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ABSTRACT In this work we examine by means of starch gel electrophoresis the genetic variability at the Leucine Aminopeptidase
(LLAP*) locus in samples of Crassostrea virginica taken from two locations differing in salinities (Guiria and Guariquén; Hastern
Venezuela). The enzyme system is determined by two loci: I.AP-I and LAP-II (ILAP-II is monomorphic). I.AP-I showed 8 alleles in
Guariquén and 6 in Gtiria. The distribution of genotype frequencies in I.AP-I from both locations was significantly different from the
Hardy-Weinberg expectation. For the Guariquén population, the observed heterozygosity was 0.45, the expected one was 0.72 and the
heterozygote deficiency was 0.371. For the Giiiria population, the observed heterozygosity was 0.54, the expected one was 0.76 and the
heterozygote deficiency was 0.442. The heterozygote deficiency is discussed in terms of inbreeding, mixture of genetically different
populations, null alleles and selection. We relate the differences in genetic structure between both populations of Crassostrea virginica
with the environmental conditions in both locations.

RESUMEN La variabilidad genética del locus Leucil Aminopeptidasa (ILAP*) de Crassostrea virginica de las localidades de Giiiria
y Guariquén fue examinada mediante electroforesis en gel de almidon. El sistema enzimatico estda determinado por dos loci, I.AP-I,
LAP-II, siendo este dltimo monomorfico. I.AP-I presenté 8 alelos en Guariquén y 6 alelos en Giiiria. La distribucion de las frecuencias
genotipicas en el locus I.AP-I de ambas localidades fue significativamente diferente de lo esperado segtn el principio de equilibrio de
Hardy-Weinberg. Para la poblacién de Guariquén la heterocigosidad observada fue 0,45; la esperada fue de 0,2 y la deficiencia de
heterocigotos fue -0,29. En la poblacién de Giiiria, la heterocigosidad observada fue 0,54 y la esperada de 0,76; la deficiencia de
heterocigotos fue de -0,29. La deficiencia de heterocigotos del locus I.AP-I se discute en términos de intracruzamiento, efecto Wahlund,
alelos silentes y seleccion. La diferencia de la estructura genetica de las poblaciones de Crassostrea virginica se relaciona con la

variacion de las condiciones ambientales en ambas localidades.

INTRODUCTION

The effect of environmental salinity in determining
the patterns of leucine aminopeptidase (LAP EC.3.4.1.1)
variation in natural populations of Myzilus edulis has been
successfully demonstrated (KoeHN & IMMERMAN, 1981;
Kornn & HirsisH, 1987). These studies, as well as others
carried out on M. galloprovincialis and Perna canaliculus
(GARDNER & KATHIRAVETPILLAL, 1997), Mercenaria
mercenaria (KOEHN et al., 1980), Geunkensia demissa
(GARTHWAITE, 1986; 1989) Crassostrea  virginica
(BUROKER, 1983; Rosk, 1984) C. rhizophorae (NIRCHIO et
al., 1991) and C. angunlata (MiCHININA & REBORDINOS,
1997) provide a large body of evidences that strongly
supports the hypothesis that LAP variation would
generally be of selective importance in marine bivalves.

In Crassostrea virginica, the enzyme is determined by

two polymorphic loci: LAP-I and I.AP-II (BUROKER e/
al., 1979 a, b; BUROKER, 1983; Rose 1984; Forrz, 1986
a, b; SARVER ef al., 1992). However, in C. virginica from
Venezuela, a study by GUTIERREZ ef a/. (1989) indicates
that only I.AP-I is polymorphic, with two codominant
alleles.

