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INTRODUCTION

Ecological genetics is a combination of population genetics and ecology (Ford 1964). At the 

level o f populations this combination implies that the Hardy-Weinberg law is supplemented 

with an exponential or logistic component that defines the environmental pressure that 

prevents an unlimited growth of the population. The father of ecological genetics is Göte 

Turesson (1922); or following Olof Langlet (1971), the entire field is at least two hundred 

years old.

Ford was a zoologist, while Turesson and Langlet were botanists. I may stress this 

difference, since populations of animals and plants differ greatly from each other. An animal 

moves about and can freely choose its habitat and mating partner. A plant has no choice: it 

has to try to live at the place, where the seed or propagule once has fallen. The breeding 

systems o f plants vary extensively beginning from complete self-incompatibility (where the 

pollen will never grow on the stigma of the mother plant) through self-compatibility (that 

allows cross-fertilization) to obligate selfing. How these different alternatives are realized, 

depends on the density o f the population, the placement o f stamens and stigmas in relation to 

each other (and whether they are located on the same or different individuals), whether the 

stamens and stigmas function at the same time as well as on pollinators and competition 

between pollen grains.

Plants have also many mechanisms of asexual reproduction and the seeds can develop 

without fertilization; these mechanisms are collectively called apomixis. Apomixis is in 

general associated with polyploidy (Asker and Jerling 1992). All the above parameters are 

influenced by genetic and environmental factors. The very immobility o f plants makes them 

ideal material in the study o f the genetic effects of environmental heterogeneity.
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Genetic variation in natural populations

Genetic variation is defined as the amount of allelic diversity present at a number of loci and 

the relative frequency o f these alleles. This is an important characterization of populations 

since the evolutionary potential o f a species is a function of the amount of its genetic 

variation. According to Fisher's Fundamental Theorem of Natural Selection the rate of 

increase in fitness of a species at any time is equal to its genetic variance in fitness at that time 

(Fisher 1930). Ford (e.g. 1964) defined genetic polymorphism as follows: “Genetic 

polymorphism is the occurrence together in the same locality of two or more discontinuous 

forms o f a species in such proportions that the rarest o f them cannot be maintained merely by 

recurrent mutation”. This definition excludes geographic races as well as continuously 

ranging morphological characters that are determined by multiple loci. The definition is 

curious since it also includes selection as the factor underlying the phenomenon. This 

notwithstanding, the discovery of protein gel electrophoresis gave a new set o f tools for 

detecting genetic variability within species. This method is still the method of choice in 

studies concerning the genetic structure o f plant populations, but it has been supplemented 

with molecular tools such as microsatellites (e.g. Karhu 2001).

Genetic structure o f  natural populations

Genetic variation may be structured within and among different populations as well as at 

several hierarchical levels. Genetic structure results from the joint action of mutation, 

migration, selection and drift and these selective forces operate within the historical and 

biological context o f each species. Gene flow may strongly influence the patterns of genetic 

differentiation (Slatkin 1985). There are a variety o f ecological variables that affect the
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genetic structure within and among populations (Loveless and Hamrick 1984). Factors 

affecting reproduction and dispersal are considered to be particularly important (Jain 1975).

F-statistics measure the reduction in heterozygosity expected with random mating at 

any level of population hierarchy in comparison to another, more inclusive level o f hierarchy. 

This gives an indication o f population differentiation, as it allows a comparison o f the overall 

effect of population substructure. F-statistics can be used to partition the genetic 

differentiation of populations. Mean total diversity F it, mean within-population F is and 

among-population F st are commonly used measures of population substructuring at different 

levels of hierarchy (Wright 1969,1978).

Olof Langlet (1971) wished to stress that genetic adaptation to climate has been subject to 

scientific study for a long time. Forest tree provenances had been tested in central Europe so 

that Duhamel du Monceau wrote the first treatise in 1755 on pine provenances. From this time 

onwards we have a continuous series of scientific papers that shows how plants are adapted to 

local conditions (Linhart and Grant 1996). The genetics underlying this adaptive response was 

understood much later (e.g. Baur 1914). In the beginning o f the last century Turesson (1922, 

1925) coined the ecotype concept. This concept became a basic unit o f biosystematics 

(Stebbins 1950). Ecotype is an ecological unit that is formed within a species as a reaction of 

the genotype to a given environment (Fig 1).

