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Abstract. Invasive Pterygoplichthys disjunctivus (Weber, 1991) (synonymy: Liposarcus multiradiatus) armored catfish
were first reported in Mexico in 1995 and have spread successfully in several aquatic ecosystems. In Adolfo Lopez
Mateos El Infiernillo Reservoir, Michoacan — Guerrero, the population of this armored catfish is growing substantially
because natural predators are not present and exploitation by humans does not occur. Over a complete annual cycle,
we studied the following population parameters: weight, total and standard length, the relationship of weight to total
length, the hepatosomatic (HSI) and gonadosomatic (GSI) indices, total fecundity (TF) and relative fecundity (RF). The
average total (TL) and standard lengths (SL) were 248 + 37.5 and 188 + 30.7 mm, respectively, and the average weight
(W) was 135.3+ 66.8 g. The largest fish reported was 520 mm in TL and weighed 1 280 g. The species showed an
extended reproductive season from May to November, as indicated by the GSI, TF and RF. The strongest reproductive
peak occurred from July through October. During the annual cycle, the highest monthly average fecundity was 2 447
eggs, and the average relative fecundity was 12.6 eggs per g of fish (August and September). This information will be
crucial for calculating the current biomass and future growth of the population. The calculation of these results could
provide a basis for the exploitation of this resource for human consumption and animal feeds.
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Resumen. La especie invasiva “bagre armado” P. disjunctivus (Weber 1991) (sinonimia de Liposarcus multuradiatus)
fue registrada por primera vez en México en 1995; en diversos sistemas acuaticos se ha distribuido exitosamente. En
la presa Adolfo Lopez Mateos El Infiernillo, Michoacan - Guerrero, la poblacion de peces armados se ha incrementado
considerablemente debido a la ausencia de depredadores y la falta de aprovechamiento. Por ello, a lo largo de un
ciclo anual evaluamos los siguientes parametros: longitud total (LT) y estandar (LS), peso (W), relacion peso-longitud
total, indices hepatosomatico (HSI) y gonadosomatico (GSI), fecundidad total (FT) y relativa (FR). La longitud total
y estandar promedio fueron 248 + 37.5 y 188 + 30.7 mm respectivamente y el peso promedio de 135.3 + 66.8 gr. El
pez de mayor talla presentd 520 mm TL y peso 1 280 gr. La especie presenta una amplia temporada reproductiva, que
de acuerdo con GSI, TF y RF se extiende desde mayo hasta noviembre. El mayor pico reproductivo ocurre de julio a
octubre. Durante el ciclo anual, la mayor fecundidad promedio fue de 2 447 huevos y la fecundidad relativa fue de 12.6
huevos por gr. de pez (agosto y septiembre). Esta informacion es fundamental para estimar la biomasa y el crecimiento
de la poblacion, con lo cual se pueden plantear estrategias de manejo y explotacion del recurso para consumo humano
y animal.

Palabras clave: Loricaridae, plecos, especies invasivas, parametros bioldgicos y reproductivos, estrategias de control.
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Introduction

The family Loricariidae, originally from South America,
is considered the largest catfish family, with 680 recognized
species (Armbruster and Page, 2006). The sailfin catfish
genus Pterygoplichthys originally inhabited the entire
Amazon basin (Peru, Bolivia and Brazil) (Weber, 1992; Page
and Robins, 2006). As a result of the inadequate control of the
pet-fish trade, members of this family have been accidentally
or intentionally introduced into several countries (Hoover et
al., 2004), where they have adapted successfully. Records
have been reported from Texas, Nevada and Florida,
USA (Fuller et al., 1999; Capps, 2008, Gibbs et al., 2008;
Pound et al., 2011), Puerto Rico (Bunkled-Williams et al.,
1994), Taiwan (Liang et al., 2005, 2006), the Philippines
(Chavez et al., 2006), Vietnam (Levin et al., 2008), Java and
Australia (Capps, 2008), Bangladesh (Hoosain et al., 2008),
Turkey (Ozdilek, 2007), Poland (Keszka et al., 2008) and
Italy (Piazzini et al., 2010); a recent Danube invasion has
also been reported (Simonovic et al., 2011). Several studies
report the invasion of loricariids in Mexico (Guzman and
Barragan, 1997; Mendoza et al., 2007; Okolodkov et al.,
2007; Wakida-Kusonoki et al., 2007; Wakida-Kusunoki and
Amador-del Angel, 2008; Capps et al., 2011).

