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Abstract 

Population structure is one of the most important factors determining speciation potential. We analyzed 
the spatial variation in allozyme frequencies of Phytomyza chaerophylli Kalt. (Diptera: Agromyzidae) using 
Wright's F-statistics. The degree of interpopulation variation is substantial (F„ = 0.092). Variation 
between local populations separated by only a few kilometers is as high as between populations as far 
as 1000 kilometers apart, indicating low interpopulation gene flow. The results are supported by ecological 
studies which revealed that host plant populations of P. chaerophylli, as well as of other, closely related 
Phytomyza species, are patchily distributed and have a short average life span. Populations of many 
Phytomyza species are thus mostly small and partly isolated and are prone to frequent extinctions and 
bottlenecks. Such conditions greatly increase the chance of rare mutations being fixed in new populations 
which may eventually lead to speciation. It is argued that the ecology and population structure of 
P. chaerophylli and congeners favor rapid speciation. 

Introduction 

Patterns and processes of speciation within a 
taxonomic group depend on the ecology and 
population structure of the organisms concerned. 
Differences in these traits may cause intergroup 
differences in speciation rates. For example, a 
parasitic species that is highly host specific may 
initiate speciation if it shifts to a new host (Bush, 
1969, 1975a, b; Zwölfer & Bush, 1984). This 
process may be greatly accelerated if the species 
lives in small demes with limited gene flow and 
frequent founder events (Wright, 193 1, 1940; 

Mayr, 1970; Bush, 1975a; Templeton, 1981). In 
general, interactions of ecological and genetic 
factors can promote reproductive isolation 
between demes or effectively prevent its occur- 
rence. Information on both types of factors is 
important to understand the potential for specia- 
tion. Leaf-mining flies of the family Agromyzidae 
seem to be in a period of fast adaptive radiation 
on several plant families (Zwölfer, 1978). To 
identify some of the main factors promoting rapid 
speciation in this family, we studied the popula- 
tion structure and ecological Parameters of Phyto- 
myza chaerophylli, which we present here in com- 



parison with available data from related species. 
The Agromyzidae is one of the phylogenetically 

youngest families of Diptera, consisting of a rela- 
tively small number of typically large genera 
(Zwölfer, 1978). The genus Phytomyza consists of 
273 different species in Europe indicating a high 
speciation over extinction ratio (Spencer, 1976; 
Zwölfer, 1978). P. chaerophylli is an oligophagous 
leaf-miner feeding on several host plants of the 
family Umbelliferae, in northern Switzerland 
mostly on Anthriscus sylvestris Hoffm. and 
Chaerophyllum temulum L. Its distribution Covers 
all of Europe and the western parts of Asia with 
the Center apparently in Central Europe. The host 
plant species are closely related and show little 
variation in secondary compounds (Frey, 1986). 
Their distribution is distinctly patchy. Different 
host plant species occur in similar habitats, 
although they are very rarely found in sympatry. 
Many host plant populations of these flies have a 
short life Span. Thus, bottlenecks, extinctions and 
recolonizations, sometimes by only few indivi- 
duals, seem to be rather common in 
P. chaerophylli. Both Sexes meet and mate on the 
larval host plants (Frey, 1986; Zwölfer & Bush, 
1984), and the pupal period is spent in the soil 
below the host. Thus, many habitat elements of 
P. chaerophylli are locally aggregated. The avail- 
able ecology and behavior data suggest that these 
flies usually do not migrate actively, and therefore 
gene flow between populations may be low (Frey, 
1986 and in prep.). For means of comparison, we 
included a second species in our study, Phytomyza 
aurei Her. This species is closely related to 
P. chaerophylli and shows similar habitats and 
mating behaviors (Frey, 1986 and in prep.). It 
feeds exclusively on Chaerophyllum aureum L., a 
host plant which is sometimes also used by 
P. chaerophylli. 

