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Changing densities of generalist species underlie
apparent homogenization of UK bird communities
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Generalist species are becoming increasingly dominant in European bird communities.
This has been taken as evidence of biotic homogenization, whereby generalist ‘winners’
systematically replace specialist ‘losers’. We test this pattern by relating changes in the
average specialization of UK bird communities to changes in the density of species with
different degrees of habitat specialization. Although we ﬁnd the expected decline in
community specialization, this was driven by a combination of a strong increase in the
density of the most generalist quartile of species and declines in the density of moderately generalist species. Contrary to expectation, specialist species increased slightly over
the 18-year study period but had little effect on the overall trend in community specialization. Our results indicate that the apparent homogenization of UK bird communities
is not driven by the replacement of specialists by generalists, but instead by the changing
fortunes of generalist species.
Keywords: biotic homogenization, Breeding Bird Survey, community specialization index,
monitoring.
Changes to the environment, such as climate
change and land-use intensiﬁcation, do not affect all
species equally (Rader et al. 2014). Habitat specialists may be more vulnerable to environmental
change than are habitat generalists, due to their
more restricted habitat requirements and potentially lesser ability to exploit new opportunities
(Shultz et al. 2005). Environmental change could
therefore lead to a loss of differentiation in species
composition between habitats, as a few generalist
‘winners’ replace specialist ‘losers’ (McGill et al.
2015). This is supported by previously documented
negative relationships between population growth
rate and specialization across a wide range of taxa
(Munday 2004, Matthews et al. 2014, Timmermann et al. 2015), including birds (Julliard et al.
2004, Jiguet et al. 2007, Salido et al. 2012), and by
observations of communities becoming increasingly
composed of individuals of generalist species
(Davey et al. 2012, Timmermann et al. 2015).
However, although individuals of generalist species make up an increasing proportion of European
bird communities (Davey et al. 2012, Le Viol et al.
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2012), it is unclear whether these changes are being
driven by increases in populations of generalist species, declines in populations of specialist species or
some combination of both. The nature of the processes driving changes in community specialization
has important consequences, as a reduction in community specialization through population declines
may be of greater conservation concern than one
driven by population increases in generalists, and
large changes in populations of widespread generalists may have implications for ecosystem function.
We followed changes in UK bird communities
over 18 years, with a mean of 2598 (597 sd) 1km2 survey squares monitored each year. Our aims
were to quantify changes in community specialization and to assess the extent to which these
changes reﬂect changes in the populations of specialist and generalist species.
METHODS
Bird density data
Data from the UK Breeding Bird Survey (BBS), a
national-scale survey designed to monitor changes
in bird populations across the UK, were used to
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track changes in community structure. The survey
started in 1994, and we used data from this point
up to 2012. Survey squares of 1 km2 in area were
selected for the BBS using a stratiﬁed random sampling design, with more squares in areas with a
higher human population density to maximize the
use of available volunteers. In each BBS square, a
volunteer walks two 1-km line-transects across the
square on two visits during the breeding season
(April–June), with the visits separated by at least
4 weeks. Each transect is divided into 200-m-long
transect sections, and the birds seen in each transect section are recorded in three distance bands
(<25 m, 25–100 m and > 100 m), or as ﬂying.
Volunteers also record the habitat in each transect
section according to a hierarchical coding system
(Crick 1992). Data from 2001 were excluded
from analyses as access to the countryside was
restricted in that year due to foot-and-mouth disease. In the other years, 1570–3718 squares were
surveyed each year, with a total of 5155 squares
surveyed during the study period.
We used records in the ﬁrst two bounded distance bands, and excluded records of ﬂying birds,
with the exception of Common Swifts Apus apus,
hirundines and raptors, as these species are either
aerial feeders or hunt from the air, so ﬂying birds
of these species are likely to be using resources
within the BBS square. Feral forms of Rock Dove
Columba livia, Mallard Anas platyrhynchos and
Greylag Goose Anser anser were recorded separately from wild forms by volunteers and are treated separately here. We removed birds that were
likely to be transient migrants or lingering winter
visitors, with the aim of ensuring the bird community recorded consisted of the species likely to be
using the square for breeding. To do this, we
removed unusually high counts of waders, indicating ﬂocks away from breeding areas, records of
European Golden Plovers Pluvialis apricaria from
unsuitable lowland habitat, species that are regular
passage migrants or winter visitors to the UK, but
that have fewer than 10 breeding pairs, and species with fewer than 10 records in the entire BBS
dataset. Following application of these ﬁlters, our
dataset consisted of approximately 1.2 million
records of 195 bird species (see Supporting Information Table S1 for a list of species).
To turn raw abundances into estimates of density, we estimated detection probabilities for each
species in each BBS square. For each species, the
distance band in which each observation was
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recorded was modelled as a function of visit date
(i.e. early or late) and the primary habitat class
(the 12 habitat classes are deﬁned in Table S2) in
the transect section in which the bird was
recorded using a half-normal distance model in the
R package MRDS (Laake et al. 2015). If there
were fewer than 20 observations in a habitat class,
the habitat class was combined with similar habitats to form a broader habitat class to be used as a
covariate (for example, if there were fewer than
20 observations in ﬂowing water, that habitat
would be grouped with wetlands and standing
water to form a broader wetland habitat class; see
Table S2 for other broader habitat classes). These
covariates allow variation in detectability over the
breeding season and between habitats to be modelled. These models were used to predict the probability of individuals of a species being detected in
each transect section, and these were averaged per
species to obtain the predicted detection probability for that visit to a BBS square. The density of
each species in a BBS square was then calculated
by dividing the raw count by the detection probability. Detection functions could not be calculated