Loricariids have successfully invaded new habitats
because these fish are protected by modified scales and
by strong spines on the fins (Armbruster and Page, 2006)
and because they show a high tolerance to low oxygen
concentrations or desiccation (up to 20 hours). The latter
ability can be attributed to an enlarged and vascularized
stomach, which functions as an accessory respiratory organ
(Armbruster, 1998). The fish have multiple-spawning
reproduction, nest construction and parental care (Tello et
al., 1992). Additionally, Pterygoplichthys has proven to
have a high tolerance to salinity (up to 10 parts per thousand)
(Capps et al., 2011).

In Mexico, the sailfin catfish was detected for the first
time in the Mezcala River, Guerrero (Balsas Basin), in
1995 (Guzman and Barragan, 1997) and later in Tecpatan,
Chiapas, the surroundings of Villahermosa, Tabasco
(Mendoza et al., 2007), and in the Grijalva-Usumacinta
Basin (Tabasco and Chiapas) (Wakida-Kusunoki et al.,
2007; Wakida-Kusunoki and Amador del-Angel, 2008). The
first specimens were identified as Liposarcus multiradiatus,
a synonym of Pterygoplichthys multiradiatus (Armbruster,
2004); however, the species is currently identified as P.
disjunctivus (Armbruster pers. comm.).

Invasive sailfin catfish have impacted fish communities
and fisheries in several countries. Several previous studies
have suggested that competition between this invasive fish
and the native species can produce negative impacts on
the local fisheries (Keszka et al., 2008). Pterygoplichthys
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pardalis showed overlapping isotope signatures with
native species, including some high-value fishery species
(Mendoza-Carranza et al., 2010). In Florida, interactions
between Pterygoplichthys and native manatees have been
recorded. The catfish attached to the manatees and grazed
on the epibiota of their skins. Although it is unclear whether
this behavior is damaging to the manatees, some manatees
were observed in acts to remove the fish (Nico et al., 2009).

Armored catfish (P. disjunctivus) have been found in
El Infiernillo Reservoir, located in the states of Michoacan
and Guerrero. In view of the proliferation of the species
in the study area, we investigated selected biological and
reproductive parameters of the population. This information
may contribute to the understanding of the reproductive
success of this invasive species and may indicate the reasons
for the proliferation of the population. This information
could be used to plan possible control alternatives, such as
fishing for consumption.

Materials and methods

Study area. El Infiernillo Reservoir is located in the Balsas
Basin, between the states of Michoacdn and Guerrero
(18°47” and 17°55” N, 101°47” and 102°11” W), at an
elevation of 150 m above sea level (INEGI, 1985) (Fig. 1).
El Infiernillo is 120 km in length and contains an average
of 11 860 000 m* of water. It was built in 1963 to serve a
hydropower station. The inundated surface can reach 40 000
ha, and the average depth of the reservoir is 35 m (Juarez-
Palacios, 1995).

Fish sampling. A total of 7 731 P. disjunctivus were
obtained in monthly samples collected between April 2007
and April 2008. The fish were captured as bycatch in the
tilapia fishery; 4 sites were selected: a) Churumuco (CHU),
b) La Obra (LO), ¢) Nuevo Centro (NC) and d) Pinzandaran
(PIN) (Fig. 1). The sampling sites were selected because
they are the most important landing areas for fishermen.
The captures were performed at random points located
within a 3 to 6 km radius in the reservoir. At each sampling
site, 4 fishermen supplied their total sailfin fish catch. The
fish were captured using 2.5 to 3.25 inch (6.5 - 8.3 cm)
mesh gill nets. The fishing began 2 hours before sunrise
and ended 3 to 4 hours after sunrise. All of the fish were
measured with an ichthyometer to determine the total (TL)
and standard length (SL) and wet-weighed (W) on a digital
balance (Ohaus Corporation, Scout Pro SP2001, NJ, USA,;
precision of 0.01 g). Ten fish from each sampling point
were dissected. The gonads and liver were extracted to
calculate the gonadosomatic and hepatosomatic indices.
Both organs were weighed on a digital balance (Ohaus
Corporation, Scout Pro SP202, NJ, USA; precision of
0.001 g) and fixed with 10% formalin. The hepatosomatic
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Figure 1. El Infiernillo Reservoir in Michoacan - Guerrero, Mexico; 4 important landing sites for tilapia and for bycatch of armored

catfish Pterygoplichthys disjunctivus (sampling sites).

