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Abstract

Context Variation in biological communities is used
to identify biodiversity responses to anthropogenic
drivers, and to guide conservation responses. Often,
such data are only available for a limited group of
species, with uncertain applicability to unmonitored
taxa.

Objective Using equivalent data on the community
structure of two contrasting taxa, we examine spatial
co-variation in both communities, and test the extent
to which any associations may result from large-scale
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latitudinal patterns, variation in habitat-type, or other
factors.

Methods Birds and butterflies were surveyed using
standard methods across a stratified random sample of
1-km? squares across the UK. Four measures of commu-
nity structure were calculated and used to examine their
association between the two taxa, before accounting for
effects of latitude, habitat-type and observer.

Results  Species richness, diversity and community
specialisation were significantly correlated between
birds and butterflies, but evenness was not. There were
strong latitudinal gradients in bird community spe-
cialisation, and butterfly richness and diversity. Habitat
diversity significantly affected bird communities,
whilst butterfly evenness and specialisation was re-
duced on farmland and human-related habitats. Co-
variation in richness and diversity between taxa
remained after including effects of latitude and habi-
tat-type.

Conclusions Surrogacy approaches may be useful
when considering fine-scale variation in species
richness and diversity to inform site-based conserva-
tion and management decisions. However, limited
covariance in evenness and specialisation metrics
suggest that decisions based on the needs of rare or
specialist species may be less relevant to other taxa.

Keywords Citizen science - Community

specialisation - Diversity - Evenness - Species
richness - Surrogacy approaches
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Introduction

Indicators of global biodiversity loss based on long-
term monitoring data show that most trends are in
decline, despite conservation efforts to reduce this loss
(e.g., Ceballos and Ehrlich 2002; Balmford et al. 2003;
Butchart et al. 2010; Hoffman et al. 2010). The
calculation of these depends upon long-term monitor-
ing data, which are primarily available for a subset of
well-monitored taxa. The extent to which these trends
can be applied to unmonitored taxa, and therefore have
wide generality, is an important uncertainty. Informa-
tion about spatial and temporal variation in the
abundance and community structure of other taxa
has to be inferred using surrogacy approaches,
assuming that these other taxa have similar patterns
of variation to those recorded (Araujo et al. 2004;
Magurran 2004).

There is considerable debate about whether this
assumption is robust, and the extent to which commu-
nity structure of different taxa may be inter-correlated
(e.g., Pearson and Cassola 1992; S@tersdal et al. 1993;
Pearson and Carroll 1998; Ricketts et al. 1999; Vessby
et al. 2002; Wolters et al. 2006; Qian and Ricklefs
2008; Eglington et al. 2012). Some suggest that birds,
for example, are good indicators of environmental
change and of trends in wider biodiversity (Baillie
1991), whilst others argue that each taxon and system
must be dealt with on a case by case basis, depending
upon species resource requirements and the spatial
scales over which organisms acquire those resources
(Dormann et al. 2007). For instance, birds are highly
mobile and tend to have relatively large territories or
home-ranges. They also frequently respond to the
spatial physiognomy of landscapes and the structural
complexity of vegetation (e.g., Fuller et al. 1997;
Hinsley et al. 2009). Conversely, plants occupy more
specific niches characterised by microclimate and soil
type, which in turn influences the distribution of
specialist herbivores, such as many butterflies, which
are highly coevolved with their food plants, growth
forms and micro-climate (Ehrlich and Raven 1964). In
addition to these species differences, environmental
context may also influence the degree of surrogacy
between groups. In geographical areas where land-
scapes are simple, as opposed to highly fragmented and
complex semi-natural landscapes, the patterns of
species richness covariance may also be simpler
(Prendergast and Eversham 1997).
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Much of the previous work examining cross-taxa
relationships in species richness has been carried out at
a resolution appropriate to landscapes, regions or
countries, and shows that the strength of cross-
taxonomic correlations in diversity is greatest at large
spatial scales (Grenyer et al. 2006; Eglington et al.
2012). Whilst this is appropriate to examine broad
ecological patterns, or to identify landscapes or
regions of high biodiversity importance, this is not
the correct resolution to understand the causes of
biodiversity loss, or to guide conservation interven-
tion, for which a much finer-resolution of assessment
is required. However, at fine resolution, data on the
community structure of different taxa are rarely
collected simultaneously.

