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Introduction

The subject of climate change is much dis-
cussed, and can polarise opinion like few
other scientific issues. If the predictions from
climate modelling become reality, then the
world will change significantly, placing addi-
tional pressure on the biodiversity with
which we share this planet. Estimates of the
percentage of the world’s bird species threat-
ened with extinction as a result of climate
change vary from 0.5% to 21.2%, depending
on the methods and approach used (e.g.
Thomas et al. 2004, Jetz et al. 2007). There is
wide uncertainty because predicting the
future is difficult, although there is a general
consensus that the proportion of species at
risk will increase in line with the projected
amount of global warming (Pearce-Higgins
& Green 2014). These changes will affect
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the birds that we see around us, and
their populations.

A number of assessments of the likely
future impact of climate change on birds in
the UK have been published (e.g. Huntley et
al. 2007, Ausden et al. 2015, Pearce-Higgins et
al. 2015b). These predict range contraction
and losses of northern species, but increases
in southern species and potential colonisa-
tion of new species from continental Europe.
But before thinking too much about the
future, it is valuable to consider what we can
learn from the past, and to look at how bird
populations have responded to the climatic
changes that have been observed to date. Pre-
senting this evidence, with a particular focus
on the UK but with reference to the wider
European and global context as appropriate,
is the aim of this paper.
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Red Grouse: a case study
Before we look backwards, and consider the
evidence from studies of changes in bird pop-
ulations over recent decades, it is worth con-
sidering conceptually the reasons why bird
species should be affected by climate change.
The Red Grouse Lagopus lagopus scotica, the
British and Irish subspecies of the Willow
Grouse of northern Europe, is a good place to
start. The Red Grouse population in Britain
must rank as one of the most heavily
managed wild bird populations in the world.
Where the Red Grouse occurs at high density,
populations are actively managed on grouse
moors for sport shooting, to yield a shootable
surplus of birds in the late summer. This is
achieved through a combination of Heather
Calluna vulgaris management (heather being
the primary food of adult grouse), predator
control and the provision of medication to
reduce the incidence of disease in high-
density populations (Hudson 1992). As
a result of this management, Red Grouse
abundance is significantly greater on grouse
moors than in other upland areas of similar
character (Hudson 1992; Tharme et al. 2001).
Despite this very strong association with

management, the distribution and abun-
dance of grouse is ultimately related to
weather conditions and climate in a number
of different ways. Firstly, cold and wet
weather tends to have a directly detrimental
impact on grouse populations, particularly
during the chick-rearing period. As a result,
grouse breeding success tends to be positively
correlated with spring temperature, and neg-
atively with spring precipitation (Cattadori et
al. 2005). Secondly, the strong association
between grouse abundance and heather cover
and quality (Smith et al. 2001; Pearce-
Higgins & Grant 2006) is strongly affected by
climate, which plays a major role in deter-
mining heather condition and extent
(Thompson et al. 1995). Thirdly, the growth
and survival of young grouse chicks, and
therefore overall breeding success, is
dependent upon the abundance of their
invertebrate prey, particularly adult craneflies
(Tipulidae) (Park et al. 2001). The number of
adult craneflies that emerge in a particular
spring is largely a function of the survival of
their larvae. These live close to the surface of
the peat soil, and during the summer are vul-
nerable to desiccation when hot weather
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215. Red Grouse Lagopus lagopus scotica populatlons are strongly affected by weather conditions
through a variety of mechanisms, while their current distribution and previous distributional changes

can be well described by climate.
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causes the peat surface to dry out (Pearce-
Higgins et al. 2010; Carroll et al. 2011). As a
result, rising summer temperatures may have
a negative impact on grouse breeding success
the following year (Fletcher et al. 2013).
Fourthly, predation by raptors, particu-
larly Peregrine Falcons Falco peregrinus and
Hen Harriers Circus cyaneus, can reduce
high-density Red Grouse populations (Thir-
good ef al. 2000). Since the reproductive
success of these raptors is sensitive to rainfall
during the breeding season, which limits the
foraging ability of adults and their capability
to provision the chicks (Pearce-Higgins &
Green 2014), then variation in spring
weather has the potential to affect grouse
predation rates by raptors. Finally, high-
density grouse populations are also sensitive
to disease, the incidence of which is linked to
the weather, at least in the absence of effec-
tive medication. The incidence of strongy-
losis, caused by a nematode worm, is greatest
in warm, wet springs (Cattadori et al. 2005),
while the occurrence of ticks, which can
cause louping ill, is related to altitude, and
therefore temperature (Gilbert 2010). Thus,
despite the strong influence of human man-
agement on grouse populations, fluctuations

in those populations remain affected by a
range of weather-related mechanisms.

