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Abstract: Electrophoretic studies of isozymes in Simulium ochraceum, the
main vector of Central American onchocerciasis, were performed using starch gel
electrophoresis. A total of six larval and adult populations originating from four
localities in Guatemala (a non-endemic area, Finca La Ruda; a low-endemic area,
Finca Rincon; and two high-endemic areas, Finca Brote and Finca Recreo) were
analyzed electrophoretically. The enzymes examined were adenylate kinase (AK),
alkaline phosphatase (ALP), glucose phosphate isomerase (GPI), hexokinase (HK),
isocitrate dehydrogenase (IDH), leucine aminopeptidase (LAP), malic enzyme
(ME), and phosphoglucomutase (PGM). Of the eight, six enzymes, AK, ALP,
HK, IDH, LAP, and ME showed no variation either within or among populations.
The other two, GPI and PGM, were found to be highly polymorphic in all six
populations. The x? test for fit to Hardy-Weinberg equilibrium (HWE) revealed
the distribution for the phenotypes of the two polymorphic enzymes not to be
significantly out of the HWE. Averages of values of proportion of polymorphic
loci (P) and heterozygosity per individual (H) of the six populations were 0.234
and 0.084, respectively, each of which was almost the same value as that for different
groups of organisms. Genetic diversity among populations was measured by Fgr
and Ggr, both of which showed that the non-endemic population from Finca La
Ruda (D1) was greatly differentiated genetically from the other five populations.
The estimates of genetic distance also showed that the D1 population was very
distant from the other populations.
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INTRODUCTION

Simulium ochraceum is a main vector of
human onchocerciasis in Guatemala and
Mexico. Recently, Hirai (1985) carried out
a chromosome study and found marked dif-
ferences in chromosomal banding patterns
among populations from remote areas includ-
ing several endemic areas of onchocerciasis in
the two countries. Hirai concluded that there
are at least three sibling species in the S.
ochraceum complex. This finding accorded
with the species complex theory of S. ochra-
ceum proposed by Uemoto (1984) who had
studied this “species” from a morphological
point of view. To evaluate their findings in
another manner, isozyme studies were per-
formed here on two sibling species out of the
three which they proposed.

Isozymes are genetically determined vari-
ants and will serve as a useful tool in detect-
ing geographic variations, as in the determi-
nation of vector populations (Taylor and
Muller, 1979). At present, there are rela-
tively few reports on Simulium isozymes
(May et al., 1977; Townson and Meredith,
1979; Meredith and Townson, 1981; Mere-
dith, 1982; Snyder and Linton, 1984). We
have already done comparative studies on the
isozymes of three species (S. ochraceum, S.
metallicum and S. horacior) in Guatemala,
and found that all three could be clearly
distinguished from each other by the isozyme
patterns (Agatsuma et al., 1986). In this
report, we will present isozyme analyses of
six populations of S. ochraceum responsible
for onchocerciasis transmission in Guatemala
from a standpoint of biochemical population
genetics.

MATERIALS AND METHODS

We examined eight enzymes controlling ten
separate loci using starch gel electrophoresis:
adenylate kinase (AK:EC 2.7.4.3), alkaline
phosphatase (ALP:EC 3.1.3.1), glucosephos-
phate isomerase (GPI:EC 5.3.1.9), hexo-
kinase (HK:EC 2.7.1.1), isocitrate dehydro-
genase (IDH:EC 1.1.1.42), leucine amino-
peptidase (LAP:EC 3.4.1.1), malic enzyme
(ME:EC 1.1.1.40), and phosphoglucomutase
(PGM:EC 2.7.5.1).
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Fig. 1 Map of Guatemala showing the areas
of Finca Brote (A), Finca Recreo (B),
Finca Rincon (C), and Finca La Ruda
(D).

