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Seed migration and the structure of plant populations 
An experimental study on Thymus vulgaris L. 
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Summary. We use chemical typing to compare sub-popula- 
tions of  thyme (Thymus vuIgaris L.) growing in the channels 
of several ravines where seed migration is expected from 
sub-populations on the plateau to associated basin sub- 
populations. The results indicate that seed migration does 
occur. However, there is little effective gene flow between 
sub-populations. We discuss the implications of restricted 
gene flow for population dynamics and structure. 
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Potential gene flow, radiation of pollen and seeds, should 
be distinguished from actual gene flow which depends upon 
fertilization events and seed establishment (Levin and Ker- 
ster 1974). Gene flow in the context of  population dynamics 
has been the subject of numerous theoretical models 
(Wright 1943; Malecot 1955). Few empirical studies consid- 
er actual gene flow in plant populations (for a review see 
Gliddon and Saleem 1985). The only means we have of 
determining effective seed dispersal is to determine the spa- 
tial distribution of genotypes within a species. Actual gene 
flow incorporates processes of natural selection and is es- 
sential to the study of selection in patchy environments. 
Moreover, it is of absolute general interest because the mi- 
gration distance of a neutral marker will always be actual 
rather than potential regardless of the causes of differences 
between the two. 

As a consequence, mapping genetic heterogeneity within 
a species may be more meaningful to studies of population 
biology than direct observation of seeds, although the latter 
is more straightforward and often more feasible. Models 
assuming the neutrality of two alleles (Kimura and Mar- 
uyama 1971) or assuming selection in a patchy environment 
(Levin and Wilson J 978) give the same result. When migra- 
tion is significant, the population will be loosely structured. 
I f  there is less migration an "ecotypic" differentiation will 
occur. 

Actual migration rate and its density response may be 
related to the spatial and temporal heterogeneity of species 
environment (Gadgil 1971). Gillespie (1975, 1981) con- 
cludes that evolution may modify migration rate so as to 
"maximize the geometric mean fitness" of a population. 
When environmental variation has a relatively larger spatial 
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than temporal component, a decrease in migration is pre- 
dicted. 

The present study is an attempt to test the extent of 
seed migration and its effects upon the population structure 
of thyme, Thymus vulgaris L., a perennial, gynodioecious 
herb. Extreme patchiness of soil in the study area, the low 
concentration of seeds involved in long distance dispersal, 
and small seed size in thyme prevent an accurate measure- 
ment of actual seed migration and makes indirect measure- 
ment of gene flow a necessary alternative. 

Assumptions 

1. The role of pollination events in determining actual gene 
flow is minimal between thyme populations. Since thyme 
is bee-pollinated (Brabant et al. 1980), we may assume only 
small scale genetic migration due to pollen dispersal 
(Schmitt 1980). In the area studied, seed migration is on 
a much broader scale, hence, seed migration is the major 
determinant of gene flow. 

2. Thyme seeds are small and round (0.5 mm dia.), hard, 
black and smooth. The seeds have no structures which facil- 
itate dispersal. Previous studies (Domm6e et al. 1978; Ver- 
net et al. 1977; Mazzoni & Gouyon, 1984; Gouyon et al. 
1986) revealed significant chemotypic differences between 
sub-populations, which could indicate that seeds do not 
disperse far. 

3. Seed germination rate is high, more than 80% in 
a sample of 500 seeds (unpublished work), so we assume 
that seeds reaching a site have the potential to colonize. 
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Fig. l. Aerial representation of sites showing sampled areas 
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Fig. 2. Station I in profile 

Site 

We chose a site where migrants resulting from large scale 
seed migration would be observable. Mediterranean rains 
have carved the slopes of a calcareous plateau near Pompi- 
gnan (30 km north of Montpellier, France) into ravines 
from 0.5 to 3 m deep and roughly 100 m in length (Fig. 1). 
The boundary between the plateau and the neighboring 
basin is sharp along most of its length. 

Water movement carries soil and seeds from the plateau 
down the ravines. Erosion is most rapid in the channels 
of  the ravines but is also marked on the sides which run 
parallel to the channels (Fig. 2). The water available during 
the growing season does not differ significantly between 
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channel and slope as the period of rain is brief. Ravines 
remain dry during the rest of the year. The vegetation in 
the ravine is identical to that on the shoulders of the basin, 
composed mainly of shrubs and herbs. 

Three ravines were chosen from areas where thyme pop- 
ulations are abundant on the plateau above. Ravines I and 
III  slope regularly. Ravine II runs horizontally near its 
head. 

