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A B S T R A C T

	 The number of non-native fish species introduced into the Philippines has steadily increased over 
the last decades, similar to other Southeast Asian countries. This trend of non-native species introductions is 
of high concern for the conservation of the native aquatic biota of the country, as invasive fishes are known to 
be responsible for a wide range of detrimental effects. In this study, the 13 non-native freshwater fish species 
recently reported for Ramsar-listed Lake Naujan (Province of Oriental Mindoro) were screened for their 
invasiveness risk under current and predicted climate change scenarios. Of the screened species, 23.1% and 
61.5% were ranked as high risk under current and future climate conditions, respectively. The higher-risk 
species were redbelly tilapia Coptodon zillii, Nile tilapia Oreochromis niloticus, and guppy Poecilia reticulata. 
These findings indicate a high likelihood that the already threatened aquatic biota of Lake Naujan will be further 
affected by the presence of the resident non-native fish species in the near future. Recommendations include: 
(i) implementation of an introduction vector and pathway analysis; (ii) establishment of a comprehensive list 
or database of potentially invasive or prohibited species; (iii) continuous monitoring and surveillance of fish 
activities in the lake; and (iv) implementation of a comprehensive, government-led information, education 
and communication campaign. The outcomes of this study are also meant to serve as a foundation for the 
development of shared regulations to control the international trade of non-native fish species not only in the 
Philippines but also among southeast Asian countries.
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1 . 	 I N T R O D U C T I O N

Invasive species are known to pose serious threats 
to native biota, with freshwater ecosystems being 
especially vulnerable to biological invasions 

(Andersen et al. 2004; Strayer 2010). The introduction 
of non-native species, followed by their establishment 
and spread, can result in substantial impacts once 
these species become invasive (Copp et al. 2016a). 
Evaluating these impacts can be problematic due 
to unpredictability (Strayer 2010). This is because 
introduced aquatic species can adapt to a niche that 
differs completely from that occupied in their native 

range, posing a threat to native species (Gurevitch 
and Padilla 2004; Cagauan 2007). The deliberate or 
accidental introduction of invasive fishes is considered 
one of the most insidious threats to the conservation 
of aquatic biota worldwide (Kiruba-Sankar et al. 
2018), with increased risks of competition for food 
and space eventually impacting the survival of native 
fish species. Overall, invasive species can alter the 
evolution of native species by competition, niche 
displacement, and predation, eventually leading to 
their extinction (MacKinnon 2002).
	 As per other regions worldwide, in Southeast 
Asia, the number of non-native fish species has 
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steadily increased over the last decades (De Silva 1989; 
Pallewatta et al. 2003; Welcomme and Vidthayanon 
2003), and in the Philippines alone, 159 non-native 
fishes have been introduced since 1905 (Casal et al. 
2007). With freshwater habitats devoid of, or occupied 
by few, native fish species, the freshwater fish fauna of 
the Philippine archipelago is depauperate because of 
the country's biogeography. At the same time, there 
is currently a dearth of information on the potential 
of non-native fishes to become invasive in the water 
bodies of the Philippines. This knowledge gap is further 
exacerbated by a failure of local government agencies 
to implement laws on the introduction of non-native 
species, coupled with an overall unwillingness to 
interfere with the laws regulating the commerce and 
trade of these species (Joshi 2006).
	 The Philippines possesses more than 100 
lakes, which represent over 0.5% (i.e., ≈  200,000 
ha) of the country's surface area (Guerrero 2001; 
Mercene-Mutia 2001). Among these water bodies is 
Lake Naujan, the fifth-largest lake in the Philippines. 
Unlike other major lakes in the country, the aquatic 
biodiversity of Lake Naujan is poorly studied (Labatos 
2012). This may be due to the remoteness of the lake, 
which is not located within the major island groups 
of the Philippine archipelago. This study aimed to 
determine the risk of invasiveness of the non-native 
fishes in Lake Naujan under current and future climate 
conditions to fill the knowledge gap. The outcomes of 
this study are intended to inform the management and 
conservation of one of the most critically threatened 
lake ecosystems in the 
Philippines. The risk screening 
approach employed in this 
study is also meant to provide 
an additional example of its 
applicability across threatened 
water bodies of the country (To 
et al. 2022; Gilles et al. 2023).