Four remote localities, Finca Brote (A),
Finca Recreo (B), Finca Rincon (C) and
Finca La Ruda (D), were selected for sampl-
ing of adults and/or larvae. These regions
are situated across southern Guatemala from
west to east (Fig. 1), and collections of black-
flies were made in the same sites as those
sampled in the chromosomal study of Hirai
(1985). The former three localities are
known to be endemic area of onchocerciasis,
while the latter is a2 non-endemic area (Table
1). Both adults and larvae were collected in
two localities, Finca Recreo and Rincon, but
only adult flies were caught in Finca Brote.
In the fourth locality, Finca La Ruda, adults
and pupae were difficult to find, probably
because of low population densities and little
anthropophilism of the blackflies inhabiting
this region (Ito, personal communication).
Consequently, only larvae were examined for
this locality. The number of individuals ex-
amined for each enzyme and population is
given in Table 7 (in this study, larval
populations were regarded as a separate
population).

Electrophoretic procedures, buffer systems
and staining methods for each enzyme other
than IDH and ME were the same as those
of Agatsuma et al. (1986). Electrophoretic
condition and staining mixtures for IDH and
ME are shown in Table 2. For the larval
materials from Finca Rincon, five enzymes,
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Table 1 Collection sites and the analyzed number of individuals in six blackfly populations
sampled from four localities in Guatemala.

‘e . Endemicity of Enzymes*

Lrocalities Fopulations  onchocerciasis AK ALP GPI HK IDH LAP ME PGM

A. Finca Brote A1l (adults) high 30 30 28 30 20 —** 20 27

B. Finca Recreo B1 (adults) } high 30 30 27 30 20 — 20 28

B2 (larvae) 30 30 30 30 20 30 20 29

C. Finca Rincon C1 (adults) } low 30 40 30 30 20 — 20 30
C2 (larvae) 30 40 29 30 20 40 20 3Q***

D. Finca La Ruda D1 (larvae) null 60 40 40 60 20 40 20 40

* For abbreviation see text. ** LAP reveals no activity in adult stage. *** The PGM data of
larval population from this locality have been described (Agatsuma et al., 1986).

Table 2 Electrophoretic condition and staining mixtures for two enzymes,
isocitrate dehydrogenase (IDH) and malic enzyme (ME).

Electrophoretic condition

Electrode buffer:
Gel buffer:
Condition:

0.155m Tris, 0.043 m Citrate
Dilute 66.7 ml of electrode buffer to 11
30 mA constant current 4 hr

Staining mixtures

Other additions

Enzymes Substrates Coenzymes
IDH Nas isocitrate NADP MTT PMS
20 mg 2mg 2 mg 2mg
MnCl. Tris buffer
(pH 8.0)
2mg 20 ml
ME Malate NADP MTT PMS
20 mg 2mg 2mg 2mg
MgCle Tris buffer
(pH 8.0)
2 mg 20 ml

AK, ALP, GPI, HK and LAP, were re-
examined in this study (see Agatsuma et al.,
1986).

of genetic differentiation among local popu-
lations was evaluated by Fgr and Ggr (Nei,
1975). Fgsr was calculated for each poly-

The genetic variability within a population
was quantified by measuring the proportion
of polymorphic loci and average heterozygosi-
ty per individual (H). A polymorphic locus
was defined as one in which the frequency
of the most common allele was less than 0.99.
The average heterozygosity was calculated as
H=1-}q?, where g; is the frequency of
the i-th allele at a locus, and the average
was taken of all the loci examined. Amount

morphic locus by using the following for-
mula: Fgr= (02—0,.%) [q(1—73), where g
and o> were mean and variance, respective-
ly, of frequencies (q) of the most common
allele and 0,2, the average sampling vari-
ance in estimation of g, that is, 0,,2=g (1—
q) /27, in which # was harmonic mean of
the number of blackflies examined in the six
populations. Arithmetic mean (Fgr) of Fgr
at two polymorphic loci was used for evalua-
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tion of genetic differentiation between the
populations which was also quantified by esti-
mating the coefficient of gene differentiation,
Ggr. The magnitude of genetic differentiation
between different local populations within a
large population can be measured by the rela-
tive proportion of gene diversity between the
local populations to that in the total popula-
tion. The gene diversity of the total popula-
tion (Hr) and that of the local populations
(Hg), which was an average of heterozygosity
among local populations were defined as
follows: Hy=1—3, (2.q:)%/S?%; Hg=1—
k 2