This report presents data on allelic frequencies at
the LAP-I locus coupled with assays of protein
concentrations and LAP activity in the oyster
Crassostrea virginica sampled at two localities,
(Guariquén and Giiiria) in the gulf of Paria, in FEastern
Venezuela (Fig. 1), which differs greatly in salinity.
Opysters from Guariquén (southeast area of the gulf)
were previously studied by GUTIERREZ e/ al. (1989).
The area features a great quantity of canals that irrigate
the mangrove formation, a muddy bottom and very
turbid waters. At the time of sampling (December
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Figure. 1 Map of the gulf of Paria

1995) temperature was 28.95 °C and salinity was 13.83
%o (the annual fluctuation range is 12-22 %o [JIMENEZ ef
al., 1992]). The other sample was taken from Giiria,
located on the northern area of the gulf. The area is an
open bay that features shallow waters, less turbid than
those at Guariquén. At the time of sampling (April 1996)
temperature was 25.33 °C and salinity was 24.66%o0 (data
collected during two years in Punta de Piedras, very
close to Giiria, indicate an annual salinity fluctuation
range between 17 and 33 %o [ALTUVE, 1997] ).

MATERIALS AND METHODS

Specimens of C. virginica, 10-14 cm in length, were
collected in both locations and transported to the
laboratory where the oysters were separated from their
valves and blotted with absorbent paper. Portions of
100 = 5 mg of digestive glands and adductor muscles
were dissected from each oyster and homogenized
separately, in 2 ml of bidistilled water and centrifuged
at 12,500 r.p.m. during 20 mins at 4 °C. The supernatant
was used as enzyme source for analyses. Genes that codify
for LAP are expressed in both tissues. Electrophoresis
on the digestive gland yielded a better visualization of
enzyme bands, but muscle was selected for enzyme
activity determination to assure that any variation in

attributed to
osmoregulation requirements and not to digestive
processes.

enzyme activity could only be

Electrophoresis was carried out in horizontal starch
gel (12.5%, SIGMA CHEMICAL CO.). The gel buffer
employed was Tris-citrate 0.008 M. The buffer used in
the tray was Borate-NaOH 0.3 M, pH 8.60 (NIRCHIO ef
al., 1991). Samples were electrophoresed at 200 V and 4
°C (in refrigerator) for 2 hours, until the marker
(bromophenol blue) ran 8 cm. Two types of gel were
electrophoresed simultaneously under the same
conditions of time and voltage, but under different gel
buffer pH (7.00 and pH 8.00). Electromorphs were
visualized pouring the gel slice in 50 ml Tris-HCI, 0.05
M buffer, adjusted at either pH 7.00 or 8.00 and
containing 10 mg of L-leucyl-b-naphthylamide and 20
mg of Fast Garnet. Samples with all the previously
identified electromorphs were used as pattern of
comparison for each run.

The most frequent allele was identified with the

supersctipt “'%”

and the others were named according
to their relative mobility to it. Allele frequencies were
tabulated within the standard error (LEVINGTON &

KornN, 1976). Conformance to H-W expectation was
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assessed with Log-likelihood G-test (SOkAL & ROHLF,
1981). Heterozygote deficiency was measured using the
F estimator of WEIR & CockeruaM (1984). The Genes
in Populations (version 2.0) software was used for these
computations (PERKINS & PauL, 1995).

Chi-square contingency test was employed to assess
for significant differences in allele frequencies at the
LAP locus between locations. The proportion of
contribution of each allele to the total Chi-square value
was also calculated (NIRcHIO ef al, 1991).Enzyme
activity (EA) of LAP was determined using the
methodology described by KoEHN & IMMERMANN
(1981). Since specific activity can be confounded by two
fairly independent variables: enzyme activity, a function
of both the catalytic properties of the enzyme and its
concentration, and the total protein baseline with which
this activity is compared (Kornn, 1978), EA was
expressed as unit of activity per extract volume (U/ml).
Total protein (ITP) was determined by the FOLIN
method with a standard Bovine Serum Albumin curve.
All the determinations were carried out in duplicate.

Analysis of variance (SOkAL & RoHLF, 1981) was
employed to establish differences in EA and TP between
genotypes and localities, taking into account
homozygotes and heterozygotes only. Testing for
differences in EA and TP among all genotypes and

localities will be examined in another contribution.
RESULTS AND DISCUSSION

Two zones of activity were detected in the gel: I.AP-
I and LAP-II. LAP-I turned out to be polymorphic,
while LAP-II was monomorphic. A band of [LAP-I at
pH 7.00 overlaps the only ILAP-II electromorph.
Activity of LLAP-II products was inhibited at pH 8.00;
only the electromorphs of the I.AP-I locus were visible,
so the assignment of genotype was performed without
confusions.

