PROCEEDINGS
——OF
THE ROYAL
SOCIETY

Proc. R. Soc. B (2009) 276, 3539-3544
do0i:10.1098/rspb.2009.0938
Published online 22 July 2009

Taxonomic homogenization of woodland

plant communities over 70 years
Sally A. Keith!>*, Adrian C. Newton!, Michael D. Morecroft?,
Clive E. Bealey’ and James M. Bullock*

YCentre for Conservation Ecology and Environmental Change, C232, School of Conservation Sciences,
Talbor Campus, University of Bournemouth, Fern Barrow, Poole BH12 5BB, UK
2Natural England, John Dower House, Crescent Place, Cheltenham RG50 3RA, UK
3Natural England, 1 Southampton Road, Lyndhurst, Hampshire SO43 7BU, UK
“Centre for Ecology and Hydrology, CEH Wallingford, Maclean Building, Benson Lane, Crowmarsh Gifford,
Wallingford, Oxfordshire OX10 8BB, UK

Taxonomic homogenization (TH) is the increasing similarity of the species composition of ecological
communities over time. Such homogenization represents a form of biodiversity loss and can result
from local species turnover. Evidence for TH is limited, reflecting a lack of suitable historical datasets,
and previous analyses have generated contrasting conclusions. We present an analysis of woodland
patches across a southern English county (Dorset) in which we quantified 70 years of change in the com-
position of vascular plant communities. We tested the hypotheses that over this time patches decreased in
species richness, homogenized, or shifted towards novel communities. Although mean species richness at
the patch scale did not change, we found increased similarity in species composition among woodlands
over time. We concluded that the woodlands have undergone TH without experiencing declines in local
diversity or shifts towards novel communities. Analysis of species characteristics suggested that these
changes were not driven by non-native species invasions or climate change, but instead reflected reorgan-
ization of the native plant communities in response to eutrophication and increasingly shaded conditions.
These analyses provide, to our knowledge, the first direct evidence of TH in the UK and highlight the
potential importance of this phenomenon as a contributor to biodiversity loss.
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1. INTRODUCTION
Biodiversity loss is occurring widely at local and regional
scales, leading to changes in the composition of biological
communities (Poiani et al. 2000). Altered composition
can result from local species loss, which reduces the
number of species present within a habitat patch (lower
a-diversity), or from immigration, which increases species
richness. At larger spatial scales, such processes can lead
to biotic homogenization (BH). BH refers to increasing
similarity among communities over time, reflecting
changes in species composition caused by local immigra-
tion and extinction (McKinney & Lockwood 1999;
Castro & Jaksic 2008b). It is generally caused by an
increase in the abundance of cosmopolitan or widespread
species, which may be accompanied by a decrease in the
abundance of more specialist or rare species (Castro &
Jaksic 2008a). BH has attracted increasing research
interest in the context of understanding the impacts of
environmental change on biodiversity because of its
potential role in the loss of specific community types
and biotic impoverishment (Olden et al. 2004; Rooney
et al. 2007). Despite such interest, understanding of BH
remains limited.

The evidence for BH is highly variable and sometimes
conflicting. Such variation can be attributed partly to the
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occurrence of different types of BH: genetic, taxonomic
and functional (Olden & Rooney 2006). Genetic
homogenization refers to an increased similarity between
gene pools as a result of hybridization or genetic bottle-
necks. Functional homogenization (FH) refers to an
increase in the similarity of species’ functional ‘roles’
across communities and is the type most strongly
supported by evidence (Olden & Poff 2004; Olden &
Rooney 2006). FH has been observed in plant comm-
unities in Britain, being attributed to expansion of
historically contingent species with ‘winning’ traits in
response to land-use change (Smart ez al. 2006).
Taxonomic homogenization (TH) refers to an increase
in similarity of species composition across a set of com-
munities (Olden & Rooney 2006). If TH occurs, this
will often indicate FH, but also indicates a decrease in
B-diversity. Most commonly, TH has been documented
as the result of the spread of non-native species across a
region, resulting in the loss of native species (McKinney &
Lockwood 1999). Evidence for TH comes primarily
from regional or national comparisons of the similarity
between introduced and native species pools (Castro
et al. 2007; Hoagstrom ez al. 2007; McKinney & La
Sorte 2007; Magee er al. 2008) and community
similarities along large-scale spatial gradients (Kuhn &
Klotz 2006; Dormann et al. 2007; Blair & Johnson
2008). However, contrasting evidence is also available
(Beck & Khen 2007). For example, species invasions
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were found not to simplify taxonomic composition of
Mediterranean floras (Lambdon er al. 2008), and
the flora of two US states showed more instances of
differentiation than homogenization (Qian ez al. 2008).