Genetic adaptation in natural populations

Fig. 1. Ecotypes of Silene diocia. The ones on the 

left descend from seeds collected at Finse, 

Hardanger Vidde at an altitude o f 1000 m. The 

ones on the right come from Sognefjord on the 

coast in Norway. Both was grown in greenhouse in 

Berlin (modified from Baur 1914).
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Turesson studied several plant species; the red campion, Silene dioica, among them. The 

ecotype concept is uncontroversial as such, but it has been somewhat of a hindrance in 

understanding the genetic variation within a species in relation to environmental change. To 

give an example, cline, that is a continuous variation in relation to a changing environment 

along a transect (photoperiod, growing season, temperature etc.), cannot easily be 

accommodated within the ecotype concept. To give an example, Langlet (1971) had found 

clear-cut continuous variation in his studies on pines; he did not see ecotypes anywhere.

Human impact o f natural populations

“Ecologists traditionally have sought to study pristine ecosystems to try to get 

at the workings of nature without the confounding influences of human 

activity. But that approach is collapsing in the wake of scientist’s realization 

that there are no places left on Earth that don’t fall under humanity’s shadow” 

(Gallagher and Carpenter 1997).

Humans affect the natural environment in about all ecosystems of the world (e.g Goudie 

2000). Much of this is deep down in prehistory, like the destruction of the megafauna of 

Australia, the Americas and Madagascar. The moa were still around when the Dutch came to 

New Zealand: at the same time the last dodos of Mauritius were gone. Later all kinds 

European or whatever animals or plants were let loose in Australia or New Zealand. The 

consequences were apparent to Darwin when he wrote the “Origin of species”. Already he 

pointed out that oceanic island biota are, in particular, vulnerable.

The habitats of most plant and animal species are patchily distributed across the 

terrestrial landscape. This fragmentation of the landscape is most apparent where the human 

impact has been greatest such as the agricultural areas in e.g. Europe. In northern Europe
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energy production has modified the boreal ecosystem dramatically in that rivers and riparian 

zones have borne the brunt of this energy production (Petts 1984). Today most largest river 

systems in Europe and North America are affected by flow regulation and fragmentation by 

dams (Dynesius and Nilsson 1994).

Many studies have shown that species composition of rivers change as a consequence 

of this disruption (Nilsson et al. 1991, Nilsson and Jansson 1995, Jansson et al. 2000ab, 

Merrit and Cooper 2000). With few exceptions riparian zones (Fig. 2) are more species rich 

than upland ecosystems as shown for plants (Nilsson and Jansson 1995) and animals (Naiman 

and Décamps 1997). Riparian zones perform several functions e.g. as a corridor for dispersal 

(Naiman et al. 1993). Andersson (1999) has shown experimentally the importance of 

hydrochory (dispersal by water) in shaping the riparian flora. Seeds floating in water 

contribute to a continuous gene flow and give rise to large population sizes (Edwards et al. 

1994). Dams and impoundments may profoundly reduce this gene flow, promoting 

differentiation among populations and reduce population sizes leading to depleted gene pools.

Fig. 2. The zonation o f the vegetation making up the riparian zone o f the free-flowing Vindel 

River. Modified from Jansson (2000).
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THE AIMS OF THE THESIS

In this thesis I have studied patterns o f genetic variation of single species within natural 

populations. I have quantified the genetic variation using morphological and enzyme 

electrophoresis as well as conducted studies in different ecological settings. My goal has been 

to understand the interaction between the underlying genetic composition and the ecology of 

both the single species and the community of which it belong.

I have striven:

• to estimate the size of breeding units of Silene dioica and to study the differentiation at 

different levels (Paper I).

• to study the morphological response of Silene dioica to different environments 

(Paper II).

• to assess the genetic diversity and population structure in populations of three plants in 

a free-flowing river system (Paper III).

• to assess the clone diversity o f a lumbricid along a regulated and a free-flowing river 

(Paper IV).

