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Abstract 
In this study I investigate the sensitiveness of Bishop's goutweed (Aegopodium podagraria L.) 
to mechanical damages in an experiment with artificial clipping. Based on personal 
observations of A. podagraria during several years I hypothesise that i) A. podagraria in 
difference with other species, for example different species of grass have difficult to recover 
from mechanical damages ii) in a site with several other species present A. podagraria will 
have harder to recover from mechanical damages than in a pure stand iii) as purer a stand with 
A. podagraria is, the harder other species will have to establish after the removal of above 
ground parts of A. podagraria. The main conclusion of this work is that mechanical damage 
has a significant effect on the vegetation cover of A. podagraria. The experiment also prove 
that a high grade of monoculture favours the ability of A. podagraria to recover from 
mechanical damage. It could however not be proven that high grade of monoculture of A. 
podagraria puts constraints on the ability of other species to establish on plots where A. 
podagraria is removed. 
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Introduction 
Since pre-historic time human has altered the range of several plant species, sometimes with 
devastating consequences for the ecosystems where the species has been introduced. 
Consequences, which often origin from abilities of the introduced species to change 
environment factors and create or alter symbiotic relations between plants and the 
microbiological fauna and flora that facilitate or prevent the establishment of other symbiotic 
interactions important to native plant species (Pritekel et al 2006, p. 133). Examples of 
negative impacts from introduced species are numerous on a global scale, and fire tree 
(Myrica or Morella faya) (Vitousek & Walker 1989, p. 262), leafy spurge (Euphorbia esula) 
and Canada thistle (Cirsium arvense) (Pritekel et al 2006, p. 137) are just two of them. Most 
introductions of plant species have probably happen accidentally during different kinds of 
human activity. One example of this is probably the introduction to Sweden of the invasive 
species warty cabbage (Bunias orientalis L.), which is believed to have been brought to 
Swedish harbours with the shipping of cereals (Nationalencyklopedin Internettjänst 2007a). 
There are however also examples of species being introduced into new ecosystems for 
beneficial purposes. One such example is believed to be the introduction of the invasive 
species bishop's goutweed Aegopodium podagraria L. to Sweden (Jönköpings läns museum 
2006, p. 30). To day however, the species is ranked as a severe weed, not only in Sweden but 
also in many other parts of the word (i.e. Plant Conservation Alliance, Alien Plant Working 
Group (PCAAPWG) 2007). 

In spite of the species being ranked as a severe weed little of the species biology is known. 
Few scientific investigations related to the species have been carried out and the knowledge 
these investigations have provided are not comprehensive. Because of this, little is known 
about the possibilities and most appropriate methods to limit the dispersal of the species. Most 
methods in use to day are as a consequence traditional, often labour intensive, expensive to 
carry out or in some way or another impacting on the natural environment in an unacceptable 
way. To increase the knowledge about the possibilities to limit the dispersal of the species in a 
way that does not put constrains on the natural environment I, in this work, investigate how 
sensitive A. podagraria is to mechanical damage. Based on personal observations of A. 
podagraria during several years I hypothesise that i) A. podagraria in difference with other 
species, for example different species of grass have difficulties recovering from mechanical 
damages ii) in a site with several other species present A. podagraria will have harder to 
recover from mechanical damages than in a pure stand iii) as purer a stand with A. podagraria 
is, the harder other species will have to establish after the removal of above ground parts of A. 
podagraria. The first hypothesis are tested with a comparison between adequate litterateur 
and own experiment, the second and third hypothesis are tested with own experiment. 
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Theory 
The first study suggesting that plants under some circumstances might be positively impacted 
by herbivory were published by McNaughton in 1979 and since then this scientific field has 
seen a wide array of studies dealing with this subject (e.g. Loeser et al 2004 and Parra-Tabla 
et al 2004). Although experimental design and results in many of these studies differs, a 
coherent way of measuring benefits and harmful effects of herbivory on plants has evolved 
during the years. To determine if plants benefit or suffer from herbivory, one of two methods 
is normally used, either by the determining of damaged plants primary production, or by their 
ability to replace reproductive organs when exposed to herbivory. Plants are considered to 
benefit from herbivory if they have a higher primary production or produce a considerably 
higher amount of fruits when exposed to herbivory than if they not – i.e. they 
overcompensating. If primary production or production of fruits or seed is not affected by 
herbivory, the plants are considered to not be affected by herbivory. Plants suffering from 
herbivory are considered to have a significant lower primary production or lower production 
of fruits and seeds than controls and are said to undercompensate (Maschinski and Whitham 
1988, p. 2). 

According to Maschinski and Whitham (1988, p. 1) two major schools in how plants respond 
to herbivory are present. The first school suggests that plants under some circumstances can 
be positively impacted when exposed to herbivory and that several positive responses then 
can be seen. Maschinski and Whitham support this standpoint but point out that positive 
responses are most likely when plants has god access to resources. Studies with results 
supporting this school are for example Loeser et al (2004) and Parra-Tabla et al (2004). The 
second school on the other hand suggests that plants always are negatively affected by 
herbivory. Something, which also has been supported by several studies, for example Louda 
& Potvin (1995) and Lohman et al (1996). 

The clipping experiment in this study is inspired of the theory of Maschinski and Whitham 
and to some extent mimics herbivory impact on plants and hence much of the theories about 
herbivory can be applied on the experiment. Below some of the relevant aspects of this theory 
therefore will be presented. The first aspect presented is effects of herbivory on plants, the 
second is constrains that plants facing when they are cooping with effects of herbivory. 
Finally, because of the aim of this study, some results, which has been reported about 
controlling weeds with methods sharing features with herbivory also will be presented. 

