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The white stork can affect plant population and community dynamics and structure 
in an agricultural landscape. It is a vector transporting large numbers of seeds along 
with nest material, and it is an ecosystem engineer which builds nests that function as 
specific habitats for plants. The following questions were asked: (i) What is the struc-
ture of the seed pool in the nest material? (ii) Can nests be treated as a habitat enabling 
plants to complete their life cycle? (iii) What is the probability that seeds produced in 
the nests reach suitable habitats in the nests’ closest vicinity? Seed pools of ten white-
stork nests were analysed using the seedling germination method. The average number 
of seedlings detected in the nest material was 9937 per one nest (870 per 10 000 g 
of dry weight); they belonged to 97 taxa. Majority of the species present in the nests 
created persistent seed banks (62.5%); 62.2% of the seedlings represented annual spe-
cies. Significantly higher percentage of weeds and significantly lower of woodland 
and peat-bog species in the nests as compared with the respective percentages of these 
species groups in the regional pool, indicated arable fields and ruderal sites as the main 
sources of seeds as well as the nest material. Since ruderal species and weeds domi-
nated in the seed pool found in the nests, and such habitat types were most common in 
the vicinity of the nests, the probability that seeds produced in the nests would disperse 
into a suitable habitat was high.

Introduction

Complexity of interactions between organisms 
and abiotic factors has been widely recognised. 
One organism can affect another via a number 
of different ways, e.g., by being a vector and/or 
an ecosystem engineer (Wright & Jones 2006). 
Although the concept of ecosystem engineering 
is quite recent, researchers quickly realized its 

importance for understanding ecosystem func-
tioning and for conservation efforts at popula-
tion, community and ecosystem levels (Jones et 
al. 1994, Laland & Boogert 2010). Ecosystem 
engineers are organisms that directly or indi-
rectly modulate the availability of resources to 
other species by causing physical changes in 
biotic and abiotic matter. They create, modify or 
maintain existing habitats. As a rule, activities 
of these organisms do not involve direct trophic 
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interactions; they affect energy and matter 
flows in an ecosystem by creating or destroy-
ing living space, and thereby altering environ-
ments of other organisms. Positive ecological 
effects of engineers’ activity are very common; 
they appear in all environments and cannot be 
ignored (Jones et al. 1994, 1997, Brown 1995, 
Wright & Jones 2006).

Animals building nests and burrows are good 
examples of engineering species. The primary 
function of nests is hazard mitigation but they 
also affect habitats in which they are built. Nests 
create a new range of habitat niches, which 
can be used by a variety of organisms (Hansell 
1993). The impact of one particular ecological 
engineer depends upon the spatial and temporal 
scales of its action, but even ephemeral nests 
constructed by small passerines can be an exam-
ple of the effect of ecosystem engineering (Jones 
et al. 1994).

The white stork (Ciconia ciconia) — a spe-
cies connected with the agricultural landscape 
of central Europe — is a good example of 
an ecosystem engineer. The population of the 
white stork in Poland is estimated at about 
52 000 breeding pairs, i.e., about 20% of the 
world population (Guziak & Jakubiec 2006, Try-
janowski et al. 2009). White storks build large 
and long-lasting nests (up to 2 m in height 
and 1.5 m in diameter, existing from several 
years to several decades), which are repaired and 
extended each year during the whole breeding 
season. Nest material (twigs, sticks, hay, straw, 
grass, soil and dung) is collected mainly from 
the ground in the vicinity of the nest. The trans-
fer of material between nests is also possible. 
Sometimes one pair occupies more than one nest 
and these additional nests (called satellites) can 
serve as sources of nest material. Stealing of 
material from occupied nests also happens very 
often (Bocheński & Jerzak 2006, Indykiewicz 
2006, Tryjanowski et al. 2009). One particular 
nest is usually occupied for four months a year 
(Indykiewicz 2006). About 10% of the nests are 
left unoccupied every year (data from The Bie-
brza valley, Nowakowski 2006); the continuous 
nest-occupancy index for lowland-located nests 
is about five years (Tryjanowski et al. 2005). 
Nests are located in the vicinity of human settle-

ments (the white stork is a species typical to vil-
lages), and 60% of them are placed on electricity 
poles (Tryjanowski et al. 2009).

