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Introduction 
A central issue in plant ecology is to understand how environmental factors 
influence population dynamics. Such knowledge could shed light on the 
evolution of life histories and illustrate ecological processes thus being 
valuable in conservation biology. Birth, growth, reproduction and mortality 
are all vital rates that describe the development of individuals through the 
life cycle. The responses of these rates to environmental or experimental 
factors determine population dynamics. (Van der Wal et al. 2000, Caswell 
2000 and 2001, Horvitz and Schemske 2002). Both the importance of 
different vital rates to population performance and their actual changes due 
to environmental factors need to be examined to understand distributions and 
abundances of plants. However, the direct effects on individuals translating 
into changes in vital rates, do not necessarily reflect the population level 
effects of an environmental factor. The reason is that an environmental 
factor may have negative direct effects on individuals and simultaneously 
positive indirect effects on population growth or vice versa.  

 

Population dynamics in perennial herbs 
Most of the plants in deciduous forests are perennials. In perennial plants, 
the survival and growth of established plants are often more important to 
population growth than fecundity and recruitment (Ehrlén 1995, Silvertown 
et al. 1996, Menges and Dolan 1998). Reproduction in long-lived perennials 
is expected to be at a level where resources are kept for future survival and 
reproduction to maximise lifetime reproductive success.  

In many perennials, the root or rhizome, besides being an over-wintering 
and a vegetative reproduction mode, is a resource storage organ. Thus, it 
provides the plant with the ability to declutch resource acquisition from   
resource utilisation. This ability is beneficial when resources are scarce and 
reproduction has a fix cost, for example in producing a flower stalk. It might 
be good economy to skip flowering in some years and instead accumulate 
resources to be used in another year. Owing to this resource storage ability in 
many perennials, responses due to interference or natural processes may be 
delayed. Long-term monitoring of processes in perennial plants is thus 
important (Inghe and Tamm 1988, Eriksson 1994, Turnbull et al. 2000).  
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Dispersal or microsite limitation 
The distribution and abundance of plants may be explained by the 
availability of seeds (or diaspores) or suitable habitat for the species, or both. 
Within a suitable habitat, the number of diaspores may limit relative 
abundance, and over larger spatial scales, the capacity of diaspores to 
disperse may limit distributions (Kiviniemi and Eriksson 1999, Ehrlén and 
Eriksson 2000, Turnbull et al. 2000).  

It is plausible that plants with spatially scattered habitats are the ones that 
have evolved seeds with dispersal attributes, but no such relation has been 
found (Houle 1992, Eriksson and Jakobsson 1998, Dupré and Ehrlén 2002). 
The reason might be that distribution patterns seen today are recent and do 
not resemble historic distributions. Moreover, seed dispersal ability might be 
a poor predictor of realised dispersal as the latter, besides spatial 
arrangement of suitable habitats, also involves temporal variation in 
recruitment success (van Groenendael et al. 1998, Kiviniemi 1999, Turnbull 
et al. 2000). Therefore, the occurrence of suitable but unoccupied sites is a 
better way to examine if present realised dispersal is sufficient or limits the 
distribution of a species than to examine dispersal attributes. 

Habitat suitability might be linked to abiotic microsite factors such as 
light, climate and soil properties (Fowler 1988, Crawley and Long 1995, 
Hulme 1996a, Marino et al. 1997, Dupré and Ehrlén 2002), as well as to 
competition (Bush and Van Auken 1990), disturbance (Eriksson and Ehrlén 
1992, Eriksson and Eriksson 2000) or herbivory (Doak 1992, Ehrlén 1995, 
Hulme 1996b). As plant distributions may depend both on the availability of 
suitable habitat, and the ability to disperse to these habitats, studies at both 
local and regional scales are necessary to fully understand distribution 
patterns. 

Herbivory 
The extent to which herbivores affect plant population dynamics is, despite 
much research, still an issue under debate. While herbivory and grazing are 
detrimental to some species it may benefit other (Zobel et al. 1997). The 
outcome of herbivory depends on its timing, duration and intensity (Marquis 
1992, McNaughton 1992, Hendon and Briske 1997, Lennartsson et al. 
1998). Moreover, the life history stage at which the plant is attacked is 
important. 

Several studies have demonstrated that herbivores can affect habitat 
suitability during the recruitment phase through effects on seed and seedling 
survival, thus influencing plant distributions (Doak 1992; Crawley and Long 
1995, Ehrlén 1995, Hulme 1996b). Herbivores can also, through grazing and 
trampling, cause leaf losses which in turn can lower reproductive output and 



 4

change resource allocation patterns (Syrjänen and Lehtilä 1993, Ericsson and 
Wennström 1997).  

By experiments, different effects of grazing on individuals, as trampling 
damage, leaf loss, nutrient reshuffling or dispersal of seeds can be examined. 
However, such experiments gain in ecological significance if complemented 
with studies of the effects of grazing on plant population dynamics in natural 
environments. 

Competition 
Competition can be defined as a reduction in fitness due to shared use of a 
resource limited in supply. The importance of competition relative to 
herbivory or other factors in determining individual and population 
performance has been stressed but also depreciated (Gurevitch et al. 2002). 

