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1. Executive Summary

. BICCO-Net Phase II presents the most comprehensive single assessment of climate
change impacts on UK biodiversity to date.

° The results provide a valuable resource for the CCRA 2018, future LWEC report cards,
the National Adaptation Programme and other policy-relevant initiatives linked to
climate change impacts on biodiversity.

o The analysis has examined changes in all nationally monitored terrestrial animals using
long-term schemes (aphids, moths, butterflies, birds, bats and other mammals).
Analyses for birds, butterflies and mammals used widely distributed data from many
sites (>1000) and are most likely to reflect national population trends. Although the
aphid and moth data were from a limited number of sites with long-term monitoring,
their geographical spread means they probably also track national population trends.
Additional analyses of butterfly and moth population trends across 12 ECN sites
complement these more national-scale analyses.

o Although no national-scale population monitoring exists for the freshwater
environment, abundance trends of freshwater macroinvertebrate species were analysed
separately from upland and lowland waters using population monitoring data from a
non-random selection of geographically limited sites. Analyses of macroinvertebrate
community change based on the occurrence of families, were possible for Wales and
much of England, and provide an assessment closer to that of national-scale change,
albeit at a much coarser taxonomic resolution.

o We used a combination of existing multivariate methods to describe overall patterns in
population and climate changes, as well as new statistical methods developed during
the project to account for a priori uncertainty in the time of year when different
organisms respond to variation in temperature and precipitation and which were applied
across both terrestrial and freshwater environments.

. The effects of these weather variables upon inter-annual variation in abundance
(population growth) may be regarded as describing effects of weather. The extent to
which long-term population trends can be accounted for by long-term variation in
weather variables we regard as indicating the likely effects of climate change on species
abundance. However, we recognise that formal attribution to climate change requires a
consideration of the extent to which observed changes in these weather variables are
due to anthropogenic forcing, rather than ‘natural’ fluctuations.

° Analyses of national-scale terrestrial biodiversity monitoring of 501 species trends
suggests that long-term trends in the weather variables (climate change) had a
significant impact on 64% of species, and were associated with strong increases (>30%
per decade) in five species, and strong declines in nine moths. When aggregated within
taxonomic groups, climate change has contributed significantly to overall national
declines in moth populations and increases in aphid populations. There were no
significant impacts of climate change on the overall abundance of birds, mammals and
butterflies.



Long-term trends in macroinvertebrate community composition in English and Welsh
rivers have been caused by improving urban water quality rather than climate change.
Such improvements have reduced the opportunity for adverse climate change effects to
be detected, although shorter-term responses to discharge and temperature confirm that
freshwater organisms remain sensitive to changes in these weather variables.
Population-level fluctuations in freshwater macroinvertebrate populations were
identified in both acidic upland environments, where weather variables accounted for
some variation in 70% of populations at individual sites, and in more lowland contexts
across Scotland and central England where the abundance of 65% of organisms was
related to variation in weather variables.

Across all species and populations examined in both terrestrial and freshwater
environments, approximately 64% varied significantly with respect to changes in
temperature and 62% with precipitation. These proportions were greatest for national-
scale analysis of terrestrial population trends (84% and 74% respectively) compared to
site-based analysis of individual populations, probably due to the greater stochasticity
and uncertainty associated with the latter.

Effects of temperature were largely positive for aphids, but negative for some
freshwater macroinvertebrate groups including a number of caddisfly and stonefly
families. Effects of precipitation were largely negative for aphids and moths, but more
mixed for other groups.

These gross patterns mask significant variation in species’ responses to temperature and
precipitation through the year. National-scale terrestrial analysis highlights that winter
temperatures were positively correlated with bird abundance, but negatively with the
abundance of butterflies and moths, particularly if also associated with wet winter
weather. Warmer spring and summer temperatures may boost aphid, butterfly and moth
populations, when they are most active, but there was some evidence for negative
spring temperature effects on birds and mammals. Similar responses of butterflies and
moths to temperature and precipitation were also apparent on ECN sites.

