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ABSTRACT. Genetic variation and population structure of the sea star Coscinasterias tenuispina were
investigated using allozyme electrophoresis (seven polymorphic loci out of nine sampled) at seven sites on the
coast of Rio de Janeiro State. Observed values of heterozygosity’s were high (Hogs = 0.31 - 0.53), although
similar to those found for others marine invertebrates. Departures from Hardy-Weinberg expectations were
found only for one locus in three populations. No evidence of linkage disequilibrium was found among any loci
for any population. The genetic identities vary from 0.882 to 0.988. The average 6 was low and insignificant
statistically (6 = 0.017). Furthermore, Bayesian analysis of population partitioning showed that the highest
LnP(D) value was achieved for K = 1. These results do not corroborate any effect by upwelling limiting gene
flow among the analyzed populations or the hypothesis that the strong sex ratio imbalance previously recorded
to Itaipu population has been maintained by asexual reproduction.
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INTRODUCTION

The asteriid genus Coscinasterias Verrill, 1867 is
composed by four species: C. tenuispina (Lamarck,
1816), C. calamaria (Gray, 1840), C. acutispina
Stimpson, 1862 and C. muricata Verrill, 1870. The
genus is monophyletic (Waters & Roy, 2003) and is
represented in the Atlantic Ocean by the species C.
calamaria and C. tenuispina and by C. acutispina and
C. muricata in the Indo-Pacific Ocean (Clark &
Downey, 1992). C. tenuispina is widely distributed,
ranging from North Carolina (USA) to Santos (Brazil),
including the Bermudas, the Mediterranean Sea,
Canary Island, the Azores, Cape Verde, Saint Helena
Islands, and Guinea. This sea star is a relatively
common species that lives from intertidal to 165 m of
depth, usually on hard bottoms (Clark & Downey,
1992).

Larval dispersal seems to be the main mechanism to
explain the anti-tropical biogeographic pattern of the
genus, absent in equatorial regions but present in both
hemispheres. Because of the absence of species in the
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eastern Pacific, geographic dispersal of the genus is
thought to have occurred through the Indian-Atlantic
Ocean connections instead of the Pacific-Atlantic
Ocean union, before the closure of the Panama Isthmus
(Waters & Roy, 2003). Colonization ability is poten-
tially enhanced because sexual reproduction occurs in
the genus (Mladenov & Emson, 1990; O Foighil &
Smith, 1995) which may explain the ongoing presence
of this species in Bermuda and other distant archipe-
lagos.

Like other species in the genus, C. tenuispina is able
to reproduce asexually by fission and sexually,
producing a planktonic larval stage (Emson & Wilkie,
1980; Mladenov & Burke, 1994; Alves et al., 2002).
Considering that the egg size of C. tenuispina is about
100 um (C.R.R. Ventura, unpubl. data), it probably has
a high-dispersal larva like that of the congener species
C. muricata that can live up to 30 days under laboratory
conditions (Baker, 1978).

Some intraspecific variation has been recorded from
C. tenuispina for both morphological traits (Tortonese,
1982; Clark & Downey, 1992) and molecular data
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(Waters & Roy, 2003). Such morphological variations
among Brazilian, Bermudan, and Mediterranean
populations have prompted suggestions that several
subspecies occur within C. tenuispina. Molecular
analyses corroborate such hypotheses especially
regarding specimens from Brazil and Mediterranean
Sea (Waters & Roy, 2003).

Along the Brazilian coast, C. tenuispina has a
discontinuous distribution and populations show
remarkable differences in abundance, size structure,
reproductive effort and sex ratio particularly along the
coast of Rio de Janeiro State (Alves et al., 2002;
Ventura et al., 2004). As most of the different sea stars
species, C. tenuispina is a top predator, thus regulating
marine invertebrates communities where occurs,
especially in littoral zones. Furthermore, C. tenuispina
is included in the list of Brazilian under threat species
due to entropic impacts in its environment. In this way,
the definition of population genetics baselines (Heyden
et al., 2014) is of surmounting importance. In this
study, molecular genetic analyses based on allozyme
electrophoresis were performed for seven populations
of C. tenuispina at a mesogeographic scale (5 to 320
km). Some sample sites were affected by upwelling
events (Knoppers et al., 2002; Carbonel, 2003) and one
population showed a significant sex ratio imbalance,
high frequency of fission and low recruitment as
previously reported (Alves et al., 2002).

