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Population structure in the spider mite
Tetranychus urticae (Acari: Tetranychidae)

from Crete based on multiple allozymes
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The polymorphism of four isozymes was studied on single females of Tetranychus urticae from
Crete (Greece), using an isoelectric focusing technique. Genetic differentiation was found to
be correlated with distance but not with the species of colonized host-plants. Thus no differ-
entiation was observed between samples collected on citrus trees, tomato, pumpkin, okra or
weed plants located within a 50 m2 area, showing that at this geographical scale T urticae
populations are panmictic. In contrast, samples from plants at 150 m or more from one
another displayed a significant genetic differentiation. These results are discussed in relation to
the known pattern of migration in the species.
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Introduction

The phytophagous two-spotted spider mite, Tetra-
nychus urticae Koch, is distributed worldwide. It
feeds on a large variety of plant families including
many crops, and displays a large amount of variation
in its morphology, physiology (tolerance to insecti-
cides, response to photoperiod), sex ratios, etc.
(Helle & Overmeer, 1973). Reproductive incompati-
bilities, possibly caused by endosymbionts (Tsagkar-
akou et a!., 1996a), have often been recorded (de
Boer, 1985). Few studies attempting to clarify the
genetic differentiation associated with this variation
have been undertaken. This is mainly because of the
difficulty of using classical electrophoresis techni-
ques to analyse the genetic polymorphism of these
very small organisms. Until recently, only a single
enzymatic system could be studied on each indivi-
dual (Ward et a!., 1982; Gotoh et a!., 1993; Hino-
moto & Takafuji, 1994). In 1991, Kazmer described
an isoelectrofocusing (IEF) method which uses
several stacked cellulose acetate membranes and
allowed the investigation of up to five enzymatic
systems on single Trichogramma. This technique has
since been used successfully to evaluate citrus thrips
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predation by the phytoseiid mite Euseius tularensis
Congdon (Jones & Morse, 1995) and by us to
analyse the genetic variability of a few collections of
T urticae from Greece (Tsagkarakou et al., 1996b).
This last investigation revealed a high level of
polymorphism and prompted us to investigate the
genetic differentiation of this species in the Medi-
terranean region. The present study was undertaken
to answer two questions: (a) is there any genetic
differentiation caused by selection pressures relative
to the host plant colonized, and (b) how does
geographical distance influence the gene flow
between T urticae populations? To answer these
questions we tried to find T urticae populations
inhabiting as many as possible different host plant
species within a small area, as well as populations
separated by distances of different orders of magni-
tude. For this purpose, the island of Crete (Greece)
where familial vegetable gardens with several plant
species can be found near citrus groves appeared
well suited.

Material and methods

Mite samples

Twelve samples of mites were collected in Septem-
ber 1995 at Neo Chorio and Armeni (Crete), two
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villages about 50 km from one another (Fig. 1). In
each village, samples of 30—40 females and males
were collected from different host-plant species. If
densities were high (>30 mites) individual plants or
leaves were sampled independently (Table 1). All
samples collected in Neo Chorio came from a 50 m2
area whereas samples collected in Armeni came
from two sites of about 30 m2 separated by 150 m.
Males were used to determine the species present in
each sample by microscopic examination. Only T
urticae was found. Females were stored in liquid
nitrogen until electrophoresis.

Electrophoresis

Single females were homogenized directly on the top
of four stacked cellulose acetate membranes and
submitted to isoelectric focusing as described by
Tsagkarakou et a!. (1996b). After migration, each
membrane was used to reveal 6-phosphogluconate
dehydrogenase (PGD, EC 1.1.1.44), phosphogluco-
mutase (PGM, EC 5.4.2.2), esterases (EST, EC
3.1.1.-) or phosphoglucoisomerase (PGI, EC 5.3.1.9),
as described by Pasteur et a!. (1988). These enzyme
systems were the only ones among the 13 with
activity to show polymorphism and to have clear
genotypes (Tsagkarakou et al., 1996b).

