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Abstract

Amazon sailfin catfish are native to Latin Arica (Siluriformes: Loricariidae: Pterygo-
plichthys) and are popular around the world as ornamental fish. It is well-documented 
that these species are highly successful invaders and very prone to forming new geo-
graphical ranges. However, once established, eradicating a new population is a very 
challenging task. In Bangladesh, species of the genus Pterygoplichthys are expected to 
spread widely and have a severe detrimental impact on ecosystem health, biodiversity 
and economics. Here we provide new information on the future probable establish-
ment of non-native populations of these species in the wild using a climate-matching 
analysis and highlight their potential area of occurrence. The potential socio-economic 
consequences are also discussed, as are the public perception of these species and prob-
able economic damages caused. Control of the import of similar species, their culture 
and intentional or unintentional release into open water is urgently required.
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Introduction

Biological invasions cause huge environmental and socio-economic losses world-
wide (Bang et al. 2022). In freshwaters, numerous invasive fish species have been 
introduced via various pathways such as culture for human consumption, orna-
mental aquaculture and the pet trade, and pest control (Faulkner et al. 2020). 
Tropical countries are especially suitable for the establishment of new populations 
of many fish species such as the well-known invasive Nile tilapia Oreochromis ni-
loticus (Linnaeus, 1758) and common carp Cyprinus carpio Linnaeus, 1758, as well 
as species paradoxically endangered in their native ranges such as the giant arapai-
ma Arapaima gigas (Schinz 1822), as reported by Marková et al. (2020) and Zam-
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brano et al. (2006). In the case of catfish, several species of Amazon sailfin catfish 
Pterygoplichthys spp. have been recognized in tropical, subtropical and warm-water 
regions as invasive (Nico et al. 2012; Rao and Sunchu 2017; Hossain et al. 2018; 
Orfinger and Goodding 2018; Patoka et al. 2020; Saba et al. 2020; Yen 2021).

Amazon sailfin catfishes (Siluriformes: Loricariidae: Pterygoplichthys) are native to 
Latin America and are very popular worldwide as ornamental species (Burgess 1989; 
Hoover et al. 2004; Novák et al. 2022). They are transported around the planet in 
huge quantities and released accidentally by irresponsible owners or even intention-
ally by producers for culture in new localities outside their native ranges (Hoover et 
al. 2014). They can quickly establish new populations where suitable climatic con-
ditions exist and then spread and multiply rapidly (Orfinger and Goodding 2018).

Various biological and ecological characteristics allow certain Amazon sailfin 
catfishes species to be highly successful invaders: parental care and large eggs that 
generate strong hatchlings that can escape predators; nesting; extended spawning 
seasons; high fecundity; rapid growth; lifespans of more than five years; ability to 
gulp air and extract oxygen through the gut lining in hypoxic environments; and 
a capacity to survive several hours of desiccation in simple burrows (Armbruster 
1998; Hoover et al. 2004; Gibbs and Groff 2014; Hossain et al. 2018). Their scales 
are hard, and their fins are equipped with sharp hard spines that are effective deter-
rents against predators (Quan et al. 2020; Peplinski et al. 2021). For this reason, 
species such as Pterygoplichthys disjunctivus (Weber, 1991) and P. pardalis (Cas-
telnau, 1855), as well as their hybrids, are currently spreading intercontinentally 
as invaders in the tropics, subtropics and warm-water regions (Hill and Sowards 
2015; Hossain et al. 2018; Patoka et al. 2020). Although the most non-native 
populations originate from aquarium releases or escapes from fish cultures, the 
possibility of introduction for human consumption cannot be ignored (Patoka et 
al. 2020). Where these species have been introduced by a combination of several 
pathways, they can be referred to as ‘polyvectic’ sensu Carlton and Ruiz (2005).

Invasive Pterygoplichthys species can become locally dominant fish species as 
they have the capacity to outcompete native species by altering the dynamics of 
food webs (Page and Robins 2006) and by exploiting similar trophic niches (Mee-
na et al. 2016). Various negative impacts on habitats in invaded ranges are also 
known, including increased water turbidity, bank erosion and instability (Nico 
et al. 2009a). The grazing and burrowing behaviour of Pterygoplichthys spp. also 
greatly damages populations of aquatic macrophytes (Hoover et al. 2004; Nico et 
al. 2009b; Gibbs et al. 2010). Once a new population is established, these fish are 
very difficult to eradicate (Hill and Sowards 2015; Orfinger and Goodding 2018).