Plant changes induced by herbivory 

Increasing of biomass production  
According to Graff et al (2005, p. 965) there are three major ways in which plants can 
enhance biomass production when damage by herbivory; enhancement of photosynthetic rate, 
enhancement of tillering, and through changes in the vegetation composition. The herbivory 
driven improvement in photosynthetic rate is based on plants can be considered as source-sink 
systems where photosynthetic tissues produces assimilates, which are used for the tissues’ 
own existence and growth, stored, or transported to other locations where they are used or 
stored (McNaughton 1979, p. 692). Loss of photosynthetic tissue hampers storage and 
transportation to other locations or sinks and therefore results in an enhanced photosynthetic 
rate in damaged tissues to compensate for this loss. Example of this has for example been 
reported by Stevens et al (2008, p. 42) who found that aspen (Populus tremuloides) increased 
their photosynthetic rate with in average 28 % in leaves exposed to herbivory. The herbivory 
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induced enhancement of tillering is on the other hand depending on increased rate in side 
shoots development (Graff et al 2005, pp. 965). This increased growth depends mainly on 
herbivory removing the terminal bud, which through apical dominance otherwise hampers the 
development of side shoots (Raven et al 1999, p. 678). Increased tiller density has for 
example been found by Graaf et al (2005, p. 964) who in a study on the impact of geese 
herbivory on the salt-marsh grass Festuca rubra, an increased tiller density in the sward as a 
response to grassing, maybe as a consequence of the removal of the apical dominance. The 
last major way according to Graff et al (2005, p. 265) in which herbivores can enhance 
biomass production are through changes in the composition of the vegetation. Herbivory may 
lead to a decrease in the amount of standing dead biomass and a reduction of taller species 
with an increased access to light for the remaining vegetation and an enhanced photosynthetic 
rate as a consequence (Graff et al 2005, p. 966). 

In addition to these three major ways in, which herbivory can improve plants’ biomass 
production, McNaughton (1979, p. 693) also points out enhancement in recycling and 
addition of nutrients as ways, which herbivores can enhance the biomass production. This has 
for example been reported by Jewell et al (2007, p. 385) who in a study of a traditionally used 
pasture in Switzerland concluded that the deposition of dung and urine from cattle contributes 
to heterogeneity in grazed systems where the vegetation at the deposit sites is benefited. 

Morphological and chemical changes 
Morphological changes induced by herbivory often appear because the apical dominance is 
broken by the removal of terminal buds, leading to more branched plants or plants with more 
stems than usual (Ekstam and Forshed 2000, p. 154). Another common form of induced 
morphological change is new side shots growing to a larger size than usual. This because 
herbivory normally reduces the number of buds present on branches, often leading to higher 
access to essential growing elements for remaining buds, giving shots growing from these 
buds possibilities to grow to a larger size than usual (Skarpe et al 2000, p. 637). In addition to 
these morphological changes, constitutive, morphological adaptations to herbivory also are 
common. Constitutive, morphological adaptations are regulated by genetic and phenotypical 
plasticity and are shared by many plant species adapted to herbivory. These adaptations 
include small size, axil bud located beyond reach for grazing and browsing mammals and 
spending a large part of the lifecycle as germs (Ekstam and Forshed 2000, p. 154) and to 
some extent, different kinds of structural defences as spines, thorns, hairs, hardened leaves, 
and incorporation of granular minerals into plant tissue. Many of these structural defences are 
however not believed to have evolved merely as a defence against herbivory but also as a 
response to physiological stresses Hanley (2007, p. 159). The structural defences can however 
also be regarded as inducible morphological changes, because of findings giving that 
structural defences can be stimulated by herbivory (Hanley 2007, p. 165). 

In addition to morphological changes, plants also can change their chemical properties. 
Induced chemical changes consist mainly of two kinds of defences, direct defences and 
indirect defences. Direct defences consist of traits decreasing the vulnerability of plants to 
herbivory, while indirect defences do not affect the susceptibility of plants, but can serve as 
attractants for natural enemies of the attacking herbivores (Chen 2008, p. 101). Generally, 
direct defences can be categorized as either antinutritive or toxic, where direct defences can 
act both before the plant is exposed to herbivory to limit food supply, and after ingestion to 
reduce nutrient value for attacking herbivores (Chen 2008, p. 102). 
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Fruit and seed production 
In 1979, Hendrix published one of the first major studies where a possible positive plant 
response to seed herbivory was reported. Based on the result from this study, the author 
concluded that fruit and seed production under some circumstances might be enhanced by 
herbivory (Hendrix 1979, p. 107). Since the publishing of Hendrixs’ study, his findings have 
been subject for several studies with different outcomes. For example, Lohman et al in 1996 
published a study using the same plant species and the same herbivore as Hendrix finding no 
positive response of the species to herbivory. Contrary to Hendrix, they concluded that the 
reproductive fitness of the species was negatively affected by herbivory. Additionally they 
also suggested that the decrease in reproductive fitness not merely was depending on the 
removal of reproductive parts and seeds, but also by the physical altering caused by 
herbivory, which might lessen the rate and length of visits by pollinators (Lohman et al, 1996, 
p. 411). However, opposite to Lohman et al, Long & Averill (2003) in a study on the effect of 
seed predation on cultivated cranberry, (Vaccinium macrocarpon Aiton)  concluded that this 
species under right circumstances was able to fully compensate for seed loss (2003, p. 407). 
Their findings indicated that if the lowermost developing flowers in this species are damaged 
by herbivory there is a high probability that the remaining flowers on the branch would set 
fruit, which not is seen when this flower develops into a fruit. The authors suggested that the 
lowermost flower was acting as a resources sink and if this flower was removed, the other 
flowers had a larger access to essential nutrients and therefore greater possibilities to 
developing fruits (Long & Averill 2003, p. 410). The species was never able to 
overcompensate seed loss however and therefore the species cannot be said to actually benefit 
from the predation. However, somewhat contrary to the notions in both of these studies, 
Lennartsson et al (1997, p. 1150) concluded that fruit production of late flowering 
Gentianella campestris was significantly higher among damaged plants than undamaged 
control plants. They suggested that their findings might be the result of overcompensation 
favoured by selection when a high percent (>20%) of the adult plants are damaged every 
season (Lennartsson et al 1997 p. 1153). 