for 10 species, so for these species we estimated
detection probabilities using models ﬁtted to
observations
of
similar
surrogate
species
(Table S3). Raw counts were used for Swifts,
hirundines and raptors, as the majority of records
of these species related to ﬂying individuals for
which distance data were not available. We
obtained similar results to those reported in the
main paper when we repeated the analysis using
raw counts for all species (Figs S1 and S2).
Quantifying species specialization
For each species, we calculated a species specialization index (SSI) as the coefﬁcient of variation of
the density of a species across the 12 habitat
classes across all BBS squares, with values close to
zero indicating little variation in density between
habitats (i.e. generalist species), and high values
indicating considerable variation between habitats
(i.e. specialist species). We grouped species into
four habitat specialization groups based on the
quartiles of SSI values; species with SSI values in
the ﬁrst quartile (Q1, SSI <0.81) were considered
to be very generalist, species in the second quartile
(Q2, SSI ≥0.81 and <1.29) moderately generalist,
species in the third quartile (Q3, SSI ≥1.29 and
<1.82) moderately specialist, and species in the
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fourth quartile (Q4, SSI ≥1.82) very specialist.
Changes in the total density of species in each
quartile give an indication of differences in general
population trends of specialist and generalist species. The total density of birds across all species in
a given quartile was calculated by sub-setting the
dataset such that it only contained species in a
given habitat specialization quartile, and then summing the density of those birds in each BBS
square–year combination. Densities were natural
log-transformed prior to analysis, with a constant
of one added prior to transformation as some densities were equal to zero. For each quartile, we
modelled the total density across all species in that
quartile as a function of year (treated as a continuous variable), with BBS square identity as a random effect, using linear mixed effects models
implemented in the R package lme4 (Bates et al.
2014). We also calculated the number of increasing and declining species in each quartile, using
national BBS trends from Risely et al. (2013) to
identify which species were increasing and declining, to give an indication of how variable population trends were within SSI quartiles. SSI was
calculated using data from all years (i.e. 1994–
2012); however, habitat specialization may have
changed during the study period. To ensure this
did not affect our results, we also calculated SSI
only using data from the start of the study period
(1994–1997). Both measures of SSI were strongly
positively correlated (r193 = 0.847, P < 0.001),
and changes in the density of birds in each quartile
showed similar patterns using both measures of
SSI (Figs S1 and S2). Only SSI values calculated
across all years are presented in the main paper.
The community specialization index (CSI) of
each BBS square in each year was calculated as the
density-weighted mean of SSI values of the bird
community in that BBS square. As an alternative,
CSI was also calculated as an unweighted mean of
SSI values, so that values are only sensitive to the
composition of the bird community and not to
abundances. A negative trend in CSI is indicative
of a reduction in the relative contribution of specialists to generalists, i.e. homogenization.
Quantifying the contribution of species
and groups of species to CSI
Following Davey et al. (2013), a jackknife
approach was used to quantify the contribution of
species to temporal trends in CSI. To estimate the
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overall trend in CSI over the study period, we
used a linear mixed effects model of CSI (natural
log-transformed prior to analysis) as a function of
year (treated as a continuous variable), with BBS
square identity ﬁtted as a random effect. The coefﬁcient of the year term indicates the rate of
change in CSI. We restricted models to linear
effects because our primary intent was to quantify
the rate of change in CSI over time, and to investigate the impact of removing species on this rate of
change. To quantify the contribution of species/
groups of species, individual species or groups of
species were removed from the dataset as appropriate, CSI was recalculated and the model was
re-ﬁtted. The percentage change in the year coefﬁcient (Db) was calculated as Db = (b2 – b1)/
|b1| 9 100, where b1 is the year coefﬁcient when
all species were included in the calculation of CSI,
and b2 is the year coefﬁcient when CSI was calculated with a species or group of species removed.
Positive values indicate that the slope of the relationship was less negative when the species was
omitted and therefore that the trend of the species
was contributing to homogenization. Negative values show that the slope of the relationship was
more negative when the species was omitted, indicating that the species was reducing the slope of
the relationship, so countering homogenization. To
understand the drivers of any change in community specialization, these percentage change values
were calculated when each individual species and
each SSI quartile species group was removed from
the dataset, as well as when non-native species
were removed.
We used a linear model to model individual
species’ inﬂuence on the trend in CSI (Db) as a
function of their SSI and national BBS trend, and
the interaction between SSI and BBS trend. We
square root-transformed the response variable
(percentage change in CSI trend) to meet model
assumptions, and also square root-transformed the
explanatory variables, which were strongly positively skewed, to improve our sampling of parameter space. Both percentage change in CSI trend
and national BBS trend could be negative, so we
square root-transformed the absolute values before
applying the original sign. This analysis could only
be conducted using species for which national BBS
trends were available (n = 127). Removing species
without BBS trends could mean that we missed
the inﬂuence of rare species on CSI trend.
However, this is unlikely as we found that individ-
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ual species’ inﬂuence on the trend in CSI did not
vary signiﬁcantly between species with and without a national BBS trend (Wilcoxon test,
W = 3937, P = 0.310). All analyses were carried
out using R (R Core Team 2014). The R code used
for statistical analysis is provided in Appendix S1.
Marginal and conditional R2 values for mixedeffects models were calculated following Nakagawa
and Schielzeth (2013), implemented in the
MuMIn package (Barton 2014) in R.
RESULTS
The total density of Q1 (very generalist) and Q4
(very specialist) species in BBS squares increased
over the study period (Q1: b = 0.018  < 0.001,
v21 = 1397.6, P < 0.0001, marginal R2 = 0.005,
conditional R2 = 0.881; Q4: b = 0.009  0.001,
v21 = 84.2, P < 0.0001, marginal R2 = 0.001, conditional R2 = 0.607), whereas the total density of
Q2 (moderately generalist) species decreased
(b = –0.018  0.001, v21 = 556.7.4, P < 0.0001,
marginal R2 = 0.006, conditional R2 = 0.632).

