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In the freshwater basins of central Chile, 28 exotic species have been introduced, which have contributed to
increase taxonomic diversity. Nevertheless, how these species have modified the components of functional di-
versity in these assemblages, a key aspect in learning about their present and future stability within an
ecosystem, is unknown. In this study, we analyzed how the introduction of exotic species affects the functional
diversity components of richness (FRic), divergence (FDiv), specialization (FSpe), and functional originality
(FOri). Additionally, we simulated the effect of the loss (extinction/extirpation) of threatened native species. To
do so, we gathered information on the distribution and functional characters of native and exotic species.
Through Principal Coordinates Analysis (PCo), we obtained three independent axes (PCoA1, PCoA2, and PCoA3),
which allowed us to define a multidimensional space and then to calculate FRic, FDiv, FSpe, and FOri. Our results
indicate that richness and functional originality have increased significantly with the introduction of exotic
species (263% and 32%, respectively). In contrast, functional divergence and specialization have remained the
same. The possible extinction of threatened native species may promote increases in functional originality, de-
creases in functional richness and divergence, and unchanged functional specialization. On the other hand, a
subset of exotic species presents novel features, while another shows redundant features with native ichthyo-
fauna. We emphasize that the possible extinction of native species currently classified as threatened may lead to
the disappearance of unique functional groups, which puts at risk the persistence and stability of these
assemblages.

1. Introduction

et al., 2013a; Leitao et al., 2016; Toussaint et al., 2018; Souza et al.,
2021). Several components of functional diversity have been recog-

Freshwater ichthyofaunas are currently facing a conservation crisis
(Pelicice et al., 2017; Dudgeon, 2019). Recent studies have estimated
that more than one-third of all freshwater fish species are on the brink of
extinction (Hughes, 2021). Part of this threat is brought on by the
presence of exotic species introduced by humans, which may end up
replacing native species of local assemblages (Dudgeon et al., 2006;
Vitule et al., 2019; Magalhaes et al., 2021). The introduction of exotic
species results in compositional changes, whose consequences for
functional diversity represents a key- but poorly understood- aspect in a
conservation context (Cadotte et al., 2011; Richardson et al., 2018;
Magalhaes et al., 2020; Souza et al., 2021; Su et al., 2021).

Functional diversity can be defined as the complete set of ecologi-
cally relevant traits that are present in a given assemblage (Mouillot
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nized, being defined on the assumption that the set of species that form a
given assemblage also constitute a multidimensional functional trait
space (Mouchet et al., 2010). This space can be characterized in terms of:
(a) its multidimensional volume or functional richness (Villéger et al.,
2008); (b) degree of separation shown by species within the confines of
that space or functional divergence richness (Villéger et al., 2008); (c)
mean distance between each species and its closest neighbor or func-
tional originality (Mouillot et al., 2013a); and (d) mean distance be-
tween each species and the center of the functional space or
specialization (Bellwood et al., 2006). Given that these functional di-
versity components are independent from each other, it is expected that
their response to compositional changes in a given assemblage will also
be independent, i.e., decoupled (Villéger et al., 2008). Therefore, the
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quantification of these components represents a key challenge in un-
derstanding the effects that exotic species have on the functional di-
versity and stability of local assemblages (Mouchet et al., 2010; Souza
et al., 2021).

Most studies analyzing the functional diversity of freshwater fish
assemblages have focused on only one of these components: functional
richness (FRic), without exploring changes in the other three. According
to reported findings, the presence of exotic species increases the FRic of
assemblages, because they usually possess novel functional traits that
are absent locally (Toussaint et al., 2018; Souza et al., 2021). Addi-
tionally, the extinction of native species —which tend to show higher
levels of FSpe in local assemblages—, causes FRic to decrease by the
disappearance of functional traits from the multidimensional space
(Mouillot et al., 2014; Leduc et al., 2015; Su et al., 2021). Thus, the
effects of the introduction and subsequent extinction of species on the
different functional diversity components will depend on the position
that the new species occupy within the functional space of the assem-
blage, and on the functional diversity component of interest itself
(Petchey and Gaston, 2002; Mori et al., 2013; Souza et al., 2021).

Over 75% of the total functional diversity of freshwater fishes is
concentrated in the Neotropical region, thus considered a global con-
servation priority (Toussaint et al., 2016; Vitule et al., 2019). Within this
region, the freshwater fish fauna of Chile presents low species richness
(S = 42; Vila and Quezada-Romegialli, 2018), but a high degree of
endemism (close to 77%; MMA, 2021). These compositional character-
istics are the result of the long history of biogeographic isolation of the
Chilean assemblages from the remainder of the Neotropics (Habit et al.,
2006). Recent studies in Chile have verified that the introduction of 28
exotic species has increased both taxonomic and functional richness
(FRic) of these assemblages (Rojas et al., 2020; Rojas et al., 2021).
Nevertheless, it remains poorly understood how the other components
of functional diversity (i.e.: divergence, specialization, and originality)
have been affected.

In this article, we report how the four functional diversity compo-
nents change in response to the introduction of exotic species. We
analyze 20 freshwater fish assemblages from Chile, and assess changes
in functional richness, divergence, specialization, and originality. Based
on information on the distribution of both native and exotic species, and
on the conservation status of native ones, we identify three composi-
tional stages —historical, current, and future- for which we quantify the
values of the different components of functional diversity. Because each
of these components represents an independent measure of functional
diversity, we hypothesize that following the introduction of exotic
species into Chilean hydrographic basins, functional richness, diver-
gence, specialization, and originality should show changes that are
decoupled from each other.

2. Materials and methods
2.1. The study basins

Our study was carried out in 20 hydrographic basins in Chile,
encompassing from the central to the southernmost zones of the country
(Fig. 1). The water sources are in the high-Andean area and the waters
flow into the Pacific Ocean in all of them. These basins cover a total area
of 225,705 km? (DGA, 2020), which represents 30% of the continental
national territory (IGM, 2020). Specifically, the basins studied were:
Elqui, Limari, Choapa, Aconcagua, Maipo, Rapel, Mataquito, Maule,
Itata, Andalién, Biobio, and Imperial, all of them belonging to the
Chilean ichthyogeographical province (Fig. 1; Vila and Quezada-
Romegialli, 2018); Toltén, Valdivia, Bueno, and Maullin belonging to
the Valdivian Lakes province (Fig. 1; Vila and Quezada-Romegialli,
2018); and Palena, Cisnes, Aysén, and Baker from Patagonia province
(Fig. 1; Vila and Quezada-Romegialli, 2018).
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Fig. 1. Geographic location of the 20 hydrographic basins of interest in Chile.
In gray shades the basins belonging to different ichthyogeographical provinces
are shown: CHI: Chilean province; VAL: Valdivian Lakes province; and PAT:
Patagonian province.