Long-lasting nests of this bird are habitats 
often used as nesting places by other birds, the 
most common co-occupants being the sparrow 
Passer spp., the starling Sturnus vulgaris, the 
grey wagtail Motacilla alba, and the kestrel 
Falco tinnunculus. Other vertebrates may also 
reside in nest: e.g. the Norway rat Rattus nor-
vegicus and the striped field mouse Apodemus 
agrarius were found nesting there (Bocheński 
& Jerzak 2006, Indykiewicz 2006, Kosicki et al. 
2007).

Although the biology and behaviour of the 
white stork is well known, we were not able to 
find any studies on the role of this species in 
plant population dynamics and seed dispersal. 
Our observations indicate the nests of the white 
stork as specific habitats where seed germination, 
seedling stabilization, blooming and producing a 
new pool of seeds very often take place. Our goal 
was to answer the following questions concern-
ing consecutive stages of plant-life history: (i) 
What is the structure of the seed pool in the nest 
material? (ii) Can the nests be treated as a habitat 
enabling plants to complete their life cycle? (iii) 
What is the probability that seeds produced in 
nests reach suitable habitats in the nests’ closest 
vicinity? The main hypothesis was that the white-
stork nests can function as microhabitats if the 
conditions there meet specific plant requirements. 
Previous findings (Czarnecka et al. 2010) and 
knowledge of the white stork breeding behaviour 
led us to hypothesize that the nests can be a suita-
ble habitat for annual species with persistent seed 
banks, adapted to open and nutrient-rich habitats 
and resistant to drying. Firstly, only persistent 
seeds can remain dormant until it is possible to 
germinate in a nest (only small fraction of seeds 
germinate after seed transfer into the nests, the 
majority of them remains alive in the nest mate-
rial). Secondly, a short life span enables a species 
to close its life cycle in one vegetative season, or 
even in a shorter time after young storks abandon 
the nest, and to produce the next set of seeds. 
Biennials and perennials can also be able to com-
plete their life cycle in nests but the probability of 
their success is lower.
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Material and methods

Study area and methods of data 
collecting

In March 2007, nest material (lining) was col-
lected from central parts of ten nests located on 
electricity poles in the villages in the vicinity of 
Chełm (central part of eastern Poland). Exten-
sive farming is typical for the region (Chylarecki 
et al. 2006). The average area of arable fields, 
meadows and forest patches is small, with a 
relatively dense network of linear landscape ele-
ments like field roads, balks and hedgerows, as 
well as scattered housing. Approximately 20 dm3 
of the lining material (ca. 10% of all lining mate-
rial gathered from the nest) was taken during 
the routine maintenance work on the power grid 
done before the arrival of birds. The studied 
nests were similar in size: 0.5 m high and 1.5 m 
in diameter. It was estimated that 80% of their 
volume was lining material and the remaining 
part were sticks and twigs, which stabilised and 
strengthened the nest structure. To study the 
seed pool of the nests, the seedling emergence 
method was applied (Thompson et al. 1997). 
The nest material (15 dm3 for each nest) was 
put into plastic trays and kept moist in cold 
frames placed in an experimental garden for the 
duration of two subsequent vegetative seasons 
(March–November, lining was left in the garden 
during winter to let the seeds left to be stratified). 
All emerging seedlings were counted, identified 
and removed. The amount of seedlings per one 
nest and per 10 000 g (dry weight) of nest mate-
rial was counted to facilitate comparisons and 
statistical analyses of the obtained data.

The remaining material was dried to assess 
the dry weight (d.w.) of 1 dm3 of the substra-
tum, and to analyse its physicochemical prop-
erties which was done in accredited laborato-
ries according to ISO/IEC 17025:2005 (Forest 
Research Institute [Accreditation Certificate 
of Testing Laboratory AB740] and Regional 
Chemical-Agricultural Station in Lublin [DAP-
PL-3413, Accredited testing laboratory by DAP 
Deutsches Akkreditierungssystem Prüfwesen 
GmbH]). All samples were treated as organic 
substratum and the following analytical meth-

ods were used: total nitrogen (N) was analysed 
with the macro analyser VarioMax CN (Ele-
mentar Analysensysteme GmbH), pH in 1 M 
KCl according to PN-ISO 10390:1997; P2O5 
according to PN-R-04024:1997; K2O according 
to PN-R-400024:1997; Mg according to PN-R-
40024:1997; Zn according to PN-92/R-04016; 
Cu according to PN-92/R-04017; Mn according 
to PN-93/R-04019 and Fe according to PN-R-
04021-1994. We compared the results of chemi-
cal analyses with border values for arable soils 
or mean values for Polish soils (IUNG 1990, 
Zawadzki 1999).