In Bangladesh, Pterygoplichthys spp. were imported for ornamental purposes in 
the 1980s but escaped into the wild during the 1990s as a result of both inten-
tional and unintentional releases (Hossain 2020). However, no Pterygoplichthys 
spp. were recorded in Bangladesh until their first appearance in 2007 in northern 
Bangladesh (Hossain et al. 2008). Recently established wild populations (Parvez et 
al. 2023) and numerous records at different waterbodies have now been reported 
(Parvez et al. 2023; Mamun et al. 2023). Before banning all types of activities 
related to Pterygoplichthys spp. (suckermouth catfishes) in 2023 (Ahamad 2023), 
there were no legislative restrictions banning imports of these fish into Bangladesh 
by aquarium traders or other vectors. Explicit permission from the Bangladesh 
Department of Fisheries, Ministry of Fisheries and Livestock is, nevertheless, re-
quired for importing these species (MoFL 2018) and these fish are perceived as a 
‘conditional’ species. Conditional non-native species are those that are thought 
to endanger the environment, native biota and/or humans. However, this regula-
tion seems to be totally ineffective (a so-called ‘dead letter’; Patoka et al. 2018) as 
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aquarium traders import and breed these fish commercially in huge quantities in 
local hatchery facilities without permission (Hossain 2021). These irresponsible 
activities and intentional or unintentional ranching in the wild may have led to 
these species becoming widespread in Bangladesh.

Therefore, these species are expected to become well-established in many areas of 
Bangladesh and to have had significant negative impacts on biodiversity, ecosystem 
functioning and economics. To date, the only data on the abundance and wild 
establishment of Pterygoplichthys spp. in Bangladesh are reports by local people and 
frequent newspaper articles (Mamun et al. 2023). Therefore, we decided to (i) up-
date information on the occurrence of these fish species in Bangladesh by evaluating 
the establishment of non-native populations in the wild using a climate-matching 
model; and to (ii) observe and evaluate human attitudes towards these fish.

Material and methods

Collection of data on wild occurrence

Records of the occurrence of Pterygoplichthys spp. were collected from the national 
and local daily Bangladesh newspapers (The Daily Prothomalo, The Daily Star, The 
Bangladesh Post, The NEWAGE, The Daily Jugantor, The Daily Sun, The Daily 
Bangladesh, The Daily Ittefaq, The Daily Somokal, The Daily Karatoa, The Daily 
Kalerkontho etc.). To do so, we used the Google search engine with keywords such 
as ‘sucker fish’, ‘rare fish caught in Bangladesh’, ‘sucker fish/rare fish in Buriganga 
Rivers/Turag’, River/Kaptailake/floodplain/beels/haors/pond’, ‘birol mach’ or ‘da-
nob mach’. Similar methods were used by Mamun et al. (2023). During searches, 
we also used the names of different localities and major rivers as key words. Since 
most of the reports were originally published in Bengali, we searched in both Ben-
gali and English. Occurrence records obtained from personal communications and 
via social media (Facebook) reports were also collated. We included reports that 
were confirmed by experts and also by viewing photos and videos shared in news 
and social media. During data collection from newspapers, social media or person-
al communications, fish capture date, location (city/district etc.), fish size (weight), 
number caught, and water body type were all recorded. The GPS coordinates of 
reported locations were obtained using Google Earth Pro based on the description 
in news reports and social media stories/descriptions. All raw data are summarized 
in Suppl. material 1: table S1. These data were analysed to obtain the percentage 
of invaded districts, open waters or ponds, size and weight range of caught fish 
individuals, and the year-wise percentage of occurrence.