The hydrological influence of upwelling and the
predominance of asexual reproduction are relevant
factors that can influence the genetic structure of
populations. Furthermore, considering that sexual
reproduction may favor dispersal (by producing
planktonic larvae) and that asexual reproduction
enhances survivorship of the offspring (by producing
clones), the trade-off between dispersal (which can
enhances gene flow) and clonal colonization (which
enhances survivorship) may model pattern of genetic
variation of populations at a mesogeographical scale.

Since existing data published on population genetics
of C. tenuispina on the Brazilian coast was limited to
three close populations (Ventura et al., 2004), this study
aims to investigate the population genetic structure and
gene flow among populations of this species, including
new populations, not previously investigated.

MATERIALS AND METHODS

Sample collections

Samples of Coscinasterias tenuispina were collected
from seven localities along the coast of Rio de Janeiro
State (Fig. 1): Paraty (23°13’S, 42°01°W), Itaipu
(22°59°S, 43°04°W), Prainha (22°57°S, 42°00°W),

Cabo Frio Island (23°00°S, 42°00°W), Forno (22°57°S,
42°01°W), Per6 (22°52°S, 44°42°W) and Ferradura
(22°45°S, 41°53°W). The minimum linear distance
between two localities was 5 km (Cabo Frio Island and
Prainha) and the maximum was approximately 320 km
(between Ferradura and Paraty sites). Populations of C.
tenuispina are usually associated with rocky shores,
however, abundance and vertical distributions of the
species differed among the sampled sites. Regarding
vertical distribution, Ferradura, Itaipu, Perd, and
Prainha presented individuals living in the intertidal
and subtidal zones (Alves et al., 2002; Ventura et al.,
2004); individuals from Cabo Frio Island, Forno, and
Paraty inhabited only the subtidal zone. Concerning the
abundance, the species was very abundant at Ferradura,
Itaipu, and Prainha (Alves et al., 2002; Ventura et al.,
2004), however, showed very low densities at Cabo
Frio Island, Perd, Forno and Paraty. Therefore, despite
the efforts, samples sizes were smaller for populations
from Cabo Frio Island, Forno, Paraty, and Per¢6 (Table
2). The sea stars were transported alive to the laboratory
and were kept at -20°C until dissection. Samples of
pyloric caeca were homogenized for electrophoresis.

Allozyme electrophoresis

Horizontal gel electrophoresis was performed by
standard methods using 12.5% starch gels (Harris &
Hopinkson, 1978). The gels were stained for 18 enzyme
systems, of which seven gave useful results interpreted
as the expression of nine gene loci: catalase (Cat,
E.C.1.11.1.6), alpha-esterase (a-Est, E.C. 3.1.1.1),
leucine aminopeptidase (Lap, E.C. 3.4.1.1), malate
dehydrogenase (Mdh, E.C. 1.1.1.37), phosphoglu-
conate dehydrogenase (Pgd, E.C. 1.1.4.4), superoxide
dismutase (Sod, E.C. 1.15.1.1) and xanthine oxidase
(Xod, E.C. 1.2.3.2). The buffer systems used were
discontinuous lithium hydroxide pH 8.0 (Selander et
al., 1971) for the enzyme loci a-Est, Lap, Mdh and Sod,
and Tris-Citrate pH 8.0 (Ward & Beardmore, 1977) to
Cat, Pgd, and Xod. Alleles were labeled alphabetically,
in the decreasing electrophoretic mobility order of their
corresponding allozymes.

Statistical analyses

Data analyses were carried out using the software
packages GENEPOP 3.3 (Raymond & Rousset, 2001),
FSTAT 2.9.3 (Goudet, 2001), TFPGA 1.3 (Miller,
1997) and Structure 2.3.3 (Pritchard et al., 2000).
Genetic variation was estimated at the population level
through the number of polymorphic loci, a number of
alleles per locus and the mean number of observed and
expected heterozygotes (Hoss and Hexp, respectively)
per locus (Nei, 1987). Genotypic frequencies observed
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Figure 1. Sample sites on Rio de Janeiro State coast. PAR: Paraty, ITA: Itaipu, PRA: Prainha, CFI: Cabo Frio Island, FOR:

Forno, PER: Per0, FER: Ferradura.