2 .  M A T E R I A L S  A N D 
M E T H O D S

2.1 Study area

	 Lake Naujan is 
the fifth-largest lake in the 
Philippines (Figure 1). It is 
located in the northeastern 
part of the island of Mindoro 
in the province of Oriental 
Mindoro and extends for about 

14  km from north to south and 7  km from east to 
west (13.1727° N, 121.3427° E). The lake, bounded by 
the four municipalities of Naujan, Pola, Socorro, and 
Victoria, is fed by numerous mountain streams and 
springs and drains into the River Butas. Lake Naujan 
is part of the namesake National Park (21,655 ha), 
which was established under Proclamation No. 282 
(27 March 1956) and later amended by Proclamation 
No. 335 (25 January 1968). Lake Naujan is recognized 
as a Ramsar Wetland of International Importance 
and is part of the East Asian-Australasian Flyway 
for migratory birds. The lake is rich in nutrients and 
supports a major fishery of both demersal and pelagic 
species, with most of the local inhabitants depending 
on these resources for their livelihood. The marshlands 
adjacent to the lake are under grass and sedge, and 
this dense cover serves as a habitat for resident and 
migratory waterfowl. The presence of wildlife further 
enhances the value of the lake as a recreational area.
	 According to available literature, the 
occurrence of non-native fish species in Lake Naujan 
has been reported since 1997. In a survey conducted 
by the Southeast Asian Regional Center for Graduate 
Study and Research in Agriculture in that year, 14 fish 
species were reported, of which three were introduced, 
namely the Philippine catfish ‘hito’ Clarias batrachus 
(Linnaeus, 1758), the Nile tilapia Oreochromis niloticus 
(Linnaeus, 1758), and the snakeskin gourami ‘pla-salit’ 
Trichopodus pectoralis (Regan, 1910). The majority of 
the native fish species in Lake Naujan are migratory 
and live primarily in the marine environment but 

Map of Lake Naujan, Philippines, the risk assessment area for screening non-native freshwater 
fishes.
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frequently visit freshwater ecosystems to return to the 
sea by the time they become sexually mature (Labatos 
2012). Of these species, 13 are currently recognized 
as non-native and include, apart from the three 
species listed above, climbing perch ‘puyo’ Anabas 
testudineus (Bloch, 1792), goldfish ‘tawes’ Carassius 
auratus (Linnaeus, 1758), striped snakehead ‘dalag’ 
Channa striata (Bloch, 1793), redbelly tilapia ‘Bruce 
Lee’ Coptodon zillii (Gervais, 1848), common carp 
Cyprinus carpio (Linnaeus, 1758), silver perch ‘ayungin’ 
Leiopotherapon plumbeus (Kner, 1864), guppy ‘isdang 
kanal’ Poecilia reticulata (Peters, 1859), molly Poecilia 
sphenops (Valenciennes in Cuvier and Valenciennes, 
1846), vermiculated sailfin catfish Pterygoplichthys 
disjunctivus (Weber, 1991), and three-spot gourami 
Trichopodus trichopterus (Pallas, 1770).