Climate match analysis

Bioclimatic factors from the WorldClim database were used to simulate the dis-
tribution of these species (v.2.0; https://www.worldclim.org; Fick and Hijmans 
2017) at a spatial resolution of 30 seconds (~1 km2). Bioclimatic variables are 
essential characteristics derived from monthly temperatures and rainfall data that 
reflect the yearly patterns, seasonality and extremes that are crucial for species 
survival. The distribution pattern of aquatic species and environmental factors, 
particularly temperature, have been discovered to be linked (Jeschke and Strayer 
2008; Gallardo et al. 2012). These environmental layers were assembled in QGIS 
3.30.1 ‘s-Hertogenbosch’ and released on 31.03.2023 (https://qgis.org/en/site/) in 
an ASCII format for use with the MaxEnt algorithm (Phillips 2017), a maximum 
entropy model that is ideal for mapping species distributions (Phillips and Dudik 
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2008). The MaxEnt model is commonly used to predict alien species dispersion 
since it represents a continuous probability surface of habitat suitability in the tar-
get region (Ward 2007; Giovanelli et al. 2008; Yonvitner et al. 2020; Akmal et al. 
2022). We calculated nine bioclimatic variables for Pterygoplichthys spp. (Table 1) 
representing temperature and precipitation averages, extremes and variations, all 
variables that are widely used in ecological niche modelling. MaxEnt was trained 
using all nine bioclimatic variables with default features and regularization mul-
tipliers (Default model), which are based on empirical tuning studies (Phillips 
and Dudik 2008). As a cumulative output, a continuous map was generated and 
visualised in QGIS 3.30.1 ‘s-Hertogenbosch’.

Table 1. Bioclimatic variables used in the variable selection strategy to build a climate similarity 
model for Pterygoplichthys spp. in Bangladesh.

Bioclimatic variables

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly max temp - min temp)

BIO3 Isothermality (BIO2/BIO7) (×100)

BIO4 Temperature Seasonality (standard deviation ×100)

BIO5 Max. Temperature of Warmest Month

BIO6 Min. Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5–BIO6)

BIO8 Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 Mean Temperature of Warmest Quarter

BIO11 Mean Temperature of Coldest Quarter

BIO12 Annual Precipitation

BIO13 Precipitation of Wettest Month

BIO14 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)

Sample collection and identification, and interviews with 
stakeholders

Pterygoplichthys spp. were sampled from the Turug River (GPS coordinates 
23°58'57.9"N, 90°19'49.9"E, 23°53'30.8"N, 90°21'35.3"E, 23°53'09.6"N, 
90°23'33.0"E) and household outdoor ponds in Gazipur (24°01'23.9"N, 
90°23'30.6"E, 24°01'22.5"N, 90°23'16.7"E) and Mymensingh (24°37'59.3"N, 
90°23'52.4"E) districts (Bangladesh) using a cast net (4-m diameter, 1-cm mesh 
size). A few individuals were also collected from aquarium markets and owners. 
Captured fish were taken alive to the laboratory of the Faculty of Fisheries, Bang-
abandhu Sheikh Mujibur Rahman Agricultural University, Bangladesh for iden-
tification using the colouration and patterning on the ventral part of the body, 
as described by Page and Robins (2006), Hossain et al. (2018) and Wu et al. 
(2011). Specimens were measured with digital slide calliper to the nearest 1 mm 
and weighed on an electric scale to the nearest 0.1 g.

Ninety-seven stakeholders including local residents (businessmen, students, em-
ployees, lawyers, politicians etc.), riverside workers, fish farmers, pet shop owners, 
fishermen, and fish-sellers were asked about Pterygoplichthys spp. to gather infor-
mation, specifically, about:
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 - the local name of the species;
 - its potential as food for human consumption;
 - the economic significance of the species;
 - the community perception of the species;
 - the environmental consequences of their presence.

The respondents from different districts/locations were selected randomly. Some 
of the interviewees were chosen based on personal communication from the lead 
author. We asked 17 questions (Suppl. material 1: table S2) during in-person in-
terviews. We only analysed answers from respondents who were familiar with the 
fish under study.

