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the role of species turnover and richness differences
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Abstract

Question: The spread of alien species has been changing the diversity of plant
communities all over the world, perhaps most notably in urban habitats. It has
been shown that alien species with different residence times have different
impacts on the B-diversity of urban plant communities: archaeophytes tend to
contribute to homogenization, while neophytes tend to increase differentiation
among sites. However, it has not been determined whether these processes
result from changes in species turnover or from differences in species richness.
Here, we use an additive partitioning framework to disentangle the contribution
of species turnover and richness difference to B-diversity patterns in invaded
urban plant communities.

Location: Thirty-two cities in ten countries of Central Europe and Benelux.

Methods: We analysed the effects of alien species on B-diversity of urban plant
communities separately for archaeophytes and neophytes to assess whether the
observed patterns differ between these two groups of species with different resi-
dence times in the invaded region. We used additive as well as non-additive
measures of species turnover and richness difference. For this purpose, we pro-
posed a new index that complements the recently proposed Podani-Schmera
index of richness difference.

Results: We confirmed the results of earlier studies that neophytes tend to dif-
ferentiate the urban plant communities, while archaeophytes tend to homoge-
nize, although in some specific habitats they can also contribute to
differentiation. The observed changes in B-diversity were related to the turnover
component of B-diversity in most cases, especially for neophytes. In contrast,
the richness difference component was not significantly different between neo-
phytes and native species. The trends for archaeophytes were less consistent, but
in most habitats their turnover and richness difference were not significantly dif-
ferent from native species.

Conclusions: Changes in B-diversity of urban plant communities induced by
the establishment of alien species reflect mainly species turnover, whereas the
richness difference component has small effects restricted to certain habitats
only.

munities by alien species. The detailed knowledge of inva-
sion processes in urban environments is important because

Biological invasions strongly contribute to biodiversity
changes throughout the world (Vila et al. 2011; PySek
et al. 2012; Simberloff et al. 2013), but our knowledge of
the effects of alien plant species on the diversity of recipient
communities is still insufficient. In this study, we focus on
diversity changes due to the invasion of urban plant com-

of the accelerating rate of urbanization throughout the
world and associated increase in biotic invasions, which
may impact health and wellbeing of urban dwellers (Mal-
ler et al. 2009). In addition to these applied issues, urban
plant communities are very good models for fundamental
studies of biological invasions. Floras of large cities are rich
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in both native and alien species (Kiithn et al. 2004; Kiithn
& Klotz 2006; Wania et al. 2006; Pysek et al. 2010;
Lososova et al. 2012a), which co-exist in a variety of dis-
tinct habitats, such as squares, streets, parks, residential or
industrial areas, each with different environmental condi-
tions and specific species pools (Roy et al. 1999). These
urban habitats are similar among cities from different
regions (Savard et al. 2000), which makes it possible to
apply a comparative approach involving multiple cities
across large geographic areas.

In their seminal paper, McKinney & Lockwood (1999)
hypothesized that alien species tend to homogenize the
invaded biotas, making their species composition more
similar among ditferent sites. Since then, it has been
repeatedly shown that the introduction of alien species
changes the B-diversity of urban plant communities (e.g.
McKinney 2004, 2006; Kiihn & Klotz 2006; La Sorte &
McKinney 2006; La Sorte et al. 2007, 2014; Ricotta et al.
2010, 2012; Lososovd et al. 2012b). However, alien species
with different residence times in the invaded area tend to
have contrasting effects on B-diversity (Lososova et al.
2012b; Ricotta et al. 2014). In cities, archaeophytes (spe-
cies introduced before AD 1500; PysSek et al. 2002) tend to
increase floristic homogenization, whereas neophytes
(species introduced after AD 1500) usually have the oppo-
site effect (Lososova et al. 2012b).