in each population at all loci analyzed were tested to
conform to Hardy-Weinberg equilibrium using an exact
test (Rousset & Raymond, 1995). The null hypothesis
tested was a random union of the gametes and the
alternative hypothesis was heterozygote deficit or
excess. The P-values obtained by the exact Markov
chain method (Guo & Thompson, 1992), were
corrected for multiple testing with Bonferroni
technique (Rice, 1989). Genotypic disequilibrium was
analyzed by performing exact tests using a Markov
chain method and correcting P-values obtained with
Bonferroni technique (Rice, 1989). The null hypothesis
tested was that genotypes at one locus are independent
of genotypes at the other locus within each population.
The F-statistical analysis was used to partition genetic
variation within-population (f) and between population
(6) components using Weir and Cockerham’s method
(Weir & Cockerham, 1984), which takes into account
the differences in size among samples. Standard errors
and an unbiased 6 were obtained by jackknifing over
loci and confidence intervals by bootstrapping over
loci. Significance tests of F-estimates were carried out
as described by Krebs (1989). The mean and the 2x26
value were used to calculate the number of migrants
being exchanged between populations per generation
(Nm) using the equation Nm = ((1/6)-1)/4. Unbiased
pairwise genetic distances were calculated according to
Nei (1978) and used to cluster populations by the

unweighted pair-group method with arithmetic
averaging (UPGMA). Confidences for each node were
assessed with 1000 bootstrap replicate.

The hypothesis of isolation by distance was tested
by the regression of pairwise estimates of 6/(1-6)
against geographic distance calculated using the
ISOLDE routine of GENEPOP 3.3 under one-
dimensional model (Rousset, 1997). The significance
of the positive or negative correlation between 6/(1-0)
and geographic distance was tested using a rank
correlation coefficient computed with two one-sided
Mantel’s test (Mantel, 1967) with 10000 random
permutations. The slope of the regression line was
tested for significant difference from zero, using the
Pearson’s correlation coefficient. An analysis of
molecular variance (Amova) was performed using
differential hierarchical levels of genetic structure
(within individuals, within populations, within groups
of populations and among groups). Structure 2.3.3
(Pritchard et al., 2000) was used for Bayesian analysis
of population partitioning. These analyses were
performed with 5x10%° Monte Carlo Markov Chain
(MCMC) steps, discarding the first 1x10° iterations as
burn-in. Each analysis was repeated 10 times for each
simulated value of K, which ranged from 1 to 7 groups.
LnP(D) and AK ad-hoc statistics (Evanno et al., 2005)
were used to choose the best estimate of the number of
partitions (K).
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RESULTS

From the total of nine enzyme loci assayed, seven were
polymorphic (Cat, a-Est-1, a-Est-2, Lap-2, Mdh, Pdg,
and Xod) and only two (Lap-1 and Sod) were
monomorphic (Table 1). Observed heterozygosities
were high, ranging from 0.310 to 0.535 (mean value
overall all loci and populations = 0.386 and variance =
0.051). The proportion of polymorphic loci was also
high (77.8%) while the number of alleles per locus
varied from 1.9-2.4 (mean value overall loci and
populations = 2.2 and variance = 0.028) (Table 2).
Departures from Hardy-Weinberg equilibrium were
tested for each locus in each population. After
Bonferroni corrections (o = 0.00102), only one enzyme
showed significant deviations from the expected
genotypic distribution for three populations (Pgd in
Ferradura, Itaipu, and Prainha), due to heterozygote
deficits for all of them (Table 3). There was no
significant linkage disequilibrium among any loci in
any population. The overall ©-value was 0.017 and F-
value 0.081 (Table 4). This value was not significant
but indicates that most of the variability exists within
samples and is indicative of a generalized deficit of
heterozygotes as can be seen in Table 2. Gene flow
estimated by overall 6 reveals a migration rate of 14.45
individuals per generation and the 2x26 showed values
that ranged from 3 to 28 migrants, but among the far
apart populations (Paraty, the western population, and
Ferradura, the eastern one) which showed a number of
migrations lower than one (0.82 migrants). Genetic
identities ranged from 0.882 (between Itaipu and
Paraty) to 0.988 (between Ferradura and Prainha).

UPGMA cluster analysis (Fig. 2, Table 5) shows
Itaipu as the outside population. However, the bootstrap
analysis showed that the Ferradura-Prainha node is the
only one well supported (76%). There was no
significant correlation between estimates of 6/(1-6) and
geographic distance (R?= 0.0037). Therefore, genetic
distances were not explained by a model of isolation by
distance. Results obtained from the analysis of
molecular variance (Amova) showed that most of the
variance was among individuals within populations
rather than among any of the groups defined (Table 6).
For Structure analysis, the highest LnP(D) value was
achieved for K =1 (mean LnP(D) over 10 independent
runs equals to -1756,85).