Differences in intensity of competition has been shown to influence a 
number of demographic parameters; seed set (Stöcklin 1997), seedling 
recruitment and establishment (Bush and Van Auken 1990, D’Antonio et al. 
1998, Silva Matos et al. 1999) vegetative growth (Hartnett 1993, Dyer and 
Rice 1999, Foster 1999) and flowering frequency (Watkinson and Harper 
1978, Clay and Shaw 1981, Humphrey and Pyke 1998). However, the 
population level response to competitive release depends both on the 
response of the established individuals and on the recruitment of new 
individuals. Studies focusing on the significance of competition for 
population dynamics should therefore take effects on all life cycle stages into 
account (Aarssen and Epp 1990, Goldberg and Barton 1992). 

Aims of this thesis 
The general aim of this thesis was to examine how the population dynamics 
of perennial herbs, in particular S. europaea and D. bulbifera, is affected by 
relevant environmental factors. I wanted to reveal processes behind the 
species performances to explain distribution and abundance patterns and if 
possible translate this knowledge into conservation practices. 

Specifically, I examined the importance of herbivory in terms of grazing 
by cattle (VI), molluscs (II), and a moth, Aganopterix astrantiaea. I also 
examined the effects of simulated herbivory in terms of leaf removal in S. 
europaea (V). The significance of inter- and intraspecific competition in 
natural populations (IV) and in the recruitment phase in particular (II, III) 
was elucidated. The evidence of dispersal and habitat limitation to 
distributions was examined (II, III). Finally, resource partitioning and cost 
of reproduction was evaluated (I). Studies were performed during several 
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years at several sites in two regions to include spatial and temporal 
dimensions. 

Study species and sites 

Sanicula europaea 
Sanicula europaea L. (Apiacaea) is distributed throughout most of Europe, 
and in spite of its name, also rarely in Africa and Asia (Hultén 1971). In 
Sweden, it occurs in the south, predominantly along the East Coast. It is rare 
within most of its Swedish distribution range but frequent on Öland and 
Gotland. On Öland, it primarily grows in forests and groves (Sterner 1986). 

Sanicula europaea is a rosette-forming herb about 15 cm tall, the rosette 
being formed in early spring at the apex of a slowly growing rhizome, which 
eventually dies away in older parts (Fig. 1 in paper V, Inghe and Tamm 
1985, Inghe 1989). The leaves are dark green and leather like. It flowers 
intermittently and produces one inflorescence, about 30 cm tall, in each 
flowering event (late June). The seeds are fully developed in August and 
have hooks enabling them to be dispersed by furred animals. Rarely, 
vegetative propagation occurs through rhizome cleavage. 

Cattle sometimes graze S. europaea, especially late in the season and 
during dry years when other more palatable species are scarce (pers. obs.). 
Aganopterix astrantiae (Oecophoridae) is a moth with a southerly Swedish 
distribution, from Skåne in the south to Uppland in the north. It is known to 
pupate in an enrolled leaf of S. europaea or Astrantia major early in may. As 
A. major is not native in Sweden, S. europaea is its main host plant there. 

Dentaria bulbifera 
Dentaria bulbifera L. (Brassicaceae) is a perennial deciduous forest herb 
with a distribution more or less equivalent to the broad-leaved deciduous 
forest of northern and central Europe (Hultén 1971). In Sweden, the species 
has a southeastern distribution. 
     Dentaria bulbifera has an underground rhizome from which one or 
several erect shoots emerge early in spring (Fig. 1). Vegetative propagation 
occurs by rhizome cleavage. Aboveground shoots can be either vegetative 
leafy or flowering. Although D. bulbifera flowers regularly, fertile seeds 
rarely develop (Schwarzenbach 1922, Hegi, 1958, Pontis 1992). Flowering 
shoots produce one bulbil, a vegetative germbud, at each leaf axil. A fertile 
shoot can produce between ten and twenty bulbils in a growing season (pers. 
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obs.). The bulbils do not have any apparent dispersal attributes, and thus can 
be assumed to have a poor dispersal capacity. However, it has been 
suggested that they can be dispersed by ants (Hegi 1958). 

 
 
 
 
 
 
 
 
 
 
Fig. 1. A flowering individual of 
Dentaria bulbifera with a close-up on 
a bulbil at a leaf axil. The height of 
the plant is on average 30 cm and the 
bulbils normally ranges from three to 
ten mm in length. 

Study sites 
I performed field work in two regions in the southeast of Sweden; in 
Mittlandsskogen, centrally on the island of Öland (I-VI) and in the Tullgarn 
area south of Stockholm (II) At the study sites in Mittlandsskogen, the forest 
was mesic with a tree layer consisting of a mixture of deciduous forest 
species. Common tree and bushes were Betula verrucosa Ehrh., Querqus 
robur L., Ulmus glabra Huds., Fraxinus excelsior L., Corylus avellana L., 
Crataegus spp. and Rosa spp.. Frequent herbs, besides S. europaea and D. 
bulbifera were Hepatica nobilis Mill., Fragaria viridis Duch., Anemone 
nemorosa L., Anemone ranunculoides L. and Orchis mascula L.. The study 
sites in Tullgarn were also within deciduous forests, however with scattered 
occurrence of Picea abies L.. Soils on Öland and Tullgarn were more or less 
calcareous (Fredén 1994). 
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Methods 

Demographic studies 
I followed Sanicula europaea individuals at five sites with varying cattle 
grazing intensity on Öland in a total of 36 permanent plots (0.5 × 0.5 m, n = 
1202) from 1996 to 2000 and additionally 13 plots (n = 424) from 1997 to 
2000. The distance between sites was minimum 0.3 km and maximum 5 km. 
Status of individuals was recorded, width of the largest leaf was measured 
and number of leaves and mature fruits were counted each year in August. 
Additionally, vegetative propagation and the extent and origin of leaf 
damage if any was recorded. I had the intention to reveal the importance of 
vegetative reproduction in S. europaea, however rhizome cleavages were 
rare. Probably manipulations are required to magnify natural processes or 
studies have to involve destructive methods, examining histories of 
rhizomes. 