(HSI) and gonadosomatic (GSI) indices were calculated as
follows:

HSI= (liver weight [g] /fish weight [g]) * 100
GSI= (gonad weight [g] /fish weight [g]) * 100

All of the measurements of TL and W were used to
calculate the average and standard deviation of TL and
W and the weight-total length relationship. To perform
comparative analyses of the TL, W, HSI and GSI by locality
and season, we selected (using random numbers) and
grouped 20 values of TL and W by season for each sampling
site, whereas only 8 values were used for the HSI and GSI.
The comparisons were performed using a two-way ANOVA
(Factor A was the season, Factor B the locality) with JMP
Ver 6.0. If differences were observed, a Tukey post hoc
analysis was performed.

To evaluate the total fecundity (TF), the left gonad
(heavier and larger) of each fish was dissected, and the
oocytes were passed through a 500 um sieve; only the
vitellogenic oocytes (usually present in preparation for
ovulation during the current reproductive season) were
individually counted. A tally counter (JQ-14A Fenghua
Guangya Counter Manufacturing Co, China) was used
to count these oocytes. The relative fecundity (RF) was
calculated as the total number of eggs estimated for both
gonads as twice the number of vitellogenic oocytes found in
the left gonad divided by the weight of the female (the data
are reported as the number of eggs per g body weight). For

the TF and RF, the data for the 4 localities were grouped,
and the average values =+ standard deviations were graphed
using Microsoft Excel. The duration of the reproductive
period was determined using the highest values of the
monthly GSI, TF and RF as the criteria.

The length-weight relationships were estimated for each
locality using the linear form of the formula W= aL’ (Le
Cren, 1951), log W=log a + b log L. W denotes the weight
of the fish, L denotes the total length of the fish and a and
b are constants. The values of the constants ¢ and b were
estimated using the method of least squares. A ¢ test was
employed to evaluate the significance of the differences in
the weight-length relationship among the localities. JMP
Ver. 6 was used for the statistical analysis.

Results

On average, the largest and heaviest fish were reported
at PIN (270 +37.3 mm TL, and 173.0 £69.1 g W), whereas
the smallest fish were recorded at NC (199.5 + 35.7 mm
and 75.5 £ 20.2 g total length and weight, respectively)
(Table 1). The largest armored catfish collected at CHU
was 520 mm in TL and 1 280 g in W. Although the two-
way ANOVA for the TL and W showed no differences if
the data were compared seasonally, the comparisons by
locality showed that the smallest fish (TL and W) were
recorded at NC and that LO, CHU and PIN grouped
together with similar results (Fig. 2). The total length and
weight were strongly correlated (R>= 0.86 — 0.90). This
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Figure 2. TL and W (average + standard error) comparisons (bifactorial ANOVA) between sampling localities (2A and C) and between
seasons (2B and D) for P, disjunctivus at El Infiernillo Reservoir, Michoacan - Guerrero, Mexico. The letters inside the bars indicate
significant differences (p <0.05).

Table 1. The weight and total and standard length (average + standard deviation, and the maximum and minimum values recorded) and
the calculated values for the weight - total length relationship for Pterygoplichthys disjunctivus in 4 localities at El Infiernillo Reservoir,
Michoacan - Guerrero, Mexico

Locality n Weight Total length W= alL?
® (mm) a b R

CHU 2560 171.8 + 150 268.3 + 59.7 0.116 2.696 0.88
Max 1280 520

Min 23 150

LO 1678 143.8 + 102.1 263.9 + 79.4 0.044 2.404 0.90
Max 974 500

Min 360 150

NC 2491 75.4 + 20.2 199.5 + 357 0.136 2.302 0.86
Max 268 370

Min 18 120

PIN 1002 173.0 + 69.2 270 + 40 0.093 2.487 0.90
Max 375 370

Min 16 120

Sampling localities: CHU, Churumuco; LO, La Obra; NC, Nuevo Centro and PIN, Pinzandaran.
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relationship did not differ significantly among the localities
(t test) (Table 1). The HSI values indicated that the hepatic
condition of the fish from the different localities was
similar (Fig. 3A). The lowest average HSI occurred during
the summer, whereas the spring, autumn and winter HSI
values were similar (Fig. 3B). The GSI values were highest
at PIN, followed by LO and NC, which grouped together,
and CHU, with the lowest value (Fig. 3C). The summer
and autumn GSI values were significantly higher than the
spring and winter values (Fig. 3D).

Fish with vitellogenic eggs were recorded throughout
the year but were scarce during the spring and winter. If
all of the GSI data were grouped by month, the highest
average GSI was observed in September (9.51), followed
by August (9.02), October (4.77), July (4.74), June (1.79),
and May (1.45). The GSI values were lower than 0.8 for
the other months. Calculating all GSI percentages using
the highest GSI (September) as reference value, a gradual
decrease was observed (August 94.8, October 50.1,
July 49.8, June 18.8, May 15.1). The lowest percentage
occurred in January (3.76%), and the percentage increased
again in April 2008 (29%).