Although several studies on biotic homogenization due
to establishment of alien species have been conducted,
some aspects of B-diversity change in invaded communi-
ties have generally been neglected. Variation in B-diversity
caused by alien species may be either due to species turn-
over (also called replacement) or due to species loss (or
gain), leading to richness differences and nestedness in
community structure (Lennon et al. 2001; Legendre
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Homogenization of urban floras by alien species

2014). These two processes might have different ecological
and biogeographic causes (Baselga 2010; Leprieur et al.
2011). Therefore, disentangling species turnover from
richness differences is important for complete understand-
ing of effects of alien species on plant community diversity.

In a previous study based on floristic data collected in
seven habitat types in 32 cities in Northwestern and Cen-
tral Europe, Lososova et al. (2012b) showed that alien spe-
cies with different residence times have ditferent effects on
the B-diversity of urban plant communities. Using the
same data set, the objective of this study is to test whether
alien plant species affect B-diversity of urban plant com-
munities in terms of species turnover or richness differ-
ences, and how these patterns vary across urban habitats.

Assuming that invasion of neophytes leads to differenti-
ation of urban floras (as detected by Lososova et al.
2012b), we ask whether such differentiation is due to
higher species turnover within neophytes than within
native species (Fig. 1a). An alternative possibility would be
that the differentiation is due to larger differences in spe-
cies richness within neophytes than within native species
(Fig. 1b). In contrast, invasion of archaeophytes leads to
homogenization of urban floras (Lososova et al. 2012b).
This process can result either from a lower turnover within
archaeophytes than within native species (Fig. 1c), or from
lower differences in species richness within archaeophytes
than within native species (Fig. 1d).

Methods
Data set

We used a data set on vascular plant species sampled in
32 cities with more than 100 000 inhabitants in Belgium,
the Netherlands, Germany, Poland, the Czech Republic,
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Fig. 1. Conceptual representation of the changes in B-diversity due to invasion of alien species into communities of native species. These changes can
result in either increased differentiation among sites or contribute to homogenization among sites. Differentiation can be due to either larger turnover (a)
or larger differences in species richness (b) among sites within the group of aliens than within the group of native species. Homogenization can be due to
either smaller turnover (c) or smaller richness difference (d) of aliens than of native species. Potential effects of outcompeting of some native species by

invading aliens are not considered here.
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Slovakia, Hungary, Slovenia, Austria and Switzerland
(Fig. 2). We selected seven urban habitats differing in
their degree of human impact, which are usually present
in each large European city: city square, boulevard, resi-
dential area with compact building pattern, residential
area with open building pattern, park, early successional
site and mid-successional site. We recorded all sponta-
neously established vascular plant species in one square
plot of 1-ha size in each habitat of each city in 2007—
2009. Due to restricted access to private gardens in resi-
dential areas with compact building patterns, street sec-
tions of 500 m in length were sampled instead of 1-ha
plots in this habitat. Planted individuals were not
recorded. For a detailed description of the sampling proto-
col, see Lososova et al. (2011, 2012a).

Species were classified according to their status as native
or alien; alien species were further divided according to
their residence time into archaeophytes and neophytes.
The classification followed the national lists of alien plants
and information obtained from the DAISIE database
(www.europe-aliens.org, accessed 2010). The classification
into native plant species, archaeophytes and neophytes is

Z.Lososova et al.

not always consistent across Europe. A few species that are
native to one region of Europe could be considered as
aliens in other regions, such as Primula vulgaris, which is
native to Western and Southern Europe, but introduced as
an ornamental plant and spreading from cultivation in
some parts of Central and Eastern Europe. To provide a
consistent classification scheme in which each species is
assigned to only one category, species that were considered
native in at least one flora were classified as native in the
whole database. Likewise, species were classified as
archaeophytes if they were not considered as native in any
flora and designated as archaeophyte in at least one flora.
In this conservative approach to alien status assessment,
native status was given a higher priority than alien status,
and archaeophyte status was given a higher priority than
neophyte status (Ricotta et al. 2012).

