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diaspores of 229 plant taxa were identified from the samples, which indicates a huge potential of HVD in
dispersing diaspores across habitats and regions. Most diaspores were recorded in grassland habitats, and more
diaspores were dispersed during fieldwork than excursions. Clothing type also played a decisive role: there were
more diaspores and species when wearing short-top shoes and short trousers than long ones. Even though our
study was carried out mainly in natural or semi-natural habitats, a large number of dispersed species were
disturbance-tolerants and weeds and only a few were specialists, suggesting the controversial role of HVD in
conservation. At the individual level, people can reduce the number of diaspores through their clothing choices
and diaspore removal habits, while providing adequate equipment for staff, operating cleaning stations, and
increasing awareness of employees are main ways in which unintended diaspore dispersal can be tackled at the

institutional level.

1. Introduction

The dispersal of plant diaspores is a major driver of several important
ecological and evolutionary processes such as gene flow, population
dynamics, range expansion, and community diversity (Beckman and
Sullivan, 2023). In the Anthropocene, humans are among the most
abundant long-distance seed dispersal vectors globally, due to our
increasing mobility and the growing global population (Bullock and
Pufal, 2020; Valko et al., 2020). There are two forms of human-vectored
dispersal (HVD): intentional HVD (e.g., intentional introduction of
plants for agricultural or horticultural purposes, and translocation for
conservation purposes) and accidental HVD (e.g., unintended dispersal
of seeds attached to clothes, vehicles, pets and livestock, or as contam-
ination in transported materials such as seed stocks or potting soil)
(Bullock et al., 2018; Sonkoly et al., 2022). Among accidental HVD
types, seed dispersal on clothing can be considered a form of epi-
zoochory. On clothing people can spread diaspores even across conti-
nents and can connect otherwise unconnected habitat types and regions
worldwide (Ansong and Pickering, 2016; Huiskes et al., 2014; Valko
et al., 2020).

Despite the fact that people can transport numerous diaspores on
their clothing, so far only 28 studies have investigated this phenomenon
(see reviews by Ansong and Pickering, 2014a; Lukacs and Valko, 2021).
This is a disproportionally smaller number of publications compared to
the vast literature base (thousands of publications) on anemochory (e.g.,
reviewed by De Langre, 2008; der Weduwen and Ruxton, 2019),
hydrochory (e.g., reviewed by Nilsson et al., 2010; Hyslop and Trow-
sdale, 2012) and zoochory (e.g., reviewed by Godo et al., 2022; Green
et al., 2022). Most studies dealing with HVD on clothing have reported
adverse ecological effects of this process, with a special focus on the
dispersal of weeds and invasive alien species that cause serious damage
in many natural ecosystems of the world (Pickering and Mount, 2010;
Huiskes et al., 2014). Therefore, there are several biosecurity measures
in the most vulnerable regions, which specifically address the preven-
tion, mitigation, and control of the negative effects of HVD on clothing
(Lukacs and Valko, 2021).

Given the above-mentioned potential of HVD on clothing in affecting
global biodiversity patterns, it is essential to examine this process
comprehensively to understand a typical dispersal process of the
Anthropocene and to develop effective prevention and mitigation stra-
tegies against the spread of weedy and invasive species. Despite previous
studies have investigated this process, there are still several open
questions related to HVD on clothing. Experimental studies and field
studies used different approaches and focused either on the underlying
mechanisms or the results of HVD. Experimental studies on HVD so far
focused mainly on the key mechanisms determining attachment or
retention potential of diaspores, such as fabric types and diaspore traits,
usually studying selected model species (see e.g., Ansong and Pickering,
2016). There is a few research that aimed to quantify the outcome of
HVD in real world conditions, that is, the diaspore quantity and species
pool dispersed through certain outdoor activities (e.g., on clothing of
meadow workers (Auffret and Cousins, 2013), or on clothing and
equipment of tourists (Huiskes et al., 2014; Ware et al., 2012)). How-
ever, the combination of the two approaches, i.e., the joint evaluation of

the underlying mechanisms and results of HVD on clothing is still
missing. Also, no studies have jointly evaluated the effect of site char-
acteristics, vector characteristics, and plant traits on the number and
species richness of dispersed diaspores. There is a lack of knowledge
related to the potential dispersal distances of cloth-dispersed diaspores,
as most studies give information on the total number of diaspores found
on cloth items at a given time, without differentiating between loosely
and firmly attached diaspores. Studies addressing the above-mentioned
knowledge gaps would be essential for improving our general under-
standing of the process of HVD.