One of the reasons for these differences in outcome between different studies may, according 
to Louda & Potvin (1993, p. 242), depend on different authors using species with very 
different life histories and vegetation structures in their studies. The species used may hence 
predetermine the outcomes from the study. They point out, that theoretically, annual ruderals, 
that lack asexual reproduction and are depending on persistent seed banks are more likely to 
compensate for seed loss than perennial plants, which depend on canopy development and 
asexual reproduction. Other reason for differences in outcomes from these kind of studies 
might, according to Anderson & Frank (2003, p. 508), also stem from differences in 
experimental design. They brought out that comparisons between several studies suggested 
that whole-plot studies, to a higher extent than studies on individual plants, showing enhanced 
seed production as response to herbivory. In line with this, the authors themselves concluded 
in a community-level study of grasses/herbivory interaction in Yellowstone National park that 
herbivory led to unchanged seed production. They suggested that the unchanged seed 
production among the grasses were depending on an herbivory induced increase of the 
reproductive tiller density among the grasses. A larger number of reproductive tillers could 
consequently compensate the herbivory caused reduction in florets per tiller. The authors 
therefore suggested that if herbivory forms a dense grass-population consisting of small plants 
with high investment in sexual reproduction; this will be seen as herbivory having a 
deteriorating effect on the reproduction when measured per plant, but a stimulatory effect 
when measured per area. 
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Changes in sexual expression and reproduction 
When discussing possible changes in sexual expression and reproduction it is important to 
understand that the balance between reproductive and vegetative structures is determined by 
many factors, as access to different resources and genotype (McNaughton 1979, p. 692). The 
initial effect of herbivory on plants is decrease in nutrient supply. Because the female function 
demands more energy than the male function it is therefore assumed that damaged plants will 
allocate more resource to male function (Parra-Tabla et al 2004, p. 153). This kind of resource 
allocation has for example been reported by Spears & May (1988, p. 1845) among Passiflora 
incarnata, an andromonoecious plant where defoliation increases the abundance of flowers 
only functioning as pollen donor. Moreover, in addition to changes in sexual expression, some 
studies also have indicated that some species might have the ability to allocate resources from 
one reproduction organ to another during flowering season (e.g. Parra-Tabla et al 2004, p. 
157). This kind of results are partly supported by Hendrix (1984, p. 195) who, in his study on 
the effects of seed predation on wild parsnip (Pastinaca sativa L.) concluded that secondary 
umbels on manipulated plants matured a large amount of seeds than umbels on controls.  

In addition to the evidence of plants, allocating resources from one sexual function to another 
or between different reproductive organs, there are also evidences of plant species changing 
from sexual to asexual reproduction as a response to herbivory on reproductive organs. This 
has for example been shown by Westley (1993, p. 2139) who in a study on Heliantus 
tuberosus L. concluded that this species has the ability to change to asexual reproduction as a 
response to sexual failure. 

Resource allocation 
Foliage damage has a considerable effect on resource allocation within plants. When 
defoliation occurs, there is often a distinct allocation of carbohydrates from roots to younger 
leaves, often inhibiting root growth (McNaughton 1979, p. 692). Resource allocation between 
roots and other parts of the plant is however under influence of a complex interaction between 
availability of light, soil water, and nutrients, and these factors might contribute to a resource 
allocation not always that strait forward (Leriche et al 2000, p. 115). Reduction in water 
supply will for example increase resource allocation to plant roots, while enhancement of N 
under some circumstances increases the allocation of resources to younger leaves (Leith et al 
1999, p. 285). 

In addition, one of the major hypothesis about plant/herbivory interaction, the Resource 
availability hypothesis (RAH) states that there are two general pathways in how plants might 
react to herbivory. In nutrient-rich environments, plants are assumed to allocate resources to 
fast growth through maximizing of nutrient uptake, while plants in nutrient-poor 
environments are assumed to allocate resources to defence mechanisms in an attempt to 
minimize nutrient losses to herbivores (Coley et al, 1985, p. 896). RAH had have a 
tremendous impact on the debate within this scientific field and the statement of the 
hypothesis has been predominant almost since it was published. During recent years the RAH 
has been questioned however. This because reviews of studies on plants tolerance to 
herbivory have shown that both herbs and woody plants growing under high-resource 
conditions under some circumstances are less tolerant to herbivory than plants growing under 
low resource conditions (Wise & Abrahamson 2005, p. 417). Some authors therefore suggest 
that the RAH should be modified to involve the kind of limiting resources before any 
predictions about responses of plants to herbivory are given (e.g. Warren 2005, p. 419). 
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Reduction of water loss 
In 1986, Archer & Detling were presenting results where they showed that herbivory during 
some circumstances might lessen water stress among plants. This because herbivory-caused 
defoliation reduces transpiration losses from the canopy more than it increases the 
evapotranspiration from soil surface (1986, p. 287). They also suggested that the higher N 
content in tissue from plants facing herbivory might have a positive effect on plants ability to 
withstand drought (Archer & Detling 1986, p. 290). This relationships between herbivory and 
reduction in water stress has been challenged however and there have been suggestions that 
the lessening in water stress only partly is depending on decreases in canopy transpiration 
(Leriche et al 2000, p. 115). One such suggestion is for example that exposure of plants to 
herbivory often results in smaller plants, with smaller cells than in ungrazed plants. Smaller 
cells increase the possibilities of plants to adjust osmosis across cell walls and to maintain 
turgor pressure with a lower amount of water (Archer & Detling 1986, p. 290).  

Hormonal changes 
Herbivory has a major impact on the hormonal balance within plants, especially the ratio 
between growth promoting and growth retarding hormones, which are produced in the roots 
and distributed to the shoots. According to McNaughton (1979, p. 693) an unnatural great 
flow of growth-supporting hormones is translocated to the remaining meristems following 
defoliation. The growth promoting hormones support cell division and enlargement and 
activate inactive meristems. Findings supporting this statement have for example been 
reported by Mopper et al (2004, p. 250) who in a study on the effects of herbivory on Iris 
hexagona found a higher level of important growth supporting hormones in damaged leaves 
than in controls. 

Constrains on recovery from herbivory damages 
Plants respond to a whole complex of environmental factors, whereas herbivory is only one 
(McNaughton 1979, p. 691). When plants are forced to cope with herbivory damages, their 
efforts therefore often are hampered by limitation in essential resources. This can for example 
be seen in the way, which availabilities of nutrients and water both control the rate of 
photosynthesis within plants (Leriche et al 2000, p. 115). Depletion in these resources will 
therefore have consequences for plants ability to utilize sunlight and to recover from 
herbivory. However, different environments differ in their availabilities of essential resources 
and a resource, which is limiting in one system, not necessary is limiting in another. 
Therefore, it is important to understand which resources that limit plant ability to recover 
from herbivory damages in each system (Warren 2005, p. 419). 

Water stress 
As pointed out above, water is one of the factors determining photosynthesis rate. Depletion 
in water supply therefore can have major impacts on plants’ ability to perform photosynthesis. 
According to McNaughton (1979, p. 692), reduction in water supply increases storage of 
carbohydrates in root and crown and hence reduces the possibilities for utilization of these 
components in leaf meristems. Results supporting this has for example been published by 
Persson et al (2005, p. 1302) who reported that pines and birches growing in dry sites have 
harder to recover from moose browsing than trees growing in wetter sites. 



