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Abstract The occurrence of non-indigenous armoured
catfish Pterygoplichthys aff. pardalis from the Dinh River
basin (Khan Hoa Province, Vietnam) is reported. We
provide data indicating that this may be a naturalised
population and present information on the fish reproduc-
tion, which points to possible batch spawning. Potential
threats posed by the armoured catfish to the native habitat
are discussed. Morphometric traits do not form discrete
clusters, patterns of the body colouration (the main diag-
nostic character of these species) are very diverse and
largely embrace those of different species. We suggest that
the systematics of the genus should be revised.

Keywords Pterygoplichthys - Invasive species -
Morphometric traits - Colour patterns

Introduction

Invasions by alien species have been recognised as an
important global problem for more than 50 years. Starting
from the classical work by Elton (1958) they are known to
cause significant ecological and economic damage. For
example, invasive species can significantly change com-
munities and ecosystems, seriously contributing to extinc-
tion of native species (United Nations 1992). They cause
millions of dollars in financial costs annually in the USA
alone (Pimentel et al. 2005). The study of non-indigenous
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species in Vietnam is in its onset. The existence of invasive
fishes in Vietnam can be expected, although their possible
role in natural habitats of this country remains poorly
understood. Preliminary reports indicated that at least nine
alien species have been naturalised in the Mekong River
basin alone (Welcomme and Vidthayanom 2003; Cacot and
Lazard 2009).

Several fishes have been introduced into the country as
objects of commercial aquaculture. These include the North
African catfish (Clarias gariepinus), pacu (Colossoma
brachypomum), Nile tilapia (Oreochromis niloticus),
Mozambique tilapia (Oreochromis mossambicus), and blue
tilapia (Oreochromis aureus). Some species, such as the
guppy (Poecilia reticulata) and the armoured catfishes
(Pterygoplichthys sp.) could have been introduced by the
aquarium trade. The western mosquitofish (Gambusia affi-
nis) has been used in government programmes for malaria
control whereas Alluaud’s Haplo (4statoreochromis allu-
audi) has been used for controlling gastropod snails that are
the intermediate hosts for schistosoma. The ways other non-
indigenous species (e.g. pirahna, arapaima) were introduced
in Vietnam are even less clear. Most probably they were
brought there as objects of exotic decorative aquaculture.

The armoured catfishes (Loricariidae) represent a large
family of the order Siluriformes including more than 700
species (Ferraris 2007) that inhabit freshwater habitats of
the South and Central America. Many species have a
characteristic attractive appearance that makes them pop-
ular for aquarium keeping. They begun to appear outside of
their native range in the second half of the 20th century,
first in Central America (Bunkley-Williams et al. 1994;
Wakida-Kusunoki et al. 2007; Sandoval-Huerta et al. 2012)
and southern states of the USA (Nico and Martin 2001).
Later, they were introduced into the islands of the Pacific
and the Indian Ocean, including Hawaii (Eldredge 2000),
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the Philippines (Joshi 2006; (Hubilla et al. 2007), Japan
(Nakabo 2002), Taiwan (Chen et al. 2003; Liang et al.
2005; Wu et al. 2011), as well as Indonesia, Malaysia and
Singapore (Page and Robins 2006). Now they occur also in
Eurasia (Ozdilek 2007; Knight 2010; Piazzini et al. 2010;
Chaichana et al. 2011). The source of these invasions is
probably aquarium keepers, suppliers and breeders of
exotic aquarium fishes (Eldredge 2000; Liang et al. 2005;
Joshi 2006; Page and Robins 2006).

The first report of armoured catfishes (Pterygoplichthys
plecostomus) in the Mekong River delta of Vietnam appeared
in 2003 (Welcomme and Vidthayanom 2003). Serov (2004)
reported a capture of a non-indigenous catfish, identified as
Pterygoplichthys multiradiatus, in southern Vietnam.
Another catfish, identified as Pterygoplichthys pardalis, was
caught in northern Vietnam in 2006 (Levin et al. 2008). The
first of these studies reported a naturalised population, while
separate individuals were captured in the other cases.