Eight electromorphs were recorded at Guariquén
(LAP-I %, LAP-I*, L.AP-I *, LAP-I *®, LAP-I '™, I.AP-I
12 LAP-T'"™, T.AP-I'") and six at Guiria (LAP-I **, LLAP-
1%, LAP-I®, LAP-I', LAP-I'"”, I.AP-I'*). Both L.AP-I
2 and LAP-I ' at Guariquén are rare and were not
recorded at Giiiria population, hence the polymorphism

consists mainly of six alleles.

At Giiria the observed heterozygosity was 0.452 and
the expected one was 0.718; the heterozygote deficiency
was of 0.371, and 18 genotypes out of possible 21 were
observed. At Guariquén, the observed heterozygosity
was 0.432 and the expected one was 0.775; the
heterozygote deficiency was 0.442 and 17 genotypes
were observed. The distribution of the genotype
frequencies for the I.AP-I locus in both locations, was
significantly distinct (P<0.001) from the H-W
expectation (Table 1).

It has been previously indicated that LLAP in
Crassostrea virginica from other latitudes is genetically
determined by two polymorphic loci, I.AP-I and I.AP-
1I, with the presence of up to 9 alleles for I.4P-I and 23
alleles for ILAP-II (BUROKER e al., 1979 a, b; BUROKER,
1983; Rose 1984; Forrz ef al., 1986 a, b; SARVER ¢/ al.,
1992). Our results differ from the aforementioned results
due to the fact that LAP-II was monomorphic as in a
previous study by GUTIERREZ ef al. (1989) on oysters
also from Guariquén, but, conversely, the eight different
LAP alleles observed by us represent a much higher level
of polymorphism than reported in GUTIERREZ and
coworkers” study in which they found solely two alleles
for LLAP-I. Although we employed the same buffers
utilized by GUTIERREZ ef al. (1989) to tresolve the I.AP
loci, differences in the length run of the samples (8 cm)
during the electrophoresis explain the discrepancy

Table 1.- Allele frequencies, expected heterozygosity (He), observed
heterozygosity (Ho), Allele number in the sample (N), Hardy-Weinberg
test (G), heterozygote deficiency index (F), independence test
between allele frequencies vs locations with all the alleles ( ¢;?) and
without alleles 96 and 104 ( c,’) and percentage of contribution to the ¢
value for the I.AP I locus in the localities of Gtiria and Guariquén.

Allele Guariquen Guiria Contingency test Contribution
94 0.056 £ 0.018 0.067 £ 0.017 1.41%
96 0.198 £ 0.031 0.101 £ 0.021 41.43%
98 0.185 £ 0.031 0.255 £ 0.030 13.75%
100 0.358 £ 0.037 0.438 £ 0.034 9.98%
102 0.093 £ 0.023 0.091 £ 0.020 0.01%
104 0.111 £ 0.025 0.048 £ 0.015 33.41%
N 162 212 c12=14.31;(P< 0.025)

2 =3.60; (0.10< P 0.50)
Fis 0.442 0.371
Ho 0.432 0.452
He 0.775 0.718
G, 66.969% 65.915%
P01
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between the results obtained by those authors, who ran
the gels only 3 c¢cm, and those described by us. An
insufficient separation in the gel would lead to misscore
different electromorphs as products of the same allele.

Contingency test revealed a significant dependence
between locations and allele frequencies (Table 1).
Analysis of the relative importance of specific alleles on
account of the statistical differences between sampling
sites, reveals that the LLAP-I"? and L.AP-I*"% alleles,
contribute 41.43% and 33.41%, respectively, of the
difference between locations. The remaining alleles
contribute on the whole 25.16% of the difference. When
alleles LLAP-I'"" and L.AP-I*" were excluded, Chi-square
value was not significant (Table 1).