In the freshwater environment, the majority of negative temperature effects on upland
macroinvertebrates occurred during the summer (July — September), implicating hot
summers as having negative effects on subsequent spring abundances. Warm summers
were also found to decrease the prevalence of range-expanding macroinvertebrate
families, which increased in response to warm spring weather during sampling.
Summer rainfall negatively impacted the abundance of all terrestrial invertebrate
groups, whilst butterflies and moths suffered additional negative impacts of winter and
spring precipitation. Spring precipitation was also negatively related to bird and
mammal populations. Effects of precipitation upon freshwater invertebrate populations
were mixed, but increasing flow rates were associated with increasing prevalence of
range-expanding taxa.

Analyses of the response of populations to temperature across all taxa showed that the
most widespread species respond most rapidly to warming. More detailed traits analysis
suggests that the response of terrestrial species to temperature and precipitation varied



strongly with species’ overwintering strategy. For example, butterflies and moths that
overwinter as caterpillars were particularly vulnerable to warm, wet winters.
Analyses of both upland and lowland freshwater macroinvertebrates suggest that
species associated with cooler temperatures were most likely to be affected by
warming. Thermal tolerance also affected lowland species sensitivity to precipitation.
Additionally, lowland species of fast-flowing waters and predatory species were most
negatively associated with warming, whilst the main driver of sensitivity to
precipitation in lowland populations was pollution tolerance.

National-scale bird and butterfly monitoring data provided sufficient samples to
examine how population responses to temperature vary between sites. There was
consistent evidence for both taxa that variation in climatic conditions had a greater
impact upon population growth rates towards the cooler (range-edge) parts of the UK.
There is considerable policy interest in the development of simple indicators of the
impact of climate change upon species’ populations. Three potential indicators that
track changes in the abundance of different species with respect to the anticipated effect
of climate change on those species were tested. The Gregory et al. indicator uses the
results of bioclimate modelling to separate species likely to increase in response to
climate change from those projected to decline, and tracks divergence in their
population trends. The Community Temperature Index (CTI) is the mean breeding
season temperature across a species’ range averaged across species at a site. The
BICCO-Net I index separates species into those whose annual fluctuations in
population growth are positively associated with temperature from those which are
negatively affected, and uses the divergent population trends of these two groups to
track climate change.

Computer simulations were developed to assess the potential sensitivity and specificity
of these indicators to climate change. These demonstrated that the different indicator
types can produce similar outputs that successfully track changes in temperature.
However, all were potentially vulnerable to the effects of simulated non-climatic
drivers of change, particularly if those drivers differentially impacted species with
different sensitivities to temperature.

Two indicative climate change indicator types were developed for the UK; CTI and
BICCO-Net. The strongest indicator trend was for birds, which showed significant
increases in both CTT and BICCO-Net indicators through time. CTI increases were
greatest in western and upland Britain. Patterns for other taxa were less clear,
potentially as a result of the effects of non-climatic environmental changes upon
populations. A combination of all three indicator approaches may have the greatest
potential to fully track climate change impacts upon populations, but will require
careful interpretation in the light of potentially confounding non-climatic environmental
change.

Long-term trends in the overall abundance of aphids and moths may be related to
climate change. Climate change has also differentially affected the abundance of
different bird species, altering the composition of avian communities. In other taxa,
potential climate change impacts upon long-term trends may be weak, or have been



masked by stronger effects of other, non-climatic changes. In particular, improving
water quality may have reversed potential climate change impacts on
macroinvertebrates in urban rivers, emphasising how reducing other stressors can offset
climate change effects or help species adapt. However, there was good evidence that
future warming is likely to continue to detrimentally affect upland freshwater species in
fast-flowing waters.

Although perhaps the most comprehensive single assessment of the impacts of climate
change on UK biodiversity population trends that has been conducted to date, our
results require careful interpretation. They are largely dependent upon regression and
correlation, so that the attribution of observed long-term biodiversity trends to climate
change should be made carefully, particularly as the observed trends in weather
variables will partly result from anthropogenic forcing, and partly from natural
fluctuations.