This study attempts to fill this gap by examining the
relationship between four different measures of com-
munity structure (species richness, diversity, evenness
and specialisation) in birds and butterflies, two taxa of
conservation concern frequently used to identify
biodiversity hotspots and monitor trends in biodiver-
sity state. Although both groups are relatively well-
monitored, they do provide the contrast between large,
highly mobile species, and small, specialised herbi-
vores outlined above. In the UK, bird populations have
been monitored using standardised annual surveys
since 1960s, with the breeding bird survey (BBS)
providing effective annual monitoring data for over
100 bird species since 1994, and now covering a
stratified random sample of some 3200 1 km? squares
(Risely et al. 2013). In 2009, volunteers were invited
to survey butterflies at existing BBS survey squares as
part of the wider countryside butterfly survey (WCBS;
Brereton et al. 2011). These data provide a unique
opportunity to compare covariance in measures of
community structure between birds and butterflies at a
1 km? spatial scale, but across a national extent, and to
suggest the mechanisms which underpin any potential
relationships. This is achieved by firstly testing the
extent to which any correlations remain after account-
ing for large-scale latitudinal variation, and secondly,
after accounting for variation in land-cover between
survey squares. This second analysis also allows the
extent to which birds and butterfly communities show
common responses to different drivers, to be tested.
Thirdly, if measures of bird and butterfly communities
covary after accounting for latitude and land-cover,
then we use this to indicate that fine-scale covariation
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can occur in community structure between taxa within
land-cover types, for example with respect to habitat
quality, that may be more relevant to management.

Methods
Square selection

BBS surveys are conducted annually on a random
sample of over 3000 1-km squares, stratified region-
ally by intensity of coverage by survey volunteers
(Risely et al. 2013). BBS volunteers that contribute to
the WCBS record breeding birds from these squares
during the breeding season (April-July) and then
return to the square for additional visits in July and
August to survey butterflies. In this paper, we analysed
bird and butterfly data from 2009, the first full year of
the WCBS. Data were analysed for this single year as
we were interested only in spatial variation in these
patterns. As subsequent years have been marked by
severe winter (2009/2010, 2010/2011) and summer
(2012) weather events, incorporating additional tem-
poral variation would have added to the analytical
complexities without significantly improving our
ability to look at spatial patterns.

Bird data

Two early-morning visits were made to each square by
the same observer, typically the first from early April to
mid-May and the second from mid-May to late June.
During each visit, birds were recorded by sight and
sound at each side of two roughly parallel 1-km transects
divided into 200 m sections. The perpendicular distance
of each non-flying individual from the transect line was
recorded in three distance bands (0-25, 25-100, 100 m
or more); flying birds were recorded separately. The
habitat of each 200 m transect section was classified
using a hierarchical coding system (Crick 1992).

Butterfly data

Butterfly counts were conducted on 356 of the 3260
BBS squares surveyed for birds in 2009. Butterflies
were recorded along the same two 1-km transects used
for the bird survey. All butterflies within a moving
box, 2.5 m either side of the transect, 5 m ahead and to
a height of 5 m were counted, an area within which

detectability is known to be high (Isaac et al. 2011).
Volunteers were asked to undertake a minimum of two
visits to each square in July and August, with at least
10 days between the two visits. Optional extra visits
could also be made from April to September, provid-
ing they were at least 10 days apart from another visit.
Butterfly surveys were walked between 10:00 and
16:30 and only when weather conditions were suitable
for butterfly activity: dry, wind speed less than
Beaufort Scale 5, and temperature 13 °C or greater if
there is at least 60 % sunshine, or more than 17 °C if
overcast (Brereton et al. 2011).

