made this cichlid 

assemblage unique was that it comprised a mix of 14 species (from 12 genera) from throughout the 

family’s native range including the Neotropics, Afrotropics, and South Asia co-existing in these 

reservoirs (Ng and Tan, 2010a). Potential modes/sources of these fishes include the release of 

unwanted aquarium species (Lintermans, 2004) or angling species by recreational fishermen 

(McDowall, 2004); mercy release by religious devotees (Yeo and Chia, 2010); and escapees of 

cultured species (Magalhães and Vitule, 2013). 

The success of cichlids outside of their native range may be attributed to several factors, including 

species occupying a range of trophic levels, from piscivores (e.g., peacock basses) (Jepsen et al., 

1997) to macroinvertivores such as the geophagine cichilds (López-Fernández et al., 2012) and 

herbivorous species such as Tilapia and green chromide (Chapman and Fernando, 1994; Ng and Tan, 

2010b). Besides the specialist feeders, several cichlid species are also known to display generalist 

feeding strategies allowing them to be omnivorous and survive on a broad-based diet (Ribeiro et al., 

2007; Beatty et al., 2013; Gbaguidi et al., 2016). Another factor that may be contributing to the large 

family’s success outside its native range are its various parental brooding and reproductive strategies 

(Carlisle, 1985; Keenleyside, 1991). This includes mouth brooding in tilapia such as Oreochromis 

mossambicus and O. niloticus (Oliveira and Almada, 1998; Grammer et al., 2012); having the 

capacity to lay multiple batches of eggs during single reproductive periods in Cichla piquiti and 

Mesonauta festivus (Resende et al., 2008; Pires et al., 2015); and even parental provisioning of 

nutrition during the early stages of offspring development as found in the discus, Symphysodon spp. 

(Wisenden et al., 1995; Buckley et al., 2010). In addition, some cichlids are euryhaline (e.g., 

Oreochromis spp., Etroplus suratensis)(Grammer et al., 2012; Chandrasekar et al., 2014), inhabiting 

and spreading via coastal waters to freshwater reservoirs and streams (Whitfield and Blaber, 1979; 

Gamboa-Pérez and Schmitter-Soto, 1999; Langston et al., 2010). Cichilds are also known to be 

found in varied habitats including areas with both simple (e.g., soft sediment, rocky) and complex 

habitat types (e.g., vegetated or submerged structures) (Gamboa-Pérez and Schmitter-Soto, 1999; 

Chávez-López et al., 2005; Stauffer Jr et al., 2006) as well as highly urbanized environments (e.g., 

concretized canals, urban stormwater ponds and reservoirs) (Liew et al., 2012; Kwik et al., 2013; 

Liew et al., 2018). 

Despite the diversity and popularity of cichlids for human uses in Singapore and elsewhere 

(aquaculture, fisheries, ornamental trade) (Yeo and Chia, 2010; Liew et al., 2012) as well as their 

notoriety as invasive species (Langston et al., 2010; Kwik et al., 2013), little is actually understood 

about the novel cichlid assemblages in Singapore’s freshwater reservoirs or how these have 

successfully established as the dominant group of fishes in these lentic habitats. While we have some 

ideas about the sources of introductions of these cichlids, it is also interesting that such an apparent 

diversity of cichlids originating from different countries/regions appears to be able to co-exist in 

Singapore’s reservoirs. Based on what has previously been found, we predict that the cichlid species 

composition may differ due to the biotic and abiotic parameters in each reservoir. As such, the 

objectives of this study are to: 1) determine the species diversity of cichlids inhabiting Singapore’s 

reservoirs; 2)investigate whether abiotic parameters might influence/be associated with the species 

compositions of these cichlids; 3) investigate the trophic relationships and resource utilization 

patterns between the cichlids species that can be found within each reservoir; and in addition, based 

on understanding the empirically-derived foodweb relationships and the known biology of the 

different cichlid species, we discuss possible reasons for the co-existence of cosmopolitan cichlid 

assemblages in the reservoirs of Singapore. 

Material and Methods 
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Study sites 

Six reservoirs, including two inland reservoirs (created through damming of headwaters; Reservoirs 

1 and 6) and four coastal reservoirs (i.e. created through damming of estuarine areas/river mouths; 

Reservoirs 2, 3, 4 and 5), were surveyed in this study (Figure 1; Yeo and Lim, 2011). The smaller 

Reservoirs 1 to 5 were sampled over periods of two months and included surveys across six zones. 

To facilitate more representative coverage, the larger Reservoir 6 was divided into eight zones, 

which necessitated a longer period of three months for sampling. In each sampling zone, 

electrofishing, cast netting and traps were employed to catch fishes; while plankton nets (80 µm 

mesh) and invertebrate colonisers (Loke et al., 2010) were used to collect plankton and benthic 

macroinvertebrates, respectively. 

 

Figure 1. Map of Singapore with the six reservoirs (shaded: Res 1–6) surveyed between December 

2014 and May 2016. 

