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EXECUTIVE SUMMARY

Introduction

Brds are one of the best groups of animals foritadng the effects of climate change. They are
day-time active, conspicuous, easy to identify, amedpopular with many groups of people, including
amateur birdwatchers and professional scientistsméany parts of Europe, ther distributions and
numbers, as well as the timing of their migratiansl breeding seasons, have been well monitored for
decades.

Migratory birds are likely to be more vulnerablathnon-migrants because they can influenced
by conditions in three different geographic locasiotheir breeding grounds, ther wintering areas|
their migration routes. Individual birds also exipace “carry-over effects,” such as when conditions
experienced in wintering areas nfluence subsedurertding success, or when conditions experienced
on the breeding grounds influence subsequent ovgemsurvival.

Furthermore, field evidence indicates that largabers of migrants can be are killed by storms
encountered when they are migrating. Climatologiséslict that storms and other extreme events are
likely to increase in frequency in the years ahe@thierefore we can expect that migrants will suffer
greater storm-induced losses, which could causieeatile reductions in populations regardless of
other climate changes.

Responsesof migratory birds to climatic changes

A growing body of field and laboratory evidence igates that far from being a static and
conservative trait; migration is a dynamic andifidxbehaviour in birds that is greatly influendegd
external factors. Thus we can expect that in &@didito population effects in migrants, migratory
behaviour, itself, & likely to change in assowoiatwith climate change. And, indeed, many chamyes
migration already have been reported. Many migrantsmigrating earlier in spring than formerly,
and some are migrating later in autumn as well. aA®sult, individuals of some species stay for
longer on their European breeding areas. Most elemrgd shifts of increased migratory behaviour
involve species that have extended their breedamges into higher lattude areas where over-
wintering was not possible or was costly n thet.p@n the other hand, some species that once were
entirely migratory are now partially migratory, Wihcreasing numbers of individuals staying onrthei
breeding grounds year-round. In yet other speamtiyiduals are now migrating shorter distances
than formerly, and are over-wintering farther norne example of the latter is the increased
proportion of White Storks that now over-wintersauthern Spain, rather than migrating to Africa. |
some species these changes may be beneficial tran&u populations. In others they may be
harmful. Almost all of these changes are assat iafith changes in food- availability, or with clinat
conditions that are likely to affect food-suppliesch as milder winters.

Some of the observed changes in migratory behaippear to represent immediate behavioural
or ‘facultative” responses to prevailing conditipnghereas others may reflect genetic changes
brought about by natural selection. Despite diffiesi of detecting the ktter, there is evidenaarfra
few species that indicates a genetic basis forggmm migration timing, and, at least for one &g®c
a genetic basis for changes in migration interaritgl the direction of migratory travel. Most changes
in migratory behaviour are likely to start as faative responses and then become genetically lzesed
natural selection acts over time.

One situation that has come to light in studiebiofogical responses to climate change & that
different plants and animals often do not respdrtieasame speed and magnitude to climate change.
As a result migratory birds that once arrived oeirttbreeding areas when their food-supplies were
reaching their peaks now arrive either too earitawr late to take immediate advantage of this
situation. Furthermore, those arriving too late #kely to breed less successfully, resulting in
population declines.

The breeding ranges of some European birds aradglighifting north, as individuak withdraw
from southern portions of their ranges, while athggread north at the northern limits of their eng
A particular concern involving range shifts is thes of mountain-top breeders, which may disappear
from much of their range, as global warming redubesxtent of specific high-mountain habiats.
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Some measures taken to combat the causes of clghabge, such as the development of wind
farms, could themseles severely mpact migrataigysb This is particularly so if wind farms areesit
improperly along major migration routes, where darmmbers of migrants could then be killed by
colliding with rotor blades.

Suggested actions

1. We recommend establishing a functional networkwatchsies or “watchtowers” for
monitoring changes in bird behaviour and assedsigpopulation trends n Europe. Considerating
the relative geographic importance of certain siésa continental scale, as well as an ongoing
tradition for migration monitoring, thes e watchtosshould include at minimum:

» Falsterbo, in southw estern Sweden

e Fair Isle, n northern Scotland

* Texel, ih northwestern Holland

¢ The Strait of Gbraltar, near Tarifa, Spain

¢ Southern ltaly, including the Strait of Messina

« Elat, in southern Israel

2. In addition to this network of montoring sitese recommend establishing a set of focal
species whose populations and behaviour should dogtaned because of their relationships with
more-difficult-to-follow but critical biological waables, including overall biological diversity and
changes to habitats of special interest, etc. if&jsdly, we recommend the focused monitoring of
seabirds, wetland birds, diurnal brds of preyaptors, other soaring birds, and several widespread
and long-term studied songbrds.

3. An increasing body of evidence suggests thatliasate change akers existing landscapes
current networks of natural areas willno longddhmany of the target species and habitats thegwer
designed to include. Complementary policies aredeee‘Land custody” or, land stewardship via
easements, is a flexble habitat-protection stratbgt could be used to maintain critical landscape
features, track changes in biodiversity, engagegemeral public, and involve private ndowners in
natural resource conservation. Public interesthis tand-use strategy could be increased with tax
incentives and tax benefits for participating lamders. An additional strategy designed to reduce
species losses, would be to incorporate linearagtfuctures including power-line, road, and rail
rights-of-ways, as a supplementary wildlife corr&gddor organisms moving in responses to climate
change.

4. Historically, most migration studies have ocedrin the middle and northern ktitudes of
Europe. Whereas these studies need to continue, tha particular need to increase the numbers of
studies further south in southern Europe, whereymaigratory birds over-winter, and where many
others pass through while migrating betw een Eumofpeeeding grounds and African wintering areas.
One particularly good location for additional migpa study is southern Spain, near the Strait of
Gibraltar, through which an array of species m@pnatboth spring and autumn.
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1. INTRODUCTION

Climatic change is a major factor that is likelydffect the earth’'s ecosystems in the coming
decades. The increase in global surface temperigtuhe last century was the largest in any century
during the past 1,000 years. This change in teatyre has been associated wih changes in weather
patterns, including precipitation and snow coverwal as changes in sea temperatures and sea level
Climate change is a phenomenon that currently earedognized by many indicators. The impacts of
climatic change affect not only species and ecesystbut also human economy and society. We face
a potentially serious problem, both for us andamyironments.

There is compelling evidence that animals and pluaive been affected by recent changes in
climate. Migratory species, which travel long di&tes and are subject to a wide range of
environmental influences and that rely on a widegeaof natural resources, are particularly likely t
be affected by climate change.

The primary instrument for migratory species comggon is the Convention on the
Conservation of Migratory Species of Wild AnimaBotn 1979, ratified by 101 parties by 2007).
CMS recognises that states have a duty to protegratory species that live within or pass through
their boundaries and that ther effective managémeguires concerted action from all states in Whic
a species spends parts of its life-cycle. Under GM8ework, specific agreements can be made as
Memoranda of Understanding among appropriate states

The Convention on the Conservation of European N\éikhnd Natural Habitats (Bern, 1979)
aims to conserve wid flora and fauna and theiuradthabitats, especially those species and hsbitat
whose conservation requres the co-operation obraé\States. With the addition of Serbia and
Armenia, the Bern Convention will have 47 ContnagtParties in 2008. By joining the Convention,
States have undertaken to co-ordinate their effortthe protection of the migratory species listed
Appendices Il and Ill whose range extends intortherritories. The Bern Convention gives also
special attention to the protection of areas ofartgnce for those migratory species listed and, in
particular, in relation to migration routes, suchvaintering, staging, feeding, breeding or moulting
areas.