 7

Limitation in nutrient availability 
Nutrients are essential in many processes within plants and therefore a sufficient availability 
is crucial for plant ability to recover from herbivory damages (Stewart et al 2006, p. 4). 
Several studies during the years (e.g. Coley et al 1985, p. 896, and Maschinski & Whitham 
1988, p.12) have reported about this relationship, for example a newly published study by 
Ilmarinen et al (2008, p. 897) on the forage grass, Phleum pratense L. This study showed an 
ability of the investigated species to compensatory regrowth when a sufficient pool of 
nutrients where present. If the species experienced a limitation in the nutrient supply however, 
this ability was hampered. 

Limitation in availability of light 
Light intensity determines the photosynthetic rate plant leaves can perform and therefore it 
determines plants ability to exploit carbon and hence their ability to growth. A limitation in 
light availability may therefore restrain growth rate (Constable et al 2007, p. 112) and hence 
plants ability to carry out compensatory regrowth. This relationship between access to light 
and photosynthetic rate has for example been shown by Shen et al (2008, p.194) who in a 
study on Primula nutans concluded that access to light was the most important factor 
determining the photosynthetic rate in this species. 

History of defoliation 
A history of repeated defoliation can put constrains on plants ability recover from herbivory 
(Maschinski & Whitham 1989, p. 2). This has for example been shown by Hansen & Wilson 
(2006, p. 274) who in a study on the ability to control the invasive species crested wheatgrass 
(Agropyron cristatum) showed that repeated defoliation hampered the species ability to 
increase its population size, maybe because it prevents the species from building up necessary 
resources in the root (Graglia et al 2006, p. 311)  

Type of tissue affected 
The kind of plant tissue damaged by herbivory might also affects both plants type of, and 
ability to compensatory regrowth (Maschinski & Whitham 1989, p. 2). This has for example 
been shown by Inouye (1982, p. 271) in a study on Jurinea mollis. This species is exposed to 
three different kinds of herbivory; on basal rosettes, on terminal flower heads and on 
receptacles of flower head and Inouye found that the species reacted differently depending on 
what kind of herbivory it was subject to. When the basal rosette were eaten the species 
developed multiple rosettes with flowering stalks, plants that loosen their terminal bud or 
flower, responded by developing axillary flower heads, while plants, which had their 
receptacles damaged by herbivores, had their seed development disturbed. Inouyes’ study of 
Jurinea mollis shows some of the responses, which plants kan present when exposed to 
herbivory on different kinds of tissue but plants also react in different ways when different 
kinds of tissue within the same organ are subject to herbivory. This has for example been 
reported from floral damages experiment were exposure to herbivory in different kinds of 
tissue have led to initiating of additional inflorescences, plasticity in ovary maturation in 
flowers and fruits, increasing ratio of male flowers, and changes in vegetative traits, such as 
increasing resource allocation to root growth (Wise et al 2008, p. 20).  
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Competition 
Competition between plants often leads to limitation in essential resources for the individual 
plant (Casper & Jackson 1997, p. 546). As shown above limitation of resources as water, 
nutrients and light might hamper plant ability to recover from herbivory (Maschinski & 
Whitham 1989, p. 2) and hence intra- or interspecies competition also might have this effect. 
This has for example been shown by Hjältén et al (1993, p. 1140) who in a study on the 
ability on birches to perform compensatory regrowth when subject to competition concluded 
that competition had a negative effect on the species ability to recover. 

Time of the damage 
Benner (1988, p. 649) pointed out that many plants undergo changes from vegetative to 
reproductive growth during the growing season, and a plant, which is exposed to herbivory 
damage after the shift to reproductive growth might be unable to replace lost reproductive 
organs. As a development of this statement Maschinski and Whitham (1989, p. 12) suggested 
that not only the phenological state of the plant, but also the availability of resources, the 
remaining possible period of growing, changes during the growing season, and stored 
resources within the plant might have effect on the availability to replace tissue lost to 
herbivory (Maschinski and Whitham 1989, p. 15). Most likely one of the most important 
factors determining if plants benefit or suffer from herbivory therefore is the timing of the 
damage (Maschinski and Whitham 1989, p. 12). 

Maschinski and Whithams’ suggestion has since the publishing been subject for several 
studies. For example Hik et al (1991, p.728) suggested in a study on the consequences of 
geese herbivory on the wellbeing of Puccinellia phryganodes, a salt marsh grass that one of 
the most important factors determining the fitness of the grass was the geese leaving the 
marsh in early to mid-August. Geese leaving the marsh before growing season has secede  
gives the grass possibilities to recover and to store resources in the root before winter arrives, 
resources that can be used during the following spring. If the geese had left later in the season, 
there probably would not have been enough time for the grass to recover and to store 
resources before winter. Hence, the timing of the geese leaving the marsh and ending the 
grazing probably is essential. In addition to this Anderson & Frank (2003, p. 508) in their 
community-level study in Yellowstone National park concluded that early season grazing had 
no negative effect on the seed production per unit area among grasses and they suggested that 
mid or late season grazing probably would affects this production negatively. 

Controlling weed with mechanical methods 
Weeds puts tremendous constrains on society through their ability to lower animal and crop 
yield, cause water management problems and to decrease human efficiency (Monaco et al 
2002, p. 6) and consequently there is vast flora of literature in how to control them. Much of 
the present literature is however concentrating on the possibilities to control weeds with 
herbicides and there are only few studies present investigating the possibilities of controlling 
them with mechanical methods. In these studies, one of the most frequently used mechanical 
methods to control weeds is mowing. Although mowing may not kill plants, directly it 
destroys plant tissue and hence it might act as a substitute for herbivory with a possible ability 
to reduce spread of the target species. Mowing shares many characteristics with herbivory but 
there are also dissimilarities. One such example is herbivory being selective (Ekstam & 
Forshed 2000, p. 146), whereas mowing is not. Mowing may therefore have other effects on 
plants than herbivory (Schooler et al 2007, p. 63). If the main task with mowing is to reduce 
the spread of a particular weed, it is therefore important to understand physical responses of 
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the weed to damage. Theory predicts that plants, which are exposed to damage, allocate 
carbohydrates (McNaughton 1979, p. 692) and nutrients (Schooler et al 2007, p. 63) from 
roots to younger leaves. If the mowing is of high frequency, theoretically, the ongoing 
allocation between roots and leaves to maintain a high growing rate therefore is assumed to 
inhibit root growth and the ability of the exposed plants to compensate for tissue losses. As 
pointed out above however, plant species vary in their response to herbivory damage and 
although most plant species are negatively affected by herbivory (Schooler et al 2007, p. 62) 
some, in response to herbivory, increase their growth rate and seed production (e.g. 
McNaughton 1979, p. 693). Where the latest possibility is the reason for the importance of 
understanding the response of the target species to damage before any measurement are taken. 