As might be expected from these associa-
tions, the global distribution of the Willow
Grouse can be well described by climate
(Huntley & Green 2011). Using reconstruc-
tions of the climate during the last ice age
(taking the glacial maxima), it is possible to
predict what the global distribution of
Willow Grouse would have been some 20,000
years ago, under this altered climate. These
predictions suggest that the species would
have occurred in Iberia, the Balkans and
other parts of southern Europe. This is useful
because these predictions can be matched to
the distribution of palaeontological bone
records, providing important validation of
the Willow Grouse distribution model
(Pearce-Higgins & Green 2014). In brief, not
only can annual changes in the abundance of
Red Grouse be strongly linked to the weather,
but their current distribution and long-term
changes in their past distribution are also
well predicted by climate. If this is the case
for one of the most heavily managed wild
bird populations, it is also likely to be the
case for many of the world’s other 10,000 or
so bird species.

216. Populations of Grey Herons Ardea cinerea in Britain have been counted since 1928, and

fluctuate in response to winter severity.
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217. Wrens Troglodytes troglodytes in Scotland are much better adapted to cold weather than those
in southern England, probably because they are larger.

Impacts of recent climate change
upon UK bird populations
Resident species
Given the plausibility of climate change
affecting the abundance and distribution of
even the most heavily managed wild birds,
what is the evidence that recent climate change
has affected bird populations in the UK? To
answer that question I will focus primarily on
terrestrial species of the wider countryside, and
rely heavily on long-term citizen science moni-
toring schemes such as the Common Birds
Census (CBC) and BTO/JNCC/RSPB Breeding
Bird Survey (BBS), which can be combined to
produce joint population trends that extend
back to the 1960s (Freeman et al. 2007). Data
from periodic national atlases (e.g. Gibbons et
al. 1993, Balmer et al. 2013) provide a more
comprehensive but periodic snapshot of
species distributions and relative abundances,
whilst the national Ringing Scheme and Nest
Record Scheme can be used to identify changes
in breeding success and survival through time
(Baillie et al. 1999; Crick et al. 2003). Given the
availability of data from these schemes, I will
focus primarily on changes from the 1960s or,
in many cases, the 1980s.

Since 1960, mean air temperatures in the UK
have increased, with the rate of warming being
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particularly marked during the 1980s. Precipita-
tion has also tended to increase, particularly in
the autumn and winter, but less strongly than
temperature (Thackeray et al. 2016). Similar
warming trends are apparent across Europe
and North America (Stephens ef al. 2016),
with a particularly strong trend towards
warming in spring (Schwartz et al. 2006).

A simple analysis of some long-term data
shows how bird populations can be affected
by these trends. The BTO’s Heronries Census
is the world’s longest-running monitoring
scheme for birds in the breeding season; it has
provided an annual estimate of apparently
occupied nests of the Grey Heron Ardea
cinerea in the UK since 1928. A simple overlay
of the estimate of annual abundance with an
estimate of mean winter temperature shows
how Grey Heron populations are negatively
affected by cold winter weather (fig. 1). Cold
snaps in the 1940s, 1960s, and even around
2010 each led to detectable population
declines, while milder winter weather, partic-
ularly since the 1980s, has largely stabilised
the UK population at around 14,000 breeding
pairs (Pearce-Higgins & Green 2014) or 8,000
pairs in England (fig. 1).

