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MONARCH at a glance
MONARCH (Modelling Natural Resource
Responses to Climate Change) was a seven-year
phased programme to assess impacts of projected
climate change on wildlife in Britain and Ireland.

� The final phase of MONARCH modelled the
potential for changes in the ranges of 120
species selected for nature conservation action
in the UK Biodiversity Action Plan (BAP), and
then undertook a more considered analysis of
32 of those species.

� The UK Climate Impacts Programme’s (UKCIP02)
climate scenarios for the 2020s, 2050s and
2080s under High and Low greenhouse gas
emissions were used to project future potential
climate space at 50km resolution across Britain
and Ireland for each species.

� The resulting maps do not attempt to simulate
the future distribution of species in response
to climate change. However, they do show
where there could be suitable climate space.

� Overall there is a northward shift in suitable
climate space for many species, some of which
have the potential to extend their range within
Britain and Ireland.

� Results for the 32 species show over the
timescale of the scenarios:

� FIFTEEN are projected to gain substantial
potential climate space, with no significant
loss. They are: birds: stone-curlew, corn
bunting, turtle dove; butterflies: pearl-
bordered fritillary, marsh fritillary, silver-
spotted skipper, heath fritillary, Adonis blue;
mammals: greater horseshoe bat, lesser
horseshoe bat; plants: stinking hawk’s-beard,
red-tipped cudweed, broad-leaved cudweed,
red hemp-nettle, small-flowered catchfly.

� EIGHT are projected to lose significant
potential climate space with no significant
gains. They are: birds: skylark, common
scoter, black grouse, capercaillie, song thrush;
plants: Norwegian mugwort, twinflower,
oblong woodsia.

� THREE indicate no significant gain or loss
of climate space. They are: tree sparrow,
linnet and shepherd’s needle.

� SIX are projected to both gain and lose
potential climate space resulting in a
northward shift. They are: beetle: stag
beetle; mammal: Barbastelle bat; plants:
tower mustard, cornflower, cut-grass, floating
water plantain.

� The 32 species were neither selected as a
representative sample of priority species in
the BAP nor necessarily typical of wider
biodiversity. However, the fact that over 90%
of them show a substantial change in climate
space over the timescale of the scenarios
illustrates the need for adaptation measures
to ensure that species are able to disperse and
establish in new locations as the climate
changes.

� The programme identified a number of
limitations in the application of climate space
models. These are highlighted as caveats to
ensure that results are interpreted with due
care.

� This assessment highlights only the direct
impacts of a changing climate on the potential
climate space of the selected BAP species.
There will also be many indirect impacts on
biodiversity as land use sectors like agriculture,
forestry, planning, water and coastal
management respond to accommodate climate
change.

� The results highlight that any loss or shift in
suitable climate space for British and Irish
wildlife will be more severe unless
greenhouse gas emissions are cut.

�MONARCH outputs are valuable as broad
signposts to help develop policies for nature
conservation in a changing climate.
Adaptation measures must include:

� conserving and restoring the existing
biodiversity resource;

� reducing other sources of harm such as
pollution and inappropriate habitat
management;

� developing ecologically resilient
landscapes through reducing habitat
fragmentation.

This report should be
referenced as:
Walmsley, C.A.,
Smithers, R.J.,
Berry, P.M.,
Harley, M.,
Stevenson, M.J.,
Catchpole, R. (Eds.).
(2007). MONARCH –
Modelling Natural
Resource Responses to
Climate Change – a
synthesis for biodiversity
conservation.
UKCIP, Oxford.
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BACKGROUND

The UK Climate Impacts Programme’s (UKCIP02)
climate scenarios for the UK project mean annual
temperature rises of between 2-3.5°C by the 2080s,
with the southeast of England warming by as much
as 5°C.

Species are likely to face hotter summers, longer
growing seasons for plants, wetter winters and more
extreme weather events like prolonged drought,
intense storms and high winds. These conditions
could significantly affect their range, preferred
habitats and behaviour. Many species are already
showing evidence of northward extension or retreat
in their distribution in the UK as a result of a
warming climate.

This report presents concluding results from the
programme’s third and final phase, which examines
the potential effects of climate change on 32 rare or

threatened species listed as needing conservation
under the UK Biodiversity Action Plan (BAP).

It presents projections of how potentially suitable
climate space for each species is likely to change by
the 2020s, 2050s and 2080s. It also considers how
these species may fare as a consequence.
In doing so, it seeks to:

� make the case for adaptation measures to
manage the unavoidable effects of climate
change upon biodiversity;

� inform the development of biodiversity
conservation policy and ensure that the needs
of biodiversity are considered in adapting to
climate change across Britain and Ireland;

� inform future development of UK BAP targets;
� demonstrate the potential consequences for
British and Irish biodiversity of increasing
emissions, and thereby strengthen the case for
reducing greenhouse gas pollution.
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Species are likely to face more extreme weather events like prolonged drought, intense storms and high winds
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MONARCH (Modelling Natural Resource
Responses to Climate Change) was a
seven-year programme developed to
assess the impacts of projected climate
change on wildlife in Britain and
Ireland. The key aim throughout has
been to simulate the potential for
change in the ranges of species in the

face of a changing climate. MONARCH
does not predict where individual
species will expand or contract their
distributions. Instead, it points to where
the climate is likely to become
favourable or unfavourable for them,
and thereby influence their future
distribution.
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climate space changes at too fine a resolution is
misleading. The 5km resolution produced results
that gave unlikely detail which could form an
inappropriate foundation for detailed conservation
plans for individual species. In consultation with
species specialists, MONARCH established that
using a 50km resolution to project changes allows
broad trends in future climate space to be
presented. This coarse resolution view reduces the
risk that conservationists will over-interpret the
results at the site level.

The 32 species in this report were selected on the
basis that that they have good quality European
distribution data to train the model and deliver a
good simulated fit with the actual distribution.

Many of the other BAP species that are extremely
rare, unaccountably restricted in their distribution or
with doubtful or multiple date-class distribution
data were recognised as unsuitable for climate
space modelling.

MONARCH – a synthesis 5
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METHODOLOGY
Current European distribution data were used to
train the SPECIES (Spatial Estimator of the Climate
Impacts on the Envelopes of Species) computer
simulation model, with soil water availability,
growing degree-day and temperature indices used
to define current suitable climate space for each
species. Comparison with the recorded European
distribution enabled a statistical assessment of the
models’ simulation capacity.

The UK Climate Impacts Programme’s (UKCIP)
climate scenarios for the 2020s, 2050s and 2080s
under High and Low greenhouse gas emissions
allowed the future potential climate space to be
projected for each climate change scenario across
Britain and Ireland.

Initially, simulated current climate space maps were
overlain with projected future climate space at 5km
resolution for 120 BAP species. A significant finding
of MONARCH was that mapping potentially suitable

4 MONARCH – a synthesis
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CAVEATS
Maps represent projections of where future
suitable climate space may be located for each
species. They do not attempt to simulate the future
distribution of species in response to climate
change. They do not take account of a species’
capacity to disperse or the presence of suitable
habitat.

Other key caveats include:
� an assumption that climate is the dominant
factor responsible for the current species
distribution data that were used to train the
model;

� an assumption that current species
distributions are in equilibrium with climate;

� the maps have only been produced using a
single modelling method to fit species
distributions for specific climate change
scenarios (HadRCM3) so they do not illustrate

the full range of uncertainty;
� the model assumes that the European
distributions of species encompass their entire
climate space; where species occur beyond
this range, the projections could be affected.
However, the future climate that will be
experienced in Britain and Ireland is probably
encompassed by the European training of the
model;

� for many species, other abiotic factors, species
interactions and individual species
characteristics are likely to have a strong
influence on distribution patterns;

� whilst climate space may appear to be ‘lost’ at
a 50km resolution, local climate conditions
may give more time for species to adapt;

� the effects of climatic extremes were not
considered;

� capture of species distribution data is likely to
be incomplete and so the potentially suitable
climate space may not be fully defined.

MONARCH’s maps show climate

space projections for each species

in the 2020s, 2050s and 2080s.

These maps show the results for

tower mustard in the 2080s (Low

emission scenario left, High on

right), with red indicating loss,

green overlap and blue gain

Red hemp-nettle is one of the species modelled by MONARCH that could potentially expand its range
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NO CHANGE
Species that show no significant gain or loss of
climate space

Only three species (tree sparrow, linnet and
shepherd’s needle) show no significant change
because their present climate space covers most of
Britain and Ireland; they are also widespread within
Europe, including the Mediterranean. This indicates
climate is unlikely to be critical to their British and
Irish distribution.

SHIFT
Species that show a shift in potentially suitable
climate space

This group comprises six species, mostly plants.
They all show a northward shift in potentially
suitable climate space within Britain and Ireland. In
the case of the stag beetle, cut-grass and tower
mustard, the projected northward expansion of
climate space during the 2020s and 2050s could be
partially offset by losses in southern England by the
2080s under a High emissions scenario. Barbastelle
bat, cornflower and floating water plantain show
greater ‘movement’ in climate space with much of
their current space at risk under the 2080s High
scenario.

The list comprises:
� beetle: stag beetle;
� mammal: Barbastelle bat;
� plants: tower mustard, cornflower, cut-grass,
floating water plantain.

Executive Summary 5

GAIN
Species that gain substantial potentially suitable
climate space and show no significant loss.

This group contains many species of conservation
concern at a UK level that are often more abundant
in continental Europe. All 15 species have a southern
distribution in Britain and Ireland at present and are
at the northern edge of their ranges. It is important
to emphasise that the maps for these species
represent projections of where future suitable
climate space may occur for them. The maps do not
simulate the future distribution of species as a
result of climate change.

The list comprises:
� birds: stone-curlew, corn bunting, turtle dove;
� butterflies: pearl-bordered fritillary, marsh
fritillary, silver-spotted skipper, heath fritillary,
Adonis blue;

� mammals: greater horseshoe bat, lesser
horseshoe bat;

� plants: stinking hawk’s-beard, red-tipped
cudweed, broad-leaved cudweed, red hemp-
nettle, small-flowered catchfly.

LOSS
Species that show significant loss of potentially
suitable climate space and no significant gains

There are eight birds and plants in this group. Six
have predominantly northern distributions within
Britain and Ireland and, within the UK, their
strongholds are Scotland or upland habitats. Five of
these species are at risk of losing all climate space
and becoming extinct within Britain and Ireland.

The list comprises:
� birds: skylark, common scoter, black grouse,
capercaillie, song thrush;

� plants: Norwegian mugwort, twinflower, oblong
woodsia.

Executive Summary 4
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MONARCH grouped the 32 BAP species into four categories based
on the simulated change in potentially suitable climate space

Species with projected climate space gain
– GREATER HORSESHOE BAT

Within Britain, greater horseshoe bat is at its climatic
limit. Population declines during the 1960s and 1980s
have been attributed to unsuitable weather. The projected

extension of climate
space across Britain and
Ireland contrasts with the
distinctly south-western
distribution at present. A
minimum mean
temperature of 10°C in
April and May is crucial
for the timing of births
and population numbers
so warmer conditions
should favour this

species. Current predominantly pastoral agriculture make
western Britain more suited to this species but there is
certainly suitable habitat to the north of the existing
range. Individuals have been recorded as travelling up to
180km. Recent records show that individual bats from
south Wales colonies are over-wintering in north Wales so
there is likely to be potential for establishment of new
breeding colonies at distance from the existing range.

Species with projected climate space loss
– SONG THRUSH

The song thrush is ubiquitous throughout
Britain and Ireland. Significant loss
of climate space in southern
England is projected to occur

later this century, while under the 2080s High scenario the
impact may be dramatic, affecting most of England, Wales
and Ireland.

This projected northward retraction of climate space
perhaps reflects the present absence or rarity of the
species in central and southern Iberia. Hotter, drier summers
are thought to have contributed to the decline of the song
thrush in the south east of its UK range because drought
reduced the numbers of slugs and snails that it feeds on.

The impact of climate change on over-wintering areas is
another factor influencing the conservation of the song
thrush. However, milder winters may lead to a decline in
the proportion of birds migrating over time.

Species with no projected climate space
gain or loss
– TREE SPARROW

The tree sparrow is widely distributed throughout Europe
extending south to include all of Mediterranean Europe
and southern Asia. Almost all of Britain and Ireland
appears climatically suitable and there is no projected loss
of climate space. This is not surprising as the species’
geographic range is so great.

The direct impact of climate change on this species is
likely to be limited. However, tree sparrow populations in
the UK have suffered a 94% decline in the last 34 years
with changing agricultural practices appearing to be the
major factor.

Adaptation to climate change in other sectors, leading to
changes in land-use and farmland management practices,
may have positive or negative impacts on the bird’s
distribution and abundance.