Attempts to understand such responses among weeds have been carried out by for example 
López Rosas et al (2006) on the African grass, antelope grass (Echinochloa pyramidalis). In 
this study, where the grass was experimentally cut and the soil was mechanically disturbed, 
the authors concluded that the elimination of E. pyramidalis was not possible during the 
experiment (López Rosas et al 2006, p. 601). It was noticed however that the return of the 
grass was delayed if it was exposed to inter-species competition (López Rosas et al 2006, p. 
602). As a consequence of the failure to eliminate E. pyramidalis the authors suggested that 
their failure was dependending on grazing tolerance characteristics of the grass, such as rapid 
compensatory regrowth by aboveground stems and belowground rhizomes (López Rosas et al 
2006, p. 602). Schooler et al (2007) have conducted another example of studies on the 
possibilities to controlling invasive species with mowing on alligator weed (Alternanthera 
philoxeroides), an invasive plant, mainly in aquatic habitats, in many parts of the world. In 
this study, mowing had a negative effect on the growing rate of A. philoxeroides and in some 
case on the nutrient content in the plants. Never the less, the plants quickly compensated for 
the tissue loss and, in addition, the compensatory regrowth tended to be near the ground, 
which indicates some degree of herbivory-induced morphological change (Ekstam and 
Forshed 2000, p. 154) and made further mowing less efficient (Schooler et al 2007, p. 67). 
The only treatment, which reduced the above ground biomass and were the biomass remained 
significantly lower were when entire shoots were removed. According to Schooler et al (2007, 
p. 67) this indicates that A. philoxeroides in spite of its possible herbivory induced 
morphological change also has a reduced ability to respond to severe damage. It also indicates 
that repeated mowing might have a negative effect on the spread of A. philoxeroides. The 
results from both of these studies are somewhat negative on the possibilities to control weeds 
effectively with mowing; there are however studies present that present more positive results. 
One such study preformed by Sher et al (2008) on Tamarix spp. shows that if clipped material 
is left on the site, as a form of mulching, in addition to mowing it may have negative effect on 
the ability of the species to regrow after disturbances (Sher et al 2008, p. 129). 

As the reader probably already has noted, many earlier studies in how to control weed with 
mechanical methods are focusing on invasive species. One of few studies focusing on the 
possibilities to control native weeds with mechanical methods has been performed by Graglia 
et al (2006, p. 304), who investigated the possibilities to control Canada thistle (Cirsium 
arvense) in organic cropping. C. arvense is an increasing problem in organic cropping in 
many parts of Europe, possible depending on high presence of labile carbohydrates within the 
roots, which allows the plant to regenerate from adventitious root buds on very small root 
fragments. Contrary to the studies earlier referred, this study showed that repeated mowings 
reduced the amount of C. arvense within croplands (Graglia et al 2006, p. 307). However, it 
was necessary to perform a considerable numbers of mowing (Graglia et al 2006, p. 310) and 
with mowing preventing the plants from building up their carbohydrate reserve during late 
summer and fall to attain the strongest effect in reduced biomass (Graglia et al 2006, p. 311). 



 10

Method 

Study area  
The experiment in this study 
was carried out in Sätra 
forest*, which is a nature 
area located in the 
southwestern, suburban part 
of Stockholm (fig. 1). This 
area has a long history of 
human settlements and there 
is at least one example of 
ancient remains from the 
Viking age (800-1050 A. C.). 

Until the former turn of 
century, Sätra forest was 
predominately rural, 
dominated by three mansions 
with associated crofts and 
some local pubs, which 
served personal associated 
with shipment between the 
western part of Lake 
Mälaren and the City of 
Stockholm. In the beginning 
of the 20th century, a 
settlement of second homes 
grew up in the area. Some of 
these houses are still 
standing but most of them 
has been pulled down and 
replaced by villas 
(Stockholms kommun 
2006a, Bilaga 2, Dnr 304- 
1736/2006). The natural landscape in the area is a rift valley landscape with low buttes, with 
maximum elevation of 30 m above sea level, with thin, or no soil layer, and valleys where the 
predominating soil type is postglacial clays. The vegetation in the investigation area consists 
mainly of unmanaged grasslands and deciduous forest. The deciduous forest is dominated by 
oak (Quercus robur) and hazel (Corylus avellana) but also, under local conditions, more 
uncommon forest species as elm (Ulmus glabra) and beech (Fagus sylvatica L.). In addition 
to the natural flora in the area, there are also ornamental species such as jasmine (Jasminum 
spp.), common lilac oleaceae (Syringa vulgaris), Japanese pachysandra (Pachysandra 
terminalis), and creeping jenny (Lysimachia nummularia) present, remnants from the gardens 
of the former settlement of second homes. The municipality council of Stockholm declared 
the area, as a nature reserve in May 2006 (Stockholms kommun 2006b) (fig. 1). 
Figure 1. Site map 

                                                 
* Sw. ”Sätraskogen”, auth. com.  