Habitat data

The habitat data collected were summarised into 12
habitat classes using the approach of Newson et al.
(2009). A maximum of two different high-level
habitat-types could be recorded per transect, for
example to differentiate between different habitat-
types on either side of the transect route. Thus, a
maximum of 20 separate habitat records could be
obtained per 1-km square. To standardise this infor-
mation, these categories were used to calculate the
percentage composition of different habitat-types
along the transect sections within each square from
the sum of the records of each habitat-type (double
counting the habitat class from a section comprising
only one habitat) divided by double the number of
transect sections surveyed.

Measures of community structure

Variation in ecological communities may be measured
in a wide-range of different ways (Magurran 2004).
We described the structure of both bird and butterfly
communities in each 1-km square, using four standard
metrics; species richness, Simpson’s measure of
evenness (E), reciprocal Simpson’s index (D) and
community specialisation index (CSI).

Species richness is simply the total number of
species recorded in each visit.

Diversity is a function of both richness and
evenness. Reciprocal Simpson’s index (D) provides
a good estimate of diversity at relatively small sample
sizes and ranks assemblages consistently, taking into
account abundance of individuals (i.e., dominance). It
therefore captures the variance of species abundance
distributions, and was calculated by the following
formula:
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where nj; is the total number of organisms of a species
i recorded in square j, and N;j is the total number of
organisms of all species in that square.

Evenness measures how different the abundances
of species within a community are from one another.
Evenness is highest when a community is not
dominated by a few highly abundant species or when
all species have an equal abundance. Simpson’s
evenness (E) is not sensitive to species richness
(Magurran 2004) and refers to the observed value of
Simpson’s diversity divided by the maximum possible
diversity for a landscape i.e., how close in numbers
each species in an environment are as follows:

D
E=",

s
where s is the total number of species recorded in that
square. These two Simpson’s indices were used as
they are considered to be robust and easy to interpret
(Magurran 2004).

The CSI was calculated following the methods of
Julliard et al. (2006) and Devictor et al. (2008) to
identify the degree to which communities were
composed of generalists compared with specialists.
Species specialization indices (SSIs) were calculated
from the transect-section level data using the coeffi-
cient of variation (standard deviation/mean) of
species’ density across habitats using data from 2009
to avoid changes in SSI through time (Barnagaud et al.
2011). Only species with greater than 10 observations
were included. The CSI was calculated for each square
as the average SSI weighted for species abundance
(Julliard et al. 2006; Devictor et al. 2008) as follows:

> izt @ii(SSL)
Sriap
i=1"Yy
where n is the total number of species recorded, a;; is

the abundance of individuals of species i in plot j, and
SSI; its specialization index.

CSI; =

Statistical analysis

In order to generate comparable estimates of commu-
nity structure between birds and butterflies, we
restricted our analysis to the two butterfly survey
visits in July and August, providing data which were

@ Springer

»

Fig. 1 Location of 1-km? BBS squares in Britain from which
bird and butterfly data were collected in 2009 and that were used
in the analysis

directly comparable to the two bird survey visits from
April to June. Such data were available for 183 squares
for which habitat data were also collected (Fig. 1).
We estimated community metrics for each square in
two ways, separately for each of the two visits and then
averaged, and derived from the maximum count of the
number of individuals recorded for each species across
the two visits. Square-level estimates of community
structure produced using these two approaches were
strongly correlated in all cases (birds: richness,
r=097, D, r=095; E, r=093; CSI, r =0.99.
Butterflies: richness, r =096; D, r=0.82; E,
r = 0.65; CSI, r = 0.89). We present the analysis of
community structures averaged across the two visits to
each square in the paper. Equivalent results were
obtained when using maximum counts of individuals
recorded across both visits (Supplementary Material 1).
Butterflies were counted within a 5-m wide detec-
tion box whilst birds were recorded within 100 m of the
transect line. Given that the detectability of birds varies
widely within this range (Johnston et al. 2014), whilst
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that of butterflies should not, we additionally corrected
the estimates of bird community structure for variation
in detectability using distance sampling (Buckland
et al. 2001, see Davey et al. 2012). Equivalent results
were obtained when this detectability correction was
not applied (Supplementary Material 2).