The surroundings of the nests were studied 
within a 100-m radius, because we assumed 
that seeds produced in the nests would mostly 
be locally dispersed. The chosen radius is often 
considered a border value distinguishing local 
and long-distance dispersal (Cain et al. 2000, 
Nathan et al. 2008). Five main habitat types 
were identified: arable fields, meadows, ruderal 
sites (e.g. field and road margins, backyards, 
small gardens and other disturbed areas), forests, 
and buildings. Their areas and percentages were 
estimated on aerial photographs with the help of 
the ArcMap10 programme.

Data analysis

The main sources for species life-history traits 
related to regeneration (dispersal mode, seed 
bank type) were Kleyer et al. (2008), Thomp-
son et al. (1997) and Grime et al. (1996) (also 
Davies & Waite 1998, Drezner et al. 2001, Leck 
& Schuts 2005, Mathus et al. 2005, Palisar 2006, 
Koutecká & Lebš 2009). The term ‘persistent’ 
was used for both short- and long-term persist-
ent seed-bank types (classification according to 
Bakker et al. 1996).

Life form of plants (annuals vs. perennials) is 
given according to Zarzycki et al. (2002). Spe-
cies as ecological indicators and their grouping 
follows Zarzycki et al. (2002). Their groupings 
are similar to Ellenberg’s et al. (1991), but were 
developed exclusively for Polish flora, and are 
thus more accurate for the present study. We 
used three ecological factors of Zarzycki et al. 
(2002): (1) light value to indicate light require-



4 Czarnecka & Kitowski • ANN. BOT. FeNNICI Vol. 50

ments of plants (ranging from 1 to five, where 
1 = full shade and 5 = full light); (2) soil trophic 
state (ranging between 1 and 5, where 1 = 
extremely poor and 5 = extremely fertile); and 
(3) soil moisture value (ranging between 1 and 
6, where 1 = very dry soils, 5 = wet soils and 6 = 
aquatic habitats).

The seedling pool of the nests was com-
pared with the expected species pool defined 
as the species present at a regional scale whose 
diaspores could have a chance to be incorporated 
into the nest material. The χ2 likelihood ratio test 
(Łomnicki 2010) was used for that purpose. The 
regional species list was constructed using the 
data for the eastern part of the Lublin Upland 
(the western border was the Wieprz river) taken 
from Zając and Zając (2001). Considering 
behaviour of storks, aquatic plant species were 
excluded from the analysis as were also orchids, 
because their seeds cannot be detected with the 
seedling germination method. The list of spe-
cies belonging to Poaceae, Carex and Rubus was 
narrowed down to species easily distinguishable 
in vegetative stage. Only fully identified species 
present in the seedling pool of the nests were 
included in the analysis.

When life-history traits and habitat require-
ments were analysed, only weeds, ruderal-
meadow and grassland species were included in 
the expected species list.

Differences in species richness of different 
functional groups of plants present in the nests’ 
seedling pool were analysed with Student‘s t-test 
and ANOVA. One nest was treated as a sample 
(n = 10). These analyses were used to find the 
pattern in the nest seeding pool and to check if 
habitat features in the nests meet the require-
ments of species which germinated there. Nor-
mality of the data was tested with the Shapiro-

Wilk test, and equality of variances of analysed 
samples with Levene’s test (Stanisz 1998). All 
calculations were performed using Statistica PL.

Results

Seedling pool of nests

The number of seedlings detected in the nest 
material of the studied nests varied between 
5580 and 14 759 per one nest (mean = 9937, n 
= 10; Table 1). Majority of the seedlings (80%) 
germinated in the first study year. Recorded 
species belonged to 97 taxa. It was mostly pos-
sible to identify the species (85); however, in 
few cases, the order (10 orders) or the family 
only (two families, Fabaceae and Poaceae) were 
identified (Appendix 1). A group of species with 
high frequency (understood as the percentage of 
the nests that contained a given species) could 
be distinguished. Chenopodium album was the 
most abundant in almost all the nests. Medicago 
lupulina and Poa annua were present in the 
lining of all the nests. Frequencies of 12 other 
species exceeded 50%.