Conflicting evidence for TH partly reflects variation in
the methods used. The most powerful method for detect-
ing TH involves the comparison of complete species pools
from the same sites at different times (Olden & Rooney
2006). This method has rarely been employed because
it is dependent on the availability of suitable historical
data, which are usually lacking (Olden & Rooney 2006).
Application of this approach demonstrated TH over five
decades in Wisconsin (USA) woodland plant commu-
nities as a result of local extinction (Rooney ez al. 2004).
In contrast, Smart ez al. (2006) found no evidence of
taxonomic impoverishment in a sample of plant commu-
nities throughout Britain over a 20-year period. Different
results have therefore been obtained in terms of both the
occurrence of TH and the processes responsible.
Variation among studies might also be attributable to
the contrasting time scales investigated.

In this investigation, we analysed changes in the com-
position of woodland vascular plant communities using
surveys undertaken at an interval of seven decades. This
represents the longest time period over which TH has
been assessed by examining changes in composition at
the same sites. Specifically, we tested the following (not
mutually exclusive) hypotheses: (i) habitat patches from
the two survey times do not differ significantly in species
composition (null hypothesis); (ii) species richness of
patches has decreased over time; (iii) patches have
become significantly more similar to each other over
time (demonstrating TH); (iv) communities present in
2008 are a subset of those present in the 1930s, and there-
fore novel communities have not developed over this time
period. We examined the potential processes responsible
for any observed composition changes by testing whether;
(v) plant traits indicate that environmental conditions
(soil fertility, the degree of shading, soil pH, soil moisture,
air temperature) had changed between the two surveys;
and (vi) the proportion of non-native species had
increased over time.

2. METHODOLOGY

(@) The ‘Good’ survey

We used a dataset created in the 1930s, which provides a
rare opportunity to examine changes in species compo-
sition over seven decades. From 1931 to 1939, Ronald
Good undertook a survey of vascular plant species at
7575 sites throughout the southern English county of
Dorset. Good selected sites using what he referred to as
the ‘stand’ method. Stands were °...reasonably distinct
topographical and ecological entit[ies] ...’ and were
required to be ‘... as evenly scattered as possible’ across
Dorset (Good 1937). Stands varied in size from 0.5 to
20 ha and were surveyed by recording all vascular plant
species encountered during a survey of approximately
1 h. Stand locations were recorded on a series of 6 inch
Ordnance Survey (OS) maps, which were subsequently
digitized by the Dorset Environmental Records Centre
(DERC). Each patch was visited once, generating pres-
ence—absence data that are relatively robust to sampling
error (Hirst & Jackson 2007).
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(b) Resurvey of woodland patches
For clarity, henceforth we refer to Good’s stands as
‘patches’ and the species list for a patch as a ‘community’.
We resurveyed a selection of the patches classified as
woodland by Horsfall (1989). We selected a sample of
patches for potential resurvey by determining which
were still extant and had not been replanted, using cur-
rent maps of woodland habitat provided by DERC.
Selected woodlands corresponded to ancient seminatural
woodland habitats (Natural England 2003) and priority
habitats of lowland mixed deciduous woodland, lowland
beech and yew, wet woodland and wood pasture and
parkland (BRIG 2008). Of the resulting 592 selected
patches, a sample of 86 were randomly selected for resur-
vey. During the survey process, 21 patches were found to
be inaccessible and were replaced by new samples.
Patches were relocated in the field using a Global
Positioning System (eTrex venture, Garmin Ltd,
Southampton, UK) supported by digital maps of the
Good patches derived from DERC and 1 : 25 000 scale
raster OS tiles (Ordnance Survey 2009). Each patch
was surveyed on a day and month as close as possible to
the dates employed by Good in the 1930s and was
searched over approximately 2 h to minimize errors of
species loss. A single person carried out all surveys. All
vascular plant species were identified in situ or by remov-
ing or photographing specimens for expert determination.
A few plants were identified only to genus by Good and
were assumed to be the same species as specimens of
that genus found in a patch in 2008.

