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Abstract: Invasive species are recognized as a major cause of biodiversity decline. Legal regulations
relating to the prevention, control, or eradication of invasive species should always be up-to-date, as
the failure to recognize the problem, lack of adequate scientific information, or long legal intervals
required to prepare the legislation may result in irreversible, possibly catastrophic, outcomes. This
implies constant monitoring of the species distribution and levels of establishment, as well as detailed
knowledge about its biology to predict dissemination and viability under changing environmental
conditions. Pre-screening kits for potential invasive species are valuable tools for policy makers, as
they provide information about if and how management measures should be taken. The Freshwater
Fish Invasiveness Scoring Kit (FISK) and the Aquatic Species Invasiveness Screening Kit (AS-ISK)
have been suggested as reliable tools to assess the potential risk of a species becoming invasive. The
present study highlights the spread of the non-native chameleon cichlid Australoheros facetus in several
streams of the major river drainages in southern Portugal and compares the fish assemblages and
ecological indices in two selected sites in the Vascão and Odelouca rivers. We reviewed the current
knowledge on the distribution, physiology, and behavior of A. facetus, and applied the toolkits FISK
v2 and AS-ISK to this species to evaluate whether the species should be classified as invasive in
Portugal. Field data show high abundance of the species in most streams and dominance in specific
hotspots. The scores reached by the kits (FISK v2: 23; AS-ISK: 37) places A. facetus as a species with
high potential of invasiveness and support the recent inclusion of this species in the invasive species
list in Portugal (Decree-Law 92/2019), but, most of all, highlights the importance of frequent updates
in both the field monitoring and the legal regulation and watch lists of invasive organisms.

Keywords: Freshwater Fish Invasiveness Screening Kit (FISK); Aquatic Species Invasiveness Screening
Kit (AS-ISK); invasive species; freshwater fish; geographical distribution; biodiversity; environmental
monitoring; Iberian Peninsula; Mediterranean-type rivers

1. Introduction

The introduction of alien species in new environments (whether intentionally or not) can lead to
the establishment of thriving populations expanding their distribution and causing negative impacts
to the environment, public health, and the economy, thus acquiring the status of invasive species [1–5].
Monitoring populations of non-native species is a valuable step in management programs, as it is
less costly than to try to eradicate a fully dispersed species [5–7]. These programs should rely on
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sound risk analyses based on scientific, biological, and socio-economic information to be used in risk
assessment, from which appropriate risk management actions related to prevention, early detection
and rapid response, and control can be undertaken [8]. “What factors determine whether a species
will become an invader or not?” was one of the three questions proposed by the program of the
Scientific Committee on Problems of the Environment on biological invasions, in the 1980s [9]. To
identify such species, profiling can be used in risk assessment, using the existing knowledge on their
biology and ecological features [8,10,11]. In addition, it is important to clarify definitions of invasive
species by asking questions with a focus in determining if impact and success are criteria to define
invasive species, and if they are, specifying what kind of impact and which measure of success are to
be used [12].

The Weed Risk Assessment (WRA) for terrestrial plants [13] was first developed to assess if new
plant taxa imported into Australia and New Zealand could become invasive, mainly by analyzing
current status of the taxon of interest in other parts of the world, its climate and environmental
preferences, and biological attributes. Adaptations of the WRA were the inspiration for the development
of screening modules by the U.K. Department of Environment, Food and Rural Affairs (DEFRA) for
the implementation of the European Regulation on the use of non-native species in aquaculture. One
of those modules was the freshwater Fish Invasiveness Screening Kit (FISK) initially introduced in
2005 [14–16].

The FISK was revised from 2008 onwards through the examination of its potential relevance and
application to warm temperate and tropical regions, as well in the original temperate zone, yielding
FISK v2 as a result [16,17]. The application of FISK v2 to the Iberian Peninsula [18] used a simplified
protocol based on Clavero [10], with the exclusion of aspects such as detailed knowledge of the
invasion pathways and the key biological features that determine invasion success. These are difficult
to define and obtain, and consider mainly the early stages of invasion, whereas FISK can be built using
abundance, distribution, and environmental data. The calibration of FISK v2 for the Iberian Peninsula
was performed through the analysis of 89 fish species by 3 assessors knowledgeable of the local fish
fauna, each one creating a receiver operating characteristic (ROC) curve used to evaluate the predictive
ability of FISK to discriminate between invasive and non-invasive species [18]. From the ROC curves,
the best FISK threshold reached (20.25) could distinguish between “medium risk” and “high risk sensu
lato” species.