Species showing a northward shift in
potentially suitable climate space
– CORNFLOWER

Once an arable weed occurring throughout the UK, it is
now thought that self-sustaining, natural populations are
confined to five areas from south Devon to north east
Scotland. Suitable climate space is projected to expand in
northern Scotland where the plant already occurs, if
sparsely. However, by the 2050s and 2080s a substantial
loss of suitable climate space is projected in southern
Britain and Ireland. This may reflect the current absence of
cornflower from Iberia, but is surprising given its current
range as far south as Tunisia and Greece.

The BAP objective to establish populations within the
historical range might include some more northerly
localities to ‘insure’ against future loss of climate space in
southern England.
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Chapter 1
Introduction
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In upland areas like Glen Finglas, Brig o’Turk, Highland, evidence suggests species are moving altitudinally upwards

CONCLUSIONS
MONARCH’s overview of the potential impacts of
climate change on species’ distributions helps
inform adaptation policy. However, there are
inherent uncertainties in all computer simulation
models. The quality and diversity of biological input
data and the sophistication of data manipulation
both affect the robustness and reliability of results.
Careful interpretation of MONARCH outputs is vital.

The projections for the 32 BAP species illustrate the
severe threat posed by climate change to
biodiversity. The majority of species studied in
MONARCH are likely to experience changes in the
location and/or extent of their suitable climate
space. Of the 32 species in this report, 29 are
projected to see significant shifts in suitable climate
space. Eight are projected to lose substantial
climate space: in the case of six of them, all suitable
climate space – or the vast majority of it – is lost by
the 2080s under a High climate change scenario.
The projections also show a northward shift in
climate space for six species, while 15 have the
potential to extend their range within Britain and
Ireland without significant loss. Range extension in
northern Europe may be particularly important for
some species, especially if range contraction is
simultaneously occurring at the southern margins of
their European distribution.

The changes in suitable climate space projected by
MONARCH suggest that many species will need to
disperse to survive. Many species will find it very
difficult to disperse successfully unless action is
taken at multiple scales to address fragmentation of
semi-natural habitats, specifically BAP habitats. All
species whose potentially suitable climate space
moves may benefit from adaptation measures to aid

dispersal to and establishment in new locations.
Given the uncertainties within MONARCH and other
risk assessments, further monitoring of BAP species
at risk of climate change impacts is vital.

This assessment of BAP species highlights the direct
impact of a changing climate on their potential
climate space. There will be many other indirect
impacts on biodiversity as other sectors, like
agriculture, forestry, planning, water and coastal
management, adapt in the face of climate change.
Assessment of impacts on and risks to species and
habitats requires consideration of many other
factors. These include changes in phenology (e.g.
timing of migration movements), community
composition, land use, competition from invasive
species and the effects of extreme weather events.

Climate space models cannot prescribe necessary
action or timetables on a species-by-species basis.
The outputs are indicative rather than accurate, and
adaptation for nature conservation must be
inherently flexible enough to work under a range of
circumstances. Plans must be drawn up with
uncertainty in mind.

MONARCH’s projections reinforce the urgency for
management interventions. Whilst the changes in
climate space projected for most species by the
2020s are relatively limited, by the 2050s many are
substantial. Successful adaptation measures for
nature conservation need time measured in decades
to become effective. That is why adaptation
planning and action along with meaningful
international efforts to reduce emissions must start
now. If these fail or are delayed, the effects of
climate change on wildlife in Britain and Ireland will
be much more severe.

Executive Summary 6
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Lesser horseshoe bat is projected to be one of the species which gains climate space
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1.2 Species already
responding to
climate change

Among the growing global evidence of the
ecological impacts of climate change, species
have been recognised as providing a climate
change ‘fingerprint’ (Walther, 2001; Root et al.,
2003; Parmesan & Yohe, 2003). This includes
changes in phenology (or species behaviour),
species range and species abundance. There is
strong evidence of phenological change, in
particular the timing of seasonal events such as
the early arrival of migrants, early flowering or
leafing dates and delayed leaf fall – as
exemplified by the UK Phenology Network
(Collinson & Sparks, 2003, 2005; Sparks &
Collinson, 2006).

A wide range of species is showing evidence of
changing distribution within the UK as a result
of a warming climate. Hickling et al. (2006)
demonstrated significant northward shifts in
range margins within 12 taxonomic groups,
including mammals, butterflies, fish and
spiders. However, not all species are responding
in the same way. Some are retreating
southwards, most notably amphibians and
reptiles (Hickling et al., 2006). There is also
evidence in many taxa that species are moving
altitudinally upwards.

Changes in species abundance are also being
recorded. For example, smaller flocks of waders
recorded on the west coast of Britain have been
correlated with warmer winters allowing them
to remain further east, nearer to their breeding
sites (Rehfisch et al., 2004). In other groups,
including woodland plants (Kirby et al., 2005)
and butterflies (Roy et al., 2001), changes in
abundance have been linked with climatic
trends.

Climate-related changes in habitat structure and
ecosystem function have so far been rarely
reported. Carbon loss has been observed in

recent decades through higher dissolved
organic carbon levels in waters (Freeman et al.,
2001; Worrall et al., 2004; Clarke et al., 2005)
and direct loss of carbon from soils (Bellamy et
al., 2005). Temperature increases and droughts
resulting from climate change are among
factors thought to be contributing to these
trends (Worrall et al., 2006).

Climate change may also lead to widespread
shifts in the habitat requirements of species.
For example, changes in the ecological
requirements of brown argus (Aricia argestis)
and silver-spotted skipper (Hesperia comma)
have been identified (Thomas et al., 2001).

Changes in the ecological requirements of the silver-spotted
skipper have been identified
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Over the past seven years, the MONARCH
project has developed an analytical approach
to assess the potential responses of species to
climate change within Britain and Ireland.
Climate change is expected to be the most
serious threat to biodiversity during the 21st

Century. There is an urgent need to assess
potential future impacts on species and
identify actions to help them adapt. MONARCH
has aimed to inform and influence the
development of nature conservation policy and
highlight the need to consider biodiversity
issues in all adaptation planning across Britain
and Ireland.

1.1 Inevitable climate
change

Mean global surface temperature and carbon
dioxide concentrations in the atmosphere have
been rising since the industrial revolution (IPCC,
2001, 2007). The global climate changed
significantly during the 20th Century, with an
approximate 0.74°C rise in mean temperature.
Much of this warming has taken place recently,
with 0.4°C of this rise occurring since 1970.
Within the UK, greater warming of around 1°C
occurred during the 20th Century, with the
thermal growing season lengthening by almost
one month (Hulme et al., 2002).

Climate change is happening now and the
conclusion that anthropogenic emissions of
greenhouse gases are a major causal factor is
well established within the scientific community
and more widely (Schellnhuber et al., 2006;
IPCC, 2007).

Global mean temperatures are projected to
continue rising at a rapid and accelerating rate
over the coming decades (IPCC, 2001, 2007).
This is inevitable because the full effects of
emissions already within the climate system
have yet to be fully felt (Wigley, 2005) and
because global greenhouse gas emissions are
projected to continue rising (Nakicenovic &
Swart, 2000). Even if we were able to stop all
emissions now, there would be at least 50 years
of climate change while even the most
optimistic emissions scenarios show increased
emissions over the next few decades. The
inevitable conclusion is that it is essential to
develop adaptation measures.

Climate scenarios for Britain and Ireland
suggest that mean annual temperatures may
rise by 2 to 3.5°C by the 2080s (Hulme et al.,
2002; UKCIP02 scenarios), with the south east
of England potentially up to 5°C warmer under a
High emissions scenario.

Seasonal variations are likely to be significant,
with hotter summers and a further extension of
the thermal growing season for plants.
Seasonal changes in precipitation are projected,
with greater winter rainfall and drier summers.
Extreme weather events are likely to become
more frequent, most notably high temperatures
and drought in summer and more heavy-rainfall
year round. Snowfall will decrease significantly.

Given the magnitude and rapidity of these
potential changes in climate, it is inevitable that
they will seriously affect many species and
habitats.

Drought will become more frequent in summer, as here at Fowlmere, Breckland, in the east of England
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1.3 Rationale for
MONARCH

Given the strong evidence of species
responding to climate changes to date, it is
highly likely that the future impacts of climate
change on biodiversity will be substantial,
particularly as climate is a key factor
determining species distribution and ecology.

Global projections of future species
distributions based on mid-range climate
change scenarios have been used to estimate
that by 2050 between 15-37% of species in a
selection of regions and taxa will be ‘committed
to extinction’ (Thomas et al., 2004). This is not
just something for the future. There is already
evidence that climate warming is a key
contributor to the extinction of some 110
species of harlequin frog due to a pathogenic
chytrid fungus which is now thriving in warmer
conditions in Central and South America
(Pounds et al., 2006).

There is a need to assess the potential impacts
of climate change on biodiversity globally and
regionally so nature conservation policy can be
developed to cope with a changing climate.
Within the UK, previous assessments of the
potential effects of climate change on
biodiversity have been largely qualitative and
based on risk assessment and expert opinion
(e.g. Hossell et al., 2000). The MONARCH
project has sought to quantify effects through
modelling the potential for changes in species
distributions that might occur due to climate
change in Britain and Ireland.

An ever growing focus on reducing greenhouse
gas emissions has come about as a result of the
increasing consensus that recent climate
change is primarily anthropogenically induced,
and growing concerns that dangerous climate
change will have major global impacts (e.g.
IPCC, 2001, 2007; Schellnhuber et al., 2006).
The loss of biodiversity is one of a whole gamut
of reasons for instigating and intensifying

mitigation measures to minimise climate
change. MONARCH has sought to demonstrate
the potential consequences for British and Irish
biodiversity of failing to curb emissions. It
thereby strengthens the case for action to
reduce them.

1.3.1 Need for adaptation measures

Until recently, mitigation measures dominated
the response to climate change. There is now an
increasing recognition of the need to develop
adaptation measures (West & Gawith, 2005;
European Environment Agency, 2005).
MONARCH seeks to help build the case for
incorporating adaptation measures into nature
conservation strategies. This need has been
reinforced by the challenging international
conservation targets set by the Convention on
Biological Diversity (CBD) to reduce the rate of
biodiversity loss by 2010 and, within the EU, the
more stringent goal to ‘halt the decline of
biodiversity by 2010’ agreed at the EU
Gothenberg Council in 2001. It is widely
accepted that climate change presents an
immediate obstacle to these targets and the
successful implementation of the Natura 2000
network in Europe (EPBRS, 2005; Harley et al.,
2005).

The CBD has assessed the role of biodiversity in
climate change mitigation and adaptation (CBD,
2003) and how biodiversity considerations can
be integrated into adaptation measures (CBD,
2006). A key recommendation was that national
policies and plans for climate change
adaptation should routinely take account of
biodiversity so as to minimise negative
consequences and enhance positive synergies.
The need to develop predictive models to guide
the design and selection of adaptation
strategies was identified as an important
challenge to enable this (CBD, 2006). The
quantification and forecasting of species and
habitat responses is among the knowledge
gaps identified by the European Platform for
Biodiversity Research Strategy (EPBRS, 2005).
MONARCH is relevant to these gaps.

Pa
ul
G
le
nd
el
l/N

at
ur
al
En
gl
an
d

MONARCH has sought to demonstrate the potential consequences for British and Irish biodiversity of failing to curb emissions
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Conservation sites in South East England, like Weeting Heath National Nature Reserve, Norfolk, could be up to
5°C warmer by the 2080s

1.4 Project overview
and aims

Within Britain and Ireland, MONARCH has been
developed by a partnership of governmental
conservation agencies and NGOs to assess
potential responses of species. The twin
objectives have been to inform the development
of nature conservation policy and ensure
biodiversity is a key consideration within
adaptation planning across Britain and Ireland.

In the initial phase, climate change impacts on
both habitats and species were considered to
broadly determine potential implications for
wildlife in terrestrial, freshwater, coastal and
marine environments (see Harrison et al., 2001).
In addition, karst landscapes, considered
sensitive to climate change, were assessed to
illustrate the potential impacts on a particular
geological landscape.

The key aim of all three phases of MONARCH
has been the development and refinement of
the SPECIES (Spatial Estimator of the Climate
Impacts on the Envelopes of Species)
bioclimate envelope modelling approach (see
Chapter 2 and Appendix 1) to simulate climate
space1 and the potential for changes in species
distributions under a changing climate. The
climate change scenarios developed for the UK
Climate Impacts Programme in 1998 and 2002,
known as UKCIP98 and UKCIP02, have
underpinned the work by providing climate
variables to assess future impacts. During the
whole project, potentially suitable climate
space has been modelled for some 170 species.
The final phase sought to produce maps of
potentially suitable climate space to assess the
potential for changes in distribution patterns of
species selected for conservation action
through the UK Biodiversity Action Plan (BAP).
Generic guidance on consideration of climate
change to inform the review of BAP targets in

2005-06 raised questions about the long-term
viability of some targets. This final report also
seeks to inform such discussions.