2.2 Risk screening

	 All 13 non-native fish species currently 
present in Lake Naujan (the risk assessment area) 
were screened for their risk of invasiveness. Risk 
identification was undertaken using the Aquatic 
Species Invasiveness Screening Kit v2.3.3 (AS-ISK: 
Copp et al. 2016b, 2021). This decision-support tool 
is available for free download (Vilizzi et al. 2021) 
and offers users 32 languages, including Filipino. The 
AS-ISK complies with the ‘minimum standards’ for 
screening non-native species under EC Regulation 
No. 1143/2014 on the prevention and management 
of the introduction and spread of invasivve species. 
The Philippines government, Bureau of Fisheries and 
Aquatic Resources, recently adopted the AS-ISK to 
identify potentially invasive freshwater fish species 
across the country (Department of Agriculture 2021). 
The AS-ISK consists of 55 questions, of which 49 
comprise the Basic Risk Assessment (BRA) and six 
comprise the Climate Change Assessment (CCA). 
The latter section requires the assessor to predict 
how future predicted climatic conditions will likely 
affect the BRA concerning risks of introduction, 
establishment, dispersal, and impact. For the present 
risk screening, the following studies were consulted 
for the CCA section: Papa and Briones (2014), 
Mendoza et al. (2019), and Volta and Jeppesen (2021). 
All 13 species were screened by the first author of this 
study jointly with one (six species) or two additional 
assessors (seven species) involving the second, third, 
and fourth authors. The joint assessors were selected 
based on their expert knowledge of the environmental 
biology of the screened species. Screenings performed 
by joint assessors have been shown to increase 
confidence relative to independent screenings by one 

or more assessors (Vilizzi et al. 2022a).
	 The standard protocol by Vilizzi et al. (2022a) 
was followed to achieve a valid screening, whereby the 
assessor must provide each question with a response, 
confidence level, and justification (Vilizzi and Piria 
2022). This results in two outcome scores: BRA and 
BRA+CCA. Scores < 1 suggest a 'low risk' of the species 
being or becoming invasive in the risk assessment 
area; scores ≥ 1 indicate a 'medium risk' or a 'high risk.' 
Medium-risk and high-risk species are defined using 
a calibrated threshold (Vilizzi and Piria 2022; Vilizzi 
et al. 2022a, 2022b). Given the low sample size (i.e., 
the total number of species screened) in this study 
that prevented computation of a calibrated threshold 
for the risk assessment area (Vilizzi et al. 2022a), the 
threshold of 34.5 recently identified for Lake Taal 
in the Philippines (Gilles et al. 2023) was used for 
the species' risk ranking. The use of this threshold 
must be considered even more accurate than that 
of a generalized one for freshwater fishes in tropical 
climates (Vilizzi et al. 2022a), given the location of 
lakes Taal and Naujan within the same region (i.e., 
Philippines). After setting the threshold, evaluation of 
risk classifications to identify false-positive and false-
negative rankings was not applied to the medium-
risk species as their further evaluation in a (follow-
up) comprehensive risk assessment depends on both 
policy and management priorities and the availability 
of financial resources. The risk classification relied on 
the a priori species categorization according (Table 
1.)to the standard protocol by Vilizzi et al. (2022a). 
Permutational ANOVA with normalization of the 
data was used to test for differences in the confidence 
factor (CF: Vilizzi et al. 2022a) between the BRA and 
BRA+CCA. This used a Bray-Curtis dissimilarity 
measure, 9999 unrestricted permutations of the raw 
data, and statistical effects evaluated at α = 0.05.

3 .  R E S U L T S

	 Based on the BRA scores (Table 2, Fig. 2a), 3 
(23.1%) species were ranked as high risk and 10 (76.9%) 
as medium risk. Amongst the 10 species categorized 
a priori as invasive, three were high risk, hence true 
positives (Coptodon zillii, Oreochromis niloticus, and 
Poecilia reticulata). Of the 10 medium-risk species, 
three were a priori non-invasive (Anabas testudineus, 
Leiopotherapon plumbeus, Trichopodus pectoralis) 
and seven invasive (Carassius auratus,Channa striata, 
Clarias batrachus, Cyprinus carpio, Poecilia sphenops, 
Pterygoplichthys disjunctivus, and Trichopodus 
trichopterus).
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	 Based on the BRA+CCA scores (Table  2, 
Fig. 2b), 8 (61.5%) species were ranked as high risk 
and 5 (38.5%) as medium risk. Amongst the a priori 
invasive species, seven were high risk, hence true 
positives (same species as for the BRA plus Channa 
striata, Cyprinus carpio, Poecilia sphenops, and 
Pterygoplichthys disjunctivus); amongst the a priori 
non-invasive species, one was a false positive (T. 