Fish sampling 

In all reservoirs sampled (with the exception of Reservoir 6), a total of eight electrofishing occasions 

were conducted over two months, at two electrofishing sessions per week covering all the zones at 

two-week intervals (increased to 12 occasions in the larger Reservoir 6 over three months). Within 

each zone, due to restrictions only six physico-chemical parameters (temperature, dissolved oxygen, 

pH, conductivity, TDS and salinity) were recorded using a YSI-Professional Plus Multiparameter 

Instrument (Xylem, USA). Each sampling occasion at each zone consisted of 10–20 electrofishing 

bursts (i.e. five minutes per burst) accompanied by active netting using long-handle nets and visual 

observation of fishes. In addition to electrofishing, bi-weekly cast netting (7 m diameter, 1 cm mesh) 

was also performed for two days per week at all reservoirs sampled. During each sampling occasion, 

60 to 80 casts were performed across all six (or eight) sampling zones. Lastly, unbaited metal fish 

traps (80 cm x 40 cm, 2 cm mesh) were also deployed bi-weekly at all reservoirs sampled. 10 traps 

were deployed haphazardly along the littoral zone (depths of 1–2 m) of the reservoir within each of 

the six (or eight) zones (total of 60 or 80 traps), and collected after 48 hours. All fish specimens 

collected using all the methods described above were identified (Baker and Lim, 2008; Ng and Tan, 

2010a), measured for standard length (cm) and weighed for total wet weight (g) using precision 

spring weighing scales (PESOLA, Switzerland). For dietary and stable isotope analyses, a minimum 

of 18 specimens (where available) for each species were collected from each reservoir, stored in ice 

and brought back to the laboratory for dissection and tissue collection. A total of 7,612 fish were 
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caught across all the reservoirs, of which 599 specimens were euthanized for gut content and stable 

isotope analyses. 

Dietary analyses 

All fish specimens collected specifically for gut content analysis were dissected, the fore gut excised 

and the dietary composition for each specimen was quantified as percentage of the total gut content 

volume (VO%) and frequency of occurrence (FO%) following procedures modified from Kruuk and 

Parish (1981) and Sá-Oliveira et al. (2014). The dietary items identified under stereoscopic 

microscope, and were grouped into 11 categories: substrate (i.e. inorganic sediment), unidentifiable 

animal matter (i.e. highly digested matter of non-fish vertebrates), plant matter (e.g., whole or parts 

of leaves, flowers, stems), algae (i.e. benthic or encrusting algae), phytoplankton, zooplankton, insect 

larvae (i.e. whole or parts of aquatic insect larvae), gastropods (i.e. aquatic snails and bivalves), 

decapod crustaceans (i.e. crab and shrimps), and fish (i.e. whole or remains). The volume (VO%) and 

frequency of occurrence (FO%) of each dietary item was combined to calculate the feeding index 

(FIi) as follows: 

     
       

∑(       )
 

where     = feeding index,     = frequency of occurrence of diet item  , and     = volume of diet 

item  . 

Stable isotope analysis 

We measured the isotopic profiles of all species of fishes, representative aquatic invertebrate taxa: 

insect larvae, decapod crustaceans, gastropod molluscs, and zooplankton, and primary producers in 

the form of riparian vegetation (C3 and C4), epiphytic algae and phytoplankton. This was done by 

sampling the muscle tissue of different fish species (collected during fish sampling), decapods and 

gastropods specimens, as well as whole zooplankton and insect larvae specimens. Riparian 

vegetation was represented by leaf clips of the most abundant plants, while epiphytic algae were 

sampled from hard surfaces in the littoral zones. All samples were oven dried at 70˚C for a duration 

of 48–72 hours, homogenised and weighed (to the nearest 0.0001 g). Processed samples were packed 

in standard tin capsules and sent to the Stable Isotope Facility at the University of California, Davis, 

for analyses. 

We used 
13

C/
12

C (i.e. δ
13

C) and 
15

N/
14

N (i.e. δ
15

N) data to assess trophic relationships at our study 

sites (Liew et al., 2018). This was done using two-source concentration dependent Bayesian mixing 

models (SIAR) (Parnell and Jackson, 2013), where the dietary analyses were used to validate results 

of the δ
13

C and δ
15

N for each prey item to determine their relative contribution. Specifically, we 

restricted the inclusion of multiple potential food sources (with verification from literature where 

available) to items found in the gut of the fish species of interest (after Liew et al. 2018). Before the 

mixing models were run, we corrected our isotope data for trophic discrimination (both δ
13

C and 

δ
15

N) (Post, 2002; McCutchan Jr et al., 2003; Bunn et al., 2013), as well as lipid enrichment (only 

δ
13

C) (Logan et al., 2008). Trophic discrimination values were taxon-specific for δ
15

N (adopted from 

McCutchan et al. (2003) and Bunn et al. (2013)), while a fixed value of 0.4 (±1.3) was used to 

correct the δ
13

C value of all consumer taxa analysed (Post 2002). For each consumer taxon, we ran a 

total of 500,000 iterations (burn-in value of 50,000) of the associated mixing model and the output 

were expressed in proportion contributions (1–100%) indicating the relative importance of the 

various potential food items to a consumer taxon. We assumed that food sources with a median 

source contribution estimate of ≈0 are ecologically unimportant (or stochastic), and these were 

therefore removed from further analyses (after Liew et al., 2018). All remaining interactions were 
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then tabulated in a predator-prey matrix summarising the presence or absence of trophic relationships 

between all taxa present in each study site (Liew et al., 2016a). 