The influence of salinity on the determination of the
population genetic structure for the locus LAP of
Mytilus edulis is well known thanks to the studies of
KoeuN and co-wortkers [see KornN & HiLsisH (1987)
for references]. A similar influence has been
corroborated in several populations of Crassostrea
virginica by BUROKER (1983) who pointed out that in
oysters living in an environment with high salinity, the
most frequent allele, [.AP-II*, seems to be favored,
whereas it is disfavored in an environment with
excessive freshwater discharge (while the L.AP-II** allele
seems to be favored in such an environment). Differences
in some LAP alleles has also been established between
C. rhizophorae populations from locations that differ
in salinity and temperature; where salinity was greater,
the frequency of the [.AP-3* allele was higher, whereas
for the [.AP-3'" allele, the situation was the opposite
(NIRCHIO ef al., 1991).

If significant differences of allele frequency in a
population indicate selective pressures operating on
their genetic structure, the LAP-I*’, [.AP-I*""alleles
would be at a selective advantage in lower salinity
(Guariquén). Genetic differences being the result of
selection seems to be the best explanation. Nevertheless
no corroborating evidence, such as consistent differences
in allele frequencies when multiple contrasting salinity
environments are sampled with replication, or
reciprocal transplant experiments showing greater
mortality of particular genotypes when moved to a
different salinity regime, is available.

C. virginica features external fertilization and a

planktonic stage, which lasts from two to three weeks,
providing ample opportunity for larval dispersal
(BUROKER, 1983). The current patterns within the Gulf,
are strongly influenced by the Guayana Current, which,
entering the Gulf from the South, between Trinidad
and Venezuela, moves water masses in a general North
direction (GADE, 1961; Okupa, 1974; BoNiLLa, 1977;
Bonirra & LiN, 1979; Masciancodr, 1982). This pattern
suggests a unidirectional gene flow from Guariquén to
Giiria, the opposite not being likely. This gene flow
from Guariquén to Giiria is not enough to prevent the
genetic differentiation of the two populations at the
LAP-T* locus.

The F estimator revealed a heterozygote deficiency
in both populations (Table 1). Significant heterozygote
deficiencies for the LAP locus in diverse species of
marine mollusks have been pointed out as well (KOEHN
et al., 1973; TRACEY e al., 1975; BUROKER ¢/ al., 1975;
LAsSEN & TURANO, 1978; BUROKER e/ al., 1979a,b;
BurokER, 1983; Fortz, 1986 a; GOSLING & MCGRATH,
1990; NircHIO e al., 1991

One of the most extended theories to explain the
heterozygote deficiencies is the presence of null alleles.
These alleles do not manifest their activity on the gel
and lead to misinterpret the heterozygote combinations
as homozygotes (MicHININA & REBORDINOS, 1997).
Forrz (1986 a) has obtained experimental evidences in
favor of null alleles in C. virginica.

It is possible to estimate the frequency of null alleles
by means of the relationship v =(1- t)/(1+ t), being “t”
the quotient between the observed heterozygote
frequency and the expected one (BOvEr, 1974). Thus,
for C. virginica the frequency of a null allele would be
of 0.17 at Guariquén and 0.23 at Giiria. Since no
individual with zero activity was observed in the gel,
it is possible to assume that null alleles, if present, would
be lethal in homozyigosis and so, their persistence in
the population would depend on the balance between
selection and mutation. Although the possibility of null
alleles as an explanation of the observed heterozygote
deficiencies could not be discarded, we consider that
this is not likely since mutation frequencies of 2.89 x
10% (Guatiquén) and 5.29 x 10* (Giiitia), too high to be
reasonable, would be required.

An alternative explanation to account for the
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observed deficiencies is the occurrence of selective forces
on the heterozygotes if there are functional differences
between genotypes and the heterozygote represents
some disadvantage.