trichopterus). Two of the five medium-risk species 
were a priori non-invasive (A. testudineus and L. 
plumbeus) and three invasive (Carassius auratus, 
Clarias batrachus, and Trichopodus pectoralis).
	 The CCA resulted in an increase in the BRA 
score (cf. BRA+CCA score) for 12 (92.3%) species 
and a decrease for one (7.7%) (Table 2). Regarding the 
confidence factor (CF), the mean CF Total was 0.805 ± 

Species name Common name

A priori categorization

FishBase GISD EASIN GScholar Outcome

Anabas testudineus climbing perch N – – N Non-invasive

Carassius auratus goldfish Y Y Y n.a. Invasive

Channa striata striped snakehead Y – – n.a. Invasive

Clarias batrachus Philippine catfish Y Y Y n.a. Invasive

Coptodon zillii redbelly tilapia Y – N n.a. Invasive

Cyprinus carpio common carp Y Y Y n.a. Invasive

Leiopotherapon plumbeus silver perch N – – N Non-invasive

Oreochromis niloticus Nile tilapia Y Y Y n.a. Invasive

Poecilia reticulata guppy Y Y Y n.a. Invasive

Poecilia sphenops molly N – N Y Invasive

Pterygoplichthys disjunctivus vermiculated sailfin catfish Y Y – n.a. Invasive

Trichopodus pectoralis snakeskin gourami Y – – N Invasive

Trichopodus trichopterus three-spot gourami N – – N Non-invasive

Table 1. Non-native freshwater fish species screened for their risk of invasiveness in Lake Naujan, Philippines. For the a priori categorization, 
the steps of the protocol by Vilizzi et al. (2022a) are indicated: (i) FishBase (www.fishbase.org); (ii) Global Invasive Species Database (GISD: 
www.iucngisd.org); (iii) European Alien Species Information Network (EASIN: https://easin.jrc.ec.europa.eu/easin); (iv) Google Scholar 
(GScholar) literature search. N = no impact/threat; Y = impact/threat; ‘–’ = absent; n.a. = not applicable.

Table 2. Risk outcomes for the freshwater fishes screened with the Aquatic Species Invasiveness Screening Kit (AS-ISK) for Lake Naujan. 
For each species, the following information is provided: a priori categorization of invasiveness (N = non-invasive; Y = invasive: see Table 1), 
Basic Risk Assessment (BRA) and BRA  + Climate Change Assessment (BRA+CCA) scores with corresponding risk ranks based on a 
threshold of 34.5 (after Gilles et al. 2023; M = Medium; H = High), classification (Class: FP = false positive; TP = true positive; ‘–’ = not 
applicable as medium-risk: see text for details), difference (Delta) between BRA+CCA and BRA scores, and confidence factor (CF). Risk 
outcomes for the BRA scores: M, with the score within the interval [1, 34.5[; H ]34.5, 72[. Risk outcomes for the BRA+CCA scores: M 
[1, 34.5[; H ]34.5, 82[. Note the reverse bracket notation indicating, in all cases, an open interval.