We used genetically determined chemical markers (Ver- 
net et al. 1986) involved in the synthesis of terpene com- 
pounds to type thyme populations. Plants containing phe- 
nolic compounds (Thymol=T,  Carvanol=C)  are found 
primarily in populations on the plateau. Populations char- 
acterized by non-phenolic compounds (Terpineol=A, 
Thuyanol=U,  and Linalol=L) occur more frequently in 
the basin (Vernet et al. 1977; Gouyon et al. 1986). 

In each of the three ravines we collected and typed: 
1. A sample in the thyme population growing just above 

the head of the ravine (see Figs. 1 and 2). 
2. Every individual growing in the channel of each ra- 

vine. 
3. Every individual growing on the shoulders of each 

ravine. 
We expected that if seed migration occurs, plants in 

Area 1 would have primarily phenolic chemotypes, plants 
in Area 2 would have intermediate phenotypes, and plants 
in Area 3 would have primarily non-phenolic chemotypes. 

R e s u l t s  

In Ravine I there are significant chemotypic differences be- 
tween plants sampled in the three areas (P(X~ = 19) < 0.001) 
(see Fig. 3a). The proportion of phenolic chemotypes in 
the channel (0.49) lies between the proportion on the pla- 
teau (0.81) and on the shoulders (0.40). The proportion 
of phenolic chemotypes is higher at the head of the ravine 
than at the foot (P(X~ = 4.1)< 0.05). 

In Ravine II the differences in chemotype are not sta- 
tistically significant in the areas sampled although the same 
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Fig.  3a-e. Relative frequencies of phenolic 
chemotypes determined for Station I (a), 
Station II (b) and Station III (c) as sampled 
on the plateau (TOP), at the head and foot 
of each ravine, and on the sides of the 
ravines. The average frequencies of 
chemotypes for areas sampled within the 
ravines is also shown (R.TOT) 
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trends appear to exist (Fig. 3 b). We assume that the lack 
of  slope at the head of  the ravine stopped further seed 
migration. In Ravine III,  the proport ions of  phenolic che- 
motypes from the plateau and from the shoulders differ 
significantly (P(X 2= 101)<0.001) as do the proport ions 
from the head and the foot o f  the ravine (P(X  2 = 4.6)< 0.05) 
(Fig. 3c). 

Discussion 

We have been able to conclude that seed migration from 
thyme populations on the plateau into the ravines does 
occur, based on significant differences in chemotypes along 
two of  the three ravines sampled. At the heads of  the ra- 
vines, the seeds which arrive nearly all come from the pla- 
teau. Some of  these seeds do establish there since the che- 
motypes at the heads of  the ravines are significantly differ- 
ent from those on the sides. 

Even in these highly eroded areas where seed migration 
is favored, there is little actual gene flow over distances 
of  more than 100 meters. Two hypotheses can be made 
to account  for the results obtained at the foot  of  the ravines, 
where the proport ions of  phenolic chemotypes are roughly 
equivalent to those on the shoulders: 

1. There are no more seeds coming from the plateau. 
They have stopped in the soil before. This possibility is 
unlikely, first because the strong erosion does not favour 
significant seed deposition on the slope and second because 
the density of  plants in the ravines is quite low. These two 
points also make the hypothesis difficult to test. 

2. At  the bases of  the ravines, selection may completely 
eliminate individuals originating from the top. Such selec- 
tion would have to be quite severe to explain the lack of  
influence a continuous flow of  seeds would have on the 
composition of  the populations at the bases of  the ravines. 
The existence of  severe selection against phenolic chemo- 
types might contribute to the evolution of  " n o n  dispersal" 
mechanisms (as described by Antonovics 1968). 

Elucidation of  further effects o f  restricted seed migra- 
tion on population structure and dynamics would necessari- 
ly involve not  only selective pressures which are known 
to act on thyme chemotypes (Gouyon et al. 1983), but also 
the relationship of  chemotype to breeding system. Non-  
phenolic chemotypes have been loosely associated with the 
presence o f  a high proport ion of  females in populations 
of  thyme, which is gynodioecious (Gouyon et al. 1986). 

Several studies have discussed the relationship of  sex 
ratio to environmental variation (Gouyon and Couvet 1985, 
Domm6e and Jacquard 1985). Predominantly non-phenolic 
(female) populations occur in more recently established sites 
as a result of  nucleo-cytoplasmic interactions (Gouyon and 
Couvet J985). These results also confirm the authors '  hy- 
pothesis that, while genetic polymorphism is maintained 
in the population as a whole, the degree o f  polymorphism 
in any sub-population is maximal at initial establishment 
and declines with its age since sub-populations on the pla- 
teau are generally older than basin sub-populations (Couvet 
etal .  1986). The exact relationship between chemotypic 
variation and sex needs to be established in order to clarify 
the forces of  selection which determine establishment and 
genetic composition of  sub-populations. 
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