The Grey Heron is one of our larger
breeding birds, but populations of one of our
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Fig. . Annual fluctuations in the Grey Heron Ardea cinerea population of England, 1930-2017
(red line), as estimated by the Heronries Census, are closely related to annual variation in mean
winter temperature (blue bars), as measured by the anomaly from the 1961-1990 average in the
Central England Temperature (December—February) time series.

smallest, the Wren Troglodytes troglodytes, are
similarly affected by cold weather. Since the
Wren is a small-bodied insectivore, cold
weather poses a double problem by increasing
thermoregulatory demands and reducing
insect availability. As a result, long periods of
continuous frost have a strong negative
impact on Wren survival rates (Robinson et
al. 2007). A winter with more than ten con-
secutive days of frost may halve Wren survival
rates to 20%, having a significant impact on
the population (Pearce-Higgins & Green
2014). Annual fluctuations in the Wren popu-
lation can be linked to winter severity in the
same way as for the Grey Heron (fig. 2). Inter-
estingly, recent analyses have shown how the
impact of cold weather upon populations
varies strongly between regions of the UK.
Wren populations in the south and west,
where winters are relatively mild, tend to
decline after only seven days of frost per
month during the winter, while Scottish
Wrens can cope with up to 12 days of frost. In
other words, Wren populations appear to be
locally adapted to their climate (Morrison et
al. 2016a). The precise mechanism seems
unclear, but is probably related to body size.
We know that larger-bodied individuals tend

392

to cope with cold temperatures better than
small individuals, and analysis of ringing data
shows that Wrens that occupy colder climates
in Scotland are significantly larger (by about
5%, or 0.5 g) than those in the warmer south-
west (Morrison et al. 2016a).

These findings for the Grey Heron and
Wren are not unusual and perhaps not sur-
prising. Plenty of other studies have shown
how winter temperature affects the survival
or abundance of a range of resident species
in the UK (e.g. Robinson et al. 2007). Indeed,
a cross-species analysis of joint population
trends in England from 1966 to 2011 shows
an overall positive effect of winter
(December—February) temperatures on pop-
ulation growth rates (Pearce-Higgins et al.
2015a). The most plausible mechanism for
this relationship is the link between winter
conditions and overwinter survival rates for
resident species. There is also a matching
relationship between spring (April-June)
temperatures and population growth rates,
which is likely to reflect the positive impact
of warm, dry conditions on the breeding
success of the same species. Such conditions
are likely to reduce the thermoregulatory
demands of the chicks, increase invertebrate
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Fig. 2. Annual fluctuations in the Wren Troglodytes troglodytes population of England (red line),

as estimated by CBC and BBS surveys, are closely related to annual variation in mean winter
temperature (blue bars), as measured by the anomaly from the 1961—-1990 average in the Central
England Temperature (December—February) time series. The break in 2001 was due to access

restrictions caused by foot-and-mouth disease.

and other food resources for them, and make
provisioning and caring for the chicks much
easier than in a cold, wet spring (Pearce-
Higgins & Green 2014). These findings
suggest that climate warming has probably
had a significant positive impact on the pop-
ulation trajectories of many resident UK
species (fig. 3), and probably accounts for the
observed increases in the populations of
many such species in recent years.

Migrant species

The population trends of migratory species
tell a quite different story, as many long-dis-
tance migrants have declined (e.g. Sanderson
et al. 2006, Thaxter et al. 2010). This is at
least partially related to the fact that migrant
and resident populations show different
responses to variations in UK weather
(Pearce-Higgins et al. 2015a). As might be
expected, since they winter elsewhere,
migrants do not show the same positive
response to warmer winter temperatures in
the UK as resident species. The effects of
temperature during the breeding season are
also more mixed for migrants. Although
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there are positive associations between tem-
peratures in April and July and subsequent
migrant population growth rates, a negative
effect of May temperature means that overall
the benefits of warmer spring weather are
more equivocal for long-distance migrants
than for resident species. In addition, there is
evidence that hot, dry summer weather can
have a negative, though time-lagged, effect on
bird populations, which particularly affects
long-distance migrants (Pearce-Higgins et al.
2015a). In combination, this means that pop-
ulations of long-distance migrants have not
experienced the benefits of warming that
many resident species have (fig. 3).