23229:4°/S, where g;;, was the gene frequency
i k

of the k-th allele in the i-th local population
and § was the number of local populations
in the total population. When a number of
loci are examined, the average gene diversity
can be calculated by taking the average of
all of the loci examined. Average gene
diversity between local populations (Dgr) is
defined as Dgr=Hr—Hs. Ggr, a measure
of genetic differentiation, is defined as
Gsr=Dgr/Hr.

For the consideration of relative phylo-
genetic relationship among local populations,
the normalized identity of genes (I) and the
standard genetic distance or average net
codon difference (D) (Nei, 1972) were used.
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or between populations. Electrophoretic pat-
terns of four of the six enzymes (AK, ALP,
HK and LAP) have previously been de-
scribed (Agatsuma et al., 1986). The pat-
terns of IDH and ME are shown in Fig. 2;
that is, in both enzymes, one distinct band
was observed without any varitaion within
or between populations. Detailed interpreta-
tion of the enzyme variations are as follows:
Glucosephosphate isomerase (GPI). We
found five genotypes and were able to identi-
fy four alleles (Table 3). Allele I was the
most common in all of six populations ex-
amined, and allele 3 was extremely low in
its frequency, being found only in a larval
population in Finca Rincon (C2). The Finca
La Ruda population (D1) showed a low
level of heterogeneity (H =0.049), while the
other populations were rather heterogeneous
(H>0.187) as shown in Table 4.
Phosphoglucomutase (PGM). A remark-
ably high polymorphism was observed in
every population. Ten different genotypes
and seven alleles were found (Table 5).

Table 3 The presumptive genotype fre-
quencies observed at GPI locus in six popu-
lations of Simulium ochraceum sampled
from four different localities in Guatemala.

Genotypes
Populations
RESULTS 1-1 1"2 2_2 1‘3 1_4' Total
Lo . Al 18 7 0 0 3 28
Description of enzyme variants Bl 20 5 1 0 1 97
Of the eight enzymes tested, GPI and PGM B o 4 0 o0 9 30
showed high polymorphism in most of the
. : . . Cl1 21 5 2 0 2 30
populations examined (Fig. 2). The remain- o 6 7 o 2 4 929
ing six enzymes, AK, ALP, IDH, HK, LAP 2
and ME showed no variation either within DI 38 0 0 0 2 40
o -8
e » :67
- - e -5
— - -1 eo® 223
- - -2 L -1
0 o= "3 o
IDH ME GPI PGM

Fig. 2 Electrophoretic zymograms of two enzymes, IDH and ME,
and diagrammatic representation of alleles of two enzymes, GPI and

PGM, in S. ochraceum.

The number shows alleles detected in the natural populations of
S. ochraceum in Guatemala. See Tables 4 and 6.
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Table 4 Allele frequencies at GPI locus esti- Hardy-Weinberg equilibrium
mated on the basis of the genotype fre- As a test of the genetic hypothesis for each
quencies shown in Table 3. locus, electrophoretic patterns were examined
e for their goodness-of-fit to the Hardy-Wein-

Alleles

Populations - berg equilibrium (HWE) model. Because of
1 2 3 4 H* the small number of observed individuals,
Al 0.821 0.125 0.000 0.054 0.307 genotypes were grouped as if they were
Bl 0852 0.129 0.000 0019 0.257 produced by a pair of alleles. x* tests re-
B2 0900 0.067 0.000 0.033 0.187 vealed that the distribution for the pheno-
c1 0.817 0.150 0.000 0.033 0.309 types of two polymorphic enzymes, GPI and
PGM, did not differ significantly from the
G2 0.776 0.121 0.034 0.069 0.378 .
D1 0.975 0.000 0.000 0.025 0.049 HWE, as shown in Table 7.
* H=1-gs. Genetic variability within populations

Average of P values of six populations was
0.243 with a range of 0.200-0.286 (Table 8)
Allele 5 was the most common in all popula- which was similar to that of P values found
tions, and there was little difference among for different groups of organisms (about
the frequencies of this allele except for the 0.300) (Nei, 1975). On the other hand,
D1 population (Table 6). H ranged from 0.028 to 0.113 with a mean

of 0.084, and the lowest value of H was
obtained from the D1 population in a non-

Table 5 The presumptive genotype frequencies at PGM locus in 6 populations of S. ochraceum
from 4 localities in Guatemala.