Population structure

Population structure was analysed with the GENEPOP
(version 2) software (Raymond & Rousset, 1995a).
F15 and FST estimates were computed according to
Weir & Cockerham (1984). Heterozygote deficits or
excesses were tested using an exact test procedure
(Rousset & Raymond, 1995). When a null allele was

present (Est-3 locus), the maximum likelihood esti-
mates of allelic frequencies under Hardy—Weinberg
equilibrium were computed using the algorithm of
Dempster et a!. (1977). Genotypic associations
between each pair of loci were tested for each popu-

Table 1 Collection records of Tetranychus urticae sampled in Crete (Greece) in September 1995

Estimated

Samples Village Host species Nature of sampling density

No. 123 Neo Chorio Lemon trees Citrus limon 4 trees +
No. 124 Neo Chorio Weeds Parietaria officinalis 4 plants below no. 123 + +

+ +No. 125 Neo Chorio Pumpkin plant 1 Cucurbita sp. 1 fresh leaf

No. 126 Neo Chorio Pumpkin plant 1 Cucurbita sp. 1 leaf adjacent to no.
No. 127 Neo Chorio Pumpkin plant 1 Cucurbita sp. 1 leaf adjacent to no. 126 +

+No. 128 Neo Chorio Tomato plant Lycopersicon esculentum 4—5 leaves from one plant
+ + +No. 129 Neo Chorio Pumpkin plant 2 Cucurbita sp. 2—3 leaves from one plant

No. 130 Neo Chorio Okra plant Abelmoschus esculentus 4—5 leaves from one plant
+No. 131 Armeni site 1 Citron trees Citrus medica 4 trees

No. 132 Armeni site 1 Weeds Parietaria officinalis Several plants near no. 131 +
+No. 133 Armeni site 2 Citron trees Citrus medica 3 trees

No. 134 Armeni site 2 Citron tree Citrus medica 1 leaf of one of the above trees no. 133 + +
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Fig. 1 Geographical location of the two villages in Crete
where samples of Tetranychus urticae were collected. The
samples nos 123—130 were collected at Neo Chorio,
within an area of 50 m2. At Armeni, samples nos 131 and
132 were separated by 150 m from samples nos 133 and
134. Details about the nature of sampling are given in
Table 1. Stars indicate the location of the continental
samples described in Tsagkarakou et al. (1996b).
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lation by a probability test as described by Raymond
& Rousset (1995b), and over the whole data set by
Ohta's variance analysis (Ohta, 1982) using the
LINKDOS program (Garnier-Gere & Dillmann, 1992).
When necessary, the significance level of each test
was adjusted by taking into account the other tests
using the sequential Bonferroni method (Holm,
1979).

Genotypic differentiation between populations or
groups of populations was tested by computing an
unbiased estimate of the P-value of an FST-based
exact test (Raymond & Rousset, 1995 a) as imple-
mented in GENEPOP. The overall significance of
multiple tests was estimated by Fisher's combined
probability test (Fisher, 1970). The number of effec-
tive migrants (Nm) was computed from FST esti-
mates according to the equation Nm = (lIFsT— 1)14
(Wright, 1969) or by using the private allele method
of Slatkin (1985). Isolation by distance was tested
statistically by determining the significance of the
correlation between FST estimates and geographical
distances using a Mantel test where P-values are
determined by permutation procedures (Smouse et
a!., 1986; Leduc et a!., 1992).

Results

Genetic polymorphism

The four enzymatic systems investigated allowed the
identification of six putative loci. Three of these loci
(Pgd, Pgm, and Pgi) displayed allozyme patterns
which were consistent with the presence of codomi-
nant alleles (Table 2). The three other loci encoded
esterases which hydrolysed preferentially either
alpha (Est-1 locus) or beta (Est-2 and Est-3 loci)
naphthyl acetate. Est-1 allozymes presented a weak
and inconstant staining and are not considered
further. Three alleles were found for Est-2 and all
mites displayed one (homozygotes) or two (hetero-
zygotes) allozymes. Three alleles were also observed
at the Est-3 locus but, in all samples except no. 132,
some individuals lacked Est-3 activity. To determine
whether the absence of Est-3 activity resulted from
the presence of a null allele or from another factor,
deviations from Hardy—Weinberg expectations were
analysed in considering first only mites with Est-3
activity, and then all mites. The first analysis
disclosed heterozygote deficits (P <0.05) in samples
nos 123, 124, 125, 128 and 133, an observation
consistent with the possible presence of a null allele.
The second analysis was performed after estimating
allelic frequencies of active and null alleles (Table

2), by maximum likelihood assuming the Hardy—
Weinberg equilibrium. If lack of activity resulted
from a null allele and if the populations were in
Hardy—Weinberg equilibrium, the expected and the
observed phenotype frequencies should have coin-
cided. This was not the case in six (nos 124, 125,
126, 127, 129, 130) of the 10 polymorphic samples in
which significant deviations from Hardy—Weinberg
expectations (15 < <38, 0.02 >P> 10—i) were
obtained. This result suggests that either one or both
hypotheses are wrong and the Est-3 locus is not
considered further.