To examine the effects of intra- and interspecific competition on 
demographic processes in S. europaea, I manipulated the density of 
neighbouring plants in a two-factorial experiment in 16 plots on Öland (IV). 
Vital rates in terms of survival, growth, reproduction and seedling 
recruitment were recorded for two seasons and analyses at individual and 
population levels were performed. 

Matrix analysis and population dynamics 
In examining population dynamics in S. europaea and its relation to grazing 
and competition, I used combined size- and stage-based Lefkovitch matrix 
models (Lefkovitch 1965). Individuals were classified into six life cycle 
stages based on their status; seedling, vegetative, flowering or dormant 
(dormant was not a stage in paper IV), and among vegetative plants based on 
size; small, intermediate and large (Fig. 2). The standard projection matrix 
model is; n(t+1) = An(t), in which n(t+1) is a vector of the number of defined life 
cycle stage categories at time t+1, n(t) is the vector at time t and A is a square 
matrix with entries aij representing the transition probabilities of an 
individual within a given life cycle stage at time t to a particular life cycle 
stage at time t+1. The dominant eigenvalue of A, give the asymptotic growth 
rate (λ). λ <1 indicates population regression and λ >1 indicates population 
growth. The mean and standard deviation of expected time in each stage, 
was obtained from the fundamental matrix calculated from a pooled matrix 
of the 49 plots on Öland and for each grazing pressure; low, moderate and 
high, by Markov-chain decomposition according to Caswell (2001).  
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Perturbation analyses with prospective and retrospective approaches were 
used to determine the effect of changes in vital rates on λ. Prospective 
analysis addresses the effects of potential future changes, by quantifying the 
potential influence on λ of small absolute, (sensitivity analysis) or 
proportional (elasticity analysis) changes in demographic variables (Caswell 
2001, Horvitz et al. 1997, de Kroon et al. 2000).  

Retrospective analysis examines changes in λ that actually have occurred. 
Life table response experiments (LTRE) analysis quantifies the contribution 
of each of the vital rates to the variability in λ due to environmental or 
experimental variation (for description see Levin et al. 1987, Brault and 
Caswell 1993, Caswell 1996 and 2000, Horvitz et al. 1997, for recent 
examples on its use see Levin et al. 1996, Fujiwara and Caswell 2001, Miriti 
et al. 2001, Wikberg and Svensson 2002).  

Analysing random and fixed effects requires different LTRE analyses. In 
paper IV, I used a one-way fixed design to decompose the total effect of 
plant removal treatments on λ into contributions of each matrix entry 
according to Caswell (2001). To break down contributions into independent 
effects of grazing, years and their interaction in paper VI, I used a two-way 
fixed effect design according to Horvitz et al. (1997). Lastly, to evaluate 
variances-covariances and contributions of transitions between grazing 
intensities for the different year transitions in paper VI I performed analyses 
with random effects design following Horvitz et al. (1997). 

 

 
Fig. 2. Life-cycle graph for Sanicula europaea including six life cycle stages; in 
clockwise order, seedlings (top), small vegetative, intermediate vegetative, large 
vegetative, flowering and dormant. Arrows denote possible transitions. 
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Experimental studies on fitness components 
Cost of sexual reproduction was examined by comparing subsequent growth, 
flowering and mortality of seed-producing individuals and individuals with 
removed flower buds (I). Flower buds were removed at two sites and 
responses were followed up to two years after removal. 

To examine dispersal versus habitat limitation of distribution and 
abundance of S. europaea and D. bulbifera, seeds of S. europaea were sown 
at 15 sites with and at 12 sites without (four plots at each site) S. europaea 
populations in 1996, 1997 and 1998 on Öland (III). Bulbils produced by D. 
bulbifera were sown at 48 sites in the Tullgarn area (five sites had natural 
occurrence of the species) and at 25 sites on Öland in 1997 (five with natural 
occurrences) and 21 sites on Öland in 1998 (six sites with natural 
occurrences, four plots at each site on Öland, II). Plots were followed up to 
seven years after sowings. 

The importance of habitat quality for non-seedling plants was examined 
by  studying the performance of transplanted plants (II, III). In 1996 and 
1997, established S. europaea plants were transplanted into two sites with 
and two sites without natural occurrences of the species, on Öland. In 
Tullgarn 1996, established plants of D. bulbifera were transplanted to one 
site with and three sites without natural occurrences. Growth and survival of 
transplants was followed up to four years after transplantations. 

Facilitation of recruitment through small-scale disturbance was examined 
for both species by removal of aboveground vegetation before sowings in 
half of sowing plots on Öland (II, III). 

Density effects on early recruitment, germination and seedling survival, 
was investigated by sowing of seeds and bulbils respectively at four densities 
at four sites for each species, repeatedly for three years (1996-1998, only 
1997 and 1998 for D. bulbifera) on Öland (II, IV). Additionally, recruitment 
from natural seed rain was examined by following control plots established 
at each of these sowing sites in each sowing year. 

Effects of soil parameters on recruitment and establishment in D. 
bulbifera were examined at Tullgarn (II).  

Effects of mollusc herbivory on recruitment in D. bulbifera were 
examined at Tullgarn by comparing sowing plots with and without an 
applied molluscicide (II). Survival and growth of individuals was surveyed 
for five years after sowings.  