In 2016, a new toolkit was published to incorporate the “sister” screening tools of FISK (freshwater
invertebrates (FI-ISK), marine invertebrates (MI-ISK), marine fish (MFISK) and amphibians (Amph-ISK))
in only one toolkit and to ensure that the protocols of the European Non-Native Species in Aquaculture
Risk Assessment Scheme (ENSARS) are consistent with the minimum requirements for use with EU
legislative instruments [19]. This resulted in the Aquatic Species Invasiveness Screening Kit (AS-ISK),
which improves on clarity in the interpretation of questions and provides guidance and enhanced
ecological applicability. In addition, six questions on how the climate change models are likely to affect
the invasiveness of the assessed organisms were added to the AS-ISK toolkit. Until now, however, few
studies have applied the new AS-ISK (but see [20–22]), and none were applied in the aquatic ecosystems
of the Iberian Peninsula. Thus, this region lacks a precise threshold definition to discriminate between
high, medium, or low risk of invasiveness.

One of the species assessed by Almeida et al. [18] to calibrate FISK v2 in the Iberian Peninsula was
the chameleon cichlid Australoheros facetus, which yielded a FISK score of 19.3± 5.8 (with mean certainty
factor for all the 89 species of 0.83 ± 0.05), and was classified as medium risk to become invasive.
However, A. facetus was not included in the list of non-native/invasive species in the analysis proposed
by Clavero [10] for the Iberian Peninsula, although its introduction status in Portugal and Spain is
currently classified as “established” by FishBase (www.fishbase.org [23]). The species has long held
the status of non-native, but not invasive, under Portuguese law (Decree-Law (DL) 565/1999 [24]). This
status was very recently revised, and since July 2019 it is considered invasive under DL 92/2019 [25].

www.fishbase.org
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Australoheros facetus is a neotropical cichlid native to South America, in the Paraná-Paraguay
system and the Uruguay basin [26]. The A. facetus populations screened in Portugal show high genetic
similarity (based on cytochrome b similarity) to specimens collected in the Uruguay River [27]. It
is a bentho-pelagic freshwater fish, mostly diurnal and displaying opportunistic feeding behavior,
spawning in hard substrate and with bi-parental care of the eggs and fry [28–30]. Currently, it is present
in several small streams and in the drainages of major rivers in southern Portugal and Spain [31,32],
where it can be locally very abundant.

Despite its novel status, scientific and technical information about A. facetus in Portuguese rivers
and the impact of its presence in Portuguese ecosystems is still scarce. As pointed out by [17], the
FISK evaluation can highlight knowledge gaps in non-native species, and these gaps are especially
critical for species classified as medium risk. Once identified, these gaps can be addressed through
directed scientific research. The aim of the present work was therefore to provide novel information on
species distribution, to discuss its potential impact by re-applying FISK v2 and applying AS-ISK to A.
facetus with the inclusion of recent biological and ecological data for this species in Portugal, and to
compare this with the previous findings [18]. In addition, the new AS-ISK toolkit was also applied. The
inclusion of recent field and laboratory results support the recent update of the status of this species.

2. Results

2.1. Australoheros Facetus Distribution in Southern Portugal

The surveys carried out in this study confirmed the presence of A. facetus in previously highlighted
sites and identified novel sites upstream of the previous range, in streams such as Foupana and Odeleite
(part of the Guadiana drainage). Large populations were observed in many locations of the Odelouca
River, downstream of the Odelouca Dam (western Algarve). It was also present in novel areas of the
Sado River and in several of its tributaries (Figure 1). However, despite a few surveys, it was not found
in the Mira River or its tributaries (Figure 1), although its presence cannot be ruled out.
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Figure 1. River drainages in southern Portugal showing the locations surveyed in the present study
with presence (red) or absence (green) of Australoheros facetus. Yellow circles correspond to presence
recorded in previous studies (see text). Red and white circle represent the sites used for community
analysis in the Vascão (VAS) and Odelouca (ODE) rivers.
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Australoheros facetus is also present in several urban ponds and lakes, usually in public gardens
and parks. This could be confirmed in Tavira, Barreiro, and Lisbon through reports made via a
citizen-science platform (www.biodiversity4all.org [33]). From the same platform, there is a report of a
possible sighting in Lagoa de Albufeira (north of Sado River basin), but this warrants confirmation.

2.2. Relative Abundance of A. facetus in Fish Assemblages in Two Selected Sites

In two selected sites at Vascão and Odelouca, A. facetus accounted for 48% and 80% of all the fish
collected, respectively, in four sampling events in each site, in the autumn of 2014, 2015, 2017, and
2018 (Figure 2). However, the impact of A. facetus in total biomass differs greatly between the two sites.
Considering the last two years alone, A. facetus represented 6%–8% of total fish biomass in Vascão and
80%–81% in Odelouca. It is, however, important to consider that, at both sites, the relative importance
of the invasive mosquitofish Gambusia holbrooki was not evaluated due to the lack of resolution of
the sampling methods, which resulted in ineffective capture of this species. As determined by visual
inspection, the abundance of G. holbrooki in Vascão was relatively low, whereas in Odelouca it was
very abundant. This could have under- and over-estimated, respectively, the relative importance of
A. facetus in each assemblage. Despite the lack of information, the potential negative impacts of G.
holbrooki in both locations cannot be disregarded, as mosquito fish are among the top invasive species in
the world [34], and has been related to reductions and extinctions of native fish, including in the Iberian
Peninsula, mostly due to high abiotic tolerance and favorable life-history traits reviewed by [35,36].