Foodweb visualisation and interpretation 

We visualised the foodwebs of all six sampling sites using the igraph*1.01 statistical package 

(Csardi and Nepusz, 2006). All cichlid species in the webs were also highlighted to improve ease of 

visualisation. To quantify the role cichlids in each foodweb, we calculated the following for all 

cichlid species using the NetIndices*1.4.4 statistical package (Kones et al. 2009): (1) trophic 

position, where (autotrophic) primary producers are assigned a trophic position of 1 and positions 

greater than or equal to two denote heterotrophy; and (2) omnivory, where a value of ≈0 indicates 

prey specificity while greater values suggests that a consumer feeds on prey from a wider range of 

trophic levels. As both measures are species-specific, we also calculate the average, as well as the 

range (minimum and maximum) of trophic position and omnivory values associated with all cichlid 

species present in the foodweb. 

Statistical analyses 

A canonical correspondence analysis (CCA) was performed to determine the influence of 

environmental factors on the distribution of individual fish species found at different zones within 

each reservoir using the program PC-ORD (McCune and Mefford, 1999). CCA is a constrained 

ordination technique that incorporates the unimodal response of species to environmental variables. 

Linear combinations of environmental variables are selected to produce maximum separation of the 

species distribution in the ordination spaces (Ter Braak and Prentice, 1988; Poulin et al., 1993; 

Grantham and Hann, 1994). For this analysis, the species data consisted of the abundances of each 

fish species occurring within each of the six (or eight) zones for each reservoir. The environmental 

data consisted of the six physico-chemical parameters (temperature, dissolved oxygen, pH, 

conductivity, TDS and salinity) that we were allowed to collect at each site. Overall CCA model 

significance was tested using Monte Carlo permutation tests (1,000 iterations) and by evaluating 

canonical coefficients (Ter Braak, 1986). As a complement to the CCA, a correspondence analysis 

(CA) was performed using PC-ORD (McCune and Mefford, 1999) based on presence/absence data 

for each species occurring within each of the six (or eight) zones for each reservoir in the absence of 

environmental correlations. 

In addition, to analyse fish communities of the reservoirs for similarities and differences, Bray-Curtis 

similarities in relative abundances among fish species were used to construct a two-dimensional non-

metric multi-dimensional scaling (NMDS) in PRIMER 6.0 (Clarke and Gorley, 2006) plots to 

determine if any overlaps between fish communities occurred. In addition, two-dimensional bubble 

plots representing abundances of each cichlid species within each reservoir zone are also presented. 

The stress values associated with NMDS plots included indicate the magnitude of distortion (for 

group distances) between original ordination and the 2-dimensional graphs (Clarke, 1993). The 

values presented within the graphs indicate whether they are adequate for interpretation (where 

Stress <0.1 indicates “no real prospect of misleading interpretation,” stress <0.2 gives a “useful” two 

dimensional picture, and stress >0.2 “should be treated with a great deal of scepticism” (Clarke and 

Warwick, 2001). 

Dietary overlap 

The dietary niche breadth of each species was calculated using the standardized Levin’s (1968) 

index: 
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where    = standardized Levin’s niche breadth;     = proportion of diet of consumer   consisting of 

resource  ; and   = total number of resources. The standardized niche breadth index ranges from a 

scale of 0 (i.e. species consuming only a one item) to 1 (i.e. species consuming all available items in 

equal proportion). The dietary niche overlap was measured for each co-occurring species-pair using 

the Pianka’s index based on the following formula: 

    
∑    
 
    

√∑    
  

 ∑    
  

 

 

where     = Pianka’s niche overlap index between species   and species  ;     = proportion of food 

item   consumed by species  ;     = proportion of food item   consumed by species  ; and   = total 

number of overlapped dietary items between species   and species   (Winemiller and Pianka, 1990). 

The Pianka’s index values ranges from 0 (i.e. indicating no niche overlap) and 1 (i.e. complete niche 

overlap). Variance of the Pianka’s overlap for each cichlid community was determined based on the 

pairwise overlap of all cichlids in each reservoir. To improve our understanding of the niche breadth 

and overlap results, values greater than 0.6 are considered high, values between 0.4–0.6 are regarded 

as intermediate, and values less than 0.4 are considered low (Novakowski et al., 2008; Bonato and 

Fialho, 2014; Sá-Oliveira et al., 2014). 

Additionally, the significance of Pianka’s overlap for each reservoir cichlid assemblage was 

evaluated using null models generated using the package “EcoSimR” in R (Gotelli et al., 2015; R 

Core Team, 2018). The null models consisted of a set of randomized diet for the cichlid community 

in each reservoir where the columns represent the diet categories, and each row represents a cichlid 

species. These null matrices were iterated 10,000 times using the RA3 (scrambled zeros) and RA4 

(conserved zeros) algorithms which preserve the row totals of the observed data, thus maintaining 

the species’ niche breadth and the degree of trophic specialization in the simulated null models 

(Albrecht and Gotelli, 2001). Under the RA3 algorithm, all the feeding coefficients were reshuffled 

for each row in the null matrices, thus assuming that each species could potentially use other 

resources (i.e. prey-switching). However for the RA4 algorithm, only the non-zero coefficients were 

reshuffled for each row in the null matrices, therefore assuming that each species could only feed on 

what had been observed based on the original data. The two-tailed statistical significance of the 

comparison between observed and randomly generated null model was evaluated by considering 

significance at  = 0.05. 