Results

Wild occurrence and distribution pattern

Based on newspaper reports and personal communications, Pterygoplichthys spp. 
were recorded 65 times during the period 2014–2021 in 34 national districts 
(out of a total of 65 districts) in Bangladesh (Figs 1, 2). In most cases, the fish 
(~200) were caught by fishermen or laypeople in open water, household ponds 
or culture ponds. The collected fish ranged from 10 to 30 cm in body length 
and weighed from 0.2 to 2.0 kg. Most of the newspapers reported them as ‘rare 
fish found in rivers/ponds’ and included pictures and descriptions. Some news-
papers and local people and authorities identified these fish as ‘sucker fish’ or 
‘armoured catfish’. The majority of the southern district of Bangladesh and most 
major rivers have been invaded by Pterygoplichthys spp. (Suppl. material 1: table 
S1, Fig. 3). In total, 69% of records were from open waters including rivers 
and floodplains, while 31% were from culture or household ponds. The lowest 
frequency occurred in 2014 and highest prevalence was from between 2020 and 
2021 (Fig. 2).

Climate suitability

As a cumulative output, a continuous map was generated and visualised in QGIS 
3.30.1 ‘s-Hertogenbosch’. MaxEnt calculated a threshold value for Amazon sail-
fin catfishes of 8.714. If the value of the climate match reached or exceeded this 
threshold, this was interpreted as indicating that there was no evidence of any 
climatic constraints on the survival of these species and is shown in red on the map 
(Fig. 3). The value of the area under the receiver operator curve (AUC) was 0.982, 
which means there is a 98% probability that a random selection of records of the 
presence of Amazon sailfin catfish will have a model score greater than a random 
selection of absence records (Ward 2007). Climate matching analysis showed a 
high probability that Pterygoplichthys spp. will become established in new localities 
in Bangladesh if introduced into those novel areas. The distribution of detected 
populations matches perfectly the predicted suitable areas. Pterygoplichthys spp. 
populations are probably well-established in almost all suitable climate-matched 
areas of Bangladesh. Climate-match analysis showed that part of Satkhira and Su-
namgonj and part of Chittagong Hill Tracks districts are less favourable for these 
fish. The unsuitable or unfavourable regions are categorized as Ganges Tidal Flood-
plain or Northern and Eastern Hills based on agroecological zone classification 
(BARC 1988).
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Identification of species and exploitation by humans

Morphometric and meristic data of sampled specimens were recorded (Table 2) 
and ventral body colouration patterns were observed. Based on these analyses, the 
species were identified as either P. disjunctivus or P. pardalis or as hybrids of these 
two species. The former was identified by the worm-like pattern of dark spots on a 
light background, stout pectoral fins with rough surfaces resembling coarse sand-
paper, and an inferior disc-like protrusible mouth. P. pardalis was identified by the 
dotted dark spots on the ventral side (Fig. 4a); hybrids showed intermediate forms 
(Fig. 4c, d). We also found an albino phenotype in two ponds (Fig. 4e).

Figure 1. Pterygoplichthys spp. captured in a net (a), a fish close to its burrow (b), and an example of a locality (Turag River, Gazipur) 
where Pterygoplichthys spp. are present (c). Photographs Mir Mohammad Ali (a), Abu Hanif (b) and Md Shakhawate Hossain (c).
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Figure 2. Frequency of Pterygoplichthys spp. captured in different districts in Bangladesh (a), year-wise occurrence (%) (b), and occurrence 
(%) in open waters (rivers and floodplains) or closed waters (ponds) (c) based on newspaper reports from 2014–2021.

Figure 3. Records of Pterygoplichthys spp. in Bangladesh shown by white squares. The red colour indicates the area where the establish-
ment of new populations is probable based on climate matching (a); map of Bangladesh showing main rivers and national borders (b).
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Among the respondents, half was not familiar with these fish. Local people who 
know these fish are very aware of the presence of mentioned bizarre species and 
have various interesting names for them including ‘tiger fish’, ‘sucker fish’, ‘thou-
sand-spine fish’, ‘chaca’, ‘helicopter fish’, ‘rohinga fish’, ‘kotkoti’, ‘cot fish’ or ‘fight-
er’. They usually harvest these fish indirectly as bycatch when attempting to catch 
other fish by cast netting or seine nets, or by draining water bodies. Most respon-
dents (63%) were very anxious about the presence of these fish in culture ponds 
and open waters and mentioned their possible negative impact on native fish pro-
duction. Affected fish farmers have tried to eradicate them from their ponds by 
draining and sun-drying given that they have no economic value and can damage 
their nets. They recognized that these attempts all failed but did not know why. 
Some farmers claimed that there might be dormant eggs in the mud from where 
they recolonize ponds. People who once bathed in the invaded rivers mentioned 
that they are now too scared to bathe in the river (river Buriganga) because of the 

Table 2. Morphometric and meristic characteristics of Pterygoplichthys spp. collected from different localities in Bangladesh.