(¢) Data analysis

To identify any bias caused by different sampling dates,
changes in species number within each patch between
the two surveys were correlated against the number of
days between the Good survey date and the resurvey
date. We performed analysis of similarity (ANOSIM)
with 1000 permutations using the ‘vegan’ package
(Oksanen et al. 2008) in R v. 2.8.1 (R Development
Core Team 2008) to determine whether species compo-
sition of patches differed between the two surveys. We
then used Serensen similarity indices (S) to assess the hom-
ogenization of, and any shift in, community composition
within patches between the surveys (Shaw 2003).

2a

S=——— 2.1
2a+b+c’ (2.1)

where a is the total number of species present in both
patches being compared, & is the number of species present
only in patch 1 and ¢ is the number of species present only in
patch 2.

To determine changes in variation among the commu-
nities, we calculated the Sorensen index between all
community pairs using the Good data. This resulted in
85 indices for each community, from which we calculated
the mean Serensen index for each community x, which
was designated S;. We repeated these steps for the 2008
resurvey data, which provided measures of the variation
among the communities in 2008, S;. To determine the
extent of the changes between the Good survey and the
resurvey, we calculated the mean of the indices for
each 2008 community compared with all 1930s commu-
nities, S%. In the event of homogenization, we would
expect §; > S;. In the event of differentiation, we



would expect S7 > §;. In the event of a shift in commu-
nity composition, S3 would have the lowest value. The
non-parametric Kendall’s W-test for multiple related
dependent samples was used to compare S;, S; and Sj.
We also assessed community changes by multivariate
detrended correspondence analysis (DCA) using the
vegan package (Oksanen et al. 2008) in R v. 2.8.1
(R Development Core Team 2008). The number of axis
rescalings was set at the default of four and segments as

Taxonomic homogenization of woodland S. A. Keith et al. 3541
125 -

0 ////

S 100 -

N

5

O

£

=

=1

kS

3

&

26 (Oksanen 2008). Outliers were detected by the
Mahalanobis distance of the four DCA axes on the first
run (Tabachnick & Fidell 2001). Communities that
exceeded the critical Mahalanobis value of 18.47 (for
p < 0.001, d.f. = 4) were removed, along with their corre-
sponding patch pair. As a result, the number of samples
included in the analysis was reduced by five patches and
the number of species was reduced by 16. The ‘ellipse’
package (Murdoch er al. 2007) was used to create bivari-
ate standard deviational ellipses for DCA axes 1 and 2 at
90 per cent confidence intervals. Ellipses were created for
the Good data and for the resurvey data.

We examined the potential processes behind observed
composition changes by using scores of plant traits
that indicate tolerance of different environmental con-
ditions. Trait scores for all species were obtained from
PLANTATT (Hill er al. 2004) and were used to create
a mean value for each trait for each patch in each
survey. The traits examined provide an indication of
soil fertility (Ellenberg N), the degree of shading
(Ellenberg L), soil pH (Ellenberg R), soil moisture
(Ellenberg F) and climate (mean January and mean July
temperatures; see Hill er al. (2004) for calculation
details). In addition, species were classified as either
native or non-native (archaeophytes, neophytes and
casuals) to determine any changes in the proportion of
non-native species between the surveys.