In summary, the final report aims to:
� demonstrate the potential consequences
for British and Irish biodiversity of failing
to reduce emissions, and strengthen the
case for action;

� demonstrate the need for adaptation to the
unavoidable effects of climate change
upon biodiversity over the next 50 years;

� inform the development of nature
conservation policy and facilitate
consideration of biodiversity in adaptation
planning across Britain and Ireland;

� inform discussions about future target
setting for UK BAP species and habitats.

Other aspects of MONARCH
research described elsewhere

Throughout the seven year project, many avenues of
research have been explored. As this report focuses on the
implications for nature conservation, many important
aspects of the research have been omitted. They are fully
described either in Harrison et al. (2001), Berry et al.
(2005) or Berry et al. (2007). The main elements of the
work not included here are:
• validation of the modelled climate space outputs through
hindcasting for species with good long-term distribution
data (Berry et al., 2007: Chapter 4);

• quantification of uncertainty in climate space modelling
associated with the choice of global climate model,
emission scenario and natural climatic variation (Berry
et al., 2007: Chapter 5);

• the development of a bioclimatic classification for Britain
and Ireland based on biologically relevant climate
characteristics to reflect regional differences in altitude
and terrain (Harrison et al., 2001: Chapter 2; Berry et al.,
2005: Chapter 2);

• the identification of climatically sensitive areas of Britain
and Ireland where the bioclimate is projected to show
most change (Berry et al., 2005: Chapter 2);

• the modelling of future land cover change (Berry et al.,
2005: Chapter 3);

• modelling the impacts of climate change on wading birds
on estuaries (Harrison et al., 2001: Chapter 6; Berry et
al., 2005: Chapter 5);

• conceptual models of the implications for communities of
arriving and departing species (Berry et al., 2005:
Chapter 4).

1 Climate space is the geographic area that is projected to have climatic
conditions similar to the climate of those areas currently occupied by the
species and suitable for their long-term survival.
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2.3 Species selection
and output
refinement

The Europe-wide species distribution data
needed for model training were available for
only 120 of the 362 terrestrial UK BAP species.
This meant that the BAP species used to assess
future changes in potentially suitable climate
space were largely self-selecting.

Initially, maps were produced of the current
recorded distribution overlain by simulated
present and projected future climate space
across Britain and Ireland at 5km resolution for
all 120 BAP species. The simulations were then
masked to remove areas of currently unsuitable
land cover in an effort to better define the
potentially suitable areas. This had limitations
in defining the land cover types where a species
might occur. It was good at limiting simulated
climate space for coastal species but was rather
crude for others as many were associated with
a number of widely distributed land cover types.
Consequently, the maps were produced both
with and without the land cover mask.

Taxonomic specialists reviewed these maps at a
workshop in March 2006 at Mansfield College,

Oxford. They found that for many of the 120
species, the maps flagged up significant
limitations to their modelling (see Appendix 2
on the CD). More generally, it was found that,
when the model was projected at a 5km
resolution, it generated potentially suitable
climate space boundaries that were
unrealistically detailed, especially as much of
the training data was at 50km resolution.
Species experts briefed on the interpretation of
the outputs concluded that maps at 5km
resolution gave the projections a false sense of
accuracy. This would encourage over-
interpretation and could form an inappropriate
foundation for detailed conservation
prescriptions for individual species. In addition,
the masks of unsuitable land cover were either
too restrictive or too indiscriminate and in
general did not aid interpretation.

2.3.1 The 32 species selected

Consequently, 32 UK BAP species were selected
for this report. They have good quality
European distribution data to train the model
and deliver a good simulated fit with the actual
distribution.

These species were selected on the basis of the
following criteria:

� data covering their European distribution,
used to train the model, were considered
accurate;

� there was good correlation between the
actual distribution of the species and the
modelled current suitable climate space, as
determined by both expert judgement and
consideration of values for the Area Under
the Receiver Operating Characteristic Curve
(AUC) and Cohen’s Kappa statistic of
similarity (K) (see Appendix 1 on the CD for
details).

UKCIP Scenario Temperature
change in relation
to1961-1990 mean

2020s High 0.94ºC

2050s High 2.24ºC

2080s Low 2.00ºC

2080s High 3.88ºC

Table 2.1 Estimates of global temperature change for the
four UKCIP climate change scenarios for which potential
climate space simulations are presented
(after Hulme et al. 2002).

2.1 An overview of the
MONARCH
methodology

During the MONARCH study, the projection of
climate change impacts was explored initially
across Britain and Ireland as a whole at 10km
resolution and subsequently through regional
case studies at 1 or 5km resolution in
Hampshire, Snowdonia, Central Highlands and
Cuilcagh/Pettigo (a cross-border Irish site). In
downscaling the resolution of the modelled
climate and land cover suitability and
including consideration of land cover,
MONARCH identified that implementing
climate space and associated modelling at a
finer resolution necessitated data that is either
unavailable or of insufficient quality.
Subsequently, the modelling outputs in the
final phase of MONARCH were ultimately
developed at a coarser 50km resolution. These
final outputs are presented in the results
section of this report and the methodology
presented here specifically relates to them.

A more detailed summary of the SPECIES
bioclimatic envelope methodology developed
during the MONARCH programme is given in
Appendix 1 (on the accompanying CD) while the
different approaches applied during the three
phases of MONARCH are detailed in Harrison et
al. (2001) Berry et al. (2005) or Berry et al. (2007).

2.2 Climate space
modelling

The SPECIES computer model was used to
define the bioclimatic envelope or climate space
of each species, using available European
distribution and baseline bioclimate data to
train the model.

Climate and soils data were the primary inputs
used to derive soil water availability and

growing degree-day values along with several
temperature indices for the 1961-1990 baseline
bioclimate.

The model uses an artificial neural network
(ANN) to characterise the climate space of a
species by correlating the bioclimatic variables
with the presence or absence of the species
across Europe at a set of sample points. ANNs
are computational algorithms that ‘learn’
underlying relationships between input
(bioclimatic variables) and output (species
presence/absence) data in order to predict
future changes.

The model provides a simulated current climate
space map for Europe that defines the range of
potential climatic conditions under which the
species could be expected to occur. The
European distribution data was divided into two
separate sub-samples, one to train the model
and another to assess statistically the capacity
of the model to simulate the current
distribution. Only those species with a
statistically good fit according to both Kappa (a
measure of similarity between spatial patterns)
and AUC (a measure of the model’s projective
accuracy) statistics are presented. The primary
output from the SPECIES model is a
probabilistic climate suitability surface that is
converted into the presence/absence potential
climate space maps presented in this report,
using the maximum Kappa value to maximise
the agreement between observed distribution
and simulated potential climate space.

The projected future soil water availability,
growing degree-day and temperature indices
were derived for Britain and Ireland using the
UK Climate Impacts Programme’s (UKCIP02)
climate scenarios for the 2020s, 2050s and
2080s under High and Low emission paths. This
allowed the future potential climate space to be
projected for each scenario across Britain and
Ireland. The UKCIP scenarios presented in this
report equate to global temperature rise
estimates of between 0.94 and 3.88°C above
1961-90 mean (see Table 2.1, above right).
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Chapter 3
Future changes in
potentially suitable
climate space
for BAP species
C.A. Walmsley, P.M. Berry, J.R. O’Hanley,
C.L.Thomson & R.J. Smithers

In addition, the species selected for modelling
excluded those with one or more of the
following characteristics:

� extreme rarity, limited to very few localities;
� distributions clearly governed by
microclimate or factors other than climate,
particularly species with patchy or disjunct
distributions;

� anomalousness (e.g. lady’s slipper orchid);
� unaccountably restricted in Britain or
Ireland;

� erroneous distribution data caused either
by lack of proper survey or uncertainty
about taxonomic status (i.e. Scottish

crossbill, pipistrelle, mountain scurvy grass,
southern wood ant, Killarney fern
gametophyte);

� reliance on multiple date classes of
distribution data (as these do not
correspond with multiple date classes of
climate data).

The 32 species were re-modelled at a 50km
resolution without land-cover masks, but
otherwise using the same methodology. At this
resolution, it was felt that climate space
changes could be more meaningfully projected
and interpreted.

Killarney fern was one of the species initially modelled but eventually not presented because of erroneous distribution data

Stone curlew is one of the species whose climate space has been subjected to detailed study under MONARCH
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Stag beetle Lucanus cervus Beetle 78

Stone-curlew Burhinus oedicnemus Bird 26

Corn bunting Miliaria calandra Bird 28

Turtle dove Streptopelia turtur Bird 30

Skylark Alauda arvensis Bird 56

Common scoter Melanitta nigra Bird 58

Black grouse Tetrao tetrix Bird 60

Capercaillie Tetrao urogallus Bird 62

Song thrush Turdus philomelos Bird 64

Linnet Carduelis cannabina Bird 72

Tree sparrow Passer montanus Bird 74

Pearl-bordered fritillary Boloria euphrosyne Butterfly 32

Marsh fritillary Euphydryas aurinia Butterfly 34

Silver-spotted skipper Hesperia comma Butterfly 36

Heath fritillary Mellicta athalia Butterfly 38

Adonis blue Polyommatus bellargus Butterfly 40

Greater horseshoe bat Rhinolophus ferrumequinum Mammal 42

Lesser horseshoe bat Rhinolophus hipposideros Mammal 44

Barbastelle bat Barbastella barbastellus Mammal 80

Stinking hawk’s-beard Crepis foetida Vascular plant 46

Red-tipped cudweed Filago lutescens Vascular plant 48

Broad-leaved cudweed Filago pyramidata Vascular plant 50

Red hemp-nettle Galeopsis angustifolia Vascular plant 52

Small-flowered catchfly Silene gallica Vascular plant 54

Norwegian mugwort Artemisia norvegica Vascular plant 66

Twinflower Linnaea borealis Vascular plant 68

Oblong woodsia Woodsia ilvensis Vascular plant 70

Shepherd's needle Scandix pecten-veneris Vascular plant 76

Tower mustard Arabis glabra Vascular plant 82

Cornflower Centaurea cyanus Vascular plant 84

Cut-grass Leersia oryzoides Vascular plant 86

Floating water plantain Luronium natans Vascular plant 88

Table 3.1 – UK BAP species modelled at a 50km resolution

English name Latin name Taxa Page
3.1 Presentation of the

maps
The SPECIES model was used to generate
maps of potentially suitable climate space for
each of the 32 selected UK BAP species (see
Table 3.1) based on the UKCIP02 Low and High
emissions scenarios for the 2020s, 2050s and
2080s. The 2020s and 2050s Low simulations
are not presented as in most species there
were relatively limited differences in climate
space at the 50km resolution compared to the
High scenario. This is consistent with the
limited divergence of temperature between
scenarios until the middle of the 21st Century.

The maps for each species on the following
pages show:

� European observed distribution, alongside
the simulated current climate space.

� Simulated potentially suitable climate
space for the UKCIP02 2020s High, 2050s
High and 2080s Low and High scenarios,
with potentially suitable climate space
overlain on current suitable climate space to
show areas of overlap (turquoise), gain
(blue) and loss (red).

� In addition, figures show the proportion of
squares in which each species currently
occurs where loss of climate space is
projected.

Statistical values for Area Under the Receiver
Operating Characteristic Curve (AUC) and
Cohen’s Kappa statistic of similarity (K) are
included. These provide measures of similarity
between the spatial patterns of the current
distribution and simulated climate space. All
the species presented have a K value greater
than 0.61. Monserud (1990) suggests the
following ranges of agreement for K:

Excellent > 0.85;
Very good 0.7-0.85; and
Good 0.55-0.7.

For AUC, all the species have values above 0.90,
indicating excellent agreement according to
Swets (1988).

A brief commentary on each species puts the
maps into context. It is important that mapped
potentially suitable climate space is not
interpreted in isolation from other information,
such as the extent of the entire range, historical
trends in distribution or abundance and
autecological data.

The range boundary is a key determinant of the
pattern of response, with species that are
absent or scarce in southern Iberia much more
likely to suggest loss of climate space by 2080.

In a few cases, historical decline and retraction
of range suggest that the projected expansion
of climate space may be in part an artefact of
the existing distribution which has been
impacted by other factors such as pollution,
habitat loss or changes in land-use and
agricultural practice.