Significant lower observed diet overlap than expected by chance might indicate resource partitioning 

(i.e. competition) while observed values significantly higher than expected by chance suggests 

greater resource sharing within the cichlid assemblage. Additionally, patterns in the variance were 

also evaluated where significantly higher observed variance than expected by chance suggests 

presence of trophic guild organisation in the cichlid assemblage. This is because species-pairs within 

guild will have greater overlaps while species-pairs from different guilds have lower overlaps, 

leading to large variances (Inger and Colwell, 1977). Although the RA4 algorithm is more 

conservative (Albrecht and Gotelli, 2001), RA4 is a stronger test for nonrandom patterns of resource 

partitioning while RA3 is more ideal as a test of guild structure (Winemiller and Pianka, 1990). 

Results 
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A total of 7,612 individual fish representing 43 species from 17 families were captured in the six 

freshwater reservoirs by electrofishing, netting and trapping (Table 1). The most abundant family 

was the Cichlidae (including 14 species and two potential hybrids) which contributed to 74.5% of the 

total fish abundance in the six reservoirs. The three most abundant cichlid species recorded were the 

green chromide, Etroplus suratensis (2,056 individuals or 27% of total fish captured), the eartheater 

cichlid, Geophagus altifrons (972 individuals or 12.8% of total fish captured), and the Orinoco 

peacock bass, Cichla orinocensis (762 individuals or 10% of total fish captured). 

Table 1. Abundances of all fishes caught in six reservoirs in Singapore using electrofishing, cast 

netting and trapping during surveys. 

Family Species Status Native range Abundance Abbreviation 

Adrianichthyidae Oryzias javanicus native Southeast Asia 2 OJ 

Ambassidae Parambassis siamensis non-native Thailand 5 PS 

Anabantidae Anabas testudineus native Southeast Asia 1 AT 

Ariidae Hexanematichthys sagor native Southeast Asia 1 HS 

Channidae Channa micropeltes non-native Southeast Asia 154 CM 

Channidae Channa striata native Southeast Asia 114 CS 

Cichlidae Acarichthys heckelii non-native South America 31 AH 

Cichlidae Amphilophus citrinellus non-native South America 235 AC 

Cichlidae Cichla kelberi non-native South America 7 CK 

Cichlidae Cichla orinocensis non-native South America 762 CO 

Cichlidae Cichla piquiti non-native South America 1 CP 

Cichlidae Cichla temensis non-native South America 293 CT 

Cichlidae Cichlasoma urophthalmum non-native Central America 372 CU 

Cichlidae Cichlasoma x Paratheraps hybrid non-native Artificial hybrid 1 CH 

Cichlidae Etroplus suratensis non-native India 2,056 ES 

Cichlidae Geophagus altifrons non-native South America 972 GA 

Cichlidae Heterotilapia buttikoferi non-native West Africa 171 HB 

Cichlidae Oreochromis mossambicus non-native Africa 446 OMos 

Cichlidae Oreochromis niloticus non-native Africa 60 ON 

Cichlidae Oreochromis 'Pink Tilapia' 

hybrid 

non-native Africa 6 OH 

Cichlidae Parachromis managuensis non-native South America 7 PMan 

Cichlidae Vieja melanura non-native South America 255 VM 

Clariidae Clarias gariepinus non-native Africa 36 CG 

Cyprinidae Barbonymus schwanenfeldii non-native Asia 31 BS 

Cyprinidae Crossocheilus oblongus non-native Southeast Asia 1 COb 

Cyprinidae Cyprinus carpio non-native Europe, Asia 1 CC 

Cyprinidae Gyrinocheilus aymonieri non-native Thailand 1 GAy 

Cyprinidae Leptobarbus rubripinna non-native Southeast Asia 1 LH 

Cyprinidae Morulius chrysophekadion non-native Southeast Asia 1 MC 

Datnoididae Datnoides microlepis non-native Southeast Asia 2 DM 

Eleotridae Oxyeleotris marmorata native Southeast Asia 981 OMa 

Gobiidae Glossogobius aureus native Southeast Asia 377 GAu 

Gobiidae Rhinogobius giurinus native Southeast Asia 1 RG 

Hemiramphidae Hyporhamphus quoyi native Southeast Asia 16 HQ 

Loricariidae Pterygoplichthys disjunctivus non-native South America 19 PD 
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Loricariidae Pterygoplichthys pardalis non-native South America 26 PP 

Loricariidae Pterygoplichthys sp. non-native South America 11 P 

Notopteridae Chitala ornata non-native Thailand, 

Vietnam 

9 COr 

Notopteridae Notopterus notopterus non-native Southeast Asia 4 NN 

Osphronemidae Osphronemus goramy non-native Southeast Asia 32 OG 

Osteoglossidae Scleropages formosus non-native Southeast Asia 44 SF 

Serrasalmidae Piaractus brachypomus non-native South America 1 PB 

Synbranchidae Monopterus javanensis native Asia 65 MJ 

In the canonical correspondence analysis (CCA), Axis 1 and Axis 2 contributed to more than 56% of 

the variance explained, and that the Monte Carlo permutation tests for fish species-environment 

variables found both the first two axes highly significant (P<0.05). Based on the CCA, we also found 

that that the green chromide, Etroplus suratensis, the Mayan cichlid, Cichlasoma urophthalmum, and 

Mozambique tilapia, Oreochromis mossambicus, were most strongly associated with reservoirs 

(Reservoirs 4 and 5) characterized by relatively higher salinities (all six reservoirs recorded salinities 