Figure 1 The figure shows the location of the study area and the 
kind of vegetation, which is present within it. 
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Aegopodium podagraria L. 
Bishop's goutweed, ground elder, or goutweed (Aegopodium podagraria L.) is an herbaceous, 
perennial, rhizomatous plant, often forming a dense canopy, which excludes native species 
and inhibits the establishment of different kinds of tree seedlings. Most of the A. podagraria 
vegetative growth takes place under ground, the only parts of its tissue emerging above soil 
surface is the leaf stalks, with associated leaves, which emerge in intervals of four to five 
centimetres and flowering shoots. At every one of these leaves two to five rhizomes are 
formed, which have buds in each axil that eventually can develop in to a new rhizome 
(HDRA Organic weed management 2007). In addition, to more common components the 
tissue of the species also contains several chemical substances, which have shown to be 
antifungal (Garrod et al 1979, p. 463) and may have a roll in the species reported adverse 
effect on crop growth (Whitehead et al 1982, p. 587). The reproduction of A. podagraria is 
mostly done asexually, by extension of the rhizome system (PCAAPWG 2007), which can 
grow 15 to 90 cm per year (HDRA Organic weed management 2007), especially in densely 
shaded areas where flower shoots are rare. The asexual reproduction can however also been 
carried out through replacement of rhizome fragments. If the replaced fragment contains a 
node, it is ready to develop in to a new plant but rhizome fragments without nodes can also 
develop new shoots by the formation of a callus that after several months may produce 
adventitious buds (HDRA Organic weed management 2007). In areas where there is a high 
access to light, the species reproduces sexually by flowers, which arise in middle of June and 
with assistance of a wide range of insects functioning as pollinators. The seeds, which ripened 
later during summer, do not form any long-lived seed bank and they need cold stratification to 
germinate. Starch content in rhizomes of A. podagraria is high in the spring but the 
explorative growth strategy of the species impoverishes the starch reserve early in the growth 
period (Meyer & Hellwig 1997, p. 335).  A. podagraria is highly competitive in shaded areas 
when it is fully established but the seedlings generally need disturbed soils and rather bright 
light to endure (PCAAPWG 2007). In addition A. podagraria is highly plastic (Elemans 2004, 
p. 201) and has the capability to adapt to many types of environments. The species has few 
natural enemies but attacks by the ascomycot Protomyces macrosporus  and the leaf flea 
Trioza flavipennis has bean reported in Sweden (Coulianos & Holmåsen 1991, p.147). 

The native range of the species is hard to trace but it is believed to originate from mesic, 
deciduous forests in southern Europe (Nationalencyklopedin Internettjänst 2007b). From this 
area, the species has spread to a large part of Europe, Balkan, the western part of Russia, the 
south-eastern part of the Black Sea area and to some locations in North America (Den 
virtuella floran 2005). According to archaeological finds, the species was present in Sweden 
during the first centauries A. C. and about 1000 years later, during the middle age, it is known 
to have been grown, as vegetable, in gardens of Swedish monasteries (Jönköpings läns 
museum 2006, p. 30). The common belief is that the species dispersed from these gardens into 
its present national range. A. podagraria is today common in all areas of Sweden that are 
under influence of agriculture. This implies the main part of southern and middle Sweden and 
the river valleys in the northern part of the country. The only part of the country where the 
species seems to have problem to establish is the fjeld area (Den virtuella floran 2005). The 
species is today known as a severe weed in Sweden, mostly in gardens, but also in nature 
areas, influenced by agriculture or gardening. 
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Experimental design 
The experiment in this study is designed to imitate the type and amount of management, 
which is common in Swedish, suburban natural areas. In these kinds of areas, the 
management is strictly based on management needs and the time span between different 
management occasions therefore can vary, mainly depending on growth rate at different sites, 
which is the main factor controlling length of the intervals between the mowing occasions. 
Management is further seldom performed during and just after heavy rains. This for two 
reasons, firstly, the management of areas infested with A. podagraria often is managed in 
association with grass areas, using ride on rotor mowers. Rotor mowers are very effective but 
when working in wet grass they form grass cut to a dense layer, which acts as mulching, 
choking the grass. Because grass cut normally is left on the site, mowing during and just after 
heavy rains normally are avoided. Secondly, wet grass is very slippery, especially to different 
kinds of vehicles. Because several of the test plots are very steep, it would be dangerous, or 
even impossible to mow them when the grass is wet. 

To the performing of the experiment 30 test plots and 30 control plots of approximately 1x1 
m were chosen after three criteria, 1) the test sites should together represent such a wide array 
of habitats with A. podagraria as possible, 2) it should be possible to lay out test and control 
plots pairwice in close connection and 3) there would be a minor risk that the test sites would 
be damage by management work of the nature reserve. The last criteria might have caused 
some biases to the data set because it forced me to choose sites, which in some way or another 
are hard to manage and therefore possible not fully representative. Before the test sites were 
treaded, I flip a coin to determine if the first laid out plot should be test or control plot, heads 
for test or tails for control. After this was determined, measurement of the variables in the 
experiment, slope angle, sun radiation, tree canopy cover and vegetation cover of A. 
podagraria and other species were taken at all plots. The first measurement taken were slope 
angle, which were carried out with a simple form of trigonometry. With the help of a wooden 
frame with an angle of 90º (fig. 2), which were placed approximately in the middle of the 
measured plot I measured the length b and c in the figure. Based on these measurements I 
then calculated the length of the idealized slope angle, c with the formula: 

 c2 = a2 + b2 

When this was calculated, I calculated the angel C with the formula: 

a2 + b2 
cos C = 2ab 
 
Given that the sum of angles always are 90º I then determined the soil angle C1, which were 
used as variable in the experiment with a subtraction.  
Figure 2. Calculation of soil angle 
 

 

 

 

 

 

90º 

A B

C 

c 

b 

C1 

a 

Figure 2 The 
figure is a 
schematic sketch, 
showing the 
material and 
measurements 
used for the 
trigonometry 
calculations of the 
slope angles. 
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Further, the total amount of sun radiation in hours was estimated on each plot. To minimize 
the biases of the estimation however I made sure that I visited all test plots during different 
time of the day to control my first estimation and to minimise the biases in my data set. The 
estimated amount of sun radiation was then used as a variable in the experiment. To 
determine the tree canopy cover at the plot I looked up on the canopy from the plot through a 
paper tube with a radius of approximately 4 cm and estimated how large percent of the visual 
field, delimited by the paper tube, which were covered by leaf. The percentage coverage were 
notified and used as variable in the experiment. Both of the variables, coverage of A. 
podagraria and other species in the plots was estimated in percent. When the measurement of 
the variables were done, all flower shoots within the test plot were counted and measured and 
20 representative leaves were measured, from soil surface to the first “branching” site above 
ground. The most desirable method would have been to measure all the leaves in the sites but 
a majority of the sites were very dense populated with A. podagraria making this method 
impossible because of the time effort this would have cased. When all the measurements were 
done the leaves at the test site were ripped of and left there. This probably prevented some 
growth and establishment of other species but as mention earlier leaving the debris at site 
after cutting is the most common method in Swedish management achievement. It is also 
consistent with the work of Sher et al (2008) who in their study on the possibilities to control 
Tamarix spp. left the cut material at sites, acting as mulching. After the test plots were treated, 
I measured the control plots. Also a majority of the control sites were very dense populated, 
which made it impossible to step in to the plots without damage the leafs. This forced me to 
use a slightly different technique when measure in the control plots than in the test plots. In 
the control plots, all the flower shots were measured in the same wav as at the test plots but 
the other measurement were done only in one quarter of the plot and then multiplied with 
four. A choice based on my possibilities to easily reach the whole area from the edge. It might 
have caused some biases to the dataset but I consider that these biases are of an extension that 
not have interrupted with my final results. 