EA was different in both locations (416.57£17.98
UEA at Guariquén; 349.11 £ 18.41 UEA at Giiiria)
(P<0.025) but no difference was demonstrated between
homozygous-heterozygous genotypes (396.8 £ 20.68 in
Homozygotes; 369.49 + 15.38 in Heterozygotes)
(p>0.05) (Table 2). There were significant differences
in protein concentration (P<0.05) between the
locations of Guariquén (279.09 * 5.91 mg/ml) and
Giiria (254.83 £ 6.04 mg/ml). Differences in protein
concentration were also evident (P<0.05) between
homozygous (276.31 + 6.79 mg/ml) and heterozygous
(257.62 + 5.03 pg/ul) genotypes (Table 3).

Opysters from Guiria (the most saline location)
showed a reduction of 8.69% in protein concentration
as compared to those from Guariquén. This could be
attributed to greater energy expenses in terms of
aminoacid requirements for the adaptation of C.
virginica to the most saline environment. BISHOP e al.
(1981), have indicated that in Mytilus edulis during the
process of acclimatization to hyperosmotic water,
simultaneously to accumulation of Free amino acids
(FAA), a reduction between 10% and 15% in the levels
of proteins is produced. In the same manner, NIRCHIO
& PrErREZ (1997) found that the FAA increment in
Crassostrea  rhizophorae exposed to hypersaline
conditions was accompanied by a decrease of
approximately 20% in protein concentration.

NircHIO & PEREZ (1997) studied the vatiations of the
EA of LAP, concentration of proteins and
concentration of FAA in the muscular tissue of C.
rhigophorae exposed to salinities of 5 %o
tolerable), 38 %o (habitual) and 60 %o (maximum
tolerable). In the groups maintained in salinities of 60
%o and 5 %o, the enzymatic activity of LAP incremented
55.7% and 17.45% respectively in relation with the
control group. An increase in the salinity was
accompanied by the accumulation of FAA (as Ninhidrin
Positive Substances), while the exposure to low salinity
determined their decrease. The high mean value of LAP
activity in 60 %o salinity coincided with a decrease in

(minimal

the protein concentration of about 20% and with an
increment in SPN concentration.

Fig. 2 shows that in both locations protein
concentration was lower in the heterozygous

individuals. This difference could be interpreted as an

Table 2. Analysis of variance for Enzyme Activity in oyster
(C. Virginica), between locations and Heterozygous-
Homozygous genotypes, with degrees of freedom (df), sum of
squares (SS), mean squares (MS), and F-value (F).

, Sourface of variation SS df  MS F Sig.level
Between locations 112,752.97 1 112,752.97  6.868  0.0101
Between genotypes 17,655.07 1 17,655.07 1.075 0.3021
Locations x genotypes 3,578.11 1 3,578.11 0.218 0.6465

Etror (residual) 1,756,633.00 107 16,417.13

Total 1,931,017.70 110

Table 3. Analysis of variance for total protein in oyster (C.
Viirginica), between locations and Heterozygous-Homozygous
genotypes, with degrees of freedom (df), sum of squares (SS),

Sourface of variation ~ SS df  MS F Sig.level
Between locations 14,579.01 1 14,579.01  8.233  0.005
Between genotypes 8,604.22 1 8,004.22  4.893  0.0291
Locations x genotypes  400.92 1 400.92 0226 0.6402
Error (residual) 189,474.29 107 1,573.60
Total 216,771.89 110

325
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Figure 2. Mean protein concentration (mg/ml) in homozygous-
heterozygous oysters for LAP*-1 in Guiria (*) and Guariquen (). Bar
represents 95% confidence limits for the mean.
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indicator of greater energy demand per part of the
individuals in order to confront the environmental
salinity conditions. Thus, it is to be expected that under
relatively elevated salinity conditions like in Giiria, an
additional demand of free intracellular aminoacid would
be required to maintain the cell volume within
physiologically appropriate limits. The additional
catabolism of proteins would add an energy expense
that, if it could not be supported by many heterozygotes
would lead to their selective mortality, explaining their
frequency reduction, and, as a consequence a greater
heterozygote deficiency.

ACKNOWLEDGEMENT

We are very grateful to ANDY BEAUMONT for valuable
comments on an earlier draft of the manuscript. This
study was supported by Consejo de Investigacion,
Universidad de Oriente, Grant C.1.-4-020-00611/93-95.