• to study different genetic and clonal patterns in river corridors (Paper V)

THE PLANTS AND THE WORM

S. dioica (L.) Clairv. (Caryophyllaceae) (Papers I and II) has a wide distribution in northern 

and central Europe (Jalas and Suominen 1986). In northern Sweden S. dioica is native on the

7



shores of the Gulf o f Bothnia where it is a member of primary succession as well as along the 

large rivers and in the Scandes (Jonsell 2001). S. dioica grows in fertile and often disturbed 

habitats such as sub alpine tall-herb meadows and screes (Jonsell 2001) as well as on 

serpentine soils (Westerbergh and Saura 1992). S. dioica may also grow in rich coniferous 

and deciduoud woods on mesic to slightly moist ground with running water. It is also a weed 

found along roadsides and cultivated areas.

S. dioica is a perennial diploid with heteromorphic sex chromosomes, with females 

being XX and males being XY. In northern Sweden, the plants have an average life span of 5- 

10 years (Carlsson 1995); they start to flower at an age o f 2-3 years. S. dioica has a persistent 

seed bank (Roberts 1986) and depending on disturbance level the seed bank vary in size 

(Matlack 1987). The seeds are dispersed passively: they are shaken out by wind or animals. S. 

dioica is pollinated by bumblebees, syrphids, muscids (Westerbergh and Saura 1994) and 

lepidopterans (Knuth 1898, Jürgens et al. (1996).

Bistorta vivipara (Polygonaceae) (Papers III and V) is a circumpolar plant that is 

common in arctic and alpine habitats. It grows in the north in most kind of woodless habitats 

and in herb-rich forests (Karlsson 2000). It is perennial and individual plants can be long- 

lived, up to 26 years (Law et al. 1983). B. vivipara is polyploid, with a variable chromosome 

number (Löve and Löve 1975). It produces bulbils (asexual propagules) in the lower part of 

the inflorescences and has in the upper part protandrous flowers. B. vivipara does not produce 

runners and reproduces in northernmost Europe exclusively by bulbils (Söyrinki 1939).

Viscaria alpina (Caryophyllaceae) (Papers III and V) has an amphi-Atlantic subarctic- 

alpine distribution and is widespread in Fennoscandia. The plant is a diploid, short-lived 

perennial herb (Wesenberg 2001). In the lowland, localities are found mainly along rivers and 

lakes. V alpina is hermaphroditic, often protandric and it is pollinated by insects. Seed 

dispersal is passive; seeds remain in the capsule until wind, rain, snow or animals shake them
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out. V. alpina has a limited vegetative reproduction by rejuvenating the rosettes (Nagy and 

Proctor 1996, Wesenberg 2001).

Angelica archangelica (Apiaceae) (Papers III and V) has an amphi-Atlantic subarctic 

and alpine distribution. It is diploid, perennial, short-lived herb (Ojala 1986) that dies after 

flowering. In northern Europe the life span is from two to four years (Ojala 1985). The 

hermaphroditic flowers are strongly protandric and the main pollinators are bees and flies 

(Knuth 1898).

Eiseniella tetraedra (Lumbricidae) (Papers IV and V) is a parthenogenetic oligochaete 

that is tetraploid in northern Europe. It can be found in waterlogged habitats such as shores of 

lakes and rivers but also in the brackish water along the coasts of the Baltic Sea (Terhivuo 

1988). They are small earthworms that reproduce through laying resistant cocoons that can be 

carried by water (Schwert and Dance 1979). The individual worms are short-lived, attaining at 

most an age of one and a half years (Sims and Gerard 1985).

THE POPULATIONS AND RIVERS

The size o f the breeding units of S. dioica (Paper I) was determined in the Skeppsvik 

Archipelago (Fig. 3) in northern Sweden. Here new islands are continuously formed through 

land upheaval (Ericson and Wallentinus, 1979). The islands differ in age and stage of primary 

succession and, accordingly, S. dioica populations follow the succession. The islands (Paper I, 

Fig. 1) that we chose were in similar successional stage, had continuous distribution of S. 

dioica individuals and were located in the same area of the archipelago.