The present report has been prepared for discusgitite “Group of Experts on Biodiversity and
Climate Change” of the Council of Europe, set udarrthe Bern Convention. The report (1) asseses
the current scientific evidence linking climate rfpa and the behaviour, distribution, and abundance
migratory species of birds, (2) identifies whateeté cimate change may have on migratory brds in
the future, and (3) suggests an adaptive managestmaregy for the conservation of migratory species
of brds and the phenomenon of bird migration fiselthe fac e of the climatic change.

2. CLIMATE CHANGE

Earth’s climate is currently changing. Althougmte change has occurred throughout earth’s
history, the current rate of change, the fact dWhatare present to be impacted by it and the growing
body of evidence indicating that we are respongirlét, all suggest that we should attempt to calu
its impacts wherever possible. Over the courséefldst century, global average surface temperature
has increased by around 0.6°C, and precipitatienih@eased, particularly over mid- and high-
latitudes. These changes, in turn, have affectecekitent of both global ice cover (decreasing) and
sea-lkevels (increasing).

The ongoing increase in temperature resulted frmreésed concentrations of carbon dioxide
and other greenhouse gases in the atmosphere, vduclees radiative heat loss from earth. As a
result of burning fossil fuels and other humanvéti¢s, carbon dioxide concentrations have risen by
32% from about 280 ppm in pre-industrial timestow 370 ppm at present. If this trend continues,
carbon dioxide levels are expected to exceed 400 pp the year 2100, causing a mean global
temperature rise of 1-4 °C in the coming centungréased surface warming is likely to increase the
frequency and intensity of climatic extremes, idahg tropical cyclones, flooding, and droughts.

Sea-levels are forecast to rise at rates of 30¥%@er century, flooding many fertile delta regions
and low-lying islands. Over much of the world, ddd@reas will be restricted to higher latitudesl an
akitudes, and animals and plants that depend tipam will be further restricted as well. Pollen
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records suggest that in most instances trees daithsir ranges by about 200-400 m annually (Davis
1981, King & Hertrom 1997). Under the current retelimate change, July sotherms are expected to
advance northward at 4-5-Km annually. If trees wiergack this rate of change they would need to
migrate 10-25 times faster than the mean rate éethilby the pollen record. In this situation it is
difficuk to predict the impacts of climate chargreplants and animalk.

Another problem n predicting future biota disttilon is that large parts of the landscape have
now been converted to human use and, as suchloaesl ¢t0 most of the wild animals and plants. In
fact, many areas provide no broad-front dispersatie; but, at best, a series of narrow interrupted
corridors and stepping stones, thereby impedingerenting the movements of many organisms. The
ongoing situation is likely to favour plants withast response times, namely herbs, shrubs and fast-
growing trees, whereas sbw-growing trees with loggneration times and poor dispersal
characteristics could be particularly disadvantagdthough animals are more mobile than plants,
they also are restricted to areas of suitable atigat

Error! Objects cannot be created from editing field codes.

3. MIGRATORY BIRDSIN EUROPE

The environmental conditions for life on our planet characterized by the continuous nfluence
of a geophysical cycle with annual periodicity. &enal Earth” results from the planet's rotation
around the sun together with the degree of inatinabf its axis of rotation, resulting in the four
climatic seasons in most part of the world. Theseea bring with them constant changes in
environmental conditions to which animals must adage are to survive and reproduce. A common
response to seasonal periodicity is migration.

Diverse forms of seasonal migration have develdpegsponse to the seasons. The simplest
cases are vertical migrations n a geographicaiitéd environment. In brds too, some of the
simplest seasonal migrations are vertical. Manynalpirds migrate down to the valleys to spend the
winter. In European high mountains and subalpirggors this behaviour is exhbited by Alpine
Choughs R hyrrycorax graculusythe Water PipitsAnthus spinoletla and Wallcreepersl{chodroma
murarig) among others (Berthold 2006).

Seasonal long-distance migrations can be found amymarthropods. Marine crustacea can
migrate for several hundred kilometres on the bottf the sea. The American Monarch butterfly
(Danaus plexippQsmigrates up to 4000 Km from Canada to Mexico, tredRed Admiral\{anessa
atalantg is believed to migrate from northern Africa owlre Mediterranean into Scandinavia.
Seasonal long-distance migration is pronouncedl megebrate classes, including fish, amphibians,
reptiles and mammals. But no class exhibits theptexity and extent of the migration of brds
(Berthold 2006).

Birds are especially adapted to migration due & thapacity for active flght, ther size, and
their homoeothermy. Birds are present in vituallyparts of the Earth, and their migratory routes
cover most of the Earth’'s surface. In extreme cam@pants cover distances equivalent to the
crcumference of the planet. The number of birdcigsethat migrates varies with latitude. In the
northern hemisphere, less than 10% of tropicaliepamdertake migratory journeys, this proportion
increases with distance from the equator, and riae 80% of all species above the Arctic Circle
migrate. Climate nduced changes in the habitafpeedicted to be greatest in the Arctic, where the
importance of migratory species s highest. In pa;anore than 60% of the roughly 400 breeding
brd species are partial migrants (species in whiarne individuals migrate, but others do not), &ind
is highly likely that the remainder, are also ggpial partial migrants (i.e. potential partial megts
whose genome contains genes that can nduce sedbeleaviour under certain conditions, Bertthold
1999).

Migratory birds are perhaps the best group of alsima which to monitor the effects of climate
change. They are durnal in habis, conspicuous easy to identify, and are popular wih many
people, including scientists. In various parts ofdpe, their distributions and numbers have bedh we
monitored for decades, as has the timing of thérations and breeding seasons. Migratory birds are
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perhaps more wulnerable than most species to @irobange, because they can be influenced by
conditions in their disjunct breeding grounds ancteving areas, as well at stes along ther migrat
routes. Research has shown that populations of soigratory birds are limited by conditions in
wintering areas, whereas those of others are tintite conditions in breeding areas, or at stopover
sites along migration routes. Individual birdsoaéxperience carry-over effects, in that conditions
experienced in wintering areas can influence swasgcpreeding success; and conditions experienced
on the breeding grounds can influence subsequentvainter survival.

il

Figure from Newton (2003) showingthe dine of percent of migratory bir dsaccording
latitude in Europe.

There is no doubt that bird migration originatedhe tropics, or at least in tropical-subtropical
conditions. This s supported by the observatioat thost long-distance migrants of the northern
hemisphere have closely related, non-migratoryaotiglly migratory forms in the tropics (Rappole
1995). Migration under tropical conditions inityalcovered only short distances and from the
beginning included partial migration. However parthigration may have evolved (Bildstein 2006), it
has proved to be an extremely successful and dmleplkie force, and has become increasingly
widespread.

Once partial migration was geneticaly anchoredainspecies, the movement ecology of
populations within it could range from entirely sathry to completely migratory depending upon
ecological crcumstances, and within the latte@ericontinental, long-distance migration could eeolv
as conditions merited. Selection experiments inkglvcaptve song birds suggest that the
transformation from migratory to sedentary popolatfjor vice versa) in the wild could occur within
about 25 generations or 40 years (Berthold 1999).

Recent ice ages certainly played a major role éndiavelopment of bird migration in and out of
Europe. At the height of ice coverage in the Narthdemisphere the avifauna of Europe was greatly
reduced (Moreau 1954), only to increase duringwetieing warm periods. T he current bird migration
system in Europe, which emerged at the end ofasiite age, 15 000 years ago, is still developing
(Berthold 2006).