In our study, using the data from a multi-site field experiment
covering various habitat types in Central-Europe, we analysed potential
mechanisms that might affect the outcome of HVD. We expected based
on former studies on zoochory in general or HVD in particular, that the
number of dispersed diaspores and species depend on the attachment
and detachment dynamics that are determined by clothing types and
diaspore characteristics (Ansong and Pickering, 2016). Additionally, we
studied the effects of other mechanisms, i.e., site characteristics (vari-
ables related to habitat types and season), vector characteristics (activity
type, gender, clothing type, shoe type) and plant characteristics (species
pool of the visited habitats and plant traits) on the number of diaspores
and array of species dispersed on human clothing. Since the habits of
people can play an important role in the fate of cloth-dispersed diaspores
(Ansong and Pickering, 2014b), we complemented our field experiment
with a questionnaire survey to assess the habits of people that could be
relevant in determining the outcome of HVD on clothing.

2. Methods
2.1. Collection of samples

We collected HVD samples from the socks and shoes of volunteer
participants during various outdoor activities at different sites of
Hungary, Romania, and the Czech Republic, in the years 2019 and 2020.
The sampling procedure is summarized in Fig. 1. Before starting the field
activity, all participants were asked to clean their shoes. We provided all
volunteers with a new pair of cotton socks (73 % cotton, 20 % polyester,
6 % nylon, and 1 % elastane) that they wore during their outdoor ac-
tivity with their own shoes. We asked the volunteers to engage in their
planned field activity, i.e., perform their fieldwork or go on field
excursion. At least one author of this paper joined them for the entire
duration of the outdoor activity to record site characteristics, vector
characteristics, and the species pool of the visited habitats, and also to
explain the sampling protocol to the participants and facilitate sample
collection. At the end of the outdoor activity, we collected the HVD
samples: we requested the participants to put the right and left socks in
separate labelled paper bags. Additionally, we asked them to pick and
sweep diaspores from the right and left shoes into separate labelled
paper bags. In the case of shoes, the diaspores attached to the outside
and inside of the shoe were collected separately. In total, six samples
were collected from one person: left shoe outside, right shoe outside, left
shoe inside, right shoe inside, left sock and right sock.

We collected HVD samples between June 2019 and October 2020 in
Hungary, Romania, and the Czech Republic. During this period, we
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Fig. 1. The workflow of sample collection and sample processing.

collected 251 samples from 88 volunteer participants. Different cate-
gories of participants were distinguished: professional field biologists
(34 persons; 170 samples) (including the authors of this article), biolo-
gist students (40 persons; 61 samples), and others (14 persons; 20
samples).

We distinguished two types of activity: field surveys (botanical
monitoring, N = 118) and excursions (educational field trip or leisure
activity, N = 133). In the case of field surveys, we usually worked in
smaller groups (2-8 participants). In excursions, samples were usually
collected by a larger group (>10 participants). In both cases, the
members of the groups were moving together.

The sample collection was carried out at 39 locations that were
assigned unique site IDs. At each site, we recorded the habitat types that
occur (e.g., grassland, forest, wetland, and anthropogenic habitat).
Based on the occurrence of the different habitat types, we categorised
the landscapes into two broad categories: grassland-dominated land-
scape and forest-dominated landscape. In the analyses, we used the
presence/absence of grasslands as an explanatory variable.