In the morphological study o f S. dioica (Paper II) I investigated populations situated in 

the county of Västerbotten in northern Sweden (Fig. 3). The populations varied in the
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following parameters; size (estimated number of adult individuals), maximum age (the time 

since the retreat o f the Scandinavian ice sheet at the close of the Weichsel glaciation or, for 

populations 6 through 8, the retreat of the Baltic Sea because of land upheaval), altitude, 

habitat and degree of isolation (i.e. distance to nearest population) (II, Table 1).

In the riparian studies (Papers III, IV and V) the localities were situated along the 

Urne, Vindel and Sävar Rivers (Fig. 3). The Vindel and Urne Rivers run parallel from the 

Scandes Mountain to the joint confluence at Vännäs before they empy into the Gulf of 

Bothnia. Both rivers have a catchment area of about 13 000 km2. The free-flowing Vindel 

River has large natural seasonal fluctuations in water flow and level. The water level variation 

ranges up to 6 m and is normally lowest during August -September and highest during the 

spring flood (May-June). Water flow ranges from a minimum mean of 15 mV1 to a maximum 

mean of 1660 m3s_1at the confluence with the Urne River. The natural discharge for Urne 

River at this confluence varied from 72 mV1 up to 1800 mV1.

Following regulation Urne River consists of a stair-stepped series o f storage reservoirs 

and run-of-river impoundments (IV, Fig. 2). As a consequence the discharge at the confluence 

with Vindel River is reduced and varies now between 0 and 918 mVl (Jansson et al. 2000a). 

The free-flowing Sävar River is 145 km long with a catchment area of 1165 km2 and has a 

water discharge at its mouth that ranges annually between 1 and 160 mV1 (Nilsson et al. 

1991). The riparian vegetations in Vindel and Sävar Rivers are distinctly zoned (Fig. 2) while 

the vegetation along the Urne River is concentrated in a narrow strip at the high water level in 

reservoirs and impoundments.
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Fig. 3. Sampling localities of material studied in this 

thesis, Black stars on the insert map (lower right) show 
die islands, where the Si iene dioica populations studied 

in Paper I grow. Open stars on the main map show the 

location of 5. dioica populations studied in the ecotype 

part (Paper 11). The left inserì rnap shows the location 

of Bistorta vivipara, Viscaria alpina and .Angelica 

■archangelica populations studied in Paper III and the 

circles on the main map show where the Eiseniella 

tetraedro populations studied in Paper IV come from.
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SUMMARY OF PAPERS I-V

(I). Restricted gene flow and subpopulation differentiation in Silene dioica.

This study was done to estimate the size o f the breeding units of Silene dioica on four closely 

situated island populations in the Skeppsvik Archipelago in northern Sweden (Fig. 3). In 

addition, we studied the population structure within and between islands. We sampled 

material from ten S. dioica individuals from a total of 100 patches. The patches were circles 

with an area of 0.2 m2. The size and shape were chosen based on the result from a study I had 

conducted on one single island (Lundqvist 1994). F-statistics based on nine polymorphic 

allozyme loci show that plants on single islands are divided into many small breeding units 

that range in size between 0.2 m2 and 6 m2. The hierarchical analyses showed that level of 

differentiation among patches within islands were about twice as high as among islands. We 

concluded that restricted seed and pollen dispersal creates patches made up of related 

individuals. Since F il (the correlation o f genes within individuals relative to the island) is 

positive this family structure alone cannot explain the positive F pl (the correlation of genes 

within patches relative to the island), drift is needed as an additional explanation.

(II). Ecotypic variation in Silene dioica (Caryophyllacae).

To evaluate the effects o f environmental heterogeneity on Silene dioica we studied the 

morphological differentiation in vegetative and reproductive (floral) characters, and the onset 

o f reproduction in a greenhouse experiment. We sampled seeds from eight populations in 

northern Sweden (Fig. 3). The populations represented four different habitats: serpentine, cold 

spring, rich forest and coast. We calculated the genetic distance among populations from data
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based on enzyme allele frequencies derived from the offspring grown in the greenhouse. The 

resulting dendrogram showed that there was no association between genetic and geographic 

distances and that the genetic distance and habitat were not associated either. We grouped the 

populations into four groups each representing a different habitat. The results show that the 

most differentiated groups represented the most extreme habitats i.e. serpentine and cold 

spring. A number of selective forces such as pollinators and the sterilising smut fungus 

Microbotryum violaceum may act on reproductive characters. It seems that these selective 

forces may act in a mosaic fashion over small geographic areas. The cold spring populations 

had a delayed onset of reproduction in comparison with the other habitat groups.