The highest individual value of TF was 6 686 eggs.
This value was observed in a specimen (TL 278 mm, body
weight 196 g) collected in June. The highest average TF
was recorded during August (2 447 + 252 eggs), followed
by July, June, September, May, and October; the average
TF for this period (May to October) was 1 856 + 499.6
eggs. The lowest individual TF value was 40 eggs, found
in a specimen (TL 221 mm, W 62.7 g) collected in January.
The lowest average TF was observed in January (345 + 94
eggs), and the average was 655 + 326.6 for the period from
November to March (Fig. 4A).

The highest relative fecundity was 12.6 &+ 2.02 eggs, in
August and September. The average RF was 9.81 + 3.07 for
the months of high reproductive activity (July to September)
(Fig. 4B). The months during which reproduction was low
(November to April) showed an average RF 0f 2.9 £ 0.9.

Discussion

Members of the invasive genus Pterygoplichthys show
expanding distributions. The populations of these invasive
species grow exponentially because they lack natural
predators and because they are not used as food. The
environmental impacts of these expansions have not yet
been completely identified, although several studies have
reported evidence of such impacts (Mendoza et al., 2007,
Nico et al., 2009; Rueda-Jasso et al., 2009; Mendoza-
Alfaro et al., 2011). However, certain basic aspects of the
structure of these populations must be understood before a
control or utilization strategy can be planned.

Rueda-Jasso et al.- The armored catfish in Mexico

A substantial sample (7 731 fish) of P. disjunctivus was
obtained during the annual cycle. The high abundance of
this species may reflect the characteristics of the aquatic
environment at the dam. The water has an average
temperature of 29° C, a pH of 9.4, 8.6 mg/L of oxygen,
a transparency of 1 m, and total dissolved solids (TDS)
of 276 mg/L. The rainy season extends from June to
September (Campos-Mendoza et al., 2011, http://smn.
cna.gob.mx). These parameters are similar to those of the
original habitat of the armored catfish. The Orinoco River
exemplifies this original habitat: the rainy season extends
from May to October, the water temperature reaches 23 to
28° C and the water transparency is 1-3 m (Montana et al.,
2010). The number of fish collected by the present study
was significantly higher than the number of P. pardalis
captured in the Palizada River, in southeastern Mexico (118
during an annual cycle) (Wakida-Kusunoki and Amador-
del Angel, 2011). These authors found no differences in
the abundance of this species during a daytime period
beginning at 14 h and ending at 21 h. Nico (2010) found
that adult P. disjunctivus were active throughout the day,
whereas juveniles were passive during the daylight hours,
perhaps to avoid predators. In our experience (preliminary
sampling), the number of armored catfish was low during
the daylight hours. The fishermen at El Infiernillo, stated
that increases in the time spent fishing during the hours
before sunrise result in an increase in the catch of armored
catfish and a decrease in the catch of tilapia.

Heavier and longer (weight, total and standard
length) fish were collected at PIN, CHU and LO, whereas
the fish captured at NC were significantly lower in size
and weight. This finding could result from the selectivity
of the mesh size of the gill nets for tilapia. Although
a regulation NOM-027-PESC-2000 (SEMARNAT,
2000) has existed since 2000 to limit the net sizes, the
net number per fisherman and the hours of fishing, our
results suggest that the net sizes are smaller than those
recommended in such locations as NC. The armored
catfish examined in this study were captured in the gill
nets used to catch tilapia. To obtain a representative
sample of the P. disjunctivus population at El Infiernillo
Reservoir, complementary types of fishing equipment
(electrofishing, seines and gill nets of different mesh
sizes) must be used.

The size range of the armored catfish found in our
study was similar to that of Liposarcus multiradiatus in
the Kaoping River in Taiwan (Liang et al., 2005) and P.
disjunctivus in Florida (Gibbs et al., 2008). However, the
average size of P. pardalis captured with gill nets of 76
mm (3 inches) in the Palizada River (Wakida-Kusunoki
and Amador-del Angel, 2011) was larger than that of the
P. disjunctivus captured at El Infiernillo.
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Figure 3. Hepatosomatic and gonadosomatic index (HSI and GSI, respectively) (average + standard error) comparisons (bifactorial
ANOVA) between sampling localities (3A and C) and between seasons (3B and D) for P. disjunctivus at El Infiernillo Reservoir,
Michoacan - Guerrero, Mexico. The letters inside the bars indicate significant differences (p <0.05).
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Figure 4. Total (A) and relative fecundity (B) during an annual
cycle of invasive P. disjunctivus at El Infiernillo Reservoir,
Michoacan - Guerrero, Mexico.