We have attempted to minimise the risk of falsely attributing changes in species’
populations to weather variables by including additional linear relationships between
year and abundance to reduce the likelihood that long-term trends in unmeasured non-
climatic drivers may result in spurious correlations between species’ abundance and
weather variables. Where possible, for the freshwater environment, we extended this
approach by also including measurements of variables relating to changes in water
quality. The importance of such non-climatic drivers was illustrated by our analysis of
climate change indicators.

The species covered by this project were a non-random selection of those for which
extensive long-term monitoring data were available. For some groups, particularly the
mammals, they spanned a relatively short time-series, which may have reduced our
ability to identify significant relationships between abundance and weather variables.
They will also have tended to be relatively common and widespread species. As rare or
localised species may be more susceptible to climate change, particularly if associated
with cooler northern or upland climates with fewer observers, then it is possible that our
general results may underplay the potential impacts of climate change on UK
biodiversity.

The results from this project should input significantly to the 2018 Climate Change
Risk Assessment and updates of the LWEC report cards. They will also provide
important evidence for the National Adaptation Programme. There is considerable
species-level information about the likely sensitivity of the species analysed to changes
in temperature and precipitation which could be disseminated to a range of audiences if
an appropriate route were found. This could be particularly informative for
conservation organisations and to assist with adaptation planning.

It is worth emphasising that continued extensive monitoring of UK biodiversity,
whether through existing citizen science schemes such as the butterfly monitoring
scheme or breeding bird survey, or professional surveys, such as conducted by
Rothamsted Research or the Environment Agency, is essential to track biological
responses to climate change. The collection of additional environmental data associated
with such monitoring, such as occurs on ECN sites, or through the analyses of long-



term data about other drivers, will improve the ability to attribute observed changes to
climate change, or other drivers. This will be increasingly important in the future, not
just to track the impacts of climate change, but also the potential success of adaptation
measures in response.

A number of further evidence needs could be addressed through further analysis and
interpretation of the results presented, and which are described at the end of the report.



2. Introduction

2.1. Scientific context

There is increasing evidence that climate change is impacting upon species and their natural
populations. A number of reviews have already highlighted significant changes to the timing
of biological events, particularly in response to warming (Parmesan & Yohe 2003, Root et al.
2003, Thackeray et al. 2010). Species’ distributions have also shifted in response to climate
change (Chen et al. 2011), particularly in a poleward direction at medium and high latitudes.
Although there are species-specific studies that document significant impacts of climate
change on species’ populations (e.g. Frederiksen et al. 2006, Franco et al. 2006, Gregory et
al. 2009, Pearce-Higgins et al. 2010, Johnston et al. 2013), there is perhaps greater evidence
from studies of changes on the structure of species’ assemblages that climate change has
already had a detectable impact on populations and ecological communities (e.g. Devictor et
al. 2008, 2012, Davey et al. 2012, 2013). Where these impacts have caused reductions in the
abundance of species, they may have significant implications for conservationists, the
delivery of ecosystem services, and for meeting legal obligations of biodiversity protection.

Future impacts of climate change are projected to be much more marked than those already
detected (Thomas et al. 2004, Huntley et al. 2008, Araujo et al. 2011, Bellard et al. 2012,
Warren et al. 2013). For the UK, the MONARCH project predicted many substantial changes
in the distribution of selected BAP priority species in response to climate change (Walmsley
et al. 2007). More recent Defra-funded studies have assessed the likely consequences of
climate change on internationally important bird populations on UK Special Protection Areas
(SPAs; Pearce-Higgins et al. 2011b, Johnston et al. 2013), on priority habitats (Carey et al.
2013) and on coastal habitats (Brooks et al. 2011). These generally suggest that an increasing
proportion of vulnerable species or habitats in the UK will be threatened with increasing
severity of climate change.