Three distinct ecological groups of species 
were distinguished in the nests: (1) weeds and 
ruderal species, which were the most abundant 
(mean number of species = 17.1, percentage 
in the total number of seedlings = 78%), (2) 
meadow species (6.2 and 17%, respectively), 
and (3) other taxa with significant percentage of 
woodland, peat-bog and rush species (2.4 and 
5.3%, respectively; Table 2 and Appendix 1). 
Significantly higher percentage of weeds and 
significantly lower percentage of woodland and 
peat-bog species in nests, as compared with 
their percentages in the regional flora, identified 

Table 1. Seedlings recorded in the studied nests (for more information see Appendix 1).

Character Nest number Mean
 
 1 2 3 4 5 6 7 8 9 10

Number of seedlings
 per one nest 14759 10555 6937 7631 7693 12036 10725 9128 5580 14322 9937
 per 10 000 g (d.w.) 1520 930 410 690 320 1770 750 970 450 930 870
Number of taxa recorded 32 16 21 31 33 37 38 23 24 31 28.6
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arable fields and ruderal sites as the main sources 
of seeds and nest material (Table 2).

Majority of the species found in the nests 
created persistent seed banks (62.5% as com-
pared with 34.1% in the regional species pool; 
Table 3). Their seedlings constituted on average 
84% (n = 10) of the total seedling number in all 
the studied nests. It confirmed that the presence 
of long-living seeds increased the chance of ger-
mination in the nests. The proportion of annuals 
in the nest seed pool equalled their proportion in 
the regional flora (Table 3).

Habitat characteristics versus plant 
life-history traits

Physicochemical analysis of the properties of 
the substratum revealed that the habitat was 
acidic and nutrient-rich, with high or even very 
high contents of the most common macro- and 
microelements (Appendix 2). These microhabi-
tat conditions seemed to be suitable for the vast 
majority of species found in the nest material. 
Percentage of rich-habitat species was signifi-
cantly higher in the nests than in the regional 
flora (Table 4). Nests of the white stork could 
also be described as open habitats subject to 
drying. The seedling pool found in the nests was 

dominated by species adapted to such habitats, 
and their proportion in the nests reflected the 
structure of the regional flora (Table 4).

Nest surroundings, a chance for 
dispersal into suitable habitats

The mean percentages of ruderal habitats and 
arable fields in the vicinity of the nests were 53% 
and 18%, respectively, and their sum (71%) was 
significantly higher than the abundances of other 
habitat types (meadows 15%, buildings 11%, 
forests 3%) (ANOVA: F2,27 = 58.2, p < 0.001). 
Since ruderal species and weeds dominated in 
the seed pool found in the nests, the probability 
that seeds produced in the nests would disperse 
into a suitable habitat was high.

The most distinct feature of the seedling pool 
of the nests was high percentage of barochorous 
(seeds dispersed by gravity) species (67%, mean 
number of species per nest = 15.7, n = 10) as 
compared with that of species with other disper-
sal modes (33%, mean number of species per 
nest = 10.6, n = 10) (t-test: t9 = 2.60, p < 0.05). 
The most common dispersal adaptation among 
the species found in the nests was exozoo-
chory (23% on average); percentages of species 
with other dispersal adaptation did not exceed 

Table 2. Percentages (numbers in parentheses) of species belonging to different ecological groups found in the 
regional flora and in the white-stork nests. Proportion of ecological groups in the regional species pool was treated 
as the expected value in the χ2-test (df = 2).

Species pool ecological groups χ2 statistics
 
 Weed and ruderal Meadow Others*

Regional flora 28.9 (229) 35.0 (278) 36.1 (286) χ2 = 34.608, p < 0.001Nests 56.0 (47) 30.9 (26) 13.1 (11)

* mostly woodland, peat-bog and rush species.

Table 3. Percentages (numbers in parentheses) of species with different life-history traits found in the regional flora 
and in the white-stork nests. Proportion of species in the regional pool was treated as the expected value in the 
χ2-test (df = 1).