DISCUSSION

The high levels of heterozygosity found in this study
were in accordance with those found for echinoderms
and other marine invertebrates using allozyme
electrophoresis technique, for example: the sea anemone

Table 1. Allele frequencies at nine gene loci in
Coscinasterias tenuispina from sites on the Rio de Janeiro
coast, Brazil. Abbreviations for sampling sites as in Figure
1. n: sample size.

Sample site

Locus

PAR ITA PRA CFI FOR PER FER
Cat
A 0.429 0.414 0.442 0.269 0.333 0.455 0.553
B 0.571 0.386 0.519 0.673 0.611 0.227 0.342
C 0.000 0.200 0.039 0.058 0.056 0.318 0.105
n 7 35 26 26 9 11 38
a-Est-1
A 0.333 0.174 0.412 0.250 0.429 0.500 0.447
B 0.500 0.326 0.471 0.643 0.357 0.500 0.386
C 0.167 0.217 0.088 0.107 0.214 0.000 0.185
D 0.000 0.283 0.029 0.000 0.000 0.000 0.000
n 6 23 17 14 7 2 19
a-Est-2
A 0.500 0.310 0.276 0.477 0.500 0.300 0.355
B 0.500 0.550 0.645 0.386 0.500 0.500 0.508
C 0.000 0.140 0.079 0.137 0.000 0.200 0.137
n 7 50 38 22 8 10 62
Lap-1
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000
n 2 15 17 20 10 7 21
Lap-2
A 0.500 0.477 0.463 0.560 0.437 0.541 0.429
B 0.500 0.430 0.389 0.400 0.313 0.417 0.459
C 0.000 0.093 0.148 0.040 0.250 0.042 0.122
n 4 43 27 25 8 12 49
Mdh
A 0.667 0.687 0.717 0.696 0.500 0.714 0.727
B 0.333 0.313 0.283 0.304 0.500 0.286 0.273
n 6 24 23 23 5 14 33
Pgd
A 0.917 0.200 0.446 0.583 0.600 0.562 0.423
B 0.083 0.800 0.500 0.417 0.400 0.438 0.500
C 0.000 0.000 0.054 0.000 0.000 0.000 0.077
n 6 10 28 24 5 8 26
Sod
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000
n 8 53 48 13 7 17 65
Xod
A 0.583 0.625 0.500 0.571 0.500 0.423 0.593
B 0.417 0.375 0.500 0.429 0.500 0.577 0.407
n 6 28 35 21 7 13 43

Anthopleura orientalis Averincev 1967 Hexr = 0.25
(Manchenko et al., 2000); the coral Sinularia flexibilis
(Quoy & Gaimard, 1833) Hexer = 0.32 (Bastidas et al.,
2001); the mussel Perna canaliculus (Gmelin, 1791)
Hexe = 0.21 (Apte & Gardner, 2001); and the crustacean
Litopennaeus setiferus (Linnaeus, 1767) Hexe = 0.59
(Ball & Chapman, 2003).

Regarding population genetic structure, the results
showed low and not statistically significant genetic
divergence. Generally it was expected that species with
extended planktonic development would show little
genetic divergence (6 ranging from 0.002-0.02, over
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Table 2. Number of individuals collected and levels of gene variation (standard deviation in parenthesis) for the seven
populations of Coscinasterias tenuispina analyzed. Abbreviations for sampling sites as in Figure 1. *A locus was considered
polymorphic when more than one allele was detected.