<0.05 ppt), conductivity, pH and dissolved oxygen (Figure 2A). Reservoirs 2 and 3 while similarly 

characterized by increased salinities, conductivity and pH, had lower levels of dissolved oxygen, and 

were instead dominated by the Orinoco peacock bass, Cichla orinocensis, the Quetzal cichlid, Vieja 

melanura, the zebra tilapia, Heterotilapia buttikoferi, the Midas cichlid, Amphilophus citrinellus, the 

threadfin acara, Acarichthys heckleii, the Azul peacock bass, Cichla piquiti, the jaguar cichlid, 

Parachromis managuensis, and the Oreochromis ‘Pink Tilapia’ hybrid (Figure 2A). Reservoirs 2 to 

5 included all the coastal reservoirs in this study (Figure 1). Cichlids that were more associated to the 

inland reservoirs of lower salinities (Reservoirs 1 and 6), included the Nile tilapia, Oreochromis 

niloticus, the Kelberi peacock bass, Cichla kelberi, the eartheater cichlid, Geophagus altifrons and 

the speckled peacock bass, Cichla temensis (Figure 2A). The cichlid species that were found at the 

six reservoirs observed in the CCA were similar to the results in the correspondence analysis (CA) 

which was based on presence/absence data and without the environmental parameters (Figure 2B). 

The non-metric multidimensional scaling (NMDS) of the fish communities found in each of the 

zones at each reservoir indicated two clusters were apparent at 25% similarity, and included an 

inland reservoirs cluster (Reservoirs 1 and 6) and a coastal reservoir cluster (Reservoirs 2, 3, 4 and 5) 

(Figure 3). At 50% similarity, with the exception of reservoirs 2 and 5 which were clustered together, 

all the other remaining reservoirs had unique fish assemblages (Figure 3). The more detailed two-

dimensional bubble plots based on each of the cichlid species during the NMDS analysis also 

showed that there was no one cichlid species that was found in all six reservoirs surveyed. The most 

common species, found in five reservoirs, included Cichla orinocensis and H. buttikoferi; while 

species that could only be found in single reservoirs included Cichla kelberi, Cichla piquiti, the 

Cichlasoma hybrid, the Oreochromis “pink tilapia” and Parachromis managuensis (Figure 4). 

Among the four species of peacock bass (genus Cichla), the more abundant Cichla orinocensis was 

found mainly in the slightly more saline (as compared to the inland reservoirs which recorded very 

low salinities) coastal reservoirs (Reservoirs 2–5) while Cichla temensis was primarily found in the 

less saline inland reservoirs (Reservoirs 1 and 6). For the tilapiine cichilds (Orechromis), high 

numbers of Orechromis mossambicus and with lower numbers of Orechromis niloticus could be 

found co-occurring in both reservoirs 2 and 5 (which are clustered together based on a 50% 

similarity in fish communities in the NMDS, Figure 3). Similarly, the most abundant cichlid (green 

chromide, Etroplus suratensis) was found in three of the coastal reservoirs (Reservoirs 2, 4 and 5), 

and also in one of the inland reservoirs (Reservoir 1) (Figure 4). In comparison, the second most 

abundant cichlid, the eartheater cichlid, Geophagus altifrons, was more abundantly found in the 

inland reservoirs (Reservoirs 1 and 6), and with lower numbers in the coastal reservoirs (Reservoirs 2 

and 5) (Figure. 4). 
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Figure 2. A) Canonical correspondence analysis (CCA) of abundances of each fish species and six 

associated environmental measures where the eigenvalues of Axis 1 (39.9%) and Axis 2 (16.2%) are 

0.776 and 0.16 respectively; and B) Correspondence analysis of abundance of each fish species 

(based on presence/absence data) found at six reservoirs in Singapore surveyed between December 

2014 and May 2016. 

 

Figure 3. Non-metric dimensional scaling (NMDS) of fish communities (43 species) found in six 

reservoirs of Singapore surveyed between December 2014 and May 2016. 
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Figure 4. Bubble plots based on non-metric dimensional scaling for each of the 16 cichlid species 

found in the six reservoirs surveyed between December 2014 and May 2016 (where size of circles 

represent relative abundances of each species found in each zone for each reservoir, and with stress 

values of 0.11). 

From the 599 digestive tracts examined, 457 belonging to 11 cichlid species contained stomach 

contents. The remaining five cichlid species were excluded from the diet analysis due to low sample 

sizes (N<5). Based on the diet accumulation curve, all species with the exception for Acarichthys 

heckelii reached an asymptote (Figure 5). The feeding index of the dietary items, trophic guild, and 

niche breadth for the 11 cichlid species are presented in Table 2. Overall, fish, animal matter, 

gastropods, and detritus were the most exploited food resources representing of 75% of the total food 

items ingested by all the cichlid species. The majority of cichlid species (7 of 11 species) had a 

carnivorous or piscivorous diet. Niche breadth (B) values varied from 0.14 to 0.65 (Table 2), where 

approximately 63% of the cichlid species were trophic specialists such as Cichla spp. (piscivores) 

and Oreochromis spp. (detritivores) with relatively low niche breadth (B <0.4). 
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Figure 5. Observed accumulation curve of diet by cichlid species sampled in our study. Solid line 

represents the mean diet richness and shading indicates the 95% confidence interval. 

