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Abstract

Fish malformations can be an important hint for assessing the well-being of their populations and the quality of their habitats.
Malformations have been observed in species of the order Siluriformes, including the family Ariidae. In this study, we report mal-
formations in the blue sea catfish, Ariopsis guatemalensis (Giinther, 1864), and the tete sea catfish, Ariopsis seemanni (Giinther,
1864), collected in San Blas, Mexico. The malformations include missing eye, cleft lip, and malformed barbels. Such malformations
could be blamed on substantial levels of pesticides in the environment, genetic factors, and/or a pathogenic effect of some parasites
specific to the studied fish species.
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Introduction malformations is an important task to properly monitor

the well-being of fish populations and water quality.

Fish malformations are visible internal or external chang-
es or abnormalities caused by environmental stresses,
parasitic infections, genetic mutations, nutrient deficien-
cies, and exposure to chemicals (Yokoyama et al. 2004;
Kelly et al. 2010). The physiological functioning of fish
can worsen through the presence of such malformations
and their effects include deficient buoyancy, feeding, and
reproductive difficulties, as well as problems in avoid-
ing predators (Eissa et al. 2009). Therefore, recording

Malformations have been reported for several fami-
lies in the order Siluriformes (see Wakida-Kusunoki and
Amador del Angel 2017). The siluriform fish family Arii-
dae comprises about 150 species, popularly known as sea
catfishes, 13 of which have been recorded in the Mex-
ican Pacific (Rodriguez-Romero et al. 2012; Robertson
and Allen 2015; Palacios-Salgado et al. 2018). The main
characteristics distinguishing sea catfishes are their long
barbels located in the buccal area and their large-sized
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lapilli otoliths (Acero and Betancur-R 2002; Marceniuk
and Menezes 2007; Bogan and Agnolin 2011). Other im-
portant anatomical features include bony plates on the
head and near the dorsal fin, and a leading spine in both
pectoral and dorsal fins, present in some species (Ribeiro
etal. 2012).

Albinism has been the most frequently reported abnor-
mality in several species of the family Ariidae (i.e., Gupta
and Bhowmik 1958; Rajapandian and Sundaram 1967;
Baragi et al. 1976; Krishna Pillai and Somvanshi 1979;
Das et al. 2006; Chavan et al. 2008; Leal et al. 2013; and
Wakida-Kusunoki and Amador del Angel 2017), although
there are some studies describing morphological malfor-
mations found in these fish. For instance, a specimen of
Carlarius latiscutatus (Giinther, 1864) showed severely
deformed fin rays and spines, possibly caused by water
pollution (Ugbomeh et al. 2022). For the Mexican coasts
in particular, Chavez and Saucedo Barron (1988) report-
ed conjoined twins of Ariopsis felis (Linnaeus, 1766) in
Celestun, Yucatan. For the same species (Ariopsis felis)
collected off the coast of Tabasco, Wakida-Kusunoki and
Amador del Angel (2017) described vertebral malforma-
tions. Maldonado-Coyac et al. (2015) reported an ocular
malformation in Bagre panamensis (Gill, 1863) collected
in Mazatlan, Sinaloa. More recently, Tirado Leon (2019)
found vertebral malformations in seven sea catfish spe-
cies belonging to four genera: Bagre panamensis; Bagre
pinnimaculatus (Steindachner, 1876); Cathorops liropus
(Bristol, 1897); Cathorops raredonae Marceniuk, Betan-
cur-R et Acero, 2009; Occidentarius platypogon (Giin-
ther, 1864); Ariopsis guatemalensis (Glinther, 1864); and
Ariopsis seemanni (Giinther, 1864). To increase the cur-
rent knowledge concerning malformations in species of
the family Ariidae, the aim of this study was to record
such features detected in sea catfishes caught during fish-
ing activities in San Blas, Nayarit, Mexican Pacific.

Methods

Over a one-year period (September 2015 through Sep-
tember 2016), we advertised the purchase of malformed
fishes at the port of San Blas, Nayarit, Mexico. Fisher-
men who captured “deformed” fishes and were willing
to help us delivered the material collected to the facilities
of Escuela Nacional de Ingenieria Pesquera of Universi-
dad Autonoma de Nayarit in exchange for the promised
reward. Six specimens of sea catfishes were collected
as bycatch in an estuarine zone 0.5-1.0 km away from
the port of San Blas. In this area, fishing is conducted
in brackish shallow (<3 m) water, where fishermen (usu-
ally 2 per vessel) arrive in boats and deploy seine nets
(9—10 cm mesh size) to catch the fish. The specimens
were preserved in ice and transported to the Laborato-
ry of Genetics and Geometric Morphometrics of the Es-
cuela Nacional de Ingenieria Pesquera of Universidad
Autonoma de Nayarit. Each sea catfish was identified at
the species level following Kaliola and Bussing (1995)

and Robertson and Allen (2015). Specimens were labeled
and deposited in the Collection of Malformed Fish locat-
ed in the laboratory mentioned above (Voucher numbers:
CPMIP 8, CPMIP 10, CPMIP 13, CPMIP 15, CPMIP 18,
and CPMIP 21). The standard length (SL) of the speci-
mens was recorded using a vernier caliper. A normal (in
terms of its diagnostic features) individual of each species
was used as a control/comparison. Malformed and con-
trol specimens were photographed using a 20.2-megapix-
el Canon EOS70D digital camera

Results

The six collected sea catfishes were identified as Ariopsis
guatemalensis (n = 3) and A. seemanni (n = 3). Four of
these specimens (Ariopsis guatemalensis (CPMIP 13 and
CPMIP 21) and A. seemanni (CPMIP 15 and CPMIP 18))
showed morphological malformations such as missing
eye, cleft lip, malformed barbels, comparatively small
eye, and abnormal tooth plate. The two remaining sea
catfishes (CPMIP 10 and CPMIP 8) were the control
specimens (normal) representing each respective species.
The specific characteristics of the normal and malformed
specimens are described in the following sections.