Migrant birds ako are important vectors for difier forms of life, including plants, fungi, algae,
and many microorganisms. As a result, migratorgsbitan be a major factor in determining the
distribution of other life forms. Populations ofgrating birds can also serve as reservoirs forad &g
and can spread disease-causing agents to humaindiviisstock, and plant resources. In an overview
of the subject, Gerlach (1979) lists virus&ickettsia, Chlamydjabacteria, and fungi as disease
vectors that can be spread by birds either throligdet infection or through the ectoparasites eakri
by birds. Cases of toxoplasmosis and Haemospdiiigigorotozoans) have been reported (Aspock &
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Hermentin 1987, Valkjunas 1989). This widespreadngport has been closely studied. An
examination of over 5,000 birds in Austria has eded that many arboviruses are regularly
transported by migratory birds (Wojta & Aspdck 1882Transported infections nclude Q fever,

typhus fever, pseudo-tuberculosis, Newcastle disessimonella, and, most recently, avian influenza
H5 N1. As migration behaviour changes in Europestshas a resut of climate change, so will their
role as transport agents of organisms that areriauoto humans.

Principal long-distance raptor-migration flyways

From Bildstein (2006)
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4. IMPACT OF CLIMATE CHANGE IN MI GRATORY BIRDS

Change in the migratory behaviour of wild birds bisacted attention recently, as interest has rgrow
in assessing the effects of human-induced climadege. If weather has become wamer, as it has ove
much of the world, one might expect birds to hasponded accordingly, with migratory species over-
wintering at higher latitudes, or arriving earl@nd departing later from their breeding groundsngR
recoveries, long-term observations of visible ntigraat migration watchsies, and regional recafls
first arrival and last departure n spring and auty respectively, all have played important roles i
assessing the way that bird migration has changédcantinues to change over time. The following
sections provide examples of these changes.

41 Changesin migration timing

Studies of long-term trends in arrival times ofisiare mostly based on dates of first sightings, as
it is these dates that are most frequently recorideslome European localities for periods exceeding
300 years (Lehikoineet al 2004). The problem with frst arrival dates ligtt many refer only to
single ndividuals, which may not be representabifentire populations. Although median or mean
arrival dates of populations of indivduals in theieeding areas are more representative, they have
been recorded less frequently, and chiefly in tredenades. Another source of migration timing are
Bird Observatories where observations of visiblgramts or trapping dates of other migrants are
maintained throughout the migration seasons eaah gaabling median or mean passage dates (and
standard deviations) to be calculated. One approagking these data has been to combine records
from different Bird Observatories in the same regaod calculate regional values.

Whereas arrival (or departure) dates refer to birden a single population breeding in a
particular area, passage dates usually refer s fiiom more than one breeding area, occupying a
wide span of latitude, counted at a point on theigration. Some studies have compared first and
median or mean passage dates from the same sita peeiod of years, and found the various dates to
be correlated (Sparlet al 2005, Hippop & Hippop 2003, Jenni & Kéry 2003h&aloet al. 2004).

In years that were early, the total arrival peneoas prolonged. Despite methodological differences,
long-term studies of migration timing tend to supgach other’s findings.

SPRING DATES

Presumably as a result of long-term climate warmingny birds now arrive in their breeding
areas earlier in spring and depart later in auttiman in the past, spending from a few days to a few
weeks longer each year in their summer quartersh Slianges have become apparent in a wide range
of species at many localities in both Eurasia andtiNAmerica (Moritz 1993, Loxton & Sparks 1999,
Vogel & Moritz 1995, Sparks 1999, Sparks & Maso®P20Fiedler 2001, Inouye et al. 2000, Jenkins
& Watson 2000, Sokolov 2001, 2006, Sokolov et 80@® Barlein & Winkel 2001, Zalakevicius &
Zalakevicuite 2001, HiUppop & Hippop 2002, Tryjanéine al. 2002, Bradley et al. 1999, Root et al.
2003, Lehikoinen et al. 2004, Vahatalo et al. 2004k 2005, Stervander et al 2005). Nevertheless,
not all species exhibit such changes. Exceptiong beathe resuk of missing data or population
declines that make t more difficult to detect #liest arrivals and latest departures, as well as
inflexibility n migration scheduling, or constangy limiting factors in spite of climate change.

Of 983 Eurasian bird populations in which firstieat dates on the breeding grounds were
monitored over time, 59% showing no significantrode 39% arrived significantly earlier, and only
2% arrived significantly later (Lehikoineat al. 2004). Both short-distance and long-distance amigr
showed the same trends. From 222 populations farharhean passage dates could be calculated of
time, 69% showed no change, 26% were significagditier, and only 5% were significantly later.
The average change of first arrival date overpdtses and sites was -0.373 days per year, wihile th
equivalent figure for mean passage dates was -@a@® per year. Both figures were statistically
significant. It is not obvious why the two figurdéfered, but in general the mean migration dates
were based on larger, more standardised data-s ets.

Within the long term trends, arrival and migratidates fluctuated annually in lne with local
temperature. For example, at the Rybachy Bird Qasary on the Courish Spit in the southeastern
Baltic, warming during the 1930s and 1940s, and thethe 1960s and 1980s, was associated with
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significantly earlier spring migration in many sjcof song birds, whereas colder periods durieg th
1950s and 1970s were asscciated with later pagSagelovet al. 1998).

Most researchers have used annual temperatures IFcafities on the migration route or
breeding area, whereas others have used the wpmtie)g index of the North Atlantic Oscillation
(NAO), alarge-scale climate phenomenon influeneiregther in this region (eg Vahatalo et al. 2004,
Stervander et al. 2005, Sokolov 2006, Zalekevietual. 2006), that is calkulated as the differeince
normalised monthly values of atmospheric pressutied Azores and Iceland. Positive values indicate
warmer and wetter winter-spring weather (and byezagpring migration) in northwest Europe and
the opposite weather conditions and later arriebgéslthan usual in southern Europe. Typicaly,tmos
birds arrived about 2.5-3.3 days earlier for evEg increase in spring temperature (based on 203
regression analses for different Eurasian birduf@ns, Lehikoinenet al 2004). A smaller
number of studies available from North America eded similar trends (Bradlest al. 1999, Inouye
et al 2000, Butler 2003, Mils 2005, Murphy-Klaassenh al 2005), although n eastern North
America, long-term temperature change has beenmesked than in Western Europe. In general,
earlier arrival of migrants in spring leads to iearbreeding, as described as a recent trend amgeer
of species (Cricket a. 1992, Sokolov 2006). Earlier breeding, in tuofien gives rise to higher
reproductive success (Thingstand 1997, Sokolov,120®, Bairlein & Winkel 2001).

Despite strong correlations between arrival dahestamperature on the breeding grounds, much
of the variance in arrival dates remains unaccauitte Migration timing may also be influenced by
weather along the migration route or in winteringaa (Sokolov 2006), as well as by changes in
weather including wind and barometric pressure, Bpddiferent factors such as food-supply.
Moreover, poor weather at one part of a migratamie can stall migratory movements there, even
though conditions may be favourable further alomg toute. Inter-species differences, which have
been demonstrated in every relevant study, coultidie elated, and further investigation is needed.

In comparing the changes that have occured insghimg migration dates of different species,
several general patterns emerge:

» Greater changes have occurred in the migratiors dafteearly-migrating species than of later-
migrating species. This is associated w ith wegtheluding temperature) being more variable earlier
than later in the spring (for passage dates seel@o#t al. 1998, for arrival dates at breeding sites
see Shgsvold 1976, Loxton & Sparks 1999).