3. RESULTS
There was no correlation between the changes in species
number within each patch and the number of days
between the dates of the two surveys (r,=0.11; p=
0.33), suggesting that any differences in survey date did
not bias the results. The ANOSIM suggested a highly
significant difference between habitat patches from the
two survey times (R = 0.026, p=0.001). Comparison
of species lists across all sites showed that 117 species
were lost and 47 species were gained between the 1930s
and 2008 surveys. However, the mean (+ s.e.) number
of species per patch did not change significantly between
the 1930s (57 + 2.8) and 2008 (53 + 1.6) (x*> = 0.145,
d.f. =1, p = 0.70), indicating no significant biotic impov-
erishment at the patch level. Patches with a relatively high
species number in the 1930s tended to show decreased
species number by 2008, and the converse was also true
(figure 1). As a result, the species number of patches con-
verged between the surveys. This was demonstrated by
linear regression, which indicated a significant influence
of species number per patch obtained in the 1930s on
that in 2008, with the gradient of the regression line
being less than 1 (figure 1).

The Serensen indices for the 1930s (mean across all x
patches, S;=32.8), for 2008 (Sj =46.6) and for the
1930s versus 2008 (S, = 35.1) were significantly different
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Figure 1. Species numbers at each survey time. The dashed
line represents the null hypothesis of no change in species
number of a community between the two surveys. The
solid line represents the fitted relationship (+*=0.209;
d.f.=85; p < 0.001), which suggests that sites with commu-
nities with high species number in the 1930s have tended to
decrease over time and those with a low species number in
the 1930s have increased over time. The gradient of the
regression was significantly different to 1 (gradient 0.27;
95% confidence intervals 0.16, 0.39).

from each other (W= 0.728, d.f. =2, p < 0.001). This
suggests greater taxonomic homogeneity in 2008 than
in the 1930s, a finding supported by the DCA, which
indicated both a reduction in variation and a shift in com-
position between the surveys (figure 2). Eigenvalues for
the DCA were 0.25 and 0.17 for axes 1 and 2, respect-
ively. Wilcoxon tests showed that the difference between
the median community scores for the 1930s and 2008
surveys were significant for axis 1 (T'= 159, p < 0.001)
and axis 2 (7 =542, p < 0.001). The 90 per cent confi-
dence interval ellipses for axes 1 and 2 showed strong
overlap of the 1930s and 2008 communities, indicating
that novel communities have not developed over this
time period (figure 2).

Changes in the mean plant trait values per patch
between the two surveys suggested highly significant
(p < 0.001, Wilcoxon matched pairs tests) increases in
soil fertility and in shading (table 1), but there were no
significant differences in traits relating to air temperature,
soil pH or soil moisture. The proportion of non-native
species within a patch increased significantly over time
(p=0.019, Wilcoxon matched pairs test), but the
proportion was extremely low in both surveys (<0.03).

4. DISCUSSION

This study provides clear evidence of changed compo-
sition of the woodland flora over a 70-year period. The
effect of this change has been TH, as indicated by the
increase in Serensen indices over time and the reduction
in variation detected by DCA. We therefore accept the
hypothesis that patches have increased in similarity in
terms of their species composition, demonstrating TH.
To our knowledge, this is the first time that TH has
been documented in the UK. Our result contrasts with
the analysis of Smart er al. (2006), which found no
evidence for TH among a large number of habitats
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Figure 2. DCA bi-plot for communities. Filled circles are 1930s communities, open circles are 2008 communities. The plot
depicts bivariate standard deviational ellipses for axes 1 and 2 at a confidence interval of 90% for each survey time. The ellipse
to the right is for 1930s communities and to the left is for 2008 communities. The ellipses overlap and show a shift of

communities to the left of the plot over time.

throughout Britain over 20 years, but did find evidence
for FH, which was attributed to the expansion of species
with similar winning traits. The contrasting results
obtained here may reflect the different time spans over
which the comparison was made, with the current study
being longer than that of any previous study using the
same method.

