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The ornamental fish trade has been considered as one of the most important routes of invasive
alien fish introduction into native freshwater ecosystems. Therefore, the species composition

and invasion risks of fish species from 60 freshwater fish pet stores in Klang Valley, Malaysia were
studied. A checklist of taxa belonging to 18 orders, 53 families, and 251 species of alien fishes was
documented. Fish Invasiveness Screening Test (FIST) showed that seven (30.43%), eight (34.78%)
and eight (34.78%) species were considered to be high, medium and low invasion risks, respectively.
After the calibration of the Fish Invasiveness Screening Kit (FISK) v2 using the Receiver Operating
Characteristics, a threshold value of 17 for distinguishing between invasive and non-invasive fishes
was identified. As a result, nine species (39.13%) were of high invasion risk. In this study, we found
that non-native fishes dominated (85.66%) the freshwater ornamental trade in Klang Valley, while
FISK is a more robust tool in assessing the risk of invasion, and for the most part, its outcome was
commensurate with FIST. This study, for the first time, revealed the number of high-risk ornamental
fish species that give an awareness of possible future invasion if unmonitored in Klang Valley,
Malaysia.

As a global hobby;, fishkeeping is cherished by both young and old people. Besides, it contributes to the improve-
ment of human well-being by building responsibility in children, managing stress in adults, and helping the
elderly to cope with their critical physical and psychological states'. However, some hobbyists lack information
or are careless regarding the preservation of natural biodiversity>. When aquarium fishes attain large unman-
ageable sizes or become very aggressive, they are likely to be dumped into local waters®. Hobbyists may also get
tired of certain fishes or get uncomfortable with their excessive breeding habits*. This route of introduction is
probably the least regulated in many countries®. As a result, many fish species have deliberately or inadvertently
been introduced into the native ecosystems especially in areas where the aquarium fish industry is very active.
Therefore, the rate of introduction and spread of alien fish species has been eased by human activities and the
impacts are on environmental and/or socioeconomic’.

In Malaysia, aquarium trade stands as the second most important route through which alien fish species are
introduced into inland water bodies, after aquaculture®. From 2007 to 2014, the trade bloomed from the value
of USD 18.9 million to US 85.0 million in the country, indicating the importance of the industry”®. However,
a larger proportion of the ornamental fishes in the aquarium business are alien, thereby increasing the prob-
ability of dumping, and risk of invasion®. In terms of propagule pressure, the aquarium route may out-perform
aquaculture as a pathway of species invasion if the dumping of unwanted aquarium fishes continues to increase
with minimal or no regulation and control’. Moreover, in countries like Japan, Singapore, Taiwan, and Australia,
dumping of ornamental fishes has been the main route of species introduction®.

Risk evaluation is essential as a first step in evaluating the hazard of alien species to the native ecosystem
and species biodiversity'’. Consequently, different risk assessment methods have been developed and used to
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understand and predict the invasiveness of alien fish species around the world including the Fish Invasiveness
Screening Test (FIST)*!!, Fish Invasiveness Screening Kit (FISK)'?**, and Aquatic Species Invasiveness Screen-
ing Kit (AS-ISK)'®!. Paradoxically, there is no single study on the invasion risk of alien ornamental freshwater
fishes in Malaysia using any of these tools. Since prevention has been identified as the backbone of alien invasive
species management, it is necessary to identify and understand the existing or potential risks of various routes
of aquatic species invasion'®.

Being the most developed and populated region in the country, this research aims not only to identify the
ornamental fishes in pet stores, but also to ascertain the invasion risks of top aliens present in stores within
Klang Valley, Malaysia. This area is well known to harbour many ornamental fish pet stores coupled with its
sport fishing activities. Besides, highly populated areas are more prone to fish introduction’®. The area is also
home to several local freshwater bodies including rivers, lakes, and streams that are susceptible to the dumping
of aquarium fishes. Moreover, this study will not only provide baseline information for future research, but also
serve as a tool for a more focused and intensified effort towards the management of alien fish species, and in the
long run, help prevent adverse impacts of fish species invasion in the local ecosystems.

Methods

Ethics statement. The fishes were sampled, handled, and sacrificed according to the methods approved
by Institutional Animal Care and Use Committee, Universiti Putra Malaysia. All methods were carried out in
accordance with relevant guidelines and regulations.

Study area. Klang Valley is situated at the centre of the west coast of Peninsular Malaysia and covers five
major areas such as the Federal Territory of Kuala Lumpur, Gombak, Hulu Langat, Klang and Petaling, where
they cover an approximate area of 2,832 km?. The region cuts across cities such as Ampang Jaya, Kuala Lum-
pur, Klang, Petaling Jaya, Shah Alam, and Subang Jaya®. This area was selected as a result of being urban-
ized and with a heavy population of over 4 million people which represents about 16% of the entire country’s
population®!. To see the spread and frequency of the various species in pet stores around the area, only retail
stores were included in the study. Likewise, the retail stores are more widely distributed and probably serve as the
major route through which alien fish species may be introduced into nearby local water bodies. The study took
place throughout the year 2019 and essentially surveyed all identified and accessible ornamental fish pet stores
within Klang Valley, Malaysia.

Sampling procedures. Since there was no official sampling frame to determine the total number of stores
within the sampling area, this study relied on the data from Department of Fisheries, Malaysia, and Google
maps to collate and locate all available pet stores in the area. The stores were screened for possible inclusion or
exclusion from the survey, after each visit. Pet stores that had too few freshwater fishes, usually just for display
purposes and those that deal only with marine fishes were also excluded from the survey. In each pet store, all
available fish species were observed and documented by listing the common and scientific names. Species that
could not be identified immediately were purchased and taken to the laboratory for further identification.

Species identification and checklists. The fishes were identified using a combination of keys and pub-
lications from previous studies**~%. Information on the order, family, species, conservation status, native distri-
bution, climatic zone, and the threat to humans were ascertained using FishBase?® and Eschmeyer’s Catalog of
Fishes®. Each species was designated as alien or native based on information gathered. However, identification
challenges were experienced with a few fish samples and so were not included for further analysis to avoid
misidentifications and erroneous conclusions. Eventually, checklists of all recorded alien and native fishes were
presented.

Descriptive analyses. Descriptive analyses were carried out using Microsoft Excel (Office 365, Version
2016, Microsoft Corp., Berkshire, UK) to present the charts and graphs showing occurrence frequencies and
other descriptive information about the recorded native and alien fish species. These include information
regarding families, orders, geographical origin, conservation status, native distribution, climatic zone, and the
threat to humans. To facilitate the analysis, all recorded fish species, after identification, were listed and each was
coded for each aquarium shop as 0 if the fish species was unavailable, and 1 for available fish species. Varieties of
any particular species were taken as a single species to avoid taxonomic confusion.

Percentage of occurrence, conservation status, climatic zone and the threat to
human. Recorded alien fish species were distinguished and classified based on the percentage of occurrence
(popularity) as low (<25%), moderate (26—50%), and high (=51—100%). Also, following previous study’! and
using information from FishBase?, the recorded information was detailed as follows: native range (continents
and sub-continents), basic climatic zones (temperate, tropical, sub-tropical), conservation status (such as not
assessed (NA), critically endangered (CR), near threatened (NT), least concern (LC), vulnerable (VU), data
deficient (DD))** and potential threats to humans such as harmless (H), toxic (T), venomous (V), traumatogenic
(TR) and poisonous (P)¥.