2.2. Composition and geographical distribution of fish

We determined the geographical distribution of native and exotic
species within each basin (Rojas et al., 2019; Rojas et al., 2020). A total
of 58 species was identified in the basins studied, of which 30 (51.7%)
were native and 28 (48.3%) were exotic (see Supplementary Material 1).
Based on this information, we determined the historical (i.e., past)
composition of the assemblages (H), considering the current distribution
of native species (Castro et al., 2020). It is important to note that his-
torically, species have not been transferred between Chilean basins and
the only species to be declared extinct is Diplomystes chilensis, which was
thus included as “present” in historical assemblages (Castro et al., 2020).

After excluding that extinct native species and including the current
distribution of exotic species, we obtained the current (i.e., contempo-
rary) composition of the assemblages (C; Vila and Habit, 2015). Finally,
based on the threat level faced by native species (MMA, 2021), we
developed likely future composition (F) scenarios by simulating the
extinction of taxa listed as “vulnerable” or “endangered” by the Ministry
of the Environment of Chile (MMA, 2021; see Supplementary Material
1).
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2.3. Functional traits and functional diversity

To quantify the various components of functional diversity, we
reviewed the life history strategies and functional traits of native and
exotic species distributed in our 20 basins of interest. Following Mat-
suzaki et al., (2013), we chose nine ecological traits: Maximum adult
body length, body shape, dietary range, position in the water column,
body covering, sensory structures (barbels), mandibular protractibility,
fecundity (number of eggs per clutch), and type of migration (see Sup-
plementary Material 1). The information on functional traits was ob-
tained from scientific articles and FishBase (Froese and Pauly, 2018).

Based on the above, we quantified functional diversity using the
indices of richness (FRic; Villeger et al., 2008), divergence (FDiv;
Mouillot et al., 2013a), specialization (FSpe; Villéger et al., 2010), and
originality (FOri; Mouillot et al., 2013a). Using Gower dissimilarity, an
index applicable to discrete as well as continuous characters (Gower,
1971), we devised an interspecific distance matrix (see Supplementary
Material 1). This matrix was used in a Principal Coordinates Analysis
(PCoA) to identify independent PCoA axes, which represent composite
functional traits that allow us to calculate the volume of the convex hull
—here considered as Functional richness, FRic- in a multidimensional
functional space (Cornwell et al., 2006). We used the first three PCoA
axes (PCoA1, PCoA2 and PCoA3), because that is the minimum number
of axes needed to describe a high-quality multidimensional functional
space (Villeger et al., 2008) using mean squared deviation (Maire et al.,
2015). Functional divergence (FDiv) was determined based on the
relative distance of each species from the barycenter of the functional
space (Mouillot et al., 2013a). Values close or equal to one indicate that
most species are near the boundaries of the functional space, while
values close to zero indicate that most species are positioned close to the
center. Functional specialization (FSpe) was calculated as the mean
Euclidean distance between each species and the mean position of all the
species present in the assemblage; also known as the barycenter of the
functional space (Bellwood et al., 2006). Functional originality (FOri)
was quantified as the mean distance between each species and the
species closest to it in the functional space (Mouillot et al., 2013a). The
values of FSpe and FOri range from 0 to 1, those close to 1 indicating that
the species present in the assemblage show higher degrees of speciali-
zation and/or originality (Villéger et al., 2010).

Functional diversity indices were calculated using the distribution
matrix of each compositional stage; i.e., the historical (FRic-H, FDiv-H,
FSpe-H, and FOri-H), current (FRic-C, FDiv-C, FSpe-C, and FOri-C), and
future scenarios without threatened native species (FRic-F, FDiv-F,
FSpe-F, and FOri-F). All functional diversity analyses were carried out
using the FD package in R 3.6.1(Laliberté and Legendre, 2010; Laliberté
et al., 2014), and the “quality_funct_space” and “multidimFD” functions
(Mouillot et al., 2013b).

2.4. Statistical analysis

How functional diversity indices (FRic, FDiv, FSpe, and FOri) change
across the three compositional stages, was analyzed through a Permu-
tational Multivariate Analysis of Variance (PERMANOVA; Anderson,
2005). PERMANOVA significance levels were evaluated through 9,999
permutations using a reduced model (Anderson, 2001) and the
threshold was established at P < 0.05. A pairwise post-hoc test — Stu-
dent’s t-test for PERMANOVA — was used to detect significant differences
between stages for each functional diversity index. These analyses were
carried out using Primer 6 + PERMANOVA (Clarke and Gorley, 2006).

3. Results

Based on PCoA distributions, the functional spaces of the historical
(the gray area in Fig. 2) and current assemblages (the area delimited by a
continuous black line in Fig. 2) are partially overlapped, denoting
functional redundancy between some exotic and native species.
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Fig. 2. Representation of the functional spaces of historical (gray area), current
(area delimited by a continuous line) and future (area delimited by a segmented
line) fish assemblages. Gray circles represent native species (S = 30) and circles
with crosses represent exotic species (S = 28). Panel (a) represents axes PCoAl
and PCoA2; and panel (b) represents axes PCoAl and PCoA3 of the functional
space; species are plotted according to their traits. Numbers at vertices repre-
sent the coded species as follows; native species: (1) Brachigalaxias bullocki; (2)
Brachigalaxias gothei (2) Diplomystes camposensis; (4) Diplomystes chilensis; (5)
Diplomystes incognitus; (6) Diplomystes nahuelbutaensis; (7) Hatcheria macraei; (8)
Nematogenys inermis; (9) Trichomycterus areolatus; (10) Trichomycterus chiltoni;
and exotic species: (11) Acipenser transmontanus; (12) Ameiurus melas; (13)
Australoheros facetus; (14) Odontesthes bonariensis; (15) Salmo trutta.