Materials and methods 

Larvae of P. chaerophylli were collected from eight 
sites around Basel and from five sites on a transect 
of 1000 km through Southwestern Europe 
(Fig. 1). In two populations (LES, LEF), the host 

Fig. I. Location of populations. 

plant was exclusively C. temulum, in one popula- 
tion (SLL) both A.  sylvestris and C. temulum, and 
in the remaining 10 populations exclusively A. syl- 
vestris. P. aurei was collected from three popula- 
tions with Chaerophyllum aureum as host plant. 
GEMCA is situated 500 m north-east of the 
GEM population, CHICA 2 km north-west of 
CHI in the Italian Alps, and VOLCA 25 km 
south-west of STP in the Spanish Pyrenees. All 
sites have been collected in 1985. 

Collected larvae and/or pupae were stored in 



Table I .  Genetic variation in 13 populations of P. chaerophylli. Indicated are allele frequencies, number of individuals, expected 
heterozygosity (H„,), and the mean number of alleles per locus 

Locus Allele Populations 

LES LEF SLL SLF PTC HUE SOE GEM GUN STG CAM PDA STP Mean 

Pgi 



Table 1. continued 

Locus Allele Populations 

1 2 3 4 5 6 7 8 9 10 11 12 13 
LES LEF SLL SLF PTC HUE SOE GEM GUN STG CAM PDA STP Mean 

Mean H(exp) 0.162 0.111 0.146 0.113 0.131 0.191 0.120 0.190 0.168 0.176 0.227 0.132 0.145 0.155 
Mean no. of alleles 1.910 1.800 2.182 1.667 1.636 1.818 1.500 2.400 2.000 1.818 2.091 1.818 1.910 1.888 

liquid nitrogen until they were used for starch gel 
electrophoresis. The methods used for electro- 
phoresis were modified from Brewer (1970), 
Ayala et al. (1972) and Menken (1980) and are 
described in detail in Frey (1986). We screened 24 
enzyme Systems, 11 of which proved to be useful 
for routine assays (locus abbreviation in paren- 
theses): Isocitrate dehydrogenase-NADP (Idh), 
Glucose-6-phosphate dehydrogenase (Gbpdh), 
6-Phosphogluconate dehydrogenase (6Pgdh), 
Phosphoglucose isomerase-2 (Pgi), Phosphoglu- 
comutase (Pgm), Malic enzyme (Me), Nadh 
dehydrogenase- 1 (Nadh-1 ), Nadh dehydrogen- 
ase-2 (Nadh-2), a-Glycerophosphate dehydro- 
genase-2 (a-Gpdh), Leucine aminopeptidase 
(Lap), and Esterase-1 (Est-I). Single larvae or 
pupae were ground in 18 p1 distilled water and 
pipetted onto filter paper (Whatman No. 6, 
5 X 11 mm). 50 to 70 individuals were put side by 
side in a starch gel(15 X 30 Cm, 12 2) and run for 
5 to 8 h. Samples from various sites were 
occasionally run side by side to standardise allelic 
nomenclature. Alleles were coded by their mobi- 
lity relative to the allele that shows the highest 
mean frequency at this locus in the total data set 
(allele 100). Loci were considered monomorphic 
if the frequency of the most common allele was 
higher than 99%. Samples of P. aurei were run 
together with P. chaerophylli in order to establish 
the degree of interspecific genetic differentiation 
between these two Phytomyza species. 

Gene frequency variation was analyzed by 
means of Nei's genetic distance (Nei, 1972) and 
UPGMA clustering method (Sneath & Sokal, 
1973). The structuring of the populations was 
analyzed using F-statistics as described in Weir 
and Cockerham (1984). Allele frequency hetero- 
geneity was tested applying G-contingency statis- 
tics on the allele numbers (Sokal and Rohlf, 
1981). Significant deviations from Hardy- 
Weinberg genotypic expectations were deter- 
mined by G-test using the Williarn's correction for 
low sample sizes. Standard errors of the means 
were calculated according to the Jackknife proce- 
dure (Sokal & Rohlf, 1981). 