Comparison of fish occurrence by origin. The Mann Whitney U test was used to compare the occur-
rence of native versus alien fishes in the stores, while Spearman rank correlation was also carried out to identify
the strength, direction, and significance of the relationship between the number of alien fish species recorded
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No | Traits Criteria Score
20.0 to 40.0 cm +

1 Maximum adult length 40.1 to 60.0 cm ++
>60.0 cm +++
0.0 to 10.0% +

2 Relative frequency 10.1 to 30.0% ++
30.1 to 100.0% +++
0 to 7 countries +

3 History of establishment 8 to 15 countries ++
>15 countries +++
Low +

4 Ability to breed in the wild Moderate ++
High +++
Low/Absent +

5 Competition with native species Moderate ++
High +++
Specialist/not voracious +

6 Feeding plasticity Opportunist/moderately voracious | + +
Generalist/voracious +++
Low +

7 Temperature tolerance Moderate ++
High +++
Low +

8 Tolerance to low dissolved oxygen | Moderate ++
High +++

Table 1. Scoring criteria for Fish Invasiveness Screening Test.

and the total number of species recorded in the pet stores using IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY, USA. These were done after exploring the data and confirming that they did not satisfy the condi-
tions for parametric statistical analyses.

Risk assessment. Risk assessment to quantify the invasiveness of the alien fish species was carried out. In
the first stage, the criteria for selection of recorded fish species which were included in the assessment are; per-
centage of occurrence greater than 25% in the sampled pet stores/existing history of establishment, percentage
of occurrence less than 25% in the stores/ previous reports of the species presence in Malaysian water bodies,
and percentage of occurrence less than 25% in the stores/evidence that the species has been established in many
other countries.

Secondly, the invasion risk was explored in two phases. First, using the Fish Invasiveness Screening Test
(FIST)>!"! with minor modification. Thereafter, the Fish Invasiveness Screening Kit (FISK) v2 was applied*. FIST
serves as a rapid tool that presents an index for screening latent biological characteristics associated with inva-
sion. For this study, characteristics considered include maximum adult length, propagule pressure (expressed
as % of occurrence frequency of a species in surveyed pet stores), history of establishment, breeding in the wild,
competition with native species, diet plasticity, temperature tolerance, and tolerance to low dissolved oxygen.

After ascertaining the characteristics of a species from consulted sources, the traits were classified as absent
or low (+), moderate (++), and high (+++) for each species based on the eight considered features>'>>34-43,
For computation, only a criterion where a species qualifies for ‘+ + +’ is quantified using the ‘number 1', while
a score below that such as ‘+ +” or “+’ is assigned a score of ‘0’ since they are not considered in the final risk
analysis>!'". The scoring criteria for FIST are shown in Table 1.

The percentage value of the Frequency Distribution (FD%) for screened criteria was enumerated for each
species after which invasiveness was measured from the calculated FD% value based on risk level. When a spe-
cies is with an FD% value for ‘+ + + of above 50% for all screened criteria, they were classified as high-risk,
while species with values between 30 and 50% were classified as moderate-risk and those below 30% as low-risk.

Using FISK, species were analysed to double-check and ascertain the level of risk from FIST. The FISK is a
tool that evaluates invasion risk of fish species based on a set of 49 questions that fall into two groups such as
‘biogeography/history” and ‘biology/ecology; each having three and five subcategories, respectively**. Since
every response in FISK for each species has a certainty score (1 =very uncertain; 2 = mostly uncertain; 3 = mostly
certain; 4 =very certain) for each species, a ‘certainty factor’ (CF) was computed as X(CQi)/(4x49) (i=1, ...,
49), where CQi is the certainty for the question i, 4 is the maximum achievable value for certainty (i.e. ‘very
certain’) and 49 is the total number of questions in the FISK tool. The CF, therefore, ranges from a minimum
of 0.25 for all 49 questions with certainty score equal to 1 to a maximum of 1 for all 49 questions with certainty
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score equal to 4. In addition to the published literature consulted, databases such as the Database of Introduced
Aquatic Species (DIAS) (https://www.fao.org/fishery/dias/en), Global Invasive Species Database (GISD) (https
://www.iucngisd.org/gisd/), Centre for Agriculture and Bioscience International (CABI) (https://www.cabi.org/),
FishBase (https://www.fishbase.org) and the United States Fish and Wildlife Service (USFWS) (www.usfws.gov)
provided information were used to complete the analysis.

The power of FISK v2 to correctly discriminate between non-invasive (low and medium-risk) and invasive
(high-risk) species gives a measure of its predictive potential*. Therefore, FISK was calibrated for Peninsular
Malaysia using the ROC (Receiver Operating Characteristics) after generating reports of 23 species'>*4. To
achieve this, a priori species categorization based on perceived invasiveness (i.e. invasive or non-invasive) was
carried out using information available from the Invasive Species Specialist Group database (ISSG) (http://www.
iucngisd.org/gisd/) and FishBase'>*#4-46, ISSG provides information on the establishment status of fishes in
non-native regions and gives general information on their ecology, distribution, impact, and management. For
the hybrid fish, a priori risk ranking was based on the taxon with the highest invasiveness risk*:.

The ROC analysis presents a curve which is a graph of sensitivity versus 1- specificity (sensitivity versus
specificity). Here, sensitivity refers to the proportion of invasive and non-invasive fish species, respectively, that
are accurately recognized by the FISK tool. The area under the curve (AUC) helps to determine the precision
of the calibration analysis. An AUC of 1.0 means that the test is completely accurate and both sensitivity and
specificity are equal to 1.0 with no false positives (i.e. non-invasive species categorised as invasive) or false nega-
tives (i.e. invasive species categorised as non-invasive). Contrarily, an AUC of 0.5 means that the test is 100%
inaccurate and is unable to separate true positives (i.e. actual invasive species) from true negatives (i.e. actual
non-invasive species)'**.

Assessments were carried out by two assessors (fish ecologists) leading to individual and universal ROC
curves. The universal ROC curve was computed using the mean scores from both assessors. From the global
ROC curve, the best threshold (cut-off) value that maximises the true positive rate (true invasive categorized as
invasive) and minimises the false-positive rate (true non-invasive categorized as invasive) was ascertained using
Youdenss J statistic*” and the closest point to the top-left part of the plot with perfect sensitivity or specificity*>*%.
A ‘delta’ value was computed to determine the difference between scores obtained by both assessors**. Also,
the CFs for the 23 species were compared for the two assessors using the Mann Whitney U test". All statistical
analysis was performed using IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY, USA.

Results
A total of 60 ornamental fish stores located within the five districts that cut across Klang Valley area were suc-
cessfully surveyed (Fig. 1).