Morphometric characters Average Range Meristic characters Range

Weight (g) 332.22 ± 161.94 90–540 Dorsal Fin Ray (DF) 12–13

Total length (TL; cm) 21.22 ± 3.29 17.78–26.16 Anal Fin ray (AF) 4–5

Standard length (SL; cm) 18.40 ± 3.16 14.22–23.37 Caudal Fin ray (CF) 15–6

Predorsal length (PDL; cm) 6.21 ± 1.14 4.06–7.62 Pectoral Fin ray (PF) 5–7

Head length (HL; cm) 3.44 ± 0.73 2.03–4.83 Pelvic Fin ray (PVF) 5–8

Snout length (SnL; cm) 1.41 ± 0.42 0.76–2.03 Lateral Plate (LP) 25–29

Mouth length (ML, cm) 1.07 ± 0.25 0.76–1.27

Barlel length (BL; cm) 0.58 ± 0.19 0.25–0.76

Pectoral spine length (PSL; cm) 3.75 ± 0.79 2.29–4.57

Pelvic spine length (PVSL; cm) 1.67 ± 1.11 0.05–3.05

Anal fin spine length (ANSL; cm) 2.48 ± 1.34 0.76–4.32

Dorsal spine length (DSPL; cm) 3.47 ± 0.44 2.54–4.06

Head depth (HD; cm) 3.47 ± 0.85 2.29–4.32

Mouth width (MW; cm) 0.99 ± 0.35 0.51–1.52

Figure 4. Variation in ventral colouration and pattern of Pterygoplichthys spp. collected from different locations in Bangladesh. Pterygo-
plichthys pardalis (a), P. disjunctivus (b), intermediate form (c, d) and albino (e). Photographs by Md Shakhawate Hossain.
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possibility of being injured by the hard spiny fins of these catfish. All the inter-
viewed fishermen (100%) confirmed that their fishing gear had been damaged 
and/or that they had suffered or were scared of physical injury when fishing due 
to the presence of these invasive fish at the Turag and Buriganga rivers. They also 
claimed that there had been a decline in fish production in invaded waters. About 
71% of fish farmers agreed that these fish damage dykes when burrowing and in-
crease the turbidity of ponds or reduce the total fish production from ponds.

The majority of collectors (fishermen/farmers) throw these catfish back into the 
water body when they catch them or throw them on the bank to kill them. About 
88% of respondents suggested these fish could be eradicated by killing, burning 
or burying after they are caught. However, there were also cases mentioned where 
homeless and extremely poor people collect these fish for their own consumption 
and/or sell them on the street for about US$1.2–2.0/kg. Despite this, these fish 
are not popular and most respondents (about 70%; 34 out of 49) rejected eating 
Pterygoplichthys spp. due to their hard body armour. On the other hand, about 
81% think they are edible. However, some respondents among the fishermen and 
boat labour (about 10%) did say that they had cooked the fish with spices and oil 
after peeling off the skin and hard shield (as shown in Suppl. material 1: fig. S1).

Discussion

We found Pterygoplichthys spp. to be widely spread throughout Bangladesh. Given 
the recent attention focused on invasive fish species in general and on the illegal 
releases of Pterygoplichthys spp. in particular by both the general public and the 
Bangladesh government (Hossain 2020), we recommend that these findings be 
transmitted to all key stakeholders involved in the sustainable exploitation and 
conservation of the ichthyofauna of the country.

