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ABSTRACT: The widespread Mexican apple snail Pomacea flagellata (Say 1827) and the strictly endemic
"tegogolo" P, patula catemacensis (Baker 1922) (restricted to Lake Catemaco), are the only known American
Ampullariidae that have haploid complements n=13. Pomacea patula catemacensis has suffered a critical
reduction in abundance due to immoderate fishing for human consumption. Chromosome slides were ob-
tained from colchicine-injected Pomacea snails collected from nine locations along the coastal zone of the
Gulf of Mexico, including Lake Catemaco, for use in principal component analysis (PCA). Total proteins in
foot homogenates were analyzed through isoelectric focusing (IEF) and native-PAGE electrophoresis on poly-
acrylamide gels. The chromosome number 2n=26 was confirmed for snails from all locations, with a uniform
9 m + 4 sm formula. However, P patula catemacensis showed significantly larger chromosomes (absolute
size) than any population of P, flagellata. Pomacea patula catemacensis also differed from all populations of
P flagellata in a PCA with standardized data, i.e., independently of the absolute size difference between
species. Proteins with an acid isoelectric point were dominant in the foot of both species. The electrophoresis
analysis showed that P flagellata has 17 protein bands, with an upper bound at IEF=7.6, while P patula
catemacensis has only 15 bands, with an upper bound at IEF=7 and a more evenly spaced band pattern.
Molecular weights ranged from 40 to approximately 130 kDa in both species. Proteins with high values (>94
kDa) were the most abundant. Pomacea patula catemacensis showed a band of 93 kDa, which was absent
from all specimens of P flagellata. Samples of P. flagellata did not cluster according to any geographical
pattern in the statistical analyses, nor did they show any taxonomically useful differences in their electro-
phoretic patterns that merit sub-specific discrimination.

Introduction

Most species of apple snails (Ampullariidae) have
haploid complements of n=14 chromosomes
(Choudhury and Pandit, 1997). Among the species liv-
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ing in the Americas, only the two species of Pomacea
Perry 1810 thriving in Mexico, Pomacea flagellata (Say
1827) and P patula catemacensis (Baker 1922), are
known to be exceptions, with haploid complements of
n=13 chromosomes (Diupotex, 1994; Diupotex-Chong
et al., 2004).

Pomacea flagellata is a widespread species that is
distributed from Mexico and Central America to north-
ern Colombia (Pain, 1964), while P. patula
catemacensis, also a member of the "Pomacea flagellata
group", is confined to its type locality, Lake Catemaco,
in southeastern state of Veracruz, Mexico (Naranjo-
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Garcia, 2003; Naranjo-Garcia and Garcia-Cuba, 1986).
The shared unusual number of chromosomes and the
restricted geographical location of P patula
catemacensis within the natural realm of P flagellata
induced us to look further into the consistency of the
differences between these two taxa.

The quantitative differences in chromosome mor-
phology of various Pomacea populations along the
coastal zone of the Gulf of Mexico were examined, and
the possible specific discrimination among species, were
analysed using electrophoretic techniques. Results con-
firmed that the two taxa, P flagellata and P patula
catemacensis, which previously had been discriminated
only by shell and anatomical features, are also clearly
distinguished by karyological and electrophoretic char-
acteristics.

Materials and Methods

Specimens were collected from nine locations along
the coastal zone of the Gulf of Mexico: 1) state of
Veracruz: Catemaco, Tlacotalpan, Alvarado, and three
sampling points along the Misantla River (M1: near the
river mouth, M2: mid course, and M3: near the head-
waters), 2) state of Tabasco: near El Espino and San
Miguel, and 3) state of Campeche: lake El Vapor adja-
cent to Laguna de Términos. The coastal zone of the
Gulf of Mexico is characterized by low land and shal-
low clean water bodies of 2-5 ppm salinity, a mean wa-
ter temperature of 26°C, and a mean pH of 7.5 (Pérez-
Rojas and Torres-Orozco Bermeo, 1992). The climate
is humid and warm, and the prevailing vegetation is
evergreen rainforest.

The specimens were kept alive in the laboratory in
filtered and aerated water at room temperature, and were
fed Vallisneria sp. Some specimens were sacrificed, dis-
sected, and immediately frozen at -30°C for a further
study of protein patterns.