Species checklist, orders, and families. Checklists of all recorded alien (85.66%, n=251) and native
(14.33%, n=42) fish species are presented in Appendix 1 and Appendix 2, respectively. Species with no official
common names were considered as not available (NA) and the list was arranged based on families. The alien
fishes belong to 18 orders including Gymnotiformes, Acanthuriformes, Acipenseriformes, Anabantiformes,
Centrarchiformes, Cichliformes, Lepisosteiformes, Myliobatiformes, Osteoglossiformes, Atheriniformes,
Gobiiformes, Tetraodontiformes, Cyprinodontiformes, Polypteriformes, Cypriniformes, Characiformes, Silu-
riformes, and Perciformes. Most of them belong to the order Cichliformes (28.2%, n=71) followed by Siluri-
formes (18.7%, n=47) and Characiformes (15.9%, n=40), while Perciformes, Gymnotiformes, Gobiiformes and
Centrarchiformes recorded the least number of species (0.40%, n=1), respectively.

Out of the total of 53 families recorded, Cichlidae (n="71) which belongs to the order Cichliformes and occu-
pied 100% of all Cichliformes recorded, followed by family Cyprinidae (n=25) which occupied about 67.6% of
all Cypriniformes (Fig. 2). A total of 29 families had only one species each and these include Acipenseridae, Ana-
bantidae, Apteronotidae, Arapaimidae, Ariidae, Bryconidae, Centrarchidae, Chalceidae, Channidae, Clariidae,
Claroteidae, Cobitidae, Ctenoluciidae, Cynodontidae, Distichodontidae, Gasteropelecidae, Gastromyzontidae,
Gobiidae, Gyrinocheilidae, Hepsetidae, Monodactylidae, Mormyridae, Pangasiidae, Polyodontidae, Prochilo-
dontidae, Procatopodidae, Siluridae, and Tanichthyidae.

Percentage of occurrence and natural distribution. Based on percentage of occurrence (popular-
ity) at the 60 pet stores, only 4% (n=11) of the alien fishes had high occurrence, 8% (n=19) occurred moder-
ately, while the remaining 89% (n=221) had low occurrence. The top occurring species with percentage occur-
rence >25% included two-hybrid cichlids that had popularity (occurrence percentage) greater than 50% with
goldfish (Carassius auratus) having the highest popularity of 83.3% occurrence, while silver dollar (Metynnis
hypsauchen) had the lowest with the popularity of 26.7% occurrence (Appendix 1). The largest percentage of
alien fish species recorded in fish pet stores originated from South America (44%), followed by Asia (25%) and
Africa (20%).

Climatic zone, conservation status and the threat to human. A total of 91% (n=228) of the
recorded fish species belong to the tropical climatic zone, while 8% (n=21) and 1% (n=2) belong to the sub-
tropical and temperate regions, respectively. Based on the IUCN Red List conservation status, 3% (n=7) each of
the recorded species are endangered (EN) and near threatened (NT), while 4% (n=11) and 1% (n=4) are vul-
nerable (VU) and critically endangered (CR), respectively. Menarambo cichlid (Paretroplus menarambo), main-
gano (Pseudotropheus cyaneorhabdos), giant barb (Catlocarpio siamensis) and Siamese tiger perch (Datnioides
pulcher) were designated as critically endangered, while shovel nose tiger catfish (Pseudoplatystoma magdalenia-
tum), zebra loach (Botia striata), putitor masheer (Tor putitora), lipstick goby (Sicyopus jonklaasi), Boseman’s
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Figure 1. The administrative districts of the surveyed ornamental fish stores within Klang Valley, Malaysia.

To generate this figure, the shapefile containing administrative zones of Malaysia was sourced from DIVA-GIS
(http://www.diva-gis.org/gdata) and imported into ArcGIS Desktop version 10.2 (https://desktop.arcgis.com/en/
arcmap).

rainbowfish (Melanotaenia boesemani), Denison’s barb (Sahyadria denisonii) and striped catfish (Pangasianodon
hypophthalmus) are endangered, while elongate mbuna (Chindongo elongatus), emperor cichlid (Aulonocara
nyassae), silver carp (Hypophthalmichthys molitrix), panda cory (Corydoras panda), Blyth's loach (Syncrossus
berdmorei) and royal knifefish (Chitala blanci) are near threatened. Interestingly, 5% (n=13) of all alien fishes
were recorded as potential pests including species such as north African catfish (Clarias gariepinus), vermicu-
lated sailfin catfish (Pterygoplichthys disjunctivus), goldfish (Carassius auratus), common carp (Cyprinus carpio)
among others?. Only 2% of the species (n=4) are traumatogenic® (Fig. 3).

Species comparison in stores by origin.  Non-native fish species were significantly (U=159.0, p<0.001)
higher in number (Mdn =25) compared to the native fish species (Mdn =6). Besides, Spearman rank correlation
indicated a significant positive association between the number of non-native fish and the total number of fish
species (r=0.969, p<0.001) recorded in the pet stores.

Invasiveness screening using FIST and FISK. Based on the selection criteria, the top 23 alien species
including 16 of the most occurring (>25%) species and seven other species that satisfy the selection criteria were
subjected to invasiveness screening. FIST showed that seven (30.43%), eight (34.78%) and eight (34.78%) spe-
cies were considered to be of high, medium and low invasion risks, respectively. The high-risk species include
north African catfish (Clarias gariepinus), goldfish (Carassius auratus), common carp (Cyprinus carpio), guppy
(Poecilia reticulata), flowerhorn (cichlid hybrid), redtail catfish (Phractocephalus hemioliopterus) and sucker-
mouth catfish (Hypostomus plecostomus) (Table 2).

To calibrate FISK, AUCs (0.938, 1.000-0.840 CI for Assessor 1 and 0.929, 1.000-0.819 CI for Assessor 2)
from the ROCs were close for both assessors. As a result, an overall ROC was computed using the mean FISK
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Figure 2. Alien fish families encountered in ornamental fish pet shops within Klang Valley with number of
species in each family.
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Figure 3. (A) Climatic zone of alien fish species; (B) IUCN Red List conservation status of recorded alien fish
species where NE = not evaluated, CR = critically endangered, NT= near threatened, LC = least concern, VU
= vulnerable, DD = data deficient, and EN = endangered fish species; (C) Recorded alien fish species and their
level of threat to humans; NA = not applicable. This figure was generated using Microsoft Excel (Office 365,
Version 2016, Microsoft Corp., Berkshire, UK).
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Invasiveness screening criteria

Species assessed 1 2 3 4 5 6 7 8 Invasion risk (%FD)
Poecilia latipinna + +++ | ++ + ++ + + + Low (12.50)
Gymmnocorymbus ternetzi + 4+ |+ + + + + + Low (12.50)
Danio rerio + +4++ |+ + + + + + Low (12.50)
Betta splendens + +++ |+ + + + + + Low (12.50)
Trichogaster lalius + +++ |+ + + + + + Low (12.50)
Pethia conchonius + +++ |+ + + ++ + + Low (12.50)
Barbonymus gonionotus ++ ++ + + +++ + + + ++ Low (25.00)
Piaractus brachypomus +++ |+ + + +++ | ++ + ++ Low (25.00)
Pangasianodon hypophthalmus 4+ |+ |+ + + 4+ |+ ++ Medium (37.50)
Pterygoplichthys pardalis ++ + ++ +++ |+ |+ + +++ | Medium (37.50)
Pygocentrus nattereri + + + ++ + + ++4+ | +++ |+ +++ | Medium (37.50)
Puntigrus tetrazona + +++ |+ ++ + ++ + +++ | Medium (37.50)
Astronotus ocellatus ++ +++ |+ +++ | +++ |+ + +++ | Medium (50.00)
Pterygoplichthys disjunctivus +++ |+ ++ R B + +++ | Medium (50.00)
Arapaima gigas +++ |+ + e B ++ +++ | Medium (50.00)
Cichla ocellaris +++ |+ ++ +++ | +++ |+t ++4+ | ++ Medium (50.00)
Poecilia reticulata + +++ +++ ++ + ++ + ++ ++ +++ | High (62.50)
Cichlid hybrid (flowerhorn) +++ | +++ |+ +4++ | +++ |+ + ++ +++ |High (62.50)
Phractocephalus hemioliopterus 4+ |+ |+ + +++ | +++ |+t +++ | High (62.50)
Hypostomus plecostomus e T B B S B S ++ ++ +++ | High (62.50)
Cyprinus carpio R o S A S S B S S B O S S I o o S B o ++ +++ | High (75.00)
Carassius auratus +++ | t+++ [ +++ [+ [+ |+t +++ |+++ |High(87.50)
Clarias gariepinus 4+ |+t +++ |+++ |+++ |+++ |+++ | +++ |High(87.50)