The analysis of the genotypic distributions at the
Est-2, Pgd, Pgi and Pgm loci (Table 2) disclosed
significant heterozygote deficits (P <0.05) in five out
of 26 tests: two at the Pgd locus (nos 131 and 132)
and three at the Pgm locus (nos 123, 126 and 133).
All these deficits except that of no. 126 remained
significant (P.<0.05) when taking into account multi-
ple tests (sequential Bonferroni tests). Samples nos
123, 131, 132 and 133 were collected from several
plants (each plant carrying a low density of mites),
and the observed heterozygote deficits may be an
indication of a Wahlund effect. Pooling samples nos
126, 127, 128, 129 and 130 collected in Neo Chorio
on individual plants or leaves (with high densities of
mites) did not lead to a heterozygote deficit or to an
increase of F15 estimates (F15 = —0.005, —0.019 and
—0.146 for Pgin, Est-2 and Pgi, respectively) as
compared to those obtained with individual samples
(see Table 2). These results seem to suggest that
density is an important parameter in the population
structure of T urticae.

The analysis of genotypic associations between
pairs of loci in each sample revealed a single
nonrandom association (between Pgm and Est-2 in
no. 126) which did not remain significant (P>.0.05)
when taking into account multiple tests. The linkage
disequilibrium between two alleles of a pair of loci
within a subdivided population is caused either by
directional selection pressures or to genetic drift. To
discriminate between the two situations, we followed
the procedure of Ohta (1982) which decomposes the
gametic associations observed in the whole data set
(DJT) into four indices to discriminate the part
created within (D1 and D'15), from that created
between (DST and D 'sT), populations. For all pairs of
loci, D15 <DST and D >D ST (Table 3), indicating
that genetic drift rather than selection is responsible
for the nonrandom genotypic associations found
among the T urticae populations studied here. These
analyses indicated that the variability observed at the
different loci was not redundant, and that it could
be used to analyse gene flow.
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Table 2 Allelic frequencies and inbreeding coefficient (Ff5) in samples of Tetranychus urticae

Samples

Locus 123 124 125 126 127 128 129 130 131 132 133 134

Pgd
N 35 32 31 15 25 11 30 24 32 41 33 30

100 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.938 0.951 1.000 0.950
90 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.063 0.049 0.000 0.050

— — — — — — — — 1*** 1*** — —0.04

Pgm
N 27 30 31 30 42 30 26 28 30 39 33 30
100 0.389 0.567 1.000 0.633 0.548 0.400 0.462 0.536 0.650 0,590 0.848 0.817
80 0.611 0.433 0.000 0.350 0.452 0.600 0.538 0.464 0.183 0.333 0.000 0.017
120 0.000 0.000 0.000 0.017 0.000 0.000 0.000 0.000 0.167 0.077 0.152 0.167

F15 0.62** 0.07 — 0.38* 0.05 0.05 —0.22 0.17 0,34 0.77*** —0.19

Est-2

N 35 32 31 32 42 27 30 29 33 39 32 30
100 1.000 0.984 0.952 0.984 1.000 1.000 0.950 0.948 0.955 0.987 1.000 1.000

110 0.000 0.000 0.048 0.000 0.000 0.000 0.000 0.000 0.045 0.013 0.000 0.000
115 0.000 0.016 0.000 0.016 0.000 0.000 0.050 0.052 0.000 0.000 0.000 0.000

F15 — — —0.03 — — — —0.04 —0.04 0.03 — — —

Pgi
N 35 32 31 15 25 NA 30 29 33 41 33 30
100 0.871 0.797 0.968 0.900 0.900 0.867 0.828 0.985 0.902 1.000 1.000

90 0.129 0.203 0.032 0.100 0.100 0.133 0.172 0.015 0.098 0.000 0.000

F15 —0.13 —0.24 —0.02 —0.08 —0.09 —0.14 —0.19 — —0.10 — —

Est-3
N 25 32 31 25 32 24 25 26 28 12 19 NA
70 0.267 0.218 0.305 0.307 0.345 0.410 0.320 0.420 0.407 0.542 0.388
80 0.377 0.383 0.262 0.145 0.247 0.150 0.261 0.153 0.095 0.083 0.091
90 0.040 0.062 0.193 0.280 0.250 0.145 0.260 0.269 0.270 0.375 0.272

Null 0.314 0.335 0.238 0.266 0.157 0.293 0.158 0.157 0.226 0.000 0.247

Samples numbered as in Table 1.
The Est..3 frequencies were estimated by maximum likelihood except for sample 132 (see text).
N, number of tested individuals; NA, not available.
Significant heterozygote deficits or excess: <0.05, ** <0.01 and ** * P<0.001.