» Greater changes have occurred in the arrival dfitehort-distance than long-distance migrants —
presumably because short-distance migrants genersille earlier in spring (same point as above),
and have more flexbility in their migration timedT ryjanowskiet al. 2002, Butler 2003).

« Greater changes have occurred in the arrival ddtemaler bird than larger birds. This is possbly
because the smaller species are more sensitiventmladem perature differences and ther effects on
food-supplies (athough ther shorter generatiomesi would also favour more rapid genetic change
than is not possible in large longer-lived species)

e Inter-annual variability in the arrival dates obstdistance migrants generally showed a correatio
with spring temperatures in the breeding localiyt, such correlations were less obvious in long-
distance migrants (Tryjanowséd al 2002). Moreover, where it has been investigatether along
the migration corridor often shows a better ratatiiop with arrival dates than does weather at the
arrival location (e.g. arrival dates of Barn SwalicHirundo rusticain Britain were better related to
w eather in France-Spain than to weather in Britdinn & Sparks 1998).

« Springweather has not changed everywhere in the seay. Correspondingly, the degree of change
in arrival dates in breeding areas varies acrosspeuwith arrival dates in most areas gettingiezarl
as spring temperatures increase, but later in thsses with decreasing spring temperatures. In the
Mediterranean region, springs are now cooler tinding past, which may slowing the return of long-
distance migrants from tropical Africa to the matkd higher latitudes of Europe.

e Mostspecies stillarrive on their breeding grousaldier in warm springs than in cool springs.
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Three explanations may account for the fact thatersbort-distance migrants than long-distance
migrants now arrive earlier in spring and in closerrektion to temperatures on breeding areast, Fi
a stronger endogenous control of migration in Idisgance migrants might inhbit a rapid reaction to
a changing environment (Gwinner 1986, Berthold 1998hort-distance migrants are typically more
flexble (facultative) in their response, and melde to akter their behaviour in relation to prdiugi
conditions. Secondly, the closer a species witteks breeding areas, the more closely correlated
the day-to-day weather changes in the two areaghliag short-distance migrants to react more
rapidly and appropriately. Thirdly, weather is me@iable early in the spring, when most short-
distance migrants arrive in their breeding arda it s later in the spring, when most long-dis&
migrants arrive.

In most species, males arrive in breeding areaxrddémales, and studies of first arrival dates
typically concern only males. But the two sexes may necessarily respond in the same way to
climate change. A long-term study of arrival datemale and female Barn Swallowsrundo rustica
in Denmark revealed that only males responded itoaté amelioration during migration (Mgller
2004). Therefore, even though males arrived edHere was change in mean nesting date, because
females arrived no earlier than they did 30 yeasipusly.

Earlier arrival on the breeding grounds could baugght about by (a) increases in the speed of
spring migration, (b) earlier departure from wimerareas, (c) over-wintering closer to the bregdin
grounds, or (d) combinations of these possibilifidsre rapid progress in warm than cold springs has
been recorded in many migrants from the dates plass through successive observation sies in
different years. Only facukative responses coultbant for the year-to-year variation in arrivaieta
seen in many migrants, but this need not excludepthssibility of genetic change in response to
longer-term environmental trends, such as climaaewing. Moreover, a long-distance migrant, the
Garden Warbler Qylvia borir), and a short-distant migrant, the Blackc8plyia atricapillg bred in
captivity, showed no difference in heritabilityrigration dates (Pulido 2005).

AUTUMN DATES.

Overall, changes in autumn migration dates oveentedecades have been fewer and more
variable, than changes in spring dates (Gatter,12@®20, Bairlein & Winkel 2001, Sparks & Mason
2001, Jenni & Kéri 2003, Fiedler 2001, Lehikoiretnal. 2004, Sokolov 2006; but see Milk 2005).
Two patterns have emerged, involving either eadidater departure over the years. In some single
brooded populations, earlier arrival is followed dgrlier breeding and moult, and, subsequently,
earlier departure. In such populations, the timadfigsuccessive events through the summer, from
arrival, egg-laying, hatching, fledging, moult aadtumn migration, are correlated with spring
temperatures, and show litle or no relationshiphwvthie prevailing autumn temperature. An earlier
spring arrival pulls the whole cycle forward to gian earlier autumn departure (Ellegren 1990,
Sokolovet al. 1998, Sokolov 2000, 2001, Bojarinova 2002). AbBghi on the southern Baltic coast,
warming in the 1960s and 1980s led to significag#llier mean dates in spring passage, breeding and
autumn passage. Conversely, colder springs duhegl®70s caused a shift towards later spring
passage, breeding and autumn migration (Soket@V. 1999). These changes occurred in both short-
distance and long-distance migrants. Most migrah®Bybachy came from northern breeding areas
that provided time for only one brood.

Similar relationships were found for single-broodedg-distance migrants passing through the
Swiss Alps n autumn (Jenni & Kéri 2003). The ladigtance migrants may have benefited from an
earlier crossing of the Sahara before its seasimyaperiod. In contrast, shorter distance migrants
passing over the Alps and wintering north of thkaBa mostly showed a later autumn passage. These
are mostly passerine species that can raise mare dhe brood per year, so could better take
advantage of a longer season by remaining long#ein breeding areas. Further south and west in
Europe, where individuak can make up to two oedhbreeding attempts in the same season,
departure dates of passerines have tended to tgetak local temperatures have risen (Marchant
2002), but it is not known w hether this has beeaoeiated wih a lengthening of the breeding season.
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42 Changesin the length of migration routes
SHORTENING OF MIGRATION ROUTES

So called migration “short-stopping” has occurradmany species as more food has become
available at higher latitudes n the wintering rengither through human activities or climate cleang
Several North American populations of Canada GéBsanta Canadengshave responded in this
way to agricultural changes or to the creation @ftesfow! refuges where food s provided (e.qg.
Terborgh 1989, Hestbeakt al 1991), as have Greylag Geegager ansgrand Common Cranes
(Grus gru$ in Europe (Rutschke 1990, Alons al 1991). Other species of waterfowl have
shortened their migrations, apparently in respdose armer winters, as open water has become
available nearer the breeding areas. This s nsrifye increased numbers wintering in northern and
eastern parts of Europe, and declining numberbeftame species wintering in the south and west.
Other species of waterfowl have shortened theirratigns in apparent response to reduced
disturbance and predation, as sanctuaries havedsesllished in areas previously open to hunting.

Examples of migratory shornt-stopping in raptorduide Sharp-shinned Hawkacipiter striatu$
and Merlins Falco columbarius in parts of North America (Bildstein 2006). Hooth species an
increased dependence upon bird-feeder birds ang s birds seems to be responsible for the
change in migration behaviour.

Shortened migrations are also reflected in the gihgndistrbutions of ring recoveries of many
other species. Similarly, among 30 species of stistance or partial migrants breeding in Germany,
a tendency towards wintering at higher latitudes foaind in ten species, and at lower latitudes in
three species, athough ringing recoveries aretaffieby changes in human land use and hunting, as
well as in climate (Fiedleet al. 2004). More and more European migrants that fogmeintered
entirely in tropical and southern Africa are nowelew ntering in small but increasing numbers in the
Mediterranean. Examples include the Yellow Wagtkibtacilla flavg), House Martin Delichon
urbica), Osprey Pandion haliaetus Lesser KestrelHalco naumannj and White Stork Giconia
ciconig (Berthold 2001).