Species pool Seed bank Life form
  
 Persistent Transient χ2 statistics Annuals Perennials χ2 statistics

Regional flora 34.1 (140) 65.9 (270) χ2 = 29.574, p < 0.001 36.0 (182) 64.0 (324) χ2 = 1.87, nsNests 62.5 (50) 37.5 (30)  42.8 (36) 57.2 (48)
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10% (Appendix 1). The most common exzoo-
chorous mechanism was secretion of mucilage 
and seed adhesion, which are typical for some 
very abundant species (e.g., Plantago major, 
Urtica dioica, Trifolium pratense and T. repens).

Discussion

The ecological role of birds, especially in 
human-dominated landscapes, has recently 
become broadly appreciated. They are believed 
to perform the most diverse range of ecological 
functions among vertebrates: they are effective 
vectors in seed dispersal as well as ecologi-
cal engineers by constructing nests (Sekercioglu 
2006). The white stork, and probably some other 
birds as well, play both of these roles.

A widely known mechanism of seed dispersal 
mediated by birds is frugivory (e.g. McClanahan 
& Wolfe 1987, Debussche & Isenmann 1994, 
Adamowski & Knopik 1996, Nogales et al. 
1999). Birds can be also one of the chain links in 
polichory, as are also the shrink Lanius excubitor 
and some lizards studied on the Canary Islands 
(Nogales et al. 1998, 2007). Some birds (the 
grey partridge Perdix perdix, the emu Dromaius 
novaehollandiae, the rook Corvus frugilegus) dis-
perse seeds without any adaptations to frugivory, 
usually accidentally consuming seeds during food 
foraging (Calviño-Cancela et al. 2006, Orłowski 
& Czarnecka 2009, Czarnecka & Kitowski 2010). 
Sometimes the term “secondary dispersal” — a 
process by which seeds that are already on the 
ground are moved to another location — best 
describes this mechanism (Wang & Smith 2002). 
An unexpectedly high number of seeds with-
out morphological adaptations to endozoochory 
is dispersed over long distances by migratory 
ducks; moreover, a vast majority of seeds is 
deposited in habitats suitable for germination 
and establishment (Brochet et al. 2009, 2010). 
Brochet et al. (2009) claimed that the absence of 
external adaptation for ornitochory in plant spe-
cies found in the intestinal tract of the ducks was 
the reason for underestimating the significance of 
waterbirds in their dispersal. We can also say that 
since we cannot link any morphological adapta-
tion of seeds to dispersal with nest material, the 
importance of the white stork and probably many Ta
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other bird species was also overlooked, especially 
for species connected with agricultural landscape. 
Dispersal by the stork and possibility of establish-
ment in the nests seems the most beneficial to 
weeds without any dispersal adaptation (prevail-
ing in the nests), whose dispersal would other-
wise be rather limited (Benvenuti 2007).

Unintentional seed dispersal during collec-
tion of nest material by birds is also a form of 
secondary dispersal. Seeds can be brought to 
white storks’ nests together with dung, plant 
material and soil. Dean et al. (1990) found a 
large amount of seeds in the nests of 31 bird 
species in the semiarid karoo shrubland, and 
these seeds had been brought there with plant 
material serving as lining of the nests. On the 
other hand, soil was the source of seeds in the 
nests of the magpie Pica pica and a comparison 
of the structure of the seed pool in the nests and 
the vegetation in the vicinity of the nesting sites 
helped to identify the source of the nest material 
(Czarnecka & Kitowski 2008).

We were curious if it would be possible to 
identify the main source of the nest material of 
the white stork. Although we did not study the 
vegetation structure in the neighbourhood of the 
nests, we can point out a possible source. There 
are considerable similarities between the seed 
pool of the white stork nests and the seeds found 
in dung of vertebrate herbivores (Appendix 1). 
Thirty-four species — i.e. almost one third of all 
the taxa which germinated from the nest material 
(among them e.g. Juncus bufonius, Poa annua, 
P. pratensis, Plantago major, Setaria pumila, 
Stellaria media, Trifolium pratense, T. repens and 
Urtica dioica) — were also found in the dung of 
various herbivores (horse, cattle, sheep, white-
tailed deer and rabbit). The share of the largest 
groups of species (e.g. graminoids, species with 
persistent seed banks; Cosyns & Hoffmann 2005) 
also points to herbivore dung as an important 
source of the nest material for the white stork 
and the source of seeds deposited in its nests. The 
white stork can thus act as a link in the multi-
step dispersal chain and can also facilitate long-
distance dispersal of some plant species, espe-
cially those with limited dispersal capabilities (i.e. 
mainly weeds with barochorous seeds). The same 
situation was observed for the dispersal mediated 
by large herbivores (Calviño-Cancela 2011).