The fish assemblage composition in the Vascão site was much more diverse than in Odelouca.
Overall, a total of 15 species were recorded in Vascão, whereas 10 occurred in Odelouca, and of those 6
appeared in both locations (Table 1, Figure 2). Consequently, community indices presented consistently
higher values in Vascão than in the Odelouca, underlining the A. facetus numerical dominance at the
latter site (Table 1).

Table 1. Diversity indices for the Vascão (VAS) and Odelouca (ODE) fish assemblages. S: species
number; N: total fish number; d: Margalef richness index; J’: Pielou evenness index; F: Fisher’s alpha
index; H’: Shannon index (log e); 1-λ: Simpson index; Af n%: A. facetus dominance in percentage of
all fish.

YEAR SITE S N d J’ F H’ 1-λ Af n%

2014
VAS 9 321 1.39 0.54 1.72 1.20 0.59 0.57
ODE 8 588 1.10 0.38 1.31 0.79 0.34 0.81

2015
VAS 7 448 0.98 0.58 1.18 1.14 0.55 0.64
ODE 6 633 0.78 0.46 0.92 0.83 0.39 0.77

2017
VAS 11 249 1.81 0.70 2.36 1.69 0.79 0.24
ODE 6 1193 0.71 0.39 0.82 0.71 0.36 0.79

2018
VAS 6 264 0.90 0.82 1.09 1.47 0.74 0.31
ODE 3 596 0.31 0.41 0.41 0.45 0.22 0.88

Although the sampling dates were maintained over the years (October/November, previous to first
major rain events and non-reproductive period for A. facetus) the composition of the fish assemblage
varied considerably at each site. Although migratory or euryhaline species such as the European
eel Anguilla anguilla or the thin lip mullet Liza ramada were consistently found at both sites, native
cyprinids, such as barbels, nases, and chubs, showed variable presence. Luciobarbus spp. were usually
present in the Vascão site but not in Odelouca. A. facetus was dominant at both sites in 2014/2015, but
its presence in Vascão was much reduced in 2017/2018—from 14.6 and 23.0 fish/100 m2 to 4.8 and 6.6
fish/100 m2, respectively, in Vascão and Odelouca. The reduction in A. facetus in Vascão was paralleled
by an increase in the numbers of L. ramada and A. anguilla and, to a lesser extent, pumpkinseed Lepomis
gibbosus. In contrast, in the Odelouca, A. facetus grew in numbers (from 66 fish/100 m2 to up to 131
fish/100 m2).

www.biodiversity4all.org
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Figure 2. Relative abundance of fish species in the Vascão and Odelouca selected sites. Percentages were
calculated using the sum of the individuals of each species recorded over the total number of individuals
recorded in 4 years. Species with less than 0.5% of abundance were grouped as other. Asterisk (*)
indicates non-native species and (+) indicates transient euryhaline species from marine origin.

The total length (TL) size distributions of A. facetus were evaluated for both sites, with overall
differences in the proportion of individuals per TL size class in relation to year and not to sites (Figure 3).
Given the difference in absolute number of individuals, recruitment was much higher in Odelouca,
with roughly six times more individuals under 5 cm than Vascão in both 2017 and 2018. Furthermore,
Odelouca also had a larger number of fish (eight times) above 10 cm than Vascão, a size at which
sexual maturation is complete and fish can form reproductive pairs (Baduy et al., unpublished data).
Curiously, the larger fish, that is, >17.5 cm, were collected in Vascão (n = 4) but not in Odelouca.
Because A. facetus do not show sexual dimorphism outside the reproductive season, fish were not sexed.
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2.3. Risk Assessment Toolkits

The FISK v2 score determined for A. facetus was 23, classifying it as a “high risk” species, in the
subcategory “moderately high risk”. Four toolkit questions were answered “don’t know” due the
scarcity of biological information. The most affected sector was “Environmental” with a score of 21
(see Supplementary File S1: Table 1).