(III). Genetic diversity in populations of plants with different breeding and dispersal 

strategies in a free-flowing boreal river system.

In order to find riparian plants that can be used for study the genetic effects of hydrochory we 

studied the genetic diversity of three plants: Angelica archangelica, Bistorta vivipara and 

Viscaria alpina. The plants were chosen in that they should be riparian and found mainly or 

exclusively in the riparian corridor. The study was made in the free-flowing boreal Vindel 

River system in northern Sweden (Fig. 3). The plants have different reproductive strategies;

A. archangelica is an insect pollinated outbreeder, V. alpina has a mixed mating system while

B. vivipara is apomictic. The propagules of these plants differ in floating capacity; seeds of A. 

archangelica may float for over a year, while the propagules (seeds and bulbils, respectively) 

of V. alpina and B. vivipara float for less than two days. We assessed enzyme gene diversity 

with starch gel electrophoresis. B. vivipara had high level of clonal diversity with D values 

(Simpson’s index) ranging between 0.78 and 0.99. However, only a few clones were shared 

between localities, which made similarity comparisons impossible. The mean heterozygosity
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(He) based on six polymorphic loci over all populations of V. alpina was 0.15. We found that 

F it (0.44), F st (0.39) and Fis (0.08) all differed significantly from zero indicating a deficiency 

of heterozygotes and a high degree of differentiation between populations. A dendrogram (III, 

Fig. 5) shows that there was no association between genetic and geographical distances. The 

enzyme phenotype diversity o f A. archangelica was found to increase downstream indicating 

efficient seed dispersal by water

(IV). Clone diversity of Eiseniella tetraedro, (Lumbricidae: Oligochaeta) along regulated 

and free-flowing boreal rivers.

In this paper we extended the work on genetic diversity of riparian species to include the 

parthenogenetic and polyploid earthworm Eiseniella tetraedra. We included two major rivers, 

one free and the other regulated in order to investigate the effects of regulation on genetic 

diversity. The study was conducted along the free-flowing Vindel River, the regulated Urne 

River (that flows parallel to the Vindel River) and the lower course of the small free-flowing 

Sävar River in northern Sweden (Fig. 3). We identified the clones on the basis of overall 

enzyme phenotypes that were detected using starch gel electrophoresis. The results show that 

clone pool diversity and similarity are higher along the Vindel River than along Urne River. 

We concluded that the twenty major dams that have harnessed the Urne River have also 

effectively stopped clone dispersal by water. We found that clone diversity is highest at the 

joint river mouth of the two major rivers. The clone diversity found at the lower course of the 

small Sävar River was o f the same magnitude. Results from two consecutive years show that 

clone turnover between years is high and that there are more clones present than we succeed 

to sample in a single year. There was no evidence for parallel adaptation of clones along the 

two major rivers.
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(V). Genetic patterns of riparian plants and animals in river corridors.

We put forward seven hypotheses that predict patterns of genetic and clonal diversity within 

and among populations of riparian plants and animals. The hypotheses are based on the 

assumption that dispersal by water is important in riparian corridors. We tested the hypotheses 

using our own data from papers III and IV, as well as data from the literature. Hypothesis I 

predicts that genetic diversity within populations should increase downstream as populations 

may receive propagules from an increasingly large area. Alternatively, the genetic diversity 

may be higher along the middle reaches o f rivers and decrease towards the mouth due to 

unstable riparian sedimentary soils o f the riparian zones along the lower reaches that limit 

establishment. We found support for the former alternative with the data of A. archangelica 

(Paper III), as well as from three studies in the literature (Durka 1999, Akimoto et al. 1998, 