Species name

BRA BRA+CCA CF

A priori Score Rank Class Mean Score Class Delta Total BRA CCA

Anabas testudineus N 18.0 M – 24.0 M – 6 0.81 0.82 0.71

Carassius auratus Y 22.5 M – 28.5 M – 6 0.81 0.79 1.00

Channa striata Y 28.0 M – 36.0 H TP 8 0.87 0.86 0.96

Clarias batrachus Y 23.5 M – 31.5 M – 8 0.74 0.72 0.92

Coptodon zillii Y 35.5 H TP 43.5 H TP 8 0.82 0.80 1.00

Cyprinus carpio Y 28.0 M – 36.0 H TP 8 0.80 0.78 1.00

Leiopotherapon plumbeus N 3.0 M – 11.0 M – 8 0.69 0.65 1.00

Oreochromis niloticus Y 42.5 H TP 48.5 H TP 6 0.91 0.90 1.00

Poecilia reticulata Y 37.0 H TP 45.0 H TP 8 0.82 0.80 1.00

Poecilia sphenops Y 31.0 M – 37.0 H TP 6 0.79 0.76 1.00

Pterygoplichthys disjunctivus Y 33.5 M – 41.5 H TP 8 0.85 0.83 1.00

Trichopodus pectoralis Y 14.5 M – 10.5 M – −4 0.82 0.80 1.00

Trichopodus trichopterus N 27.5 M – 35.5 H FP 8 0.73 0.70 0.96

http://www.fishbase.org
http://www.iucngisd.org
https://easin.jrc.ec.europa.eu/easin
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Figure 2. Risk outcome scores for the non-native freshwater fishes screened with the Aquatic Species Invasiveness Screening Kit for Lake 
Naujan. (a) Basic Risk Assessment (BRA) scores; (b) BRA + Climate Change Assessment (BRA+CCA) scores. Black bars = high-risk species; 
Gray bars = medium-risk species; Hatched line = high-risk (H) threshold; Dotted line = medium-risk (M) threshold. Thresholds as per 
Table 1.

0.016 SE, the mean CFBRA 0.785  ± 0.018 SE, and 
the mean CFCCA0.962  ± 0.023 SE, indicating high 
confidence in all cases. The mean CFCCA was higher 
than the mean CFBRA (F#1,24 = 37.91, P# < 0.001; 
#  = permutational value). The combined report for 
the 13 screened species is provided as supplementary 
material.

4 .  D I S C U S S I O N

	 Lake Naujan is a crucial freshwater resource 
spanning the municipalities of Naujan, Pola, Socorro, 
and Victoria. As the fifth largest lake in the Philippines, 
it sustains many fisherfolk who depend on its waters 
for their livelihood. Despite its designation as Naujan 
Lake National Park under Republic Act 7586, known 
as the National Integrated Protected Areas System Act 
of 1992, and its classification as a ‘protected landscape 
and seascape’ by the Department of Environment and 
Natural Resources Region IV through its Protected 
Area Suitability Assessment report in 1995, the lake 
still faces several environmental problems, including 
the presence of introduced species. This is the reason 

why this study has evaluated the risk of invasiveness of 
all recorded introduced non-native fish species in the 
lake.
	 Based on the threshold value of 34.5, the 
present risk screening for Lake Naujan indicated 
a substantial increase in the number of high-risk 
non-native fish species under current and predicted 
climate conditions. This is a warning sign of the high 
susceptibility of the lake to current invasion by non-
native fishes. The three species posing the highest risk 
of invasiveness under current and predicted climate 
conditions were Coptodon zillii, Oreochromis niloticus, 
and Poecilia reticulata. This outcome agrees with a 
recent screening for the same species in Lake Taal 
(Gilles et al. 2023). Of note, despite the computation 
of a risk assessment area-specific threshold being the 
preferred option, usage of a threshold from a risk 
assessment area within the same ecoregion (i.e., Lake 
Taal, in this study) can be regarded as the next most 
accurate option followed by usage of a generalized 
threshold (Vilizzi et al. 2022a). This is demonstrated 
by the reliability of risk outcomes from AS-ISK 
applications relying on the latter approach (review in 
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Vilizzi et al. 2024), which is therefore increased by the 
usage of a threshold from a nearby risk assessment 
area within the same ecoregion, as achieved in the 
present study by using for Lake Naujan the threshold 
for Lake Taal (Gilles et al. 2023).
	 Coptodon zillii is an economically important 
fish for aquaculture and the aquarium trade (Dadebo 
et al. 2014). This species can outcompete other fish 
species for food, habitat, and nesting sites due to its 
omnivory and voracious feeding habits (Spataru 
1978) and is also known to tolerate a wide range of 
climatic conditions and salinity levels (Yongo et al. 
2023). Oreochromis niloticus was introduced in the 
Philippines in the 1970s for aquaculture purposes, 
with farming in ponds and cages of this economically 
valuable species being widespread across the country 
(Araullo 2001; Rosana et al. 2006; Guerrero 2014; Mutia 
et al. 2022). This species is one of the most widespread 
invasive fishes worldwide due to its tolerance of a 
wide range of environmental conditions coupled with 
flexible habitat requirements, reproductive strategy, 
and foraging behavior (Aquilino et al. 2011; Guerrero 
2014; Gu et al. 2015). However, in the Philippines, the 
economic importance of Oreochromis niloticus as a 
food source outweighs its high level of invasiveness, 
despite its being present in almost all lakes and 
reservoirs across the country with several documented 
adverse effects (De Silva et al. 2004; Mutia et al. 2018, 
2022).  Poecilia reticulata is a common species in 
the aquarium trade that has been introduced in the 
Philippines as a biomedical measure to control the 
proliferation of mosquito larvae (Guerrero 2014). The 
easy establishment of populations of this species can be 
attributed to its short generation time and viviparous 
reproductive strategy (Rosenthal et al. 2021), but also 
to the ability to hybridize with native populations of 
other species (Sievers et al. 2012). Poecilia reticulata 
can also impact ecosystem services as an ornamental 
fish due to its capacity to thrive in different water 
quality conditions (Magurran and Philip 2001). All 
the above three species are known to tolerate a wide 
range of water quality conditions and are expected to 
adapt to changes in climate (Guerrero 2014; Magurran 
and Philip 2001).
	 The CCA component of the AS-ISK 
questionnaire evaluates the potential effects of 
predicted (future) climate conditions on a taxon's 
risks of entry, establishment, and dispersal. For some 
of the species screened in this study, an increase in 
their risk of invasiveness, as indicated by their risk 
ranking shifting from medium to high, was observed 
when accounting for the projected climate conditions 