Nonetheless, a group of exotic species (Acipenser transmontanus,
Ameiurus melas, Australoheros facetus, Odontesthes bonariensis, and Salmo
trutta) increased the functional space of the current assemblage in
comparison with the historical one (Fig. 2 A, B), especially along the
PCoA1 axis. With the exception of Australoheros facetus, all those species
present larger body length, broader dietary range, and higher fecundity,
which were the most dissimilar traits between native and exotic ich-
thyofaunas (see Supplementary Material 1). On the other hand, a group
of native species (Diplomystes camposensis, Diplomystes incognitus, Dip-
lomystes nahuelbutaensis, Hatcheria macraei, Nematogenys inermis, Tri-
chomycterus areolatus, and Trichomycterus chiltoni) showed unique traits,
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not shared with exotic species (Fig. 2 A, B).

This group is characterized by the presence of sensory barbels that
function in prey detection, dorsoventrally compressed body shape,
demersal habits, and generally low fecundity (<500 eggs per repro-
ductive event), which placed them in the peripheral regions of the
functional space. The functional richness and functional originality
showed a significant increase from historical to current assemblages
(FRic-C > FRic-H; FOri-C > FOri-H, respectively; Fig. 3 a, d; Table 1),
whereas functional divergence and functional specialization did not
change significantly from historical to the present (Fig. 3 b, c; Table 1).

Under the future scenario —which considers the possible extinction of
native species— the responses of functional diversity components were
decoupled. When comparing between the historical and future assem-
blages, the following changes were observed: A small but statistically
significant increase in FRic (FRic-F > FRic-H; Fig. 3a; Table 1), a sig-
nificant reduction in FDiv (FDiv-F < FDiv-H; Fig. 3b; Table 1), and a
significant increase in FOri (FOri-F > FOri-H; Fig. 3d; Table 1). FSpe did
not change significantly between stages historical and future (Fig. 3C;
Table 1). In the comparison of current and future assemblages, there was
a significant reduction in FRic (FRic-C > FRic-F; Fig. 3a; Table 1) and
FDiv (FDiv-C > FDiv-F; Fig. 3B; Table 1), and a significant increase in
FOri (FOri-C < FOri-F Fig. 3d; Table 1). Again, no change was detected
in FSpe (Fig. 3c; Table 1).

4. Discussion

Our analysis shows that the introduction of exotic species has caused
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Table 1

Results of the Permutational Multivariate Analysis of Variance (PERMANOVA)
followed by a pairwise post-hoc Student’s t-test for PERMANOVA. Acronyms
correspond to the indices of functional richness (FRic), divergence (FDiv),
specialization (FSpe), and originality (FOri).

Main test d.f. MS Pseudo-F P(perm)
FRic 2 0.4 43.2 <0.001
FDiv 2 13.7 4.4 0.015
FSpe 2 6.3 0.3 0.755
FOri 2 0.1 100.9 <0.001
Pairwise tests d.f. t P (MC)

FRic-H x FRic-C 1 85.1 <0.001

FRic-H x FRic-F 1 27.9 0.008

FRic-C x FRic-F 1 59.0 <0.001

FDiv-H x FDiv-C 1 0.9 0.334

FDiv-H x FDiv-F 1 31.0 0.005

FDiv-C x FDiv-F 1 20.2 0.050

FSpe-H x FSpe-C 1 0.7 0.494

FSpe-H x FSpe-F 1 534.1 0.958

FSpe-C x FSpe-F 1 0.6 0.540

FOri-H x FOri-C 1 70.6 <0.001

FOri-H x FOri-F 1 12.9 <0.001

FOri-C x FOri-F 1 78.2 <0.001

significant changes in the functional diversity of the freshwater fish
assemblages in several ichthyofaunal provinces of Chile. The particular
trend of change depends on the component analyzed (FRic, FDiv, FSpe,
FOri), as well as the scenario (historical, current, and future composi-
tion). In Chilean basins, exotic species have increased FRic and FOri but
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Fig. 3. Boxplot of functional diversity indices for historical (H), current (C), and future (F) assemblages: (a) functional richness (FRic); (b) functional divergence
(FDiv); (c) functional specialization (FSpe); and (d) functional originality (FOri). The horizontal line and cross inside the boxes represent median and mean values,

respectively. *P < 0.05; **P < 0.01; ***P < 0.001.
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have not changed FDiv and FSpe (shift from historical to current stage)
promoted by the reduced number of specialist species (Mouillot et al.,
2013a, 2013b). Nevertheless, if the endangered and vulnerable native
species were to become extinct/extirpated, FSpe would not be affected,
while the FRic and FDiv of assemblages would decrease and FOri would
increase (shift from current to future stage).

On average, the presence of exotic fish species in Chile has increased
FRic in our assemblages by 263%, a similar value to that observed in
other Neotropical freshwater fish assemblages (246%; Toussaint et al.,
2018) as well as in other regions (Villéger et al., 2014; Toussaint et al.,
2016; Toussaint et al., 2018). In Chile, this increase was mainly due to a
subset of exotic species possessing novel functional traits that are absent
in native assemblages. In this sense, exotic species such as Acipenser
transmontanus, Ameiurus melas, Australoheros facetus, Odontesthes
bonariensis and salmonids from the genera Oncorhynchus and Salmo
show larger values in traits such as body length (>50 cm) and fecundity
(>2,000 eggs, with the exception of Australoheros facetus) and a broader
diet range (most are carnivores, which includes preying on other fish),
placing them at the periphery of functional space (see Fig. 3). By
contrast, native species such as Cheirodon australe, Cheirodon galusdae,
Cheirodon kiliani, Cheirodon pisciculus, Galaxias maculatus, Percilia gillissi,
and Percilia irwini ]\ have smaller body length (<30 cm), lower fecun-
dity, and a range of diet restricted to invertebrates (i.e., invertivores),
making their location in functional space more central than exotic ones
(Fig. 2). Among these functional traits, the piscivorous diet of some
exotic species is particularly important, because it poses a threat to the
conservation of native taxa (Soto et al., 2007; Penaluna et al., 2009;
Correa et al., 2012; Elgueta et al., 2013; Habit et al., 2010; Habit et al.,
2015).