The AS-ISK score for A. facetus was 27 for its basic risk assessment (BRA) and 10 for its
climate-change assessment (CCA). The basic risk assessment (BRA) categorized A. facetus as “high risk”
(threshold of 20) and the most affected sector was “Nuisance” with a score of 22 (Table 2). The change
from “Aquaculture” in FISK v2 to “Commercial” in AS-ISK had some effects in the final output of
the sectors affected, decreasing the impact in this sector. Similarly, the impact in the “Environmental”
sector decreased, whereas the impact of “Nuisance” increased (Supplementary File S1: Table 2).

The sub-section “Feeding guild” with four questions in FISK v2 was replaced by “Resource
exploitation” with just two questions in AS-ISK. This replacement made the score in this sub-section
increase from 1 to 7 (Table 2, Figure 4).

Factors increasing both scores included its use as ornamental fish (domestication and cultivation),
the existence of self-sustained populations outside its native range (invasive elsewhere), a climate
match between the native range and the Iberian Peninsula, the wide temperature tolerance, and certain
degree of euryhalinity (undesirable and persistence traits; persistence and tolerance attributes). These
features are represented in Figure 4.
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Table 2. Statistical summary of Fish Invasiveness Scoring Kit (FISK) v2 and Aquatic Species Invasiveness
Screening Kit (AS-ISK) scoring for A. facetus in Portugal.

Scores FISK v2 AS-ISK

Total score 23 37
Basic risk assessment (BRA) score 23 27
Climate-change assessment (CCA) score - 10
Outcome High High

Score Partition

A. Biogeography/Historical
1. Domestication/cultivation 4 4
2. FISK v2: climate, distribution; AS-ISK: climate, distribution, and introduction risk 2 1
3. Invasive elsewhere 4 2
B. Biology/Ecology
4. FISK v2: undesirable traits; AS-ISK: undesirable or persistence traits 5 6
5. FISK v2: feeding guild; AS-ISK: resource exploitation 1 7
6. Reproduction 2 1
7. Dispersal mechanisms 4 3
8. FISK v2: persistence attributes; AS-ISK: tolerance attributes 1 3
C. Climate Change
9. Climate change - 10

Questions

Answered 46 53
Not applicable 3 2
A. Biogeography/Historical
1. Domestication/cultivation 3 3
2. FISK v2: climate, distribution; AS-ISK: climate, distribution, and introduction risk 5 4
3. Invasive elsewhere 5 4
B. Biology/Ecology
4. FISK v2: undesirable traits; AS-ISK: undesirable or persistence traits 12 12
5. FISK v2: feeding guild; AS-ISK: resource exploitation 1 2
6. Reproduction 7 7
7. Dispersal mechanisms 8 9
8. FISK v2: persistence attributes; AS-ISK: tolerance attributes 5 6
C. Climate Change
9. Climate change - 6

Sectors Affected

Aquaculture (FISK v2)/commercial (AS-ISK) 18 8
Environmental 21 11
Nuisance 1 22

Thresholds

Medium 19 19
High 20 20

Confidence 0.78 0.78
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Figure 4. Radar plot showing the scores achieved by A. facetus in each attribute upon the application of
the two different risk assessment kits FISK v2 (in light blue) or AS-ISK (in light orange) for Portugal.
The latter takes into account the possible advantages of the species in climate-change scenarios, a
parameter not considered in FISK v2.

3. Discussion

This study reveals an expansion in distribution of A. facetus in Portuguese continental waters,
confirms its invasiveness, and provides context for the recent classification of the fish as an invasive
species under Portuguese laws. A. facetus is now widespread in southern Portugal, covering a vast
geographical area, with localized abundance hotspots in riverine systems, where it can be the dominant
fish species. This work evaluated and updated the species invasion risk through the comparison of
two screening kits.

3.1. Distribution of A. facetus in Southern Portugal

The results from our surveys performed in the last six years in southern Portugal confirmed
that A. facetus occurs in almost all the drainages of southern Portugal (Southwestern Iberia). The
Guadiana drainage is where most of the data exists and where the species appears to continue to thrive
in comparison to previous surveys [29,37]. It is widespread in this drainage, occurring upstream of the
Alqueva reservoir and in most of the tributaries of this drainage [29,38]. Its presence in Foupana and
Guadiana has been reported by locals since at least the 1970s, and fished in shallowed waters using
baited baskets and used for human consumption (personal communication). In the Sado drainage, it
has expanded to the mainstream and other tributaries compared to its previously determined presence
in the Corona stream [39]. The dispersal of A. facetus across the Sado River drainage is recent, given
that very few localities were previously known despite its arrival in 1984 [40]. In the Algarve riverine
systems, which comprise several unconnected streams not related to the Guadiana basin, A. facetus
appears to be confined to the Odelouca River, where it was first reported in 1997 [41,42], pre-dating the
closing of the Odelouca Dam. The construction of this artificial lake facilitated A. facetus progression
due to downstream flow regulation, which changed the natural, at time torrential, riverine hydrological
regime. No specimens were found in the streams either to the east or west of the Arade-Odelouca
drainage. Although its presence in Mira basin, located between the Arade-Odelouca and the Sado
drainages, is cited in Decree-Law 565/1999 [24], no publicly available scientific data, including from
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more recent surveys, were found to corroborate this citation and, despite several more recent surveys,
the species could not be found in this drainage.