for Lake Naujan. This suggests climate change is 
likely to create conditions even more favorable to 
several non-native fish species in the risk assessment 
area (Chan et al. 2019; Mendoza et al. 2019; Gilles 
et al. 2023). Furthermore, a recent study found that 
climate change in the Philippines, particularly the 
expected rise in temperature and altered weather 
patterns, could significantly increase the risk of non-
native fish species becoming invasive in Lake Naujan 
(Mendoza et al. 2019). The 2017 World Risk Report 
ranks the Philippines as the third most vulnerable 
country to climate change (Global Risks Report 2017). 
Mean temperatures in all areas in the Philippines 
are expected to rise by 0.9 ºC to 1.1 ºC in 2020 and 
by 1.8 ºC to 2.2 ºC in 2050 (Gilles et al. 2023). The 
Philippines' vulnerability to climate change makes this 
especially concerning, as warmer inland waters could 
become more hospitable to a wider range of invasive 
fishes.
	 Amongst the species whose risk rank 
increased from medium to high after accounting 
for predicted climate scenarios was Pterygoplichthys 
disjunctivus, which is a popular introduced aquarium 
fish across the country (Chavez et al. 2006a, 2006b; 
Hubilla et al. 2007; Rahel and Olden 2008; Guerrero 
2014). The high risk of invasiveness of this species 
under predicted climate conditions is attributed 
to its tolerance for pollution and low oxygen and 
salinity levels, feeding behavior, defensive predation 
through its spiny fins and hard dermal armor, and a 
reproductive strategy characterized by batch spawning 
and parental care (Brion et al. 2013; Emiroğlu et al. 
2016; Kumar et al. 2018; Chakraborty et al. 2020). 
In Lake Naujan, Pterygoplichthys disjunctivus has 
also been reported to damage gillnets used by local 
fishers. Another species whose risk rank increased 
from medium to high was Poecilia sphenops, an 
ornamental fish whose introduction has resulted from 
both accidental escapes and intentional releases and is 
known to represent a potential threat to native fishes 
(Lee et al. 1991). Poecilia sphenops can breed in low 
and high salinity conditions and survive in clear to 
turbid or muddy waters (Husna et al. 2014). Despite 
the lack of records for Trichopodus trichopterus 
being invasive (cf. its classification as a false positive: 
Table 1), this small and popular ornamental fish native 
to Southeast Asia has been introduced in at least 17 
countries worldwide and is known to colonize easily 
new aquatic habitats due to its wide environmental 
tolerance and fast growth rates. The species' ability to 
tolerate a wide range of temperatures and salinities 
causes them to compete with native fishes, although it 
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can also positively impact ecosystem services as a food 
source (Labatos 2012; Mutia et al. 2022).
	 The five species ranked as medium risk 
under both current and predicted climate conditions 
for Lake Naujan were Anabas testudineus, Carassius 
auratus, Clarias batrachus, Leiopatherapon plumbeus, 
and Trichopodus pectoralis. Despite these species 
being ranked as medium risk, this does not imply 
that they may not pose any risk at all. For instance, 
Carassius auratus, originally from China, has been 
widely imported as a pet and ornamental fish 
worldwide. The species' ability to adapt and thrive 
under various environmental conditions contributes 
to its invasiveness in the introduced range. In the 
Philippines, where Carassius auratus are found in 
several rivers and lakes, including Lake Taal and 
Laguna de Bay (Mutia et al. 2018; Gilles et al. 2023), 
impacts include increased turbidity, algal blooms, and 
competition with native fish species (To et al. 2022; 
Gilles et al. 2023).
	 The fisheries office order provided by the 
Bureau of Fisheries and Aquatic Resources has 
adopted AS-ISK as the official decision-support tool 
to conduct risk screenings on non-native aquatic 
inland water bodies. The outcome of a species-specific 
screening in terms of its risk ranking allows to inform 
decision-makers on the management of extant species 
(i.e., already present in the country) and possible 
introduction of horizon species (i.e., not currently 
present in the country). Notably, low-risk species 
(i.e., with a BRA and BRA+CCA outcome scores less 
than 1) are considered 'safe' for introduction, whereas 
medium-risk species are only allowed in reservoirs 
and land-based aquacultural facilities. Lastly, high-risk 
species are not allowed into any inland water bodies. 
According to this study, all species for Lake Naujan 
were ranked as medium or high risk, with no low-risk 
species. Following the above guidelines, all high-risk 
species should not be allowed for further introduction 
in the risk assessment area, whereas the medium-risk 
species should be strictly monitored.