The conservation status of 90% of all native species in Chile is under
some degree of threat, caused by multiple stressors, particularly the
introduction of exotic species, changes in soil use in the river basins,
extraction of water, channeling of river systems and construction of
hydropower plants (Vila and Habit 2015), which makes functional di-
versity analyses particularly relevant when examining the consequences
of their eventual extirpation. Our findings predict a decrease in FRic to
59% of the current stage, brought on by the extinction of species and the
resulting loss of unique functional traits —a pattern documented in other
studies as well (Mouillot et al., 2013b; Pereira et al., 2021). In the case of
Chile, several siluriform or catfish species in the families Diplomystidae,
Nematogenyidae, and Trichomycteridae face the greatest risk of extir-
pation or extinction (all of them endemic to Chile, except for Hatcheria
macraei, Trichomycterus areolatus, and Olivaichthys viedmensis; Supple-
mentary Material 1). The family Diplomystidae are formed by taxa with
traits that are considered primitive (Arratia, 2000), such as aspects of
the maxillary bone, barbels, and low number of eggs (~300) (Lundberg
et al., 2004; Vila et al., 1996), which means that their extinction would
not only affect the functional diversity of the assemblages of Chile, but
also those of the entire Neotropical region —because Siluriformes is the
teleost order that contributes the most to global functional diversity
(Toussaint et al., 2018; Souza et al., 2021).

We recorded significant changes in FDiv in Chile. In the 20 basins
studied here, this index decreased significantly both in the H-F, and C-F
stage shifts. This is in contrast with the results of other studies, which
have reported that the presence of exotic species increases FDiv (Villéger
et al., 2008; Toussaint et al., 2018). This is probably due to the persis-
tence (lack of extinction) of native species, which show overlap with
exotic species in functional space. Indeed, Ameiurus nebulosus, Ictalurus
punctatus, Jenynsia multidentata, Cnesterodon decemmaculatus, Cheirodon
interruptus, Gambusia spp., and Cyprinus carpio possess similar (i.e.,
redundant) functional traits to native species, such as smaller body
length (<50 cm; with the exception of Cyprinus carpio and Ictalurus
punctatus), mediolaterally compressed body shape, and a generalist diet
consisting of invertebrates and plant matter (Supplementary Material 1).
Therefore, these species occupy central positions in functional space,
thus reducing FDiv through functional overlap with the native

Ecological Indicators 133 (2021) 108364

ichthyofauna (Mouillot et al., 2013b). According to some authors, low
FDiv could affect the stability of assemblages by intensifying interspe-
cific competition (Lamothe et al., 2018). This mechanism may represent
an additional threat to native species presence and their conservation
(Habit et al., 2015).

In contrast to the results of other studies of Neotropical freshwater
fish (Mouillot et al., 2014; Leitao et al., 2016), FOri increased signifi-
cantly in the two compositional shifts (i.e., H-C and H-F). In the case of
the current assemblages, this may be related to the presence of exotic
species located at the margins of the functional space (Fig. 2), whereas in
future assemblages it may be related to the loss of native species with
traits shared by exotic ones (Fig. 3). For example, species in the siluri-
form genera Diplomystes (Diplomystes camposensis, Diplomystes incognitus,
Diplomystes nahuelbutaensis, and Olivaichthys viedmensis) and Nem-
atogenys (Nematogenys inermis) show high overlap in diet, which consists
mostly of benthic invertebrates (Figueroa et al., 2010; Beltran-Concha
et al., 2012). Given that an increase in FOri can be interpreted as an
indicator of decreased redundancy (Brandl et al., 2016; Chua et al.,
2019), the disappearance of benthic species that feed on invertebrates
may as well affect ecosystem processes and stability (Rosenfeld, 2002;
Hooper et al., 2005).

The observed changes in functional diversity components in the fish
assemblages of Chile are also linked to increased functional similarity (i.
e., functional homogenization; Rojas et al., 2020; Rojas et al., 2021). As
in studies carried out elsewhere in the Neotropics (Leitao et al., 2018;
Daga et al., 2020; Magalhaes et al., 2020), the presence of exotic species
is causing functional homogenization (Su et al., 2021), which constitutes
a risk for the stability and functional uniqueness of the assemblages
studied (Rojas et al., 2020). Here, our results show that three of the four
components of functional diversity analyzed here (FRic, FDiv, and FOri)
favor the functional homogenization of the assemblages, while the
fourth one (FSpe) does not change significantly, and therefore does not
contribute to the functional homogenization.

Current Chilean conservation policies focus only on taxonomic as-
pects of assemblages, and few biotic management measures have been
implemented beyond this level. As shown here, the functional facet of
biodiversity also needs to be incorporated into environmental policies
aiming to protect this unique and singular ichthyofauna. In this line, a
particular effort - not contained in current Chilean legislation - requires
establishing limitations on the anthropogenic expansion of exotic spe-
cies already present in the territory. This provision could reduce the
taxonomic and functional impact of exotic species on native species.

5. Conclusions

In conclusion, the freshwater fish assemblages of Chile show signif-
icant changes in the different components of functional diversity. Our
results demonstrate that exotic species can be grouped into: (a) func-
tionally redundant taxa, whose functional traits are shared with native
species; and (b) functionally novel taxa, with traits that are not present
in the native ichthyofauna. Therefore, the introduction of exotic species
causes independent and/or decoupled changes in the different func-
tional diversity components. Comparing current (or contemporary) with
historical (or past) assemblages, FRic and FOri were found to have
increased significantly, while FDiv declined, and FSpe was unaffected. In
addition, we found that the extinction of native species may have similar
effects on future assemblages, with the exception of FRic, which would
likely decrease. Our findings highlight the importance of incorporating a
functional aspect into diversity analyses of fish assemblages , through
the study of its components of richness, specialization, divergence, and
originality.

CRediT authorship contribution statement

Pablo Rojas: Conceptualization, Methodology, Software. Sergio A.
Castro: Conceptualization, Methodology, Software. Irma Vila: Data



P. Rojas et al.

curation, Writing — original draft. Fabian M. Jaksic: Writing — original
draft.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

F.M. Jaksic thanks grant ANID PIA/BASAL FB0002.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ecolind.2021.108364.