During the time spent outdoors, we recorded a list of vascular plants
to characterise the species pool of the visited site and marked on the list
those species that were in fruit at the time of sampling (i.e., the part of
the species pool that had the opportunity for being dispersed by HVD on
cloths), to facilitate the identification of the diaspores in the lab.
Furthermore, we recorded the following explanatory variables: sam-
pling date (Julian day), distance walked (km), and time spent outside
(hour). The participants walked an average of 4 + 3.78 km distance and
spent 6 £+ 2.39 h outside. We took photos of each participant's clothing
and shoes to record the types of fabric and shoes worn. As the distance
walked and the time spent outdoors showed a positive correlation, we
used only the distance in the analyses.

At the end of the sample collection, all volunteers were asked to fill
out a questionnaire (Appendix 1). We asked them about how much time
they spend in the field per year, which places/locations they visited in
the field during the last three times before the sample collection, and
where they plan to go within the next week, a month, and in the more
distant future. Furthermore, we also asked what they usually do with the
diaspores attached to their clothes and shoes.

2.2. Processing of samples and identification of diaspores

The collected samples were transported to the laboratory for pro-
cessing. First, we removed the diaspores attached to the socks. We aimed
to distinguish between the diaspores that are loosely or firmly attached,
as the level of seed attachment is a good predictor of potential dispersal
distances. To simulate vector movement, we shook the socks by hand
three times and put the detached diaspores (i.e., those that fell during
shaking together with those diaspores that were already detached from
the socks and were in the paper bag) in a ziploc bag. This fraction rep-
resented diaspores with a low attachment potential and a shorter po-
tential dispersal distance. The diaspores that remained on the socks after
shaking were removed with tweezers and placed in a separate ziploc bag
(representing the fraction of firmly attached diaspores with a longer
potential dispersal distance). We performed this procedure separately
for the right and left socks. Finally, there were a total of eight sub-
samples from one person: left sock detached, left sock attached, left shoe
inside, left shoe outside, right sock detached, right sock attached, right
shoe inside and right shoe outside (in total 2008 subsamples). We
grouped the subsamples into two categories based on the potential
dispersal distance: i) short-distance (diaspores collected from the shoe
surfaces and the diaspores detached from socks) and ii) long-distance
(diaspores collected inside shoes and the diaspores remained attached
on socks).

The next step was to identify and count the diaspores. In this process
we used the seed atlas of Schermann (1967), species lists, and reference
seed specimens collected from the sampling sites, and the reference seed
collection at the University of Debrecen (Torok et al., 2013, 2016). The
diaspores that could not be identified on the basis of morphology (in
total 8900 diaspores, approximately 24.8 % of all diaspores) were
germinated in a greenhouse from March to November 2021.

2.3. Data analysis

Some important dispersal-related traits of the identified species were
retrieved from trait databases (Hintze et al., 2013; Kiraly, 2009; Torok
et al., 2013, 2016; Schermann, 1967, for details, see Appendix 2). To
characterise the ecological role of the dispersed species, the species were
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classified according to Borhidi's social behaviour types (Borhidi, 1995,
please see details in Appendix 3). The system classifies plant species,
ranging from low (e.g., alien competitors) to high naturalness value (e.
g., habitat specialist species) (please see the classification in Appendix
4.

Data handling and statistical data analyses were performed in R (ver.
4.2.0, R Core Team). To assess how the site characteristics and the vector
characteristics affect the number of collected diaspores and species
present on the clothing, we prepared linear mixed-effects regression
models (GLMMs) with negative binomial error term, using the R-pack-
age “glmmTMB” (Brooks et al., 2017). The number of diaspores and the
number of species were the response variables, and the factors described
above were the predictor variables (sampling date (Julian day), pres-
ence of grasslands at the collection site, activity type, gender, footwear
type, shoe-top height, trousers length, potential dispersal distance).

In all models, we also specified the identity of collector, and ID of
collection event, as random grouping variables. In addition, we specified
the log-transformed value of the distance covered by the specific col-
lector as an offset, to control for varying sampling efforts. In particular,
this was necessary because it can be expected that larger distances
covered yield larger numbers of diaspores and species encountered.
Variance inflation factors (VIFs) were calculated between all explana-
tory variables to test for multicollinearity (‘faraway’ package in R;
Faraway, 2014). As the VIF was lower than 1.7 (that is, the rate of
multicollinearity was negligible) in each case, we considered all
explanatory variables uncorrelated and used them for the statistical
analyses.