Data analysis

To test whether the introduction of alien species affects
B-diversity of the urban floras, we first calculated for each
species group (natives, archaeophytes and neophytes) a

Fig. 2. Map of the studied cities in Central Europe.
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pair-wise dissimilarity matrix among all individual urban
floras using the Jaccard dissimilarity J= (b + ¢)/
(a + b + ¢), where a is the number of species present in
both floras, b is the number of species in the first flora but
not in the second, and c is the number of species in the sec-
ond flora but not in the first. Next, to compare the Jaccard
dissimilarity matrices of the native species with those of
the alien species groups, we tested for differences in the
mean dissimilarity of individual cities from their group
centroid in ordination space following Anderson (2006).
We used the R function betadisper of the vegan package (R
Foundation for Statistical Computing, Vienna, AT; v 2.2-1,
http://cran.r-project.org) to generate the dissimilarities of
each urban flora from the corresponding group centroid in
principal coordinate space. We then tested for differences
in mean dissimilarity from the group centroid between
archaeophytes and natives and between neophytes and
natives with a t-test. P-values were obtained using 999
pair-wise permutations of the dissimilarities of individual
cities from group centroids. To emphasize potential differ-
ences between urban habitats, all analyses were performed
separately for each habitat and for the pooled set of species
across all seven habitats from each city.

To separate species turnover between assemblages from
richness differences (Baselga 2010; Baiser et al. 2012), we
used the method of Podani & Schmera (2011; see also Car-
valho et al. 2013) to partition the Jaccard dissimilarity into
two additive terms: the dissimilarity due to species turn-
over (J7) and the dissimilarity due to richness differences
(Jg) such that J=Jr+ Jg. The dissimilarity fraction Jr
computes how many species in the first assemblage are
substituted by a different species in the second assemblage,
divided by the total number of species in both assemblages
(a + b + ¢). As one replacement always involves two spe-
cies, the total number of replaced species equals 2 min
{b, ¢}, hence:

~ 2min{b,c}

J
’ a+b+c

(1)

In contrast, the fraction Jz quantifies the relative differ-

ence in species richness between the first and the second

assemblage normalized by the total number of species in
both assemblages and is calculated as:

b —c|
Jgp=——1 2

R a+b+e (2)

Based on Equations (1) and (2), we also tested for differ-

ences in mean dissimilarity from the group centroid in the

principal coordinate space between native and alien spe-

cies separately for both additive terms Jand J. Finally, as

Baselga (2012) criticized the additive partition of the

Jaccard index proposed by Podani & Schmera (2011) from

a technical viewpoint, arguing that species turnover 2 min
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{b, ¢} and richness difference [ — ¢ cannot be normalized
by the same quantity (a + b + ¢), we also used two addi-
tional, non-additive measures of richness ditference and
turnover:
{b, c}, which is a classical measure of species turnover that

the Simpson index S = min{b, c}/(a + min

relates the observed turnover min{b, ¢} to its maximum
possible value (i.e. the number of species in the more spe-
cies-poor flora; see Baselga 2012), and a new index R = |
b — d/(a + max{b, c}), which relates the richness differ-
ence between two floras [b — ¢ to the number of species in
the richer flora.

Results

We recorded 1136 species (562 native, 188 archaeo-
phytes and 386 neophytes) in 224 plots (32 cities x 7
habitats; Table 1). For each urban habitat, the mean dis-
similarities of individual cities from the centroid of each
species group (natives, archaeophytes and neophytes) are
shown in Table 2, while the dissimilarities of the pooled
city floras (cumulative species lists across seven habitats)
from the corresponding group centroids are in Fig. 3. For
the pooled set of species, neophytes increased differentia-
tion among the urban floras (i.e. their dissimilarities from
group centroids in the principal coordinate space were all
significantly higher than those for the native species),
whereas archaeophytes contributed to homogenization.
In both cases, the observed changes in B-diversity caused
by the alien species were related to the turnover compo-
nent, whereas the richness difference component was
not significantly different between alien and native
species.

A similar pattern was also observed for single urban
habitats: neophytes always increased B-diversity within
habitats among cities, while archaeophytes had no etffect
in most habitats, although in some habitats they increased

Table 1. Mean numbers of native and alien species per habitat or city and
total numbers of species found in all habitats across all cities. NAT = native
species, ARC = archaeophytes, NEO = neophytes.