Table 2. Outcome of Fish Invasiveness Screening Test for selected top alien fishes from ornamental pet stores
within Klang Valley, Malaysia. % FD =frequency distribution (%) for (+++) score, low-risk= <30%, moderate-
risk=30 to 50%, high-risk= >50.1% 1: Maximum adult length (cm), 2: Occurrence frequency, 3: History of
establishment, 4: Breeding in the wild, 5: Competition with native species, 6: Diet plasticity, 7: Temperature
tolerance, 8: Low dissolved oxygen tolerance.

v2 scores and this gave an AUC value of 0.938, 1.00-0.839 (Fig. 4). This indicates the ability of FISK to discrimi-
nate between invasive and non-invasive species based a priori classification. The best threshold as provided by
Youden’s J was chosen to be 17, which was the score used to calibrate FISK to distinguish between medium and
high-risk species. Because this threshold resulted in no invasive species being ranked as low risk, we retained
the FISK v2 score interval from -15 to 0 for low-risk species.

The obtained mean FISK scores resulted in 14 (60.9%) species classified as medium risk and 9 (39.1%) species
as high risk. The a priori classification gave 8 (34.8%) species as invasive and 15 (65.2%) species as non-invasive.
Out of the 15 species classified a priori as non-invasive, FISK was able to correctly classify 93.3% as medium-risk
and out of the 8 species, a priori classified as invasive FISK assessment was able to classify 87.5% as high-risk.
Furthermore, FISK scores for the 15 species a priori classified as non-invasive ranged from 6.5 to 24, while the
8 species a priori classified as invasive ranged from 14 to 32.5. Individual assessor scores ranged from 5 for ara-
paima (Arapaima gigas) to 36 for north African catfish (Clarias gariepinus), while the mean assessor scores ranged
from 6.5 for redtail catfish (Phractocephalus hemioliopterus) to 32.5 for north African catfish (Clarias gariepinus)
(Table 3). Five species including redtail catfish (Phractocephalus hemioliopterus), arapaima (Arapaima gigas),
red piranha (Pygocentrus nattereri), black tetra (Gymnocorymbus ternetzi) and flowerhorn (cichlid hybrid) had
the lowest FISK scores, while peacock bass (Cichla ocellaris), goldfish (Carassius auratus), amazon sailfin catfish
(Pterygoplichthys pardalis), common carp (Cyprinus carpio) and north African catfish (Clarias gariepinus) had
the highest FISK scores in ascending order.

Delta scores ranged from 1 to 7 and there was a significant negative relationship (p <0.05) with mean FISK
scores (Fig. 5). The average CF for all responses (mean + SE) was 0.87 +0.008.

Discussion

A vast majority of the alien species recorded in this study originate from the tropics, in line with the scenario
reported in Greece, Brazil, Canada, and USAM*13%51 This trend signals that many species from that region
are of desirable ornamental characteristics possessing the ability to survive and thrive at least in a controlled
environment. Furthermore, Malaysia falls within the tropical region, and the high proportion of tropical alien
aquarium fishes recorded in this study signals the possibility of establishment since the environment may be
very suitable. Moreover, over a half (51%) and a third (35%) of the cichlid species originate from South America
and Africa, which are the first and third in terms of origin for species reported in this study, respectively. South
America has the most diverse fish fauna on earth which currently numbers over 9000 of freshwater and marine
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Figure 4. (A) Individual receiver operating characteristics (ROC) curves. (B) Mean receiver operating

characteristics curves for two assessors on 23 freshwater aquarium fish species in Klang Valley, Malaysia using

FISK.
FISK score | CF

Species name Common name Mean+SE | Mean+SE Invasiveness
Clarias gariepinus North African Catfish 32.5+3.5 0.825+0.015 | High
Cyprinus carpio Carp 32.0£2.0 0.825+0.035 | High
Carassius auratus Goldfish 26.0+2.0 0.825+0.025 | High
Pterygoplichthys pardalis Amazon sailfin catfish 26.0£3.0 0.905+0.025 | High
Cichla ocellaris Peacock bass 25.0£2.0 0.935+0.025 | High
Hypostomus plecostomus Suckermouth catfish 24.0+1.0 0.830+0.020 | High
Pterygoplichthys disjunctivus Vermiculated sailfin catfish | 24.0+1.0 0.935+0.015 | High
Astronotus ocellatus Oscar 21.0£1.0 0.910+0.020 | High
Poecilia reticulata Guppy 19.0+1.0 0.850+0.030 | High
Pangasianodon hypophthalmus Striped catfish 15.0£1.0 0.855+0.015 | Medium
Barbonymus gonionotus Silver barb 15.0+2.0 0.880+0.000 | Medium
Piaractus brachypomus Pirapitinga 14.5+0.5 0.880+0.010 | Medium
Poecilia latipinna Molly 14.0£1.0 0.890+0.010 | Medium
Betta splendens Siamese fighting fish 13.5+£0.5 0.845+0.025 | Medium
Danio rerio Zebrafish 13.0+1.0 0.880+0.010 | Medium
Pethia conchonius Rosy barb 11.5%1.5 0.865+0.015 | Medium
Trichogaster lalius Moonling gourami 10.0£1.0 0.840+0.040 | Medium
Puntigrus tetrazona Sumatra barb 8.5+25 0.890+0.010 | Medium
Pygocentrus nattereri Red piranha 8.0£2.0 0.875+0.035 | Medium
Gymnocorymbus ternetzi Black tetra 8.0+1.0 0.860+0.020 | Medium
Cichlid hybrid Flowerhorn 8.0£1.0 0.830+0.010 | Medium
Arapaima gigas Arapaima 7.0£2.0 0.935+0.015 | Medium
Phractocephalus hemioliopterus | Redtail catfish 6.5+1.5 0.795+0.005 | Medium

Table 3. Fish species assessed with FISK v2 for ornamental fish species within Klang Valley, Malaysia. High-
risk species were selected based on a threshold value of > 17.

species combined, about 27% of all fishes around the world®2. This huge number of species is likely to consist
of a correspondingly high number of freshwater ornamental fish species. This possibly explains the reason why
most of the species encountered originate from South America.