Contrary to previous studies where TH has been ident-
ified (Rooney et al. 2004), the observed TH was not
associated with a decline in the mean number of species
per habitat patch. However, there was a decline in species
number at the landscape scale between the surveys. While
some previous studies of changes in British plant commu-
nities detected losses of a-diversity (e.g. Stevens er al.
2004), others did not. Smart er al. (2006) observed
increased floristic species richness in some habitat patches
over two decades in Britain, which was attributed to
initial habitat productivity and disturbance. Within the
Dorset woodland patches, the spread of species with
traits more suited to the changed environment appears
to have been matched by declines in other species, leading
to a balance between the number of colonizations and
extinctions.

The large overlap of DCA ellipses and the relatively
high similarity of communities between the two surveys
(Sk) support the hypothesis that the woodland commu-
nities have not shifted towards novel compositions, an
expected response to climate change (Williams & Jackson
2007; Keith ez al. in press), and that those communities
found in 2008 were a subset of those occurring in the
1930s. This result suggests that the Dorset woodlands
are not yet showing any response to recent climate
change, a conclusion supported by the lack of climate-
related changes in the plant trait analyses.

Analysis of plant traits suggested that the TH observed
reflected reorganization of the native plant communities
in response to eutrophication (Ellenberg N) and increas-
ingly shaded conditions (Ellenberg L). Eutrophication
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Table 1. Wilcoxon’s matched pairs test on mean trait scores
for patches. Overall mean patch scores for each survey are
provided to indicate the direction of change in traits.

mean mean
1930s 2008
patch patch
trait score score T P
Ellenberg L (light) 5.80 5.44 465 <0.001
Ellenberg N 5.02 5.44 229 <0.001
(fertility)
Ellenberg R (pH) 5.87 5.93 1434 0.060
Ellenberg F 5.57 5.55 1814 0.808
(moisture)
mean January 3.52 3.52 1787 0.719
temperature (°C)
mean July 14.51 14.52 1779 0.694
temperature (°C)
proportion of non- 0.02 0.03 981 0.019

native species

has previously been associated with local extinctions
(Walker & Preston 2006) and changes in communities
of native plant species (Portejoie ez al. 2002) in the UK,
and Smart er al. (2006) implicated eutrophication and
changes in anthropogenic disturbance in the FH of
British plant communities. The increasingly shaded con-
ditions of woodlands in the UK can be attributed to the
widespread decline in traditional woodland management
since the 1930s (Kirby er al. 2005). Van Calster er al.
(2007) showed similar management-driven TH within a
Belgian forest in a comparison of coppice-with-standards
forest with high forest.

The results of the current investigation therefore indi-
cate that TH can be caused by environmental change
without contribution from non-native species. While the
proportion of non-native species increased significantly
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between the surveys, it was extremely low in both.
Much previous research into different types of BH has
focused on invasion by non-native species as a principal
cause (Castro et al. 2007; Hoagstrom ez al. 2007;
McKinney & La Sorte 2007; Magee et al. 2008). While
non-native species can cause large losses of native species
in some circumstances (Maskell ez al. 2006a), national
surveys accord with the results of this study in showing
that non-natives are minor components of many
British plant communities (Maskell ez al. 20065).

In conclusion, Dorset woodlands have undergone TH
over the last 70 years, with no floristic impoverishment at
the patch scale, nor any shift towards new community
compositions. Changes are attributable to a reorganiz-
ation of native plant communities, possibly in response
to increasing eutrophication and more shaded conditions.
The contrast between scales of measurement illustrates
the value of landscape-scale (B-diversity) analyses in
detecting biodiversity loss that might otherwise go unno-
ticed. Our findings also highlight the importance of
changes in native species distributions, which is a more
subtle floristic change than invasion of non-natives, but
is of equal consequence to biodiversity loss at higher
levels of the organization (Cassey et al. 2008).

We would like to thank the Dorset Environmental Records
Centre (DERC) for supplying the Professor Good Archive
records and stand location data. We would also like to
thank R. Clarke and D. Golicher for providing very helpful
assistance with statistical analysis, and M. Hill for helpful
discussion of the data. We are extremely grateful to
L. Davy for assistance with plant identification.
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