All

species NAT ARC NEO
Square 47 23 14 10
Boulevard 89 47 26 16
Residential compact 120 65 29 26
Residential open 118 66 31 21
Park 91 60 18 13
Early successional site 114 58 40 16
Mid-successional site 120 77 26 17
City 303 162 74 62
Total (all habitats 1136 562 188 386

across all cities)
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Table 2. Mean dissimilarity of individual cities from the centroid of each species group in the principal coordinate space calculated for each urban habitat and for the pooled set of species from all habitats
within single cities. The statistical significances of the pair-wise comparisons (two-tailed permutation-based t-test; 999 permutations) of native species vs archaeophytes and neophytes are shown. NAT = na-

tive species, ARC = archaeophytes, NEO = neophytes.
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and in others decreased p-diversity. Neophytes also
showed significantly higher species turnover than native
species. At the same time, the richness difference of neo-
phytes was generally not significantly different from that
of the native species. Archaeophytes showed a less consis-
tent pattern. Overall, they were not very different from
native species, and in a few cases they had a significantly
higher richness difference and lower species turnover than
the native species.

Discussion

Species turnover and richness differences in invaded
urban plant communities

Several studies have shown that the introduction of alien
species affects the B-diversity of urban plant communities
(McKinney 2004, 2006; Kiithn & Klotz 2006; Qian et al.
2008; La Sorte et al. 2014) and that alien species with dif-
ferent residence times have different effects: in European
cities, archaeophytes tend to cause floristic homogeniza-
tion of urban floras, whereas neophytes usually have the
opposite effect (Lososova et al. 2012b; Ricotta et al. 2014).
The aim of the present study was to show the relative
importance of turnover and richness differences associated
with the invasion of alien species. We found that the
changes in B-diversity due to alien plant invasion reflect
mainly species turnover, whereas richness differences are
non-significant or occur only in specific cases. This finding
means that if there are differences in native species rich-
ness between urban floras, in most cases there are also par-
allel differences in alien species richness, indicating that
the richness patterns of native and alien species are largely
shaped by the same environmental filters (Stohlgren et al.
1999; Kihn et al. 2003; Chytry et al. 2005; Ricotta et al.
2014).

The relative importance of the turnover component of
B-diversity depends on the group of alien species. In the
studied urban floras, neophytes had a significantly higher
turnover than native species in nearly all habitats, but,
with one exception, they did not have higher or lower
richness differences than native species. In contrast, dif-
ferences in turnover within archaeophytes were different
from those in native species only in some habitats; in two
habitats (parks and mid-successional sites), archaeophytes
also had higher richness difference than native species.
This comparison of neophytes and archaeophytes indi-
cates that the time since introduction plays a major role
in shaping the structure of invaded plant communities.
Nevertheless, the residence time is not the only differ-
ence between Central European archaeophytes and neo-
phytes. There are differences between these groups in
spectra of life forms and reproduction strategies (Pysek
et al. 2011), although on average, archaeophytes and
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Fig. 3. Box plots of all dissimilarity values of the total urban floras (pooled species lists from seven habitats) from the centroids of each species group in
the principal coordinate space. NAT = native species (in grey), ARC = archaeophytes, NEO = neophytes. The values of the permutation-based t-tests (999
permutations, two-tailed test) of native species vs archaeophytes and neophytes are also shown. The significance levels are: ** P < 0.01; *P < 0.05.

neophytes possess similar dispersal abilities, types of
reproduction or mortality rates: species in both groups
have nonspecific dispersal modes, tend to produce large
amounts of easily germinable seeds and show a combina-
tion of both short and long dispersal strategies (PySek &
Richardson 2007; Simonova & Lososova 2008). These
traits enable them to pass through several environmental
filters during their invasion. It is likely that these filters
select a specific set of alien species with similar traits.
Therefore, it seems that the main difference between
these two species groups is that archaeophytes have had
more time for the colonization of suitable habitats,
whereas the introduction and spread of neophytes is still
continuing (Kiihn et al. 2004; PySek & Jarosik 2005; Wil-
son et al. 2007; Williamson et al. 2009). Accordingly,
neophytes tend to differentiate urban floras (i.e. their dis-
similarities from group centroids in the principal coordi-
nate space are significantly higher than those for the
native species; see Table 2, first three columns), whereas
archaeophytes often tend to homogenize, although their
effects on the B-diversity of urban communities are less
consistent.