In some regions rruptive migrations have beconss Ifrequent than formerly, presumably
because the birds have become less nhumerous og, often, remain in their breeding areas year-
round. Comparing the nineteenth with the twentieténturies, the Pine GrosbeaRirficola
enucleatoy has become a much less frequent visitor to ttugllmiatitudes of Europe. No noticeable
invasions of Scandinavian Great Ti®afus majoy and Blue Tits Rarus caeruleusto Britain have
occurred since 1977 and no big invasions of Grpatt&d WoodpeckerdDgendrocopos majgrsince
1974. In Germany, invasions of Blue Tits, Waxw ilBsmbicilla garrulouy and RedpollsGarduelis
flammea have also become less frequent (Fiedler 2003)th@rother hand, Two-barred Crossbills
(Loxia leucopterp have appeared in Fennoscandia in increasing mande frequency, possibly
associated with the increased planting of laicdrig spp.) outside their natural range. Likewise, in
eastern North America, Evening Grosbedisgperiphona vespertindnave become less numerous,
and their invasions less frequent, than previouBhis may be associated with reduced outbreaks of
Spruce Budworm Ghoristoneura fumiferanaa favoured summer food, and with increased winte
brd feeding by hous eholders.

Other types of change have also occurred. For deatiife many other brds that does not start
to breed until they are two or more years old, gowhite Storks Ciconia ciconia remain in “winter
quarters” through their frst summer, or migratdyopart way towards breeding areas. In recent
decades, second-summer birds, whose predecessmistaigemain in Africa, have returned in
increasing numbers to southern Europe to passuimengr. The mean distance of recoveries of
second-summer birds from ther natal sites n n@#imany was 2,517 km in 1923-75 (N = 120),
reducing to 720 km in 1978-96 (Fiedler 2001).

LENGTHENING OF MIGRATION ROUTES

In species that have expanded their breeding &odaigher htitudes yet have retained the same
wintering areas, extension of migration routes desurred. Northern hemisphere examples include:
(1) Black-winged Stilt Himantopus himantopyiswhich is expanding its breeding range northward
(France, Ukraine, Russia) but still winters soutt@°N latitude; (2) European Bee-eatbtefops
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apiaste) which has expanded northwards in almost all eéfuropean countries, yet still winters
entirely in Africa south of the Sahara; (3) Ciréagtail (Motacilla citreolg which is expanding its
breeding range from Asia westward into Europe,shilltwinters in India and southeast Asia (Fieldler
2003). The intra-European routes have increasagpbtp 1,000 km. These examples represent the
kind of changes that must have occurred in mangiepefter each glaciation, when ice receded, and
plants and animals spread from lower to high eruides.

Most Red-breasted GoosBranta ruficollig now over-winter n Romania-Bulgaria, some 300-
600 km further from their breeding areas than & 1850s, as former wintering sites in Azerbaijan
have been altered by land-use changes (Sutherla@aofkford 1993). In even earlier times, the
species was found in winter even further from itseding areas, being depicted n the art of ancient
Egypt (Houlihan 1986). Thus over recorded histhiy species has both shortened and lengthened its
migration routes. Such changes in the length ofratipns could nitially involve only facukative
responses to local condiions, but as migrationgtlen over time, some genetic change seems likely,
as they would require changes to regulatory meshesi

In some other species, greater proportions of megveries are now being obtained from the
distant parts of migration routes than formerlyt i is hard to tell whether this i due to altkre
migration behaviour, or to increased opportunik@secoveries along the routes (Fiedderal. 2004).

In particular, over recent decades hunting hasrd®t much more in the northern and mid latitudes of
Europe than further south. This could affect thegratory behaviour of hunted species, or the
distribution of thei ring recoveries.

4 3 Changes in migratory habits
MIGRATORY TO SEDENT ARY

At many latitudes many populations of birds haveobge more sedentary recently. For example,
prior to 1940, the Lesser Black-backed GLUHius fuscuswas amost entirely migratory in Britain,
with only a few individuak remaining year-roundoday, large numbers of all age-groups stay for the
winter, feeding mainly on refuse dumps which hawseased the winter food-supply (Hickling 1984).
A similar change has occurred among Herring Gludisus argentatusn Denmark (Petersen 1984).
Another example is the Eurasian Blackbirdrdus merulain which the Britsh and mid European
populations have become progressively more sededtaing the last two centuries, as winters have
mellowed (Berthold 1990, Main 2000). In both Ewleamd North America, many seed-eaters are now
wintering further north in their breeding range,association with the provision of suitable food at
garden feeders. Winter feeding turned a GreatPEtus majorpopulation from migratory to
sedentary in the Finnish city of Oulo near the Br@ircle (Orell & Ojanen 1979). Among many
other short-distance and medium-distance migramtseasing numbers of individuals now winter in
areas where they once were wholly migratory, tisggeies develbping into typical partial migrants.
Some such changes could be genetic in nature,sofbenkative. Their net effect is to expand the
winter avifauna of many high-latitude areas.

SEDENTARY TO MIGRATORY

Examples of changes from sedentary to migratorybielr are less evident, and are generally
associated with an extension of breeding rangehigtber latitudes. For example, the European Serin
(Serinus serinyswas once restricted to the south of Europe wihdsesedentary, but in the early 20th
century it spread north, where it became migratdiy.more recent years, with milder winters, this
migratory population has become partially resid®etrthold 1999). Likewise, since the 19th century,
many bird species have spread north in Fenno-Samtiuding the Northern Lapwind/énellus
vanellug, Starling Sturnus vulgar)s Eurasian BlackbirdTurdus merula and Dunnock Prunella
modulari§. In newly colonised breeding areas they areneésdlg migratory, whereas further south
they are partial migrants or sedentary (Sadiia. 1971).

CHANGES IN MIGRATORY DIRECTIONS

A well known example of recent change in migratdigection involves the BlackcaBsylvia
atricapilla), a species that is now wintering in increasinghbers in the British Islands. Changes in
the direction of migration, lkeading to the adoptioihnew wintering areas, also were recorded in
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several species in the last century. For examjille [Egrets Egretta garzettabreeding in southern
France migrated southward, some crossing the S#havanter in the Afrotropics. Beginning in the
1970s, increasing numbers began to migrate northiw @sinter in northern France, southern Britain
and Ireland (Marion et al 2000). Some later bezaesident n these areas, and from the 1990s
started to breed there. Similarly, Lesser Blacgked Gulls Larus fuscusfrom Europe have begun
increasingly to winter on the coasts of easternttiNéymerica, with records from Nova Scotia to
Florida, a change which requires a much strongesterig component in the drectional preferences.
Almost certainly, such marked directional changagehinvolved genetic changes, as confirmed for
the Blackcap by breeding and drection-testingaiptivy.

A different type of change is shown by those nertheemisphere species introduced to the
southern hemisphere, which have reversed the ibnectf their spring and autumn journeys,
respectively, so that they continue to winter iwéo rather than in higher latitudes. This is trfieg,
example, for the European GoldfindBarduelis carduelisand others introduced from Europe to New
Zealand in the 19th century, and also for the W8iterk Ciconia ciconig which colonised South
Africa naturally in the 1930s, and now migratestimén over-w nter in Zaire and Rwanda (Harrison et
al 1997).