Five specimens from each sampling site were in-
jected, 45 min before sacrifice, with 1 ml of colchicine
0.04% per 50 g of animal weight, for the chromosome
study. Samples of fresh gonadic tissue were cut into 3
mm thick pieces, mashed and stained with 2% acid or-
cein, in agreement with Griffin ez al. (1997), in order to
determine the haploid complement. Gill tissue was also
excised, cut into 3 mm thick slices, and put in Petri dishes
in a hypotonic solution (0.075M KCl) for 2 h. The sedi-
ment was fixed in a 3:1 mixture of methanol and acetic
acid after maceration and centrifugation at 1500 rpm
for 10 min. The sequence of centrifugation and fixation
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was repeated for three periods of 5 min and the samples
were stored for 24 h at 4°C in the same fluid. The samples
were treated according to the method of Kligerman and
Bloom (1977), modified by Coullin and Pellestor (1997).
Cell desquamation was performed in 60% glacial ace-
tic acid. The sediment was resuspended and three drops
of the liquid for each specimen were transferred to each
of five slides at 50°C. The slides were air-dried during
24 h before staining with Giemsa solution (Sigma) in a
pH 6.4 phosphate buffer. The slides were washed in dis-
tilled water, clarified with xylene, and mounted with
Canada balsam.

Metaphase plates were selected and photographed
with a Zeiss phase contrast microscope. The plates were
represented in ideograms according to the criteria es-
tablished by Al-Aish (1969) and Levan et al. (1964).
The chromosome sets used were those of adequate qual-
ity for statistical evaluation, with whole uniformly
stained mitotic fields, non-superposed or shrunken chro-
mosomes, and all chromosomes suitable for accurate
measurement. Thus, the number of sets differs among
populations in the analysis. Statistical comparisons were
possible as all materials were processed under the same
methodological protocol, by the same person (the se-
nior author) and in a short time period, minimizing the
effects of a differential contraction of the chromosomes,
staining differences, and variations due to conservation.
Homology of the chromosomes according to their or-
der from the longest to the shortest in each ideogram
was assumed.

The descriptive parameter calculations have been
described by Diupotex-Chong et al. (2004). The abso-
lute length of the chromosomes was compared by one-
way ANOVAs and Tukey's HSD multicomparison test.
Karyotype asymmetry was assessed through the indi-
ces defined by Romero-Zarco (1986): A1l estimates the
intrachromosomal asymmetry as

b
=1 B;

n
where n is the number of homologous chromosome
pairs, bi is the average length for short arms, and Bi is
the average length for long arms in every chromosome
pair (i). A2 depicts the interchromosomal asymmetry
as the ratio of the standard deviation to the mean length
of the chromosomes.

A principal component analysis (PCA) was applied
to a matrix of mean relative lengths of the short (bi) and
long (Bi) arms. In this analysis, 13 representative
metaphases of P patula catemacensis from Lake
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Catemaco and 52 representative metaphases of P
flagellata from Tlacotalpan (5), Alvarado (5), Misantla-
1 (4), Misantla-2 (5), Misantla-3 (4), San Miguel (6),
El Espino (13) and El Vapor (10) were included.

Foot flesh samples of specimens from each sam-
pling location were macerated in an Ultraturax homog-
enizer with a Tris-HCI damper (0.05 M, pH 8) for a
minimum of 7 min in short intervals of less than 1 min
each at low temperature (4°C) in order to avoid denatu-
ralization of proteins. The extracts were centrifuged at
30,000 g and 4°C for 30 min in a Bechman J2-21 cen-
trifuge. The supernatant was dialyzed with a Tris-HCI
damper (0.05 M, pH 8) for 9 h in a continuous dialysis
system (Arreguin and Taboada, 1968). The protein con-
tents of the extracts were quantified and concentrated
to a single dilution in order to be able to make compari-
sons. Quantification was completed by the method de-
scribed by Smith et al. (1985) which uses bicinchoninic
acid (BCA; Protein Assay Reagent) and a spectropho-
tometer at 562 nm.

Electrophoretic studies were performed on samples
from the six locations in the state of Veracruz: Catemaco,
Tlacotalpan, Alvarado, and three locations along the
Misantla River (M1, M2, and M3).

Isoelectric focusing (IEF) was carried out with a
Pharmacia's Phast System equipment on 35 x 43 x 50
mm microplates, for a gradient of pH 3-9 calibrated with
a Pharmacia electrophoresis calibration kit, running 1
ug of protein in each lane. The band position was read
with a laser LKB 2202 Ultro Scan densitometer.