There was no signiﬁcant trend in the density of
Q3 (moderately specialist) species (v21 < 0.1,
P = 0.978, marginal R2 < 0.001, conditional
R2 = 0.653). The low marginal R2 and high conditional R2 in these models indicates that the spatial
variation in bird density (captured by the random
site effect) is much greater than the temporal variation (captured by the ﬁxed year effect). Changes
were most pronounced for the increase in the density of Q1 species and the decrease in the density
of Q2 species (Fig. 1), with the total density of
Q1 species predicted to have increased by 132
birds per km2 and the total density of Q2 species
predicted to have declined by 21 birds per km2
over the study period. The total density of Q3 and
Q4 species were both predicted to have changed
by less than one bird per km2. Within these general trends, there was considerable variation in the
direction of individual species trends, with increasing and decreasing species in all quartiles. However, the balance of increasing and decreasing
species reﬂected overall changes in density, with
more than half of species in Q2 declining while

Figure 1. Change in density of birds in each quartile of habitat specialization (SSI). Species in the ﬁrst quartile (Q1) had SSI values <0.81, species in the second quartile (Q2) had SSI values ≥0.81 and <1.29, species in the third quartile (Q3) had SSI values ≥129 and <1.82, and species in the fourth quartile had SSI values ≥1.82. Points show the mean density of all birds in a given
quartile in BBS squares, with error bars showing standard errors.
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more than half of species in the other quartiles
were increasing (Fig. S3).
CSI declined over the study period (b = –
0.004  < 0.001, v21 = 1255.2, P < 0.0001, marginal R2 = 0.004, conditional R2 = 0.885; Fig. 2).
A similar, although slightly less steep, trend in CSI
was observed when based on an unweighted mean
of SSI values across the species present, and therefore indicative of changes in occupancy rather than
abundance (b = –0.001  <0.001, v21 = 290.6,
P < 0.0001, marginal R2 = 0.001, conditional
R2 = 0.867; Fig. 2). The decrease in CSI has thus
been driven by both changes in species abundance
and changes in species composition. Changes in
the densities of Q1 species were largely responsible for driving these trends; when Q1 species were
removed, the overall trend in CSI was weakly positive (Fig. 3b). The trend in CSI remained negative
when all other quartiles were removed (Fig. 3),
although it was signiﬁcantly less negative when Q2
species were removed (as indicated by non-overlapping trend conﬁdence intervals, Fig. 3b). This
indicates that species in Q1, and to a lesser extent
Q2, are responsible for driving the negative trend
in CSI. The effect of each quartile on the trend of
CSI was similar when CSI was calculated as an
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unweighted mean of SSI (Fig. S2). Changes in the
density of non-native species had little effect on
CSI (–4.3% change in year coefﬁcient when
removed), despite an overall increase in the density of non-native species over the study period
(b = 0.032  0.001, v21 = 1260.4, P < 0.0001,
marginal R2 = 0.013, conditional R2 = 0.641, Supporting Information Fig. S4).
Removing individual species and recalculating
the trend in CSI allowed the contribution of individual species to be assessed. Changes in the
abundance of Starling Sturnus vulgaris (Q2, 30.0%
change when removed), Woodpigeon Columba
palumbus (Q1, 17.0% change when removed) and
Meadow Pipit Anthus pratensis (Q3, 8.3% change
when removed) made the greatest contribution to
the decline in CSI (Table 1). Across all species,
there was a signiﬁcant interaction between SSI
and national BBS trend in inﬂuencing species’ contributions to change in CSI (F1,124 = 15.7, P =
0.0001, model R2 = 0.129), with generalist species
reducing homogenization when declining, but
increasing homogenization when increasing,
whereas specialist species showed the opposite
pattern (Fig. 4).
DISCUSSION