The species is present in southern Spain, not only in the Guadiana drainage but also in the
Guadalquivir [32], the latter with a restricted distribution in the Seville region. The vectors for this
distribution are not clear. Most likely, humans are responsible for the spreading among drainages,
whereas fish movements, torrential streams, and changes of habitats by humans or human translocation
may explain the distribution within a stream or drainage [40]. The high level of parental care in this
species contributes to high recruitment and establishment success but, unlike for most native species,
the larvae do not easily disperse to novel locations, which is confirmed by the lack of larvae collected
in previous larval ecology studies [43]. In addition, the vast distribution indicates a wide tolerance to
biotic and abiotic factors, a hallmark of a successful invasive species [44–47]. In Mediterranean-type
streams, such as those where A. facetus is found, the fish assemblages are confined to pools, with
low flow and loss of connectivity, increasing the pressure from competition and predation (including
from terrestrial animals and the avifauna) [48,49]. Furthermore, abiotic conditions are extreme, with
increased water temperature and reduced dissolved oxygen [29,48]. Our studies on thermal and salinity
tolerance showed that A. facetus is highly tolerant of very high and low temperature extremes [50,51]
and can withstand environmental salinity at least to their isosmotic level, that is, up to 15 PSU (Practical
Salinity Units) and possibly higher for smaller individuals [51,52], which may allow them to use upper
estuaries as a settling point or as bridges to colonize adjacent streams. This plasticity will likely confer
an advantage with the reduction of available habitats.

The results from the ecological analysis highlight the increasing abundance of A. facetus and the
impact on the diversity of local fish populations—for example, although Vascão had greater Shannon’s
diversity than Odelouca throughout the study (1.14–1.69 vs. 0.45–0.83, respectively), this difference
would be minimal if non-native species were removed from the calculations, showing the great impact
that non-native species can have in these fish assemblages. In other studies, the Shannon’s diversity
index varied between 0.3 and 1.9 in Guadiana tributaries [47] and was around 0.3 for the Arade
basin [53]. Overall, the Odelouca site proved to have a poorer fish assemblage, as demonstrated by the
overall ecological indices obtained over the years.

Fish assemblages in Mediterranean streams are usually characterized by the resilience of each
species (migration, recolonization) rather than the local features of the habitats [53]. The dominance of
native versus non-native freshwater fish species in Portugal seems to be related to seasonality and to
interannual variation of pluviosity [54,55]. Usually non-native fish species dominate in dry seasons or
years [56,57], whereas native species dominate in wet seasons or years [41,49,53]. This may be relevant
in a future drier climate. It is important to note that one of the sites selected is under the influence of the
Odelouca dam, which maintains flowing water throughout the year and retains possible competitors,
with the downstream side being rather shallow so that larger fish can only move upstream during
high-water conditions. Thus, the lack of flood waters seems to favor settlement and dominance of A.
facetus. In contrast, the Vascão site is near the river mouth, where it discharges into the much larger
Guadiana river, and is under influence of tidal water movements, although these affect only the site’s
volume and access to the main river, but not its water salinity. This allows much larger and diverse
species, such as the European sea bass, Dicentrarchus labrax, or pikeperch, Sander lucioperca, to reach the
site, contributing to species richness and perhaps predating on the smaller A. facetus.

Fish abundances vary markedly between sites and season. Observations of 19 individuals/100
m2 in the Ardila River [58] and 13 individuals/100 m2 in the Vascão River [29] are consistent with
our observations in the Vascão site (up to 23 individuals/100 m2), but low compared to the Odelouca
site (66–131 individuals/100 m2). The abundance of A. facetus found in the Odelouca site (over
1000 in one sampling event) could be related to family groups tending to aggregate, which leads
to high concentrations in relatively small areas. This species has social and parental behavior, and
the reproductive pairs are highly territorial and aggressive, both to conspecifics or other species [28].
Usually, fish over 7 cm (SL—standard length) are physiologically able to reproduce in the wild or
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captivity, although social hierarchies may inhibit smaller individuals from reproducing (Baduy et
al., personal observation). In both sites, we have observed a large number of fish under 7.5 cm SL
and only a few larger than 12.5 cm SL. Usually the larger individuals were collected far apart, and
were surrounded by many smaller fish, which indicates the presence of several family groups. The
frequency of sizes observed in both sites and the variation between the two years (2017 and 2018) also
suggest that several broods may be produced during the reproductive season, that not all couples
spawn at the same time and that the optimal time and duration for the latter may vary annually,
probably depending on water conditions such as temperature, critical for the onset of the social and
reproductive behavior [28].