Where a species is projected to gain suitable
climate space, uncertainties relating to its
occupation are briefly discussed, such as
availability of suitable habitat and the ability to
disperse. Migratory species for which only the
breeding territory in Britain and Ireland has
been modelled require particularly careful
interpretation to take account of the threat of
climate change in their wintering grounds or
stop-over sites.
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The MONARCH programme’s focus on BAP
species was helpful in highlighting many of
these limitations and a more detailed
discussion of their implications is included in
Appendix 2 (on the CD). Most of these caveats
are generic to climate space modelling and
there are detailed reviews of modelling
methods and their uncertainties available
elsewhere (e.g. Heikkinen et al., 2006; Pearson
et al., 2006: Thuiller et al., In press).

3.3 Patterns of change
in potentially
suitable
climate space

Species are grouped to highlight four patterns
of potential change in suitable climate space.

3.3.1 – GAIN

Species that gain substantial potentially
suitable climate space and show no
significant loss.

This group contains many species of
conservation concern at a UK level that are
often more abundant in continental Europe.
All have a southerly distribution in Britain
and Ireland at present.

The 15 species reflect the large number of
southerly-distributed rarities at the
northern edge of their ranges found within
the UK BAP list. In most cases, if not all,
climate is a key factor limiting their
distribution in Britain and Ireland.

It is a diverse group including birds,
butterflies, mammals and plants. The
climate space for most of them shows a
broadly south to north expansion between
the 2020s and 2080s. However, the
suitable climate space for several species,
including corn bunting, turtle dove and red-
tipped cudweed also shows a westward
extension.

3.2Key caveats
The complexity of the natural world presents a
challenge to modelling. Climate space maps
need to be interpreted with care and a range of
caveats should be borne strongly in mind.

� The maps represent projections of where
future potentially suitable climate space
may be located for each species. They do not
attempt to simulate the future distribution of
species in response to climate change. They
do not take account of a species’ capacity to
disperse.

� It has been assumed that climate is the
dominant factor responsible for the current
species distributions used to train the model.
Other factors that may have influenced
whether or not a species became established
at a given location are not considered, such
as geology or land cover.

� It has been assumed that current species
distributions are in equilibrium with the
climate. The project used baseline climate
data from 1961-1990, a period of changing
climate, but there may be a substantial time
lag for species to adjust and occupy new
suitable climate space.

� The maps have only been produced for
specific UKCIP02 climate change scenarios.
There are other potential scenarios based on
different climate models. As such the maps
do not illustrate the full range of uncertainty.
The 2020s and 2050s scenarios were also
generated in a way that assumes that the
pattern of climate change between the
current baseline and the 2080s will remain
the same.

� The project relies on a single method to fit
species distributions to climate variables, so
uncertainties relating to the determination of
future climate space are significant.

� Each projection is an ensemble forecast of 10
model runs. This number was chosen because
it is frequently used in the literature and, on
visual inspection, the spatial variability
between runs seemed to have reduced
sufficiently by this point. While the method
reduces variation in simulated changes in
climate space arising from the model, it does
not improve the accuracy of the projected
changes, which cannot be tested.

� The model assumes that the European
distributions of species encompass their
entire climate space. Where species occur
beyond this range, it may have an impact on
the accuracy of projections.

� The extent to which climate space will reflect
future distribution is speculative. For many
species, other abiotic factors, species
interactions and individual species
characteristics, such as their habitat
requirements, dispersal ability and
phenological response, are likely to have a
strong influence on future distribution
patterns.

� Whilst climate space may appear to be ‘lost’
at coarser resolutions, local climatic
conditions may give more time for some
species to adapt.

� The effects of climatic extremes were not
considered.

� Carbon dioxide concentrations, climate
systems and global land use (although not
currently in the UK) are changing at
unprecedented rates. Interacting with heavily
modified landscapes, they may produce
responses that have no historical analogue.

� Available species distribution data at a
European or national level is likely to be
incomplete. It can only be considered to
represent the presence of a species not its
absence.

Corn bunting – a species that could gain climate space
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3.3.4 – SHIFT

Species that show gains and losses
resulting in a shift in potentially suitable
climate space.

This group comprises six species, mostly
plants. The suitable climate space shows
an expansion within northern Britain and
Ireland. All these species have a
latitudinally limited range in western
Europe; their existing southern limit is the
north of the Iberian peninsula.

In the case of the stag beetle, barbastelle
bat, cut-grass and tower mustard, the
projected substantial northward expansion
of suitable climate space during the 2020s
and 2050s could be partially offset by
losses in southern England by the 2080s
under a High emissions scenario.

Cornflower and floating water plantain
show limited gains in climate space in
northern Britain with much of their current
climate space at risk under the 2080s High
scenario.

The maps on the following pages
graphically demonstrate the need for
nature conservation strategies which
will facilitate the movement of species
in response to change. They also

emphasise the urgent need to mitigate
greenhouse gas emissions, given the
more extreme displacement of climate
space shown under the 2080s High
scenario.

Most of cornflower’s current climate space is at risk under the 2080 High scenario

3.3.2 – LOSS

Species that show significant loss of
potentially suitable climate space and no
significant gains.

There are eight birds and plants in this
group, all with a predominantly northern
European distribution centred on
Scandinavia. Their British and Irish
populations are at the southern edges of
their ranges.

Six have predominantly northern
distributions within Britain and Ireland,
and, within the UK, their strongholds are
Scotland or upland habitats. Among the
eight, five (common scoter, oblong
woodsia,
twinflower,
capercaillie
and black
grouse [right])
are projected
to lose all, or
almost all,
favourable climate space under the 2080s
High emissions scenario. They thus have
the potential to become extinct within
Britain and Ireland. Climate change is a real
potential threat to the future of these
species in Britain and Ireland.

This group also contains two widespread
bird species (skylark and song thrush) that
at present have suitable climate space
throughout almost all of Britain and
Ireland, and have European distributions
stretching from the Mediterranean to the
Arctic. While projections show they lose
only southern climate space, it is of
particular concern that, potentially, the
song thrush could be lost in much of
southern Britain and Ireland, given that its
current range extends as far south as
northern Spain, northern Italy and the
Balkans.

3.3.3 – NO CHANGE

Species that show no significant gain or
loss of potentially suitable climate space.

Only three species (tree sparrow, linnet and
shepherd’s needle) show no significant
change because their present climate
space covers most of Britain and Ireland
and they are also widespread within
Europe, including the Mediterranean. This
indicates climate is unlikely to be critical to
their British and Irish distribution.

Although these species are categorised as
showing no change, both shepherd’s
needle and linnet show limited gains in
northern Britain and Ireland through
infilling of gaps in their simulated current
climate space.

The fact that this group is so small may
indicate that most BAP species are likely to
experience changes in their potentially
suitable climate space that may impact on
their future distributions. Although it
cannot be ruled out that this is a function
of the species chosen, a high proportion of
BAP species are of conservation concern
because they are at their range boundaries
in Britain and Ireland, so climatic change is
much more likely to affect them.

Shepherd’s needle shows no significant change in
climate space
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3.4 The 32 species modelled



THE IBERIAN PENINSULA is the European
stronghold of this nocturnal wader, which
breeds in dry or even arid areas with sparse or
short cropped vegetation providing good
visibility. The British stone-curlew population is
centred on the Brecklands and Salisbury Plain
with smaller enclaves elsewhere in southern
and eastern England. It is at the northern edge
of the western European distribution.

Given the large projected increase in suitable
climate space in Britain and Ireland, climate
should not threaten existing British
populations: most of the historical decline is a
consequence of changes in land-use and land
management. In addition, climate change may
create the potential for stone-curlew to colonise
other sites across much of southern Britain.
However, stone-curlew are restricted to stony or
sandy substrates, so soil type will be an
important constraint on where colonisation can
occur. Another constraint is that habitat
suitability is strongly dependent on grazing
management of semi-natural grassland, such as
by rabbits, and on the types of crops grown on
tilled farmland. More frequent summer drought

conditions across southern Britain are likely to
favour the dry, short vegetation that it needs for
breeding areas, but will reduce the availability
of earthworms, which are an important
component of its diet.

British birds are migratory and winter in South
West France, Iberia, North Africa and, in the
case of first-winter birds, sub-Saharan West
Africa. Hence, while the impact of climate
change on wintering habitat and migratory stop-
over sites is difficult to assess, the wide range
of climatic conditions in stone-curlew’s current
wintering range suggests that suitable climate
is likely to be found over a large area. The BAP
target to encourage re-colonisation of the past
breeding range in England should not be at
significant risk from changes in climate space.

MONARCH – a synthesis 27

Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.96 Kappa: 0.66
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Stone-curlew Burhinus oedicnemus Bird – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE CORN BUNTING is widespread throughout
much of Europe south to the Mediterranean
coast, with its largest European population in
Spain. It has declined across Europe since the
1950s, while its decline in Britain and Ireland
can be traced back to the early 20th Century. It
has become rare or absent from much of
western Britain and the whole of Ireland.
Agricultural cropping and management
changes, in particular the decrease in spring
barley production, are partly responsible.

The climate space maps suggest that those
parts of its range that have seen the greatest
declines, Ireland and western Britain, may
become climatically more suitable over time.
The few squares showing climate space loss
around the periphery of existing climate space
in northern Britain and Ireland cannot be
considered to indicate a significant change. In
Britain, research suggests that the decline in
spring planting, greater pesticide use and

improved harvesting efficiency have reduced
food supplies for the bird, particularly in winter.
Warmer winters may help alleviate this shortage
with more plants seeding. Earlier harvesting is
also leading to nest destruction, and this
problem will perhaps become even more severe
with climate change. Therefore, the extension of
suitable climate space across its former range is
unlikely to benefit the species unless farmland
management becomes more favourable.
Climate change is unlikely to prevent the
achievement of BAP targets for the corn
bunting.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.99 Kappa: 0.89
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Corn bunting Miliaria calandra Bird – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



TURTLE DOVE is a widespread summer migrant
breeding throughout continental Europe south
to the Mediterranean coast. Southern Britain is
at the northern edge of its European range,
while it is rare in Ireland. It breeds in woodlands
and shrubs adjacent to farmland – an important
food source as it is granivorous. There has been
a widespread decline throughout Europe,
including Britain. Hedge loss, habitat
destruction and changes in farming practice
that reduce availability of seeds are
contributing factors.

A northward expansion in climate space is
projected so that most of Ireland and northern
Britain could become climatically suitable for
the turtle dove. However, any potential benefit
from an expansion in climate space within
Britain could only be realised in combination
with amended land management practice.

In addition, any potential improvements in
climate here are likely to be outweighed by
climate change in its wintering grounds in north
Africa. Prolonged drought in the Sahel and
Sudanese wintering areas since the 1970s has
cut food supply and water availability. The birds
must drink on a daily basis. The drought is also
likely to cause the loss of the turtle dove’s
acacia forest roosting sites.

The BAP target to arrest and reverse the current
decline in turtle dove will be difficult to meet
without considering both land management
here and the impacts of climate change in north
Africa.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.97 Kappa: 0.83
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Turtle dove Streptopelia turtur Bird – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



WIDESPREAD ACROSS Europe from northern
Spain to Scandinavia, this species was once
widespread within Britain but it has declined
rapidly in recent decades. The simulated current
climate space broadly reflects the historical
distribution throughout much of Britain. It has
always been localised and rare in Ireland.

The projected expansion in climate space across
much of Ireland suggests that the warming
climate may become more suitable for pearl-
bordered fritillary. The projection for the 2080s
High scenario suggests that in parts of South
East England climate space may either be lost
or become marginal. However, this cannot be
considered a shift in climate space as the
majority of southern Britain remains suitable.
Evidence shows that emergence dates have
become 10 days earlier over 20 years. It can
emerge in early April, so that there can be a
second brood in southern sites during August.
Warmer conditions may permit more second
broods.

However, the decline of the pearl-bordered
fritillary has been associated with changes in

woodland management, such as the decline of
coppicing, and scrub invasion of its
bracken/grassland habitat.

The BAP objective to halt the decline of pearl-
bordered fritillary and undertake
reintroductions will not be limited by climate
but by the ability to initiate suitable
management on sites. It is important to note
that the effects of climate change on the main
larval food plants, common dog violet (Viola
riviniana) and other violets, has not been
considered. The same is true of the spring
flowers on which adults feed after emergence.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Tolman (1997) and Butterfly Conservation

Statistics: AUC: 0.99 Kappa: 0.92
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Pearl-bordered fritillary Boloria euphrosyne Butterfly – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



ALTHOUGH WIDELY distributed across Europe
and Asia as far east as Korea, the marsh
fritillary is declining in most European
countries. Historically, it was widespread in
both Britain and Ireland but the range has
decreased dramatically during the 20th Century.
This has been attributed to loss of unimproved
grassland habitat.

The species is at the northern limit of its range
in Britain (and southern Scandinavia) with a
potential extension of climate space projected
across Britain by the 2080s. However, the
capacity of the species to disperse or be
introduced into these areas is doubtful. Some
80 reintroductions have all ended in failure.
Maximum dispersal recorded during mark-
recapture studies is around 1-2km, though they
have been known to colonise sites 10-15km
away.