Instead, populations of long-distance
migrants are much more strongly affected by
weather conditions in Africa. In particular,
the level of rainfall at key stopover or win-
tering areas can affect overwinter survival
rates and population changes. High levels of
rainfall during the wet season in the Sahel can
have a positive impact on the survival of
migrants which overwinter there (Johnston et
al. 2016), leading to relatively consistent posi-
tive associations between Sahel rainfall and
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Fig. 3. Summary of impacts of temperature (pink) and precipitation (blue) during different seasons
upon resident (top) and long-distance migrant (bottom) bird species in the UK. Superscripts denote
references supporting each statement as follows: ! Thackeray et al. 2016; 2 Pearce-Higgins et al.
2015a; 3 Robinson et al. 2007; 4 Finch et al. 2014;5 Newson et al. 2016; ¢ Ockendon et al. 201 3;

7 Hewson et al. 2016; 8 Ockendon et al. 2014a; ? Johnson et al. 2016. These references tend to use
long-term data of relatively widespread species covered by BTO monitoring schemes (see Robinson

et al. 2016).

population growth rates in migratory species
(Ockendon et al. 2014a). The mechanism
underpinning this relationship is that high
rainfall during the wet season (May—October)
means that the Sahel is wet and green when
our migrants arrive in autumn. This provides
them with sufficient resources to refuel after
their desert crossing. In wet years, those
resources persist throughout the winter,
ensuring a continued supply of food up to the
departure for the breeding grounds. In such
years, there can be a significant knock-on
impact on the timing of nesting in the UK —
and even in some species, such as the Sand
Martin Riparia riparia, upon the number of
eggs laid — although in most species the mag-
nitude of this effect is relatively small (Ock-
endon et al. 2013). Conversely, in dry years,
food resources for migrants become scarce
during the winter, overwinter survival is
reduced, and this potentially leads to a
delayed return and delayed breeding.
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Changes in species’ distribution

In addition to changes in abundance,
warming has been associated with significant
shifts in the distribution of species. Two
effects have been noted. The first is a general
northward shift in species’ ranges. The poten-
tial for climate change to drive poleward
shifts in the distribution of species was first
identified through analyses of data from the
second national atlas of Britain & Ireland’s
breeding birds (Gibbons et al. 1993) com-
pared with the first atlas (Sharrock 1976).
Between the two atlases, the northern range
limit of a variety of southerly distributed
species shifted northwards by 18.8 km on
average (Thomas & Lennon 1999). Data from
the third national atlas (Balmer et al. 2013)
has shown that this trend has continued, with
a further northwards shift of 13.5 km on
average of southern species between 1988-91
and 2007-11. More detailed analyses of these
patterns have shown that range expansions in
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individual species tend to be in a northwest-
erly or northeasterly direction rather than on
a more direct south—north axis. At the same
time, there is also some evidence for north-
ward contractions along the southern range
margin of some species. As a result of these
changes, the geographical centre of species’
ranges has also shifted. The average shift
across 122 species is of 20.4 km in a northerly
direction. This is roughly equivalent to a 1-km
shift northwards in the distribution of
breeding birds in Britain per year, or almost
3 m per day. While changes in temperature
would drive northwesterly shifts in distribu-
tions if species were responding only to that
factor, the greater spread of shifts observed
suggests additional effects of precipitation or
other climatic variables, or the influence of
additional non-climatic factors, such as land-
use change (Gillings et al. 2015).

The second effect is that, in addition to a
northwards shift, species’ distributions have
expanded. There is an intrinsic relationship
between a species’ population size and its
range size. As populations increase in abun-
dance, that often drives an expansion in geo-
graphical range, while declining species tend
to suffer range contraction (Fuller et al. 1995;
Thomas & Lennon 1999). Hence the popula-

tion increase of resident species in response
to warmer temperatures will tend to cause
range expansion too. Analyses of BBS data
for a subset of 80 relatively common and
widespread species has shown that the rate of
northwards expansion of the northern range
boundary of a species has been greater than
that at the centre of the species’ range, while
southerly range boundaries have shifted little.
Over the 15-year period 1994-2009, the lati-
tudinal spread of those species’ range extent
increased by an average of 14.5 km (Mas-
simino ef al. 2015a).