Genotypes H**

Populations -
1-1 1-5 1-6 2-5 3-5 5-5 5-6 5-7 5-8 6-6 Total
Al 2 4 2 0 1 14 4 0 0 0 27
B1 0 11 0 1 1 11 3 1 0 0 28
B2 1 7 2 2 0 10 3 3 1 0 29
C1 0 7 0 0 2 17 1 2 0 1 30
C2* 0 5 1 0 3 16 3 2 0 0 30
D1 0 6 1 0 0 31 2 0 0 0 40

* Agatsuma et al. (1986).

Table 6 Allele frequencies at PGM locus estimated on the tasis of the genotype frequencies shown

in Table 5.
Alleles
Populations
1 2 3 5 6 7 8 H**
Al 0.185 0.000 0.019 0. 685 0.111 0.000 0.000 0.484
B1 0.196 0.018 0.018 0. 696 0.054 0.018 0. 000 0.473
B2 0.190 0.034 0.000 0.621 0.086 0.052 0.017 0.567
Cl1 0.100 0.000 0.033 0.767 0.050 0.033 0.000 0.397
c2* 0. 100 0.000 0.050 0.750 0.067 0.033 0.000 0.419
D1 0.087 0.000 0.000 0.875 0.038 0.000 0.000 0.226

* Agatsuma et al. (1986), ** H=1—21¢’.
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Table 7 Statistical analyses of genotype frequencies in the 6 natural populations of Simulium
ochraceum from Guatemala.

GPI frequencies PGM frequencies
Populations x2 — 2
1-1 1-i i-i8 5-5 5-i i-ia

Al 18 10 0 14 9 4

(18.87) ( 8.23) (0.90)® 1.321ns (12.67) (11.65) (2.68) 1.393ns
B1 20 6 1 11 17 0

(19. 60) ( 6.80) (0.60) 0. 369ns (13.56) (11.85) (2.59) 5.311*
B2 24 6 0 10 16 3

(24. 30) ( 5.40) (0.30) 0. 370ms (11.18) (13.65) (4.17) 0.857ns
C1 21 7 2 17 12 1

(20.02) ( 8.97) (1.01) 1.45]1ns (17.65) (9.94) (2.41) 1.276ns
G2 16 13 0 16 13 1

(17.46) (10.08) (1.46) 2.428ns (16.88) (11.25) (1.87) 0.7231s
D1 38 2 0 31 8 1

(38.02) ( 1.95) (0.03) 0.0312s (30.63) ( 8.75) (0.62) 0. 302n0s

& A uniform test for the two loci was performed by regrouping genotypes as if they were produced
by a pair of alleles, one encoding the most common allele and one encoding all the others (i).
ms: not significant (p>0.05), * 0.05<$<0.02.

b Expected number, on the assumption of random mating.

Table 8 Genetic variability within populations Table 9 Genetic differentiation (#st) among
of Simulium ochraceum from Guatemala.® natural populations estimated from the data
: - — of electrophoretic screening of biochemical
Populations  Ppoly™ H** polymorphism.
Al 0.286 0.113 Number of Variable Far* Fst*
B1 0.286 0.104 populations loci ST ST
B 0. 200 0.075
2 6 GPI  0.0176
C1 0.286 0.101 0.0166
C2 0.200 0. 080 PGM 0.0157
) ) 5 GPI 0.0000
D1 0.200 0.028 (excluding the) PCM 0 0000} 0. 0000
Average 0.243 0. 084 D1 population )
2 The locus number used in calculations was * See text.
7 for adults and 10 for larvae.