The marsh fritillary seems to occur as meta-
populations at a landscape scale with individual
sites prone to die out due to larval parasite
infestations. The species is only able to sustain
its population and range in landscapes with lots

of suitable open grassy habitat or heath and
mire vegetation. Therefore, without landscape
scale habitat restoration and management, the
BAP target to halt range decline and maintain or
expand key populations will probably not be
met. Climate is unlikely to be a critical factor.

Many populations occur on damp, marshy Rhos
pasture grasslands within which changes in
seasonal rainfall, particularly summer drought,
may present a direct threat. The species occurs
as far south as the Mediterranean coast of
Iberia so no significant loss of climate space is
predicted. However, there is an indication that
South East England could become climatically
marginal by the 2080s.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Tolman (1997) and Butterfly Conservation

Statistics: AUC: 0.98 Kappa: 0.86
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Marsh fritillary Euphydryas aurinia Butterfly – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE SILVER-SPOTTED skipper occurs across a
wide latitudinal range from North Africa to
central Sweden and Finland. Nevertheless,
within Britain it is confined to chalk downs in
southern England and is absent from Ireland. It
is at its north west European limit of
distribution, requiring hot and dry grasslands
with extensive areas of short turf.

Although the species declined during the 20th
Century, it has mounted a partial re-expansion
since 1980 and its simulated current climate
space reasonably reflects its climatically
restricted range within Britain. The projected
expansion of suitable climate space across
almost all of England, Wales and Ireland does
not reflect the paucity of suitable habitat and its
limited capacity to disperse.

Silver-spotted skipper only breeds on open
chalk grassland, primarily on south facing
slopes, though it has previously occurred on
limestone grassland in Yorkshire. The sole food
plant is sheep’s-fescue (Festuca ovina), which is
widely distributed within Britain so other
limestone grasslands in Britain and Ireland may

provide potentially suitable sites. Studies show
that it forms meta-populations occupying
relatively large areas, but fails to recolonise
sites further than 10km from existing sites.

Although its ability to occupy new climate space
is doubtful, hotter, drier summers should favour
the species because more locations should
become suitable as its preference for south
facing and short-grazed turf lessen. Already
there is much evidence that populations are
occurring in taller grassland and on sites with
different aspects where they would never have
been found a decade or more ago. Climate
change should assist the achievement of BAP
targets for this skipper.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Tolman (1997) and Butterfly Conservation

Statistics: AUC: 0.96 Kappa: 0.85
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Silver-spotted skipper Hesperia comma Butterfly – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE HEATH FRITILLARY occurs in most of
Europe and across Asia to Japan. Within Europe
it occurs throughout Scandinavia extending into
the Arctic, yet within Britain it is confined to
southern England and is absent from Ireland. It
is more latitudinally restricted within western
Europe: from northern Spain to southern
England. The climate space projections reflect
this, showing a substantial northward shift in
climate space across England, Wales and
Ireland. However, the 2080s High emissions
scenario suggests that the climate of southern
England will become less suitable, though
significant climate space remains here.

This butterfly has mainly been in decline in
northern European countries, including Britain.
Here it declined throughout the 20th Century
principally due to cessation of coppicing in its
woodland habitat.

Early attempts at restoring populations failed
due to lack of woodland management but
recent conservation action, particularly long-
term coppicing of sites, has enabled successful

reintroduction to some sites. While the species
is generally single-brooded, a second smaller
brood has occurred in the south east of England
during hotter years.

The greater predicted frequency of hot years
may result in increased productivity within
populations. Larvae emerge on warm days in
early spring (March-April) so the increasingly
mild spring temperatures may favour the
species.

Unfortunately, colonies are small and marking
experiments indicate that adults rarely move
more than 100 m. There is evidence that
suitable habitat more than 600m from
populations is colonised very slowly, if at all.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Tolman (1997) and Butterfly Conservation

Statistics: AUC: 0.99 Kappa: 0.89
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Heath fritillary Mellicta athalia Butterfly – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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Adonis Blue Polyommatus bellargus Butterfly – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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ADONIS BLUE occurs throughout most of
continental Europe from southern Spain to
Lithuania but is absent from Scandinavia. It is
declining in many northern European countries
but remains abundant on unimproved
calcareous grasslands in southern Europe.

It is restricted to southern England in Britain
and Ireland, as it is at the northern limit of its
climatic range. It has declined over the last 200
years and has been lost from the northern part
of its British range, in the Cotswolds and East
Anglia. It is now largely confined to chalk
grasslands though there were more colonies on
limestone in the past.

An expansion in potentially suitable climate
space throughout and beyond its former range
is shown by the 2020s, and subsequently.
However, underlying geology will limit its
distribution as it is confined to calcareous
grasslands. At present most colonies are on
south-facing slopes with breeding often in
sheltered localities such as old chalk quarries. A
warming climate is likely to allow it to occupy a
wider range of unimproved calcareous
grassland sites.

While marking studies show that adults are
largely sedentary, the recent slight re-expansion

of its range, as in Dorset, suggests that it can
disperse and establish over distances of 10-15
km. Ants of several species tend the larvae of
this butterfly, so host-ant distribution should
not prevent its spread into new climate space.
Adonis blue has recently been reintroduced or
released into Gloucestershire, Hertfordshire and
Bedfordshire.

Conservation action to create suitable grazed
sites and more suitable climatic conditions
should make the conservation targets for this
species achievable. The impact of climate
change on the sole food plant – horseshoe
vetch (Hippocrepis comosa) – has not been
considered in this study but is crucial.
Modelling in another study has shown that
potentially suitable climate space could be
found over much of Britain and Ireland by the
2080s Low, with possible losses in East Anglia
and East Midlands under the 2080s High (Berry,
2007).

Adonis Blue Polyommatus bellargus Butterfly – Gain

Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Tolman (1997) and Butterfly Conservation

Statistics: AUC: 0.99 Kappa: 0.87
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THE SOUTHERN limit of the greater horseshoe
bat’s range includes north-western Africa,
Mediterranean Europe, Iran, Pakistan and
northern India while in continental Europe it
occurs as far north as central Europe, France
and Belgium. Within Britain it is clearly at its
climatic limit as it is confined to southwest
England and south and west Wales while being
absent from Ireland.

It is thought that the species has declined with
the loss of pasture, wetlands and hedgerows
that provide insect-rich feeding areas and
flyways; increased insecticide use; and loss of
suitable roost and hibernation sites. Population
declines during the 1960s and 1980s have been
attributed to unsuitable weather conditions.
The projected extension of climate space across
Britain and Ireland contrasts with the distinctly
south-western distribution at present.

Current predominantly pastoral agriculture
make western Britain more suited to this
species but there is certainly suitable habitat to
the north of the existing range. A minimum
mean temperature of 10°C in April and May is
crucial for the timing of births and population
numbers, so warmer conditions should favour

this species. Although summer and winter roost
sites are generally less than 30km apart,
individuals have been recorded travelling up to
180km. There are recent records of individual
male and female bats in North Wales. At least
two originated from a colony in the Forest of
Dean so there is potential for new breeding
colonies at some distance from the existing
range.

BAP targets for increasing the population within
Britain should be more attainable under a
warming climate and it is even possible that the
species could occupy suitable climate space in
Ireland. The capacity of this bat to expand its
range into new climate space may be limited by
suitable undisturbed roosting sites, rather than
the range of feeding habitats that it utilises.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Mitchell-Jones et al. (1999), Societas Europaea
Mammologica and NBN
Statistics: AUC: 0.94 Kappa: 0.74
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Greater horseshoe bat Rhinolophus ferrumequinum Mammal – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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THE LESSER HORSESHOE BAT is distributed
from north west Africa to Ethiopia and Sudan in
the south of its range and as far east as
Kashmir. Within Europe it is widespread in the
Mediterranean and central Europe as far north
as Poland, Germany and Belgium. It has a
distinctly western distribution at the edge of its
range in Britain, occurring in Wales and South
West England, as well as western Ireland.

Many population declines have been recorded
in the northern part of its European range over
the last 50 years, including the extinction of
Dutch and south east England populations. Loss
or disturbance of roost sites and removal of
hedgerows are thought to be among the
causes.

Like the greater horseshoe bat, a substantial
expansion of suitable climate space northwards
is projected across much of Britain and Ireland.
It roosts in buildings and caves while feeding on
flies, moths and other insects around deciduous
woodland or riparian vegetation, so roost sites
and habitat that are likely to be suitable for the
bat occur within much of the potential climate
space.

Summer roosts in Britain are usually large lofts
and attics, accessed by large, unobstructed
entrances. Underground sites with cool and

stable temperature and humidity are used for
hibernation. It is sensitive to disturbance so
protection of summer and hibernation roosts as
well as conserving feeding habitat are
important. The bats’ summer and winter roosts
are usually within 10km of each other but an
individual has been recorded as moving 150km,
so there may be potential for the lesser
horseshoe to occupy the projected climate
space. The BAP target to maintain the range and
existing populations and additionally expand
the range should not be prevented by climate
change. Suitable roosting sites and fragmented
habitat may form more severe limitations than
the range of feeding habitats that it utilises.

It is important to note that two to seven
European sub-species have been identified,
with variations in size across the range possibly
related to climate. The SPECIES model treats
the entire range as a homogeneous population,
but different sub-species may have different
climatic tolerances.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Mitchell-Jones et al. (1999), Societas Europaea
Mammologica and NBN
Statistics: AUC: 0.91 Kappa: 0.66
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Lesser horseshoe bat Rhinolophus hipposideros Mammal – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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STINKING HAWK’S-BEARD is found within
most of Mediterranean Europe and extends into
central Asia. It is at its northern limit in central
Germany, Netherlands and in southern England,
where it occurs as an archaeophyte (introduced
by man before 1500).

This annual or sometimes biennial herb occurs
on sandy or chalky substrates inland and on
coastal shingle in the UK, and additionally in
dry meadows and rocky sites on the continent.
It has always been very rare in Britain, occurring
only in southern England. It became extinct at
its only remaining site at Dungeness in 1980.

Numerous attempts to reintroduce it to coastal
shingle at Dungeness and on chalk in North
Kent have been unsuccessful. The limited
historical distribution is reproduced in the
simulated current climate space. The model
outputs project that climate change will

dramatically expand the area of Britain and
Ireland that is climatically suitable. The increase
in climate space may improve the prospect for
reintroduction to former sites and achievement
of its BAP targets.

This hawk’s-beard is thought to be susceptible
to long periods of wet and cold weather, which
should become less frequent with warmer, drier
summers predicted. Potentially this widespread
ruderal Mediterranean species could colonise
around the coast in the future.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Meusel et al., (1992) and NBN

Statistics: AUC: 0.98 Kappa: 0.80
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Stinking hawk’s-beard Crepis foetida Vascular plant – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



RED-TIPPED CUDWEED is at the northern limit
of its distribution in southern England,
Denmark, southern Sweden and Poland. Its
range extends south to central Spain and
northern Italy while it is absent from much of
the southern Mediterranean. Once found as far
north as Yorkshire, it has been in decline over
the last 50 years in Britain. It is now confined to
around 16 localities in southern England. It
occurs on disturbed sandy soils in arable fields,
heaths and along tracks. This primarily arable
species has declined due to agricultural
intensification and changes in farming practice.

The SPECIES model over-predicts simulated
current climate space in relation to observed
distribution all around the edges of its
European range, including in England. The
projected expansion of suitable climate space
across most of Britain and Ireland is therefore
likely to over-estimate the extent of climatically
suitable areas.

Nevertheless, climate change will not pose a
direct threat to the conservation of this species
and the achievement of BAP targets for
maintenance and restoration of sites. The
species will need less intensive arable farming
to benefit from an increase in climate space,
though its ability to disperse is uncertain.

For the 2080s High scenario, the model
suggests that the climate may become
unsuitable in the south eastern counties of
England. However, this cannot be suggested
with any confidence as very few squares are
simulated to lose climate space and the
probability of loss is relatively low.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Meusel et al., (1992) and NBN

Statistics: AUC: 0.98 Kappa: 0.77
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Red-tipped cudweed Filago lutescens Vascular plant – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



IN EUROPE this annual plant has a principally
Mediterranean distribution, with Iberia, France,
Italy, Greece and Turkey forming the majority of
its range. It also occurs in North Africa and
central Asia. It is at the northern limit of its
range in the UK, where it is thought to be an
archaeophyte (introduced by man before 1500).
It is now confined to South East England and is
mainly associated with chalk workings, but was
formerly more widespread as an arable weed. It
has declined over the last 50 years due to
agricultural intensification, autumn sowing of
crops and increased herbicide use.