In January 2010 we found a new population of the
armoured catfish in the Dinh River (Khanh Hoa Province,
Central Vietnam), with subsequent discoveries in January
2012 and February 2013. This South American species has
never been recorded either in the Dinh River basin or in this
area of Vietnam. We found several fish with a wide range of
body sizes and this suggests that a self-maintaining popu-
lation had become established in the Dinh River. In this
work, we analysed this population of the armoured catfish
from the Dinh River and assessed the degree of its natu-
ralisation. We also considered the problem of species
identification of armoured catfishes and their taxonomy.

Materials and methods

The Dinh River is the largest in the Ninh Hoa District of
Khanh Hoa Province, with a length of approximately
50 km and a catchment area of 985 km?. Local fishermen
typically catch the armoured catfish and other fishes using
fixed gill nets. Small specimens are transferred to ponds
where they are successfully maintained for growing.

We studied two catfish groups. The first group (group 1,
34 individuals) was obtained between October and
December 2010, and the second group (group 2, 10 indi-
viduals) in January 2012. All fish were caught in the main
channel of the Dinh River (N12°29734"", E109°07°55"") by
local fishermen. Specimens from both groups were dissected
to determine their sex and the gonad maturity stage, but for
logistical reasons we did not conduct a full biological
analysis of specimens from the second group. The
gonadosomatic index (GSI) was determined only for
females at the stage IV (n = 5). GSI was calculated as the
mass of the gonads divided by the total body mass of the fish
(%). We used an electronic scale with an accuracy of 0.01 g.
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Morphometric analysis was conducted following Boe-
seman (1968), Weber (1992) and Armbruster and Page
(2006). We identified fish based on the keys in Armbruster
(2001) and Armbruster and Page (2006). Table 2 presents
the 17 morphometric characters analysed. We also ana-
lysed the relative area of the background at the ventral side
of the body. All morphometric characters (except for the
predorsal length) were expressed as a percentage of the
predorsal length.

The pattern of colouration, especially of the belly, rep-
resents the key character used for the species identification
of many catfishes of the genus Pterygoplichthys (Weber
1992; Armbruster 2001; Armbruster and Page 2006). To
analyse the patterns found on the dorsal part of the body we
photographed all 34 specimens from group 1 under stan-
dard conditions (standard natural illumination 25,000—
30,000 1x, white background, Canon EOS 30D digital
camera equipped with the Canon EF macro lens, 100 mm
F/2.8). To analyse colour patterns we defined a rectangular
area on the ventral part of the body limited by the bases of

Fig. 1 Location of the area on the dorsal part of the body used for the
analysis of colouration patterns of the armoured catfish, Pterygop-
lichthys aff. pardalis, from the Dinh River basin, southern Vietnam
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the pectoral and pelvic fins (Fig. 1). The images were
converted to the 8-bit grayscale and then to black and
white. The grayscale was reduced to the black and white
such as to retain the optimal rendering of the edges of the
colouration spots. This was done using a k-means cluster-
ing (Chen et al. 1998) of the 8-bit grayscale, after which we
calculated the relative area of the white background. To
assess the accuracy of this method, we re-analysed the data
for ten randomly chosen specimens. Both measurements
were highly correlated (Spearman correlation coefficient
rs = 0.84, p = 0.004).

We used the Anderson—Darling test for normal distribu-
tion, and calculated coefficients of skewness and kurtosis to
check for possible departures from perfect symmetry, such as
“peakedness” or “flatness” (e.g. bimodality) of the distribu-
tions (skewness is zero whereas kurtosis is three for the
normal distribution). We also calculated the D’ Agostino test
for skewness and the Anscombe-Glynn test of kurtosis.
Principal component analysis (PCA) was also conducted to
reduce the dimensionality of the data. Here the optimal
number of factors was determined using Horn’s parallel
analysis (Horn 1965). Because biological interpretation of the
factors was not the main aim of this PCA, rotation was not
used. We also conducted a model-based cluster analysis of the
morphometric data (Fraley and Raftery 2002). The R software
system (version 2.15.0) was used for the statistical analysis.