Results 

Of 11 loci, two were monomorphic (> 99% fre- 
quency), a-Gpdh and Nadh-2 (Table 1). Of the 
polymorphic loci, two groups can be dis- 
tinguished : 
1) Moderate allelic variation between popula- 

tions, with the most common allele being the 
Same in all populations (Idh, G6pdh, 6Pgdh, 
Me, Pgi, and Nadh-1). 

2) Considerable allelic variation between popula- 
tions, with allele 100 being not the most com- 
mon in all populations (Pgm, Lap, and Est-1). 
Several populations show unique allele fre- 

quency Patterns at one or more loci. The popula- 
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Fig. 2. Dendrogram of genetic identities between 13 popula- 
tions of P. chaerophylli and three populations of P. aurei, 
based on nine polymorphic loci. 

tion CAM, for example, has five unique alleles 
and the frequency of allele 100 is distinctly dif- 
ferent from the other populations at Pgi, Nadh-1, 
and Est-1. Similar deviations were also found in 
the HUE population at Idh arid Est-1. Allele fre- 
quencies at the Pgm locus seem to be host specific. 
In populations on C. temulum (LES, LEF), the 
frequency of allele 100 is low (p = 0.438 + 0.049), 
whereas in the populations on A. sylvestris (GEM, 
HUE, PTC, SLF, SOE, GUN, STG, CAM, 
PDA, STP) these frequencies are high throughout 

the sample area (p = 0.773 0.020). In the SLL 
population, where both host plants occur side by 
side, but only C. temulum could be sampled, the 
frequency of allele 100 is intermediate 
(P = 0.625). 

Mean Nei's genetic identity and genetic 
distance between all pairs of populations are 
I = 0.967 and D = 0.034. The genetic identify I 
ranges from 0.994 (between G U N  and STP) to 
0.885 (between SLL and CAM). From these data, 
we constructed a dendrogram using the UPGMA 
method (Fig. 2). The two species, P. chaerophylli 
and P. aurei, form two distinct clusters. Within 
the P. chaerophylli cluster, two populations are 
separated from the rest (HUE and CAM) and 
show distinctly lower values of I than are mea- 
sured between the other populations. 

There is no obvious relationship between 
genetic identity and geographic distance between 
the populations, e.g. GUN, situated north of the 
Swiss Alps, and STP, situated north of the 
French Pyrenees, are very similar genetically 
(I = 0.994, Fig. 2) although they are separated by 
a distance of 720 km. In contrast, HUE and SLL, 
which are separated geographically by only 
900 m, are genetically less similar (I = 0.938). 

The mean F„, a measure of among population 
variance in allele frequencies, for all variable loci 
is F„ = 0.092. The heterogeneity G-test shows 

Table 2. Nei's genetic distance (above diagonal), identity (below diagonal) and average heterozygosity (on diagonal) between 
populations of P. charophylli 

LES LEF SLL SLF 
1 2 3 4 

1 0.731 0.017 0.036 0.018 
2 0.983 0.779 0.017 0.042 
3 0.965 0.983 0.755 0.046 
4 0.983 0.959 0.955 0.794 
5 0.993 0.985 0.978 0.989 
6 0.975 0.940 0.938 0.972 
7 0.973 0.969 0.976 0.978 
8 0.975 0.977 0.978 0.981 
9 0.973 0.985 0.980 0.968 

10 0.983 0.983 0.990 0.972 
11 0.914 0.887 0.885 0.900 
12 0.975 0.974 0.976 0.966 
13 0.971 0.981 0.981 0.968 

PTC HUE 
5 6 

0.007 0.026 
0.015 0.062 
0.022 0.064 
0.01 1 0.028 
0.775 0.026 
0.974 0.716 
0.984 0.956 
0.986 0.954 
0.987 0.955 
0.992 0.972 
0.916 0.918 
0.987 0.975 
0.988 0.960 

SOE 
7 

0.027 
0.031 
0.024 
0.023 
0.0 16 
0.045 
0.788 
0.988 
0.978 
0.980 
0.934 
0.981 
0.986 