With its predominantly Mediterranean and
north African range, it is not surprising that
current climate space is not threatened. The
modelled expansion of suitable climate space
across much of Britain and Ireland may offer
potential for the cudweed’s expansion.
Ultimately, it depends on whether it can
disperse to suitable chalky or calcareous

substrates or if agri-environment measures
provide suitable field margins untreated by
herbicides and fertilisers. Climate change
should assist its conservation and achievement
of the BAP target for the natural colonisation on
new sites if such conservation measures are
developed. As broad-leaved cudweed prefers
sparsely vegetated open ground the greater
frequency of drought predicted, particularly in
South East England, should favour it.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Meusel et al., (1992) and NBN

Statistics: AUC: 0.99 Kappa: 0.85
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Broad-leaved cudweed Filago pyramidata Vascular plant – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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RED HEMP-NETTLE has a well defined central
European focused range, extending from
northern Spain and southern Italy at its
southern edge to southern Poland, central
Germany and the UK in the north. This is
another archaeophyte introduced by man from
Europe and naturalised as an annual arable
weed. It also occurs on open ground on
calcareous substrates and coastal sand or
shingle. Within Britain, it has a patchy
distribution across England and is scarce in
inland Irish and coastal Welsh localities. It was
formerly more widespread, especially within
England and there are a few historical records
for Scotland. It has declined dramatically since
1930 due to agricultural intensification,
increased herbicide and fertiliser use and a
switch to autumn sown crops that mature too
early for this late flowering species.

The simulated current climate space extends
substantially beyond the current range within
eastern and northern Europe while largely
reflecting the northern range edge in Britain and
Ireland. Significant gains in climate space are
projected in north west Britain and Ireland.
Under the 2080s High scenario, there is some
indication of climate space loss in the south of
Britain and Ireland, but the probability of loss is
low in most squares. While some southern
counties may become climatically marginal for
this species, this does not represent a
significant northward shift in suitable climate
space.

The future conservation outlook will be heavily
dependent on conservation measures in arable
farmlands. BAP targets to maintain its range and
establish new populations both naturally and
through introduction should become more
attainable as it prefers hot dry conditions that
are predicted to become more common in
summer.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Meusel et al., (1978) and NBN

Statistics: AUC: 0.97 Kappa: 0.72
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Red hemp-nettle Galeopsis angustifolia Vascular plant – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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THE SMALL-FLOWERED CATCHFLY has a very
patchy distribution across the whole of Europe
and is absent from Scandinavia and the Baltic
States. While the current European climate
space simulation defines the overall range
boundary reasonably well, it does not reflect
the patchiness of the distribution inside those
boundaries. This patchiness may reflect losses
from agricultural intensification, particularly
increased use of fertilisers and herbicides so
this is not unexpected.

This archaeophyte species occurs throughout
Britain and Ireland though it is increasingly rare
or absent further north and west, being largely
confined to a few eastern sites within Ireland. It
was once much more frequently found in Britain
as an arable weed or in other disturbed or
drought prone habitats. The SPECIES model
does not identify most of Scotland and North
East England as currently suitable climate

space, probably because of its rarity here. The
projected expansion in climate space suggests
that Scotland will become more suitable.

Climate change will result in warmer conditions
that will facilitate its conservation and the
attainment of BAP targets to maintain the range
and increase population size in the UK,
particularly in northern Britain, at the edge of
its range. However, the potential impact of
wetter winters is uncertain.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Jalas & Sauminen, (1986) and NBN

Statistics: AUC: 0.94 Kappa: 0.61
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Small-flowered catchfly Silene gallica Vascular plant – Gain

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE SKYLARK is ubiquitous, breeding
throughout Europe from northern Scandinavia
to the Mediterranean, only absent from Iceland.
This ground-nesting bird occurs in a wide
variety of open habitats with few bushes and
trees. It is one of Europe’s most widespread
breeding birds. Population densities are
substantially lower at the edge of range in the
Arctic and southern Mediterranean.

Although there has been no significant decline
in range, populations have been decreasing as
a result of agricultural intensification since the
1960s, with populations on lowland farms in
Britain declining by more than 54% between
1969 and 1991. Given its wide range within the
Mediterranean, it is surprising that a loss of
climate space is projected in southern England
by the 2080s under High emissions. It is
possible that the model is reflecting the
scattered distribution, mainly at high altitudes,
at the existing southern range edge.

Over-wintering populations in Britain are
augmented by birds migrating south from
Scandinavia and other northern continental
areas. Under a warming climate these migrants
are likely to decrease as more populations
could become largely sedentary, as is the case
in the south and west of Europe.

Agricultural intensification or changes in
agricultural land use or practice, in part in
response to climate change, are likely to be key
to the skylark’s conservation but the climate
space changes suggest that climate could affect
conservation efforts later in the 21st Century.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 1%; 2050H: 2%; 2080L: 1%;
2080H: 12%
Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.96 Kappa: 0.65
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Skylark Alauda arvensis Bird – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THIS SEA-DUCK breeds at inland locations in
the Arctic and Boreal regions of Europe and
Asia. In Europe, it occurs in Arctic regions of
Russia and Scandinavia but also throughout
Norway. There are small breeding populations in
Ireland and Scotland. In Ireland, the population
has declined by around 50% in the last 25
years.

In the Flow Country numbers declined by 49% in
nine years, from 50 pairs in 1988 to only 28 in
1996. Eutrophication, shellfish harvesting,
afforestation and predation are among the
suggested causes but climate change may
already be a factor, given that British and Irish
populations are at the southern edge of the
range.

Common scoter is migratory, over-wintering in
large flocks at sea, including around the British
and Irish coasts. The climate space modelling is
based solely on the breeding distribution of the
species as it over-winters offshore. The
significant loss of climate space projected for
the 2020s and the potential loss of all

climatically suitable areas by the 2080s
suggests that climate change will become a
crucial factor in the conservation of the common
scoter. It will make it difficult to achieve the BAP
targets to maintain the Scottish range and
populations, and restore the Irish population.

However, historical records show that the
European range of this sea-duck expanded
south west between 1850 and 1950 with first
breeding records for Scotland and Ireland being
1855 and 1904 respectively. Given that this
expansion of the breeding range occurred
during a period of climatic warming, the climatic
response of the species is by no means certain.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 50%; 2050H: 85%; 2080L: 85%;
2080H: 96%
Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.97 Kappa: 0.73
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Common scoter Melanitta nigra Bird – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



SCANDINAVIA, NORTHERN RUSSIA and the
Baltic States form the stronghold of the black
grouse. It also occurs in scattered patches in
Central Europe where heathland, bogs and
mountains provide suitable habitat. The
southernmost European populations in the Alps
and Carpathian mountains are considered
glacial relicts. Black grouse was historically
common throughout much of Britain but absent
from Ireland.

A long-term range-contraction means that
populations are now only found in North Wales,
the North Pennines and Scotland. There have
been recent recoveries in the North Wales and
North Pennines populations due to intensive
management, but declines are still occurring in
Scotland. Agricultural intensification, including
the conversion of moorland to pasture and
silage, associated drainage, and increased
grazing levels, have been implicated in declines,
particularly in the Pennines. Declines in
Highland Scotland have resulted from the
maturation of commercial forests planted on
moorland habitats. Deer fences associated with
such woodland, cause additional mortality.

There is evidence from Finland that black
grouse phenology is changing in response to

earlier springs, and may be responsible for
population declines there.

These range changes and the glacial relict
populations mean that observed distribution
may not be a reliable predictor of the species’
functional current climate space. Potential
simulated climate space is projected to be lost
from almost the whole of Britain by the 2080s,
although under the ‘Low’ scenario the Scottish
Highlands remains climatically suitable. The
potential loss of a significant proportion of the
current climate space by the 2020s suggests
that BAP targets to maintain the range and
population size within Britain may become more
difficult to achieve. However, management at
some sites has stabilised and increased black
grouse populations, particularly at the southern
edge of the British range in North Wales and the
Pennines.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 59%; 2050H: 83%; 2080L: 76%;
2080H: 100%
Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.94 Kappa: 0.71
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Black grouse Tetrao tetrix Bird – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE CAPERCAILLIE occurs throughout most of
northern Russia, Scandinavia and the Baltic
States, with a much more scattered distribution
across continental Europe as far south as
northern Spain, the Alps and Bulgaria. The
distribution largely coincides with that of pine
or oak forests under a range of climatic
conditions. In Britain, it became extinct in the
18th Century but was reintroduced in the 19th
Century from Sweden. Currently, it is confined to
central and northern Scotland where its
distribution has declined since the 1970s.

Climate space projections show the total loss of
suitable climatic conditions by the 2050s.
Capercaillie may lose suitable conditions as it is
largely confined to cooler mountain areas within
western and southern Europe. It is unclear how
much the current observed range (and climate
space) reflects the habitat rather than climatic
limits. The outlook may be less bleak if the
Scots pine habitat is maintained and other
causes of decline, such as predation and
collisions with fences, are reduced. Climate
space projections for the key species with which
it is associated, Scots pine and bilberry
(Vaccinium myrtillus), show no significant loss
of climate space in Britain (Berry et al., 2005).

Wet summers and cool springs have been
associated with poor chick survival so warmer,
drier summers should favour the species.
However, data from Speyside shows a recent
tendency for June rainfall to increase (Summers
et al., 2004). Further monitoring is required to
determine if climate change will lead to range
retraction and extinction of the species in
Britain.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 69%; 2050H: 100%; 2080L: 100%;
2080H: 100%
Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.96 Kappa: 0.80
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Capercaillie Tetrao urogallus Bird – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE SONG THRUSH occurs throughout Europe
from northern Scandinavia to Spain, Italy and
Greece in the south, and Iran in the east. It is
ubiquitous throughout Britain and Ireland. It
breeds in most types of woodland and forest
across Europe and most terrestrial habitats in
Britain.

The British population declined by 54% in
farmland and 27% in woodland between 1970
and 1989, though there are no clear trends in
range or abundance across Europe. Song
thrushes are vulnerable to cold winters so the
predicted milder winters should reduce this
cause of decline. However, summer drought
also reduces survival, so projected increases in
drought conditions may counteract this.

Changes in farmland management practice,
such as land drainage and increased pesticide
use, are among other factors thought to
influence song thrush populations. Hotter, drier
summers in the south east of the species’ UK
range may have contributed to its decline
because they have reduced numbers of the
slugs and snails it feeds on.

BAP targets for 2020 are unlikely to be
undermined by climate change as the whole of

Britain and Ireland retains suitable climate
space. However, farmland drainage has been
shown to have reduced its invertebrate food
sources, thereby reducing thrush breeding
success, so more summer drought conditions
could make climate change a more imminent
threat. Later in the century, significant loss of
climate space in southern England is projected
while under the 2080s High scenario the impact
will be dramatic, affecting most of England,
Wales and Ireland. This projected northward
retraction of range reflects the present absence
or rarity of the species in central and southern
Iberia. Some of the British and Irish song
thrushes migrate (a higher proportion further
north) either within the British Isles or to France
and Spain. The impact of climate change on
overwintering areas is another factor
influencing the conservation of the song thrush,
though with milder winters the proportion of
migrants might decline.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 19%; 2080L: 14%;
2080H: 54%
Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.97 Kappa: 0.73
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Song thrush Turdus philomelos Bird – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THIS GLOBALLY rare arctic alpine occurs only in
Norway, Scotland and the Ural mountains.
Within Scotland, it is confined to three
mountain summits in the north west. The
populations at these sites fluctuate but appear
stable over the long-term. The SPECIES model
identifies the Alps as simulated current climate
space along with the areas containing the
Norwegian and Scottish populations. The
climate space in Ireland reflects slight over-
simulation.

The reasons for this species having such a
limited occurrence are unknown. The isolated
populations in Scotland are morphologically
distinct from others and recognised as variety
scotica, though there is no specific evidence
that they have distinct climatic requirements.
The model projects that climate space for the
three existing sites becomes less suitable by
the 2050s and unsuitable for all of them by the

2080s under a High emissions scenario and
marginal under Low emissions.

The BAP objective to maintain all three
populations appears not to be at risk in the
short-term but without reductions in global
emissions the model suggests that suitable
climate space will be lost by the 2080s.
However, other parts of north west Scotland
remain climatically suitable by the 2080s so,
given the caveats related to the methodology, it
cannot be concluded that climate space will be
lost by the 2080s.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 0%; 2080L: 0%;
2080H: 100%
Distribution data sources:
Meusel et al., (1992) and NBN

Statistics: AUC: 1.00 Kappa: 0.68
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Norwegian mugwort Artemisia norvegica Vascular plant – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



TWINFLOWER OCCURS throughout
Scandinavia, the Baltic States and northern
Russia. It is at the southern limit of its range in
Ukraine, Slovakia, Germany and Scotland
except for its presence in the Alps.