REFERENCES

Avrtuve, D. BE. 1997, Aspectos poblacionales y pesqueros
del camardn blanco Penaens schmitti (Burkenroad,
1936) (Crustacea: Decapoda), de la pesca artesanal
en la costa norte del Golfo de Paria, Estado Sucre,
Venezuela. Trab. Grad. M. Sc. Ciencias Marinas,
Universidad de Oriente, Cumana, Venezuela. 138

Pp-

Bisnor, S. H., D. E. GREENWALT & J. M.BurcHAM. 1981.
Amino acid cycling in ribbed mussel tissues
subjected to hyperosmotic shock. J. Exp. Zool.
215:277-287.

Bover. J. 1974. Clinal and size-dependent variation at
the Lap locus in Mytilus edulis. Biol. Bull. 147:
535-549.

Bonirra, J. 1977, Condiciones hidroquimicas del agua
y caracterfsticas quimicas de los sedimentos del
Golfo de Paria durante la expedicion 1.S-7302. Bol.
Inst. Oceanogr.Univ. Oriente 16 (1-2): 99-114.

. & LN, L. 1979. Materia Organica de los
sedimentos de los Golfos de Paria y Cariaco. Bol.
Inst. Oceanogr. Unip. Oriente 18 (1&2): 37-52.

BurokER, N. 1983,
American oyster Crassostrea virginica along  the
Atlantic coast and the Gulf of Mexico. Marine
Biology 75: 99-112.

Population genetics of the

. W. K.HersHBERGER & K. K.CHEw. 1975 Genetic
variation in the Pacific oyster Crassostrea gigas.
Fish Res. Bd. Can. 32 (12):2471-2474.

. 1979a . Population genetics of the family
Ostreidae. 1. Intraspecific studies of Crassostrea
gigas and Saccostrea commercialis. Marine Biology
54: 157-169.

. 1979b. Population genetics of the family
Ostreidae. II. Interspecific studies of the genera
Crassotrea and Saccostrea. Marine Biology 54: 171-
184

Forrz, D. 1986a
heterozygote deficiency in the oyster Crassostrea
virginica and other bivalves. Evolution 40 (4): 869-
870

Null alleles as possible cause of

. 1986 b. Segregation and linkages studies of
allozyme loci in pair crosses of oyster Crassostrea
virginica. Biochemical Genetics, 24 (11-12): 941-
956

GaDE, H. G. 1961. On some oceanographic observations
in the South Eastern Caribbean sea and the
adjacent Atlantic Ocean with special reference to
the Orinoco River. Bol Inst. Oceanogr. Univ.
Oriente 1 (2): 287-342.

GARDNER, J. P. & G. KATHIRAVETPILLAL 1997
Biochemical genetic variation at a leucine
aminopeptidase (LAP) locus in blue (Mytilus
galloprovincialisy — and  greenshell — (Perna

canalicnlus) mussel population along a salinity

gradient. Marine Biology 128: 619-625.

GARTHWAITE, R. 1986. The genetics of California
populations of Geunkensia
(Dillwin)(Mollusca): further evidence on the
selective importance of leucine aminopeptidase

demissa

variation in salinity acclimation. Bio/ . Linn.
Soc. 28: 342-358.



NIRCHIO ET AL.

. 1989. Leucine aminopeptidase variation and
fitness parameters in the estuarine bivalve
Gennkensia demissa. Marine Biology 103: 183-192.
GosLING, E. M. & D.McGrATH.1990. Genetic
variability in exposed-mussels, Mytilus spp.,
along an environmental gradient. Marine Biology
104: 413-418

Guritrrez L, M. C.CoroNADO & J. PErEz. 1989.
Genetic variation in Venezuelan molluscs. II.
Crassostrea  rhigophorae and  C.
(Ostreidae). Bol. Inst. Oceanogr.
28 (1-2): 171-175.

virginica
Univ. Oriente,

Jmmenez, R., T. DLacoste, T. LUNAR, & J. Maza.
1992. Estudio sobre la fijacion larval de la ostra
Crassostrea virginica, en la region de Guariquén.
Memorias del VII Simposio Latinoamericano de
Acuacultura. pp: 12.