Northward shifts and range expansions
have resulted in a number of changes in the
assemblage of bird communities that are
found at particular locations. There is a latitu-
dinal gradient in species richness across the
country, with a greater number of bird species
present in the south than the north (Eglington
et al. 2015). As a result, northward range shifts
have led to an increase in the number of
species observed at any one location (Davey et
al. 2012), particularly as a result of the popula-
tion increase and range expansion of common
and widespread generalist species (Davey et al.
2012; Sullivan et al. 2016). Generalist species,
such as the Common Chaffinch Fringilla
coelebs and Wood Pigeon Columba palumbus,

218. Willow Warbler Phylloscopus trochilus populations in southern England have declined rapidly
in recent decades due to a reduction in breeding success, while populations in the north have
remained stable or increased.
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which occupy a wide range of habitats, have
tended to increase in abundance most, prob-
ably because warming has a more positive
impact upon their population trends than on
those of habitat specialists (Pearce-Higgins et
al. 2015a). Populations of habitat specialists
are also more likely to be limited by non-
climatic factors.

A general northward shift in species distri-
butions also means that, at a given location, it
is the more southerly distributed species,
associated with warmer temperatures, which
have tended to increase in abundance relative
to more northerly distributed, cold-associ-
ated species. By calculating the association
between each breeding species and tempera-
ture from its breeding range in Europe (the
species temperature index, or STI), and aver-
aging that value across species occurring at a
particular location (the community tempera-
ture index, or CTI), breeding bird surveys
across Europe have shown a consistent
pattern of increasing CTI values through
time, including in the UK (Devictor et al.
2012). Recent warming has therefore
favoured species associated with warmer
temperatures over those associated with
cooler temperatures. Indeed, population
trends of birds across both Europe and North
America demonstrate a significant climate
change signal since the 1980s. The trends of
those species which models suggest are likely
to increase in response to warming, which
indeed tend to be more southerly distributed,
have increased in abundance through time
compared with population trends of species’
predicted to decline in response to climate
change (Stephens et al. 2016).

Mechanisms underpinning
observed changes

The majority of the changes outlined above are
based on observational data and simple corre-
lation analyses. Although in many cases there
are up to 50 years of bird data, and the findings
are often supported by multiple studies, there
remains a real challenge in attributing the
observed changes specifically to climate
change. Understanding the mechanisms that
underpin these correlations can help to
increase our confidence that observed changes
are driven by the changes in temperature,
precipitation and other variables that they are
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correlated with, and not due to other factors.
Studies that have attempted to examine
the mechanisms underpinning population
responses to changes in temperature and pre-
cipitation have generally found that biolog-
ical mechanisms, associated with changes in
species’ interactions, are the most important,
particularly in the context of climate change
(Ockendon et al. 2014b). This means that the
physical impacts of changes in climate — for
example, rising temperatures causing heat
stress, or heavy rainfall washing out all the
nesting attempts of a breeding colony —
appear much less important than the poten-
tial for climate change to alter factors such as
the availability of prey or the abundance of
predators. In relation to the UK’s birds, two
mechanisms in particular have been widely
examined: the effect of warming on changes
in the timing of biological events, leading to a
potential mismatch between the availability
of food resources and the timing of bird
breeding; and the effect of climate change
upon the abundance of key prey species.

The timing of breeding

Data from the BTO Nest Record Scheme first
alerted the world to the impact of climate
change on the timing of bird breeding (Crick
et al. 1997; Crick & Sparks 1999). Since then,
a range of studies have shown how the timing
of a wide range of biological events has
changed through time, whether it is the
arrival of long-distance migrants or egg-
laying (reviewed in Pearce-Higgins & Green
2014), or the timing of insect emergence or
plant leafing and flowering (Thackeray et al.
2010). Recent analyses of BirdTrack data,
compared with similar historical data from
the 1960s, have shown how the spring arrival
dates of 16 migratory species have advanced
by an average of ten days over a 40-year
period (Newson et al. 2016). The timing of
autumn departure has become slightly
delayed in some species, so that migrants now
spend an average of two weeks longer in the
UK than they used to. Similarly, the timing of
egg-laying has also advanced, by an average of
3.7 days per decade for birds breeding in the
UK. This means that species like the Barn
Swallow Hirundo rustica are now arriving
15 days earlier in the UK than they did in the
1960s, and breeding 11 days earlier.
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Changes in the timing of migrant arrivals
and particularly changes in egg-laying dates
are driven by increases in spring temperature
(Thackeray et al. 2016). Where this has been
studied in detail, air temperature during a 1-2
month window in advance of egg-laying pro-
vides the best predictor of laying date
(Phillimore et al. 2016). These patterns are
apparent in both long-distance migrants and
resident species. For example, not only does
spatial variation in the advance in Pied Fly-
catcher Ficedula hypoleuca laying dates vary
with the extent that warming has occurred
between countries (Pearce-Higgins & Green
2014), but annual variation in Pied Flycatcher
laying dates in the UK is correlated with
spring temperature in April and May
(Phillimore et al. 2016). Although the timing
of arrival of the flycatchers, which is deter-
mined by processes on the wintering grounds
and on migration (Both 2010), might be
expected to play an important part in laying
date, current evidence suggests it is not a key
driver of breeding phenology. While the
laying dates of migratory species are advanced
by rainfall in Africa (particularly in the Sahel)
and warmer spring temperatures in the