44 Discussion

Most of the work cited in this report focuses ortipalar species or suites of similar species, and
it is difficult to determine what proportion of @wvifauna’s migration habis, other than arrivaldsn
have changed in recent decades. Over the pastds§, yaimate changes have been more marked in
some regions than in others, and studies reportingges in migratory behaviour were more likely to
be published than those finding no change. Howeragng the bird species that breed in Britain, 73
provided enough ring recoveries from a sufficierblyg period to look for changes in the lengths and
drections of migratory movements. Of these, 524y0f these species showed no significant change
in either respect during the 2@entury, in 15 species movements became shamtéie species
they had become longer, and in two species movencdainged in complex ways. The 22 species that
evidenced change were significantly more than thue éxpected on a significance level of 5%. These
species included song birds, raptors, waders, foaterand seabirds (G. Siriwardena & C. Wernham,
in Wernhamet al. 2002). Similarly, of 30 species that breed n Gewnand provide enough ring
recoveries, eight species showed decreasing meavery distances with time, whereas five species
showed increasing mean recovery distances (Fietlled 2004). Again the numbers that showed
change were significantly greater than the two etgokat a significance level of 5%. Such studies
confirm that changes in the migration behavioubifis have been common over the kst several
decades.

These observations, together with selection expgtenon captive birds, serve to confirm that
migration is a dynamic phenomenon, subject to aardichange in response to prevailing conditions.
Some aspects, such as an abrupt change in theiadire€ migration, imply rapid evolutionary shifts,
whereas may represent ether genetic or facultaeggponses to changing conditions. Overall, it
seems reasonable to assume that both genetic @arthfee responses are likely to be involved, with
brds responding initially by facultative meansg,aaventually, genetically, as natural selectiomes
into play. Facukative responses are relativehitéich(though variable in extent betw een species), a
if environmental condiions continue to change lie tsame direction, such responses eventually
become inadequate to deal with the new conditiOmyy genetic change may enable the population to
respond appropriately to conditions beyond theiptavrange.

Akhough all major aspects of migratory behavioawéd been shown to have heritable components,
mainly through artificil selection and cross-biegdin captivity, genetic change is not easily
demonstrated in wild populations. The assumptidhas, if individuals taken from the wild in diffemt
years or from different regions express behaviodifgérences when held under identical controlled
conditions, these differences are likely to hageretic basis. This conclusion is strengthendukititend
is maintaned in captive-bred offspring from theiedividuals, unaffected by parental effects or
experience in the wild. Such atest has been mateBlackcaps $ylvia atricapilld randomly collected
as nestlings from south Germany and hand-raised wear over a 13- year period (Berthold 1998,
Berthold & Puido 2003). In successive samplesiafsh the amount of autumn migratory activity was
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found to decline, towards a later onset and redintedsity (less activity per night). This was fsety
the result expected if the population had respoiggegtically to ameliorating environmental condisip
so at least in this species later departure andeshmigration may partly represent a genetic respo
resulting from natural selection.

Occasionally, a wid population under study hasxpeetedly provided evidence for genetic change
in some aspect of migration, as in the effect abually severe weather on the arrival and depadtates
of the swallows. Indications of genetic changetireoaspects of migratory behaviour ako can beedai
from long-term studies of wild bird populations tthese studies are not without problems, andrfigli
can often be interpreted in different ways. Morepepart from arrival dates, reliable information o
migratory traits is hard to collect fram free-igibirds (P ulido & Berthold 2004).

In any population the rate of evolutionary chargybniited by: (1) the amount of genetic variation
within the population at the time; (2) the strengtid consistency of the selection pressure; anth€3)
extent to which selection on one trai causes lpaictianges in others, which could be beneficial or
detrimental. Genetic variance is often reducedippugations that have suffered recent numericalruec|
in which much of the variance was lost (genetidléroecks). Such variance can be increased again by
immigration and gene flow from another populationjn the longer term by mutation and other means.
Immigration can also have deleterious effectshiféaks up locally-adapted gene complexes, andsmake
the local population less well adapted to locablitams.

Singke selection events, such as spring stormscaase rapid genetic change in the arrival dates of
populations, but reversed selection pressures capidly reverse the situation, and change ardetds
back to their original state. Selection pressuamast act consistently n the same direction oveerse
generations if they are to have any more than temmpceffects on the genetic composition of a
population. Most selection probably acts to stabithe gene pools of populations rather than togeha
them. Moreover, most migratory traits (notably decice, intensity and timing) are part of a syndrofe
co-adapted traits (Puido & Berthold 2003), soctigle on one trait is likely to have strong simmktaus
effects on the others. If ths & disadvantageoube new condtions, it may take many generatans
selection to dissociate the beneficial traits frtma detrimental ones before evolutionary change can
occur. Evolutionary change may thus be rapid av giepending on the circumstances.

An important aspect of global warming is that temap#es have increased more in some regions
than others, and more at some times of year thagrt The timing of spring migration could be
influenced by weather conditions along the wholgration route, whereas the timing of egg-laying
depends of conditions on breeding areas. Any disoy between conditions en route and in
breeding area can worsen the mismatch betweenibgeaad food supply. Moreover, in the breeding
areas themselves, brds may respond more or Iggdlyahan their food organisms to climatic
changes, so that birds cease to arrive and bradwe aptimal time. An apparent example is provided
by Pied FlycatchersF{cedula hypoleugabreeding in the Netherlands, where climate chanmage
advanced the food supply on which breeding depehds,spring migration has not advanced
suffciently to allow the birds to make best useli§ food supply, as they did in the past (Both &
Visser 2001). The birds thereby suffered reduc esding success, and in areas with the biggest
“ecological mismatch,” population levels declined &bout 90% over a 20-year period (Both et al.
2006). Such mismatches can only be rectified inlthg term by changes in the genetic controlling
mechanism, so that migration is triggered at alieeadate with respect to prevailing conditions.eTh
longer the migratory journey, the less likely sather in the breeding and wintering areas to be
correlated. Long-distance migrants would haveelitfl any indication on their wintering areas
regarding how spring s developing on the breedjrgund. Their departure dates from wintering
areas are triggered by a photo-periodically timedlogenous rhythm, evolved through natural
selection, which ensures that they arrive on bregdieas at an appropriate date (with minor variati
according to prevailing conditions). Only by evdadat acting on this endogenous control mechansm
is the trigger date for departure likely to be aeth In this situation, the selection pressureityate
earlier is applied in the breeding area, but th@mdo accomplish an earlier arrival occurs weeks
before in the wintering area, hundreds or thousahdtdometres away (Visseart al. 2004). Changing
this control mechanism may be a relatively slowcpss, perhaps explaining why the arrival dates of
long-distance migrants are less well correlateti veinperatures on breeding areas than are thalarriv
dates of short-distance migrants, wintering neirdireeding areas. Another mismatch was found in
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the American RobinsTurdus migratoriusthat breed at high elevations in the Rocky Mounstaf
Colorado and whose spring arrival dates advancetlv byweeks over a 20-year period. At the same
time, winter snow-fall increased and took longemntek, producing a mismatch between arrival dates
and the exposure of bare ground feeding areasydreiual 2000).

These examples raise the general point that theopémodic responses of many birds, through
which their annual cycles are often timed, may beedess reliable predictors of seasonal change in
food supplies, as climate change alters the phgyodi their food supplies. This is not a new
problem, as it s faced by all brds as they expduadr breeding ranges into different regions, ibut
will take time for them to adjust genetically tomeituations, during which time they could perform
less well than usual (though not necessarily wifélces on population levek).