3.2. Evaluation of the Toolkits and Reasons for Increased Invasive Potential

The Freshwater Fish Invasiveness Screening Kit (FISK v2) and the Aquatic Species Invasiveness
Screening Kit (AS-ISK), which predict the invasive potential, were applied and updated to include
the novel information. As described above, A. facetus is already present in several streams in the
Guadiana, Arade, and Sado basins [27,29,42,54], where it lives in localized but abundant groups. The
FISK v2 analysis with our new data yielded a score for A. facetus of 23—a considerable increase from
the previously described 19.3 [18]. This score is particularly relevant because it upgrades the species
ranking to high invasiveness risk. Furthermore, the AS-ISK score was 27 for BRA, and increased to 37
when adding its CCA.

The increase in FISK v2 score places A. facetus with similar potential invasiveness to the pikeperch
Sander lucioperca or the tench Tinca tinca [18], despite these species having just few biological life-history
traits in common (e.g., parental care in A. facetus and S. lucioperca, and extreme physiological tolerance
in A. facetus and T. tinca) (Figure 5) [58]. The species most similar to A. facetus, in terms of traits such
as trophic ecology, life-span, fecundity, or abiotic tolerance, is the black bullhead Ameiurus melas [59],
but, interestingly, when A. melas was assessed by Almeida et al. [18], it had a FISK v2 score of 32.7,
much higher than that estimated for A. facetus at that time. Another surprising fact is that the cichlid
Astronotus ocellatus has similar life-history traits with A. facetus and, despite this, it is not established in
the Iberian Peninsula, although it has a high probability of establishment (Figure 5) [58,59].
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Figure 5. Scoring of biological features and life-history traits represented in radar plots built from the
data assessed and provided in [57–59]. This illustration allows the comparison of each potentially
advantageous trait among species. Left column: Sander lucioperca, Lepomis gibbosus, Tinca tinca; Right
column: Micropterus salmoides, Astronotus ocellatus, Ameiurus melas. The central diagram superimposes
each species with the representation for A. facetus. In parentheses are the FISK v2 scores from Almeida
et al. [18].
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Direct impacts of A. facetus on native species (such as the decline of native species abundance or
the introduction of diseases) were not yet identified. However, there is circumstantial evidence that
points to deleterious effects, with recorded activities such as feeding on the eggs or larvae of other
species or displacing other fish using highly aggressive behavior [28,29,39].

Although this neotropical cichlid seems to be restricted to a few basins in southern Portugal, its
local abundance seems to be increasing. Despite being limited to a few sample sites, this species was
dominant (abundance and biomass) in fish fauna already threatened by human activities, and poor
in native but highly endemic species [45,58,60]. During the hot and dry summers in Mediterranean
regions [61], such as southern Portugal, the fish fauna can be trapped in pools where the temperature
increases rapidly and the dissolved oxygen decreases during the day, and even more at night when
algae or plants are present; concomitantly, the resources diminish and, thus, the competition increases.
On the other hand, water temperature during winter can reach values at least as low as 6.6 ◦C (National
Water Resources Information System—Portugal, available in http://snirh.pt/). The wide thermal
amplitude in which A. facetus can live [29,50,51], together with its generalist and opportunist feeding
behavior [29,39,58], could be a large advantage in Mediterranean streams, as it may outcompete other
species during extreme events. In addition, we have shown that this species also presents salinity
tolerance up to 15 PSU and possibly higher for smaller individuals [51,52]. These appear to be examples
of physiological plasticity that confers resilience to withstand abiotic variations. It remains to be seen if
the species can thrive in such areas or if migrant individuals exposed to these conditions will maintain
its fitness spreading throughout the invaded site.

Parental care and aggressive behavior have been also identified as key elements of successful
invasions [62–64]. Aggression usually translates to dominance and brings advantage through priority
access to limited resources, thus helping non-native species to acquire resources and enhance their
competitiveness in a new environment. As described in Baduy et al. [28], A. facetus is particularly
aggressive during the reproductive season. This may mean a competitive gain to sequester resources
and quality habitats from native species, whereas its parental care allows its offspring to reach older
stages, eventually to maturity, with less exposure to predation. Curiously, Ribeiro et al. [55] established
that low parental care is one of the characteristics that permits a non-native species to spread within
the Iberian Peninsula. As most native fishes do not have this kind of behavior, the authors concluded
that having features similar to the native fishes should enhance their spread. However, Grabowska
and Przybylski [63] found contrasting life-history traits among native and non-native fishes in Poland,
with parental care (or some degree of) exhibited by the non-native fishes being the most distinctive
feature. Therefore, A. facetus may, in fact, increase its competitive skills over the native fish fauna
by differing in some biological attributes, thus taking advantage of a novel niche opportunity. Two
other successful non-native species, pumpkinseed Lepomis gibbosus and largemouth bass Micropterus
salmoides, both centrarchids originally from North America, present some degree of parental care,
building nest sites and defending their young [65]. It is then likely that, given the common ancestry
and high endemism of Iberian species in which these features were never developed, such behavior
constitutes a new dimension in terms of unexplored ecological niches. Taken together, the amount of
new information included in the analysis improved the species assessment, updating it and increasing
the previous score [18] to a new category.