Native-PAGE electrophoresis on homogeneous
20% polyacrylamide gels was used to analyze the com-
position of native proteins and estimate their molecu-
lar weight on 45 x 43 x 50 mm microplates at 500
volts, 10 mA rising voltage and 15°C. Reference

FIGURE 1. A representative metaphase
plate of Pomacea flagellata (Say, 1823).
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FIGURE 2. A representative metaphase plate
of Pomacea patula catemacensis (Baker, 1930).

samples of known molecular weight from 14.4 to 94
kDa (Pharmacia electrophoresis calibration kit) were
used, and 1 pg of protein was run in each lane. Fixing,
staining and lightening techniques were performed ac-
cording to Neuhoff ef al. (1985). The position of the
bands was read with a laser LKB 2202 Ultro Scan den-
sitometer.

Five collections of shells were deposited as voucher
specimens in the Museo de La Plata, Argentina, under
the following collection numbers: Pomacea patula
catemacensis (Baker 1922), Lake Catemaco, Veracruz,
MLP 11670; Pomacea flagellata (Say 1823), San
Miguel, Tabasco, MLP 11929; Tlacotalpan, Veracruz,
MLP 11925; Alvarado, Veracruz, MLP 11926; and El
Vapor, Campeche, MLP 11924,

Results

Chromosome numbers 2n=26 were confirmed for
the apple snails of all locations, and haploid comple-
ment n=13 was confirmed for gonadic tissues. Both
Pomacea patula catemacensis and P, flagellata showed
a fundamental number of FN=52. Neither negative
heteropicnosis nor chromosomal heteromorphism were
observed, and there was no visual evidence of sexual
chromosomes.

The chromosomes of P patula catemacensis (Fig.
1; absolute mean length = 4.94 um * 0.84 SD) were
significantly longer than those of P, flagellata (Fig. 2;
absolute mean length = 4.03 um + 0.58 SD): F=7.19,
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d.f.=8, p<0.0001 (data were transformed to In(x) to
improve homocedasticity before comparison). The mean
chromosome length was not significantly different
among populations of P, flagellata (Table 1).

The chromosome formula was 9 m + 4 sm for all
the studied populations (Table 2). Figure 3 shows the
respective ideograms.
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Karyotype asymmetry of the two species corre-
sponded to category A2 (Stebbins, 1971) for two rea-
sons: a) the ratio of the largest to the smallest chromo-
some in the karyotype was <2 (1.76 for P patula
catemacensis and from 1.19 (Misantla-1) to 1.53
(Tlacotalpan) for P, flagellata), and b) less than 50% of
the chromosomes showed a mean arm proportion >2:1.

TABLE 1.

Chromosomal absolute lengths (Lim) for nine Mexican

populations of Pomacea (two species) from the coastal

zone of the Gulf of Mexico. All localities refer to Pomacea flagellata (Say 1823) except Lake Catemaco which
is Pomacea patula catemacensis (Baker 1922). Results of a Tukey’s HSD multicomparison test are included

(critical values: Tukey | =5.27; Tukey ,  =6.67).

Mean Standard Tukey’s test values

length deviation EV A EE M-1 M-2 SM M-3 T
Lake Catemaco (LC) 4.938 0.839 9.221**  8.571**  8.039** 7.980** 7.389%* 7.330%* 6.739*%* 6.561*
Tlacotalpan (T) 4.054 0.521 2.660 2.010 1.478 1.419 0.828 0.768 0.177 0.000
Misantla 3 (M-3) 4.046 0.572 2.483 1.832 1.300 1.241 0.650 0.591 0.000
San Miguel (SM) 3.962 0.474 1.892 1.241 0.709 0.650 0.059 0.000
Misantla 2 (M-2) 3.946 0.371 1.832 1.182 0.650 0.591 0.000
Misantla 1 (M-1) 3.877 0.224 1.241 0.591 0.059 0.000
El Espino (EE) 3.800 0.277 1.182 0.532 0.000
Alvarado (A) 3.800 0.498 0.650 0.000
El Vapor (EV) 3.700 0.381 0.000

TABLE 2.

Chromosomal measurements for nine Mexican populations of Pomacea (two species) from the coastal zone
of the Gulf of Mexico. All localities refer to Pomacea flagellata (Say 1823) except Lake Catemaco which is

Pomacea patula catemacensis (Baker 1922). Data on

each cell is mean absolute length in lm, mean arm

ratio in brackets, and chromosome classification following Levan ef al. (1964): m, metacentric and sm,

submetacentric chromosomes.