The frequency of A. astrantiae attacks between years, sites and life cycle 
stages of S. europaea was examined at five sites in two years on Öland.  

To examine effects of leaf losses in S. europaea, 50 or 100% of leaves 
were removed at three different times of the year, repeatedly for two years 
(ntotal = 280, V). Effects on growth, flowering and survival were monitored at 
each leaf removal event and the subsequent spring. 
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Result and Discussion 

Population dynamics in Sanicula europaea 
In S. europaea, flowering probability was positively correlated to total leaf 
area of plants and reduction in flowering, growth and survival was 
pronounced up to two years after flowering. Hence, reproduction was 
associated with a cost in resources, higher than what most plants could 
accumulate in one year. The costs of reproduction found was fix and not 
variable, both when comparing flowering plants with vegetative and when 
comparing flowering plants with or without prevented seed set. Total leaf 
area in S. europaea was correlated between subsequent years and a good 
indicator of resource status of individuals as it also was positively correlated 
to flower and seed numbers. Site and year were also important determinants 
of flowering probability in S. europaea. The spatial effect will create among-
population variation while the temporal tend to synchronise flowering 
between and within populations.  

In S. europaea, seedling emergence in May on Öland varied between 
plots and years from none up to 474 seedlings m-2, which equals an average 
of 5.2 % of the number of produced seeds in the same area the preceding 
year. Of 165 seedlings emerging from sowings at Öland at sites with natural 
occurrence, only three individuals remained four years later. Hence, in 
accordance with earlier studies on this species, the recruitment from seeds 
was low (Tamm 1956). In many perennials, sexual recruitment is of minor 
importance relative to the maintenance of established plants (Eriksson 1996, 
Silvertown et al. 1996). Seedling survival generally had low elasticity 
indicating that it contributes only little to population growth rate. In S. 
europaea, the largest contributions to variances in λ among years was from 
large becoming flowering, small becoming dormant and stasis of dormant, in 
spite of that, fecundity was the stage with largest variance between years. 

Densities of established individuals did not appear to be seed limited in 
spite of a correlation between seedling numbers and seed production in the 
plot the preceding year and the fact that seed addition enhanced seedling 
emergence. The reason is that seedling survival was density dependent and 
also affected by environmental factors. Seedling mortality was highest the 
first winter and then decreased with seedling age, suggesting that first winter 
survival is a critical phase for recruitment in S. europaea.  

Ages of individuals are not known in a stage-based model. Expected life 
span can however, with rather good accuracy, be estimated from such 
matrices by calculating a fundamental matrix (Caswell 2001). According to 
the fundamental matrix for the 49 plots on Öland, based on pooled data over 
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year transitions, a flowering S. europaea individual has an expected 
remaining life span of approximately 16 years (unpublished data). 

Mortality was higher in vegetative than in flowering plants, and 
decreased with increasing total leaf area. Mortality among established plants 
was lower in a demographic study in the Oskarshamns area on the mainland 
(unpublished data) compared to on Öland (3.5 % versus 7.5 % year-1), but 
both rates were still higher than mortality rates recorded by Tamm (1956) in 
an area 100 km northeast of Stockholm (1 % year-1). One reason for the 
comparatively high mortality rates in Öland populations could be cattle 
grazing, which did not occur at the sites on the mainland. The deviating 
results could also be due to a relatively small sample size (69 individuals) in 
Tamm’s study. 

Dispersal and habitat suitability 
In Sweden today, deciduous woodlands, in which both S. europaea and D. 
bulbifera preferably grow, are often restricted to small isolated remnants of 
their previous distributions (Diekmann 1999). Thus, dispersal ability and its 
importance for distributions of the two species that inhabit these habitats 
become a relevant issue. The results in paper III clearly demonstrate that the 
distribution and abundance of S. europaea is not dispersal limited, whereas 
the opposite is true for D. bulbifera in paper II. 

No S. europaea seedling survived its first winter at seed sowing sites 
without natural occurrence of the species. Moreover, survival of transplanted 
established plants varied between sites and years and there was a larger 
decrease in size at sites without compared to sites with natural occurrence. 

After sowings of D. bulbifera bulbils, there was no difference in seedling 
establishment between sites with and without natural occurrence of the 
species until seven years after sowings. However, long-term survival of 
transplants was higher at sites where D. bulbifera occurred naturally, 
compared to where it did not, and this difference increased with time after 
sowing. Thus, besides dispersal limitation, which in a short perspective is 
significant for the distribution of D. bulbifera, local factors are important.  

The contradictory patterns for the two species might be explained by their 
different dispersal attributes. While seeds from S. europaea are well 
equipped with hooks, bulbils from D. bulbifera has no evident dispersal 
organs, but rely primarily on ability to roll away from the mother plant 
(Pontis 1992) or to be relocated short distances by ants (Hegi 1958). 
However, other studies have failed to find a relationship between dispersal 
attributes and distribution patterns (Dupré and Ehrlén 2002).  
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Herbivory  
Exclusion of molluscs, significantly increased recruitment in D. bulbifera, 
and the effects of a single molluscicide treatment persisted after four years. 
Molluscs thus have the potential to influence population dynamics and 
community structure in D. bulbifera over an extended period. Earlier studies 
have demonstrated that molluscs can affect plant distributions through 
spatial variation in their effects on seedling survival (Ehrlén 1995, Hulme 
1996b). Thus, to assess their importance on a regional scale, possible 
differences in mollusc density have to be examined. 