5. RECENT CHANGES IN THE DISTRIBUTION OF BIRDS

During the last 150 years, the annual average tanhpe in many plces of the northern
hemisphere hcreased by as much as a few degnetigrage, and the May-June isotherms moved up
to several hundred kilometres northwards and upet@eral hundred metres up mountainsides. Over
the same period many mid-latitude birds speciexe#sed and spread northwards, while other more
northern species declined and retreated yet fumloeth. Such range changes usually have been
attributed to climate change (Burton 1995), bueémfivithout considering the possble effects of bthe
potential causes as human impacts on habitat, ekaimgthe public perception of birds, change in
food-supplies or available nest sites, etc. Hesomje of the changes may well have been due to a
combination of climate change and other factoramagst always, uncertainty hangs over any
explanation based on correlative analyses (Newi08)2

That said climatic change as an explanation of gigam ranges of birds is based on two things.
Frst that many of the changes are latitudinal,(i®vards the north in the northern hemisphenej, a
second that for many species of brds reprodueine survival rates are clearly influenced by weathe
(Newton 1998). Hence, resident brds that suffgh Imortality in hard winters, for example, might be
expected to increase and spread further northgdaninn of mid winters. Some might then competéawi
more northern species, causing them to retreatfaviaer north.

During the twentieth century, major northward exgiams in Europe occurred in the Grey heron
(Ardea cinereg Lapwing ¥ anellus vanellys Common Starling Sturnusvulgarig, Wood-pigeon
(Columba palumbys Rook Corvus furgileusand Tawny Owl $trix alucd. In some pairs of closely
related species, as the southern form pushed raodyits northern counterpart retreated. T hisioed
in both the ChaffinchKRringilla coeleb} and the BramblingH. montifringilla). In total, 39 species of
European landbirds have clearly expanded theiresatgward north during the 2oth Century (Newton
2003).

6. CONSEQUENCES OF THESE CHANGES

Generally, warmer cimates would lead to an inceeasthe number of residents populations in
Europe, frst as already sedentary populationsréase, second as obligate and facultative partial
migrants become more sedentary, and third, to &elimextent, as some populations of complete
migrants also become sedentary. At the same tiorgy-distance migrants would shorten their
migratory movements. As a consequence of suchgelBahme phenomenon of migration, itseff, would
be at risk. Specific predictions include:

« Greater survivorship among resident populatiortsigh-latitude areas.
* Increased competition between long-distance migrand residents on the breeding grounds.

* Increasing risk of ecological msmatches betweegrabdry birds and their food-supplies more
probable among long-distance migrants.

« Changes to migratory directions and the choiceef,rcloser winter quarters.
e A reduction in the migratory distance to the wingeerters,

* Increasingly delayed departure times.
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+ Earlier return times.

¢ A substantial shift away from migratory behaviogstigularly long-distance migration, including
a reduction in large-scale movements along w ellldisthed thermal corridors.
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7. OTHER RELATED IMPACTS

Migratory brds are sometimes killed in large numsbby storms encountered when they are
migrating. Climatologists predict that, n many i@, storms and other extreme events are likely to
increase in severity and frequency in the future &8n expect, therefore, that migrants will suffer
greater weather-induced losses, which could caug&eable reductions in their populations,
regardless of other changes.

Climate change is not the only potential risk fagratory birds. Several welkdescribed impacts
of habitat manipulations and infrastructures an® negatively affecting populations of birds andithe
impacts may be addiive to those of clmate chahgduded among them are power lnes and wind
farms that offer potential and real hazards foesgwmigratory birds.

Callision with power lines is considered to be mpdrtant death cause for same bird species
(Crivelli et al. 1988, Fiedler & Wissner 1980, Morkill & Anderso89ll). For most species involved in
callisions, however, death rates at the populdteel are low (Brown 1993, Hugie et al 1993). Most
publications about collision of birds wih electricres focus on transmission lines (from 220 kV to
higher tension) and, specifically on ground w iratjs wire) colisions (Beaulaurier 1981, Faane8719
Heijnis 1980).

Non-conducting static wires are usually nstaltedransmission lines above the conductor wires to
intercept lightning strikes and prevent power oesad hey are generally smaller in diameter than the
conductor wres. Consequently, according to sorti®eg; birds often see and avoid the conductorsvre
only to strike the less visible static wire. Grouvitkes are believed to cause most of the collis{gizanes
1987), and many different methods have been wsatiempts to diminsh mortality by such collisions
including marking ground wires (Alonso et al. 19Béaulaurier 1981, Faanes 1987, Heijnis 1980 eMill
1993, Morkill & Anderson 1991). The attention given ground wire marking has created the general
idea that only transmission lines are importantamss for birds, and not the much more abundant
distrbution lines (usually without ground wireg)ith a tension lower than 220 kV. Varying success i
obtaned with ground wire marking, but over thergearious solutions have been published and one
might expect that nature managers have accesssi® $iolutions.

Another type of accidents involving power lineglsctrocution w hen the bird make contact with
the wire while perching on conductive pylon. Elecution from electric power lines carrying a
current of between 16 and 45 Kv was described esrtapr risk factor for several populations of
raptors (Ferrer & de kB Riva 1987, Negro 1987, &reet al. 1991, Ferrer 2001) including the
endangered Spanish Imperial Eeagigila adalbert) during the 1980s and 1990s (Ferrer 2001),
accounting for 46% of all adult deaths and 40%lldfranature deaths in this species.

In Spain, regulatory and technical solutions largellved this problem in the 1990s (Ferrer &
Janss 1999), and today a significant reductionegitlts due to powerline collisions is evident (i.e.,
>84% reduction in collsions involving Spanish Imipé Eagles, Ferrer & Penteriani 2007).
Regretfully, not all the members of Council of Boeochave adopted similar regulations regarding new
powerlines and retrofitting particularly danger@ussting lines.

Some measures taken to reduce climate changedinglthe development of wind farms, could,
themselves, severely impact migratory birds. Despie obvious benefit of wind turbines as a clean
energy source, it is known that wind farms can ptatdly have adverse effects on birds, notably
fatality through collsion with rotating turbinetar blades (e.g. Langston and Pullan 2003). This is
particularly so if wind farms are improperly sit@tbng major migration routes, where large numbers
of migrants could then be destroyed via collisionth the rotor blades. The use of wind as a
renewable energy source has been increasing in otamfries. At the current level of development,
wind turbines have been estimated to comprisetles 0.01% of the total annual avian mortality
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from human-caused sources in the USA (Erickson, 2RO0@khough such analyses do not
acknowledge that some bird species may potenti@laffected more by wind turbines than other
anthropogenic mortality sources, at least one shedyconcluded that wind turbines, when properly
sited, can have minimal impact in comparison witheo factors (Fielding et al. 2006). Nevertheless,
the potential for wind farms to cause problemsifod populations should not be underestimated
(Hunt 2002), so the coexistence of birds and wamangs would be enhanced by a more detailed
approach to this conservation issue and a greatirstanding of the factors involved in influencing
collision fatality (Barrios and Rodriguez 2004, Diecas, Janss & Ferrer 2007). Fortunately, we now
have more scientific information about factors @ffeg bird mortality in wind farms as well as
predictve methods to avoid dangerous locationsttiese wind turbines (De Lucas 2007). Again a
European directive would be welcome.

8. L ONG-DISTANCE MIGRATION AND BIRD BIODIVERSITY

The long-distance movements of birds may have itapbrimplic ations in avian speciation and,
in turn avian diversiy. As we stated above, on¢hef likely responses to global climate change in
brds is a substantial shift away from migratoryhdeior, particularly bng-distance migration,
including a reduction in large-scale movements gioell-established thermal corridors.