Measuring species turnover and richness difference:
technical issues

All measures of species turnover and richness difference
used in this study are consistent in the sign and strength
of the obtained results, supporting the interpretation that
the observed patterns are ecologically meaningful and not
mere statistical artifacts. However, the best way of com-
puting and interpreting these measures is currently a mat-
ter of active debate (Baselga 2010, 2012; Podani &
Schmera 2011; Carvalho et al. 2013). While all authors
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agree that the ‘operational portion” (sensu Legendre 2014)
of the measures summarizing species replacement and
richness difference are min {b, ¢} (or 2 min{b, ¢}) and
|b — ¢l used as the numerator of indices for presence—
absence data, a discussion is ongoing concerning the
choice of an appropriate denominator. However, a perfect
index that would be able to condense all of the relevant
information contained in multivariate ecological data into
a single measure simply does not exist, and none of the
denominators proposed up to now has all the desired
properties. Therefore, we developed a new index |b — ¢/
(a + max{b, c}) that complements the richness difference
index |b — c/(a + b + ¢) proposed by Podani & Schmera
(2011). Likewise, another measure of richness difference,
|b — ¢/ max{b, c}, which relates the component |b — ¢ to
its maximum possible value max{b, ¢} would be equally
adequate. However, as the results obtained with this addi-
tional measure are nearly identical to the results obtained
with the previous two indices, they are not shown here.

The same disagreement exists for the calculation of a
proper index of species turnover. For instance, the turn-
over index 2 min¢{b, c}/(a + b + ¢) is generally considered
as an appropriate component of the additive partition of
the Jaccard dissimilarity (Carvalho et al. 2013). However,
in this measure, the operational portion 2 min{b, ¢} used
for summarizing species turnover is ‘over-diluted” by the
presence of both dissimilarity components » and ¢ in the
index denominator. Accordingly, the higher species turn-
over of neophytes compared to native species is more pro-
nounced if turnover is measured with the Simpson index
(see Table 2). Overall, irrespective of the index used, we
hope our work has contributed to clarification of the pat-
terns of B-diversity in plant communities due to alien spe-
cies invasions.
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Biotic homogenization is the term that has been used to
describe the perceived increasing similarity in the plants
and animals observed in cities around the world. The con-
cept emerged from the idea that humans are deliberately
and accidentally contributing to much higher rates of bio-
tic exchange due to their rapid and extensive mobility. In
addition, homogenization could also be driven by the
harsh environmental conditions of cities, which would be
expected to limit the potential species pool. However,
recent global studies have found limited evidence in sup-
port of homogenization (Aronson et al. 2014). Yet we
know that there are now very many cosmopolitan species
found in cities around the world (PySek 1998), and many
native species are being lost from cities (Hahs et al. 2009).
So how can we reconcile the loss of native biodiversity,
and gain of cosmopolitan plants, with the lack of observ-
able homogenization?

Lososova et al. (2016) explore this issue by looking at
differences in species richness and turnover in archaeo-
phytes, neophytes and native plants between 32 cities in
Europe. While the categorization of neophytes, archaeo-
phytes and native plants is well recognized in Europe, its
applicability to other continents is less clear.