* Proportion of polymorphic loci. The locus Table 10 Gene diversity and gene differen-
was defined as polymorphic, when the tiation among populations of Guatemalan
frequencies of the commonest allele at a blackflies, S. ochraceum.
locus were less than 0.99. Nomh :

*ok : H=1— 2 umber o * * *
Average heterozygosity, H=1—2q: populations Hr Hs GsT

. . 6 0.0989 0.0964 0.0253
rea of onchocerciasis (Table 8).
endemic area of onc ( ) 5 0.1092 0.1079  0.0117

( excluding the )

Genetic differentiation among populations D1 population

For evaluation of genetic differentiation

among the local populations, the mean sta- * See text.

tistics, Fgr was calculated as shown in Table

9. The value obtained was 0.0166, but if the variance it is necessarily greater than or equal
D1 population was excluded from the calcu- to zero, since Fgr is a measure of the amount
lation, the value becomes zero (because of differentiation among the populations),
average sampling variance exceeds measured indicating that the D1 population was re-
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Table 11 Matrices of the normalized identity of genes (I) (below the diagonal) and genetic distance
(D) (above the diagonal) between each pair of populations of Guatemalan blackflies, Simulium

ochraceum.
D
I .
1 2 3 4 5 6
1. Al 0. 00050 0. 00155 0. 00160 0.00152 0. 00631
2. Bl 0. 99950 0.00120 0.00134 0.00186 0.00532
3. B2 0.99846 0. 99880 0. 00378 0. 00403 0. 00642
4. Cl1 0.99842 0. 99866 0. 99623 0. 00044 0. 00420
5. C2 0. 99848 0.99814 0.99598 0. 99956 0. 00520
6. D1 0.99371 0. 99469 0. 99360 0.99581 0.99481

I=2q1'qy (2qis° 2094°) 7Y%, D=—logel, where, qi. and g, are the allele frequencies of the i-th al-
lele at a locus in the populations x and y, respectively, and the average is taken over all the loci

examined.

markably distinct from other populations.
Another estimate of genetic diversity, Ggr
is presented in Table 10. The estimate was
0.00253 for comparison of the populations
which means that about 25% of the total
genetic diversity is attributable to the genetic
difference between the populations.

Genetic distance between populations
The estimates of genetic distance (D) be-

PGM

Fig. 3 Geographic distribution of the pre-
dominant allele, 5, at PGM locus in six
populations of S. ochraceum in Guatemala.
For abbreviations see Table 1.

tween populations are summarized in Table
11. The lowest estimate of D was 0.00044
between the adult and larval populations
(C1 and C2) from the Finca Rincon. The
D1 population showed greater distance from
all populations examined. However, overall
values for each comparison of population
pairs can be said to be rather low; even the
highest value of D (0.00642) between the

Bl and D1 is within the usual range for

GPI
omm@ 1

Fig. 4 Geographic distribution of the pre-
dominant allele, I, at GPI locus in six
populations of S. ochraceum in Guatemala.
For abbreviations see Table 1.
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D
Fig. 5 Dendrogram drawn from the Nei’s
genetic distances (D) (Table 11) among
six populations of §. ochraceum using the
unweighted pair group method.

conspecific populations (Nei, 1975). From
the data in Table 11, a dendrogram was
constructed using the unweighted pair-group
method as shown in Fig. 5.

DiscussioN

All of examined enzymes except IDH and
ME showed the same patterns as those of our
previous study, and genetic interpretation of
each enzyme pattern was done in the same
way as before (Agatsuma et al., 1986). A
good agreement between expected and ob-
served values of the phenotype frequencies
of GPI and PGM supports the genetic inter-
pretation adopted here (Table 7).