Chromosome Catemaco El Espino San Miguel Misantla 1 Misantla 2 Misantla 3 Tlacotalpan El Vapor Alvarado
pair
1 6.7(1.23)m 4.5(1.05m 51(1.04Hm 43(126)m 45(1.05 m 54(1.000m 52(1.08)m 4.5(1.05 m 4.8(1.09) m
2 6.0(1.40)m 4.1(1.05m 48(1.09m 4.1(14)m 45(1.05 m 50(.000m 5.0(1.000m 43(1.15m 4.6(1.09) m
3 56(1.33)m 40(1.35)m 4.0(1.11)m 39(1.60)m 4.5(1.50)m 45(1.05 m 42(1.21)m 39(1.05) m 45(l.14)m
4 54(145m 3.9(1.29m 3.9(1.299m 3.9(1.29m 42(1.33)m 4.1(1.16)m 4.1(1.56)m 3.8(1.38)m 3.9 (1.60) m
5 51(1.32)m 38(1.38)m 3.8(1.24)m 3.7(1.18 m 4.0(1.67)m 39(1.29)m 4.1(1.28)m 3.7(1.06)m 3.9(1.44)m
6 48(1.40)m 3.7(1.06)m 3.8(1.06)m 3.7(1.06)m 39(1.29)m 39(1.05 m 4.0(1.67)m 3.5(1.33)m 3.9(1.29)m
7 45(125m 3.6(140)m 37(13)m 3.7(1.06)m 3.8(1.38)m 3.7(1.47)m 4.0(1.35)m 3.5(1.199m 3.9 (1.05)m
8 41(1.16)m 3.5(1.50)m 3.5(1.06)m 3.6(1.12)m 3.8(1.0)m 3.7(131)m 39(1.60)m 3.4(1.43)m 3.7(1.31)m
9 38(1.1H)m 3.5(1.06)m  3.5(1.06)m 3.6(1.12)m 3.7(1.06)m 3.6(1.57)m 3.8(1.7)m 3.3(1.549)m 3.6(1.40) m
10 5.2(1.89) sm 3.8(1.92)sm 4.0 (1.86) sm 4.2(1.80) sm 3.8 (2.45)sm 3.8(1.92)sm 3.8 (1.92)sm 3.9 (1.79) sm 3.9 (2.25) sm
11 4.5(2.00) sm 3.7 (1.85)sm 3.9(1.79) sm 4.0 (1.86) sm 3.6 (2.00) sm 3.7 (1.85)sm 3.7 (1.85)sm 3.7 (1.85) sm 3.7 (1.85) sm
12 4.5(1.81)sm 3.7 (1.85)sm 3.9(1.79)sm 3.9(2.25)sm 3.6(2.00)sm 3.7 (1.85)sm 3.5(2.18)sm 3.3 (2.30)sm 3.7 (1.85) sm
13 4.0 (1.67)sm 3.6 (2.27)sm 3.6 (2.27)sm 3.8(1.71)sm 3.4 (2.40)sm 3.6(2.27)sm 3.4(2.09)sm 3.3 (1.75)sm 3.6(2.27) sm
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FIGURE 3. Ideograms of the haploid complement of nine Pomacea
populations (two species) from the coastal zone of the Gulf of Mexico.
Ordinate values are absolute lengths of the chromosomes (in um).
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Only 1 of the 13 chromosomes (7.69%) in most popu-
lations, except in Tlacotalpan and Alvarado (two chro-
mosomes with mean arm proportion >2:1, i.e. 15.38%),
and Misantla-2 (four of these chromosomes, i.e.
30.77%).

Figure 4 shows a scatter plot of the intra- (A1) and
inter-chromosomic (A2) asymmetry indices for the nine
studied populations. A1 was 0.29 and A2 was 0.17 for
P, patula catemacensis, the latter value being the high-
est among the studied populations. Al ranged from 0.23
to 0.33 and A2 ranged from 0.06 to 0.14 for P. flagellata.
There was no significant correlation between Al and
A2 (r=0.207, p>0.1) or any clear pattern derived from
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the geographical origin of the specimens. It should be
noted that the variability recorded for the three samples
of P, flagellata from the Misantla River (M1, M2 and
M3:Fig. 4, circle) enfolds the variation of most popu-
lations of this species, except for those from San Miguel
(SM) and Tlacotalpan (T) that scored the lowest and
highest values of A1, respectively.