Europe has a long history of human movements and
anthropogenic exchange of plant materials between differ-
ent continents. To account for the different lengths of resi-
dence time for introduced (alien) species, distinctions are
made between ‘Old World” alien plants (archaeophytes)
and modern alien plants (neophytes), with a cut-off year
of AD 1492 used to distinguish the two groups of aliens in
Europe (Preston et al. 2004). This year was selected as it is
the year in which Christopher Columbus first set off to sail
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Moving beyond biotic homogenization: searching for
new insights into vegetation dynamics

Biotic homogenization has been predicted to occur in cities across the world.
However, the empirical evidence has been less than convincing. Lososova et al.
explore the middle ground between these two points of view in this issue of
Journal of Vegetation Science. They take a more sophisticated approach, linking
homogenization to bigger questions of vegetation assembly in urban environ-

to the ‘New World’. Archaeophytes have therefore been
present in the local plant communities for long enough
that they can be considered ‘almost native’. Yet in other
ways, they also retain characteristics of alien species, as
these traits potentially explain how they were able to
arrive and colonize new areas prior to the surge in human
mobility. Therefore, they represent an interesting group of
organisms in the context of European and other Old World
cities. However, what this mean for our understanding of
vegetation dynamics for cities outside of Europe is less
clear.

To explore how the concept of archaeophyte and neo-
phytes may apply in different contexts, it is useful to con-
sider our understanding of the invasion process. Invasion
is generally explained as a seed or propagule arriving at a
safe site, where it is able to germinate, establish and grow.
Based on how well the species performs in the landscape,
it is subsequently able to establish a source population
from which seeds and propagules can disperse and the spe-
cies begins to spread. Over time, the dispersal effectiveness
of a population increases as the invasion process proceeds
(Fig. 1b), until it reaches some species-specific optimum,
similar to that observed within native species (Fig. 1a).
Based on performance, the rate of increase may be rela-
tively rapid (Fig. 1c), or if the environment remains stable,
the species may remain in relatively discrete locations in
the landscape for a long period of time (Fig. 1d). As
archaeophytes have been in the system for at least 400 yrs,
most of them have already passed through the dispersal
phase (Fig. 1b), and they are now distributed fairly widely
across Central Europe. This is essentially the pattern
reported by Lososova et al., who found there is relatively
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Fig. 1. Conceptual drawing illustrating how dispersal across a landscape
may change over time as a species remains in the system. Curves
represent (a) natives, (b) archaeophytes, (c) neophytes with rapid
establishment and spread, and (d) neophytes with slower establishment
and spread.

low turnover and relatively consistent species richness of
archaeophytes between their 32 cities. However, for neo-
phytes, the invasion process has begun relatively recently,
and species may not yet have reached their maximum dis-
persal across a landscape (Fig. 1¢, d). Therefore, they will
be observed in more discrete locations, and their presence
may more strongly reflect stochastic dispersal and popula-
tion dynamics rather than niche availability. The high rates
of turnover between cities for neophytes observed by
Lososova et al. also support this pattern of more random
distributions of species.

Here we present some fundamental questions that arise
from the research presented by Lososova et al., all of
which have implications for understanding the dynamics
of vegetation assembly in cities: (1) what is the nature of
disturbance regimes in cities and how does this translate
into the availability of safe sites for organisms; (2) what is
the pool of available propagules, are there some neophytes
in the seed bank, and what might break their dormancy;
(3) what are the competitive interactions between species,
particularly different combinations of natives, archaeo-
phytes and neophytes; (4) are there particular plant traits
that influence arrival and performance under historical
conditions (e.g. archaeophytes; Pysek et al. 2009) or exist-
ing conditions (e.g. neophytes); (5) are there particular
plant traits that influence species performance under

predicted future conditions and altered disturbance

A.K. Hahs & M.J. McDonnell

regimes, or which might confer an ability to outcompete
and dominate plant assemblages in urban environments;
(6) how do these new dynamics atfect the extinction debt
of native plants in urban environments; and (7) how can
we use this fuller understanding of plant community
assembly processes to feed back into our broader under-
standing of vegetation dynamics? These questions are all
critical for informing our understanding of how to main-
tain resilient vegetation in cities, which is predicted to
change rapidly with urban development and global climate
change. Lososova et al. present an interesting assessment.
It is now up to the broader research community to see
where this path takes us.
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