Figure 2. Change in the community specialization index (CSI)
of UK bird communities. CSI has been calculated as the
community-weighted mean of species specialization index
(SSI), incorporating the effect of species abundance (ﬁlled
squares, solid line), and the unweighted mean of SSI, thus
only including the effect of species occurrence (open squares,
dashed line). Points show the mean CSI across BBS squares
in a given year, with error bars showing standard errors.

We documented a continued decline in CSI in UK
bird communities, supporting previous studies
documenting the increasing dominance of generalist species in the UK and elsewhere in Europe
(Davey et al. 2012, Le Viol et al. 2012). However,
we show that despite strong increases in the density of generalist species, this does not come at the
expense of specialist species, as the overall density
of the most specialist quartile of species increased
over the study period. Instead, changes in CSI largely reﬂected the changing balance of very generalist species (in Q1, which tended to increase) and
moderately generalist species (Q2, which tended
to decline).
Recent analyses of European bird population
trends have shown a similar pattern, with common
species showing a tendency to decline in abundance and the rarest species tending to increase
(Inger et al. 2015). This was partly attributed to
long-term population declines in relatively widespread farmland birds (Donald et al. 2001), and
the potential beneﬁts of conservation management
for rare species (e.g. Donald et al. 2007, Hoffmann
et al. 2010). The pattern we have observed has
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Figure 3. Effect of removing quartiles of species with different
degrees of habitat specialization on the overall trend in CSI. (a)
Points show the mean CSI across BBS squares in a given year,
with error bars showing standard errors. (b) Mean and 95% conﬁdence intervals of trend in CSI over time are shown. Removing
Q1 species (most generalist) and Q2 species reduced rates of
homogenization (118.0 and 35.9% change in CSI trend when
removed, respectively), whereas removing Q3 and Q4 (most
specialist) species had little effect (–6.5 and –12.9% change in
CSI trend when removed, respectively).

some similarities to this, but suggests that in
the UK, the most widespread species (e.g.
Woodpigeon, Great Tit Parus major and Goldﬁnch
Carduelis carduelis) have actually increased in
abundance. These are species that occupy the
greatest range of habitats, and therefore are potentially most resilient to anthropogenic pressures.
The most rapidly declining species were the moderate generalists, which includes many of the farmland birds (e.g. Yellowhammer Emberiza citrinella,
Grey Partridge Perdix perdix and Northern Lapwing Vanellus vanellus) that occupy a number of
habitat types but have declined widely in the UK
in response to agricultural intensiﬁcation (Chamberlain et al. 2000, Eglington & Pearce-Higgins
2012). Declines in CSI have been greatest in UK
farmland habitats (Davey et al. 2012), supporting
this explanation. There also appear to be divergent
impacts of warming upon habitat generalists and
specialists, which may have contributed to this
pattern (Davey et al. 2012, Pearce-Higgins et al.
2015), although it is unclear how the sensitivity of
species to climate change varies between the different SSI quartiles, or how the impacts of warming may interact with land-use change to drive
these patterns.
Our analyses followed Davey et al. (2012), and
deﬁned habitat specialization based on associations with 12 habitat categories. The inferences
we obtained are sensitive to this deﬁnition. SSI
values obtained by deﬁning habitat specialization
using four habitat categories (woodland, wetland,
urban and open) are uncorrelated with those
using 12 habitat categories (r = 0.14), and if
these SSI values are used, declines are evident in
habitat specialists (Q4) and strong generalists
(Q1), while the density of moderate generalists
(Q2) and moderate specialists (Q3) increases
(Fig. S1). A consequence of using broader habitat
categories is that species primarily associated with
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Table 1. Ten species contributing most to driving the decline in CSI over the study period.