Significant proportions of species are projected to face local or global extinction under
projected future scenarios of change, yet at present there is limited evidence of climate
change having caused severe species’ population declines and widespread ecosystem
disruption (Cahill et al. 2013). For the UK, the terrestrial report card, which summarised the
latest evidence of climate change impacts, reported with moderate to high confidence that
warming has caused the northwards expansion of many species and has advanced spring
phenology. The impact of these changes for populations was more mixed, with evidence for
declines in some northern and upland communities, but increasing opportunities for
population expansion for many others. These opportunities may be moderated by possible
widespread negative impacts of increasing extreme events (Morecroft & Speakman 2013).
This message that climate change may provide opportunities for some UK species, but have
negative impacts on others, was also reflected in a recent project funded by Natural England
which identified the risks and opportunities for species in England as a result of climate
change (Pearce-Higgins et al. 2013). Whilst upland species and bryophytes were identified as
being at particularly high risk from climate change, many other species may face new
opportunities as climatic conditions improve for them.



Beyond the evidence for range shift and phenological change, many of these statements in the
terrestrial report card, as well as many of the species’ assessments of risks and opportunities
for England, were associated with low confidence due to the uncertainties involved
(Morecroft & Speakman 2013, Pearce-Higgins et al. 2013). As a result, there is an urgent
need for robust collation and analysis of long-term biodiversity monitoring data to allow the
impacts of climate change on species populations and communities to be fully documented.
Such information may then be used to improve the evidence base used to underpin such
assessments.

2.2. Policy context

The Climate Change Act of 2008 contained a commitment to a six-yearly appraisal of the risk
that climate change poses to the UK (the Climate Change Risk Assessment; CCRA), the first
iteration of which was published in 2012 (CCRA 2012). The Assessment required
consideration of all sectors, including a biodiversity component, and highlighted that
sensitive species are likely to come under increasing pressure from climate change, although
a likely smaller number of species could benefit. However, the ability of the CCRA to
provide a comprehensive assessment of biodiversity risks and impacts was limited by the
availability of suitable data and completed studies which clearly identified impacts of climate
change on biodiversity. With the next iteration of the CCRA due in 2018, there is a high
policy-demand for updated and enhanced evidence of climate change impacts on biodiversity.

The recently published terrestrial biodiversity and freshwater report cards, funded by the UK
Government and developed under the Living with Environmental Change (LWEC)
partnership, were established with an aim to at least partially fill this evidence gap (Morecroft
& Speakman 2013, Watts & Anderson 2013). For example, the terrestrial report card was the
work of over 40 scientists from 20 different institutions, who authored a total of fifteen
underpinning technical papers. These report cards were modelled on the previously
established Marine Climate Change Impacts Partnership (MCCIP) reports, the latest version
of which was published recently, and includes consideration of climate change impacts on
marine and coastal biodiversity (MCCIP 2013).

The need for coordinated long-term monitoring of species populations and distributions,
coupled with detailed analyses in order to identify and attribute climate change impacts, has
long been recognised by the English Biodiversity Strategy and by the UK Biodiversity
Partnership. Such analyses are an important component of climate change adaptation
(Hopkins et al. 2007, Smithers et al. 2008), and specified in Biodiversity 2020: A strategy for
England’s wildlife and ecosystem services. These same pressures and needs increasingly
apply to UK’s devolved administrations, as covered by the SNH Strategy and Priorities 2012
to 2015, and the Wales Environment Strategy adopted in 2006.

There is a high policy demand for evidence of climate change impacts on biodiversity at both
the UK and country level as a first step towards informing adaptation. The BICCO-Net
project was set-up with the aim of centralising the collation of relevant biodiversity
monitoring data in the UK in order to analyse those data to assess the effects of climate
change on biodiversity. The first phase of BICCO-Net ran from 2009-2011, and focussed on



analyses of long-term trends in terrestrial biodiversity (Pearce-Higgins et al. 2011a),
producing one scientific paper so far (Eglington & Pearce-Higgins 2012). Some general
results from the BICCO-Net project, which had not been completed at the time, fed into the
CCRA for the Biodiversity and Ecosystem Services Sector. Many more of the BICCO-Net
results input to the terrestrial report card, and it is anticipated that the developments of the
current project will assist with future reporting of biodiversity impacts of climate change for
the CCRA and other audiences. Such reporting is also likely to feed into the new National
Adaptation Programme (NAP) to set out the Government’s vision to deal with the priority
risks and opportunities that climate change poses. This will include a natural environment
theme, which must be underpinned with evidence of impacts of the sort reported through
BICCO-Net.