Because the experiment in this work mimics normal management practice, the length of the 
time span between treatments was depending on the growth rate of A. podagraria in different 
test sites. Treatment was also never carried out during and just after heavy rains because of 
the constrains wet grass puts on management. The plants/leaves were allowed to grow 
approximately 10-15 cm before next treatment were carried out, regardless of the time, it took 
them to reach this height. 

Statistical analysis 
For all the following statistical analysis of the data set, the statistical program R (Version R-
2.7.0) for Windows was used. The statistical analysis was done with general linear models of 
ANOVA regression type, with type II ANOVA tables. With one exception, all relevant cases 
in the data set were used during all of the different analyses. The exception comprises of the 
analysis of the factors having effect on the vegetation cover of A. podagraria. In the first 
analysis of factors having effect on regrowth of A. podagraria slope angle was shown to have 
a significant effect on this ability. Believing this effect might mask the effect of the growth 
substrate at the sites, I removed the four sites with the steepest angle from the data set. This 
was done because the growth substrate on these sites consists of macadam, a substrate, which 
of common belief is known to contain little of resources essential for plant growth. 
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Figure 3 The graph shows the 
effect, which treatment had on the 
vegetation cover in the test plots.  

Results 
To establish if mechanical damage had any effect 
on the amount of A. podagraria in the test sites I 
first preformed an analysis on the differences 
between the test sites and the controls. In this 
analysis, it was a significant difference between 
the vegetation cover of A. podagraria at the test 
sites and the controls. The vegetation cover in the 
end of the growing season was significantly lower 
at the test sites than at control plots (ANOVA, F = 
374,11, df = 1, 56, P<0,001). In the first 
screening, pairwice analysis, three factors to some 
degree explained the decreased vegetation cover 
at the test plots, treatment (ANOVA, F = 578,80, 
df = 1, 52, P<0,001), slope angle (ANOVA, F = 
7,25, df = 1, 52 P<0,008) and vegetation cover of 
other species than A. podagraria at the test sites 
(ANOVA, F = 7,43, df = 1, 52, P<0,009), whereas 
the other two factors tested; tree canopy cover and sun radiation not seem to be reasons for 
the deacresed amount of A. podagraria. When these factors were pairwice tested for their 
possible negative effect on A. podagrarias’ ability to recover (calculated as the vegetation 
cover of A. podagraria before the last treatment subtracted with the vegetation cover of the 
species before the first treatment), however, the possible connection between the presence of 
other species in the test plots and the decrease in vegetation coverage of A. podagraria could 
not be fully proven (ANOVA, F = 1,26, df = 1, 22, P = 0,272). The effect of slope angle 
remained however (ANOVA, F = 30,93, df = 1,22, P<0,001) but disappeared when the plots 
with the highest slope angle were removed from the data set (ANOVA, F = 0,29, df = 1, 23, P 
= 0,59), which leaves treatment (fig. 2) as the main explaining factor to the decreased 
vegetation cover at the test plots (ANOVA, F = 354,85, df = 1, 56, P<0.001). 
Figure 3. Effect of damage on vegetation cover 

Further, the analysis showed no significance 
(ANOVA, F = 1,79, df = 1, 27, P = 0,19) for 
the presence of other species having negative 
effect on the ability of A. podagraria to recover 
after mechanical damage. However, it seems to 
be a positive relationship, between a high 
density of A. podagraria in a stand and the 
species ability to recover (ANOVA, F = 6,61, 
df = 1, 27, P = 0,015). The analysis neither 
shows any significant negative effect of a high 
degree of monoculture among A. podagraria 
before treatment (ANOVA, F = 0,197, df = 1, 
27, P = 0,66) on the establishment of other 
species in plots. The only factors seeming to 
have negative effect on this establishment were 
a low daily amount of sun radiation (ANOVA, 
F = 10,42, df = 1,56 P = 0,002) (fig. 3) and 
presence of damage (ANOVA, F = 61,98, df = 
1, 56, P<0,001) (fig. 4). 

Figure 4. Effect of sun radiation on the establishment of other species 

Figure 4 The graph shows the 
relationship between establishment of 
other species and the amount of sun 
radiation at the test plots.
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Figure 5. Effect of damage on the establishment of other species 

Figure 5 The figure shows the effect 
of treatment on the establishment of 
other species at the test plots  
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Discussion 
The first hypothesis of this work states that A. podagraria has more trouble recovering from 
mechanical damage, than for example different kinds of grass. Although this work does not 
contain any comparison between the ability of A. podagraria and other species ability to 
recover from damage, it is of common belief that species, as for example grass, which are 
adapted to herbivory, has high ability to recover from damage (e.g. McNaughton 1979). As 
shown by the results A. podagraria was not able to recover on any of the test sites. I therefore 
consider the species sensitiveness to mechanical damage to be clearly proven by the analysis 
results. The reason for this sensitiveness is unclear however. Anyone of the usual factors as 
sun radiation, tree canopy cover, or competition, which often have  an effect on the ability of 
plants to regrowth did not have any significant effect on the recolonisation of the species. One 
explanation for lack of significance for these factors might be the variable starch content in 
the rhizome of the species being the most important factor determining regrowth. Starch 
content in rhizomes of A. podagraria is high during spring but decrease quickly after the first 
leaves has developed. This allows the species to burst early in growing season (Meyer & 
Hellwig 1997, p. 335), but probably hampers its ability to regrowth after damages later in the 
growing season. Something, which also has been seen among C. arvense, which explorative 
growth strategy shows similarities with A. podagraria (Graglia et al 2006, p. 304). This 
indicates a risk of A. podagraria already having run out of possibilities to regrowth before the 
experiment started and there are indications that the growing strategy of the species might 
have had this effect on the experiment. This indications are not consistent in the results from 
the test plots however, in some plots the species were able to recover quite well after damage, 
whereas it in other plots not where able to regrowth a single leaf. This force me to believe that 
even if the growth strategy of the species probably have had an effect on its ability to recover 
after treatment it is also important under what environmental conditions the species is 
growing (below). However, there is a possibility that the full effect of the treatment in the 
experiment not could be seen before the following season. Further analysis not either shed 
any light on the reason for this sensitiveness. The difference in analysis result of the analysis 
with all plots used and the analysis where the plots with the highest soil were removed also 
indicates that the growing substrate has an effect on the species ability to regrowth. In the 
removed plots, the growing substrate consists mainly of macadam, a substrate, which of 
common belief is known to have a low ability to store water and a low pool of available 
nutrients, which indicates that A. podagraria has difficulties to regrowth in resource low 
environments. Low availability of water has for example been shown by Persson et al (2005, 
p. 1302) to have a negative effect on the ability of plants to recover from herbivory and it is 
also consistent with the RAH of Coley et al (1985, p. 896). This interpretation is also 
supported by the regrowth of A. podagraria on other plots situated on similar substrate 
showing the same growing pattern, whereas plots situated in almost as step slope angle as the 
removed plots on clay, a growing substrate with higher content of essential resources showing 
higher recolonisation rate. An overall explanation for the analysis result might also be that the 
species is not adapted to herbivory with low ability to regrowth after damage, something 
which has been indicated by Pavlů et al (2007, p. 380). 