Furthermore, family Cichlidae probably consists of species with more desirable ornamental characteristics
compared to family Cyprinidae. This finding is in agreement with a previous study’. However, it is slightly
different from the report of Magalhaes and Jacobi®! who reported Cyprinidae as the most popular, followed by
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Figure 5. Relationship between mean FISK v2 scores and the assessor difference (delta values).

Poeciliidae. Besides, all of the alien cyprinid fishes recorded in pet stores originate from other Asian countries.
This gives an idea of the abundance of cyprinids in the region and the risk of further introduction of new species.
The proximity of Malaysia to other Asian countries could also facilitate this situation since importation from
these countries would likely be easier compared to countries in farther continents.

Occurrence frequency may likely predict the magnitude of release (propagule pressure) of alien fish into
native ecosystems>. For example, Duggan et al.” in their study of ornamental fish species available in Canada and
the USA established a relationship between the occurrence frequency of alien fish families in stores and their
subsequent introduction and establishment. Goldfish (Carassius auratus), freshwater angelfish (Pterophyllum
scalare) and Sumatra barb (Puntigrus tetrazona) were the most occurring alien fishes in this study. This, in part,
is similar to the findings in Pacific Northwest that cuts across USA and Canada’, and for San Francisco Bay-Delta
region in California, USA**. A previous report with an even higher frequency of occurrence is probably due to
the broader coverage of that study’.

This study also indicates that alien fish species contributed the most to the total number of species avail-
able for sale. Although chain stores were not encountered during the survey, previous studies have noted that
independent retail stores generally sold a higher number of different fish species compared to chain stores™.

Alien fish species have been recorded from diverse ecosystems in Malaysia, and these include, but not limited
to drainage areas, mining pools, lakes, reservoirs, swamps, streams, and rivers®**>=>’. The presence of some of
these species including peacock bass (Cichla ocellaris), striped catfish (Pangasianodon hypophthlamus), piranha
(Serrasalmus sp.), arapaima (Arapaima gigas), north African catfish (Clarias gariepinus) and tilapia (Oreochromis
spp.) has been attributed to purposeful introduction into local waters®®. Besides, some of them are well adapted
to the environment, grow rapidly, feed on local fishes, and some are considered invasive® . For example, the
Amazon sailfin catfish (Pterygoplichthys pardalis) has established a self-breeding population in Langat River,
Selangor, and more than 10 tonnes of the fish were reportedly been caught from the Skudai River, Johor. They
may have outcompeted the native fish species owing to their hardy characteristics®"®2 This species also disrupt
the environment since they dig the river bottom to make burrows to lay eggs. As a result, they tend to contribute
to erosion and sedimentation of the river bottom®.

As one of the top-ten countries that produce ornamental fishes of freshwater origin, the ornamental fish
industry in Malaysia is a sizeable one and includes the collection, breeding, and marketing which creates jobs
for the locals and generates foreign exchange for the country®*-%¢. However, there are pieces of evidence that the
ornamental fish trade is a vital route through which alien fish gets introduced and translocated***$”¢%_ In fact,
due to their behaviour and potential to attain large sizes, alien species belonging to the genera Hypostomus and
Pterygoplichthys likely get released especially when they become too large for most domestic aquaria®.

Just like in this study, FIST was earlier used for selected ornamental fish species in Brazil® and India''.
However, a slight modification of their methods warranted the inclusion of occurrence frequency of alien fish
species as part of the criteria for risk analysis. This may be the reason why some known high-risk species turned
out to be of moderate-risk due to their low to moderate occurrence in the stores, which reduced their scores
during analysis. Some of the high to moderate-risk species are known to have established breeding popula-
tions in Malaysian inland waters. For example, the peacock bass (Cichla ocellaris), vermiculated sailfin catfish
(Pterygoplichthys disjunctivus), Amazon sailfin catfish (Pterygoplichthys pardalis), arapaima (Arapaima gigas),
alligator gar (Atractosteus spatula) and pirapitinga (Piaractus brachypomus) have been encountered in some
water bodies around the country?"¢%%%°_ The impacts of these and other medium to low-risk species on Malay-
sian freshwater ecosystems have probably not been extensively studied. Although most of the low-risk species
from FIST (medium risk species from FISK) are known to be small-sized, guppy (Poecilia reticulata) which is
also small-sized turned out to be of high-risk from both FIST and FISK. Furthermore, high-risk species like
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north African catfish (Clarias gariepinus) have been reported from native waters and recorded in aquaculture,
a purpose for which it was introduced®.

Concerning high-risk species, both FIST and FISK gave similar outcomes by designating species such as
north African catfish (Clarias gariepinus), carp (Cyprinus carpio), goldfish (Carassius auratus) and suckermouth
catfish (Hypostomus plecostomus) as high-risk species. This shows that both tools are valuable, although, FISK v2
is likely more robust due to its higher number of questions, the inclusion of multiple elements that are considered
to be valuable in predicting potential invasion success through previous invasion history, establishment success
in other regions, climate matching and documented impacts’®”!, and the ability to calibrate it for a specific risk
assessment area’»”>73. The success of FISK v2 to discriminate between invasive and non-invasive fish species
in this study is in line with earlier studies'***7>73, Besides, it has been suggested that before the application of
FISK, a rapid screening tool may be utilized to flag the potentially high-risk species”®. Therefore, FIST may be
considered as a first-stage rapid risk screening tool"'.

Despite being designated to be of high-risk, little or no reports regarding establishment in the wild exist for
species such as carp (Cyprinus carpio), goldfish (Carassius auratus) and oscar (Astronotus ocellatus) which also
turned out to be of high risk. This is probably due to failed introduction owing to biotic and abiotic influences**™,
insufficient propagule pressure to guarantee the establishment of these species, or are yet to be detected in the
wild. These species, therefore, appear to pose no considerable risk of invasiveness in the risk analysis area. This
is similar to a report for some six high-risk species including goldfish and guppy in peninsular Florida, USA*.

All of the low-risk species from FIST turned out to be of medium risk according to FISK. Besides, some spe-
cies known to have been established in local waters and of likely serious impact on biodiversity and environments
like Amazon sailfin catfish (Pterygoplichthys pardalis), vermiculated sailfin catfish (Pterygoplichthys disjunctivus)
and peacock bass (Cichla ocellaris) are of medium risk according to FIST and of high-risk according to FISK.
Again, this may be due to the robustness of FISK making it more accurate in designating the invasion status.

In this study, the calibrated high-risk threshold value of 17 is close to scores reported by previous studies rang-
ing from 17 to 23, as reported by those that applied FISK v1%7>76 and v2!>134677_Contrarily, it is quite higher than
the threshold values of 9.5, 11.75, and 10.5 from FISK v2 reported for the southern Balkan countries, northern
Balkan countries (Croatia and Slovenia) and Florida, USA, respectively'®*72 Moreover, the low range (3 to 7)
of delta values and the negative relationship between the delta values and mean FISK scores indicate that the
assessors generally have closer certainty levels for the species with higher scores than for the low scoring species.
This differs from the wide range and positive relationship reported for the FISK v2 assessment of fish species
from peninsular Florida, USA*. A possible reason for this is the higher number of assessors in their study which
may have given rise to more divergent opinions.