Overall, the use of the two risk assessment kits yielded similar results, indicating A. facetus as
a species with high invasiveness potential. The FISK (v1 or v2) has been widely used to perform
risk assessment, showing variable certainty levels across species and habitats [66], highlighting the
importance of local calibration. In our case, this tool was previously calibrated to the environment [10,18],
and has proven to be adequate upon the introduction of novel information. The broader scope of
AS-ISK simplifies the calibration process [16,19,20] and has provided a similar result, with slightly
higher BRA but within the same category threshold. However, the use of the CCA, specific to AS-ISK,
adds a valuable dimension that allows for the prediction of the potential of the species in future
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conditions [19,67]. The latter information may provide cues on the potential for acclimation, and
anticipate “winners” and “losers”, as well as conditioning management plans.

3.3. Gaps in Previous Legislation and the Recent Framework

For the last two decades, A. facetus was classified as non-indigenous as defined in Decree-Law
(DL) 565/99 [24], which regulated the introduction into nature of non-indigenous species of flora and
fauna in Portugal, whereas in Spain, A. facetus has been recognized as an exotic invasive fish since 2013
by Royal Decree 630/2013, which regulates the Spanish catalogue of exotic invasive species [68]. It is
important to highlight that the former legislation had important ambiguities that may have led to poor
management of non-indigenous species and, in fact, allowed their dispersal. A major problem was
that in this DL species listed as non-native (but not invasive) were equated to natives in the drainages
where they were already present. This status opened a legal door for additional spreading, as one
could conclude that, for example, in the Guadiana basin, where A. facetus was already recorded [24],
there were no constraints to adding additional further individuals in those basins or moving them
from one stream to the other within the same drainage. In fact, until recently, it was possible to find
online forums identifying the places where aquarium hobbyists could release their large specimens
that have outgrown their tank size and collect new ones. Such forums have now been removed from
the Internet, but such information is shared among a group of hobbyists dedicated to this species and
family (e.g., Associação Portuguesa de Ciclídeos). Moreover, these two factors ((1) a legal void, and (2)
great interest as ornamental species) led to a northward spread, particularly in urban lakes in public
gardens of the Lisbon area. Another direct consequence of the former law would be that if the species is
already in any location in the drainage it can be translocated to any other pristine site within the same
drainage. The species was occasionally used for food in several places in eastern Algarve, and this
may have also contributed to its introduction in several places in the Foupana and Odeleite streams.
Although the general interpretation of the previous law was that A. facetus could not be introduced in
river basins where the species was not officially listed, there was, for a long period, sound evidence of
A. facetus presence in locations not included in the annex to DL 565/99. This also highlights the need
for constant monitoring of the national rivers and constant updating of the databases so that novel
amendments can be made to the current regulations.

The species was finally included in the invasive species list (DL 92/2019 [25], dated from 10
July 2019). This now precludes, in article 19, its collection, rearing, transport, commercialization,
introduction in the wild, and restocking in any conditions and from any drainage. Individuals collected
in the frame of licensed activities cannot be released back into the wild, and must be destroyed. It also
states in article 18 that the invasive species list can be revised at any time and it must be evaluated
at least once every six years, and article 17 adds that the list should include exotic species already
considered invasive in the surrounding countries or that raise ecological concerns within the European
Union. Not of less importance, it also applies the precautionary principle that should have had been
used in the DL 565/99, meaning that, in lack of sufficient scientific and technical information about its
impact, an exotic species should be treated with the utmost of concern.

Environmental Policy in Portugal [69] states that the environmental policies are subordinated to
the principle of “Knowledge and Science”, and that the diagnosis and solutions for environmental
problems must come from the convergence of social and scientific knowledge. In the most recent legal
framework, the inclusion of a species in the invasive list can be promoted by any citizen or institution
subject to evaluation by a panel of experts. There is also a concern with the early detection and with
prevention, mitigation, and eradication policies.