Using these standardised measures of community
structure, we undertook the following tests:

First, we tested whether measures of bird and
butterfly community structure (species richness, D,
E and CSI) were correlated at the 1-km? resolution
across the full dataset.

Secondly, using latitude as a single measure that
correlates strongly with many large-scale environ-
mental variables in Britain, such as temperature and
daylength, we tested whether significant correlations
may be related to large-scale spatial gradients across
Britain (Turner et al. 1987; Evans et al. 2005). We
modelled each taxon-specific community measure as a
function of the equivalent measure from the other
taxon plus latitude using a generalised linear model
(GLM) with a normal error distribution.

Thirdly, we tested whether covariation in butterfly
and bird community measures was attributable to
variation in habitat-type between transects surveyed
within each square. We modelled each taxon-specific
community structure measure as a function of the
equivalent measure for the other taxon, plus latitude
and habitat variables. Habitat-type was summarised as
the percentage cover of four amalgamated habitat
classes: farmland (arable and agricultural grassland),
woodland (woodland and scrub), grassland (semi-
natural grassland and heathland) and human-related
(urban and rural settlement). Habitat diversity (the
total number of these broad habitat classes recorded in
each square plus wetland, rock and other) was
included as an additional predictor variable. Because
of likely spatial autocorrelation in habitat variables,
we conducted the modelling within a generalised
linear mixed model, fitting spherical spatial covariate
function and applying the Kenward—Rogers correction
for the degrees of freedom (Littell et al. 1996).

Finally, we assumed that any residual covariation
between bird and butterfly community measures that
remained after accounting for latitude and habitat-type
was not related to large-scale drivers or variation in
habitat cover, and may therefore be a function of fine-
scale variation in habitat-type or quality, as opposed to
gross land-cover variation. To confirm that any

covariation was not due to systematic variation among
observers, the structure of this final model was
repeated, but with observer additionally specified as
a random effect.

Results

Covariance in bird and butterfly community
measures

Three of the four measures of community metrics were
correlated between birds and butterflies. A highly
significant positive relationship between bird and
butterfly species richness accounted for 16.0 % of
the variation in the measure, whilst weaker correla-
tions for D and CSI accounted for 8.2 and 2.6 % of the
variation between taxa respectively. There was no
significant association in measures of E between the
two taxa (Fig. 2).

Accounting for latitude

Latitude was significantly correlated with butterfly
species richness, D and CSI, suggesting more norther-
ly squares contained fewer butterfly species and had
lower overall diversity, but supported a greater
proportion of specialists (Table 1b). More northerly
squares also contained a significantly greater propor-
tion of bird specialists (Table 1a). Accounting for
latitude had little impact on the previously identified
relationships between bird and butterfly species rich-
ness and D (Table 1), suggesting that observed
covariance was not a function of large-scale correla-
tions with unmeasured climatological or other factors.
The previously identified correlation in CSI between
birds and butterflies became non-significant following
the inclusion of latitude, indicating that this largely
reflects large-scale gradients in specialisation across
the country.

Accounting for habitat

Habitat-type was a significant predictor of spatial
variation in the community structure of both birds and
butterflies. Habitat diversity was strongly positively
correlated with both the species richness and D for
birds, and negatively with CSI, although was unrelated