References

Anderson, M.J., 2001. A new method for non-parametric multivariate analysis of
variance. Austral Ecol. 26 (1), 32-46. https://doi.org/10.1111/j.1442-
9993.2001.01070. pp. x.

Anderson, M.J., 2005. Permutational multivariate analysis of variance. Department of
Statistics, University of Auckland. Auckland 26, 32-46. https://doi.org/10.1002/
9781118445112.stat07841.

Arratia, G., 2000. La importancia de algunos peces chilenos en el contexto evolutivo.
Anales de la Academia Chilena de Ciencias (Chile) 7, 71-84.

Bellwood, D.R., Wainwright, P.C., Fulton, C.J., Hoey, A.S., 2006. Functional versatility
supports coral reef biodiversity. Proceedings Biological Sciences 273 (1582),
101-107. https://doi.org/10.1098/1spb.2005.3276.

Beltran-Concha, M., Munoz-Ramirez, C., Ibarra, J., Habit, E., 2012. Analisis de la dieta de
Diplomystes (Siluriformes: Diplomystidae) de Chile. Gayana (Concepcion) 76 (2),
102-111. https://doi.org/10.4067/S0717-65382012000300003.

Brandl, S.J., Emslie, M.J., Ceccarelli, D.M., Richards, Z.T., 2016. Habitat degradation
increases functional originality in highly diverse coral reef fish assemblages.
Ecosphere 7 (11), e01557. https://doi.org/10.1002/ecs2.1557.

Cadotte, M.W., Carscadden, K., Mirotchnick, N., 2011. Beyond species: Functional
diversity and the maintenance of ecological processes and services. J. Appl. Ecol. 48
(5), 1079-1087. https://doi.org/10.1111/j.1365-2664.2011.02048.x.

Castro, S.A., Rojas, P., Vila, 1., Habit, E., Pizarro-Konczak, J., Abades, S., Jaksic, F.M., Di
Febbraro, M., 2020. Partitioning p-diversity reveals that invasions and extinctions
promote the biotic homogenization of Chilean freshwater fish fauna. PLoS ONE 15
(9), e0238767. https://doi.org/10.1371/journal.pone.0238767.

Chua, K.W., Tan, H.H., Yeo, D.C., 2019. Loss of endemic fish species drives impacts on
functional richness, redundancy and vulnerability in freshwater ecoregions of
Sundaland. Biol. Conserv. 234, 72-81. https://doi.org/10.1016/].
biocon.2019.03.019.

Clarke, K.R., Gorley, R.N., 2006. PRIMER v6: User Manual/Tutorial (Plymouth Routines
in Multivariate Ecological Research). PRIMER-E, Plymouth.

Cornwell, W.K., Schwilk, D.W., Ackerly, D.D., 2006. A trait-based test for habitat
filtering: Convex hull volume. Ecology 87 (6), 1465-1471. https://doi.org/10.1890/
0012-9658(2006)87[1465:ATTFHF]2.0.CO;2.

Correa, C., Bravo, A.P., Hendry, A.P., 2012. Reciprocal trophic niche shifts in native and
invasive fish: Salmonids and galaxiids in Patagonian lakes. Freshw. Biol. 57 (9),
1769-1781. https://doi.org/10.1111/j.1365-2427.2012.02837.x.

Daga, V.S., Olden, J.D., Gubiani, E.A., Piana, P.A., Padial, A.A., Vitule, J.R., 2020. Scale-
dependent patterns of fish faunal homogenization in neotropical reservoirs.
Hydrobiologia 847 (18), 3759-3772. https://doi.org/10.1007/510750-019-04145-
5.

DGA Datos de interés. Antecedentes generales. Direccién General de Aguas, Santiago de
Chile (online) Available at 2020 Accessed May 2020.

Dudgeon, D., 2019. Multiple threats imperil freshwater biodiversity in the Anthropocene.
Curr. Biol. 29 (19), R960-R967. https://doi.org/10.1016/j.cub.2019.08.002.

Dudgeon, D., Arthington, A.H., Gessner, M.O., Kawabata, Z.-I., Knowler, D.J.,

Léveque, C., Naiman, R.J., Prieur-Richard, A.-H., Soto, D., Stiassny, M.L.J.,
Sullivan, C.A., 2006. Freshwater biodiversity: Importance, threats, status and
conservation challenges. Biol. Rev. 81 (02), 163. https://doi.org/10.1017/
$1464793105006950.

Elgueta, A., Gonzdlez, J., Ruzzante, D.E., Walde, S.J., Habit, E., 2013. Trophic
interference by Salmo trutta on Aplochiton zebra and Aplochiton taeniatus in Southern
Patagonian lakes. J. Fish Biol. 82 (2), 430-443. https://doi.org/10.1111/j.1095-
8649.2012.03489.x.

Figueroa, R., Ruiz, V.H., Berrios, P., Palma, A., Villegas, P., Andreu-Soler, A., 2010.
Trophic ecology of native and introduced fish species from the Chillan river. South-
Central Chile. Journal of Applied Ichthyology 26 (1), 78-83. https://doi.org/
10.1111/j.1439-0426.2009.01347 .x.

R. Froese D. Pauly FishBase 2018, version January, 2018 World Wide Web Electronic
Publication Retrieved from 2018 http://Www.Fishbase.Org.

Ecological Indicators 133 (2021) 108364

Gower, J.C., 1971. A general coefficient of similarity and some of its properties.
Biometrics 27 (4), 857-871. https://doi.org/10.2307/2528823.

Habit, E., Dyer, B., Vila, I., 2006. Estado de conocimiento de los peces dulceacuicolas de
Chile. Gayana (Concepcién) 70 (1), 100-113. https://doi.org/10.4067/50717-
65382006000100016.

Habit, E., Gonzdlez, J., Ortiz-Sandoval, J., Elgueta, A., Sobenes, C., 2015. Efectos de la
invasion de salmonidos en rios y lagos de Chile. Ecosistemas 24 (1), 43-51. https://
doi.org/10.7818/EC0S.2015.24-1.08.

Habit, E., Piedra, P., Ruzzante, D.E., Walde, S.J., Belk, M.C., Cussac, V.E., Colin, N.,
2010. Changes in the distribution of native fishes in response to introduced species
and other anthropogenic effects. Glob. Ecol. Biogeogr. 19 (5), 697-710. https://doi.
org/10.1111/j.1466-8238.2010.00541.x.