This study represents the first attempt to risk-screen alien ornamental fish species in Peninsular Malaysia.
We acknowledge the need for further studies to carry out screening of more species including those mainly
for aquaculture which were not captured in this study. Moreover, there is a need for improved monitoring
and management of the high-risk species where some of them are among the most popular ornamental fishes
traded all over the world®. Priority should be given to those with established breeding populations, while those
yet to establish should be prevented from getting introduced. In addition to the existing plan and efforts by
the Malaysian government through the Department of Fisheries, Ministry of Agriculture and Food Industries,
together with the Ministry of Energy and Natural Resources, aquarists and hobbyists should be involved as they
are valuable in the successful monitoring and management fish introduction and invasion®. In case of the need
to import new fish species in the future, an initial risk screening should be adopted to help hint on the possible
impacts and guide policy decisions.

Conclusion

Although noted as the second most important route for the introduction of alien fishes in Malaysia, the aquarium
trade, judging from its composition of numerous alien fish species, could overtake aquaculture as a source of
invasive fish introduction if these fishes continuously find their way into the local waters. The number of high-
risk ornamental fish species gives an idea of a possible future invasion if unmonitored. Moreover, FISK is most
likely a more robust tool in assessing the risk of invasion and for the most part, its outcome was commensurate
with that of FIST with some differences. This also shows the value of FIST for an initial and rapid application.

Received: 23 February 2020; Accepted: 25 September 2020
Published online: 14 October 2020

References

1. Strecker, A. L., Campbell, P. M. & Olden, J. D. The aquarium trade as an invasion pathway in the Pacific Northwest. Fisheries 36,
74-85 (2011).

2. Magalhaes, A. L. et al. Small size today, aquarium dumping tomorrow: sales of juvenile non-native large fish as an important threat
in Brazil. Neotrop. Ichthyol. 15, 1-10 (2017).

3. Maceda-Veiga, A., Escribano-Alacid, J., de Sostoa, A. & Garcia-Berthou, E. The aquarium trade as a potential source of fish intro-
ductions in Southwestern Europe. Biol. Invasions 15, 2707-2716 (2014).

4. Gertzen, E., Familiar, O. & Leung, B. Quantifying invasion pathways: fish introductions from the aquarium trade. Can. J. Fish.
Aquat. Sci. 65, 1265-1273 (2008).

5. Ishikawa, T. & Tachihara, K. Introduction history of non-native freshwater fish in Okinawa-Jima Island: ornamental aquarium
fish pose the greatest risk for future invasions. Ichthyol. Res. 61, 17-26 (2014).

6. Khairul-Adha, R, Yuzine, E. & Aziz, A. The influence of alien fish species on native fish community structure in Malaysian waters.
Kuroshio Sci. 7, 81-93 (2013).

Scientific Reports |

(2020) 10:17205 | https://doi.org/10.1038/s41598-020-74168-9 nature research



www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

34.

35.

36.

37.

38.

39.
40.

41.
42.
43.
44.
45.
46.
47.
48.

49.

50.

. Department of Fisheries (DOF). Annual Fisheries Statistics, Department of Fisheries, Ministry of Agriculture and Agro-Based

Industry, Putrajaya, Malaysia. https://www.dof.gov.my/index.php/pages/view (2007).

. Department of Fisheries (DOF). Annual Fisheries Statistics, Department of Fisheries, Ministry of Agriculture and Agro-Based

Industry, Putrajaya, Malaysia. https://www.dof.gov.my/index.php/pages/view (2014).

. Duggan, I. C, Rixon, C. A. & Maclsaac, H. J. Popularity and propagule pressure: determinants of introduction and establishment

of aquarium fish. Biol. Invasions 8, 377-382 (2006).

Simonovic, P. et al. Risk assessment of non-native fishes in the Balkans Region using FISK, the invasiveness screening tool for
non-native freshwater fishes. Mediterr. Mar. Sci. 14, 369-376 (2013).

Singh, A. K. & Lakra, W. S. Risk and benefit assessment of alien fish species of the aquaculture and aquarium trade into India. Rev.
Aquacult. 3,3-18 (2011).

Puntila, R., Vilizzi, L., Lehtiniemi, M. & Copp, G. H. First application of FISK, the Freshwater Fish Invasiveness Screening Kit, in
Northern Europe: example of Southern Finland. Risk Anal. 33, 1397-1403 (2013).

Tarkan, A. S., Ekmekgi, F. G., Vilizzi, L. & Copp, G. H. Risk screening of non-native freshwater fishes at the frontier between Asia
and Europe: first application in Turkey of the Fish Invasiveness Screening Kit. J. Appl. Ichthyol. 30, 392-398 (2014).

Mendoza, R., Luna, S. & Aguilera, C. Risk assessment of the ornamental fish trade in Mexico: analysis of freshwater species and
effectiveness of the FISK (Fish Invasiveness Screening Kit). Biol. Invasions 17, 3491-3502 (2015).

Perdikaris, C. ef al. Risk screening of non-native, translocated and traded aquarium freshwater fishes in Greece using Fish Inva-
siveness Screening Kit. Fisheries Manag. Ecol. 23, 32-43 (2016).

Tarkan, A. S. et al. Identification of potentially invasive freshwater fishes, including translocated species, in Turkey using the Aquatic
Species Invasiveness Screening Kit (AS-ISK). Int. Rev. Hydrobiol. 102, 47-56 (2017).

Bilge, G., Filiz, H., Yapici, S., Tarkan, A. S. & Vilizzi, L. A risk screening study on the potential invasiveness of Lessepsian fishes in
the South-Western coasts of Anatolia. Acta. Ichthyol. Piscat. 49, 23-31 (2019).

Kiruba-Sakar, R. et al. Invasive species in freshwater ecosystems - threats to ecosystem services. In Biodiversity and Climate Change
Adaptation in Tropical Islands(eds. Chandrakasan, S., Velmurugan, A., Singh, A. & Jaisankar, I.) 257-289 (Elsevier Inc. USA, 2018).
Gaygusuz, O et al. Stocking of common carp (Cyprinus carpio) into some newly-established reservoirs of North-West Anatolia
may enhance the spread of non-native fish. Turk. J. Fish. Aquat. S. 15, 833-840 (2015).

Rashid, M. E. A. & Ishak, A. G. The importance of internal migration: in the context of urban planning decision making. (Inter-
national Conference on Built Environment in Developing Countries, Penang Malaysia, 2-3 December 2009. Penang, Malaysia,
2009).

Naji, A., Ismail, A., Kamrani, E. & Sohrabi, T. Correlation of MT levels in livers and gills with heavy metals in wild tilapia (Oreo-
chromis mossambicus) from the Klang River Malaysia. B. Environ. Contam. Tox. 92, 674-679 (2014).

Rainboth, W. J. Fishes of the Cambodian Mekong. Mekong River Commission, Food and Agriculture Organization, Rome. https
://library.enaca.org/inland/fishes-cambodian-mekong.pdf (1996).

Mobhsin, A. K. & Ambak, M. A. Ikan air tawar di Semenanjung Malaysia. (Freshwater fishes of Peninsular Malaysia). (Dewan
Bahasa dan Pustaka, Kuala Lumpur, Malaysia, 1991).

Berra, T. M. Freshwater fish distribution (The University of Chicago Press, Chicago, 2001).

Ng, H. H. & Tan, H. H. An annotated checklist of the non-native freshwater fish species in the reservoirs of Singapore. Cosmos. 6,
95-116 (2010).