KoEenN , R. 1978.  Biochemical aspects of genetic variation
at the Lap locus in Mytilus edulis. In: B. Battaglia
& J. Beardmore (eds), Marine Organisms,
Genetics, Ecology and Evolution. Plenum Press,
New York and London, pp. 211-227.

. & J. HipisH. 1987. The adaptive importance
of genetic variation. American Scientist 75: 134-
141.

. & F. IMMERMAN. 1981. Biochemical studies of
aminopeptidase polymorphism in Mytilus edulis.

I. Dependence of enzyme activity on season,
tissue, and genotype. Biochemical Genetics.
19:1115-1142.
——— . F.J.Turano & J. MirtoN. 1973. Population
genetics in marine pelecypods. 1I. Genetic
differences in microhabitats of Modiolus demissus.
Evolution 27: 100-105.

. R. 1. NeweLL &. F. ImMERMAN 1980.
Maintenance of an aminopeptidase allele

frequency cline by natural selection. Proc. Nat.
Acad. Sei. USA T7: 5385-5389.

LasseN, H. & F.Turano. 1978. Clinal variation and
heterozygote deficit at the Lap-locus in Mytilus

edulis. Marine Biology 49: 245-254.

LeviNTON, J. & R. KOEHN. 1976. Population genetics of
mussels. In: B.L. Bayne (editor), Marine Mussels.
Their ecology and physiology, International
Biological ~Programme 10. Cambridge
University Press, London, pp.357-384.

MasciasnGoLl, P.A. 1982, Régimen de corrientes en la
region costa afuera del Delta del Orinoco. Trab.
Grad. Esc. Fisica y Matematicas, Facultad de
Ciencias, Universidad Central de Venezuela.

MicHININA, S. R. & L. REBORDINOS.1997. Genetic
differentiation in marine and estuarine
populations of Crassostrea angulata. Mar. Ecol.
Progr. Ser. 154: 167-174

NircHIO, M., J. PErREZ & H. CEQuUEA. 1991. Allozyme
variation of Lap loci in Crassostrea rhizophorae
in relation to temperature and/or salinity.
Scientia Marina 55(4): 563-587.

. & J. PErEz. 1997. Changes in tissue water,
Leucine Aminopeptidase activity, ninhidrine

positive substances and protein concentration in
Crassostrea rhizophorae exposed to extreme
salinities. Bol. Inst. Oceanogr. Univ. Oriente 36
(1&2): 31-36.

Oxupa, T. 1974. Revision de los datos oceanograficos
en el Mar Caribe Suroriental especialmente el
margen continental de Venezuela. Comision 11
Conf. NN.UU. Der. Mar, Caracas, Cuadernos
Azules 15: 125-140.

PErkINS, D & E. PAuL.1995. Genes In Populations
Version 2. A computer program for analysis of
genetic data. http:/ /animalscience.ucdavis.edn./
extension/ gene.binm.

Rosk, R. L. 1984. Genetic variation in the oyster,
Crassostrea  virginica (Gmelin), in relation to

environmental variation. Estuaries 7(2): 128-132.

SARVER, S., M. Katon & D. Forrz. 1992. Apparent
overdominance of enzyme specific activity in
two marine bivalves. Genetica 85 : 231-239.



Genetic variation in Crassostrea virginica

SokaL, R.R. & F. J. RoHLR 1981. Biometry. 2™ edition.
Freeman, San Francisco, USA. pp 776.

TracEY, M. L, N. F. BELLET & C. D.GrRAVEM. 1975.

Excess allozyme homozygosity and breeding
population structure in the mussel Mysilus

10

californianus. Marine Biology 32 (3): 303-311.

WeIR, B. S. & C. C. CockerHAM.1984. Estimating F-
statistics for the analysis of population
structure.  Ewvolution 38 (6): 1358-1370.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