To study whether certain plant traits (namely: the presence of ap-
pendix, diaspore morphology (spherical or elongated), plant height, and
seed mass) were associated with footwear types (i.e., dispersed on socks
or shoes) or affected potential dispersal distance (i.e., dispersed on
short- or long term), we calculated community weighted means
(CWMs). For continuous numerical traits (plant height and seed mass)
we used the log-transformed average trait values for the present species,
weighted by species abundances. For categorical traits (Appendix 2), we
summarized the number of seeds belonging to the given group (having
versus not having appendix; having spherical versus elongated diaspore
morphology). The CWMs of plant height and seed mass were analysed
with compound Poisson-Gamma GLMM and Gaussian LMM, respec-
tively. CWMs from categorical traits were analysed with negative
binomial GLMMs. In all models, the predictor variables were footwear
type and potential dispersal distance. Also, the collector's identity and
the collection event ID were specified as random factors in all CWM
models.

3. Results
3.1. Diaspore numbers

A total of 35,935 diaspores of 229 plant taxa were identified from the
samples. We identified all diaspores, but for approximately 18 % of all
collected diaspores (N = 6493), identification was only possible at the
family or genus level even after germination. The most common species
in the samples were Achillea collina (4830 diaspores), Agrostis stolonifera
(3174 diaspores), Galium aparine (2713 diaspores) and Poa angustifolia
(1960 diaspores). Of the 229 plant species that we identified, we were
the first to report the ability for cloth-dispersal for 137 species (Ap-
pendix 4).

The species were from 31 families of plants; however, more than half
of the species belonged to five families, with 59 species from Poaceae, 29
from Asteraceae, 14 from Fabaceae, 13 from Apiaceae and 13 from
Lamiaceae. We identified 6 alien competitors (AC), 10 ruderal com-
petitors (RC), 3 adventive species (A), 2 introduced alien species (I), 46
weeds (W), 64 disturbance-tolerants (DT), 14 natural pioneers (NP), 53
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generalists (G), 23 competitors (C) and 8 specialists (S) (Appendix 4). In
the complete species list of the vegetation of the visited habitats, 660
species were in fruit at the time of sample collection, of which we
registered 35 % of the species in the collected HVD samples (Appendix
4). The largest proportion of HVD dispersed species compared to the
species present in the total species pool were ruderal competitors (83.3
% of available species were recorded in HVD samples), weeds (45.5 %),
natural pioneers (45.2 %), competitors (44.2 %), and disturbance-
tolerants (40.5 %) while the lowest proportion of HVD dispersed spe-
cies was recorded in specialists (14.0 %) (Fig. 2).

3.2. Factors that affect human-vectored dispersal

3.2.1. Site characteristics

The sampling date (Julian day) had a significant effect on the number
of cloth-dispersed diaspores and species (p < 0.001; Fig. 3A). Consid-
ering the visited habitat types, the presence of grassland habitats in the
sampling sites significantly increased the number of dispersed diaspores
and species (p < 0.001) (Fig. 3B).

3.2.2. Vector characteristics

We found that most of the vector characteristics studied, i.e., activity
type, shoe top height, and trouser length, had a significant effect on the
number and species richness of the dispersed diaspores (Appendix 5).
Analysis of activity type revealed that significantly more diaspores can
spread by HVD on clothing (p < 0.05) during field surveys than during
excursions (Fig. 3C). Men tended to disperse more diaspores and species
on clothing than women, but the difference was not significant (p =
0.122) (Fig. 3D). However, men dispersed significantly more species
than women (p < 0.05) (Appendix 6). We recorded more diaspores and
species on socks than on shoes (p < 0.001) (Fig. 3E). The type of clothing
also played an important role: there were more diaspores and species
when wearing short-top shoes (p < 0.001 both for number of diaspores
and species) and short trousers than long ones (p < 0.05 for number of
diaspores, p = 0.122 for number of species) (Fig. 3F-G). Finally, we
found that more species and diaspores with larger potential dispersal
distances (firmly attached to socks or inside shoes) were found (p <
0.001) than with species with small potential dispersal distances (p <
0.001) (loosely attached to socks or on the surface of shoes) (Fig. 3H).
The vector characteristics studied had the same effect on the species
richness of the dispersed diaspores as on diaspore number in case of all
explanatory variables, except gender (Appendix 6).