Mediterranean (Ockendon et al. 2013; Finch
et al. 2014), for most species, spring warming
in the UK has been the strongest driver of
earlier laying (Ockendon et al. 2013).

What difference do these trends make?
The majority of bird species time their repro-
duction to coincide with peak availability of
food resources, particularly of key inverte-
brate groups. The timing of peak availability
of these resources has also shifted through
time, and by more than the changes already
described for birds. Thus, on average, plants
are now flowering and leafing some 17 days
earlier than they did in the 1970s, while
insects are emerging some 15 days earlier
(put another way, the advance in plant and
insect phenology averages about four days
per 1°C, while for birds, the rate of change is
about two days per 1°C warming). This has
the potential to cause a mismatch in the
timing of peak food demands of breeding
birds and peak food availability, leading to a
potential reduction in breeding success
(Durant et al. 2007). Studies of populations
of a number of insectivorous bird species,
notably Great Tits Parus major and Pied
Flycatchers, have shown that this is the case,

219. Annual variation in Pied Flycatcher Ficedula hypoleuca laying dates in the UK is correlated with

spring temperatures in April and May.
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although these responses are by no means
ubiquitous, and vary between habitats
(Pearce-Higgins & Green 2014).

Migratory species which have shifted their
arrival times most, and therefore might have
the greatest capacity to adapt to changes in
the timing of peak food availability during
the breeding season, are those which have
more stable or increasing populations,
whether across Europe (Meller et al. 2008) or
in the UK (Newson et al. 2016). This pro-
vides large-scale support for the mismatch
hypothesis. Additional evidence consistent
with this hypothesis comes from the negative
correlation that exists between May tempera-
ture and long-distance migrant population
growth (Pearce-Higgins et al. 2015a).

Yet there are only a limited number of
studies that provide evidence that climate
change has led to a sufficient divergence in
the phenology of bird breeding and peak
food abundance to cause a long-term reduc-
tion in breeding success — and it could be
argued that none have strongly linked these
changes to a declining population trend.
There is some evidence from woodlands in
the Netherlands that spring warming has
reduced both Pied Flycatcher and Great Tit
breeding success as a consequence of an
increasing mismatch between peak caterpillar
availability and the timing of peak food
demands by a brood of hungry chicks (Both
& Visser 2005; Visser et al. 2006). A decline in
the Dutch Pied Flycatcher population during
the 1990s has been at least partly linked to
that mismatch, although other factors may
have been important and the population has
subsequently recovered (Pearce-Higgins &
Green 2014). Similarly, the impact of mis-
match on Great Tit breeding success had little
impact on long-term population trends
owing to the importance of overwinter sur-
vival (Reed et al. 2013). There is even less evi-
dence from detailed species-specific studies
that these processes have caused problems for
woodland breeding birds in the UK including
Great Tits (Cresswell & McCleery 2003) and
Pied Flycatchers (Goodenough et al. 2009).

Given this uncertainty and limited evi-
dence for mismatch having a strong link to
population declines in well-studied popula-
tions, a panel of experts concluded there was
only limited support for the statement that
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‘migratory birds suffer from increased trophic
mismatch on the breeding grounds’ (Knudsen
et al. 2011). It is therefore difficult to discount
the possibility that a common environmental
driver might be causing long-term changes in
bird populations and affecting their ability to
alter their timing of breeding, and therefore
that correlations between changes in timing
and long-term trend are not causative
(Pearce-Higgins & Green 2014).