Hooper, D.U., Chapin, F.S., Ewel, J.J., Hector, A., Inchausti, P., Lavorel, S., Lawton, J.H.,
Lodge, D.M., Loreau, M., Naeem, S., Schmid, B., Setéla, H., Symstad, A.J.,
Vandermeer, J., Wardle, D.A., 2005. Effects of biodiversity on ecosystem
functioning: A consensus of current knowledge. Ecol. Monogr. 75 (1), 3-35. https://
doi.org/10.1890/04-0922.

Hughes, K., 2021. Forgotten Fishes %28REPORT FINAL%29.pdf. The world’s forgotten
fishes. WWF International, Gland, Switzerland.

IGM. (2020). Instituto Geografico Militar IGM. (online) Available at: https://www.igm.
cl/index.php, Accessed May 2020.

Laliberté, E., Legendre, P., 2010. A distance-based framework for measuring functional
diversity from multiple traits. Ecology 91 (1), 299-305. https://doi.org/10.1890/08-
2244.1.

Laliberté, E., Legendre, P., Shipley, B., Laliberté, M.E., 2014. Package ‘FD’: Measuring
functional diversity from multiple traits, and other tools for functional ecology.

R package version. 1.

Lamothe, K.A., Alofs, K.M., Jackson, D.A., Somers, K.M., Ricciardi, A., 2018. Functional
diversity and redundancy of freshwater fish communities across biogeographic and
environmental gradients. Divers. Distrib. 24 (11), 1612-1626. https://doi.org/
10.1111/ddi.2018.24.issue-1110.1111/ddi.12812.

Leduc, A.O., da Silva, E.M., Rosenfeld, J.S., 2015. Effects of species vs. functional
diversity: Understanding the roles of complementarity and competition on
ecosystem function in a tropical stream fish assemblage. Ecol. Ind. 48, 627-635.
https://doi.org/10.1016/j.ecolind.2014.09.027.

Leitao, R.P., Zuanon, J., Mouillot, D., Leal, C.G., Hughes, R.M., Kaufmann, P.R.,
Villéger, S., Pompeu, P.S., Kasper, D., de Paula, F.R., Ferraz, S.F.B., Gardner, T.A.,
2018. Disentangling the pathways of land use impacts on the functional structure of
fish assemblages in Amazon streams. Ecography 41 (1), 219-232. https://doi.org/
10.1111/ecog.2017.v41.i110.1111/ecog.02845.

Leitao, R.P., Zuanon, J., Villéger, S., Williams, S.E., Baraloto, C., Fortunel, C.,
Mendonga, F.P., Mouillot, D., 2016. Rare species contribute disproportionately to the
functional structure of species assemblages. Proceedings of the Royal Society B:
Biological Sciences 283 (1828), 20160084. https://doi.org/10.1098/
rspb.2016.0084.

Lundberg, J.G., Berra, T.M., Friel, J.P., 2004. First description of small juveniles of the
primitive catfish Diplomystes (Siluriformes: Diplomystidae). Ichthyological
Exploration of Freshwaters 15 (1), 71-82.

Magalhaes, A.L.B., Bezerra, L.A.V., Daga, V.S., Pelicice, F.M., Vitule, J.R.S., Brito, M.F.G.,
2021. Biotic differentiation in headwater creeks after the massive introduction of
non-native freshwater aquarium fish in the Paraiba do Sul River basin. Brazil.
Neotropical Ichthyology 19 (3), €200147. https://doi.org/10.1590/1982-02.24-
2020-0147.

Magalhaes, A.L.B., Daga, V.S., Bezerra, L.A.V., Vitule, J.R.S., Jacobi, C.M., Silva, L.G.M.,
2020. All the colors of the world: biotic homogenization-differentiation dynamics of
freshwater fish communities on demand of the Brazilian Aquarium trade.
Hydrobiologia 847 (18), 3897-3915. https://doi.org/10.1007/s10750-020-04307-
w,

Maire, E., Grenouillet, G., Brosse, S., Villéger, S., 2015. How many dimensions are
needed to accurately assess functional diversity? A pragmatic approach for assessing
the quality of functional spaces. Glob. Ecol. Biogeogr. 24 (6), 728-740. https://doi.
org/10.1111/geb.2015.24.issue-610.1111/geb.12299.

Matsuzaki, S.S., Sasaki, T., Akasaka, M., 2013. Consequences of the introduction of exotic
and translocated species and future extirpations on the functional diversity of
freshwater fish assemblages. Glob. Ecol. Biogeogr. 22 (9), 1071-1082. https://doi.
org/10.1111/geb.12067.

MMA. (2021). Ministerio del Medio Ambiente, Chile [online] Available at: https://
especies.mma.gob.cl/CNMWeb/Web/WebCiudadana/Default.aspx (2018), Accessed
26th Sep 2021.

Mori, A.S., Furukawa, T., Sasaki, T., 2013. Response diversity determines the resilience
of ecosystems to environmental change. Biol. Rev. 88 (2), 349-364. https://doi.org/
10.1111/brv.2013.88.issue-210.1111/brv.12004.

Mouchet, M.A., Villéger, S., Mason, N.W.H., Mouillot, D., 2010. Functional diversity
measures: An overview of their redundancy and their ability to discriminate
community assembly rules. Funct. Ecol. 24 (4), 867-876. https://doi.org/10.1111/
j-13652435.2010.01695.x.

Mouillot, D., Bellwood, D.R., Baraloto, C., Chave, J., Galzin, R., Harmelin-Vivien, M.,
Kulbicki, M., Lavergne, S., Lavorel, S., Mouquet, N., Paine, C.E.T., Renaud, J.,
Thuiller, W., Mace, G.M., 2013a. Rare species support vulnerable functions in high-
diversity ecosystems. PLoS Biol. 11 (5), e1001569. https://doi.org/10.1371/journal.
pbio.1001569.

Mouillot, D., Graham, N.A.J., Villéger, S., Mason, N.W.H., Bellwood, D.R., 2013b.

A functional approach reveals community responses to disturbances. Trends Ecol.
Evol. 28 (3), 167-177. https://doi.org/10.1016/j.tree.2012.10.004.