3.2.3. Plant traits

The dispersal-related plant traits studied (presence of appendices,
diaspore form spherical or elongated, plant height, and diaspore mass)
had no significant effect on the number of diaspores on the different
types of footwear or on the potential dispersal distances (see details in
Appendix 2).

3.3. Questionnaire

67 % of the participants spent more than one month in the field per
year. Most participants visited sites in the same region or landscape as
the sampling sites prior to sampling (previous three weeks), but 17 %
visited different biogeographical regions in Europe or in other conti-
nents. Future plans for outdoor activities of the participants were also
mainly within the same landscape or region as certain sampling sites,
but 25 % planned to travel outside the biogeographical region or
continent in the coming three weeks. The majority (43 %) of the par-
ticipants generally pick the diaspores from their clothing on the site, but
35 % remove them at home or do not remove them at all (22 %). The
detailed results of the questionnaire survey are given in Appendix 1.
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Fig. 2. Number of species in the collected HVD samples (green lines) and in the species pool of the vegetation at the collection sites (grey lines). Species are grouped
according to their social behaviour type categories, starting from the highest naturalness value (S) following a descending order. Notations: S — specialists, C —
competitors, G — generalists, NP — natural pioneers, DT — disturbance-tolerants, W — weeds, I — introduced alien species, A — adventives, RC — ruderal competitors and

AC - alien competitors.

4. Discussion
4.1. Array of species dispersed and ecological importance of HVD

Our study demonstrates that HVD can play an important role in the
transfer of diaspores between various habitats and regions, as people can
collect large amounts of diaspores during their outdoor activities. In
total, we counted 35,935 diaspores and 229 species in our samples. We
recorded 137 species, which were previously not registered to be able to
spread by clothing (this is approximately 28 % addition to the list of the
species known to be dispersed by HVD, Ansong and Pickering, 2014a).
The large number of new species is related to the fact that there were no
previous studies of HVD on clothing from Central Europe. In the future,
more studies on HVD are needed, especially from currently data-
deficient regions (e.g., Africa, Asia, many parts of Europe and South
America; Mount and Pickering, 2009).

Despite the fact that our study was carried out mainly in habitats
with natural or semi-natural vegetation, a large number of dispersed
species were disturbance-tolerant and weedy species (see also Ansong
and Pickering, 2014a; Mount and Pickering, 2009). This can be partly
explained by the ubiquity and high diaspore production rate of these
generally r-strategist species. Specialist species of natural habitats were
dispersed only in a small proportion, but we recorded diaspores of
Agropyron cristatum, Danthonia alpina, D. decumbens, Festuca ovina,
Pholiurus pannonicus, Silene viscosa, Stipa borysthenica, and Trifolium

angulatum in the samples. This result suggests that human-vectored
dispersal may play a role in diaspore transfer between natural habitats
(see also Auffret and Cousins, 2013). The most noxious species (ruderal
competitor, adventive competitor, and invasive species) were also rep-
resented with a relatively small number of species and diaspores, but
several alien species were recorded in the samples, such as Ambrosia
artemisiifolia, Conyza canadensis, Digitaria sanguinalis, Echinochloa crus-
galli, Galinsoga parviflora, and Solidago gigantea. These results suggest
that HVD on clothing is a controversial phenomenon from a conserva-
tion point of view.