Population N Mean sample  NCalleles Polymorphism* Mean heterozygosity
size per locus (%) Observed Expected

CFI 29 209 (x15) 2.2(x0.3) 77.8 0.430 (+0.091)  0.400 (+0.085)
FER 79 39.6 (£¢5.6)  2.3(%0.3) 77.8 0.392 (+0.082) 0.432 (+0.085)
FOR 10 7.3(x0.3) 2.1(x0.3) 77.8 0.535 (+0.120)  0.454 (+0.088)
ITA 66 31.2 (#5.0) 2.3(%0.3) 77.8 0.362 (£0.093)  0.425 (+0.090)
PAR 8 58(x0.6) 1.9(x0.2) 77.8 0.310 (+0.106) 0.387 (+0.086)
PER 17 10.4 (#1.5)  2.1(x0.3) 77.8 0.318 (+0.115)  0.445 (+0.088)
PRA 68 28.8(£3.4) 2.4(x0.3) 77.8 0.357 (+0.070)  0.419 (+0.082)
Average 39.57 20.6 2.2 77.8 0.386 0.423

Table 3. Probabilities (P) of conformance to Hardy-Weinberg equilibrium (Ho: random union of gametes) for the seven
populations of Coscinasterias tenuispina analyzed. Abbreviations for sampling sites as in Figure 1. “Significant values after

Bonferroni correction (o = 0.00102).

Pop/loci Cat o-Est-1  o-Est-2 Lap-2 Mdh Pgd Xod
FER P 0.273 0.115  0.528 0.002 0.037 0.000" 0.206
D +0.146 -0.268 -0.009 -0.080 +0.354 -0.466 -0.190
FOR P 0.383 0.582  0.008 0.277 0.841 0.527 0.560
D +0.434 +0.238 +0.875 +0.084 +0.080 -0.250 -0.204
ILH P 0345 0.340 0.795 0.478 0.045 0.100 0.258
D +0.281 +0.075 +0.103 +0.270 +0.406 -0.329 -0.241
ITA P 0115 0.088  0.031 0.052 0.032 0.000" 0.883
D +0.013 -0.365 -0.149 -0.087 +0.424 -1 -0.027
PAR P 0.073 0.678  0.560 0.021 0.301 1.000 0.064
D +0.625 -0.250 -0.204 -1 +0.375 +0.000 -0.686
PER P  0.068 0.046  0.008 0.277 0.166 0.021 0.040
D +0.490 -1 -0.081 -0.399 +0.350 -0.762 -0.545
PRA P 0438 0.020 0.064 0.023 0.071 0.000" 0.799
D -0.080 -0.429 -0.224 -0.228 +0.364 -0.232 -0.042
Table 4. F-statistics values are not significant for seven 1.000 75.000 5,000 25,000 0,000
enzyme loci in Coscinasterias tenuispina.
76%| FER
Locus f F 6 49% PRA
Cat -0.164 -0.103  0.052
a-Est-1 0264 0283 0.026 i iizh
o-Est-2 0.046 0.053 0.007 359, [ CFI
Lap-2 0.095 0.084 -0.012 -, -
Mdh -0.382 -0.391 -0.007 —|
Pgd 0.415 0.446 0.054 FOR
Xod 0.190 0.181 -0.011 ¥

Average 0.081 0.096 0.017

distances greater than 1,000 km, Johnson & Black,
1984; Watts et al., 1990; William & Benzie, 1998; Apte
& Gardner, 2001; Skold et al., 2003). Nonetheless, C.
tenuispina is also able to reproduce asexually,
producing large individuals with low dispersal
capability. Although some studies observed genetic di-

Figure 2. UPGMA cluster analysis for the seven
populations of Coscinasterias tenuispina based on Nei's
genetic distance. Abbreviations for sampling sites as in
Figure 1.

vergence between populations of species that can
reproduce both sexually and asexually (Stickle et al.,
1992; Russo et al., 1994; Miller & Ayre, 2004), this is
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Table 5. Nei’s (1978) unbiased measures of genetic identity (above diagonal) and pairwise 6 values (below diagonal) for
the six populations of Coscinasterias tenuispina. Abbreviations for sampling sites as in Figure 1.

Population  CFI FER FOR

ITA° PAR PER PRA

CFlI FRexk 0962 0.968
FER 0.0320 *****  0.964
FOR -0.0009 0.0035  *****
ITA 0.0481 0.0097 0.0307
PAR -0.0030  0.233 -0.0270

PER 0.0263 -0.0088 0.0088
PRA 0.0169 -0.0005 -0.0145

0.936 0.970 0.955 0.974
0.967 0.947 0.978 0.988
0.928 0.962 0.945 0.973
*FAxxxk0.882  0.937 0.961
0.0804 *****  0.940 0.952
0.0093 0.0054 ***** (.975
0.0184 0.0155 -0.0053 *****

Table 6. Analyses of molecular variance (AMOVA) among seven samples of Coscinasterias tenuispina separated into three
groups: West of Upwelling (Paraty, Itaipu, and Prainha), Upwelling (Cabo Frio Island), and East of Upwelling (Forno, Peré,

and Ferradura). df: degrees of freedom.