It is foreseeable that Pterygoplichthys spp. will establish populations in suitable wa-
ter bodies throughout Bangladesh. Based on the climate-matching maps, we believe 
that further detailed monitoring is required in the regions indicated as threatened to 
update current knowledge of the distribution and spread of these catfish in Bangla-
desh, and to improve the management of water bodies. The climate analysis shows a 
good climate match for these species for most of Bangladesh. Judging from reports 
in newspapers and observations by local people, these species are now widespread in 
the wild in Bangladesh. However, no scientific literature other than the first record 
from 2007 (Hossain et al. 2008) and a recent invasion note (Mamun et al. 2023 and 
Parvez et al. 2023) has reported their widespread occurrence in this country or stud-
ied habitat suitability via climate-match analysis. Pterygoplichthys spp. in the Indian 
subcontinent and southern Asia have become established as an invasive population 
(Patoka et al. 2020; Sinha et al. 2010; Rao and Sunchu 2017; Saba et al. 2020) and 
the climate analysis and pattern of wild establishment show the suitability of habitats 
in Asia (Patoka et al. 2020; this study). Little geographical climate difference across 
the country and high aqueous connectivity through river channels and floodplains 
during the monsoon and flooding periods have facilitated the spreading and estab-
lishment of these species in favourable climatic conditions. The highest occurrence 
pattern was in 2020–2021 and in open waters (69%), which also indicates that 
these species are spreading in the wild. Repeated occurrence in the same or nearby 
localities in consecutive years could be related to well-established populations. Year-
wise fluctuations might be due to the reporting pattern of individual cases.

The pathways of introduction into Bangladeshi waters include both inten-
tional and unintentional releases from aquariums that mirror reports from other 
countries (Page and Robins 2006; Samat et al. 2016). For instance, in Indonesia 
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Pterygoplichthys spp. were introduced to control the invasive water hyacinth (Patoka 
et al. 2020), while in Bangladesh and the Philippines they were introduced for 
ornamental purposes by the pet trade (Cagauan 2007). In Bangladesh, introduc-
tions mostly derive from ornamental culture facilities in households or commercial 
pet shops. According to newspaper reports and shop owners’ information, illegal 
breeding and fry production in Bangladesh (Mobin 2022) probably represents 
another pathway of introduction into the wild due to surplus production. Another 
possible pathway of the Pterygoplichthys spp. introduction into Bangladeshi waters 
was from India during monsoon along connected major river channels (the Gan-
gas and the Brahmaputra rivers) (Hussan et al. 2016). Water connectivity during 
monsoon, the altitudinal difference from north to south, and the major river chan-
nels also facilitate the occurrence of these species in all favourable regions, as well as 
in those that lie outside the suitable climate-match regions in Bangladesh.

Local people, fishermen and farmers assume that these fish will compete with 
other indigenous fish and predate on their eggs and larvae. Fishermen and farmers 
mentioned the reduction in fish availability and total fish production in invaded 
habitats. This finding also corroborates the statements mentioned by Mamun et al. 
(2023) and the findings of Parvez et al. (2023). Damage to fishing nets by these 
catfishes has been also reported. Some interviewees also suspected that native fish 
species were displaced, and habitat was destroyed by Pterygoplichthys spp. The en-
vironmental impact of Pterygoplichthys spp. has been reported by several scientists 
from other continents (Hoover et al. 2004; Chavez et al. 2006; Wakida-Kusunoki 
et al. 2007; Cook-Hildreth 2008; Krishnakumar et al. 2009; Chaichana et al. 2013) 
and in Bangladesh they seem to possess all the characteristics of a successful invader 
threatening native fish populations (Hoover et al. 2004; Liang et al. 2005; Nonogaki 
et al. 2007; Wakida-Kusunoki et al. 2007; Krishnakumar et al. 2009; Mendoza et al. 
2009). These negative impacts have also been reported by Parvez et al. (2023) via a 
mesocosm study and highlighted by Mamun et al. (2023) through expert opinions.

Aside from its environmental impact, the Pterygoplichthys spp. invasion has also 
had a socio-economic effect on local communities. Fishermen are suffering eco-
nomic losses due to damage to their fishing gear and poorer catches (Chavez et 
al. 2006; Wakida-Kusunoki et al. 2007; Krishnakumar et al. 2009; Orfinger et al. 
2019). This biological invasion of both artificial ponds and open waters reduces 
fish production, which ultimately affects fish farmers’ and fishermen’s livelihoods. 
Moreover, there is an obvious related burden on fish farmers caused by the extra 
cost of pond management due to, for example, the need for dyke repair and pond 
drainage aimed at eradicating these invaders.