4.2. Factors influencing HVD

4.2.1. Site characteristics

We found that the number of diaspores and species attached to socks
and shoes was highest when grassland habitats were visited during
sampling. Grasslands are open habitats that have long co-evolution with
large-bodied herbivores that had a great role in epizoochory (Couvreur
et al., 2004; Sridhara et al., 2016; Baltzinger et al., 2019), which might
explain the greater potential of anthropochory in grasslands. Further-
more, vegetation is denser in grasslands than in forest understory,
therefore, seed stock near the ground surface is usually larger than in
forests, so there is a greater chance for a diaspore-human encounter in
grasslands (Albert et al., 2015). We found >35 thousand diaspores of
plant species on clothes after sampling in grassland habitats. The highest
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Fig. 3. The number of diaspores collected according to (A) sampling date
(Julian day), (B) presence of grasslands at collection site, (C) activity type, (D)
gender, (E) footwear type, (F) shoe-top height, (G) trousers length, and (H)
potential dispersal distance. Asterisks denote significant effects: *** — p <
0.001, ** —p < 0.01, * — p < 0.05; n.s. indicates non-significant effects.

number of diaspores collected by a single person in our study in one day
was 2172, which can be considered an outstandingly high number
compared to previous studies. In previous studies, the largest amounts of
dispersed diaspores were also reported from grasslands. Healy (1943)
found more than three hundred diaspores of Nusella trichotoma on his
clothes, after a five-day field work and Falinski (1972) counted similar
amounts of diaspores on his clothes after two-day field work. Auffret and
Cousins (2013) collected 115 + 286 diaspores per person per day from
the clothing of farmers who work on meadows.

4.2.2. Vector characteristics
We found that activity type had a significant effect on the number
and species richness of dispersed diaspores. Our results highlight that
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people doing field surveys disperse more diaspores than those who
perform leisure activities. A potential reason is that field biologists leave
the roads and trails more often and are in more direct contact with the
vegetation. They often need to go to certain pre-defined spots, and cross
dense vegetation patches that are often avoided by hikers. A study in
Antarctica (Huiskes et al., 2014) also found that staff at the research
station (field scientists, station scientists, field support personnel and
station support personnel) dispersed a significantly higher number of
diaspores than tourists. These results show that scientists and other
personnel who routinely travel to protected areas should be encouraged
to conduct the most rigorous assessments of their clothing and gear (see
also Huiskes et al., 2014). This message can be effectively communi-
cated to field biologists through research articles and other academic
forums, which can greatly support prevention measures.

We found that men dispersed significantly more species and tended
to disperse more diaspores than women, but this latter difference was
not significant. Additionally, the largest amounts of diaspores per day
were collected by men. This might be related to that men are more risk-
taking and explorative than women (Byrnes et al., 1999), and therefore
they might have a closer contact to dense vegetation.

Clothing type also determined the number of species and diaspores
dispersed. We found that significantly more diaspores were attached to
people's clothing when they wear short pants and low-top shoes (e.g.,
sneakers) than if they wear long pants and high-top shoes. Short trou-
sers, which leave the socks, laces, and shoes uncovered, support human-
vectored seed dispersal, as these items provide a good adhesion surface
and collect a large number of diaspores (Mount and Pickering, 2009).
We showed that wearing long trousers can reduce the number of di-
aspores collected on socks and shoes, which is consistent with the study
of Mount and Pickering (2009). It is also important to emphasize the
type of fabrics, as different fabric types have different adhesion surfaces.
More diaspores can attach for longer periods on clothing made of fleece,
wool, and cotton/nylon materials than clothing made of denim, nylon
weave, canvas, and drill cotton (Ansong and Pickering, 2016). Our re-
sults as well as previous results on the effect of clothing type on the
outcome of HVD imply that in this process the role of individual decision
is crucial, as it is possible to reduce the spread of diaspores by choosing
appropriate clothing. To reduce the spread of harmful species on
clothing, it is essential that people who regularly visit natural habitats
prefer clothes and fabrics with low adhesion potential.