Prey populations

An alternative biological mechanism is the
potential impact of climate change on prey
populations themselves, rather than on the
timing of their availability. If climate change
reduces the abundance of a key prey
organism, that is likely to significantly reduce
the breeding success, survival and abundance
of species that depend on it, irrespective of
timing. The potential for this to be important
has been shown in a population of European
Golden Plovers Pluvialis apricaria in the Peak
District. The growth and survival of Golden
Plover chicks is positively related to the
abundance of craneflies when the chicks are
young (<10 days), leading to a relationship
between cranefly abundance and overall
breeding success (Pearce-Higgins & Yalden
2004; Pearce-Higgins et al. 2010). The main
cranefly species involved have an annual life-
cycle. The adults emerge in May and June
and live for a few days during which time
they mate and lay their eggs. Those eggs
hatch in July and the larvae live in the surface
layer of the peat, passing through a number
of instars over the course of the summer and
autumn; they pupate the following spring
and then emerge as adults. As described
earlier, the young larvae are sensitive to desic-
cation, so that hot dry summer weather, par-
ticularly in August, has a negative impact on
the size of the cranefly population the fol-
lowing spring (Pearce-Higgins et al. 2010). As
a result, Golden Plover population change is
negatively correlated with August tempera-
ture with a two-year time lag (Pearce-Higgins
et al. 2010): a hot August will lead to few
craneflies emerging the following spring,
reducing Golden Plover breeding success,
and a lack of surviving chicks to recruit into
the breeding population. This impact of
summer warming is also likely to affect other
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upland birds that rely on drought-sensitive
invertebrates (Pearce-Higgins 2010; Fletcher
et al. 2013), and has been specifically related
to spatial variation in population trends of
Dunlin Calidris alpina, Red Grouse and
Golden Plover in the Peak District (Carroll et
al. 2015). Although there are limited data on
the long-term impact of changes in inverte-
brate prey upon breeding bird populations in
the UK, correlations between soil moisture or
rainfall and the breeding success (Miller et al.
2017), survival (Robinson et al. 2004, 2007)
and population trend (Beale et al. 2006) of a
number of thrush species, all of which prey
upon drought-sensitive invertebrates, suggest
that this phenomenon may be widespread, at
least in species that rely on soil invertebrates
for food.

Populations of moths, another key inver-
tebrate group for birds, have declined in the
UK (Conrad et al. 2003), with potential
impacts on their avian predators. Although
this decline is at least partially attributable to
agricultural intensification (Fox et al. 2014),
recent analyses suggest that there is also a sig-
nificant climatic component, which may
account for about half of the total reduction
(Martay et al. in press). Although the link
between the impacts of climate change upon
caterpillar populations, and declines in the
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summer warming upon their cranefly prey.
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abundance or breeding success of birds that
eat caterpillars has not been formalised, this
may be an important component in the
decline in some woodland specialists and is
worthy of further investigation.

Geographical variation

Population trends of many bird species,
including a range of our long-distance
migrants, tend to be more negative in southern
parts of the UK than in the north (Ockendon
et al. 2012; Morrison et al. 2013; Massimino et
al. 2015b). These patterns are consistent with
what we might expect for trends being driven
by climate change, with conditions in general
deteriorating in the south, and improving in
the north (where later and less synchronised
food resource peaks benefit breeding birds;
Smith et al. 2011). However, many other pres-
sures may also be greater in the south — for
example the intensification of land use and
habitat fragmentation — and more work is
required to disentangle and understand the
causes of these trends.

One long-distance migrant that exhibits
this pattern of strong decline in the south but
increase in the north is the Willow Warbler
Phylloscopus trochilus. Recent analyses of
BTO long-term data have aided our under-
standing of this decline, combining Nest
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partly caused by variation in adult survival rates during the southwards migration route taken by

birds through Europe.

Record Scheme data to estimate productivity,
ringing data to estimate survival rates, and
abundance data. This shows that in Scotland,
where the population has remained stable or
increased, there are plenty of years where
both survival and breeding success are suffi-
ciently high to permit population growth. In
southern England, where the species is
declining, reproductive success is signifi-
cantly lower than in Scotland, and in very few
of the last 20 years has the Willow Warbler
population produced enough chicks and had
a sufficiently high survival rate to prevent the
population declining (Morrison et al. 2016b).
This strongly suggests that the problem for
Willow Warblers is a reduction in breeding
success in the south, which may be partly
related to changes in phenology, since
researchers have observed a greater decline in
productivity through the season (Morrison et
al. 2016b). Other factors may also be impor-
tant, such as declining invertebrate popula-
tions in the south compared with the north
(e.g. Conrad et al. 2006).