. Tran, D. D. et al. Fishes of Mekong Delta (Can Tho University Publisher, Vietnam, 2010).
. Ng,C.K. C, Lim, T. Y., Ahmad, A. B. & Khaironizam, M. Z. Provisional checklist of freshwater fish diversity and distribution in

Perak, Malaysia, and some latest taxonomic concerns. Zootaxa 4567, 515-545 (2019).

. Zakaria-Ismail, M., Fatimah, A. & Khaironizam, M. Z. Fishes of the freshwater ecosystems of Peninsular Malaysia (Lambert Academic

Publishing, Saarbriicken, 2019).

. Froese, R. & Pauly, D. (eds.) FishBase. World Wide Web Electronic Publication. https://www.fishbase.org/search.php (2019).
. Fricke, R., Eschmeyer, W. N. & van der Laan, R. (eds.) Catalog of fishes: genera, species, references. California Academy of Sciences.

https://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp (2020).

. Papavlasopoulou, I. et al. Ornamental fish in pet stores in Greece: a threat to biodiversity?. Mediterr. Mar. Sci. 15, 126-134 (2014).
. TUCN. The IUCN Red List of Threatened Species. Version 2020-1. https://www.iucnredlist.org. (2020).
. Lawson, L. L., Vilizzi, L, Hill, J. E., Hardin, S. & Copp, G. H. Revisions of the Fish Invasiveness Scoring Kit (FISK) for its application

in warmer climatic zones, with particular reference to Peninsular Florida. Risk Anal. 33, 1414-1431 (2013).

Garcia de Leon, . J. G., Gonzalez-Garcia, L., Herrera-Castillo, J. M., Winemiller, K. O. & Banda-Valdés, A. Ecology of the alligator
gar, Atractosteus spatula, in the Vicente Guerrero Reservoir, Tamaulipas, Mexico. Southwest Nat.46, 151-157 (2001).

Carman, S. M. Special animal abstract for Lepisosteus oculatus (spotted gar). (Michigan Natural Features Inventory, Lansing, MI.)
https://mnfi.anr.msu.edu/abstracts/zoology/Lepisosteus_oculatus.pdf (2002).

COSEWIC. Committee on the status of endangered wildlife in Canada (COSEWIC) assessment and update status report on the
lake sturgeon Acipenser fulvescens in Canada, https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/
sr_Lake%20Sturgeon_2017_e.pdf (2006).

Roberts, D. "Atractosteus spatula", Animal Diversity Web. https://animaldiversity.org/accounts/Atractosteus_spatula/ (2006).
Herder, E. et al. Alien invasion in Wallace’s Dreamponds: records of the hybridogenic “flowerhorn” cichlid in Lake Matano, with
an annotated checklist of fish species introduced to the Malili Lakes system in Sulawesi. Aquat. Invasions 7, 521-535 (2012).
Speigel, J. "Potamotrygon motoro", Animal Diversity Web., https://animaldiversity.org/accounts/Potamotrygon_motoro/ (2013).
Franklin, P. A. Dissolved oxygen criteria for freshwater fish in New Zealand: a revised approach. New Zeal. ]. Mar. Fresh. 48, 112-126
(2014).

Felterman, M. A. Population dynamics, reproductive biology, and diet of alligator gar Atractosteus spatula in Terrebonne Estuary
and Rockefeller Wildlife Refuge. Master’s Thesis, Nicholls State University, Thibodaux, Louisiana, USA. (2015).

Fuller, P. Atractosteus spatula (Lacepéde, 1803): U.S. geological survey, non-indigenous aquatic species database, Gainesville,
Florida, USA. https://nas.er.usgs.gov/queries/FactSheet.aspx?speciesID=755 (2019).

Islam, M. A, Uddin, M. H., Uddin, M. J. & Shahjahan, M. Temperature changes influenced the growth performance and physi-
ological functions of Thai Pangas Pangasianodon hypophthalmus. Aquacult. Rep. 13, 100179 (2019).

Lawson, L. L., Hill, J. E., Hardin, S., Vilizzi, L. & Copp, G. H. Evaluation of the fish invasiveness screening kit (FISK v2) for pen-
insular Florida. Manag. of Biol. Invasions 6, 413-422 (2015).

Copp, G. H. et al. Calibration of FISK, an invasiveness screening tool for non-native freshwater fishes. Risk Anal. 29, 457-467
(2009).

Almeida, D., Ribeiro, E, Leunda, P. M., Vilizzi, L. & Copp, G. H. Effectiveness of FISK, an invasiveness screening tool for non-native
freshwater fishes, to perform risk identification assessments in the Iberian Peninsula. Risk Anal. 33, 1404-1413 (2013).

Youden, W. J. Index for rating diagnostic tests. Cancer 3, 32-35 (1950).

Bewick, V., Cheek, L. & Ball, J. Statistics review 13: receiver operating characteristic curves. Crit. Care 8, 508-512 (2004).
Tricarico, E., Vilizzi, L., Gherardi, F. & Copp, G. H. Calibration of FI-ISK, an invasiveness screening tool for nonnative freshwater
invertebrates. Risk Anal. 30, 285-292 (2010).

Chang, A. L. et al. Tackling aquatic invasions: risks and opportunities for the aquarium fish industry. Biol. Invasions 11, 773-785
(2009).

Scientific Reports |

(2020) 10:17205 | https://doi.org/10.1038/s41598-020-74168-9 nature research


https://www.dof.gov.my/index.php/pages/view
https://www.dof.gov.my/index.php/pages/view
http://library.enaca.org/inland/fishes-cambodian-mekong.pdf
http://library.enaca.org/inland/fishes-cambodian-mekong.pdf
http://www.fishbase.org/search.php
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
https://www.iucnredlist.org
https://mnfi.anr.msu.edu/abstracts/zoology/Lepisosteus_oculatus.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_Lake%20Sturgeon_2017_e.pdf
https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/cosewic/sr_Lake%20Sturgeon_2017_e.pdf
https://animaldiversity.org/accounts/Atractosteus_spatula/
https://animaldiversity.org/accounts/Potamotrygon_motoro/
https://nas.er.usgs.gov/queries/FactSheet.aspx?speciesID=755

www.nature.com/scientificreports/

51. Magalhaes, A. L. & Jacobi, C. M. Invasion risks posed by ornamental freshwater fish trade to south eastern Brazilian rivers. Neotrop.
Ichthyol. 11, 433-441 (2013).

52. Reis, R. E. et al. Fish biodiversity and conservation in South America. J. Fish. Biol. 89, 12-47 (2016).

53. Rixon, C. A., Duggan, I. C., Bergeron, N. M., Ricciardi, A. & Macisaac, H. J. Invasion risks posed by the aquarium trade and live
fish markets on the Laurentian Great Lakes. Biodivers. Conserv. 14, 1365-1381 (2005).

54. Cucherousset, J. & Olden, J. D. Ecological impacts of non-native freshwater fishes. Fisheries 36, 215-230 (2011).

55. Ng, C. K. C. et al. A working checklist of the freshwater fish diversity for habitat management and conservation work in Sabah,
Malaysia North Borneo. Biodiversitas 18, 560-574 (2017).