Species
Starling
Woodpigeon
Meadow Pipit
Great Tit
Yellowhammer
Swift
Goldcrest
Goldﬁnch
Yellow Wagtail
Corn Bunting

Scientiﬁc name
Sturnus vulgaris
Columba palumbus
Anthus pratensis
Parus major
Emberiza citrinella
Apus apus
Regulus regulus
Carduelis carduelis
Motacilla ﬂava
Emberiza calandra

Trend in CSI
when omitted
0.0027
0.0032
0.0035
0.0037
0.0037
0.0038
0.0038
0.0038
0.0038
0.0038

% change
30.0
17.0
8.3
4.9
3.4
1.5
1.3
1.0
0.96
0.95

SSI (quartile)
1.23
0.38
1.80
0.38
1.04
0.89
1.46
0.60
1.45
1.65

(Q2)
(Q1)
(Q3)
(Q1)
(Q2)
(Q2)
(Q3)
(Q1)
(Q3)
(Q3)

BBS trend
(1995–2011)
52
40
23
45
13
39
7
109
45
34

% change, percentage change in the trend in CSI when a species is removed; SSI, species specialization index for a species; BBS
trend, national population trend for a species over the study period.

Figure 4. Modelled surface showing the interaction between
SSI and BBS trend in inﬂuencing the change in CSI trend
when species were removed in a jackknife procedure. The
modelled surface shows predicted change in CSI trend when
a species is removed from the dataset, with predictions from a
linear model where the change in CSI trend when a species
was removed from the dataset was modelled as a function of
that species’ SSI, BBS trend and their interaction. Response
and explanatory variables have been square root-transformed
while preserving their original sign (see Methods), and transformed values have been plotted.

one habitat type within a broad habitat will be
considered more generalist, whereas species associated with all habitat types within a broad habitat will be considered more specialist. For
example, Siskins Carduelis spinus are strongly
associated with coniferous woodland, but not

with other woodland habitats (12 habitat
SSI = 2.11, Q4), so appear less strongly associated with any habitat type when all woodland
types are combined into one category (four habitat SSI = 1.23, Q1). Yellowhammers, on the
other hand, are associated with a wide range of
open habitats (12 habitat SSI = 1.04, Q2), so
appear strongly associated with the open broad
habitat category (four habitat SSI = 1.99, Q4),
despite not being strongly associated with any of
the 12 habitat categories. Because of this, we
consider that using 12 habitat categories to calculate SSI gives a more meaningful representation
of habitat specialization than using four categories, although it is clear that the precision of
measurement of habitat specialization has a strong
impact on community specialization metrics.
Some individual species had large effects on
changes in CSI, demonstrating that changes in the
populations of individual species can have a large
impact on community-level metrics. Starling and
Woodpigeon contributed most to the decline in
CSI. Both of these species are abundant (Newson
et al. 2005) and found throughout most of the UK
(Balmer et al. 2013), and show consistent population trends across habitats, with Woodpigeons
increasing and Starlings declining in all habitats
where population trends could be calculated (Baillie et al. 2014). The role of these species in driving
changes in CSI contrasts with the small role of
most species, with the exclusion of most individual
species changing the trend in CSI by <1%
(Table S1). Despite this, the effect of excluding
any individual species was considerably smaller
than the effect of excluding a whole quartile, indi-
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cating that our results reﬂect the cumulative effect
of a broad suite of species, rather than just the
effects of a few individual species.
We calculated SSI using data on habitat associations pooled across the study period, so treated it
as a ﬁxed attribute of a species. This means that
our results reﬂect changes in species abundance
and community composition. However, SSI can
change through time (Barnagaud et al. 2011), with
species that exhibit density-dependent habitat
selection spreading out into less favourable habitats
as their populations increase and retreating to
favourable habitats as populations decline (Sullivan
et al. 2015a). This can potentially increase rates of
community homogenization (Barnagaud et al.
2011), as increasing species become more generalist and declining species become more specialist.
In this analysis, our interest was in analysing
changes in bird communities rather than changes
in the attributes of individual species, so we did
not investigate this here, except for showing that
similar changes in the density of specialist and generalist species are observed when quartiles are
deﬁned based on habitat specialization in the initial years of the study period as over the whole
study period (Fig. S1).
Change in CSI was partially attributable to
changes in the species composition of bird communities, as well as changes in abundance, as a
trend in CSI was evident when it was calculated
discounting abundance data. One potential source
of change in bird community composition is the
spread of non-native species in the UK (Balmer
et al. 2013). However, the effect of non-native
species on change in CSI was limited, with the
increase in the density of non-native species over
the study period acting to reduce slightly the
decline in CSI. This indicates that the observed
decline in CSI was due to changes in the abundance and distribution of native species rather
than non-native species, as previously found for
Europe (Le Viol et al. 2012). However, it is
important to note that we may have over-estimated the habitat specialism of non-native species, as we derived estimates of SSI from habitat
associations in the UK, whereas non-native
species may be dispersal-limited, and thus not
currently occupy all the habitats that may be
suitable for them (Sullivan et al. 2012). It is also
important to note that the limited effect of nonnative species on CSI does not mean that they
do not impact native bird communities. Some
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authors would consider their increased dominance
within bird communities evidence of biotic
homogenization (Olden et al. 2004), and
although some studies suggest limited negative
impacts on native bird communities (Blackburn
et al. 2009, Newson et al. 2011, Grundy et al.
2014), negative impacts may be evident when
non-native species reach higher population
densities.
Community-weighted means, such as CSI, are
often used as indicators of change in communities
in time and space (Devictor et al. 2008, Davey
et al. 2012, Le Viol et al. 2012, Vimal & Devictor
2015). However, such metrics have been criticized as they only indicate the balance of (in the
case of CSI) specialists and generalists, and do not
indicate whether these changes are due to
increases in generalists or declines in specialists
(Gosselin 2012). We showed that changes in CSI
in UK birds were primarily driven by increases in
very generalist species and declines in moderately
generalist species, and are little affected by
changes in the density of specialist species, supporting this criticism. On average, specialist species were found at lower densities than generalist
species (Fig. S5) and so are likely to have less
inﬂuence on community-weighted metrics. Our
approach of accompanying analysis of CSI with
more detailed analysis of changes in the density of
specialists and generalists gave greater insight into
the mechanisms acting on a bird community than
would analysis of change in CSI alone, and could
be applied to other analyses using communityweighted means.
Environmental change can act as an environmental ﬁlter, with only a subset of the original
species pool able to persist in altered conditions
(Helmus et al. 2010, Mouillot et al. 2013). Generalist species are expected to be more likely to be
able to pass through a given environmental ﬁlter
due to their greater niche breadth (Clavel et al.
2010). Under this model of biotic homogenization,
environmental change is expected to lead to declines in specialist species, with generalist species
increasing to exploit new opportunities. Our
results, together with those of Inger et al. (2015),
contrast with this expectation by showing that the
overall abundance of rare and specialized species
has not declined, with declines evident instead in
abundant, moderately generalist species. How can
these results be reconciled with this model of biotic homogenization? Natural habitats in the UK