Although, due to marketing restrictions, it has not been possible to promote the BICCO-Net I
results through a searchable web-based resource as originally anticipated, BICCO-Net is
providing an important tool for the collation and analysis of long-term biodiversity
monitoring data, and has contributed significantly to the successful delivery of reporting of
climate change impacts on biodiversity. As a result of these successes, Phase II was funded
from 2012-2014, with the following objectives.

2.3. Aims
The aims of BICCO-Net II (bold) were subdivided into various tasks as follows, with a
summary of task delivery given in Appendix 1:

1. Data update and extension.
1. Update and extend time-series used in Phase I to describe changes in terrestrial
biodiversity.
2. Collate long-term time-series that describe changes in freshwater biodiversity
2. Co-ordination of statistical analyses.
3. Analyses of terrestrial population time-series.
1. To better identify climate change impacts, use multiple regression models to extend
previous analyses of population trends at a national-scale.
2. Fine-scale analysis of population trends to distinguish climate change impacts from
other drivers of change, and quantify interactions between different drivers. This will
include:
1) Fine-scale analysis of national monitoring scheme data at the site level.
i1) Analyses of biodiversity measurements at the 12 terrestrial ECN sites
accompanied by co-located meteorological, atmospheric deposition
chemistry, soil temperature and soil chemistry data. Comparable analysis will
be conducted on freshwater ECN data in Task 4.2.
4. Analysis of freshwater population time-series
1. Analysis of Upland Waters Monitoring Network (UWMN) lakes and streams,
supplemented with longer-term data from the Llyn Brianne Stream Observatory.
2. Analysis of national-scale river macro-invertebrate monitoring data in the
following ways:
i) Community level analysis across England and Wales.
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ii) Family and species-level analysis of distribution and abundance change.
iii) ECN analysis of co-located species-level population and detailed
environmental data, in common with terrestrial analysis of Task 3.2.
5. The development of climate change indicators
1. Short review in order to identify the most appropriate methodology to be developed
and used through the BICCO-Net project and the production of national climate
change indicators.
2. Production of example maps of spatial variation in the climate change indicator for
birds.
6. Traits analysis
1. Report describing traits analysis of the sensitivity of populations to climate change,
and comparing responses between terrestrial and freshwater systems to temperature
7. Knowledge transfer
1. Production of a knowledge transfer plan.
2. Dissemination of project information through appropriate web-pages to be
identified in consultation with the project steering group.

This report presents a summary of the main findings and achievements of the project. A short
methods section provides an overview of the scientific approaches used for the analysis, the
key results from which are provided in the results section. The first part of this section
summarises the key findings from the project, whilst the second part is divided into short
letter-style reports on each of the analytical components of the project, each of which is
designed to be a stand-alone summary of the work. More detailed outputs are provided in a
series of accompanying appendices. The report concludes by setting the key messages in the
wider scientific and policy context, and with suggestions for further work and potential next
steps.

3. Methods

3.1. Summary of datasets

BICCO-Net I analysed data on the abundance of seven broad taxonomic groups across a
combination of data from national monitoring schemes with extensive, large-scale coverage
(mammals, birds, aphids, moths, butterflies) with additional data from Environmental Change
Network (ECN) sites which may not be regarded as nationally representative. In BICCO-Net
Phase II, the existing time-series were extended using data from extra years, and the scope of
the data extended to the freshwater environment (Table 3.1). Due to their variable nature,
different datasets were analysed separately, and using a number of complementary
approaches. Thus, truly national monitoring schemes, with extensive coverage from widely
distributed or stratified random sampling (mammals, birds, aphids, moths, butterflies,
freshwater macroinvertebrates), were analysed to examine the impacts of climate change at a
national level, although for freshwater macroinvertebrates, variation in the extent to which
species-level abundance data are available means that only community-level analysis is
possible at a national level. Species-level abundance data were only available for sites
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covered by the upland waters monitoring network (UWMN) and a subset of sites in England
surveyed by EA, and sites in Scotland surveyed by SEPA.