Russell et al. 1999). Hypothesis II predicts that riparian zones that are effective traps of 

floating material have high diversity. We found support for this hypothesis with the data o f B. 

vivipara (Paper III) that had the clone diversity tied to water flow velocity and was highest 

along turbulent reaches. Hypothesis III predicts that riparian populations should be genetically 

more similar to each other than populations occupying other habitats if  waters dispersal is 

more effective than other dispersal modes. The combined results o f V. alpina from our paper 

III and that o f Sjöberg (1999) as well as the data of Ritland (1988) support this hypothesis. In 

addition, the clone diversity of E. tetraedro (Paper IV) was higher at the river mouths in all 

rivers in comparison with non-river mouth seashore populations (Terhivuo and Saura 1996, 

1997). Hypotheses IV and V predict that natural dispersal barriers (lakes) and dams will 

restrict water dispersal. Hypothesis VI predicts that free-flowing rivers have higher diversity 

than regulated ones. We found no support for hypothesis IV. Both diversity and similarity of 

E. tetraedro (Paper IV) were higher in the free-flowing Vindel River than along the regulated
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Urne River. In addition, Durka (1999) and Lascoux et al. (1996) obtained similar results 

supporting our hypothesis V and VI. Our last hypothesis (VII) predicts that the genetic 

diversity should be higher in large than in small rivers, because populations in large rivers 

may receive propagules from a larger area. We found no support for this hypothesis.

DISCUSSION

Genetic structure and morphology o f S. dioica

We found that island populations of S. dioica are subdivided into several breeding units with 

estimated sizes that lie between 0.2 m2 and 6 m2 (Paper I). This result agrees with my 

previous results from the same area (Lundqvist 1994). Even though S. dioica is an obligate 

outbreeder it clearly can differentiate on a small spatial scale. In fact, significant 

differentiation has been estimated to occur over much smaller scale with breeding unit sizes 

that range between 0.2 m2 and 0.8 m2 (Lundqvist unpublished). We put forward (Paper I) two 

hypotheses to explain this differentiation. The first assumes restricted seed and pollen 

dispersal and random mating within local populations and thus local populations may diverge 

due to genetic drift. The other assumes that seed dispersal is more restricted than pollen 

dispersal and therefore family groups may establish at the colonisation within the local 

populations and persist over generations as a combined consequence from female offspring 

continue to disperse most seeds within the same local and seeds emerging from the seed bank. 

Our results are consistent with both scenarios.

McCauley (1994) found that differentiation in Silene latifolia (a close relative to 

S. dioica) estimated from chloroplast markers was significantly higher than the one o f nuclear 

markers. Organelle markers show uniparental inheritance in contrast to biparentially inherited
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nuclear markers. In most plants chloroplast genomes are inherited maternally, biparentally in 

some and paternally in several gymnosperms while mitochondrial genomes are in general 

inherited maternally (Avise 1994 and references therein). As a consequence of these different 

modes of inheritance the extent o f gene flow for these markers will differ between 

populations (Birky et al. 1989). A set o f molecular markers located in the mitochondrial or 

chloroplast genome in combination with nuclear markers would show the relative 

contribution o f pollen and seed to the gene flow among populations (Ennos 1994). In 

addition, the X and Y chromosomes o f S. dioica provide an opportunity to further elucidate 

this gene flow by using paternally inherited markers.

We found that the amount o f differentiation among patches within islands was greater 

than among islands. This contradicts the usual expectation that genetic differences increase 

with geographic distances (Wright 1978, Slatkin 1993). Frequent seed and pollen dispersal 

occurs among islands and these will thus receive the same alleles. This may explain the 

pattern o f differentiation that we have observed. In contrast, the patches within islands may be 

founded by only a few individuals.