GEM 
8 

0.026 
0.024 
0.023 
0.019 
0.014 
0.047 
0.012 
0.711 
0.988 
0.980 
0.906 
0.975 
0.987 

GUN STG CAM 
9 10 11 

0.027 0.017 0.090 
0.015 0.017 0.120 
0.021 0.010 0.122 
0.033 0.028 0.106 
0.013 0.008 0.088 
0.046 0.028 0.085 
0.022 0.021 0.068 
0.012 0.021 0.099 
0.734 0.017 0.097 
0.983 0.739 0.092 
0.908 0.912 0.660 
0.988 0.989 0.935 
0.994 0.986 0.923 

PDA 
12 

0.026 
0.026 
0.025 
0.035 
0.0 13 
0.025 
0.019 
0.026 
0.012 
0.01 1 
0.067 
0.772 
0.993 

STP 
13 

0.029 
0.019 
0.0 19 
0.033 
0.012 
0.040 
0.014 
0.013 
0.006 
0.014 
0.08 1 
0.007 
0.759 



Table 3. F-statistics (weighted) from all 13 populations, cal- 
culated by the method described in Weir and Cockerham 
(1984). N = number of individuals; p, = mean frequency of 
allele 100; G = G-test for heterogeneity. SE = Standard 
error 

Locus N pi F,, F, F„ G df P 

Idh 
G6pdh 
6Pgdh 
Me 

pgi 

Nadh-1 

L ~ P  
Est-1 

Mean 
SE 

P: *** < 0.001. 
df: degrees of freedom 

significant substructuring of the total population 
at all but the G6pdh locus (Table 3). F„ is strongly 
affected by including one population, CAM, 
which is considerably different genetically from 
the others (I = 0.913; See Fig. 2). There is strong 
evidence that geographic isolation may have been 
the main factor accounting for differentiation in 
this specific case. CAM, and also CHICA, the 
extremely differentiated population of the second 
species, P. aurei (I = 0.816; See Fig. 2), were col- 
lected in the Val Grana, Italy. This small valley is 
U-shaped and is surrounded by high mountains 
which could provide a strong geographic barrier 
to fly dispersion. After the colonization of this 
valley, the populations may have been genetically 
undisturbed by immigrants for a long period of 
time. Also, since the host plants are in high 
abundance, the populations may have built up 
large sizes, which could, at least partly, explain 
the high heterozygosity as well as the relatively 
large number of unique alleles found in this 
population (see Table 1) (Slatkin, 1977). The 
HUE population of P. chaerophylli is also genetic- 
ally distinct from the others (I = 0.964; See Fig. 2) 
although it is only 2 km distant from at least four 
other populations without any obvious geographic 

barriers. The data are insufficient to pinpoint a 
specific cause for this differentiation (e.g., recent 
founder event, selection, etc.). Excluding these 
two populations, the value of F„ decreases to 
F„ = 0.061. In a recent literature survey of 27 
species of winged insects of the orders Diptera, 
Lepidoptera and Coleoptera, F„ averaged to 
0.054 2 0.008 with a range from 0.003 to 0.156 
(Table 6 in McCauley & Eanes, 1987). According 
to these values and considering the relatively 
small interpopulation distances, P. chaerophylli 
shows a rather high degree of between population 
differentiation. 

The degree of differentiation between popula- 
tions of P. chaerophylli in the Same region is as 
high as between populations from locations as far 
as 1000 km apart. The eight populations of the 
Basel region (Fig. 1) show a differentiation of 
F„ = 0.084 as compared to the value of 
F„ = 0.080 for the five remaining populations 
distributed from Austria through Spain. 