Knowledge of seed-dispersal mechanisms 
must be combined with understanding of post-
dispersal establishment. Not only does the white 
stork affect the transfer of propagules, but it also 
creates a specific habitat for germination and 
seedling establishment. It is thought that some-
times benefits of long-distance dispersal, or even 
dispersal over shorter distances, are balanced by 
e.g. failure to reach a suitable establishment site 
(Nathan et al. 2008). However, it does not seem 
to be true in our study. The white stork changes 
the environment by transforming non-living 
materials from one physical state to another. In 
this way, patches suitable for establishment and 
plant growth are created in nests. In such nutri-
ent-rich habitat, plant species associated with 
fertile soils, which dominated in the seed pool, 
can germinate and grow very fast.

Behaviour of the white stork can explain 
high content of most macro- and microelements 
of the nest substratum (e.g. food is regurgitated 
onto the nest’s floor by parents; Bocheński & 
Jerzak 2006). Rapid growth of stabilized plant 
individuals on the nest material was observed 
in our study in laboratory conditions and it was 
also noticed when germination from dung was 
studied (Mouisse et al. 2005). We think that the 
ecological role of dung depositions and nests of 
the white stork in temperate open habitats can 
be very similar. Both of them can be treated as 
sites with similar chemical properties (both are 
nutrient-rich) and similar seed-pool structures.  
As compared with dung, nests are more chal-
lenging habitats due to the presence of birds and 
the risk of drying.
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Appendix 1. Structure of the seed bank of the white stork nests (n = 10). Mean number of seeds per 10 000 g of 
soil dry weight. Habitats: W = weeds and ruderal species; M = meadow and grassland species; PB = peat bog and 
rush species; O = other species. Life forms: A = annuals; P = perennial herbs; W = woody species and shrubs. Dis-
persal modes: B = barochory (no obvious dispersal adaptations); A = anemochory; ex = exozoochory, en = endo-
zoochory, M = myrmecochory, H = hydrochory. Seed bank types: T = transient; P = persistent; ND = not determined. 
Nomenclature according to Mirek et al. (2002).

Taxa Mean Number of Habitat Life Dispersal Seed
 number of occurences  form mode bank
 seedlings

Chenopodium album 5 183 10 W A B P
Urtica dioica1,2,3,4,6 86 8 W P ex P
Polygonum lapathifolium
 subsp. pallidum 5 51 5 W A B P
Poa annua1,2,3,4,5,6 50 10 W A B P
Plantago major 1,4,5,6 48 8 W P ex P
Poaceae 48 8 – – – –
Poa pratensis1,2,3,4,5 47 8 M P B P
Polygonum aviculare 37 7 W A B P
Trifolium pratense 5,6 25 8 M P ex T
Deschampsia caespitosa 4 24 6 M P ex T
Setaria pumila 17 7 W A B P
Juncus bufonius1,2,3,4 15 6 O A ex P
Elymus repens 5 12 4 W P B P
Medicago lupulina1,4,5 12 10 W A B T
Trifolium repens1,3,4,5,6 12 7 M P ex T
Anethum graveolens 12 1 O A B ND
Artemisia vulgaris 5 10 3 W P B P
Conyza canadensis 9 4 W A B/ex P
Stellaria media1,2,3,4,5 9 8 W A B P
Amaranthus retroflexus 5 8 4 W A B P
Capsella bursa-pastoris1,5 8 6 W A A P
Fallopia convolvulus 8 6 W A B P
Galinsoga parviflora 8 8 W A A P
Carex hirta 7 5 W P B T
Echinochloa crus-galli 7 5 W A B P
Daucus carota 7 1 M P ex P
Arctium tomentosum 5 2 W P ex T
Leonurus cardiaca 5 2 W P ex ND
Melandrium album 5 5 W A B T
Ballota nigra 4 2 W P ex P
Gypsophila muralis 4 1 W A B P
Viola arvensis 4 5 W A M P
Agrostis sp. 4 3 – – – –
Carex sp. 4 3 – – – –
Polygonum minus 3 1 W A B ND
Rumex crispus1 3 5 W P B P
Veronica arvensis1,4 3 1 W A B T
Alopecurus pratensis 3 3 M P B T
Veronica chamaedrys1,2,3,4,6 3 3 M P B T
Juncus conglomeratus 3 1 PB P ex P
Bidens tripartitus 3 2 O A ex/H P
Rumex sp. 3 3 – – – –
Apera spica-venti 2 2 W A ex P
Chenopodium hybridum 2 1 W A B P
Glechoma hederacea 4 2 4 W P B T
Polygonum persicaria 5 2 3 W A B P
Potentilla reptans1 2 1 W P B T