In the Finca Rincon, the adults (C1) and
larvae (C2) were sampled at almost the same
spot, and it was found that there was little
difference in the allele frequencies at all the
loci examined. Since all the adults sampled
were females, this suggested that there seemed
to be no difference in allele frequencies be-
tween both sexes in this locality. On the
other hand, small differences were seen be-
tween the adult (B1) and larval (B2) popu-
lations when the collection sites were over
5km apart, suggesting separate populations.

Clinal pattern was seen at the PGM locus
in the frequencies of the allele 5, which was
the predominant one in any population ex-
amined (Fig. 3). No clinal pattern was
evident in any population, however, with
regard to the highest allele, 7, at GPI locus
(Fig. 4). The cline of gene freugencies has
been observed in a variety of animal and
plant enzymes, and has been suggested as

Jpn. J. Sanit. Zool.

an important evidence of natural selection of
molecular variations (e.g. Ayala, 1975).
However, the effect of gene dispersal during
local differentiation can not be neglected
(Nei, 1975). In this respect, the observed
clinal pattern in the blackfly enzyme must
be studied more intensely to identify any
factors of selective force.

The D1 population seemed to be unique
because the level of the average heterozygosi-
ty (H) was remarkably low compared with
the other populations. Theoretically, a low
level of heterogeneity in a population could
be maintained if the population was subject
to a stabilized selection; that is, a newly
arisen variant would always be weeded out
from the population. However, there is little
evidence so far that selective forces are re-
sponsible for the genetic structure of popu-
lations. It seems more plausible that random
genetic drift may have been involved when
a population appears to be rather small and
subject to fluctuations, increasing in the rainy
season, and decreasing drastically in the dry
season. Founder effect could also be one of
the major factors in the development of a
low level of heterogeneity.

The values of Fgr and Ggp in this study
were 0.0166 and 0.0253, but if the D1 popu-
lation is omitted from the calculation, the
values zero and 0.0117 are obtained respec-
tively (Table 9). This clearly means that
the D1 population is being much differen-
tiated genetically from the other populations.
The genetic distances calculated here also
showed that this population is rather far
from the other populations phylogenetically,
though the values are not so large (Table 11
and Fig. 5).

Uemoto (1984) first recognized significant
differences in larval morphology among .
ochraceum populations sampled from differ-
ent localities through Mexico to Guatemala.
He stated that there could be at least three
sibling species. Afterwards, Hirai (1985)
started chromosomal studies using collections
from the same localities as those sampled by
Uemoto (1984). He also discovered pro-
nounced differences in chromosomal banding
patterns, especially on the Y chromosome,
and divided S. ochraceum from Mexico and
Guatemala into three sibling species, A, B
and C, according to the X and Y chromo-
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some 1nversion patterns. In the present study,
two of Hirai’s three types, A and C, were
investigated electrophoretically. Five popu-
lations, A1, B1, B2, C1 and C2 of the present
study, belong to the A type of Hirai (1985),
while the D1 population belongs to the C
type. According to Hirai’s results, type C is
remarkably far from both of the other two
types, because it has considerably different
chromosome constitution changed by a lot of
chromosomal rearrangements. The other two
do not possess the inversion on chromosome
IT which suggests that there is no possibility
of interbreeding between them, probably due
to the drastic change of chromosomal gene
arrangement. Actually, Hirai could not find
any intermediate chromosomal pattern be-
tween type G and others in either population
(personal communication). These findings
are in accord with our results that the D1
population, namely the type C, genetically
differs from the other populations all of
which are similar and belong to type A.
Nevertheless, the present isozyme study did
not show marked difference in the genetic
distance values between the D1 population
and others; the largest one (0.00642) was
obtained between the D1 and B2 populations,
while the smallest (0.00420) was seen be-
tween the D1 and C1. Even the largest value
1s small enough, being within intraspecific
range (Avise, 1975). In view of their average
genetic distance, the two types, A and C,
cannot be regarded as separate species. How-
ever, the standard genetic distance is not
always an indicator for showing conventional
classification of each taxon (Townson and
Meredith, 1979). Indeed, there have been
many examples which showed such a dis-
crepancy between biochemical and mor-
phological studies as to classification (see
Dobzhansky et al., 1977). As to Simuliidae,
cytological studies have revealed in many
morphospecies the existence of a sibling
species complex, the members of which are
reproductively isolated. Enzyme electro-
phoresis has been applied to the S. damnosum
complex, for example, and it was found that
some enzyme patterns can be used to dis-
tinguish some of the sibling species. How-
ever, 1t was also found that not all cytospecies
can be distinguished by this method (Town-
son and Meredith, 1979). Therefore, it is