Results

Naturalisation of armoured catfishes of the Dinh River
basin. Our data are consistent with the hypothesis that the
armoured catfishes of the genus Pterygoplichthys have
naturalised in the Dinh River basin. These fish are not only
occasionally found in the river, but are quite abundant
there. They are commonly caught by the local fishermen
which is possible only if a sustained population has
established in the river. Sex and the maturity stage in 20
fish examined (Table 1) indicated that 10 were mature
females and capable of spawning (i.e. maturity stages IV
and VI-III, see Fig. 2). Eight of the remaining fish were
males whose testes were at the stages III-IV and also ready
for spawning. The single remaining fish was at stage II and
its gender could not be determined.

The differences between groups 1 and 2 are also inter-
esting. Catfish in the first group spawned between October
and December while those in the second group spawned
also in January. In addition, batch spawning in group 2 was
indicated because five of the six females examined had
maturity stages VI-III. Intermittent spawning is supported
also by the fact that the gonads of all females at this
maturity stage contained eggs of different sizes (1-3 mm in

Table 1 The sex and maturity stage of two groups of armoured
catfish, Pterygoplichthys aff. pardalis, from the Dinh River basin,
southern Vietnam

Sex and maturity stage Group 1 Group 2
Unsexed, 11 0 1
Females, 111 0 1
Females, IV 5 0
Females, VI-III 0 5
Males, III-IV 5 3

Fig. 2 Ventral view of group 1 female of Pterygoplichthys aff.
pardalis at maturity stage IV

diameter). The GSI of the females ranged from 6.59 to
15.77 % (median = 8.88).

Phenotypic variability and the problem of the spe-
cies. A group of species that are distinguished only by subtle
patterns of their colouration is defined within the genus
Pterygoplichthys. They include Pterygoplichthys anisitsi,
P multiradiatus, P. pardalis and Pterygoplichthys disjunc-
tivus, and usually referred to as adventive in the literature. In
the Dinh River basin, we found individuals whose colour-
ation coincided with the description of distinct species, such
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as P. pardalis (Fig. 3a) and P. disjunctivus (Fig. 3b). There
were fish with intermediate patterns and those that were very
different from published descriptions (see Fig. 3c, d).
Importantly, all these fish were caught at the same time in
the same area. This diversity of colour patterns, the main
diagnostic trait of Pterygoplichthys, led us to analyse the
differences between these fish in greater detail.

All morphometric characters had unimodal distribution, in
most cases not significantly different from the normal. There
was also no significant skewness or kurtosis (Table 2).
Inspection of the histograms and probability plots (not pre-
sented here to save space) confirmed the near-normality of the
distributions. The PCA conducted to reduce the dimension-
ality of the data resulted in a two-factor solution, in which four
components had eigenvalues > 1, the Horn’s parallel analy-
sis, however, revealed only a single non-random factor so we
made a compromise decision to extract two factors (see
Table 3). The relative area of the background at the ventral
side of the body did not correlate with any of the morpho-
metric characters (r < 0.26, p > 0.13) and was excluded.
Inspection of the PCA plot did not reveal any clear groups
(Fig. 4). A more formal assessment of possible discrete groups
using the model-based clustering of the principal component
scores revealed a single multivariate normal distribution. The
value of the Bayesian Information Criterion (BIC) reached its
maximum for the single distribution model (diagonal multi-
variate normal model with a single component, Fig. 5). Thus,
we were unable to distinguish any discrete clusters in our
sample of the fish based on the morphometric traits. This is
consistent with the hypothesis that our fish came from a single
population of the same species.