The b values for the relationship between the total
length and the weight ranged between 2.3 - 2.7. These
values indicate negative allometric growth. This finding is
consistent with the results of Liang et al. (2005), Samat
et al. (2008), and Wakida-Kusunoki and Amador-del
Angel (2011). It has been suggested that the b values
show ongoing variation in response to several intrinsic
and extrinsic factors, even for the same species (Samat et
al., 2008). For this reason, it is recommended that future
studies examine this issue further.

In the present study, we found that highest reproductive
activity occurred from July to September (summer).
However, calculating all GSI, TF and RF using the highest
reproductive months as reference values, the peak of the
reproductive period was found to include 5 months, from
June to October, based on those values that were > 50%.
Nevertheless, the total and relative fecundity values for
May and November were still high. Note that we recorded
fish with ripe gonads throughout the year. Our results
are consistent with the extension of the reproductive
period for the same species in Florida, although the
reproductive period in Florida began and ended a month
earlier, extending from May to September (Gibbs et al.,
2008). Similarly, the reproductive period of an invasive
population of L. multiradiatus in Taiwan extended from
March to September (Liang et al., 2005), and P. pardalis
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reached reproductive peaks from June to September
(Wakida-Kusunoki and Amador-del Angel, 2011).

The hepatosomatic index did not show differences
between the localities, whereas differences were observed
for the GSI. Accordingly, the relationship between the
hepatosomatic index and the gonadosomatic index remains
unclear. However, the HSI values were higher during the
spring and winter because the fish were storing energy for
reproduction. This finding is consistent with the low GSI
observed during the spring and winter. During the summer,
an inverse effect was observed as energy was transferred
from the liver to the gonads, resulting in a high GSI and a
low HSI. An inverse relationship between the HSI and the
GSI has been observed in several tropical and temperate
fish, such as Lutjanus gutattus (Arellano-Martinez et al.,
2001), Lutjanus peru (Gallardo-Cabello et al., 2010),
Oreochromis niloticus (Gomez-Marquez et al., 2003) and
Pingues chilensis (Gonzalez and Oyarzun, 2002).

The autumn GSI and HSI values of the armored catfish
were high. A possible explanation would be that certain fish
continued to reproduce after the reproductive maximum.
At that time, energy was resupplied to the liver in the fish
that had completed reproduction. In another species, Salmo
salar, the occurrences of increases or decreases in the HSI
depended on the feeding level over a period of 2 - 4 days
(Arndt, 2000).

In addition, it has been hypothesized that in tropical
regions, the rainy season influences the limnological
parameters (the load of nutrients and phyto- and
zooplankton production) in ways that ultimately yield
an abundance of food and facilitate fish reproduction
(Peterson et al., 2004). In our results for El Infiernillo, the
rainy season coincided with the reproductive period of the
armored catfish (http://smn.cna.gob.mx). For Hypostomus
affinis (Loricariidae), the period of ovarian development
extended from September to February and was related to
the rainy season (Mazzoni and Caramaschi, 1997).

The size at first maturity of the armored catfish in
Florida was reported to be 260 mm, whereas the size at
first maturity was 192 mm in our study. This difference
could be due to the higher temperature reported at the El
Infiernillo Reservoir, whereas lower temperatures could
have delayed the onset of puberty and reproduction in the
Florida population of P. disjunctivus.

At the El Infiernillo Reservoir, the P. disjunctivus
population has found an appropriate habitat in which a
lack of predators and exploitation, a surplus of available
food and the presence of parental care, as well as a long
reproductive season have produced high recruitment and
successful colonization. The region around the El Infiernillo
reservoir is undeveloped, and many families depend on
the tilapia fishery. Therefore, P. disjunctivus has been

Rueda-Jasso et al.- The armored catfish in Mexico

considered a pest, and fishermen commonly discard these
fish directly into the water and at landing areas, generating
contamination. In South America (i.c., Brazil, Colombia
and Venezuela); however, this species is viewed as a high-
quality item for human consumption (Martinez-Palacios et
al., 2010a, b). To understand more about the population
structure of this alien species and develop efficient
strategies for its utilization, it is necessary to continue
research on the population parameters. Studies performed
in parallel to the current investigation and conducted by
members of the same research group have concluded that
P. disjunctivus has potential uses as a human food fish
in the form of fresh fillets, processed meat “surimi” and
caviar. All of these products performed well in palatability
tests and showed good nutritional quality. Furthermore,
the byproducts from the fish can be processed as silage for
animal diets (Martinez-Palacios et al., 2010a, b).
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