We express the importance of communicating state-of-the-art knowledge that can help
decision-makers prioritize if, how, and where management measures should be addressed to potential
invasive species, even if there is no available conclusive evidence of direct negative impacts [44,45,70,71].
It is also important that such management is done at the national and international levels, as in many
cases, such as between Portugal and Spain, jurisdiction over the drainage encompasses more than one
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country. The present work can, therefore, be a key element in the management of Iberian freshwater
basins where A. facetus is present, help to predict its response in climate-change scenarios, and provide
information to avoid further spread of the species.

4. Materials and Methods

4.1. Geographical Distribution and Community Surveys

Fish surveys were conducted in drainages of the lower Guadiana and its tributaries from Mértola
to Odeleite, the Arade-Odelouca drainage, the Sado drainage, and several of the Ribeiras do Algarve,
all in the south of Portugal, between 2013 and 2018. Standard electrofishing was applied, using a
Hans Grassl EL62 II apparatus (Hans Grassl GmbH, Schönau am Königssee, Germany), with identical
fishing efforts, in similarly sized areas enclosed by drift nets. Fishes were collected by dipnet and
placed in water containers with aeration. Total length (nearest millimeter), weight (nearest gram),
and species identification were recorded. Native fishes were returned to the stream immediately after
measurements were taken.

Analysis of species richness, abundance, size distribution, and biomass was carried out for two
sites, one in the Vascão River (N37◦31′41” W7◦31′26”; L ≈ 100 m; W ≈ 10–15 m; D ≈ 0.2–1.7 m) and
another one in the Odelouca River (N37◦14′49” W8◦29′47”; L ≈ 80 m; W ≈ 8–10 m; D ≈ 0.2–1.4 m),
sampled in the autumn (October/November) of 2014, 2015, 2017, and 2018. Water temperature, salinity,
and dissolved oxygen were similar at both sites (16–20 ◦C; 0.18–0.40 PSU, 8.1–10.6 mgO2/L). Several
standard biodiversity indexes (Table 1) were applied using the Primer 6 software package (version
6.1.5; PRIMER-E, Auckland, New Zealand). The likely impact of A. facetus was determined using its
relative contribution to total fish number and biomass.

All sampling events and fish collection were made under license from the Portuguese Institute for
Nature Conservancy (ICNF).

4.2. Application of Risk Assessment Toolkits

The FISK v2 and AS-ISK toolkits and user guide were obtained from the CEFAS website (available
at http://www.cefas.co.uk [72]). FISK v2 is composed of 49 questions, divided in two Sections:
(A) biogeography and historical data of the non-native species, and (B) biology and ecology, both
subdivided in several items. Each question can be answered using literature searches, with a possibility
to respond “don’t know” if the search returned no reliable results. In addition, the assessor is asked
to give a degree of certainty that leads to that answer, which weights the given answers. Thresholds
for risk categories can be defined by the sum of the scoring in each section [16,19,20,67]. “Medium
risk” species have a FISK score within the interval of {1 to 19} and “high risk sensu lato” species have a
FISK score within the interval of {20 to 57}. The “high risk sensu lato” species are subcategorized as
“moderately high” (species with score {20 to 24}), “high” (species with score {25 to 29}), and “very high”
(species with score {30 to 57}).

The AS-ISK toolkit is also composed of 49 questions that are part of the basic risk assessment
(BRA) module (some of them similar to those in FISK v2) and 6 additional questions that are part
of the climate-change assessment (CCA) module. As for FISK v2, the assessor is asked to provide
the certainty of each answer. In AS-ISK, there is no option to respond “don’t know”, but there is the
possibility of leaving up to five questions without an answer. As there is no available score threshold
to distinguish between potentially invasive (high risk) and non-invasive (medium to low risk) for the
Iberian Peninsula, the same thresholds published in Almeida et al. [17] for FISK v2 were used in the
present study.

The categories of the sectors affected in FISK v2 were “Aquaculture (A)”, “Environmental (E)”,
“Nuisance (N)”, and “combined (Cb)”. However, the “combined” category had no distinction of
which sectors were combined, whereas for AS-ISK the sectors were categorized as “Commercial (C)”,
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“Environmental (E)”, and “Nuisance (N)”, and the combinations among them were explicit (e.g., the
code used for a combined “Environmental” and “Nuisance” were EN).

The questions were answered using the assessor’s expertise, scientific literature search, grey
literature search (e.g., reports, working papers), online discussion forums, and other “grey literature”.
Three assessors carried out the assessment. After completing the assessments, a report was generated
with the scores for the species and corresponding certainty factor (Supplementary File S1).

Supplementary Materials: The following are available online at http://www.mdpi.com/2410-3888/5/1/3/s1.
Supplementary File S1, containing the tables with the full scoring for FISK v2 and AS-ISK evaluation toolkits.
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