Community specialization

have been heavily fragmented and modiﬁed by
humans for over 2000 years (Rackham 1986), and
this long history of human impact is likely to have
considerably reduced populations of habitat specialists so that there was a low baseline in terms of
population size at the start of the study. Thus, the
modest increase in the overall density of the most
specialized quartile of species reported in this
study is not inconsistent with the expectation that
environmental change negatively affects habitat
specialists, and instead is likely to reﬂect remaining
populations of habitat specialists beneﬁting from
conservation actions. Drivers of population change
that act across habitats appear to be more important in explaining change in UK bird populations
than processes operating within particular habitats
(Sullivan et al. 2015b), and these landscape-scale
drivers are likely to affect particularly widespread
generalist species (Gaston & Fuller 2007). Patterns
of population change among these widespread
generalists are consistent with the prediction that
generalist species are more resistant to environmental change, with increases in the overall density of the most generalist quartile of species and
declines in the density of moderate generalists
(Fig. 1).
To conclude, despite the continued decline in
the habitat specialization of UK bird communities,
the overall density of specialist species has not
declined. This apparent homogenization therefore
does not appear to have been at the expense of
specialist species of the greatest conservation concern. Instead, the decline in CSI was driven by
increases in the density of the most generalist
quartile of species, and by declines in the density
of moderate generalists. These results reﬂect previous work comparing changes in the populations of
abundant and rare species (Inger et al. 2015), and
collectively indicate that recent changes in bird
communities across Europe have been characterized by declines in relatively abundant, moderately
generalist species.
We are grateful to the thousands of volunteers who contributed to the Breeding Bird Survey. The BBS, and this
analysis, were jointly funded by the British Trust for
Ornithology, the Joint Nature Conservation Committee
and the Royal Society for the Protection of Birds.
M.J.P.S. is currently funded by the European Research
Council grant ‘Tropical Forests in the Changing Earth
System’. We thank Richard Inger, the editor, associate
editor and an anonymous reviewer for constructive comments on the manuscript.