continued
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Appendix 1. Continued.

Taxa Mean Number of Habitat Life Dispersal Seed
 number of occurences  form mode bank
 seedlings

Ranunculus repens1,3,4 2 4 W P H/ex P
Vicia hirsuta 2 1 W A B T
Lythrum salicaria1,4,5 2 3 M P H T
Scirpus sylvaticus 2 2 M P H T
Agrostis capillaris1,3,4 2 2 PB P B P
Epilobium sp. 2 3 – – – –
Fabaceae 2 2 – – – –
Juncus sp. 2 1 – – – –
Anagallis arvensis 1 2 W A B P
Chamomilla suaveolens 1 3 W A B P
Chenopodium polyspermum 1 1 W A B P
Galium boreale 1 1 M P B T
Geranium pusillum 1 1 W A B P
Lamium amplexicaule 1 1 W A B P
Melilotus alba/officinalis 5 1 2 W A B T
Rumex acetosella1,3,4 1 1 W A B P
Rumex obtusifolius 3,4 1 1 W P ex P
Betonica officinalis 1 2 M P B T
Coronilla varia 5 1 1 M P B P
Holcus lanatus1,3,4 1 1 M P B P
Hypericum perforatum 1 1 M P A P
Lolium perenne1,3,4 1 2 M P B T
Peucedanum palustre 1 1 M P H T
Plantago lanceolata1 1 1 M P ex P
Poa trivialis1,3,4 1 2 M P B P
Taraxacum officinale 5 1 2 M P A T
Vicia sepium 1 1 M P B T
Carex acutiformis 1 1 PB P H P
Lycopus europaeus1,4 1 3 PB P H T
Geranium sp. 1 2 – – – –
Petroselinum crispum 1 1 O P – –
Rubus sp. 1 1 – P en ND
Sambucus nigra 1 1 O W en P
Verbascum sp. 1 1 – – – –
Veronica sp. 1 1 – – – –
Artemisia absinthium < 1 1 W P B P
Centaurea cyanus < 1 1 W A A P
Galium aparine1 < 1 1 W A ex T
Gnaphalium luteo-album < 1 1 W A A ND
Sonchus asper 5 < 1 1 W A A P
Dactylis glomerata 4,5,6 < 1 1 M P B T
Lysimachia vulgaris1 < 1 1 M P H T
Myosotis palustris < 1 1 M P B P
Ranunculus acris < 1 1 M P ex T
Rumex acetosa 3,4 < 1 1 M P A T
Symphytum officinale < 1 1 M P H/A T
Veronica beccabunga < 1 1 PB P H P
Atriplex sp. < 1 1 – – – –
Barbarea vulgaris < 1 1 O P A P
Betula pendula < 1 1 O W A P
Non-identified 1 1 – – – –

Species present in animal dung: 1 horse (Cosyns & Hoffmann 2005, Mouissie et al. 2005), 2 rabbit (Pakeman et al. 
2002), 3 sheep (Pakeman et al. 2002, Mouissie et al. 2005), 4 cattle (Mouissie et al. 2005, Bartuszevige & endress 
2008), 5 white-tailed deer (Myers et al. 2004, Williams et al. 2008), 6 red deer (Iravani et al. 2011).
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