Genetic differentiation and gene flow

Genetic differentiation was analysed by comparing
genotypic distributions and computing FST estimates.
It was highly significant (P < 10) over all samples
(F51 = 0.12) as well as among samples from each
village (FST = 0.093 and 0.065 for Neo Chorio and
Armeni, respectively, Table 4). To understand better
the forces responsible for this differentiation within
each village, all pairs of samples were compared.

For Neo Chorio, where all samples were collected
within a 50 m2 area on different plant species, signi-
ficant differences were restricted to comparisons
including sample no. 125 (P<105; 0.24<
F51<0.55). The fact that the overall differentiation
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observed in Neo Chorio resulted from this sample
was confirmed by removing it from the analysis:
differentiation was no longer significant (P = 0.07

and FST = 0.01). This indicates that there was no
differentiation associated with the host plant species.
Samples nos 125, 126 and 127 come from three
successive leaves of the same pumpkin branch, the
leaf carrying no. 125 being the youngest and thus the
most recently colonized. The most likely explanation
for no. 125 being differentiated from all the other
samples collected in Neo Chorio is a recent founder
effect. This conclusion is in agreement with (a) the
monomorphism of the Pgm locus which was highly
polymorphic in other samples, (b) the presence of
allele Est-2"° which was absent from sample nos 126
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Table 3 Variance components of linkage disequilibrium analysis for Tetranychus urticae (Ohta, 1982)

With in-subpopulation J3etween-subpopulation
components components

Loci compared
D 'is DST D 'ST

Total

D11

Pgd—Pgin 0,00080 0.34846 0.08365 0.00025
Pgd—Est-2 0.00001 0.00860 0.00218 0.00000
Pgd—Pgi 0.00005 0.03626 0.01072 0.00003
Pgm—Est-2 0.00052 0.30809 0.08 155 0.00014
Pgm—Pgi 0.00308 0.31894 0.08 130 0.00413
Est-2—Pgi 0.00003 0.04074 0.00974 0.00001

0.34871
0.00860
0.03629
0,30823
0.32307
0.04075

Table 4 F51 estimates and number of migrants (Nm) for population subdivisions of Tetranychus urticae

FSTt Nm

N 6-Pgd Pgm Est-2 Pgi All ¶ FST Private allele

All samples 12 0.012 Q.16*** 0.016** 0.049*** 0.12*** 1.8 —
Within villages
Neo Chorio — all samples 8 0 0.14*** 0.016* 0.015 0.093*** 2.5 3.7

— excluding no. 125 7 0 0.016 0.014 —0.002 0.01 24 12
Armeni — all samples 4 —0.007 0.082*** 0.016 0.063*** 0.065*** 3.6 —

site 1 2 —0.027 0.013 0.006 0,046* 0.012 21 —
site 2 2 0.038 —0.018 0 0 —0.01 >24 3.4

Between sites
Neo Chorio—Armeni 2 0.045 0.11 0.002 0.05 1 0.088 2.5 1
Armeni: site 1—site 2 2 —0.0004 0.12*** 0.019 ØØ49** 0.09*** 2.5 1.2

tEstimated by the theta parameter of Weir & Cockerham (1984).
tEstimated using both Wright's FST and Slatkin's private allele methods.
§Number of samples considered.
¶'All' refers to the multilocus estimate.
Significant genotypic differentiation: *<0.05, **<0.01 and ** *<0.001. Probabilities could not be computed for the
Neo Chorio—Armeni comparison because the Armeni group contained differentiated samples.

and 127 from the same pumpkin branch and (c) the
low average observed heterozygosity (H0 =0.04) as
compared to other samples (H0 = 0.11—0.29) at Neo
Chorio.