653

REFERENCES
Baillie, S.R., Marchant, J.H., Leech, D.I., Massimino, D.,
Sullivan, M.J.P., Eglington, S.M., Barimore, C., Dadam,
D., Downie, I., Harris, S.J., Kew, A.J., Newson, S.E.,
Noble, D.G., Risely, K. & Robinson, R.A. 2014. BirdTrends
2014: trends in numbers, breeding success and survivial of
UK breeding birds. Research Report 662. Thetford: British
Trust for Ornithology.
Balmer, D.E., Gillings, S., Caffrey, B., Swann, R., Downie, I.
& Fuller, R. 2013. Bird Atlas 2007–11: the Breeding and
Wintering Birds of Britain and Ireland. Thetford: BTO.
Barnagaud, J.Y., Devictor, V., Jiguet, F. & Archaux, F.
2011. When species become generalists: on-going largescale changes in bird habitat specialization. Global Ecol.
Biogeogr. 20: 630–640.
Barton, K. 2014. MuMIn: Multi-Model Inference. R package
version 1.12.1. Available at: http://CRAN.R-project.org/
package=MuMIn (accessed 1 April 2015).
Bates, D., Maechler, M., Bolker, B.M. & Walker, S. 2014.
lme4: Linear mixed-effects models using Eigen and S4.
Blackburn, T., Lockwood, J. & Cassey, P. 2009. Avian
Invasions: the Ecology and Evolution of Exotic Birds.
Oxford: Oxford University Press.
Chamberlain, D.E., Fuller, R.J., Bunce, R.G.H., Duckworth,
J.C. & Shrubb, M. 2000. Changes in the abundance of
farmland birds in relation to the timing of agricultural
intensiﬁcation in England and Wales. J. Appl. Ecol. 37: 771–
788.
Clavel, J., Julliard, R. & Devictor, V. 2010. Worldwide
decline of specialist species: toward a global functional
homogenization? Frontiers Ecol. Environ. 9: 222–228.
Crick, H.Q.P. 1992. A bird-habitat coding system for use in
Britain and Ireland incorporating aspects of landmanagement and human activity. Bird Study 39: 1–12.
Davey, C.M., Chamberlain, D.E., Newson, S.E., Noble, D.G.
& Johnston, A. 2012. Rise of the generalists: evidence for
climate driven homogenization in avian communities. Global
Ecol. Biogeogr. 21: 568–578.
n, N., Lindstro
€ m, 
Davey, C.M., Devictor, V., Jonze
A. &
Smith, H.G. 2013. Impact of climate change on communities:
revealing species’ contribution. J. Anim. Ecol. 82: 551–561.
Devictor, V., Julliard, R., Couvet, D. & Jiguet, F. 2008. Birds
are tracking climate warming, but not fast enough. Proc. R.
Soc. B 275: 2743–2748.
Donald, P.F., Green, R.E. & Heath, M.F. 2001. Agricultural
intensiﬁcation and the collapse of Europe’s farmland bird
populations. Proc. R. Soc. B 268: 25–29.
Donald, P.F., Sanderson, F.J., Burﬁeld, I.J., Bierman, S.M.,
Gregory, R.D. & Waliczky, Z. 2007. International
conservation policy delivers beneﬁts for birds in Europe.
Science 317: 810–813.
Eglington, S.M. & Pearce-Higgins, J.W. 2012. Disentangling
the relative importance of changes in climate and land-use
intensity in driving recent bird population trends. PLoS One
7: e30407.
Gaston, K.J. & Fuller, R.A. 2007. Commonness, population
depletion and conservation biology. Trends Ecol. Evol. 23:
14–19.
Gosselin, F. 2012. Improving approaches to the analysis of
functional and taxonomic biotic homogenization: beyond
mean specialization. J. Ecol. 100: 1289–1295.

© 2016 British Ornithologists’ Union

654

M. J. P. Sullivan, S. E. Newson & J. W. Pearce-Higgins

Grundy, J.P.B., Franco, A.M.A. & Sullivan, M.J.P. 2014.
Testing multiple pathways for impacts of the non-native
Black-headed Weaver Ploceus melanocephalus on native
birds in Iberia in the early phase of invasion. Ibis 156: 355–
365.
Helmus, M.R., Keller, W.B., Paterson, M.J., Yan, N.D.,
Cannon, C.H. & Rusak, J.A. 2010. Communities contain
closely related species during ecosystem disturbance. Ecol.
Lett. 13: 162–174.
Hoffmann, M., Hilton-Taylor, C., Angulo, A., et al. 2010.
The impact of conservation on the status of the World’s
vertebrates. Science 330: 1503–1509.
ek, P. &
Inger, R., Gregory, R., Duffy, J.P., Stott, I., Vorıs
Gaston, K.J. 2015. Common European birds are declining
rapidly while less abundant species’ numbers are rising.
Ecol. Lett. 18: 28–36.
Jiguet, F., Gadot, A.S., Julliard, R., Newson, S.E. & Couvet,
D. 2007. Climate envelope, life history traits and the
resilience of birds facing global change. Global Change Biol.
13: 1672–1684.
Julliard, R., Jiguet, F. & Couvet, D. 2004. Common birds
facing global changes: what makes a species at risk?
Global Change Biol. 10: 148–154.
Laake, J., Borchers, D., Thomas, L., Miller, D. & Bishop, J.
2015. mrds: Mark-Recapture Distance Sampling. R package
version 2.1.12. Available at: http:CRAN.R-project.org/
package=mrds (accessed 1 April 2015).
€ m,
Le Viol, I., Jiguet, F., Brotons, L., Herrando, S., Lindstro