We have shown that populations o f S. dioica have become significantly differentiated 

in phenology and morphology but also that patterns of differentiation vary among characters 

(Paper II). Plant height, thickness o f leaves and number of hair on leaves all differed 

significantly among habitats (II, Table 4). The short growing form of S. dioica found on 

serpentine may be explained by a number of factors. Heavy metal content of the soils e.g. 

nickel can per se inhibit growth (Robertson 1992). The habitat is also dry and exposed and is 

often deficient of plant nutrients (Brooks 1987). This harsh habitat may also explain that the 

serpentine form has thicker leaves as a strategy against desiccation. Serpentine and cold 

spring individuals had less hair than in the other habitats. The genetics underlying this 

response is, in part, known (Westerbergh and Nyberg 1995). They showed that snails feed
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preferentially on hairless plants and exert a selective pressure in maintaining hairiness in S. 

dioica; on serpentine this selection is relaxed. Likewise, we have not observed any snails in 

the cold spring area. Aronsson (1999) has considered that the hairless variety smithii is 

critically endangered and that dramatic measures should be taken to protect that unique form.

I should question the wisdom of protecting ecotypes.

We found significant differences in floral characters representing flower size and 

characters important for pollination as well as in the onset of reproduction (II, Table 6). The 

corolla was shortest in the males growing in the cold spring populations. Westerbergh and 

Saura (1995) have shown that isolated populations of S. dioica like these cold spring ones are 

predominately pollinated by muscid and syrphid flies. The flies are small and sit mostly on 

the flowers but may penetrate the tube for nectar. Whether this would exert a pressure to 

reduce the corolla tube length remains untested. The individuals from the cold spring started 

the flowering two to three weeks later than from the other populations. In this extreme habitat 

with a mean summer temperature o f 7.2 C° (Hoffsten and Malmqvist 2000) this late flowering 

is likely caused by a cold microclimate.

The rosettes of S. dioica can be divided; one may obtain plants with the same 

genotype. When these clones are transplanted in different habitats one can get a measure of 

phenotypic plasticity. Plants are characterized by plasticity. This means that plants have an 

open way of growing; competitors may regulate this open pattern in a very defined way.

Genetic variation and patterns in riparian corridors

We found that the three plants, B. vivipara, V. alpina and A. archangelica surveyed along the 

Vindel River all had sufficiently high genetic diversity to be used in studies concerning 

dispersal by water (Paper III). This was also the case for the clonal earthworm E. tetraedra
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that we studied along the Vindel and Ume Rivers (Paper IV). We used the data from these 

two papers (III and IV) and data from the literature to test the hypotheses that we had put 

forward in paper V.

A. archangelica and E. tetredra have propagules that float well. The former shows an 

increased genetic diversity downstream; the latter had high clonal diversity in the headwaters, 

lower in the middle reaches and highest at the river mouths. We did not sample 

A. archangelica along the whole river; additional sampling should therefore, complement this 

study.

The clonal diversity of B. vivipara (with short-floating diaspores) was tied to the type 

of riverbank; riparian zones that trap efficiently floating material have high diversity. 

Including more sampling sites at these different riverbank types may strengthen our result; 

one should also include other species with short-floating diaspores.

We found evidence that riparian populations are more similar to each other than 

populations in other habitats. This suggests that hydrochory is more efficient than other 

modes of dispersal. A plant with a broad ecological niche and wide geographic distribution 

will be useful in studies concerning dispersal with water along rivers versus dispersal across 

other habitats; in other words, dispersal in one dimension versus two dimension.

We found no evidence that lakes act as barriers for propagule dispersal, which was the 

case for dams in regulated rivers. Extending our study on plants (Paper III) to include a 

regulated river would be the next logical step. It was evident that genetic diversity was lower 

in regulated rivers in comparison with free-flowing rivers (Paper IV, Lascoux et al. 1996, 

Durka 1999). One should further extend these studies to include more rivers; both free- 

flowing and regulated, one should also include more species.

We have literature on dispersal ability like the studies of Romell (1954); we also have 

distribution maps of vascular plants (Hultén 1971, Jalas and Suominen 1986, Jonsell (Flora
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Nordica, in progress)). The latter monograph contains also information on the breeding 

system. Dispersal, distribution and breeding structure are important determinants of the future 

evolution of the riparian flora. Patterns of genetic diversity may be exhibited at many spatial 

scales, e.g. among entire rivers, and between types of riverbanks within a river reach. 

Populations must be sampled at a spatial scale relevant to the hypothesis to be tested.
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