4 .  C O N C L U S I O N

	 The results of this study are expected to 
provide valuable insights for policymakers and 
stakeholders, aiding them in crafting effective 
policies and guidelines for managing non-native 
species not only for Lake Naujan but for the entire 
aquatic ecosystem in the Philippines. Given the high 
conservation value of Lake Naujan, efforts are needed 
from stakeholders in the mitigation and prevention of 

the detrimental impacts caused by the non-native (and 
invasive) fish species already present, and preventative 
measures are required to counteract the introduction 
of any additional non-native species (Dudgeon et 
al. 2006). This is especially important as the lake 
is also impacted by a wide range of human-related 
activities (Labatos 2012). To this end, establishing a 
comprehensive list and database of potentially invasive 
and prohibited species would provide accessible 
and updated information to national and regional 
policymakers and stakeholders that can contribute 
to amending and reinforcing non-native species 
legislation and regulations (Roy et al. 2018).
	 Overall, this study recommends (i) an 
introduction vector and pathway analysis to determine 
the various channels by which non-native species could 
be introduced into the lake, (ii) the establishment of a 
comprehensive list or database of potentially invasive 
or prohibited species, (iii) continuous monitoring and 
surveillance of fish activities, and (iv) implementation 
of a comprehensive, government-led Information, 
Education, and Communication campaign. Given that 
most invasive non-native fish species pose comparable 
levels of risk within similar biogeographical regions, 
further risk screening studies like the present one 
(To et al. 2022; Gilles et al. 2023) would also serve 
as a foundation for developing shared regulations to 
control the international trade of various non-native 
fish species not only in the Philippines but also among 
southeast Asian countries (Chan et al. 2019; Wei et al. 
2021).
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