Before we performed a principal component analy-
sis, we standardized the lengths of the chromosome arms
as relative lengths of the total extent of the chromo-
some complement to avoid the effect of the absolute
size difference between species. Even so, P patula
catemacensis differed from all populations of P

0,20 -
. Ppc
0,15 A M3‘$ "

SM I . FIGURE 4. Scatter plot of the karyotype asymme-
~ * { EV /% T try indices (Romero-Zarco, 1986) for nine Pomacea
< 0,10 A g $ populations (two species) from the coastal zone of

“EE MZ the Gulf of Mexico. A1: intrachromosomal asym-
‘. metry index; A2: interchromosomal asymmetry in-
0,05 - " dex. Ppc identifies Pomacea patula catemacensis
M1 (Baker 1922) from Lake Catemaco. The remain-
ing references are for Pomacea flagellata (Say
0,00 : : ! 1827) from: Alvarado (A), El Espino (EE), El Vapor
(EV), three localities along the Misantla River (M1:
0.20 0.25 0,30 0,35 river mouth, M2: mid course, M3: headwaters), San
A1 Miguel (SM) and Tlacotalpan (T).
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FIGURES 5-6. Plots of the Principal Component Analysis on the standardized lengths of the chromosome arms for nine
Pomacea populations from the coastal zone of the Gulf of Mexico. Black square: Pomacea patula catemacensis (Baker
1922), grey squares: Pomacea flagellata (Say 1827). Other references as in figure 2.
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flagellata. Most populations of P, flagellata scored low
on axis 2; only the snails from the middle course of the
Misantla River (M2) are located near P. patula
catemacensis at high values on axis 2. This is positively
correlated with the length of the long arms in chromo-
somes 3 and 4 (B,, B,) and the length of the short arm
in chromosome 7 (b,), and negatively correlated with
B,, B, and B, (Fig. 5); on axis 3, P patula catemacensis
and P, flagellata from Misantla-2 were the populations
that received the highest and the lowest scores respec-
tively (Fig. 5). Axis 3 is positively correlated to B, and
B, and negatively correlated with B ,. The three samples
from the Misantla River were located far from each other
on these charts, which represents a remarkably high
variability for co-specific populations from a single
basin, and exceeds the observed variation among popu-
lations from different localities.

Out of the five tested protein concentrations (1, 1.5,
2, 3 and 5 mg/ml) with the isoelectric focusing tests,
the best-defined bands were obtained with the 3 mg/ml
concentration. Proteins with acid isoelectric points were
dominant in the two electrophoretic patterns, and the
most intense bands were located around the 5.8, 5, 4
and 3.5 isoelectric points. One of the bands below the
lowest IEF marker (3.5) was also quite intense (Fig. 7).
The main differences between the two specific patterns
were that P, flagellata showed 17 bands and the highest
upper bound at isoelectric point pI 7.6, which was rela-
tively far from the next five bands and concentrated
between isoelectric points 6.6 and 6.15. The IEF on P
patula catemacensis showed only 15 bands, with the
upper bound at isoelectric point pl 7 and a more evenly
spaced band pattern.

The molecular weights of the proteins on the poly-
acrylamide gels are shown in figure 8. Most of the iden-
tified proteins had a molecular weight of 40 to >94 kDa
(probably up to 130 kDa), and the most abundant pro-
teins were those with the highest values. Pomacea
flagellata showed 12 bands, while P patula catemacensis
showed 13 bands. Both patterns were very similar, ex-
cept for a band of 93 kDa in the P, patula catemacensis
specimens from Lake Catemaco, which was absent in
all samples of P. flagellata.

Discussion

Apple snails have variable morphologies (Pain,
1964; Rangel-Ruiz, 1988; Estebenet et al., 20006), ge-
netics and molecular characteristics (Keawjam and
Upatham, 1990; Thaewnon-Ngiw et al., 2003).

The most common ampullariid snail in Mexico is
Pomacea flagellata, which has countless local forms that
have received many specific names. Pain (1964: 224)
said that this species is “variable to an extent which fills
the investigator with dismay”.