Mouillot, D., Villeger, S., Parravicini, V., Kulbicki, M., Arias-Gonzalez, J.E., Bender, M.,

Chabanet, P., Floeter, S.R., Friedlander, A., Vigliola, L., Bellwood, D.R., 2014.


https://doi.org/10.1016/j.ecolind.2021.108364
https://doi.org/10.1016/j.ecolind.2021.108364
https://doi.org/10.1111/j.1442-9993.2001.01070. pp. x
https://doi.org/10.1111/j.1442-9993.2001.01070. pp. x
https://doi.org/10.1002/9781118445112.stat07841
https://doi.org/10.1002/9781118445112.stat07841
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0015
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0015
https://doi.org/10.1098/rspb.2005.3276
https://doi.org/10.4067/S0717-65382012000300003
https://doi.org/10.1002/ecs2.1557
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.1371/journal.pone.0238767
https://doi.org/10.1016/j.biocon.2019.03.019
https://doi.org/10.1016/j.biocon.2019.03.019
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0050
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0050
https://doi.org/10.1890/0012-9658(2006)87[1465:ATTFHF]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[1465:ATTFHF]2.0.CO;2
https://doi.org/10.1111/j.1365-2427.2012.02837.x
https://doi.org/10.1007/s10750-019-04145-5
https://doi.org/10.1007/s10750-019-04145-5
https://doi.org/10.1016/j.cub.2019.08.002
https://doi.org/10.1017/S1464793105006950
https://doi.org/10.1017/S1464793105006950
https://doi.org/10.1111/j.1095-8649.2012.03489.x
https://doi.org/10.1111/j.1095-8649.2012.03489.x
https://doi.org/10.1111/j.1439-0426.2009.01347.x
https://doi.org/10.1111/j.1439-0426.2009.01347.x
https://doi.org/10.2307/2528823
https://doi.org/10.4067/S0717-65382006000100016
https://doi.org/10.4067/S0717-65382006000100016
https://doi.org/10.7818/ECOS.2015.24-1.08
https://doi.org/10.7818/ECOS.2015.24-1.08
https://doi.org/10.1111/j.1466-8238.2010.00541.x
https://doi.org/10.1111/j.1466-8238.2010.00541.x
https://doi.org/10.1890/04-0922
https://doi.org/10.1890/04-0922
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0125
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0125
https://doi.org/10.1890/08-2244.1
https://doi.org/10.1890/08-2244.1
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0140
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0140
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0140
https://doi.org/10.1111/ddi.2018.24.issue-1110.1111/ddi.12812
https://doi.org/10.1111/ddi.2018.24.issue-1110.1111/ddi.12812
https://doi.org/10.1016/j.ecolind.2014.09.027
https://doi.org/10.1111/ecog.2017.v41.i110.1111/ecog.02845
https://doi.org/10.1111/ecog.2017.v41.i110.1111/ecog.02845
https://doi.org/10.1098/rspb.2016.0084
https://doi.org/10.1098/rspb.2016.0084
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0165
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0165
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0165
https://doi.org/10.1590/1982-0224-2020-0147
https://doi.org/10.1590/1982-0224-2020-0147
https://doi.org/10.1007/s10750-020-04307-w
https://doi.org/10.1007/s10750-020-04307-w
https://doi.org/10.1111/geb.2015.24.issue-610.1111/geb.12299
https://doi.org/10.1111/geb.2015.24.issue-610.1111/geb.12299
https://doi.org/10.1111/geb.12067
https://doi.org/10.1111/geb.12067
https://doi.org/10.1111/brv.2013.88.issue-210.1111/brv.12004
https://doi.org/10.1111/brv.2013.88.issue-210.1111/brv.12004
https://doi.org/10.1111/j.13652435.2010.01695.x
https://doi.org/10.1111/j.13652435.2010.01695.x
https://doi.org/10.1371/journal.pbio.1001569
https://doi.org/10.1371/journal.pbio.1001569
https://doi.org/10.1016/j.tree.2012.10.004

P. Rojas et al.

Functional over-redundancy and high functional vulnerability in global fish faunas
on tropical reefs. Proc. Natl. Acad. Sci. 111 (38), 13757-13762. https://doi.org/
10.1073/pnas.1317625111.

Pelicice, F.M., Azevedo-Santos, V.M., Vitule, J.R.S., Orsi, M.L., Lima Jr., D.P.,
Magalhaes, A.L.B., Pompeu, P.S., Petrere Jr., M., Agostinho, A.A., 2017. Neotropical
freshwater fishes imperiled by unsustainable policies. Fish Fish. 18 (6), 1119-1133.
https://doi.org/10.1111/faf.12228.

Penaluna, B.E., Arismendi, I., Soto, D., 2009. Evidence of interactive segregation
between introduced trout and native fishes in northern Patagonian rivers, Chile.
Trans. Am. Fish. Soc. 138 (4), 839-845. https://doi.org/10.1577/T08-134.1.

Pereira, L.M., Dunck, B., Benedito, E., 2021. Human impacts alter the distribution of fish
functional diversity in neotropical stream system. Biotropica 53 (2), 536-547.
https://doi.org/10.1111/btp.v53.210.1111/btp.12896.

Petchey, O.L., Gaston, K.J., 2002. Functional diversity (FD), species richness and
community composition. Ecol. Lett. 5 (3), 402-411. https://doi.org/10.1046/
j.1461-0248.2002.00339.x.

Richardson, L.E., Graham, N.A.J., Pratchett, M.S., Eurich, J.G., Hoey, A.S., 2018. Mass
coral bleaching causes biotic homogenization of reef fish assemblages. Glob. Change
Biol. 24 (7), 3117-3129. https://doi.org/10.1111/gcb.2018.24.issue-710.1111/
gcb.14119.

Rojas, P., Castro, S.A., Vila, 1., Jaksic, F.M., 2020. Exotic species modify the functional
diversity patterns of freshwater fish assemblages in continental Chile: Examining
historical and geographical patterns. Global Ecol. Conserv. 24, e01355. https://doi.
org/10.1016/j.gecco.2020.e01355.

Rojas, P., Castro, S.A., Vila, 1., Habit, E., Jaksic, F.M., 2021. Taxonomic homogenization
of the freshwater fish fauna in Chile: Analyzing the ichthyogeographic provinces. In:
In: Biological Invasions in the South American Anthropocene. Springer Nature
Switzerland AG. https://doi.org/10.1007/978-3-030-56379-0_13.

