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Différentiation génétique des populutions de l'huître Ostrea chilenais du Sud du Chili 

- . - 

Population genetics studics in the Chilean oyster 
(Ostrea chilensis) are scarce in the literature. 
Guifiez and Gallegillos (1984, 1985, 1986) and 
Guiriez et al. (1986) report some studies using the 
Carbonic anhydrase locus in O. chilensis, to evaluate 
relationships between size, heterozygosity, and clinal 
variation in morphological distance between genotypes 
at the carbonic anhydrase locus. Recently, Toro and 
Vergara (1995) report that, in the Chilean oyster, 
heterozygote deficiencies in a cohort obtained by 
mass spawning in the laboratory are not randomly 
distributed in time among genotypes. O. chilensis 
is a brooding oyster with limited larval dispersa1 
capabilities because their extremely short pelagic stage 
(Toro and Chaparro, 1990; Toro et al., 1995), thus 
genetic differentiation among populations is assumed 
to be a consequence of restricted gene flow. The 
range of species distribution for the Chilean oyster 
is restricted to the Chiloé Island and southern islands 
such as Las Guaitecas (Winter et ul., 1984). Most 
of the populations within the northern range of the 
species distribution have suffered strong declines due 
to overfishing (Toro and Chaparro, 1990) that caused in 
some locations the restocking with oysters from other 
local populations, usually from Pullinque population. 
These human mediated dispersal may have affected the 
levels of genetic variation in several northern stocks. 

The purpose of this study was to determine the 
degree of genetic subdivision in the Chilean oyster by 
examining the geographic distribution of allozymes. 

MATERIALS AND METHODS 

Samples of oysters (Ostrea chilensis Philippi, 1845) 
were collected by dredging or by diving at four 
locations within the Chiloé island and one location 
(Melinka) in the Guaiteca Islands ( j g .  1) covering 
the whole range of the species natural distribution. 
The oysters (N = 150 from each population) were 
delivered alive to the laboratory where they were 
immediately dissected and isolated tissues were 
stored at -30°C for subsequent electrophoretic 
analysis. Since highly polymorphic loci give more 
information on the genetic structure of populations, 
four polymorphic loci (Toro and Vergara, 1995) were 
chosen. Horizontal starch (12%) gel electrophoresis 
was used to score the loci leucine aminopeptidase 
(LAP, Enzyme Commission number 3.4.1. l), glucose 
phosphate isomerase (GPI, EC 5.3.1.9), carbonic 
anhydrase (CA, EC 4.2.1.1) and phosphoglucomutase 
(PGM, EC 2.5.7.1) following Shaw and Prasad 
(1970), Selander et al. (1971) and Ahmad et al. 
(1  977). 

Statistical compter  analysis of electrophoretic data 
were conducted using BIOSYS-1 (Swofford and 
Selander, 198 1). The pairwise comparisons between 
populations were carried out using Nei's (1972) 
genetic identity (1) and were illustrated by UPGMA 
cluster analysis. 
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Tahle 1. - O\treu <.hilen\is. Allelic frequencie5, locus heterozygo\itici (h), sample sile (N) fur 4 loci analysed in five Chilcan oyster population\. 

En~ymc I.ocui Population 

Pullinque Qucmpillén Rilin Yaldad Melinka 

Leucine arninopeptidaw LAP 
N 147 150 150 143 145 
90 0.3 16 0.265 0.382 0.045 0.244 

1 O0 0.684 0.735 0.6 18 0.943 0.756 
110 0.000 0.000 0.000 0.01 1 0.000 
h 0.347 0.449 0.529 0.1 14 0.400 

Phoy~huglucoinuta\e PGM 
N 150 
95 0.286 

1 O0 0.7 14 
h 0.204 

RESULTS AND DISCUSSION 

The allele frequencies for the four polymorphic 
loci i n  each population analysed are shown in 
tuble 1. The mean value of alleles per locus over al1 
populations was 2.3. Measures of genetic variation 
at thc four polymorphic loci studied in the five 
populations are given in tuble 2. We have found Hardy- 
Weinberg equilibrium at most of the loci examined 
in the samples. However, significant deficiencies of 
heterozygotes were found in the PGM and CA loci in 
the Pullinque and Rilhn populations with D values of 
- 0.505 and - 0.443 respectivcly. 

Some of the pairwise comparisons between 
populations show low values of Nei's genetic identity 
(1) indicating that the genetic diffcrcnces between 
them are high. Most of the values are under 0.869 
with the lowest value being 0.677 between the Yaldad 
population and the Melinka population. The highest 
value being 0.994 was found between Pullinque and 
Rilin. The genetic differences between populations, 
based on UPGMA cluster analysis of values of 1, are 
illustrated in jïgure 2. 