Diagnostic features. Defined following Kaliola and Bus-
sing (1995) and Robertson and Allen (2015). Ariopsis
guatemalensis: eye small, 25% of distance between eyes;
palate teeth arranged in four patches, medial patches nar-
rowly separated at midline and continuous with outer
patches; four tooth patches similar size; 3 pairs of barbels
(on chin and both jaws) (see specimen CPMIP 10, Fig.
1B, 1F, 1H). Ariopsis seemanni: eye large, 36%—63% of
distance between eyes; thin lower tooth plate and divided
in two sections (see specimen CPMIP &, Fig. 1J, 1L).

Descriptions of the abnormal features. Ariopsis gua-
temalensis: specimen CPMIP 13 lacked the right eye
opening and the eyeball (Fig. 1A). Specimen CPMIP 21
featured a small (41.7% of right eye size, Fig. 1D) and
undeveloped left eye (Fig. 1C). In addition, this fish had
a cleft lip, thus, malformed upper tooth plate and barbels
(Fig. 1E and 1G). Ariopsis seemanni: specimen CPMIP
15 showed a comparatively small right eye (43% of left
eye size, Fig. 1]J) (Fig. 1I). Specimen CPMIP 18 had a
malformed lip and lower plates (Fig. 1K).

Discussion

Studies reporting fish malformations have attributed
their presence to biotic and abiotic factors affecting the
fish during their life cycle (Overstreet and Edwards 1976;
Pragatheeswaran et al. 1987; Kelly et al. 2010; Tirado
Leoén 2019). However, while it is not possible to detect a
true correlation between such factors and malformations
from specimens caught in the wild—as experiments
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Figure 1. Malformations of Ariopsis guatemalensis and Ariopsis seemanni collected off San Blas (Mexican Pacific). A) specimen
of A. guatemalensis lacking right eye (CPMIP 13); B) normal left eye of a specimen of A. guatemalensis (CPMIP 10); C) specimen
of A. guatemalensis with small undeveloped eye (CPMIP 21); D) normal right eye of a specimen of 4. guatemalensis (CPMIP 21);
E) malformed upper tooth plate and cleft lip of a specimen of A. guatemalensis (CPMIP 21); F) specimen of A. guatemalensis with
normal lip and tooth plate (CPMIP 10). [Figure continues on next page]

under controlled conditions would be required—know-
ing the biology and ecology of the species under study
can shed light on the causes that could be triggering
the development of these malformations. For instance,
Chavez and Saucedo Barrén (1988) suggested that ox-
ygen deficiencies, either due to high egg density or to
aerial exposure in low tide during egg incubation, could
have caused the formation of conjoined twins in Ariopsis
felis. In addition, for this species (4riopsis felis), the ver-
tebral malformations detected by Wakida-Kusunoki and
Amador del Angel (2017) were attributed to several fac-
tors including exposure to pesticides, poor immunologic
response, injuries at a certain stage of the fish life cycle,
or fluctuations in the water quality of the coast of Tabas-

co. Moreover, Maldonado-Coyac et al. (2015) reported
that the ocular malformation found in Bagre panamensis
could have been triggered both by anthropogenic activ-
ities in Mazatlan, Sinaloa and the genetic configuration
of the specimen. Finally, Tirado Le6n (2019), who found
vertebral malformations in several sea catfish species in-
cluding the two species in the presently reported study
(Ariopsis guatemalensis and A. seemanni), obtained the
malformed fish from different locations on the coast of
Nayarit, counting our sampling site (San Blas), and sug-
gested that parasitic infections and the chronic exposure
to pollutants such as pesticides and heavy metals were
the two main factors causing such malformations. In-
deed, the coast of Nayarit is subjected to the constant
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Figure 1 (Continuation). Malformations of Ariopsis guatemalensis and Ariopsis seemanni collected off San Blas (Mexican
Pacific). G) malformed barbels of a specimen of A. guatemalensis (CPMIP 21); H) normal barbels specimen of a specimen of
A. guatemalensis (CPMIP 10); I) specimen of A. seemanni with small right eye (CPMIP 15); J) normal left eye of a specimen of
A. seemanni (CPMIP 8); K) specimen of 4. seemanni with malformed lower tooth plate (CPMIP 18); L) normal lower tooth plate
of A. seemanni (CPMIP 8).

input of pesticides and concomitant heavy metals that
are washed from agricultural fields of the state or carried
from very distant locations by many rivers such as the
Colorado, Sonora, Yaqui, Mayo, Fuerte, Sinaloa, Culia-
can, San Lorenzo, Acaponeta, San Pedro, Lerma-Santia-
go, Armeria, Coahuayana, Balsas, Papagayo, Verde, Te-
huantepec, and Suchiate (Espinosa-Carreon et al. 2004).
In addition, the presence of parasites has been reported
in the fishery resources of the study area (Cunningham
et al. 2005; Alvarez-Guerrero and Alba-Hurtado 2007;
Kelly et al. 2010). Although we concur with the possi-
ble causes of malformations discussed by Tirado Leén

(2019) for the two species treated in our study, we are
aware that more environmental monitoring studies are
needed on the Pacific Mexican coasts. We suggest that
sea catfishes could thus be used as bioindicators of an
environmental stress.
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