Leaf damage in Sanicula europaea on Öland was mainly due to cattle. 
Simulated herbivory in S. europaea, by means of leaf removal, reduced 
future survival, growth and flowering probabilities. The magnitude of these 
effects depended both on the extent and the timing of leaf removal. 
Extensive leaf removal had more negative effects than moderate did. 
Moreover, the timing of leaf loss was important as the probability that an 
individual would regrow the same season after severe leaf loss was higher 
when the loss occurred early in the season than when it occurred late. 
Finally, experimental responses were more pronounced after a second year 
of leaf removal, indicating that repeated herbivory exhaust resources.  

Flowering S. europaea individuals were more often attacked by the moth 
A. astrantiae than vegetative individuals and the attack frequency in plots 
varied between sites and years (site; F4,13=9.8, p=0.001, year; F1,13 =2.9, 
p=0.111, flowering or vegetative; F1,13 = 7.9, p = 0.015, ANOVA, 
unpublished data). As the moth cause leaf damage at a time when leaf losses 
affect survival, flowering and growth of S. europaea, it will probably  
influence the species population dynamics.  

Grazing in terms of leaf damage on S. europaea individuals resulted in 
direct negative effects on the probability of flowering but there was no 
effects on mortality or growth. At the plot level, grazing had negative effects 
on mortality but did not affect average growth, flowering or seedling 
recruitment. 

Population growth rate in S. europaea on Öland varied only little with 
varying grazing pressures, in spite of variation in stable and observed stage 
distributions. The compiled results indicate that negative effects in one life 
history trait are counterbalanced by positive effects in another trait. 
Moreover, differences in λ among years were larger than among grazing 
pressures. However, the interaction effects of year and grazing were also 
important suggesting that the effect of grazing can be substantial in certain 
years. Variation in life cycle transitions was negatively correlated to the 
elasticity of the same transitions, both as variation was between grazing 
pressures and between years. The pattern of life cycle transitions being 
highly temporally variable and having little effect on population growth rate 
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(low elasticity) has been found in several species and taxa and been widely 
accepted as the only pattern possible in the long run, as combinations of 
stages with both high sensitivity and high variation, should jeopardise 
maintenance of plants with long life expectancies (Pfister 1998). 

Competition 
The results from the plant removal experiment did not indicate any effects of 
interspecific or intraspecific competition on the performance of established 
S. europaea individuals. Simultaneous con- and heterospecific removal on 
the other hand, increased seedling emergence. Moreover, seedling 
emergence and early survival in the seed sowing experiment was negatively 
affected by seed and seedling densities. Our results thus indicate that 
neighbour densities have effects on recruitment in S. europaea whereas the 
effect on established plants is weaker.  

Conclusions and Prospects 
For systems in equilibrium the future can be predicted, this is however 
seldom the case with plants. Plant populations are often unstable and 
sometimes characterised by unpredictable changes. As a consequence, 
matrix modelling can explain current patterns, but not predict future ones. 
However, processes can be examined, which in turn can be useful in doing 
predictions. 

Deciduous forests in Sweden were much more extensive only a century 
ago. On Öland, a large area of deciduous forest still remains and nowadays it 
even increases in extent. However, forest practices and the use of the 
intervening landscape has changed and as a consequence it has become 
drastically less suitable for forest herbs (Diekmann 1999). As S. europaea 
rarely establishes at new sites, the protection of occupied sites becomes 
important. For the dispersal limited D. bulbifera, fragmentation of 
landscapes might be a large threat.  

A current issue for forest perennials is changing grazing practices. Forest 
grazing on Öland has decreased during the last century, but today it is 
increasing (Karlsson et al. 2001). Both cessation and reintroduced grazing 
has consequences for the forest flora. This study reveals that grazing has 
both negative and positive effects on S. europaea, at the individual and 
population levels, thus emphasising the importance of multilevel analysis. 
Concerning management practices a few general statements can be made, the 
extent, timing and intensity of grazing is important. In regard to S. europaea, 
cattle should not be introduced to early in the season. 



 14

Another relevant issue for many S. europaea habitats on Öland is clear 
cutting and thinning of the surrounding forest (Karlsson et al. 2001). 
Preliminary results indicate that S. europaea initially is favoured by thinning 
through increased recruitment, probably due to improved light conditions. 
However, these are only preliminary results from the first years after 
thinning, what happens in a longer perspective remains to be revealed.  

To conclude, I would like to suggest that the dynamics of S. europaea, 
and probably many long-lived perennials, is characterised by a state of 
punctuated equilibrium, i.e. long time spans when little happens, interrupted 
with short phases of action. The punctuation might be a year with extreme 
weather conditions or a tree falling. Preliminary results from forest thinnings 
indicate that gaps in the canopy can change population growth rates from 
negative to positive. When the time between punctuations is long, one is 
likely to miss processes breaking the equilibrium. However, one way to 
cover the dynamics during both stable and changing conditions, is to do 
demographic studies in several populations, increase the length of the studies 
and complement with experimental manipulations. 

Acknowledgement 
I am grateful to J. Ågren, and  J. Ehrlén for valuable comments on earlier 
drafts of this text.  

References 
Aarssen L. and Epp G.A. 1990 Neighbour manipulations in natural  

vegetation: a review. Journal of Vegetation Science 1:13-30. 
Brault S. and Caswell H. 1993 Pod-specific demography of killer whales 

(Orcinus orca). Ecology 74:1444-1454. 
Bush J.K. and Van Auken O.W. 1990 Growth and survival of Prosopis 

glandulosa seedlings associated with shade and herbaceous 
competition. Botanical Gazette 151:234-239. 