Source of variation df Variance % . Fixqtion P
components  variation Indices

Panmixia Among populations 6 -0.03553 -6.64 ST =-0.06638  1.00000
Within populations 545 0.57081 106.64
Total 551  0.53528

Three groups ~ Among groups 2 -0.00033 -0.06 ®CT =-0.00061 0.65982
Among populations within groups 4 -0.03529 -6.59
Within populations 545  0.57081 106.66
Total 551  299.120

not the case for populations of C. tenuispina investi-
gated in this work.

Another interesting possibility for limiting gene
flow among C. tenuispina populations was the upwe-
Iling phenomenon that affects the region studied. The
occurrence of the upwelling events along the coastal
region of Cabo Frio is well described elsewhere
(Knoppers et al., 2002) and is considered an unusual
system in the western boundary of the Atlantic Ocean
(Carbonel, 2003). Alterations of physical and chemical
conditions of the sea water mass associated with this
phenomenon could act as a physical barrier to larval
dispersal. Some studies have shown the effect of
upwelling phenomena limiting gene flow of a variety
of marine invertebrates.

For example, Smith (1988) and Apte & Gardner
(2002) working on Perna canaliculus (Gmelin, 1791)
(bivalve), Laudien et al. (2003) on Donax serra
Raéding, 1798 (bivalve) and Waters & Roy (2004) and
Ayers & Waters (2005) with Patriella regularis
(Verrill, 1867) (asteroid), related the genetic differen-
tiation found among populations of such marine
invertebrates with the upwelling phenomena occurring
in their studied regions. This study failed to reveal any

interference from the upwelling phenomenon to the
genetic structure of C. tenuispina.

The hypothesis that the data were distributed in a
pattern of isolation by distance (Wright, 1943) was
tested but showed no correlation whatsoever between
genetic distances (or 0) and geographical distances.
Furthermore, Structure analysis showed only one
population. It should be bear in mind that allozymes are
relatively conserved molecular markers, thus, it cannot
be discarded the possibility that they were unable to
detect population divergence which is due to more
recent and intermittent physical boundaries such as
upwelling. Therefore, further investigation using
different molecular markers are desirable.

The population of Itaipu exhibited a strong sex ratio
imbalance (only males were found) and there has been
no record of small individuals (<5 mm) (Alves et al.,
2002). These facts suggested that recruitment for this
population occurs mainly through clonal rather than
sexual reproduction. It also suggested that this site was
not receiving recruits from nearby populations or
arriving recruits were not surviving. When analyzing
genetic identities and 0 values, the Itaipu population
was consistently farther from any other population.
However, a Mann-Whitney test over genetic identities
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and pairwise 0 values failed to review any statistically
significant (P > 0.05) results for this apparent higher
genetic difference between Itaipu and the other popu-
lations. Data on levels of heterozygosity (Hoss = 0.362)
for Itaipu population were very similar to those found
for the other studied populations and most marine
invertebrates that reproduce sexually. There is no
evidence of significant linkage disequilibrium between
any loci. Furthermore, we expect that clonal species
should display either deficits or excess of heterozygotes
because genotypic frequencies will be a simple
reflection of the genotypes of the most successful
clones (Ayre, 1984), but that was not the case for the
population from Itaipu. Therefore, the genetic data
obtained in this study did not support the hypothesis
that clonal reproduction is the most important mecha-
nism maintaining the Itaipu population. Nevertheless,
evidence for clone reproduction requires greater sample
sizes in order to infer for each individual its multi-loci
genotype, what was not achieved in this study.
Concerning the other six populations it was not found
any evidence of fission among them, what is expected
since, among echinoderms, asexual reproduction by
fission occurs only as a temporary strategy in response
to stressful conditions and even so alternating with
sexual reproduction events (Garcia-Cisneros et al.,
2017).

In conclusion, the major results of our allozyme
survey of C. tenuispina populations can be summarized
as follow: 1) all seven populations exhibited high levels
of intra-populational variation, 2) there was no evi-
dence of genetic structure, neither from upwelling nor
from geographical distance between populations, 3) the
hypothesis that the Itaipu population is mainly maintai-
ned by asexual reproduction was not supported by the
genetic data, although this needs further confirmation
from multi-locus genetic in the future.
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