The simulated current climate space is a good
match to its distribution. Its Scottish
distribution is centred on the Cairngorms with a
predominantly eastern distribution within both
native and planted Scots pine woodlands,
moorland or occasionally birchwoods. It had
been introduced to mature pinewoods in
northern England but has since become extinct.
The projected reduction in suitable climate
space is dramatic with only the core Highland
area remaining suitable by the 2050s. Under the
High emissions scenario, all climate space
would be lost by the 2080s.

The conservation outlook for the twinflower is
likely to be severely affected by climate change
especially as this creeping woody perennial is
shallow rooted and susceptible to drought. BAP
targets to maintain self-sustaining populations
at all existing sites and restore sites within the
historic range will be difficult to achieve. The
likely further decline of this species will be
exacerbated by reproductive isolation of
populations of a single clone.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 56%; 2050H: 85%; 2080L: 85%;
2080H: 100%
Distribution data sources:
Meusel et al., (1992) and NBN

Statistics: AUC: 0.99 Kappa: 0.91
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Twinflower Linnaea borealis Vascular plant – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



OBLONG WOODSIA has a predominantly
northern European distribution, occurring
throughout Scandinavia (except Denmark) and
northern Russia. It also occurs in the UK and
central Europe as far south as the Carpathian
Mountains in Romania. Outside Europe it is
widespread in the boreal regions of North
America and Asia. In the UK, this evergreen fern
grows on cliffs and rocky outcrops where
competition is very limited. It is rare, found at
only 11 sites in Snowdonia, Cumbria and
Scotland, having declined due to collecting in
the 19th Century.

The simulated current climate space does not
encompass the southern British sites,
suggesting that they may already be beyond the
edge of the suitable climatic range. This accords
with the current populations being considered
relics of a more widespread post-glacial
distribution and at the edge of range.

Currently there is no evidence of regeneration,
recruitment or spread at any British site. It has
been suggested that this may be because the
climatic conditions have become unsuitable.
Climate space projections show significant loss
by 2020s and total loss by the 2050s,
suggesting little prospect for the viability of
British populations. The predicted increase of
summer droughts is a clear threat as it results
in frond desiccation and spore abortion. BAP
targets to maintain and re-establish populations
appear unattainable under climate change
unless cliffs and crags with particularly cool
micro-climates can help conserve this fern.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 63%; 2050H: 88%; 2080L: 100%;
2080H: 100%
Distribution data sources:
Meusel et al., (1965) and NBN

Statistics: AUC: 0.99 Kappa: 0.89
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Oblong woodsia Woodsia ilvensis Vascular plant – Loss

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE LINNET occurs in most of Europe including
the Mediterranean as far north as southern
Scandinavia. It also occurs in North Africa, the
near East and central Asia. It is widespread in
Britain and Ireland though less common in
central Ireland and absent from much of North
West Scotland. It breeds in a wide range of
open habitats in gorse, shrubs, hedges and
woodland edges.

The linnet has been in decline since the 1970s,
particularly in Ireland. Arable weed seeds form
an important element of the diet and changes in
agricultural practices have reduced availability
of seed. The climate space projections indicate
little change except in Scotland where the North
West and Northern Isles become climatically
suitable. Climate is unlikely to significantly
influence the linnet’s conservation status and
the viability of BAP targets. However, changes in
land-use and agricultural practices in response
to climate change may affect food availability.

Already in arable areas oil-seed rape has
replaced more traditional seeds in the diet. A
loss of oil-seed rape from rotations, perhaps
driven by changes in the suitability of the
climate for this crop, may have great
consequences for the linnet’s food supply.
In western Europe the linnet is partially
migratory, while it is resident in the south, and
migratory in northern, eastern and central
Europe. At least five subspecies are recognised
within Europe. These regional differences have
not been considered in the modelling.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 1.00 Kappa: 0.93
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Linnet Carduelis cannabina Bird – No change

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE TREE SPARROW occurs throughout Europe
except northern Scandinavia and Russia. Its
range extends south to include all of
Mediterranean Europe and southern Asia,
including Turkey, Iran and India. In Britain it is
widespread, but absent or rare in South West
England, western Wales and much of Scotland.

There have been large cyclical fluctuations in
British and Irish populations and distributions,
though these are not obviously related to
climate. Changes in farming practice,
particularly autumn sowing, reducing
availability of weed seeds and grain in winter,
are more likely to be responsible for recent
declines. Almost all of Britain and Ireland
appears climatically suitable and there is no
projected loss of climate space; perhaps not
surprising as the species’ geographic range is
so great.

The direct impact of climate change on this
species is likely to be limited but adaptive
changes in land-use and farmland management
practices may impact positively or negatively on
the abundance and distribution of the tree
sparrow.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Hagemeijer & Blair (1997), European Bird Census
Council and BTO
Statistics: AUC: 0.97 Kappa: 0.78
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Tree sparrow Passer montanus Bird – No change

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THIS SPECIES is widespread throughout
southern and central Europe while its
distribution is very scattered in northern and
eastern Europe where it is probably an
archaeophyte introduced through agriculture.

Its range extends from North Africa in the south
to central Scandinavia in the north. It is at its
edge of range in Britain and Ireland. It was once
widespread as an annual in arable fields and
disturbed ground throughout the British Isles
but scarce in Scotland, Wales and Ireland. Over
the last 50 years it has become extinct in
Ireland and rare in northern Britain as a result
of agricultural intensification and increased
herbicide and fertiliser use.

The simulated current climate space includes
the historical range of this species in Ireland
and Scotland. Very little change in potentially
suitable climate space is projected, with North
West Scotland projected to remain unsuitable.
This lack of change makes this Mediterranean-
centred species unique in that the northern
edge of range does not extend significantly
under climate change. Climate change is
unlikely to be a direct threat to the conservation
of shepherd’s needle but changes in agricultural
practice, whether climate change related or
otherwise, will be critical. If drought conditions
in East Anglia (its British stronghold) result in
conversion to pasture or no-tillage practices it
may be threatened further. Appropriate agri-
environment scheme incentives for the
protection of arable plants are key to the
conservation of shepherd’s needle.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
No significant loss in any scenario

Distribution data sources:
Meusel et al., (1978) and NBN

Statistics: AUC: 0.96 Kappa: 0.74
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Shepherd’s needle Scandix pecten-veneris Vascular plant – No change

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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THIS BEETLE occurs throughout most of Europe
and east into Asia as far as Japan. In the north
of Europe it is absent from Ireland and
Scandinavia, except southern Sweden, while in
the south it is largely absent from southern
Spain and Portugal. It is confined to southern
England in the UK as it is at the northern edge
of its range. However, it has historically been
recorded across England as far north as
Cumbria.

An expansion of climate space is projected
across most of Britain and Ireland, though this
partly represents expansion to occupy the
historical distribution. This species requires
dead wood and tree stumps for larval
development so it is found in deciduous
woodland, parks and gardens. Its larvae occur
in many types wood, possibly preferring oak, so
suitable wood should be available under all
climate scenarios. Potential habitat is
widespread across Britain and Ireland if dead

wood is not routinely removed but observations
have suggested that adult individuals, although
able to fly, do not disperse long distances.

The BAP target to maintain the existing range
and populations should not be prevented by
climate change. However, under the 2080s High
scenario some of the existing distribution,
including strongholds of the species in South
East England, is projected to be lost as a more
southern European climate develops.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 0%; 2080L: 0%;
2080H: 36%
Distribution data sources:
Van Helsdingen et al., (1996)

Statistics: AUC: 0.99 Kappa: 0.88
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Stag beetle Lucanus cervus Beetle – Shift

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE BARBASTELLE BAT occurs from the Canary
Islands, Morocco and Iberia in the west to the
Caucasus in the east. The species is at its
northern limit in Wales, England, southern
Sweden and Latvia. It is very thinly distributed
in the south of its range, particularly in Spain,
Italy and south east Europe. Within Britain it is a
predominantly woodland species, mainly found
in southern England and Wales.

The capacity of this bat to expand into new
areas across Ireland and northern Britain may
be limited by suitable roost and hibernation
sites rather than the feeding habitats that it
utilises. Hibernation sites are often cold caves,
other underground sites and trees, while trees
and occasionally buildings serve as summer
roosts. In Britain, tree roosts are usually found
in splits, or behind loose bark in ancient or old
growth deciduous woods with a substantial
understorey. The bats move between roosts
very frequently and favour woods with a large
number of damaged and dead trees. Forest
edges, parks and water are preferred habitats
for feeding on a diet dominated by moths and
flies.

The barbastelle is known to make flights up to
290km on the Continent, so it probably has the

dispersal capacity to extend its range under a
changing climate. It is a rare bat that is thought
to have declined in many European countries. It
is rarely observed in summer, generally being
recorded in winter roosts. It is sensitive to
disturbance so protection of summer and
hibernation roosts as well as conserving feeding
habitat are important. Little is known of its
ecology or the potential impact of climate
change.

The BAP target to maintain the existing range
and expand populations will not be threatened
in the coming decades but by the 2080s under a
High emissions scenario significant areas of
climate space are projected to be lost in
southern England as the climate becomes more
akin to that in parts of southern Europe where
the distribution is very fragmented. By the
2080s under High emissions much of the
existing distribution could be lost in Britain.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 0%; 2080L: 0%; 2080H: 52%
Distribution data sources:
Mitchell-Jones et al. (1999), Societas Europaea
Mammologica and NBN

Statistics: AUC: 0.95 Kappa: 0.65
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Barbastelle bat Barbastella barbastellus Mammal – Shift

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THIS SPECIES is widespread across Europe
with a southern range limit including Greece,
central Italy and central Spain. It is at its
northern limit in northern Scandinavia. Tower
mustard has been widely naturalised so that it
now has a circumpolar range. This British native
has been recorded throughout England and as
far north as southern Scotland, but its range has
retracted considerably during the 20th Century
due to agricultural intensification. It is now
confined to southern England, being extinct in
Scotland and Wales while absent from Ireland.

This biennial herb occurs on disturbed ground
associated with sandy soils over chalk and
limestone. The current simulated climate space
is a good fit with the existing European range.
However, it under-simulates the historical
British distribution so the projected expansion
in suitable climate space only reproduces the
historical distribution by the 2080s. Under the
2080s High scenario, much of South East
England, its current main population centre,
becomes climatically unsuitable. As it is a
mobile species that has become naturalised
elsewhere, it should be able to disperse and
maintain populations if suitable disturbed sites
are available.

The BAP target to maintain the range of this
species should not be adversely affected by
changes in climate space in the coming
decades. It is also adapted to unsuitable
climatic extremes as seeds can maintain
dormancy for many years before germinating.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 2%; 2080L: 2%;
2080H: 28%
Distribution data sources:
Meusel et al., (1965) and NBN

Statistics: AUC: 0.98 Kappa: 0.85
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Tower mustard Arabis glabra Vascular plant – Shift

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



THE CORNFLOWER occurs throughout Europe
from Scandinavia to the Mediterranean coast,
although it is largely absent from Iberia. Its
distribution is more scattered in northern
Europe where it has declined significantly. The
simulated current climate space matches the
historical European range well.

Once an arable weed occurring throughout the
UK, self-sustaining, ‘natural’ populations of this
archaeophyte now occur in five areas – the
south Devon coast, the south west of the Isle of
Wight, south-central Suffolk, the area around St
Albans, and north of the Cromarty and Beauly
Firths in north east Scotland. It declined
dramatically during the 20th Century due to
agricultural intensification, especially more
efficient seed cleaning and greater herbicide
use. Since the 1980s it has increasingly
occurred as a casual plant of disturbed ground,
often introduced from wild-flower seed mixtures
or gardens throughout Britain and Ireland.
Climate space is projected to expand in
northern Scotland, where it occurs sparsely
already. However, by the 2050s and 2080s a

substantial, if not dramatic, loss of suitable
climate space is modelled in southern Britain
and Ireland. This may reflect the current
absence of cornflower from Iberia but is
surprising given its current range as far south as
Tunisia and Greece.

It is likely that the conservation of this arable
species within Britain will mainly be determined
by the availability of suitable arable field
margins or other disturbed habitats rather than
climate change itself. The BAP objective to
establish populations within the historical range
might include some more northerly localities to
‘insure’ against future loss of climate space in
southern England.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 32%; 2050H: 44%; 2080L: 42%;
2080H: 79%
Distribution data sources:
Meusel et al., (1992) and NBN

Statistics: AUC: 0.98 Kappa: 0.84
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Cornflower Centaurea cyanus Vascular plant – Shift

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario



CUT-GRASS IS widely distributed within
temperate Europe from Spain to southern
Finland. It is also found in central and eastern
Asia and North America. It is absent at its
southern European limit from much of Iberia,
Italy and Greece as well as in the north from
most of Scandinavia and Britain.