Caswell H. 1996 Analysis of life table response experiments II. Alternative 
parameterization for size- and stage-structured models. Ecological 
Modelling 88:73-82. 
-2000 Prospective and retrospective perturbation analyses: their roles 
in conservation biology. Ecology 81:619-627. 
- 2001 Matrix population models, 2nd Edition. Sinauer associates, 
Inc., Sunderland, MA, USA. 



 15

Clay K. and Shaw R. 1981 An experimental demonstration of density-
dependent reproduction in a natural population of Diamorpha 
smallii, a rare annual. Oecologia (Berl.) 51:1-6. 

Crawley M.J. and Long C.R. 1995 Alternate bearing, predator satiation and 
seedling recruitment in Quercus robur L. Journal of Ecology 83:683-
696. 

D’Antonio C.M., Hughes R.F., Mack M., Hitchcock D. and Vitousek P.M. 
1998 The response of native species to removal of invasive exotic 
grasses in a seasonally dry Hawaiian woodland. Journal of 
Vegetation Science 9:699-712. 

De Kroon H., van Groenendael J. and Ehrlén J. 2000 Elasticities: a review of 
methods and model limitations. Ecology 81:607-618.  

Diekmann M. 1999 Southern deciduous forests. In; Swedish Plant 
Geography (Eds. Rydin H., Snoeijs P. and Diekmann M.), Acta 
Phytogeographica Suecica 80:1-112. 

Doak D.F. 1992 Lifetime impacts of herbivory for a perennial plant. Ecology 
73:2086-2099. 

Dupré C. and Ehrlén J. 2002 Habitat configuration, species traits and plant 
distributions. Journal of Ecology 90:796-805. 

Dyer A.R. and Rice K.J. 1999 Effects of competition on resource availability 
and growth of a California bunchgrass. Ecology 80:2697-2710. 

Ehrlén J. 1995 Demography of the perennial herb Lathyrus vernus. I. 
Herbivory and individual performance. Journal of Ecology 83:287-
295. 

Ehrlén J. and Eriksson O. 2000 Dispersal limitation and patch occupancy in 
forest herbs. Ecology 81:1667-1674. 

Eriksson Å. and Eriksson O. 2000 Population dynamics of the perennial 
Plantago media in semi-natural grasslands. Journal of vegetation 
Science 11:245-252. 

Ericsson L. and Wennström A. 1997 The effect of herbivory on the 
interaction between the clonal plant Trientalis europaea and its smut 
fungus Urocystis trientalis. Oikos 80:428-434. 

Eriksson O. 1994 Stochastic population dynamics of clonal plants: numerical 
experiments with ramet and genet models. Ecological research 
9:257-268. 

 -1996. Regional dynamics of plants: a review of evidence for 
remnant, source-sink and metapopulations. Oikos 77:248-258. 

Eriksson O. and Ehrlén J. 1992 Seed and microsite limitation of recruitment 
in plant populations. Oecologia 91:360-364. 

Eriksson O. and Jakobsson A. 1998 Abundance, distribution and life 
histories of grassland plants: a comparative study of 81 species. 
Journal of Ecology 86:922-933. 



 16

Foster B.L. 1999 Establishment, competition and the distribution of native 
grasses among Michigan old-fields. Journal of Ecology 87:476-489. 

Fowler N. 1988 What is a safe site?: Neighbour, litter, germination date, and 
patch effects. Ecology 69:947-961. 

Fredén C. 1994 Berg och jord, Sveriges nationalatlas. (Ed. Fredén C) Bra 
Böcker, Höganäs, Sweden. 

Fujiwara M. and Caswell H. 2001 Demography of the endangered North 
Atlantic right whale. Nature 414:537-541. 

Goldberg D.E and Barton A.M. 1992 Patterns and consequences of inter-
specific competition in natural communities: a review of field 
experiments with plants. American Naturalist 139:771-801.  

Gurevitch J., Scheiner S.M. and Fox G.A. 2002 The ecology of plants. 
Sinauer Associates Inc. Sunderland MA., USA. 

Hartnett D.C. 1993 Regulation of clonal growth and dynamics of Panicum 
virgatum in tallgrass prairie: effects of neighbour removal and 
nutrient addition. American Journal of Botany 80:1114-1120. 

Hegi G. 1958 Illustrierte Flora von Mittel-Europa, band IV. Carl Hanser 
Verlag, München. 

Hendon B.C. and Briske D.D. 1997 Demographic evaluation of a herbivory- 
 sensitive perennial bunchgrass: does it possess an Achilles heel? 

Oikos 80:8-17. 
Horvitz C.C., Schemske D.W. and Caswell H. 1997 The relative 

“importance” of life-history stages to population growth: Prospective 
and retrospective analysis. p 247-271 In; Structured-population 
models in marine, terrestrial, and freshwater systems. (Eds. 
Tuljapurkar S. and Caswell H.) Chapman and Hall, New York.  

Horvitz C.C. and Schemske D.W. 2002 Effects of plant size, leaf herbivory, 
local competition and fruit production on survival, growth and future 
reproduction of a neotropical herb. Journal of Ecology 90:279-290. 

Houle G. 1992 Spatial relationship between seed and seedling abundance 
and mortality in a deciduous forest of north-eastern North America. 
Journal of Ecology 80:99-108. 