@ Springer
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Fig. 2 Correlations between bird and butterfly community
measures across 183 BBS squares in Britain. a Species richness,
r =040 P = <0.0001, b reciprocal Simpson’s index (D),
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Table 1 Covariance between bird and butterfly community measures after accounting for latitude, as estimated from generalised

linear models

Species richness

(a) Birds

Bird community measure

Butterfly community measure

Northings
(b) Butterflies
Butterfly community measure

Bird community measure

Northings

27.121’130 <0.0001
7.0 E™* £ 0.0026

9.96, 150 0.0019
~0.0016 %+ 0.0014

0.098 + 0.031
9.96,,159 0.0019
—0.0031 + 54 E*
33.07y.150 <0.0001

27.124 150 <0.0001
—0.073 % 0.0010
50.94, 159 <0.0001

CSI
—0.019 + 0.054 0.42 + 0.24
0.121150 0.73 2.92; 150 0.089
26E° £44E7° 24E*+63E°
0.364 150 0.55 14.35 459 0.0002
—0.036 + 0.10 0.038 £ 0.022
0.12 150 0.73 2.29; 150 0.089

23E4+58E° 30E°+20E
16'191,180 <0.0001 2'921,180 0.13

The first row of each cell contains the parameter estimates =+ standard errors. The second row presents the F value, degrees of
freedom and P value. Figures given in ‘community measure’ row relate to specific community measure stated in relevant column.

Results in bold are statistically significant (P < 0.05)
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to butterfly community structure. Avian CSI was
negatively correlated with the cover of all four main
habitat-types, particularly farmland and woodland,
suggesting it is positively correlated with the rarer
habitats. For butterflies, both E and CSI were de-
pressed by high cover of farmland and human-related
habitats (Table 2). Within these models, the effects of
latitude were negligible due to the inclusion of spatial
covariance.

After accounting for habitat-type, the previous
statistical associations between bird and butterfly
species richness and D remained significant, suggest-
ing that fine-scale covariation in community structure
between the two taxa occurred even within broad
habitat-types (Table 2). The inclusion of observer as a
random effect to account for the potential effects of
observer identify on these relationships did not alter
these results (Table 3), indicating they are unlikely to
be caused by systematic variation in observer quality.

Discussion

There was significant covariance across the UK in bird
and butterfly species richness, diversity (D) and com-
munity specialisation (CSI), when assessed at the
1-km? resolution. This supports the results of similar
fine-scale analyses from specific systems that link
common responses of bird and butterfly communities
to a gradient of urbanisation (Blair 1999), native plant
cover (Burghardt et al. 2009), tropical habitat degra-
dation (Schulze et al. 2004) and grassland habitat
variation (Swengel and Swengel 1999; Su et al. 2004).
Importantly, our study extends these associations from
context-specific studies to a national scale, and
provides some support for the principal of surrogacy
operating between contrasting taxa at relatively fine
spatial scales.

Our findings contrast somewhat with the inference
of previous national-scale analyses from the UK,
where there was relatively spatial little overlap in
biodiversity hotspots of different taxa. Only 12-17 %
of bird and butterfly hotspots coincided, with no
correlation in species richness between the two groups
at that scale (Prendergast et al. 1993; Franco et al.
2009). However, these previous studies were based
upon 10-km? atlas data, suggesting that the appropri-
ateness of surrogacy approaches may be scale-depen-
dent (Eglington et al. 2012), although methodological

differences between the studies may also account for
some of this contrast.

We examined some of the potential mechanisms
underpinning covariance in community structure.
Firstly, we tested for potential latitudinal gradients in
the diversity of both birds (Evans et al. 2005; Davey
et al. 2012) and butterflies (Turner et al. 1987), for
which there is good evidence that they result largely
from variation in temperature and energy in Britain
(Hillebrand 2004; Clarke and Gaston 2006). Our
analysis supported these previous studies for butter-
flies, but found weaker evidence for Ilatitudinal
gradients in bird communities (Table 1), probably
because we included relatively few squares in northern
Britain compared to these other studies (Fig. 1).
Importantly, for the purposes of this study, the
observed correlations between bird and butterfly
richness and diversity were robust to the inclusion of
latitude, indicating that they were not a result of
common effects of temperature or energy upon both
groups. However, including latitude appeared to
account for the relatively weak, but significant,
association between birds and butterfly CSI, suggest-
ing that this pattern is only found across large-spatial
gradients.