The Armeni samples were collected from two
distinct sites 150 m from each other. Within each
site, genetic differentiation was not significant
(P>'0.05; FST = 0.012 and —0.01 for site 1 and site
2). This observation was expected for site 2 because
no. 134 was collected on one leaf of the trees carry-
ing no. 133; in the following analyses, these two
samples have been pooled. Genetic differentiation
(FST = 0.09) was significant (P< 10) between the
two sites of Armeni: both samples (no. 131 collected
on citrus and no. 132 collected on weeds) in site 1
differed significantly from sample (133 + 134) at site

2 (P 0.009 and FST = 0.057 for no. 131, and
P<105 and FST=O.14 for no. 132). These results
contrast with those obtained for Neo Chorio, and
show that T urticae populations separated by 150 m
are not panmictic, whereas populations within an
area of 50 m2 are panmictic.

The genetic differentiation between Neo Chorio
and Armeni was examined by pooling the samples
collected in each village. The FST estimate was 0.088,
a value close to that observed between the two sites
in Armeni.

Gene flow (Table 4), estimated from the number
of effective migrants, Nm, computed from FST esti-
mates (or the private allele method which gave
comparable results), was high (Nm 21) among
mites colonizing different plants within an area of
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50 m2 or less in Armeni or Neo Chorio (sample no.
125 was excluded from this analysis, see above). In
contrast, Nm = 2.5 between sites separated by 150 m
in Armeni or between the two villages, indicating
that gene flow is strongly reduced by even a short
distance (150 m). The relationship between gene
flow and distance was further analysed by examining
the slope of the regression between log Nm and log
distance computed for each pair of samples (Slatkin,
1993) (Fig. 2), and by computing the correlation
between FST estimates and distance. The slope of log
Nm and log distance was negative (b = —0.243), and
FST was significantly and positively correlated to
geographical distance (p 0.55; Mantel test:
P = 0.02), indicating that gene flow significantly
decreases (or genetic differentiation significantly
increases) as distance between populations
increases.

Genetic differentiation between Crete and Greece

Comparison of the genetic polymorphism of samples
collected in Crete and those collected in continental
Greece (Tsagkarakou et a!., 1996b) disclosed large
differences. First, the Est-3 locus observed in all the
samples from Crete was fixed for the null allele or
absent from mites of the continent. Secondly, the
Est-2 locus possessed seven alleles on the continent
vs. three in Crete. Thirdly, allele Pgi"° present on
the continent was absent from Crete, whereas allele
Pgi9° present in Crete was absent on the continent.
The genetic differentiation between samples

S

I
S.I

S
SS $
S
S

Fig. 2 Isolation by distance (in m) using Slatkin's (1993)
method. Pairwise estimates of Nm were calculated using
the GST parameter of Nei (1973) because some FST esti-
mates of Weir and Cockerham (1984) were negative.
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collected on the continent and in Crete was higher
than between samples from Crete (FST = 0.14, esti-
mated after pooling samples of the two regions),
indicating a very low gene flow (Nm = 1.5).

Discussion

Our study showed that, in Crete, population struc-
ture of T urticae is independent of the species of the
host-plant colonized, but is affected by the density of
mites on these plants as well by the distances that
separate them.

The absence of significant differentiation among
T urticae colonizing different host-plants was well
demonstrated by the study undertaken in Neo
Chorio on mites collected on pumpkin, tomato,
okra, weed plants and citrus trees. The FST estimate
among samples was low (FST = 0.01) and, conse-
quently, gene flow very high (Nm = 24). These
results contrast with a recent report by Gotoh et a!.
(1993) who showed clear mating and host-plant pref-
erences associated with the Pgi polymorphism in two
strains of T urticae from The Netherlands. These
strains were established from mites coming from two
different greenhouses and host plants (cucumbers
and tomatoes) and had been reared for many years
on their respective host plants. In addition to genetic
drift, they had therefore experienced different selec-
tion pressures. This was not the case of the open-
field populations considered in Neo Chorio.

The study carried out in Neo Chorio revealed also
the importance of population density on spider mite
population structure: samples collected from several
plants carrying mites in low densities displayed signi-
ficant heterozygote deficits whereas those collected
on plants with high densities did not. This suggests
that, at low densities, mites on different plants had
slightly different allelic frequencies, probably as a
result of founder effect and genetic drift. The impor-
tance of founder effect was evident by comparing
successive leaves of a heavily parasitized pumpkin
branch. The two older leaves of this branch carried
T urticae colonies which did not differ from one
another or from the other Neo Chorio samples.
Mites on the younger leaf were significantly different
from all other samples and showed a tow heterozy-