Pomacea flagellata has a distribution range that
spans from the state of Veracruz and throughout the
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for some Pomacea populations from the coastal zone of the
Gulf of Mexico. All localities refer to Pomacea flagellata (Say
1823) except Lake Catemaco which is Pomacea patula
catemacensis (Baker 1922). The order of lanes is as follows:
(1) protein standards, (2) Misantla-3, (3) Misantla-1, (4)
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FIGURE 8. A representative microplate with results of native
PAGE electrophoresis on homogeneous 20% polyacrylamide
gels for some Pomacea populations from the coastal zone of
the Gulf of Mexico. All localities refer to Pomacea flagellata
(Say 1823) except Lake Catemaco which is Pomacea patula
catemacensis (Baker 1922). The order of lanes is as follows:
(1) molecular weight standards, (2) Misantla-3, (3) Misantla-
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Mexican Gulf slope and Yucatan Peninsula, south to
Panama and northern Colombia (Naranjo-Garcia,
2003). In contrast, P patula catemacensis is restricted
to a single lake. Given that apple snail species com-
monly have wide distribution ranges, the strict ende-
mism of P patula catemacensis in Lake Catemaco is a
remarkable exception.

Lake Catemaco is a relatively isolated 7250 hect-
are water body that lies in a volcanic crater at an alti-
tude of 333 m, in the volcanic Los Tuxlas area, within
the Papaloapan River basin. It is the most productive
natural lake in Mexico, with approximately 1800 tons
of fishing products harvested per year (Pérez-Rojas and
Torres-Orozco Bermeo, 1992). Pomacea patula
catemacensis is an important source of food for human
consumption (26.6% of the local fishery production).
However, overexploitation has resulted in a dramatic
reduction in the abundance of this apple snail, from over
5000 tons between 1980 and 1989 to only 24 tons in
2001 (Carreon-Palau et al., 2003). At present, and ac-
cording to the criteria of [IUCN (2001), the endemic P
patula catemacensis may be considered “endangered”
or “critically endangered”, and measures to control fish-
ing activities in the lake are the subject of legislative
concern (Ochoa-Muiioz, 2006).

Pomacea patula catemacensis was originally de-
scribed as Ampullaria patula catemacensis by Baker
(1922), based only on shell characteristics. Its identity
as a well defined taxon was reaffirmed recently by
Carreén-Palau et al. (2003) on the basis of genital
anatomy. The results presented in this study provide
additional evidence that support these previous find-
ings. Indeed, despite their morphological heterogene-
ity, all populations of P. flagellata have similar karyo-
types and common patterns of protein bands (IEF and
molecular weights) that differ from those of Pomacea
patula catemacensis. The chromosomes of P patula
catemacensis were found to be significantly longer, and
a multivariate analysis with standardized data clearly
separated the two species in this study.

Landa and Nader (1991) reported for Pomacea
flagellata a chromosome number of 2n=16, while
Diupotex (1994) found a modal number of 2n=26 for
the same species. This latter report is consistent with
our findings for eight populations collected along the
coastal zone of the Gulf of Mexico. Data published by
Landa and Nader (1991) have not been confirmed.

After placing more than 30 species names within
the synonymy of Pomacea flagellata, Pain (1964) rec-
ognized only four morphs as probable subspecies.
However, these morphs do not seem to represent ac-
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tual examples of independent geographic variation, and
Rangel-Ruiz (1988) stated the inconvenience of retain-
ing such trinomials. Our samples of P flagellata did
not cluster according to any geographical pattern in
the statistical analyses. The chromosomes were found
to vary among the three samples collected from the
Misantla River (M1, M2, M3), and the karyotype and
electrophoretic results did not lead to a subspecific
discrimination.

Diupotex-Chong et al. (2004) stated that P patula
catemacensis has a more asymmetric karyotype than P
flagellata. The results obtained here verify this previ-
ous finding for the inter-chromosomal asymmetry in-
dex (A2), but not for the intra-chromosomal asymme-
try index (A1), given that the P, flagellata samples from
Alvarado and Misantla-2 are almost asymmetric and the
snails from Tlacotalpan are much more asymmetric than
P, patula catemacensis.

The presence of sexual chromosomes in the Gas-
tropoda is rare. Only about 7% of the 230 species stud-
ied of Caenogastropoda were reported to have a chro-
mosomal system of sex determination (Patterson, 1969;
Thiriot-Quiévreux, 2003). Most previous authors found
no evidence of sexual heterosomes in species of
Ampullariidae (Choudhury and Pandit, 1997; Diupotex,
1994; Diupotex-Chong et al., 2004; Kawano et al., 1990;
Mercado-Laczkd and Lopretto, 1998; Yaseen et al.,
1991). Only von Brand et al. (1990) described the ex-
istence of male XY heterogamety in Pomacea
canaliculata from Japan. Our extensive sampling along
the Mexican coast does not support the hypothesis that
sex is chromosomally determined in P, flagellata and P
patula catemacensis. Yusa and Suzuki (2003) suggested
that a polyfactorial genetic determination of sex for P
canaliculata was the most likely mechanism to explain
their findings. Also, more recent studies suggest the
involvement of either a small number of sex-determin-
ing genes or a more complicated system such as sex-
ratio or sex-determining polygenes that act non-addi-
tively (Yusa, 2005).