Analysis of the colouration patterns also failed to reveal
distinct groups. The relative area of the background at the
ventral side of the body had a distribution not significantly
different from normal (Table 2). The configurations of the
coloured spots differed across individuals without discrete
subgroups. We analysed the configurations of the spots on
the head and the caudal peduncle with the same result.
Because the pattern of the spots is the main diagnostic trait
for the identification of these adventive species, our data
may indicate that P. pardalis, P. disjunctivus and a few
others may represent a single variable species.

Discussion

Armoured catfish spread rapidly in tropical and subtropical
freshwater bodies globally and established naturalised pop-
ulations across its invasive range. This process is facilitated
by several factors. These catfish are eurybiont, can withstand
water pollution (Welcomme and Vidthayanom 2003), and
can tolerate insufficient oxygenation due to their ability to
accessory respiration with diverticula of the gastrointestinal
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Fig. 3 Examples of different colouration patterns in group 1
armoured catfish, Pterygoplichthys aff. pardalis. Specimen numbers
are: a 1-32, b 1-03, ¢ 1-09 and d 1-16. See text for explanations

tract (Armbruster 1998). Their eggs can develop normally
even at low water levels, the only condition being that they
should be covered with water (Hoover et al. 2004). Ptery-
goplichthys feed on periphyton and detritus, which are
usually abundant, and there is little competition. Spiny fins
and a hardened external morphology make these fish not
much vulnerable to predators. Finally, they are characterised
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Table 2 Characteristics of morphological characters of Pterygoplichthys aff. Pardalis in group 1
Morphometric characters Skewness® Kurtosis” A V4
Predorsal length 0.77 4.00 0.80 0.034*
Head length 0.10 2.63 0.11 0.991
Distance between distal tips of cleithra 0.26 2.65 0.16 0.940
Head depth 0.02 2.79 0.19 0.891
Snout length 0.17 2.90 0.18 0.915
Eye diameter 0.38 2.70 0.30 0.556
Interorbital width 0.14 2.47 0.29 0.592
Depth of first dorsal fin 0.13 3.47 0.22 0.831
Length of first dorsal fin base -0.16 3.40 0.27 0.657
Distance between dorsal fins 0.10 2.30 0.27 0.642
Distance between pectoral and anal fins —-0.20 3.39 0.34 0.477
Length of pectoral fin —-0.20 2.57 0.27 0.646
Distance between pelvic and anal fins 0.34 391 0.27 0.665
Length of pelvic fin 0.31 2.49 0.19 0.900
Length of caudal peduncle 0.65 3.87 0.25 0.719
Depth of caudal peduncle -0.71 3.06 0.93 0.016%*
Relative area of background at ventral side of body 0.37 2.08 0.49 0.2021
A is the Anderson—Darling test statistic; significantly non-normal distributions (p < 0.05) are marked with asterisks
? D’Agostino test for skewness is non-significant (p > 0.19) in all cases
b Anscombe-Glynn test of kurtosis is non-significant (p > 0.15) in all cases. Kurtosis for normal distribution should be equal to three
:;al;;zig o fP rrrllr:)(;ﬁla;nclzgig Otrrlz?irits Morphometric character PC1 PC2
Qf Pterygoplichthys aff. pardalis Predorsal length ~0.30 0.07
in group 1
Head length -0.32 —-0.04
Distance between distal tips of cleithra -0.32 0.10
Head depth -0.30 0.05
Snout length -0.30 —0.05
Eye diameter -0.24 -0.04
Interorbital width -0.31 0.00
Depth of first dorsal fin —0.16 -0.25
Length of first dorsal fin base —-0.03 -0.43
Distance between dorsal fins 0.15 0.13
Distance between pectoral and anal fins 0.13 -0.50
Length of pectoral fin -0.14 -0.37
Distance between pelvic and anal fins 0.17 —-0.49
Length of pelvic fin -0.27 —-0.27
speiéniln?)rﬁlcc'izpzlr ecéﬁp?)?;ni;]fi Length of caudal peduncle —0.10 —0.10
PCI seems to involve overall Depth of caudal peduncle —0.28 0.06
body size, PC2 might be linked Eigenvalue 2.86 1.45

with sizes of fins

by a prolonged reproductive period, batch spawning and
active parental care (Cruz and Langeani 2000; Hoover et al.
2004; Liang et al. 2005). These traits promote successful
invasion.