Hulme P.E. 1996a Natural regeneration of yew (Taxus baccata L.) microsite, 
seed or herbivore limitation? Journal of Ecology 84:853-861. 
-1996b Herbivores and the performance of grassland plants: a 
comparison of arthropod, mollusc and rodent herbivory. Journal of 
Ecology 84:43-51. 

Hultén E. 1971 Atlas över växternas utbredning i norden. Generalstabens  
 litografiska anstalts förlag, Stockholm. 
Humphrey L.D. and Pyke D.A. 1998 Demographic and growth responses of 

a guerrilla and a phalanx perennial grass in competitive mixtures. 
Journal of Ecology 86:854-865. 



 17

Inghe O. 1989 Dynamics in populations of long-lived herbs. –Patterns of 
survivorship, Flowering and Propagation. PhD thesis, Stockholm 
University, Stockholm. 

Inghe O. and Tamm C.O. 1985 Survival and flowering of perennial herbs 
IV. Oikos 45:400-420. 
-1988. Survival and flowering of perennial herbs V. Oikos 51:203-
219. 

Karlsson L., Knutsson T. and Lindegård P. 2001 Skogen. In: Natur och 
kultur på Öland. (Ed. Forslund M.) Länsstyrelsen Kalmar län, 
Kalmarsunds Tryck, Kalmar. 

Kiviniemi K. 1999 Evolution of seed attributes, dispersal and population 
dynamics of plants, with special emphasis on fragmented habitats. 
PhD thesis, Stockholm University, Stockholm. 

Kiviniemi K. and Eriksson O. 1999 Dispersal, recruitment and site 
occupancy of grassland plants in fragmented habitats. Oikos 86:241-
253. 

Lefkovitch L.P. 1965 The study of population growth in organisms grouped 
by stage. Biometrics 21:1-18. 

Lennartsson T., Nilsson P. and Tuomi J. 1998 Induction of 
overcompensation in the field gentian, Gentianella campestris. 
Ecology 79:1061-1072. 

Levin L.A., Caswell H., DePatra K.D. and Creed E.L. 1987 Demographic 
consequences of larval development mode: planktotrophy vs. 
lecithotrophy in Streblospio benedicti. Ecology 68:1877-1886. 

Levin L., Caswell H., Bridges T., DiBacco C., Cabrera D. and Plaia G. 1996 
Demographic responses of estuarine polychaetes to pollutants: Life 
table response experiments. Ecological applications 6:1295-1313. 

Marino P.C., Eisenberg R.M. and Cornell H.V. 1997 Influence of sunlight 
and soil nutrients on clonal growth and sexual reproduction of the 
understorey perennial herb Sanguinaria canadensis L. Journal of the 
Torrey Botanical Society 124:219-227. 

Marquis R.J. 1992 Selective impact of herbivores. In: Plant resistance to 
herbivores and pathogens, Ecology, Evolution and Genetics. (Eds: 
Fritz R.S and Simms E.L.) The University of Chicago press, 
Chicago. 

McNaughton S.J. 1992 Laboratory-simulated grazing: Interactive effects of 
defoliation and canopy closure on Serengeti grasses. Ecology 
73:170-182.  

Menges E.S. and Dolan R.W. 1998 Demographic viability of populations of 
Silene regia in midwestern prairies: relationships with fire 
managements, genetic variation, geographic location, population size 
and isolation. Journal of Ecology 86:63-78. 



 18

Miriti M.N., Wright S.J. and Howe H.F. 2001 The effects of neighbours on 
the demography of a dominant desert shrub (Ambrosia dumosa). 
Ecological monographs 71:491-509. 

Pfister C.A. 1998 Patterns of variance in stage-structured populations: 
Evolutionary predictions and ecological implications. Proceedings of 
the National Acadamy of Sciences, USA  95: 213-218. 

Pontis C. 1992 Om groddknoppar och tandrötter-funderingar kring en klonal 
växt: Dentaria bulbifera. Examensarbete i växtekologi. Stockholms 
universitet, Stockholm. 

Schwarzenbach F. 1922 Flora 115:393 
Silvertown J., Franco M. and Menges E. 1996 Interpretation of elasticity 

matrices as an aid to the management of plant populations for 
conservation. Conservation biology 10:591-597. 

Silva Matos D.M., Freckleton R.P. and Watkinson A.R. 1999 The role of 
density dependence in the population dynamics of a tropical palm. 
Ecology 80:2635-2650. 

Sterner R. 1986 Ölands kärlväxtflora. Btj datafilm, Lund. 
Stöcklin J. 1997 Competition and the compensatory regulation of fruit and 

seed set in the perennial herb Epilobium dodonaei (Onagraceae). 
American Journal of Botany 84:763-767. 

Syrjänen K. and Lehtilä K. 1993 The cost of reproduction in Primula veris: 
differences between two adjacent populations. Oikos 67:465-472. 

Tamm C.O. 1956 Further observations on the survival and flowering of 
some perennial herbs, I. Oikos 7:273-292. 

Turnbull L.A., Crawley M.J. and Rees M. 2000 Are plant populations seed  
 limited? A review of seed sowing experiments. Oikos 88:225-238. 
van der Wal R., Egas M., Van der Veen A. and Bakker J. 2000 Effects of 

competition and herbivory on plant performance along a natural 
productivity gradient. Journal of Ecology 88:317-330. 

van Groenendael J.M., Ouburg N.J. and Hendrik J.J. 1998 Criteria for the 
introduction of plant species. Acta botanica Neerlandica 47:3-13. 