A., Pearce-Higgins, J.W., Reif, J., Van Turnhout, C. &
Devictor, V. 2012. More and more generalists: two
decades of changes in the European avifauna. Biol. Lett. 8:
780–782.
Matthews, T.J., Cottee-Jones, H.E. & Whittaker, R.J. 2014.
Habitat fragmentation and the species–area relationship: a
focus on total species richness obscures the impact of
habitat loss on habitat specialists. Divers. Distrib. 20: 1136–
1146.
McGill, B.J., Dornelas, M., Gotelli, N.J. & Magurran, A.E.
2015. Fifteen forms of biodiversity trend in the
Anthropocene. Trends Ecol. Evol. 30: 104–113.
 ger, S., Mason, N.W. &
Mouillot, D., Graham, N.A., Ville
Bellwood, D.R. 2013. A functional approach reveals
community responses to disturbances. Trends Ecol. Evol.
28: 167–177.
Munday, P.L. 2004. Habitat loss, resource specialization, and
extinction on coral reefs. Global Change Biol. 10: 1642–
1647.
Nakagawa, S. & Schielzeth, H. 2013. A general and simple
method for obtaining R2 from generalized linear mixedeffects models. Methods Ecol. Evol. 4: 133–142.
Newson, S.E., Woodburn, R.J.W., Noble, D.G., Baillie, S.R.
& Gregory, R.D. 2005. Evaluating the Breeding Bird Survey
for producing national population size and density estimates.
Bird Study 52: 42–54.
Newson, S.E., Johnston, A., Parrott, D. & Leech, D.I. 2011.
Evaluating the population-level impact of an invasive
species, Ring-necked Parakeet Psittacula krameri, on native
avifauna. Ibis 153: 509–516.
Olden, J.D., Poff, N.L., Douglas, M.R., Douglas, M.E. &
Fausch, K.D. 2004. Ecological and evolutionary
consequences of biotic homogenization. Trends Ecol. Evol.
19: 18–24.

© 2016 British Ornithologists’ Union

Pearce-Higgins, J.W., Eglington, S.M., Martay, B. &
Chamberlain, D.E. 2015. Drivers of climate change impacts
on bird communities. J. Anim. Ecol. 84: 943–954.
R Core Team. 2014. R: A language and environment for
statistical computing. Vienna: R Foundation for Statistical
Computing.
Rackham, O. 1986. The History of the Countryside. London:
J.M. Dent.
, E.
Rader, R., Bartomeus, I., Tylianakis, J.M. & Laliberte
2014. The winners and losers of land use intensiﬁcation:
pollinator community disassembly is non-random and alters
functional diversity. Divers. Distrib. 20: 908–917.
Risely, K., Massimino, D., Newson, S.E., Eaton, M.A.,
Musgrove, A.J., Noble, D.G., Procter, D. & Baillie, S.R..
2013.The Breeding Bird Survey 2012. BTO Research
Report 645. Thetford: British Trust for Ornithology.
Salido, L., Purse, B.V., Marrs, R., Chamberlain, D.E. &
Shultz, S. 2012. Flexibility in phenology and habitat use act
as buffers to long-term population declines in UK
passerines. Ecography 35: 604–613.
Shultz, S., Bradbury, R.B., Evans, K.L., Gregory, R.D. &
Blackburn, T.M. 2005. Brain size and resource
specialization predict long-term population trends in British
birds. Proc. R. Soc. B 272: 2305–2311.
Sullivan, M.J.P., Davies, R.G., Reino, L. & Franco, A.M.A.
2012. Using dispersal information to model the species–
environment relationship of spreading non-native species.
Methods Ecol. Evol. 3: 870–879.
Sullivan, M.J.P., Newson, S.E. & Pearce-Higgins, J.W.
2015a. Evidence for the buffer effect operating in multiple
species at a national scale. Biol. Lett. 11: 20140930.
Sullivan, M.J.P., Newson, S.E. & Pearce-Higgins, J.W.
2015b. Using habitat-speciﬁc population trends to evaluate
the consistency of the effect of species traits on bird
population change. Biol. Conserv. 192: 343–352.
Timmermann, A., Damgaard, C., Strandberg, M.T. &
Svenning, J.C. 2015. Pervasive early 21st-century
vegetation changes across Danish semi-natural ecosystems:
more losers than winners and a shift towards competitive,
tall-growing species. J. Appl. Ecol. 52: 21–30.
Vimal, R. & Devictor, V. 2015. Building relevant ecological
indicators with basic data: species and community
specialization indices derived from atlas data. Ecol.
Indicators 50: 1–7.
Received 15 September 2015;
revision accepted 19 March 2016.
Associate Editor: Christian Rutz.

SUPPORTING INFORMATION
Additional Supporting Information may be found
in the online version of this article:
Appendix S1. R code used in statistical analysis.
Table S1. Species included in this study, and
change in trend in CSI when individual species are
removed.
Table S2. Deﬁnition of habitat classes.
Table S3. Surrogate species used for species

Community specialization

where distance models failed to estimate detection
functions.
Figure S1. Sensitivity of changes in density of
each quartile to different treatment of data.
Figure S2. Relationship between population
trend and degree of habitat specialization.
Figure S3. Sensitivity of effect of each quartile

655

on CSI trend to different treatment of data.
Figure S4. Change in density of non-native species.
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