The effects of these non-indigenous catfishes on the
indigenous species and communities are poorly understood.

We were unable to find any published data on this issue. In
our opinion, this can be explained by the very specific eco-
logical niche occupied by the armoured catfishes not
competing directly with native species. Nonetheless, mass
reproduction of the armoured catfishes growing up to 50 cm
in length could represent a noticeable threat (Hoover et al.
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Fig. 4 Scatterplot of the principal component analysis of morpho-
logical data from armoured catfish, Pterygoplichthys aff. pardalis,
collected from the Dinh River basin of southern Vietnam
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Fig. 5 Bayesian information criterion (BIC) for a range of models
(different colour) postulating different number of clusters resulting
from principal component analysis of morphological data. Note that
BIC reaches its maximum value for the single distribution (no-
mixture) models

2004; Joshi 2006). Armoured catfishes can eat up demersal
eggs of autochthonic species while consuming the bottom
periphyton, and dig and destroy the bottom substrate which
may change the composition of the bottom vegetation. Males
of these fish dig long holes (exceeding 1 m in length) for
deposition of eggs in the underwater part of the river bank.

@ Springer

Moreover, these holes are frequently located close to each
other and form a kind of colonial aggregation, resulting in
significant erosion of the river bank (Nico et al. 2009a).
There were reports of piscivorous birds dying after trying to
swallow these very well armoured fish. For example, several
protected pelicans (Pelecanus occidentalis) died in such a
way in Puerto Rico (Bunkley-Williams et al. 1994). Catfish,
as well as certain indigenous fishes, can damage fishing nets
(Joshi 2006). In some cases invasion may have certain
positive consequences, such as development of new symbi-
otic relationships. For example, in some water bodies of
Florida catfishes developed mutualistic relationships with
the American manatee Trichechus manatus latirostris
(see Nico et al. 2009b).

It has been suggested (e.g. Liang et al. 2005) that
armoured catfishes could be characterised by batch
spawning, although we are unaware of any data showing
this unambiguously. Our results provide further support,
even though more conclusive evidence should be based on
data covering the whole complete annual cycle. The value
of the GSI in females agrees with data published previously
(Liang et al. 2005; Gibbs et al. 2008).

Our data on phenotypic variability suggest that distin-
guishing valid species based solely on subtle characteristics
of the colouration pattern, especially in the absence of
well-defined discrete groups, is insufficient. Significant
variability of colouration patterns has already been repor-
ted in armoured catfishes (e.g. Chavez et al. 2006).
Furthermore, no statistically significant differences in
morphometric or meristic characters have been found
between P. pardalis and P. disjunctivus, even the modal
values for most traits coincide in these species. In addition,
modal values of several traits determined by (Chavez et al.
2006) differ from those published by Weber (1992).
Another reason to question the validity of species based on
colouration patterns is their significant plasticity. As
mentioned above, local fishermen transfer small individu-
als that get to their nets to ponds for growing. The fish
change their colouration significantly after few weeks in
these ponds. Usually they become darker, light stripes and
spots become narrower and often completely disappear on
the head, flanks and the back. The systematics of this genus
appears to be quite arbitrary and requires more research (J.
Armbruster, personal communication).

We conclude that a population of non-indigenous
armoured catfish inhabits the Dinh River. It has not
been described previously and is probably self-recruiting.
Until the taxonomy of these fish is more clear, they
should be identified preliminarily as Pterygoplichthys aff.
pardalis.
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