Secondly, habitat-type was a significant predictor
of bird community structure. Squares containing a
greater number of separate habitats tended to support a
greater richness and diversity of birds, as expected
from the habitat heterogeneity hypothesis, which
states that structurally complex habitats provide more
niches and diverse ways of exploiting environmental
resources, and thus are associated with greater species
diversity (Atauri and de Lucio 2001). Contrary to other
studies (Atauri and de Lucio 2001; Menéndez et al.
2007) conducted at larger spatial scales, these findings
were not replicated in our analysis of butterfly
community structure, where diversity was largely
unrelated to habitat-type and diversity. This may be a
function of the relatively broad habitat-types used in
our analysis, which may be poorer descriptors of the
environment for butterflies than they are for birds.
Alternatively, the relationship between butterfly com-
munity structure and habitat diversity may be scale-
dependent. Whilst it is possible that our estimates of
butterfly community structure based on two visits are
less robust than the estimates derived from a greater
intensity of sampling used by Menéndez et al. (2007),
this does not appear to be the case. Estimates of
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Table 2 Covariance between bird and butterfly community measures after accounting for latitude and habitat as estimated from

generalised linear mixed models

Species richness D E CSI
Birds
Bird community measure

Butterfly community measure 0.76 + 0.14 0.40 + 0.015 —0.025 + 0.061 0.16 £+ 0.20
27.71; 175 <0.0001  6.631,475 0.011 0.171.175 0.68 0.641.175 0.42

Habitat diversity 1.99 £ 0.34 0.79 + 0.18 0.0037 £ 0.0070 —0.027 £ 0.0078
34.55; 175 <0.0001  20.22; 175 <0.0001  0.28; ;75 0.60 11.64; 175 0.0008

% Farmland 0.011 £ 0.025 0.019 £ 0.016 —25E*+66E*  —0.0046 £ 74 E™*
0.25, 175 0.65 1314475 0.25 0.15, 175 0.70 38.75; 175 <0.0001

% Human-related 0.041 + 0.028 0.017 £ 0.016 —57E*+65E* —0.0023+73E7*
2.16175 0.14 1151175 0.29 0.761 175 0.38 9.81; 175 0.0020

% Woodland 0.0088 + 0.028 0.013 £ 0.018 —68E*+70E* —0.0055+79E*
0.010, 175 0.75 0.52,175 0.47 0.94 175 0.33 48.01, 175 <0.0001

% Grassland —0.098 + 0.038 —0.044 + 0.025 —9.7 E™* £ 0.0010 —0.0025 + 0.0011
6.641,175 0.01 3.06, 175 0.082 0.95, 175 0.33 501,475 0.027

Northings 0.0021 + 0.0023 —0.0088 £ 0.012 —29E*+48E* —57E*+58E*
0.92, 175 0.36 0.52y.175 0.47 037175 0.55 0.98, 175 0.32

Butterflies
Butterfly community measure

Bird community measure 0.22 + 0.034 0.092 + 0.036 —0.037 + 0.094 0.023 £+ 0.029
43.12 175 <0.0001  6.651 475 0.011 0.151,175 0.70 0.64; 175 0.43

Habitat diversity —0.21 £ 0.17 —0.036 + 0.089 —0.0086 =+ 0.0087 —0.0019 =+ 0.0030
1.59; 175 0.21 0.16, 175 0.69 0.98, 175 0.32 0.40, 175 0.53

% Farmland 0.013 + 0.015 0.0085 + 0.0079 —0.0020 + 8.0 E™* -76E4£30E*
0.741.175 0.39 1161 175 0.28 6.07; 175 0.015 6.32 175 0.013

% Human-related 0.0048 + 0.015 0.0074 + 0.0078 —0.0016 + 8.0 E™* -76E4+28E*
0.104175 0.75 0.89175 0.35 4.01, 175 0.047 7.42; 175 0.0071

% Woodland —0.0025 + 0.016 0.0027 £ 0.0085 —61E*+87E* —60E*+34E™*
0.02, 175 0.88 0.10 175 0.75 0.48, 175 0.49 3.21y 475 0.075