The mean dietary niche overlap observed for the cichlid communities in each reservoir were 

relatively low, ranging from 0.16–0.41 (Table 3). Cichlid communities in the inland reservoirs 

(Reservoirs 1 and 6) had the lowest feeding overlap values (0.17 and 0.29) while the coastal 

reservoirs (Reservoirs 2 and 5) which shared the greatest similarity in their cichlid assemblage had 

the highest niche overlap values (0.39 and 0.41). Comparisons with null communities generated 

using RA3 and RA4 algorithms found that the observed niche overlaps were significantly higher than 

expected by chance in Reservoirs 2 and 5 but also for Reservoir 1 using the RA3 algorithm only 

(Table 3). This suggests similar foraging patterns and greater resource sharing in these reservoirs. 

Similarly, patterns of variance were observed to be significantly higher than expected by chance for 

Reservoir 2 and 5 using both RA3 and RA4 algorithms (Table 3), suggesting the presence of trophic 

guild organization in the cichlid communities. 

Table 2. Feeding index values and trophic guild classification of the 11 cichlid species included for 

the gut content analysis (and where species abbreviations can be found in Table 1). 

Specie

s 

Diet categories 

Trophic 

guild 

Standardize

d Levin’s 

niche 

breadth (B) 

 

Substr

ate 

Ani

mal 

matt

er 

Pla

nt 

Periph

yton 

Phytopla

nkton 

Zooplan

kton 

Ins

ect 

Deca

pod 

Gastro

pod 

Fis

h 

Detrit

us 

AH 
 

0.90

5 

    

0.0

69 

  

0.02

6 

 

Carnivorou

s 
0.653 

AC 0.009 

0.19

5 

0.0

99 

 

0.002 0.001 

0.0

01 

 

0.317 

0.36

1 0.016 

Carnivorou

s 
0.349 

CO 
 

0.00

1 

       

0.99

9 

 

Piscivorous 
0.140 

CT 
  

0.0

11 

    

0.003 

 

0.98

5 0.001 Piscivorous 
0.206 

Acc
ep

te
d 

M
an

us
cr

ipt



CU 0.005 

0.63

2 

0.0

18 0.007 

  

0.1

35 0.002 0.08 

0.12

1 

 

Carnivorou

s 
0.531 

ES 0.027 

0.12

8 

0.2

67 0.357 0.001 

 

0.0

69 

 

0.058 

 

0.093 

Omnivorou

s 
0.366 

GA 0.024 

0.47

2 

0.0

51 0.082 

  

0.3

18 

 

0.025 

0.02

1 0.007 

Carnivorou

s 
0.479 

HB 0.042 

0.14

5 

0.1

38 0.344 0.04 0.002 

0.0

05 0.001 0.011 

0.00

7 0.265 

Herbivorou

s 
0.398 

OM

os 0.007 

 

0.0

05 

 

0.231 0.046 

0.0

02 

   

0.709 

Detritivoro

us 
0.238 

ON 0.003 

 

0.0

02 0.028 0.077 0.014 

    

0.877 

Detritivoro

us 
0.161 

VM 0.008 0.21 

0.0

84 0.015 

  

0.0

89 0.008 0.55 0.03 0.006 

Carnivorou

s 
0.423 

Table 3. Observed and simulated mean dietary niche overlap (Pianka’s index) for the cichlid 

assemblage in each reservoir using the RA3 (scrambled zeros) and RA4 (conserved zeros) 

algorithms. Pobs. refers to the P-value where the mean observed overlap is greater than simulated 

values, Pvar. refers to the P-value where the variance of observed overlap is greater than variance of 

simulated overlap. Significant P-values are indicated in bold. 

 

Mean 

observed  

Variance 

observed 

RA3 algorithm RA4 algorithm 

Mean 

simulated 

Variance 

simulated Pobs. Pvar. 

Mean 

simulated 

Variance 

simulated Pobs. Pvar. 

Res 1 0.288 0.116 0.18 0.069 0.043 0.069 0.264 0.099 0.314 0.288 

Res 2 0.387 0.102 0.219 0.065 <0.01 0.011 0.300 0.085 0.036 0.126 

Res 3 0.321 0.094 0.261 0.059 0.212 0.241 0.236 0.063 0.122 0.317 

Res 4 0.341 0.092 0.166 0.067 0.101 0.354 0.371 0.099 0.585 0.411 

Res 5 0.414 0.127 0.252 0.061 <0.01 <0.01 0.270 0.065 <0.01 <0.01 

Res 6 0.166 0.063 0.179 0.068 0.511 0.475 0.119 0.052 0.291 0.337 

There were no clear trends in the trophic positions occupied by cichlids across the surveyed 

reservoirs (Figure 6). The average trophic position of cichlids for all foodwebs was ≈3, 

corresponding with trophic positions typically occupied by secondary consumers. Across all the 

reservoirs, at least one cichlid species, most often from the genus Cichla, occupied the apex of the 

foodweb (trophic position >4). Further, we did not observe any strictly herbivorous cichlids (trophic 

position=2). Instead, the lowest trophic position attributed to a cichlid species (Oreochromis 

niloticus) was 2.1 in Res 5. The average omnivory of cichlid species varied greatly within each 

reservoir, commonly ranging from ≈0 to ≈1 (Table 4). This suggests that sympatry of highly 

specialised and generalist cichlid species were common in the reservoirs surveyed. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

Figure 6. Empirical foodwebs of six reservoirs surveyed in this study. Nodes in the foodweb 

represent individual taxa, while links between the nodes are indicative of trophic relationships. 

Trophic positions of all taxa are reflected by the position of their nodes along the vertical axis of the 

foodwebs where primary producers (trophic position=1) occupy the base of webs. Nodes associated 

with cichlid species are highlighted in red (and where species abbreviations can be found in Table 1). 