F„, measuring the inbreeding coeflicient due to 
nonrandom mating within subpopulations, is high 
(F„ = 0.327) indicating significant deviations 
from Hardy-Weinberg expectations in the form of 
heterozygote deficiencies. F„, a measure of de- 
viation from random mating within the total 
population, is also high (F„ = 0.389) as can be 
expected with F„ and F„ both being positive 
and large. The log likelyhood G-test for deviation 
of genotype frequencies from Hardy-Weinberg 
equilibrium for all polymorphic loci and all 
populations indicates a highly significant hetero- 
zygote deficit (G = 805, P < 0.001). The deficit 
was found in ten of the 13 populations (LES, 
LEF, SLL, GEM, GUN, CAM, STP: P < 0.001; 
HUE: P < 0.01; STG, PDA: P < 0.05) and at 
five of the nine loci analyzed (Zdh, Me, Pgrn, Est-1 : 
P < 0.001 ; Nadh-I: P < 0.05). 

Discussion 

Population differentiation in P. chaerophylli can 
be explained to some extent by the biology of this 
species. From ecological studies we know that the 
average life time of a host plant population is 



rather short. Over 30% of the populations studied 
were eliminated within a period of three years 
(Frey, 1986). This is mostly due to anthropogenic 
factors, e.g., farming, but also to natural changes 
in habitats, e.g., succession to a different vegeta- 
tion Stage. Therefore, extinctions of local popula- 
tions are frequent in this species. Furthermore, 
because even very small, isolated host plant 
populations often were found to be infested, 
colonization of newly founded host plant popula- 
tions, probably by very few individuals, seems 
also to be common. 

Interpopulation differentiation is not depen- 
dent on the geographic distance between popula- 
tions. The similar degree of differentiation over 
small and large areas rnay be explained by low 
levels of gene flow over most of the distribution 
area of P. chaerophylli which decreases gene fre- 
quency differences caused by gene drift and/or 
microhabitat selection. Agromyzidae have been 
found in the aerial plankton as high as 3300 m 
above the pacific ocean (Gressit et al., 1961). 
Thus, wind drift is a likely factor for long range 
gene flow in this fly family. However, no data are 
available as for the amount of gene flow provided 
by wind drift. 

The host-specific gene frequency differences 
found at the Pgm locus are not likely to be caused 
by sampling error. Although the two populations 
with C. temulum as host plant (LES, LEF) are 
separated by a distance of only 300 m, they are 
still genetically different (F„ = 0.054, P < 0.01). 
This difference is mainly due to Est-1 (G = 13, 
P < 0.001) and to Pgm (G = 6, P < 0.05), the 
other loci showing no significant allele frequency 
differences. Furthermore, Pgm gene frequencies 
are intermediate in the SLL population where 
both host plants occur sympatrically. There are 
many factors that rnay cause gene frequency dif- 
ferences related to the host plant species, e.g., 
differences in predator and parasitoid fauna 
between host specific habitats or differences in 
phytochemistry between different host plants. 
Contents in secondary compounds can vary con- 
siderably both quantitatively and qualitatively 
between conspecific host plant populations in 
Umbelliferae (Gonnet, 1983) as well as in other 

plant families (Frohne & Jensen, 1985). Further- 
more, mortality rates due to hymenopterous para- 
sites, the single most significant mortality factor, 
can also vary dramatically between populations, 
ranging from 29% to 72% (Frey, 1986). These 
differences provide ample opportunity for habitat 
and/or host specific selection which rnay eventu- 
ally increase the degree of isolation between popu- 
lations of a species living on different host plants. 

Heterozygote deficiency can be accounted for 
by inbreeding, by the pooling of equilibrium popu- 
lations that differ in gene frequencies (Wahlund, 
1928), by selection or by positive assortative 
mating. Furthermore, an apparent heterozygote 
deficit may be observed as a result of sex-linkage 
even if gene frequencies are in Hardy-Weinberg 
equilibrium (Ferguson, 1980), or as a result of null 
alleles. 