Further, the second hypothesis of this work states that A. podagraria will have harder to 
recover from mechanical damage in sites were other species are present than in sites with high 
grade of monoculture. This statement could not be established with statistical analysis of the 
data and there was no evidence for A. podagraria having more trouble to recover in plots 
where other species were present. However, somewhat contrary to this finding, the only of the 
tested factors having any influence on the regrowth of the species, was the grade of 
monoculture in the plot. In plots with high grade of monoculture of A. podagraria, the species 
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had easier to regrow than in plots with lower grade of monoculture. There seems to be three 
possible reasons for this contrast in results. Firstly, the data set might be too small. This is 
unlikely however because the data set consist of 30 plots, which should be more than enough. 
Secondly, the result indicating that a high grade of monoculture favouring the ability of the 
species to recover also pointing at that there might be an uneven distribution in the data set 
with a too high degree of plots were A. podagraria is so dominant that any negative effect on 
regrowth that other species might have not can be traced statistically. However, in a plot with 
a high grade of aboveground coverage of A. podagraria, there probably is a high amount of 
rhizomes with associated axil buds, which can develop new shoots (HDRA Organic weed 
management 2007). This indicates that it is not the presence of other species that has 
influence on the ability of A. podagraria to recover; it is to what grade other species are 
present – a higher amount of other species at a plot, the smaller amount of space to A. 
podagraria where it can develops its rhizomes. The ability of the species to regrowth under a 
high degree of monoculture would therefore be higher. A third possibility is that A. 
podagraria is not sensitive to competition and that the finding from analysis of the effect of 
monoculture on the recover ability depends on some error stemming from the experimental 
design. This also seems unlikely however because as pointed out above the outcome of 
competition often is limitation of essential resources (Casper & Jackson 1997, p. 546) and A. 
podagraria not seems to manage such conditions very well (above). 

The third hypothesis of this work announced that other species would have harder to establish 
after removal of aboveground parts of A. podagraria in plots with high amount of A. 
podagraria than in plots with a low amount. There was a slight indication that this might be 
the case but the hypothesis could not be verified in the statistical analysis of the data set. The 
only factors seeming to have effect on the establishment of other species according to analysis 
were lack of sun radiation and presence of damage. The lack of straightforward result might 
also in this case stem from biases in the data set, but access to sun radiation is necessary to 
plants ability to establish and grow (Constable et al 2007, p. 112) and limitation in this 
essential resource having a hampering effect on the establishment of other species therefore 
seems quite natural. The use of debris as mulching might also have had a hampering effect on 
the ability of other species to establish because it further decreases the sun radiation reaching 
soil surface.  Never the less, is the presence of damage having negative effect on the ability of 
other species to establish consistent with the school that claims that plants always are 
negatively impacted by herbivory (e.g. Louda & Potvin 1995 and Lohman et al 1996). 

The overriding results from this study does not have any obvious association to theories on 
how plants are affected by herbivory but some possible links are present. One such link is that 
the effect of mechanical damage on A. podagraria can be considered to support the ideas of 
authors who state that plants always are negatively impacted by herbivory (e.g. Louda & 
Potvin 1995 and Lohman et al 1996). My opinion is however that this explanation is 
simplified. Under normal conditions, A. podagraria is known do contain several chemical 
compounds (Garrod et al 1979, p. 463) and have few natural enemies. To me, this rather 
indicates that the species has evolved some kind of chemical defense, either a direct defence 
or an indirect defence (Chen 2008, p. 101) against herbivory and therefore is well adapted to 
herbivory. Something, which is consistent with the theory of plants adapted to herbivory have 
evolved different mechanisms to escape from their predators (Ekstam and Forshed 2000, p. 
154). Because the low risk A. podagraria runs to be subject to herbivory, the defence strategy 
of the species can be considered highly successful. Therefore it probably not has been 
necessary, or would have demanded a to high energy cost, to evolve a ability to perform 
compensatory regrowth as response to actual damages from herbivory in addition. The 
generally low ability of the species to regrowth during growing season might also depends on 
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the growing being light induced or need cold stratification to set off because this would 
probably hampers growth later in the growing season. These indication and suggestions are 
not tested in this study and therefore further investigations where these indication and 
suggestions are tested are needed. There is also a need for further investigations on the 
indication in this work that A. podagraria does not manage low resource environment very 
well because this has implications on the trials to limit the dispersal of the species. Further, 
there is a need for long time experiment in how persistent mechanical treatment is in limiting 
the regrowth of the species. The experiment in this study only last for one growing season and 
therefore is it unclear to what extent the treatment affected the species growth in the test plots 
during following season. 
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Conclusion 
The main conclusion of this work is that mechanical damage has a significant effect on the 
vegetation cover of A. podagraria. The experiment also prove that a high grade of 
monoculture favours the ability of A. podagraria to recover from mechanical damage. It 
could however not be proven that high grade of monoculture of A. podagraria puts 
constraints on the ability of other species to establish on plots where A. podagraria is 
removed. 
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