Rojas, P., Vila, L., Habit, E., Castro, S.A., 2019. Homogenization of the freshwater fish
fauna of the biogeographic regions of Chile. Global Ecol. Conserv. 19, e00658.
https://doi.org/10.1016/j.gecco.2019.e00658.

Rosenfeld, J.S., 2002. Functional redundancy in ecology and conservation. Oikos 98 (1),
156-162. https://doi.org/10.1034/j.1600-0706.2002.980116.x.

Soto, D., Arismendi, 1., Di Prinzio, C.Y., Jara, F., 2007. Establishment of Chinook salmon
(Oncorhynchus tshawytscha) in Pacific basins of southern South America and its

Ecological Indicators 133 (2021) 108364

potential ecosystem implications. Rev. Chil. Hist. Nat. 80 (1), 81-98. https://doi.
org/10.4067/S0716-078X2007000100007.

Souza, C.P., Rodrigues-Filho, C.A.S., Barbosa, F.A.R., Leitao, R.P., 2021. Drastic
reduction of the functional diversity of native ichthyofauna in a Neotropical lake
following invasion by piscivorous fishes. Neotropical Ichthyology 19 (3), €210033.
https://doi.org/10.1590,/1982-0224-2021-0033.

Su, G., Logez, M., Xu, J., Tao, S., Villéger, S., Brosse, S., 2021. Human impacts on global
freshwater fish biodiversity. Science (New York, N.Y.) 371 (6531), 835-838. https://
doi.org/10.1126/science.abd3369.

Toussaint, A., Charpin, N., Beauchard, O., Grenouillet, G., Oberdorff, T., Tedesco, P.A.,
Brosse, S., Villéger, S., Vila, M., 2018. Non-native species led to marked shifts in
functional diversity of the world freshwater fish faunas. Ecol. Lett. 21 (11),
1649-1659. https://doi.org/10.1111/ele.2018.21.issue-1110.1111/ele.13141.

Toussaint, A., Charpin, N., Brosse, S., Villéger, S., 2016. Global functional diversity of
freshwater fish is concentrated in the neotropics while functional vulnerability is
widespread. Sci. Rep. 6 (1), 1-9. https://doi.org/10.1038/srep22125.

Vila, I, Habit, E., 2015. Current situation of the fish fauna in the Mediterranean region of
Andean river systems in Chile. FISHMED, Fishes in Mediterranean Environments
2015 (002), 19p. https://doi.org/10.29094/FiSHMED.2015.002.

Vila, I., Quezada-Romegialli, C., 2018. Peces limnicos. Biodiversidad de Chile. Ministerio
del Medio Ambiente, Editorial Ocho Libros, pp. 161-169.

Vila, L., Contreras, M., Fuentes, L., 1996. Reproduccion de Diplomystes nahuelbutaensis
Arratia, 1987 (Pises: Diplomystidae). Gayana Oceanologia 4 (4), 129-137.

Villéger, S., Grenouillet, G., Brosse, S., 2014. Functional homogenization exceeds
taxonomic homogenization among European fish assemblages. Glob. Ecol. Biogeogr.
23 (12), 1450-1460. https://doi.org/10.1111/geb.12226.

Villéger, S., Mason, N.W.H., Mouillot, D., 2008. New multidimensional functional
diversity indices for a multifaceted framework in functional ecology. Ecology 89 (8),
2290-2301. https://doi.org/10.1890/07-1206.1.

Villéger, S., Miranda, J.R., Hernandez, D.F., Mouillot, D., 2010. Contrasting changes in
taxonomic vs. functional diversity of tropical fish communities after habitat
degradation. Ecol. Appl. 20 (6), 1512-1522. https://doi.org/10.1890/09-1310.1.

Vitule, J.R.S., Occhi, T.V.T., Kang, B., Matsuzaki, S.I., Bezerra, L.A., Daga, V.S., Faria, L.,
Frehse, F.A., Walter, F., Padial, A.A., 2019. Intra-country introductions unraveling
global hotspots of alien fish species. Biodivers Conserv 28 (11), 3037-3043. https://
doi.org/10.1007/5s10531-019-01815-7.


https://doi.org/10.1073/pnas.1317625111
https://doi.org/10.1073/pnas.1317625111
https://doi.org/10.1111/faf.12228
https://doi.org/10.1577/T08-134.1
https://doi.org/10.1111/btp.v53.210.1111/btp.12896
https://doi.org/10.1046/j.1461-0248.2002.00339.x
https://doi.org/10.1046/j.1461-0248.2002.00339.x
https://doi.org/10.1111/gcb.2018.24.issue-710.1111/gcb.14119
https://doi.org/10.1111/gcb.2018.24.issue-710.1111/gcb.14119
https://doi.org/10.1016/j.gecco.2020.e01355
https://doi.org/10.1016/j.gecco.2020.e01355
https://doi.org/10.1007/978-3-030-56379-0_13
https://doi.org/10.1016/j.gecco.2019.e00658
https://doi.org/10.1034/j.1600-0706.2002.980116.x
https://doi.org/10.4067/S0716-078X2007000100007
https://doi.org/10.4067/S0716-078X2007000100007
https://doi.org/10.1590/1982-0224-2021-0033
https://doi.org/10.1126/science.abd3369
https://doi.org/10.1126/science.abd3369
https://doi.org/10.1111/ele.2018.21.issue-1110.1111/ele.13141
https://doi.org/10.1038/srep22125
https://doi.org/10.29094/FiSHMED.2015.002
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0295
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0295
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0300
http://refhub.elsevier.com/S1470-160X(21)01029-3/h0300
https://doi.org/10.1111/geb.12226
https://doi.org/10.1890/07-1206.1
https://doi.org/10.1890/09-1310.1
https://doi.org/10.1007/s10531-019-01815-7
https://doi.org/10.1007/s10531-019-01815-7

	Exotic species elicit decoupled responses in functional diversity components of freshwater fish assemblages in Chile
	1 Introduction
	2 Materials and methods
	2.1 The study basins
	2.2 Composition and geographical distribution of fish
	2.3 Functional traits and functional diversity
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement

	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