The effect of sex-linkage at one locus should be 
apparent in all populations. However, only at 
Est-1 (1 1 populations) and Pgm (10 populations), 
we found more than six populations with a signi- 
ficant heterozygote deficit, suggesting that sex- 
linkage is not involved in the nine polymorphic 
loci used in this study. We never observed null 
alleles. Heterozygote deficiency caused either by 
inbreeding due to nonrandom mating or by 
pooling of equilibrium populations is expected to 
affect all loci in the population (Hartl, 1980). 
However, a heterozygote deficit was only found in 
five out of nine loci, indicating that inbreeding as 
well as pooling effects rnay only marginally, if at 
all, affect heterozygote frequencies. Because of 
the narrow host range of P. chaerophylli, only 
moderate habitat differences in abiotic factors 
other than temperature occur between different 
populations (Frey, 1986). Large interpopulation 
differences in temperature rnay occur, but they are 
not correlated to population differences in gene 
frequencies at any of the studied loci. However, as 
outlined above, large interpopulation differences 
exist in mortality rates caused by the parasitoid 
fauna, providing a strong potential for selection 
which rnay partly be responsible for the hetero- 
zygote deficit observed. Positive assortative 
mating is another mechanism that rnay contribute 
to this heterozygote deficit. Males searching for 



mates move frequently between leaves and plants, 
thus being exposed to predators such as spiders, 
and to fatal accidents, e.g., drowning under wet 
weather conditions (Frey, 1986). The Sex ratio, 
which in laboratory experiments was found to be 
close to 1 : 1 at emergence, could therefore be 
changed dramatically towards a male deficit. 
Because males are capable of inseminating several 
females (Frey, 1986), this could cause assortative 
mating effects if population densities are low. 
Although we were not able to assess population 
sizes quantitatively in nature, the fact that host 
plant populations often are small, i.e., less than 
100 plant individuals, and our experiences from 
field observations both suggest that most popula- 
tions are rather small. Positive assortative mating 
and selection are therefore the most likely factors 
responsible for the heterozygote deficit found in 
this species. 

Gene frequency data of P. chaerophylli Support 
the hypothesis emerging from ecological studies 
that this species lives in small, partly isolated 
demes. We know that the area of the GEM 
population has been under extensive agricultural 
usage for at least the last 12 years, providing the 
host, A .  sylvestris, in abundance and predictably. 
Mean heterozygosity and mean number of alleles 
are both relatively high indicating that GEM is a 
big population with a large number of individuals. 
The Same seems to be true for the CAM popula- 
tion, another population where agricultural prac- 
tice guarantee an abundant and predictable supply 
of host plant leaves, probably since decades. The 
other populations, in contrast, show a much lower 
mean number of alleles and a reduced mean 
heterozygosity suggesting that these populations 
underwent bottlenecks in their past. Because, as 
mentioned above, the average life Span of a typical 
P. chaerophylli population seems to be rather low, 
these values indicate that the rate of population 
increase must be high after bottlenecks. This may 
explain why the heterozygosity values are not as 
low as could be expected after a bottleneck (Nei 
et al., 1975 ; Chakraborty & Nei, 1976). 

High degrees of local differentiation between 
conspecific populations were found in several 
other Phytomyza species. The relatively high 

genetic distances between the three P. aurei popu- 
lations indicate low levels of gene flow between 
these populations (Fig. 2). A very similar situation 
was found between conspecific populations of 
P. sphondylii (Nei's genetic identity I = 0.827; 
Saner, 1986). In a thorough population structure 
analysis, Latscha (1986; Latscha et al., 1987) 
found high F„ values for P.angelicae 
(FsT = 0.148) and for P. laserpitii (FsT = 0.088), 
again demonstrating a high degree of local differ- 
entiation between conspecific Phytomyza popula- 
tions, often over small geographic distances. 

Similar population structures as those de- 
scribed here for P. chaerophylli have also been 
reported for other plant feeding insects, e.g. 
milkweed beetle Tetraopes tetraophthalmus (Cole- 
optera: Cerambycidae) (McCauley & Eanes, 
1987) and the parthenogenetic moth Ectoedemia 
argyropeza (Lepidoptera: Nepticulidae) (Menken 
& Wiebosch-Steeman, 1988). As in many Phyto- 
myza species, gene flow seems to be provided in 
both species by passive dispersal mechanisms. 