56. Zakaria, R. Alien fish devouring local species in Sg Pahang. New Strait Times. https://www.nst.com.my/news/nation/2019/02/46259
5/alien-fish-devouring-local-species-sg-pahang (2019).

57. Sharifudin, M. & Sharip, Z. Fisheries practices and fish diversity in Muda and Beris Lakes: a preliminary survey study. Geografia
16, 1-12 (2020).

58. Zakaria, R. Alien fish ’killing’ local boat operators. New Strait Times. https://www.nst.com.my/news/nation/2017/04/231359/alien
-fish-killing-local-boat-operators/ (2017).

59. Chong, V. C,, Lee, P. K. Y. & Lau, C. M. Diversity, extinction risk and conservation of Malaysian fishes. J. Fish Biol. 76, 2009-2066
(2010).

60. NWGIAS. National Working Group on Invasive Alien Species (NWGIAS). National action plan for prevention, eradication,
containment and control of aquatic invasive alien species in Malaysia. Department of Agriculture, Putrajaya (2014).

61. Samat, A. et al. Reproductive biology of the introduced sailfin catfish Pterygoplichthys pardalis (Pisces: Loricariidae) in Peninsular
Malaysia. Indian. J. Fish. 63, 35-41 (2016).

62. Tan, B. Bottom-feeding fish sucking life out of Johor Rivers, nature society warns. Malay Mail, https://www.malaymail.com/news/
malaysia/2019/01/14/bottom-feeding-fish-suckinglife-out-of-johor-rivers-nature-society-warns/1712205 (2019).

63. Hussan, A., Choudhury, T. G., Das, A. & Gita, S. Suckermouth sailfin catfishes: A future threat to aquatic ecosystems of India.
Aquaculture Times 2, 20-22 (2016).

64. Ng, C. The ornamental freshwater fish trade in Malaysia. UTAR Agric Sci. J. 2, 7-18 (2016).

65. Lokman, E. D. et al. Use of GIS and remote sensing on ornamental fish farm’s activities monitoring in Layang-Layang, Kluang
Johor. Adv. Ecol. Envir. Res. 4,211-230 (2019).

66. Evers, H. G., Pinnegar, J. K. & Taylor, M. I. Where are they all from?-sources and sustainability in the ornamental freshwater fish
trade. J. Fish Biol. 94, 909-916 (2019).

67. Chan, E T. et al. Leaving the fish bowl: the ornamental trade as a global vector for freshwater fish invasions. Aquat. Ecosyst. Health
22, 417-439 (2019).

68. Banha, E, Diniz, A. & Anastdcio, P. M. Patterns and drivers of aquarium pet discharge in the wild. Ecol. Indicat. 106, 105513 (2019).

69. Zakaria, R. & Bahrin, H. B. Two more foreign predatory fishes threaten survival of native species. New Strait Times, https://www.
nst.com.my/news/exclusive/2018/05/372369/two-more-foreign-predatory-fishes-threaten-survival-native-species (2018).

70. Daehler, C. C., Denslow, J. S., Ansari, S. & Kuo, S. A risk assessment system for screening out invasive pest plants from Hawaii and
other Pacific islands. Conserv. Biol. 18, 360-368 (2004).

71. Marchetti, M. P, Moyle, P. B. & Levine, R. Invasive species profiling? Exploring the characteristics of non-native fishes across
invasion stages in California. Freshwater Biol. 49, 646-661 (2004).

72. Piria, M. et al. Risk screening of non-native freshwater fishes in Croatia and Slovenia using the Fish Invasiveness Screening Kit.
Fisheries Manag. Ecol. 23, 21-31 (2016).

73. Marr, S. M. et al. Evaluating invasion risk for freshwater fishes in South Africa. Bothalia 47, 1-10 (2017).

74. Thompson, K. A., Hill, J. E. & Nico, L. G. Eastern mosquitofish resists invasion by nonindigenous poeciliids through agnostic
behaviors. Biol. Invasions 14, 1515-1529 (2012).

75. Onikura, N. et al. Evaluating the potential for invasion by alien freshwater fishes in northern Kyushu Island, Japan, using the Fish
Invasiveness Scoring Kit. Ichthyol. Res. 58, 382-387 (2011).

76. Troca, D. A. & Vieira, J. P. Potential invasive non-native fish farmed in the coastal region of Rio Grande Do Sul Brazil. Boletim do
Instituto de Pesca 38, 109-120 (2012).

77. Vilizzi, L. V. & Copp, G. H. Application of FISK, an invasiveness screening tool for non-native freshwater fishes, in the Murray-
Darling Basin (Southeastern Australia). Risk Anal. 33, 1432-1440 (2013).

Acknowledgements

We appreciate the local ornamental freshwater fish pet stores for granting access to carry out the study. Financial
support was granted by the Ministry of Higher Education, Malaysia under the Fundamental Research Grant
Scheme (FRGS/1/2018/STG03/UPM/02/11/5540128).

Author contributions

A.O.S. and N.A.A.W. conducted sampling activities; A.O.S., M.R.A.H. and M.N.A.A. identified fish species;
A.O.S. and M.N.A A, analyzed the data and wrote the manuscript,; A.I,, S.Z.Z. and M.N.A A. guiding all the
study methodologies and data analyses.

Competing interest
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-74168-9.

Correspondence and requests for materials should be addressed to M.N.A.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2020) 10:17205 | https://doi.org/10.1038/s41598-020-74168-9 nature research


https://www.nst.com.my/news/nation/2019/02/462595/alien-fish-devouring-local-species-sg-pahang
https://www.nst.com.my/news/nation/2019/02/462595/alien-fish-devouring-local-species-sg-pahang
https://www.nst.com.my/news/nation/2017/04/231359/alien-fish-killing-local-boat-operators/
https://www.nst.com.my/news/nation/2017/04/231359/alien-fish-killing-local-boat-operators/
https://www.malaymail.com/news/malaysia/2019/01/14/bottom-feeding-fish-suckinglife-out-of-johor-rivers-nature-society-warns/1712205
https://www.malaymail.com/news/malaysia/2019/01/14/bottom-feeding-fish-suckinglife-out-of-johor-rivers-nature-society-warns/1712205
https://www.nst.com.my/news/exclusive/2018/05/372369/two-more-foreign-predatory-fishes-threaten-survival-native-species
https://www.nst.com.my/news/exclusive/2018/05/372369/two-more-foreign-predatory-fishes-threaten-survival-native-species
https://doi.org/10.1038/s41598-020-74168-9
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports|  (2020) 10:17205 | https://doi.org/10.1038/s41598-020-74168-9 natureresearch


http://creativecommons.org/licenses/by/4.0/

	Species composition and invasion risks of alien ornamental freshwater fishes from pet stores in Klang Valley, Malaysia
	Methods
	Ethics statement. 
	Study area. 
	Sampling procedures. 
	Species identification and checklists. 
	Descriptive analyses. 
	Percentage of occurrence, conservation status, climatic zone and the threat to human. 
	Comparison of fish occurrence by origin. 
	Risk assessment. 

	Results
	Species checklist, orders, and families. 
	Percentage of occurrence and natural distribution. 
	Climatic zone, conservation status and the threat to human. 
	Species comparison in stores by origin. 
	Invasiveness screening using FIST and FISK. 

	Discussion
	Conclusion
	References
	Acknowledgements