4.2.3. Plant traits

We expected that dispersal-related plant traits will play a crucial role
in HVD. Previously, HVD on clothing was considered mainly as a form of
epizoochory, but our results show that clothes can provide a great op-
portunity for the dispersal of those diaspores that do not have adapta-
tions for epizoochory. Interestingly, we found that even fleshy fruits (e.
g., Ribes aureum) were capable of dispersal in considerable numbers by
shoes. We also found that small diaspores without appendices (e.g.,
Achillea collina, Dianthus pontederae, Galium verum, and Potentilla argen-
tea) can easily get into shoes or even into the creases of socks and
trousers and can disperse over long distances. These results suggest that
HVD is a more general phenomenon than previously thought and that a
wide range of species can be dispersed this way (Green et al., 2022).

Based on previous studies, we hypothesised that diaspores with
attachment structures, and small diaspores have a higher chance for
long-distance dispersal (see Ansong et al., 2015; Ansong and Pickering,
2016). However, we did not find a significant difference between the
potential dispersal distances explained by plant traits. Notably, we
observed some interesting trends that might be worthy of detailed in-
vestigations in the future. For example, diaspores with appendages and
an elongated shape tended to be more numerous on socks than on shoes.
Diaspores with appendices and those with spherical shape tended to
have a higher chance for long-distance dispersal, while elongated ones
tended to have a higher chance of short-term dispersal. It should be
noted that all these trends were nonsignificant, which implies that the
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role of plant traits in human-vectored dispersal is probably much weaker
than site and vector characteristics, and that several plant species are
capable of spreading by clothing regardless of their traits. The role of
plant traits in HVD is a topic worthy of future investigation. Although we
collected a huge HVD dataset, we only had presence/absence data about
the species pool of the visited vegetation, which is a limitation of our
study. Incorporating the abundance of the species in the vegetation into
the models would allow us to make more detailed trait-based analyses
and explore the role of plant traits in a more sophisticated way (see also
Albert et al., 2015).

4.3. Implications for conservation

With our sampling approach, we could distinguish between di-
aspores that have the potential for short- or long-distance dispersal, and
we found that a large number of species can be dispersed over long
distances by clothing. This is a crucial point, as in many cases, the long-
distance dispersal of diaspores depends on the individual decisions of
people regarding choosing the type of clothing and footwear and
treatment of the attached diaspores. We found that the process of HVD is
dependent on the type of clothes and fabrics; therefore, people can
reduce or increase the number of diaspores through their clothing
choices (see also Mount and Pickering, 2009; Ansong and Pickering,
2016).

Our questionnaire survey showed that there are several individual
decisions where people can reduce the negative environmental conse-
quences of HVD. There are some widespread practices which can lead to
the unintended dispersal of diaspores: i) most people remove the di-
aspores outdoors (this can be a major source of dispersal of unwanted
species in natural areas); ii) many people do not remove the diaspores at
all from their clothes (these diaspores have the chance to survive the
laundry washing (Valko et al., 2020) and can even establish in anthro-
pogenic habitats that can be a starting point for future invasion pro-
cesses. To reduce the risk of unintended dispersal, the best option would
be to clean clothing indoors, dispose the collected diaspores in a closed
bin, and enter nature reserves with diaspore-free clothes and footwear
(see also Ansong and Pickering, 2014b).

Our results showed that field biologists and other professionals
working outdoors could do the most to reduce the risk of unintended
dispersal. Providing adequate equipment for staff, operating cleaning
stations, and increasing awareness of employees are main ways in which
unintended diaspore dispersal can be tackled at the institutional level.

There are serious concerns about the negative environmental im-
pacts and carbon footprint of long-distance travel (Christensen, 2016),
but the importance of these movements in HVD is greatly under-
estimated considering the ability of cloth-dispersed diaspores for long-
distance dispersal. The results of our questionnaire survey showed that
27 % of the participants do not remove diaspores from their clothing;
furthermore, 24 % planned to visit other biogeographical regions within
and outside Europe in the more distant future. This indicates a great
potential of carrying still attached diaspores even to distant biogeo-
graphical regions. The transformation of the attitude of people (espe-
cially that of field biologists) is crucial to reduce the risk of the long-
distance dispersal of diaspores on clothing.
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