Eradication attempts are not successful because these fish can survive in ex-
tremely dry conditions, grow quickly and have high fecundity (Hoover et al. 2004; 
Chaichanaa and Jongphadungkiet 2012; Hill and Sowards 2015; Hussan et at. 
2021). In invaded habitats they destroy ponds’ potential as food sources by seques-
trating the majority of the nitrogen and phosphorus and hamper primary produc-
tion in water bodies (Capps et al. 2009), factors that have led directly to economic 
losses. People are also frightened of these fish because of the hard armoured shields 
and spines on the dorsal fin that can cause injury. They are even afraid of bathing 
in invaded waterbodies, which in turn creates unnecessary stress on people who 
live near these rivers and ponds and depend on them for bathing and other daily 
activities. Simply put, the many human activities tied to certain waterbodies are 
negatively affected by the invasive Pterygoplichthys spp.

In our study, the local people who catch these fish in rivers or other waterbodies 
throw them onto the bank or release them back into the water. Today, however, the 
Bangladeshi government is taking note of these invasive fish and is trying to raise aware-
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ness amongst the general public and stakeholders regarding the risks and negative con-
sequences of this invasion. For instance, government officials have made several official 
announcements and came to fish the Buriganga River. All the Pterygoplichthys spp. they 
caught were officially buried on the bank to encourage people to follow this approach.

The invasive Pterygoplichthys spp. have easily occupied and established them-
selves in Bangladesh as a tropical region (climate-match result) and can withstand 
extreme conditions (Hossain et al. 2018). Therefore, both the mass media and 
government need to work continuously to create greater public awareness regard-
ing the negative impact of these invasive species and to stop intentional releases 
or unintentional escapes into water bodies (Novoa et al. 2017). Adult fish, eggs 
and juveniles should be caught/killed in invaded regions periodically by netting or 
draining wherever possible. Invaded areas could be separated by net-blocking or 
embankments from uninvaded waters (Hussan et al. 2021) and imports for any 
purpose of these species should be banned by the government.

However, illegal import and breeding hamper initiatives set up by concerned peo-
ple. Along with eradication and control strategies, any control measures must consid-
er other aspects of the invasion by Pterygoplichthys spp. In our study, we found that 
low income and homeless people eat these fish despite the fact that pollution from 
contaminated rivers and streams can accumulate in their flesh (Elfidasari et al. 2020). 
However, pollution-free grown Pterygoplichthys spp. could be used to manufacture 
fish meal, poultry, and cattle feed (McLaughlan et al. 2014; Ragaza et al. 2021). 
Some researchers also suggest that their skin could be used in handicrafts (Cagauan 
2007) and their body parts for making soap, biofuel, enzymes, collagen or natural 
coagulants to control water turbidity (CEC 2009; Medellín Castillo et al. 2022).

Finally, we should also state that the situation of Pterygoplichthys spp. may in fact 
be worse in Bangladesh than we observed. The detected frequency of occurrence of 
these species could be just the tip of the iceberg. The established breeding populations 
might be present in more localities and open waters than we observed. Thus, based 
on the climate-matching maps, we suggest that further monitoring of the regions 
highlighted as suitable for these taxa be performed to update current knowledge of 
the occurrence, distribution and spread of these fish species in Bangladesh. Moreover, 
as necessary further steps, the control of imports, culture and releases – whether they 
be intentional or unintentional – of similar species into open waters is urged. There 
is hope that the Bangladesh government will ban all types of activities related to the 
catching, sale, importation, breeding, and production these fish in the country (Aha-
mad 2023). Nevertheless, strict official monitoring of illegal culture and breeding 
within the country is needed to stop further spread. Currently, the effective strategy 
for eradication of these species from the wild still needs to be developed. In addi-
tion, the negative impacts discussed in this article and elsewhere (Hossain et al. 2008; 
Mamun et al. 2023; Parvez et al. 2023) focus on either P. pardalis or P. disjunctivus but 
not on putative hybrids. In future it will be important to clarify whether both species 
and hybrids have similar effects on local ecology, social life, and ecosystems. The farm-
ers or fishermen could play a crucial role in eradication through killing unwanted fish 
or larvae and/or by destroying fish eggs on farms or in open waters whenever found.
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