Table 4. Summary of indices describing the trophic roles of cichlids in all six reservoirs surveyed. 

Trophic index Sites  

Res 

1 

Res 2 Res 3 Res 4 Res 5 Res 6  

Average trophic 

position 

3.3 3.0 3.3 3.6 3.1 3.3  

Maximum trophic 

position 

4.6 4.1 4.3 4.6 4.6 4.1  

Minimum trophic 

position 

2.5 2.3 2.7 2.8 2.7 2.1  

Average 

omnivory 

0.3 0.4 0.2 0.4 0.6 0.4  

Maximum 

omnivory 

0.9 0.8 0.4 1.1 1.3 0.8  

Minimum 

omnivory 

0.1 0.1 ≈ 0.0 ≈ 0.0 ≈ 0.0 0.1  

Discussion 

In general, we found that regardless of their origins (i.e. native ranges and introduction pathways), 

the cichlids that occur in Singapore appear to have adapted to the conditions that can be found in the 

six reservoirs surveyed. However, certain species appeared better adapted to certain reservoirs 

compared to others; these included several more euryhaline species (e.g., Oreochromis mossambicus, 

and Etroplus suratensis) which were more abundant in the coastal reservoirs, and several more 
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freshwater-adapted species (e.g., Cichla temensis), which have established in the inland reservoirs 

where water salinities are lower as compared to the coastal reservoirs. The dominance of these fish 

species in certain reservoirs might be explained by these fishes adapting to the abiotic and biotic 

conditions specific in each reservoir and thus being able to establish themselves successfully over 

time; or in the case of the euryhaline species, it is also possible that these fishes already being 

dominant prior to the damming of the coastal catchment areas in Singapore (Ng and Tan, 2013; Liew 

et al., 2016b). As each reservoir appears to be unique in its aquatic community (Liew et al., 2018), 

these cichlids have also managed to successfully occupy the various available trophic niches. It The 

success of these cichlids could also be explained by the variety of feeding and reproductive strategies 

of these cichlids (Lowe-McConnell, 1969; Keenleyside, 1991; Chakrabarty, 2004; Chávez-López et 

al., 2005; Stauffer Jr et al., 2006). Importantly, however, the introduction sources and the effects of 

propagule pressure, which are currently not known, are also likely to have an important impact of 

these assemblages. The information presented here can nevertheless still be useful as a baseline 

database for future population and community studies 

Based on the results from this study, the establishment of reservoir-specific cichlid species in at least 

these six freshwater reservoirs in Singapore could be attributed to both abiotic and biotic conditions. 

This might provide an increased adaptive advantage in inhabiting certain reservoirs, or even a 

competitive advantage between fish taxa within a reservoir (Moyle and Light, 1996; Bomford et al., 

2010). For example in the tilapiine cichilds, high numbers of Oreochromis mossambicus and lower 

numbers of Oreochromis niloticus could be found co-occurring in two of the coastal reservoirs, 

which might be explained in part by the higher salinity tolerance of this genus (Whitfield and Blaber, 

1979; Uchida et al., 2000). Yet another example is the most widespread cichlid (green chromide, 

Etroplus suratensis) which has a broad range in salinity tolerance (De Silva et al., 1984; 

Chandrasekar et al., 2014) and was abundantly found in three of the coastal reservoirs, but in low 

numbers in one of the inland reservoirs. Similarly, the second most abundant cichlid was the 

eartheater cichlid, Geophagus altifrons, which is known to be a blackwater species (i.e. preferring 

stained, soft and acidic waters) in its native ranges (Saint-Paul et al., 2000); was more commonly 

found in the less saline inland reservoirs. In addition to the water conditions, the vegetation and 

maturity of the reservoirs may also play an important role in the establishment of freshwater fishes 

(Pusey and Arthington, 2003). The inland Reservoir 6, for example, which is older (created in 1970s) 

than the other reservoirs surveyed (created between 1980s to 2010s) (Ng et al., 2011) and situated 

within a nature reserve, and has denser riparian vegetation including mature secondary forests along 

its periphery as compared to the younger reservoirs surveyed (pers. observ.). This reservoir also 

features specific riparian habitats that are more suitable for certain cichlid species (e.g., coarse 

woody debris, i.e. large branches of submerged broken trees for cichlids such as Cichla temensis or 

Cichla orinocensis) (Jepsen et al., 1997; Winemiller et al., 1997; Gois et al., 2012). In contrast, the 

more recently constructed reservoirs usually contain more rocky bunds (i.e. embankments) and 

sparser woody vegetation (mainly grasses) along the banks (pers. obs.), and could be more suitable 

for substrate-brooding cichlid species (Ng and Tan, 2010a; Liew et al., 2012; Kwik et al., 2013). 