Watkinson A.R. and Harper J.L. 1978 The demography of a sand dune 
annual: Vulpia fasciculata, I. The natural regulation of populations. 
Journal of Ecology 66:15-33. 

Wikberg S. and Svensson B.M. 2002 Size dependent ramet demography in 
Carex humilis, a ring-forming clonal sedge: differences between ring 
periphery and ring interior. In: PhD thesis by Wikberg, S. Lund 
University, Lund.  

Zobel K., Moora M., Brown V.K., Niemela P. and Zobel M. 1997 Secondary 
succesion and summer herbivory in a subarctic grassland: 
Community structure and diversity. Ecography 20:595-604. 



 19

Dynamik hos fleråriga växter i lövskog, särskilt sårläka 
och tandrot. (Populärvetenskaplig sammanfattning) 

Bakgrund  
Dagens svenska lövskogar är bara små och isolerade rester av de skogar som 
en gång fanns. Dessutom har människans påverkan starkt förändrats under 
det senaste århundradet, inte bara på skogarna utan även på områdena mellan 
dem. Av dessa skäl är faktorer som spridningsförmåga och växtplatskrav hos 
lövskogens växter viktiga att studera för att kunna bedöma om dessa arter 
ska kunna fortleva.  

De flesta av lövskogens växter är fleråriga. Jag har valt att studera två av 
dessa, sårläka (Sanicula europaea) och tandrot (Dentaria bulbifera). Genom 
att noggrant beskriva deras populationsdynamik (förökning, tillväxt och 
överlevnad) – och hur dynamiken påverkas av olika miljöfaktorer – vill jag 
försöka förklara vad som är viktigt för de båda arternas utbredning, både nu 
och i framtiden, och även generalisera kunskapen till fleråriga arter i lövskog 
i allmänhet.  

Metodik 
Jag har gjort fältstudier i Mittlandsskogen på Öland, som är Nordeuropas 
största sammanhängande lövskogsområde, och i Tullgarnsområdet söder om 
Södertälje. I frösånings- och transplantationsförsök med de båda arterna har 
jag relaterat deras utbredningar till deras spridningsförmåga och 
växtplatskrav. 

Genom att följa över två tusen sårläkeplantors öde i upp till fem år och 
sedan analysera informationen med populationsdynamiska metoder har jag 
identifierat viktiga faser i sårläkans livscykel. Jag har undersökt hur dess 
dynamik varierar lokalt och mellan åren, samt hur den påverkas av bete och 
minskad konkurrens. För att förstå mer av orsakerna till mönstren jag 
kartlagt har jag också gjort en serie experiment.  

Resultat och slutsatser 
Sårläkans utbredning beror främst på tillgången på lämpliga växtplatser 
medan tandroten är spridningsbegränsad. För sårläka är alltså negativa 
förändringar av dess växtplatser ett hot, medan en uppsplittring av lämpliga 
växtplatser är ett större hot för tandrot. De delvis motsatta resultaten för de 
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båda arterna kan förklaras med deras spridningssätt: sårläkans frö sprids av 
pälsbärande djur medan tandrotens bulbiller (vegetativa föryngringsknoppar) 
saknar särskilda spridningshjälpmedel.  

Bete är vanligt i de miljöer där sårläkan växer, och kan vara både positivt 
och negativt för enskilda individer. Effekterna tar emellertid ut varandra på 
populationsnivå och därför syns ingen skillnad i populationstillväxt under 
olika betestryck. De negativa effekterna överväger för den individ som betas 
genom att dess chanser att blomma och sätta frö minskar samtidigt som 
risken att dö ökar. De positiva effekterna av bete beror på att groddplantorna 
överlever i större omfattning. Omfattningen av effekterna beror dock på 
betestrycket. Ju mer, ju oftare och ju tidigare på året sårläkan skadas, desto 
värre blir konsekvenserna för den skadade plantan. Betesdjur bör därför inte 
släppas på alltför tidigt.  

För tandrot i Tullgarn är sniglar viktiga för hur groddplantor och unga 
individer tillväxer och överlever. Sniglarna påverkar därför etablerings-
förmågan och därmed utbredningen av tandrot. 

Preliminära resultat tyder på att skogsgallring har en positiv effekt på 
sårläka. De första åren efter gallring ökade individerna i storlek, de 
blommade oftare och överlevnaden av groddplantor ökade. De positiva 
effekterna avtog redan tre år efter gallringen, därför är de långsiktiga 
effekterna av gallringar oklara.  

I befintliga populationer av sårläka påverkas inte vuxna individer 
nämnvärt av minskande konkurrens efter att grannplantor tagits bort. 
Däremot ökar etableringen av groddplantor. Nyrekrytering och etablering 
hålls alltså tillbaka av existerande plantor.  

Sårläkan blommar vanligen inte varje eller ens vartannat år, eftersom 
blomning och frösättning kostar mer resurser än en individ normalt kan 
samla på sig under ett år. Individer som blommar blir mindre påföljande år 
och små individer har minskad sannolikhet att blomma, samtidigt som de 
löper en ökad risk att dö. Nyrekrytering från frö är ganska ovanlig hos 
sårläka, istället är det överlevnad och tillväxt av redan etablerade plantor 
som är viktigast för populationernas tillväxt och fortlevnad. För fleråriga 
örter som sårläka är det den livslånga reproduktionsresultatet som räknas. Ett 
enskilt år är det därför oftast viktigare att överleva än att producera frön. 
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