% Grassland 0.035 + 0.023 0.014 £ 0.012 —0.0023 =+ 0.0012 —30E*+42E*
2.30, 175 0.13 1364175 0.25 3.62; 175 0.059 0.51, 175 0.48

Northings —0.0050 £ 0.011 —0.0020 £+ 0.0059 45E*+6.1E™* —55E° +21E*
0.20; 175 0.66 0.124,175 0.73 0.56, 175 0.46 0.071.175 0.79

The first row of each cell contains the parameter estimates + standard errors. The second row presents the F value, degrees of
freedom and P value. Figures given in ‘community measure’ row relate to specific community measure stated in relevant column.

Results in bold are statistically significant (P < 0.05)

community structure from eight squares which re-
ceived four survey visits were strongly correlated
(0.86 < r < 0.96) with the equivalent measures based
on the subsample of two visits used in the main
analysis, suggesting that our two survey visits pro-
duced a reasonable description of butterfly communi-
ties. It is also worth emphasising that we have only
examined alpha diversity in this study, and do not

@ Springer

consider how communities vary along environmental
gradients (beta diversity), such as between habitats.
Thus, the absence of a relationship between diversity
and habitat-type does not necessarily mean that
communities are stable across habitats.

Despite contrasting large-scale drivers of spatial
variation in richness and diversity in birds, where
habitat diversity was the strongest correlate, and
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Table 3 Revised covariance between bird and butterfly community measures from Table 2, after accounting for the observer as a

random effect

Species richness D E CSI

Butterfly community measure as predictor of bird

0.76 + 0.14

0.46 = 0.16 0.0095 & 0.058 0.29 £ 0.19

community 27.714,175 8.28,,43 0.013 0.03, ;5 0.87 223,53 0.16
<0.0001*
Bird community measure as predictor of butterfly 0.16 £ 0.032 0.095 £ 0.034 0.015 + 0.098  0.043 + 0.029
community 2573113 0.0002  7.77,,3 0.015 0.02, 5 0.88 215,53 0.17

The first row of each cell contains the parameter estimates + standard errors. The second row presents the F value, degrees of
freedom and P value. Results in bold are statistically significant (P < 0.05)

? The covariance attributed to observer in this test was close to zero, hence the virtually unchanged df and significance compared to

Table 2

butterflies, where latitude was most important, bird
and butterfly species richness and diversity covaried
significantly, even after accounting for these other
drivers, and potential effects of observer variation.
The principal of surrogacy was therefore partially
supported, demonstrating that fine-scale variation in
bird and butterfly communities occurs not as a result of
large-scale latitudinal gradients, or variation in land
cover, but probably through some common effects of
fine-scale variation in habitat quality or unmeasured
habitat heterogeneity that similarly affect both bird
and butterfly community richness and diversity. A
possible candidate for this variation may be fine-scale
variation in vegetation structure and heterogeneity
within habitat-types (Atauri and de Lucio 2001; Tews
et al. 2004; Huang et al. 2014).

In contrast to richness and diversity, estimates of
evenness were uncorrelated between birds and butter-
flies, whilst the correlation with community spe-
cialisation became non-significant once the effect of
latitude was accounted for. This suggests that the more
specialised and rarer species in each taxa do not
associate at relatively fine-spatial scales. This is
intuitive, given the contrasting ecologies of the two
groups. Many specialist butterflies rely on one or a
small number of food plants and are likely to also be
sensitive to fine-scale variation in other resources,
such as nectar availability, whilst bird species tend to
be associated with particular habitat-types rather than
specific plant resources (Julliard et al. 2006). The scale
of specialisation between the two species groups is
therefore different. Although the rarest and most
specialised butterfly and bird species are not well
sampled by BBS squares, which tend to be randomly

distributed across the wider countryside rather than
concentrated in rare natural and semi-natural habitats
where the most specialist species tend to be found, this
limitation is unlikely to have significant affected our
results, which sampled species proportionally to their
occurrence.