Besides environmental conditions, the dietary adaptations displayed by cichlids may also play an 

important role for their establishment success in Singapore’s reservoirs. The diets of the cichlids 

encountered in Singapore’s reservoir were generally similar to those recorded in their native ranges; 

these included primarily piscivores such as the peacock basses (Cichla spp.) (Jepsen et al., 1997); to 

invertivores such as Veija melanura and Geophagus altifrons (López-Fernández et al., 2012); and 

herbivores such as Etroplus suratensis and Heterotilapia buttikoferi (Chapman and Fernando, 1994; 

Ng and Tan, 2010b). We also found, however, that while diets could be specialised, many of the 

cichlids still fed on a wide range of food types (albeit in lower proportions); such opportunistic 

feeding habits potentially playing an important role in rapid colonisation and establishment success 

of cichlids (Bergmann and Motta, 2005). It is also possible that the relatively high abundances of 

smaller prey fish species (i.e. smaller than 5 cm) and in these reservoirs afford the predators 

opportunities to shift from one resource to another (depending on their requirements), instead of 
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utilising the full diversity of food types available to them (Gerking, 1994). The overall cichlid 

communities within Singapore’s reservoirs exploited a wide variety of food items comprising species 

with varying degree of trophic specialisation. Species that can be considered as specialist with low 

niche breadth values and omnivory index include those that consumed exclusively on fish, plants or 

detritus (i.e, Cichla spp. and Oreochromis spp.) while omnivorous/generalist species tend to feed on 

a greater variety of resources and/or from differing trophic groups (i.e. Cichlasoma urophthalmum 

and Geophagus altifrons). Despite the overall low niche overlap values observed, foraging patterns 

within the cichlid communities based on the comparisons with null models revealed evidence of 

significant resource sharing and presence of trophic guild organization for the coastal reservoirs 

(Reservoirs 2 and 5). This suggests that resource competition is not the primary driver for the cichlid 

assemblage within these coastal reservoirs even though there were significant higher niche overlaps 

than expected by chance. Although the competitive exclusion principle states that species competing 

for the same resource cannot coexist (Hardin, 1960), coexistence of competing species may still 

occur when resources are not limiting which alleviates competition and allows resource sharing 

(Corrêa et al., 2011; Bonato and Fialho, 2014). We note that the cichlid species assemblage in the 

coastal reservoirs were similar to each other and also had the greatest diversity of cichlid species. 

Furthermore, the assemblages observed for the coastal reservoirs were dominated by a mixture of 

specialist (i.e. Cichla spp. and Oreochromis spp.) and generalist species (i.e. Cichlasoma 

urophthalmum and Etroplus suratensis) each occupying different trophic guilds while having strong 

intra-guild niche overlaps between the piscivorous or detritivorous species. 

Finally, and as mentioned earlier, other important considerations when assessing the cichlid species 

diversity that are currently recorded in each of these reservoirs is the specific time at which these 

cichlid species were first introduced into the reservoirs; as well as data on pre-existing cichlid 

assemblages prior to coastal reservoir construction/dammings. Such information might explain the 

current dominance of certain cichlid species within each reservoir, and possibly provide a temporal 

understanding on the trends in abundances observed for each cichlid species. Unfortunately, only 

rough approximations of introduction timeframes are available in the literature for certain cichlid 

species introduced in Singapore. For example, Alfred (1966) could only postulate that Oreochromis 

mossambicus was introduced by the Japanese from Java sometime between 1942 and 1945. 

Similarly, the first records of Etroplus suratensis was based on collection records from 1995 (Ng and 

Tan, 2010b), and it could only be assumed that this was within the initial introduction period as there 

were no records of the species prior to 1993 (Japar et al., 1994). For some other cichlids, such as 

Cichla orinocensis and Cichlia temensis, definitive information on their introduction is limited to 

when they were first recorded (as recorded by Ng and Tan, 2010a), although they were assumed to 

be introduced sometime in the early 1990s by recreational fishermen (Ng et al., 2011). As such, the 

quantitative data reported in this paper on cichlid species richness and abundances will be useful as 

the baseline quantitative information for these fishes. Besides the timing of introductions, the 

pathways (i.e. sources) of introduction also play an important role in the cichlid species that could 

potentially be found in reservoirs (Yeo and Chia, 2010), and include the ornamental trade and 

aquaculture/live food trade (Savini et al., 2010; Strecker et al., 2011). The introduction pathways 

through which cichlids enter reservoirs or waterways involve activities such as mercy release (Yeo 

and Chia, 2010); releases of unwanted aquaria-purchased pets (Ng and Tan, 2010a; Kwik et al., 

2013); escapees from aquaculture (Ng and Tan, 2010a; Liew et al., 2012) and more recently due to 

releases for recreational fishing activities (Ng and Tan, 2010a) (e.g., peacock basses which are highly 

sought after by recreational anglers). While there are legislations regulating the release of animals 

into reservoirs and waterways (Yeo and Chia, 2010), enforcement of these regulations is challenging 

(Heng, 2016; Hong, 2018). 

Conclusions 

Based on our observations and the known biology of the group, we found that the distribution and 

species diversity of cichlids appear to be influenced by the biotic and abiotic conditions that can be 

Acc
ep

te
d 

M
an

us
cr

ipt



found within each reservoir. We also feel that that the establishment success of these cichlids is also 

owed to the various biological and behavioural adaptations that cichlids display. Factors such as 

these have also provided better opportunities for the co-existence of these many different species of 

cichlids from different origins. While some ecological succession may occur (e.g., switch in 

dominance between tilapiines and the green chromide in certain reservoirs (pers. obs.)), the cichlids 

will likely remain as the most species rich and abundant taxa in Singapore’s reservoirs. Given their 

prominence in Singapore’s ornamental pet trade, which is a major national industry (Cheong, 1996; 

Liew et al., 2012), is not inconceivable that the number of species of cichlids in the reservoirs of 

Singapore may increase further through additional introductions, although as the reservoir 

communities begin to accumulate, successful new species establishments would probably depend on 

their ability to co-exist or to replace the currently established cichlids. 
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