Common Cuckoos Cuculus canorus show
a similar geographical pattern, with strongly
declining populations in the south, but stable

400

or increasing populations in the north. In
this case, spatial variation has been linked to
the survival of adult Cuckoos during their
southward migration after breeding. Satellite
tracking has shown that males from declining
populations in the southeast show a greater
tendency to migrate southwest through
Iberia before crossing the Sahara, with an
associated survival rate of 54%, while birds
from the north tend to head southeast and
migrate through central Europe and Italy,
with a comparable survival rate to the com-
pletion of the Sahara crossing of 96%
(Hewson et al. 2016). The mortality of birds
from declining southern populations was
therefore much greater than that of northern
birds. This may reflect deteriorating environ-
mental conditions in Iberia relative to else-
where in Europe; Hewson et al. (2016)
suggested that drought in Spain provides one
plausible explanation. Alternatively, such
mortality could occur through carry-over
effects of environmental conditions in the
UK, such as the decline in large-moth popu-
lations in the south (Conrad et al. 2006),
whose caterpillars form an important food
source for adult Cuckoos.
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Conclusions

In spite of the difficulties of identifying the
impacts of climate change on species’ popu-
lations in the context of multifarious envi-
ronmental changes and pressures, it is
increasingly clear that climate change is
affecting the behaviour, survival, breeding
success, abundance and distribution of many
UK bird species. Warmer temperatures have
directly increased the overwinter survival and
breeding success of many resident bird
species, leading to population increases and
range expansions, particularly among gener-
alists. Climate change has had a more equiv-
ocal or negative impact on long-distance
migrants, northern species and some habitat
specialists, with the majority of impacts likely
to have occurred through changes in the
abundance or availability of food resources.
The effect of changing spring temperatures
on the relative timing of peak food avail-
ability and bird breeding seasons may have
widespread impacts, particularly on late-
nesting, long-distance migrants, although
this has not been clearly identified as a driver
of long-term population declines. The
impact of climate change on the abundance
of key invertebrate groups, such as moths
and soil invertebrates, may be equally or
more important. Although not the focus of
this article, seabirds may have been one of
the groups most affected by climate change
in the UK, through an increasing mismatch
between the timing of their breeding and
prey availability, and the declining availability
of fish and plankton prey as sea surface tem-
peratures rise (reviewed in Pearce-Higgins &
Green 2014).

What of the future? A range of northern,
upland and woodland species are widely
regarded as threatened by climate change in
the UK, while southern freshwater wetland
and coastal species are likely to colonise from
the Continent (Ausden et al. 2015), matching
the evidence of recently observed trends. The
ability of species threatened with climate
change to persist in the UK will probably
depend upon our ability to maximise the
quality of their habitat and reduce other
pressures that they face, in order to increase
their resilience to climate change. Given that
many of the negative impacts of climate
change may operate through changes in food
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resources, this in particular will require man-
agement to boost the abundance of prey (i.e.
Carroll et al. 2011).

The colonisation of species in response to
climate change may be limited by inappro-
priate human activity. Indeed, many poten-
tial colonists of the UK in a warmer climate
are likely to be constrained by unfavourable
population trends in Europe (Ausden et al.
2015). One of the strongest predictors of
colonisation, both of range-expanding
species in the UK (Thomas et al. 2012) and
of colonists from continental Europe (Hiley
et al. 2013), is the availability of protected
areas. Our network of nature reserves main-
tains important areas of semi-natural habitat
for range-expanding species to occupy
(Pearce-Higgins & Green 2014), and nature
reserves are likely to become even more
important in a changing climate (Johnston et
al. 2013). They can also reduce rates of
extinction in northerly distributed species
(Gillingham et al. 2015). In the same way, the
provision of semi-natural areas of habitat in
the wider countryside also helps populations
to adapt to climate change (Newson et al.
2014; Oliver et al. 2017). The message is clear:
birds will be better able to cope with climate
changes if we are able to maintain and
expand a network of protected areas, provide
areas of appropriate habitat within the wider
countryside, and manage those sites effec-
tively.
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