There is a good match between simulated
current climate space and observed distribution.
It is now present in only three sites in South
East England and has been reintroduced to a
further two.

The drainage and destruction of ponds and
ditches or over-intensive management of canal
banks have led to its loss from many sites. This
perennial herb has always been rare in the UK,
occurring only in southern England at the edge
of its range. Under a warming climate a
northward extension of suitable climate space
across much of Britain and Ireland is projected.
However, under the High emissions scenario
most of South East England, including the
current sites, may become unsuitable by the
2080s. It is likely that high summer
temperatures and the frequency of summer
drought will reduce its preferred habitats –
nutrient-rich mud at the margins of water bodies
or cattle poached wet meadows. BAP objectives
to enhance the range of cut-grass through both
natural spread and reintroductions are likely to
benefit from climatic warming in the short-term.

If this species is unable to disperse to occupy
suitable aquatic habitats in more northern
localities and emissions are not curtailed
substantially it is possible that cut-grass will
become extinct in Britain by the 2080s.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 0%; 2080L: 0%;
2080H: 67%
Distribution data sources:
Meusel et al., (1965) and NBN

Statistics: AUC: 0.99 Kappa: 0.86
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Cut-grass Leersia oryzoides Vascular plant – Shift

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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FLOATING WATER plantain occurs in
mesotrophic or oligotrophic lakes, pools, slow-
flowing rivers or abandoned canals. It has a
limited range, encompassing most of France,
Belgium, Netherlands, northern Germany and
western Poland. It is at its northern limit in
southern Scandinavia. It is largely confined to
North West England, West Midlands and North
and Mid-Wales in Britain. However, there are
very scattered records throughout Britain and
Ireland. It may be that this inconspicuous, often
submerged, aquatic plant is under-recorded,
but records from Scotland and the Norfolk
Broads are introductions.

The simulation of current suitable climate space
is a poor match to its British distribution as it is
almost absent from southern and eastern
England. At the European scale, climate space is
over-simulated in northern Spain, Italy and
Germany but its main range is well defined.
With a limited north west European distribution,
it is not surprising that under the High
emissions projection suitable climate space is
lost across much of southern Britain by the

2080s, though there are also significant gains
projected in Scotland.

BAP objectives to maintain and extend the
range should be achievable under projected
climate change scenarios. The loss of climate
space in much of southern Britain by 2080s
under High emissions suggests that much of
the near continental core range will become
increasingly unsuitable, making conservation of
this species in its British strongholds in Welsh
lakes and canals of even greater European
importance. Management of nutrient inputs to
sites will be important as it has declined due to
eutrophication in the past and reducing other
stressors will be important for minimising
climatic impacts.
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Percentage of 50km squares with observed
distribution projected to be unsuitable climate
space:
2020H: 0%; 2050H: 0%; 2080L: 0%;
2080H: 25%
Distribution data sources:
Meusel et al., (1965) and NBN

Statistics: AUC: 0.98 Kappa: 0.69
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Floating water plantain Luronium natans Vascular plant – Shift

Observed distribution Simulated current climate space

Left, change in
potentially suitable
climate space under
the 2020s High
scenario

Right, change in
potentially suitable
climate space under
the 2050s High
scenario

Left, change in
potentially suitable
climate space under
the 2080s Low
scenario

Right, change in
potentially suitable
climate space under
the 2080s High
scenario
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Chapter 4
Conclusions and
the implications for
policy and practice
C.A. Walmsley & M.J. Harley

Bog and wet heath in County Mayo, Ireland, with plantation forestry and farmland beyond. Adaptation should include targetting
habitat creation to buffer semi-natural habitats from the negative effects of adjoining intensive land use

Increasing the ability of biodiversity to move across landscapes by making intervening agricultural areas more permeable and
less hostile to wildlife will be important under a changing climate

Ca
it
ri
on
a
D
ou
gl
as
/N
at
io
na
lP
ar
ks

an
d
W
ild
lif
e
Se
rv
ic
e

Pe
te
rW

ak
el
y/
N
at
ur
al
En
gl
an
d



MONARCH – a synthesis 9392 MONARCH – a synthesis

Species will find it very difficult to disperse
successfully unless action is taken at multiple
scales to address fragmentation of semi-natural
habitats, specifically BAP habitats. Such action
should seek to maintain and enhance
connectivity by:

� conserving and restoring where possible
all semi-natural habitats, not just a
representative sample of sites in
protected areas;

� targeting habitat creation to buffer semi-
natural habitats from the negative effects
of adjoining intensive land use;

� extending the area of semi-natural
habitats, especially in parts of the country
where they are concentrated; and

� increasing the ability of biodiversity to
move across landscapes by making
intervening agricultural, forestry or urban
areas more permeable and less hostile to
wildlife, rather than simply linking
fragmented semi-natural habitats through
slim green corridors.

Whilst MONARCH’s climate space projections
are based on continental-scale species’
distributions, some species have historically
survived as relict populations in refugia outside
their supposed climatic range (e.g Hewitt,
1999). Protecting and improving ecological
variability of habitats may enable certain
species to persist in localised micro-climates
despite climate change.

Given the uncertainties in projections,
adaptation for nature conservation should not
assume specific outcomes for individual species
but instead manage for uncertainty.
MONARCH’s projections reinforce the urgency
for management interventions.

Whilst the changes in suitable climate space
projected for most species by the 2020s are
relatively limited, by the 2050s many show
substantial changes. Measures to facilitate
dispersal need initiating now and should be
developed over the next 15-20 years, rather
than being delayed and implemented as a
reaction to the accelerating changes that are
likely beyond the 2020s. Effective nature
conservation policy development and
implementation takes time; habitat creation can
take anything from a decade for grassland
habitats to many decades and even centuries
for woodlands.

The scale of adaptation required demands that
nature conservation is integrated with other
land-use activities. Conservation organisations
cannot deliver landscape-scale change alone.
But they can demonstrate and catalyse wider
action for wildlife across all land-use sectors. In
this way, nature conservation can be interwoven
with other land uses for effective delivery of
ecosystem services, recreation opportunities
and associated employment.

Nature conservation can be interwoven with other land uses for effective delivery of ecosystem services
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MONARCH’s projections of how climate change
will influence species’ distributions provide
informative signposts that can help develop
policies for nature conservation in a changing
climate.

The 32 species in this report are not a random
sample and may not be representative of all
terrestrial BAP species. Nevertheless, it is
evident that most BAP species studied in
MONARCH are likely to experience changes in
the location and/or extent of their potentially
suitable climate space.

Of the 32 species in this report, significant
shifts in suitable climate space are projected for
29 of them. Eight are projected to lose
substantial climate space: six could lose all or
the vast majority of their existing climate space
by the 2080s under a High climate change
scenario. The projections also show a
northward shift in climate space for six species,
while 15 have the potential to extend their
ranges within Britain and Ireland. The latter may
be particularly important if species are
simultaneously losing climate space and
declining further south – including in their
continental European range.

The MONARCH findings are extremely valuable
indicators for future policy and adaptation
planning, but as with any computer simulation
model, care is needed in interpreting and
utilising them. The quality and diversity of
biological input data and the sophistication of
data manipulations affect both the robustness
and reliability of results. The MONARCH findings
are informative signposts rather than
predictions of the future. They should not be
used to prescribe the location and timescale for
action for individual species.

This assessment of BAP species only highlights
potential changes in climate space due to direct
impacts of climate. There are many indirect
impacts of climate change, such as changes in
the agriculture, forestry, water resource, spatial
planning, and coastal management sectors,

which will also affect biodiversity. For example,
species associated with spring crops, such as
corn bunting and red hemp-nettle, will be at risk
if there is a switch to winter sowing or perennial
crops. Moreover, MONARCH does not attempt to
predict the ability of species to autonomously
adapt to climate change. Neither does it
examine the potential for adaptation measures
to build resilience and ensure species survival.
Hence, climate space projections should not be
used to assess risk on a species-by-species
basis.

4.1 Building the case
for adaptation in
nature
conservation

The modelled responses of the 32 individual
species to climate change are variable, but
those projected to gain, lose or shift climate
space (over 90% of them over the timescale of
the scenarios) will all potentially need help in
dispersing to and establishing in new areas.

Developing effective adaptation measures
appears vital. MONARCH’s climate space
projections have been important in this
thinking. Planning for the impacts of climate
change on biodiversity requires adaptation
strategies that maintain and enhance resilience
(i.e. the ability of natural systems to absorb and
recover from changes while sustaining
biodiversity and ecosystem goods and services)
and strategies which accommodate change (e.g.
shifting distributions of species and habitats).

The changes in suitable climate space projected
by MONARCH suggest that many species will
need to disperse to survive. Although we know
that this has been possible in the past,
conditions are different now because of the rate
of likely climatic change and the extensive
habitat loss and fragmentation that will inhibit
dispersal.
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4.3 The importance of
mitigation
measures for
biodiversity

Although significant changes in temperature are
inevitable for at least the first half of this
century, mitigation is absolutely essential to
curtail the longer-term effects of climate change
on biodiversity. This report affirms the need for
the nature conservation sector to advocate the
development and implementation of a robust
mitigation policy.

The EU policy target to limit global
temperatures to 2°C above pre-industrial levels
equates to a global temperature rise slightly
less than that in the 2080s Low scenario. Based
on the 32 species presented, the climate space
projections for this scenario suggest that, even
if the EU target is attained, there will be
significant changes in climate space for most
species by the 2080s. Higher emissions will
result in greater changes in temperature and
more extensive movements in climate space.

This will pose greater threats to the
conservation of the species that are projected
to lose some or all of their current climate space
under the 2080s High climate change scenario.
Around a third of the 32 species are projected
to lose most of their existing climate space by
the 2080s under a High scenario. Among the six
species that show a climate space shift (both
northward gains in climate space and losses in
southern Britain and Ireland), five only show
significant losses under the 2080s High
scenario.

The increasing magnitude of climate space
changes over time associated with the growth in
total emissions is illustrated for all 29 species
that show change. This reinforces the need for
concerted action to restrict greenhouse gas
pollution and so reduce the risk of species
being unable to survive or disperse at sufficient
rate as climate changes. This includes
enhancing the role of the natural environment
in protecting existing carbon stocks and
potentially sequestering carbon, along with
supporting increased investment in clean
energy technologies and action to reduce
energy consumption and increase efficiency.

Further monitoring of BAP species that are potentially at risk from climate change is vital. The Environmental Change Network
sites, such as this one on Yr Wyddfa/Snowdon, will play a part in that
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4.2 Potential impacts
of climate change
on conservation of
BAP species

The UK Biodiversity Action Plan helps
coordinate the UK’s response to the UN
Convention on Biological Diversity. It is
delivered through 436 national Action Plans for
habitats and species of particular conservation
concern.

MONARCH’s assessment of the overall risk that
climate change poses suggests that, by the
2020s, only five of the 32 BAP species studied
here will be threatened by significant climate
space loss. If the assessment is extended to the
2050s under a High climate change scenario,
there are still only eight species, less than a
quarter of the sample, which show significant
loss of climate space. However, 14 of the 32
species are at risk by the 2080s under a High
scenario. The species most at risk over the
coming decades are mainly those with northern
distributions or montane species.

We cannot say that BAP targets for ‘at-risk’
species will be unattainable. MONARCH signals
the need for conservation and adaptation
planning in the face of climate change for these,
and indeed all species.

The greatest threat to BAP species and targets
will come if international efforts to reduce
greenhouse gas emissions are unsuccessful.
Many of the species that show climate space
loss in southern Britain in the 2080s under a
High climate change scenario (e.g. skylark,
barbastelle bat and tower mustard) currently
range as far south as northern or central Spain.
This suggests that the climate of southern
England could potentially become unsuitable
for species that do not persist in the
Mediterranean.

In the long-term, the reduction of greenhouse
gas emissions to stabilise global temperatures
at around 2°C above pre-industrial levels will be
key to achieving many BAP targets.

In the short-term, given the uncertainties within
this and other risk assessments, further
monitoring of BAP species that are potentially
at risk from climate change is vital.

The guidelines for adaptation developed by the
UKBAP recognise the need for concerted action
in response to climate change at scales ranging
from individual sites to whole landscapes
(Hopkins et al., 2007).

Underpinning principles for adaptation are:
� protection of existing biodiversity,
including protected areas and other
wildlife habitat of high value;

� reduction of other sources of harm, such
as pollution, inappropriate habitat
management, and over-exploitation of
resources (e.g. water abstraction and
agricultural intensification); and

� development of ecologically resilient
landscapes through establishment of
ecological networks, conservation of local
variability, and integration of practical
adaptation measures into protected area
management.
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Century.

Long-standing proposals regarding data for British insects like this clouded yellow butterfly would improve the data available for
modelling climate impacts and are applicable to other taxa
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