Levels of genetic variation, measured as observed 
heterozygosity (110 = 0.360+ 0.056, averaged over al1 
five populations) are high compared to other molluscs 
(Beaumont, 1986; Leclair and Phelps, 1994), but in 
line with other species of oysters (Buroker, 1983). 
Fujio et al. (1983) reported mean hctero~ygosities 
ranging from 0.059 in Ostrea cirt.umpictu to 0.216 in 

7lo.vtreu luturiu. The high genetic variability found in 
populations have been explained by the very unstable 
environment in which these populations inhabit (Ayala 
et ul., 1973; Johnson, 1974). The relatively large 
number of alleles per locus and the high average 
heterozygosity among populations in O. chilensis 
could suggests a great potential for genetic adaptation 
to environmental change (Leclair and Phelps, 1994). 

Several studies of bivalve molluscs report an overall 
deficiency of heterozygotes (e.g. Zouros et al., 1988; 
Gaffney et al., 1990). However the mechanism or 
mechanisms producing this phenomenon have not 
been well defined. According to recent evidence 
of laboratory studies by Beaumont (1991) working 
with Myrilu,~ edulis and Toro and Vergara (1995) 
working with O. chilensis, suggests that post- 
settlement selection against hcterozygotes may be 
an important cause of heterozygote deficiencies. 
An alternative hypothesis, considering the human- 
mediated movements of oysters between at least two of 
the localities (Pullinque and Rilhn) in the present study 
is the Wahlund principle. Deficiencies of heterozygotes 
at the PGM and CA are only significant in these two 
locations and the average D values shown in table 2 
are also the greatest in these two locations. This could 
suggest a two-way movement producing admixtures 
in both populations. 

The genetic identities displayed in jïgure 2, shows 
significant genetic differentiation between some of 
the populations sampled in this study. According 
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Figure 1. - Localities where Ostreu chilensis populations were 
sampled in the present study: Bay of Pullinque, Estuary of QuempillSn, 
Channel of Rilan, Bay of Yaldad and Island of Melinka. 

to Beaumont et al. (1993), the average value of 
Nei's I between populations of Pecten maximus 
(sampled between Scotland and Brittany, France) was 
0.989 IO.OO1 and differences between species range 
from 0.3 to 0.6 (Ayala, 1983). Amongst the oyster 
populations sampled in the present study, the mean 
I was 0.846k0.122, and even when it is derived 
from a small sample of the genome (4 loci), it 
is however, a value that cannot be expected to 
occur purely as a result of sampling error. These 
findings are consistent with the life-history features 
of 0. chilensis. The very restricted larval life span 
(5 minutes to 20 hours, Toro and Chaparro, 1990) 
suggests a potential for genetic differentiation even 
over short geographical distances. From figure 2, it 
can be seen that there is a tendency for the populations 
from the northern Chiloé Island (Pullinque, RilAn and 
Quempillén), to cluster together separately from the 
other two to the south (Yaldad and Melinka). This 
pattern could be due mainly to unreported [Sanhueza 
(1994) personnal communication] transplantation and 

Nei's 1 

Figure 2. - UP<iMA dcndrogram of Nci's gcnctic idcntity ( 1 )  bet- 
ween 5 population\ of 0. rhi1rnsi.c. 

PULLINQUE 

RILAN 

QUEMPILLEN 

MELINKA 

YALDAD 

- 

Table 2. - Osrrea chilensis. Gcnctic variability at four loci in 
al1 populations. Mean (*S.E.) oh\crvcd hctcroiygosity ( H o )  and 
expected heteroiygoGty (II, ). 

- 
* 

Population Ho He 

Bay of Pullinquc 0.327 5 0.05 1 0.424 f 0.035 
Estuary of Quempilléen 0.4 14 f 0.065 0.41 9 I0.088 
Channel of Kilhn 0.364 f 0.066 0.442 f 0.040 
Bay of Yaldad 0.26 1 5 0.049 0.324 + 0.077 
Island of Mclinka 0.435 f 0.063 0.43 1 50.083 

- 

restocking of juveniles from the Pullinque population 
to the northern local populations. 

- 

CONCLUSION 

8 

We conclude that Chilean oysters have a relatively 
small amount of genetic variation within populations 
and a relatively large amount of genetic diversity 
among populations (Fis = 0.109 and F,, = 0.138). 
Significant differences in allelic composition exist 
among al1 five O. chilensis populations sampled. 
Our data demonstrate that O. chilensis along the 
southern Coast of Chile are not a single, genetically 
homogeneous population Northern Chiloé island 
populations (Pullinque, Quempilléen and RilAn) 
represent sympatric populations which seems to be 
reproductively isolated from the southern populations 
(Yaldad and Melinka). Further sampling within the 
same areas would be necessary to evaluate the genctic 
change within areas to the diversity among locations. 
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