In oligophagous and monophagous parasites, 
the establishment of a new host race involves 
genetic changes in at least two components of the 
parasite's genome. First, the adult insect must 
acquire the ability to preferentially accept the new 
host for oviposition, and second, the larvae must 
be able to survive on the new host (Bush, 1975b). 
In some phytophagous insect species, host accept- 
ance is monogenetically inherited (Gallun & 
Khush, 1980). Genetic change in host acceptance 
genes may thus cause a shift to a new host plant 
(Bush, 1975b). However, sibling species pairs in 
the genus Phytomyza usually occur on host plants 
with distinct phytochemical differences. For 
example, P. angelicae lives on Angelica sylves- 
tris L., a host plant with high contents in linear 
and angular furanocoumarins and flavonols and 
low contents in flavonons whereas its closely 
related sibling species, P. laserpitii, lives on Laser- 
pitium latfolium L. which shows the exact oppo- 
site pattern in contents of secondary compounds 
(Latscha, 1986). Such phytochemical differences 
between host plant species may be too great to 
allow for larval survival. Larvae of P. angelicae 
survive and develop on Laserpitium latifolium L., 



the host plant of its sibling species, P. laserpitii, 
but not vice versa (Latscha, 1986). Successful 
colonization under such conditions is not possible 
without additional changes in larval survival 
genes. Larvae of females with altered host prefer- 
ence are strongly selected for genes enabling them 
to survive on the new host. Thus, changes in two 
genes may eventually lead to successful coloniza- 
tion of new, formerly unaccessible host plants 
and, because individuals carrying both mutations 
meet and mate on this new host, to speciation. 

Instantaneous shifts to extremely different host 
plants may be possible via chromosome 
rearrangements that affect both traits simulta- 
neously. Chromosomal inversions are very com- 
mon in the genus Phytomyza and can be used to 
distinguish between host races and incipient 
species (Block, 1969, 1974). Chromosomal muta- 
tions are favored by population structures as 
desciibed for P. chaerophylli even without extrin- 
sic barriers (Wright, 1941 ; White, 1978; Lande, 
1979; Templeton, 1981), and their chances may 
be greatly increased by founder events (Mayr, 
1970). In the evolution of the genus Phytomyza, 
rapid speciation via chromosomal mutations is 
therefore likely to be an important mechanism. 

chaerophylli Kalt. (Diptera: Agromyzidae) nach 
den Methoden von Wrights F-Statistik. Der Grad 
der genetischen Variation zwischen den Popula- 
tionen ist beträchtlich (F„ = 0.092). Die Varia- 
tion zwischen lokalen, lediglich durch wenige 
Kilometer voneinander getrennten Populationen 
ist gleich gross wie zwischen Populationen, die bis 
zu 1000 Kilometer auseinander liegen. Eine solche 
Differenzierung deutet auf einen niedrigen Gen- 
fluss zwischen den Populationen. Die Ergebnisse 
der genetischen Analyse werden gestützt durch 
ökologische Studien, welche zeigten, dass Wirts- 
pflanzenpopulationen von P. chaerophylli und 
anderen, nah verwandten Phytomyza-Arten eine 
inselartige Verbreitung aufweisen und eine ver- 
hältnismässig kurze mittlere Lebensdauer haben. 
Die Populationen von vielen Phytomyza-Arten 
sind daher meist klein und teilweise isoliert und 
unterliegen häufig Ausrottungen und genetischen 
Flaschenhälsen ('Bottlenecks'). Solche Bedin- 
gungen vergrössern beträchtlich die Chance, sel- 
tene Mutationen in neuen Populationen zu fixie- 
ren, was unter Umständen zu Speziation führen 
kann. Wir stellen fest, dass Ökologie und Popula- 
tionsstruktur von P. chaerophylli und anderen 
Arten dieses Genus günstige Voraussetzungen für 
eine schnelle Speziation darstellen. 
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