Acknowledgments

The authors thank Mario Alejandro Gémez-Ponce
for his help in the field and for keeping the Pomacea
specimens alive in the laboratory. Snail species identi-
fication was confirmed by the Laboratorio de
Malacologia, Instituto de Ciencias del Mar y
Limnologia, Universidad Nacional Autéonoma de
Meéxico. NJC is a staff researcher of the Comision de



KARYOLOGY AND ELECTROPHORESIS OF MEXICAN POMACEA 373

Investigaciones Cientificas de la Provincia de Buenos
Aires, Argentina.

References

Al-Aish M (1969). Human chromosome morphology studies on
normal chromosome characterization, classification and
karyotyping. Can J Genet Cytol. 11: 370-381.

Arreguin B, Taboada J (1968). Un aparato de dialisis continuo.
Boletin del Instituto de Quimica, Universidad Nacional
Auténoma de México 20: 95-97.

Baker HB (1922). The Mollusca collected by the University of
Michigan Walker expedition in southern Veracruz, Mexico.
Occasional Papers of the Museum of Zoology, University of
Michigan 106: 1- 62.

Carreén-Palau L, Uria-Galicia E, Espinosa-Chavez F, Martinez-
Jerénimo F (2003). Desarrollo morfologico e histologico del
sistema reproductor de Pomacea patula catemacensis (Baker
1922) (Mollusca, Caenogastropoda: Ampullariidae). Rev
Chilena de Historia Natural 76: 665-680.

Choudhury RE, Pandit RK (1997). Chromosomes of three prosobranch
gastropods from Viviparidae, Pilidae and Cyclophoridae (Order:
Mesogastropoda). Caryologia 50: 303-315.

Coullin P, Pellestor F (1997). Rapid characterization of human chro-
mosomes in hybrid cell lines by primed in situ (PRINS) la-
belling. Somat Cell Mol Genet. 23: 159-163.

Diupotex ME (1994). Karyological analysis and “G” bands of
Pomacea flagellata from southeast of Mexico. Western Soci-
ety of Malacologists, Annual Report 26: 5-7.

Diupotex-Chong ME, Cazzaniga NJ, Herndndez-Santoyo A,
Betancourt-Rule JM (2004). Karyotype description of
Pomacea patula catemacensis (Caenogastropoda,
Ampullariidae), with an assessment of the taxonomic status
of Pomacea patula. Biocell 28: 279-285.

Estebenet AL, Martin PR, Burela S (2006). Conchological varia-
tion in Pomacea canaliculata and other South American
Ampullariidae (Caenogastropoda, Architaenioglossa). Biocell
30: 329-335.

Griffin DK, Millie EA, Reline RW, Hassold TJ, Zaragoza MV
(1997). Cytogenetic analysis of spontaneous abortions: com-
parison of techniques and assessment of the incidence of con-
fined placental mosaicism. Am J Med Genet. 72: 297-301.

IUCN (The World Conservation Union) (2001). The IUCN Red
List Categories. 2001 Categories & Criteria (version 3.1). http:/
/www.redlist.org/info/
categories_criteria2001.html#categories.

Kawano T, Gomes-Simoes LC, Correa FMA (1990). Chromosomes
of Pomacea sp. (Perry, 1811) (Mesogastropoda, Mollusca).
Rev Bras Genet. 13: 675- 685.

Keawjam RS, Upatham ES (1990). Shell morphology, reproductive
anatomy and genetic patterns of three species of apple snails of
the genus Pomacea in Thailand. ] Med Appl Malacol. 2: 45-57.

Kligerman AD, Bloom SE (1977). Rapid chromosome preparations
from solid tissues of fishes. Journal of the Fisheries Research
Board of Canada 34: 266-269.

Landa GP, NADER GB (1991). Numero cromosoémico de Pomacea
flagellata Say, 1827 (Gastropoda: Pilidae). XI Congreso
Nacional de Zoologia, Mexico, October 28-31, 1991.
Programa y Resuimenes, p. 19.