177

of major importance to recognize that specia-
tion is not necessarily accompanied by exten-
sive enzyme divergence. Furthermore, the
genetic distance found between Simulium
species need not be the same as those between
species in other groups of animals and plants,
because the process of speciation occurs in
different ways in different organisms.

In any case, although the divergence be-
tween types A and C might have recently
occurred, it should be noted that the present
study essentially supported the sibling species
theory of S. ochraceum by Uemoto (1984)
and Hirai (1985).
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W =

T2T A4 Y FA ORI
I. Vy5F~7kBF3sFraknr
FEEEA T 2 Simulium ochraceum
D BREMIZ BT 2 BEHOERME

B X UEENSE

77T BITBE N HERS T 2 Simu-
lium ochraceum Z-DWTiX, iz B4 (1984) »S
TERSBEFENIFEEZ 1TV, 3D sibling species (ffi
HHE) TREL OB LB LE. 20%, EH (1985)

Jpn. J. Sanit. Zool.

RRLEARSITIC X D [FIERIC 3 B O sibling species A%
FET 2 LRE L. FBFETIE, L& (1984 BX
USES: (1985) 31T o fo Ml & /Al —Hik o Sk L o
REDT A Y F AL LRE—L 230, HhonIEEL
7z sibling species IZ DWW THERLEEENES» OB
Mainzic. REIIERITHIKRCHS Finca La Ru-
da, {EF{THIIED Finca Rincon 38X UEEE DT
Hugk Finca Brote 3 XU Finca Recreo O 4 MUk
T, BB LI URBEMEDLE TR DL E S
L7c. TR, FFRsBED S b, AK,
ALP, HK, IDH, LAP, ME 0 6 B¢%ix, +_THE
HAB L UCEEMICE > 72 BREREST, wbw3
monomorphism ThodZ LhBbhoi, LALED
D 2EEFHE GPI BXU PGM BERRRL, LYo
HiTb MBS (polymorphic) Td - 7=, X2
test Z VT A—=T 4 + UL RV TOERP L DT
NERELHERER, FEOEDALALNT, £EFELD
FUEARTEELTWS LD LEL bR, A~
FuFA TYF 4 — H REEE TR LIGEETEOE
& P offix, Zh¥h 0.084, 0.234 TH v, fED
ZLOERATRR L VE o E L ZIFRECETH
>lc. RIZEHFOEEHSLORELZ TS0,
Fsr B X U'GsT RO IHER, WITHIR CH 5 Finca
La Ruda 0D A, ofLH»LREL L
TWBHZ EBbhofz. Eiz Nei (1975) DB
DfEL, Z D Finca La Ruda £FAMuo £ O3
RleoTWBZ LERLE. Z0BEHICHTEER
TEEFIx, EH (1985) HHERE L 7= sibling species
“C”iZ, EHREVWRIELALEERERNPTED
» 5EMIX, TTEH (1985) @ sibling species
AT IZHHYT B LD TH Y, SEDOTA Y FA LG
i3, RBESITLBFE—BT I LR bhrolz. i
genetic distance DED, TEXRE LI T & BIRER D
B2l yEL, LAMERBROEICHELLT
WBZ LRERERZ., LMrLESLESTLLT A
IVAL LDERPEILOTIRARL, Ta2kBF58E
ML L AETEE LTako b3 %ITL, BRI
TAYFALLERPERET I LI BRELLER
5Z2LHTES. WFRIZLTYH, Zhd=-50 sib-
ling species i3, QUEEORBRENIL2 RV P&V
D LBbhil.

NI | -El ectronic Library Service