There were common effects of habitat upon both
E and CSI measures in butterflies, with both strongly
negatively related to the cover of farmland and human-
related habitat. Effects of habitat upon equivalent
measures in birds were weaker, with widespread
negative correlations between habitat-type and CSI
indicative of the most specialised bird species being
associated with rarer habitats, such as wetland. These
results strongly suggest that butterfly communities in
heavily anthropogenic habitats tend to be dominated
by a relatively small number of evenly abundant
generalist species, supporting previous results (e.g.,
Blair 1999; Dallimer et al. 2012; Flick et al. 2012), and
the general principle that CSI decreases with land-use
intensity (Devictor et al. 2008; Devictor and Robert
2009; Filippi-Codaccioni et al. 2010a, b). The negative
correlation between habitat-diversity and avian CSI
may result from squares with more heterogeneous
habitat cover (indicative of fragmentation) being more
likely to favour generalist, rather than specialist
species (Dolman et al. 2007).

It was important to test the extent to which
associations may result from variation between ob-
servers. As both bird and butterfly surveys were
conducted by the same individual, it is possible that
the best bird recorders were also better butterfly
recorders, resulting in a spurious association in species
richness. However, our results were robust to the
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inclusion of observer identity as a random effect,
suggesting that this was not the case, and supporting
other studies suggesting that observer experience has
limited impact on the generation of BBS population
trends (Eglington et al. 2010). Thus it appears that
although observers may vary in their capabilities, the
standardized methodologies for both surveys at least
partially ensure that observer effects do not unduly
influence the results.

Given the increasing evidence for common large-
scale changes in the community structure of both birds
and butterflies, it is perhaps not surprising that bird and
butterfly communities covaried at the 1-km scale
studied. Both taxa have responded to warming in
similar ways, although at slightly different rates
(Devictor et al. 2012). Large-scape patterns of com-
munity homogenisation have also been described in
both birds (Devictor et al. 2008; Le Viol et al. 2012)
and butterflies (White and Kerr 2007). Although our
results can be well-placed in the context of these other
studies, ours is one of only a small number of studies to
have examined surrogacy in community structure at
this relatively fine-scale (see Blair 1999; Dallimer
et al. 2012), and to our knowledge, the first that does so
across such an extensive geographical area.

To conclude, the fact we found common fine-scale
variation in richness, diversity and community spe-
cialisation of birds and butterfly communities across
the UK, provides support for the use of surrogacy
approaches for biodiversity monitoring. Importantly,
covariation in richness and diversity was not simply a
function of correlations with large-scale drivers such
as climate and day-length, as explained by latitude, or
even with land-cover type, but instead was likely to
have resulted from common responses to variation in
habitat-type, and particularly, quality, and may there-
fore reflect responses to habitat parameters amenable
to management. Common patterns of bird and butter-
fly richness and diversity indicate that, in general, sites
of high diversity for well-monitored taxa may be more
likely to contain a greater species richness and
diversity for other taxa also. We therefore suggest
that, with appropriate caveats given the variation
associated with these correlations (Fig. 2), surrogacy
approaches may be extended from protected area
selection and biodiversity hotspot prioritisation to
finer-resolution consideration of the drivers of biodi-
versity change and to inform land management for
conservation at the scale of individual sites. Evidence

@ Springer

of deteriorating environmental quality, as shown
through reductions in species richness or diversity of
well-monitoring groups such as birds and butterflies,
which are often based upon extensive citizen science
monitoring data such as that used in this analysis, are
therefore likely to also reflect equivalent changes in
other, less-well monitored taxa. However, the lack of
covariance between birds and butterflies in measures
of evenness, and of community specialisation after
accounting for latitude, means that when considering
rarer and specialised species in particular, which tend
to be those of the highest conservation priority, the
surrogacy approach may have limitations. Site selec-
tion or conservation management for priority bird
species may therefore be unlikely to benefit butterflies
of conservation concern; unless population trends in
both groups have a common driver (e.g., Wilkinson
et al. 2012).
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