I I I I gosity (H0 = 0.04 compared to 0.11—0.29 in other

-2 -1 0 1 2 3 4 5 samples). Evidence of founder effect has been
reported in T urticae by Hinomoto & Takafuji
(1994) who studied the Pgi locus. These authors
observed increased heterozygote deficits (measured
by the inbreeding coefficient F1) as they considered
successively mites collected on individual leaflets,
individual plants, or all the strawberry plants present

0

2.5

1.5

0.5

-0.5

log (distance)
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in a vinyl house. In a study of the Mdli locus, Ward
et al, (1982) found that genotypic frequencies were
in agreement with the Hardy—Weinberg expecta-
tions although their sampling covered many plants
within a 600 m2 area, and we can conclude that
founder effect was negligible. As noted by Hinomoto
& Takafuji (1994), the difference between the two
studies may be caused by different densities. In addi-
tion, Ward et aL (1982) studied a single locus which
may not have been representative of the real situa-
tion. In the present investigation, evidence of
heterozygote deficits on plants carrying low densities
of mites was not uniformly distributed among the
four loci studied: it was not, for example, detectable
at the Pgi locus. This emphasizes the advantage of
multilocus analyses compared to single-locus analy-
ses, which were the only ones possible until recently
as a result of the lack of adequate electrophoretic
techniques for very small organisms.

The strong differentiation observed between
samples collected in different sites of the Armeni
village indicated that a distance of 150 m was suffi-
cient to considerably limit gene flow. Limitation of
gene flow in relation to geographical distance was
further confirmed by the significant correlation
observed between differentiation (measured by FST
estimates) and distance when considering the whole
data set. Similar results have been found by Osakabe
& Sakagami (1993) with the citrus mite Panonychus
citri (McGregor) in Japan.

The dispersal behaviour of T urticae has been the
subject of extensive studies. This species tends to
feed in colonies of relatives on the same host leaf
(Mitchell, 1973) until environmental conditions
deteriorate following exhaustion of food resources,
increased densities of predatory mites or the repel-
lent effects of pesticides (see Grafton-Cardwell et
a!., 1991). Two active dispersal behaviours have been
reported: crawling and taking advantage of air
draughts (Kennedy & Smitley, 1985). Crawling
ensures dispersal in two ways: (a) between adjacent
plants and (b) on the same plant from older leaves
to new ones, usually from the base to the top of the
plant as density increases and older leaves become
unsuitable (Hussey & Parr, 1963). To colonize new
plants, mites may let themselves be blown away or
may drop to the soil, after hanging at the end of
their silk line for some time (Fleschner et a!., 1956).
T urticae manifests another particular behaviour
during which mites orientate themselves away from
the light source and raise their forelegs and fore-
bodies (Smitley & Kennedy, 1985). This behaviour
occurs in the presence of air currents and increases
the probability of being blown away; it is manifested

especially by young mated females (Li & Margolies,
1993). In a maize-peanut agroecosystem, ground
crawling was observed in the spring when T urticae
moved from overwintering sites to adjacent maize
fields, and aerial dispersal was observed for the
subsequent colonization of peanut plants later in the
season (Brandenburg & Kennedy, 1982; Margolies
& Kennedy, 1985).

Our observations on the population structure of T
urticae in Crete agree well with the known pattern of
dispersal of the species. Increased tendency of
dispersal on plants with high densities of mites is
likely to ensure panmixia and explains the absence
of a heterozygote deficit in mites from heavily para-
sitized plants. Dispersal between adjacent plants will
mostly be dependent on crawling, because once
'airborne' mites have a low probability of falling on
a nearby plant. Dispersal by crawling can only main-
tain panmixia over short distances, even if a high
proportion of the population is involved. This agrees
well with our finding that samples at 150 m from one
another are significantly differentiated, as well as
with the significant correlation between FST esti-
mates and geographical distances. Our results are
also consistent with the large differentiation
observed between samples collected in Crete and in
continental Greece, two areas between which
genetic exchanges are most probably associated with
passive migration resulting from the transport of
plants rather than active dispersal.

In conclusion, our study shows that, in Crete, T
urticae populations colonizing different host-plants
largely interbreed in open-field environments over
areas of some 50 m2 or less, at least when population
densities are high, i.e. in conditions known to
increase the number of individuals displaying disper-
sal behaviours. The disruption of panmixia, which
leads to genetic differentiation (as a result of
founder effect and genetic drift), is detectable
between groups of plants separated by 150 m, and is
consistent with the known means of active dispersal
in the species. Whether these conclusions are
specific to T urticae from the studied region or can
be generalized to the whole species will have to be
investigated.
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