Table 3.1. Summary of population time-series analysed as part of BICCO-Net project.

Taxonomic group No. sites | No. species | Survey years | Source

Mammals (BCT) ~1200 12 1998 — 2011 | Bat Conservation Trust (BCT)
(BBS) ~3000 6 1995 -2011 | British Trust for Ornithology (BTO)
Birds (CBC/BBS)* ~3000 73 1966 — 2011 | British Trust for Ornithology (BTO)
(WBS/WBBS)? ~300 12 1980 —-2011 | British Trust for Ornithology (BTO)
Butterflies (BMS) 1424 55 1976 — 2011 | Butterfly Conservation (BC)

Moths (RR) 13 265 1975-2010 | Rothamsted Research (RR)

Aphids (RR) 12 80 1970-2010 | Rothamsted Research (RR)

Moths and butterflies (ECN) 12 1993 -2011 | ECN (CEH)

Macroinvertebrates - Family level (EA) | 2339 78 families | 1991 -2011 | Environment Agency (EA)
Species-level (EA/SEPA) EA, SEPA

(UWMN) 22 1988-2011 UWMN (Ensis Ltd)

(Llyn Brianne) 1981-2011 Llyn Brianne Stream (Cardiff University)

The Breeding Bird Survey (BBS) covers 1994 onwards. Prior to that, Common Bird Census (CBC) data were
used to produce national trends (see Freeman et al. 2007).
*The Waterways Breeding Bird Survey (WBBS) was used to provide data from 1998. Prior to that, the
Waterways Bird Survey (WBS) was used to produce national trends.

Table 3.2. Summary of data requirements for the different tasks (listed in 2.3 Aims).

Taxonomic group

T

Y

T3.2i

T3.2ii

T4.1

T4.2i T4.2ii T4.2iii | T5.1 | T5.2

Mammals (BCT)

Mammals (BBS)

Birds (BBS)

Birds (WBBC)

Butterflies (BMS)

Moths (RR)

Aphids (RR)

Moths and butterflies (EC)
Macroinvertebrates — family (EA)
Macroinvertebrates — species (EA/SEPA)
Macroinvertebrates (UWMN)
Macroinvertebrates (Llyn Brianne)

X X X X X X X|W

X
X

"Now included as part of the UWMN analysis, rather than considered separately.

Sample data from several monitoring schemes from a large number of locations were
analysed to look at finer-grain spatial variation in trends in relation to spatially varied
climatic measures (birds, butterflies, freshwater macroinvertebrates). The match between
different datasets and the different project tasks is summarised in Table 3.2. It is worth noting
that for some of these, the underpinning counts are necessarily of individuals at certain life-
cycle stages or of certain forms. Thus, population estimates of butterflies and moths are based
on numbers of flying adults, whilst for emergent aquatic macroinvertebrates, counts are of
larvae. For multivoltine species, counts may represent the sum of multiple generations. This

is most apparent in the counts for aphids which represent multiple generations of flying adults
through the year. In addition, these may have a variable relationship with true population size

12



depending upon the proportion of winged vs unwinged individuals and the number of
generations.

Weather was summarised using temperature and precipitation variables. For analyses of the
terrestrial environment (T3.1, 3.2i), we used monthly averages in mean temperature and
precipitation values, produced across a Skm grid (Met Office UKCP09 gridded datasets;
Perry & Hollis 2005). For the national-scale analyses, these were used to generate national
descriptions of climate change for England, England and Wales, Great Britain or the UK, as
appropriate. For fine-scale analysis, individual sample locations were matched to the weather
variables from the grid squares they were located in. For the analysis of ECN data (T3.2ii)
and all freshwater analyses, temperature and discharge data were obtained from monthly
sampling regimes located at or near invertebrate sampling locations. The patterns in these
matched national-level trends in temperature and precipitation (e.g. Figure 3.1).
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Figure 3.1. Annual fluctuations in mean discharge (