Levan AK, Fredga A, Sandberg A (1964). Nomenclature for cen-
tromeric position on chromosomes. Hereditas 52: 201-220.

Mercado-Laczkd AC, Lopretto EC (1998). Estudio cromosémico

y cariotipico de Pomacea canaliculata (Lamarck, 1801) (Gas-
tropoda: Ampullariidae). Revista del Museo Argentino de
Ciencias Naturales “Bernardino Rivadavia”, Hidrobiologia 8:
15-20.

Naranjo-Garcia E (2003). Moluscos continentales de México:
Dulceacuicolas. Rev Biol Trop. 51 (Suppl. 3): 495-505.
Naranjo-Garcia E, Garcia-Cuba A (1986). Algunas consideraciones
sobre el género Pomacea (Gastropoda: Pilidae) en México y
Centroamérica. Anales del Instituto de Biologia, Universidad
Nacional Auténoma de México, Serie Zoologia 56: 603-606.

Neuhoff V, Stamm R, Eibl H (1985). Clear background and highly
sensitive protein staining with Coomassie blue dyes in poly-
acrylamide gels: A systematic analysis. Electrophoresis 6: 427-
448.

Ochoa Muiioz LI (2006). Proyecto de Norma Oficial Mexicana
PROY-NOM-041-PESC-2004, Pesca responsable en el lago
de Catemaco, ubicado en el estado de Veracruz.
Especificaciones para el aprovechamiento de los recursos
pesqueros. Republica de México, Secretaria de Agricultura,
Ganaderia, Desarrollo Rural, Pesca y Alimentacion. Diario
Oficial, Primera Seccidn, Jueves 2 de marzo de 2006.

Pain T (1964). The Pomacea flagellata complex in Central America.
J Conchol. 25: 224-231.

Patterson CM (1969). Chromosomes of mollusks. Proceedings of
the Symposium on Molluscs, II, Marine Biology Association
of India 1968: 635-686.

Pérez-Rojas A, Torres-Orozco Bermeo R (1992). Geomorfologia y
batimetria del Lago Catemaco, Veracruz, México. Anales del
Instituto de Ciencias del Mar y Limnologia, Universidad
Nacional Auténoma de México, 19: 19-24.

Rangel-Ruiz RJ (1988). Estudio morfoldgico de Pomacea flagellata
(Say, 1827). (Gastropoda: Ampullariidae) y algunas
consideraciones sobre su taxonomia y distribucion geografica
en México. Anales del Instituto de Biologia, Universidad
Nacional Auténoma de México, Serie Zoologia 58: 21-34.

Romero-Zarco C (1986). A new method for estimating karyotype
asymmetry. Taxon 35: 526- 530.

Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner FH,
Provenzano MD, Fujimoto EK, Goeke NM, Olson BJ, Klenk
DC (1985). Measurement of protein using bicinchoninic acid.
An Biochem. 150: 76- 85.

Stebbins GL (1971). Chromosomal evolution in higher plants. Ed-
ward Arnold Ltd., London.

Thaewnon-Ngiw B, Klinbunga S, Phanwichien K, Sangduen N,
Lauhachinda N, Menasveta P (2003). Genetic diversity of in-
troduced (Pomacea canaliculata) and native (Pila) apple snails
in Thailand revealed by randomly amplified polymorphic
DNA (RAPD) analysis. ASEAN Journal of Science and Tech-
nology for Development 20: 289-306.

Thiriot-Quiévreux C (2003). Advances in chromosomal studies of gas-
tropod molluscs. Journal of Molluscan Studies 69: 187-201.

von Brand E, Yokosawa T, Fujio Y (1990). Chromosome analysis
of apple snail Pomacea canaliculata. Tohoku Journal of Ag-
ricultural Research 40: 81- 89.

Yaseen AE, Ebaid ABM, Kawashti IS (1991). Studies on the chro-
mosomal analysis and shell measurements of two species,
Bellamya unicolor and Lanistes bolteni (Prosobranchiata:
Gastropoda). Cytologia 56: 503-509.

YusaY (2005) Genetics of sex-ratio variation inferred from parent-
offspring regressions and sib correlations in the apple snail
Pomacea canaliculata. Heredity 96: 100-105.

Yusa'Y, Suzuki Y (2003). A snail with unbiased population sex ra-
tios but highly biased brood sex ratios. Proceedings of the
Royal Society of London, series B 270: 283-287.