This then begs the question: What might be the equences of the loss of long-distance, trans-
equatorial brd migration? One of the unintendedseguences of millions of birds flying long
distances into, out of, and within the tropics egehr is that a small but significant portion otth
migrants get lost. Approximately haf of all migtsrin autumn are juveniles, and this inexperienced
age class ks particularly likely to become disdednor wind drifted during migration. This resuilts
the phenomenon of avian vagrancy. “Vagrants” aeentvers of a species that appear from time to
time in geographic areas where they do not regubaded, over-winter, or migrate through. Although
relatively uncommon, vagrancy is an inevitable eppgnce of long-distance migration. The extent to
which vagrancy occurs is evidenced by the fact ithate than one third of all bird species on the
northern California bird list are vagrants, asraare than 50% of those on the British bird list.

Vagrancy, in turn, can result, in “migration doshig which flocks of migrants smultaneously
arrive at sites tangential or beyond traditionattering areas, and consequentially fail to retwn t
their intended destinations the next spring. Algtomost of these vagrants die before breeding, in
some instances they eventually breed in the neatitot and, over time, either by random genetic
drift, natural selection, or both, eventually dyerfrom ther parental stock and develop into a new
species.

An extreme case of migration dosing can be fouridénSouth Pacific accipiters, a species group
of bird-eating raptors that s believed to havstfievolved in Asia. One particularly migratory
representative of this genus is the exceptionaiigd and pointed-winged Chinese goshak&dpiter
soloensiy which each autumn travels along the East-AsiaaaDic Flyway from breeding areas in
eastern Asia to the South Pacific islands of thédpimes and Indonesia. In El Nino years, “migoati
overshoots” by this species create opportunitiesnfigration dosing east of Wallace's Line in
Wallacea, when groups of this migrant fly beyoneitinormal wintering areas, land on isolated in the
region and subsequently breed and speciate thArnother example of migration dosing involves the
Swainson’s Hawk, a long-distance, North Americanatigry raptor that has given rise to both the
Hawaiian Hawk and Galpagos Hawk via ths spegiapiocess. Although the extent to which
migration dosing contributes to avian diversity m@leremains unclear, t i clear long-distance
migration sometimes acts as an engine of biodiyerand as such merits protection in its own right.

9. CONSERVATIONINPROTECTED NETWORKS. IT IS ENOUGH?

The establishment of protected areas has beerptheaspect of conservation action throughout
the world. Initial actions to preserve nature haeduded the creation of national parks, reserand,
sanctuaries. A principal assumption of this acti@s that nature conservation was incompatible with
human use and, sometimes, even human presence.agoiantific point of view, it is clear that this
approach was necessary, especially during theHatftof the past century, when human attitudes
toward biodiversiy were incomplete and wholesalgngformation of natural landscapes was
underway. Since then island biogeography theoryraathpopulation models, among others, have
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resulked in a better apprecition for the imporeamicecologically-based reserve design that taktes i
account minimal areas and connectivity needed dtasuviable populations of species. As a resul,
individual states and groups of states have begdetelop networks of reserves, which together can
function to reduce the risk of regional extirpatiofxamples include the European Union’s Natura
2000 Network.

That said there are relatively few examples ofythublogically functional netw orks of protected
areas. This, together with the fact that climatedel® now suggest that significant fractions of the
plant and animals we are now trying to protectdasexisting Natural Park networks are going to be
out of them in afew decades, suggests that funa@tshift in reserve and network design is needed.
Simply put if the existing components of biodiversare to be preserved, a more flexible reserve
system compatble with human activities that prasqiublic participation and is complementary to
the Natural park network i needed. It is tmthiok about these new opportuntiies and obligations

10. TOWARD ADAPTIVE MANAGEM ENT

If existing natural park networks are not enougratwten we do to preserve bird biodiversity in
the face of Global Change? Now is the time to chang conservation policies. Obviously we don’t
have a definitive answer but we do offer severggigations.

10.1 Establish asurveillance network for migratory fauna at continental scale

Birds are wonderful indicators of biodiversity amvironmental change, including climate
change. They are popular in Europe among brdwegchamateur naturalists, and professional
scientists, and there are rich sources of long-tata regarding their abundances and distributions.
As such they are perfect environmental sentinelcliofiate change. Their populations and, in
particular their migratory populations, should benitored in the face of global climate change. sThi
is especially so at important regional and contialebottlenecks. We recommend selecting several
sites as the basis for a functional network of atign “watchtowers” for monitoring changes in
migration behaviour and populations of migratoryddiin Europe. Especialy we suggest the
following sites:

¢ The Strait of Gibraltar near T arifa, Spain

+ Falsterbd in south-western Sweden

+ Elat in southern Israel

* Fair Isle in northern Scotland

* Texel in north-western Holland

e South of Italy, including the Strait of Messina

Most of these sites already are conducting longteronitoring programs that started in the
middle of 20th Century. These monitoring prograrheudd continue and efforts should be made to
collect and analyze data using a common protocohabdi ect, inter-site comparisons are possible.
International coordination is needed to accomplishi At the same time these sites can work lgcall
to introduce and build support among regional patperis for charismatic migratory birds, which can
then become flagships for broader conservatioressu

The above-mentioned watch sites are the minimuresgecy to start. Obviously, as number of
observatories in the network increases the quelfitthe information also increase. Therefore, the
network must be open, free and constituted by iedéent watch sites, ideally as much as possible.

In addition to developing a network of watchsitese also need to agree upon a set of
representative species to be monitored. Thesdespgioould chosen on the basis of their utility as
indicators of more difficult to follow but highly ignificant biological variables, including total
biodiversiy, and early warning signals of lossspécific critical habiats. Specifically we recommde
including:

Raptorsand other soaring birds

Among birds, raptors are one of the best indicatdrdiodiversity, including also addiional
features such a long historical data series, argiyevell known ecology, an easy detection and
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identification, a high level in trophic chains aathig size that make possible the use of a largefse
technology difficult to use in smaller birds. Somagtor species are good examples of mountain fauna
such as Golden Eagle&a duila chrysaetgsor Bonelli's EaglesHieraaetus fasciatys a habitat under
risk with the increasing temperatures. Some rapteesl on my types of prey, whereas others
specialize on certain taxonomic groups. For exarti Short-toed Eagl€ifcaetus gallicusfeeds
largely on reptiles Raptors include many insectiuerspecies including small falcons and owls, bird-
eating species including large falcons and accipitmammals-eating species including hawks, eagles,
and owls), and carrion-eating species includinguve$ and kites. So, a broad number of different
aspects would be followed using raptors as indisatBome other species of soaring birds such as
storks and cranes would be included.

Figure 1| Biodiversity estimates are higher at
sites occupied by five top predators than at
randomly selected sites or at sites ocoupied by
species from lower trophic lev els (taxonomic

controls). Red hars, breeding sites; blue bars,
randomly selected spatial-control sites. Values
represent averages = | s.e. a, Numbers of all avia
species. b, Numbers of avian species classified as

e L L vulnerable. g Mumbers of tree species.

8 @a‘aﬁ,«"} df‘? AT d, Percentage of maximum attainable avian-
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Figure from Sergio & d. (2005) showing the relationship between raptor conmunity and
biodiversty at different taxonomical levels.
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Table 1. Why migrating birds of prey are great biological indicators. (Nonexclusive
desirable properties for biological indicators are presented in the order in which they
appeared in Woodward et al. [1999].)

Desirable properties for
biological indicators

(Woodward et al. 1999) How raptors rank’
Politically appealing ++
Known statistical properties ++
Logically linked ++
Allows sealing ++
Fepresentative +
Leading versus lagging ++
Clearly identifiable ++
Cost-effective ++
Indicative of canse ++
Sensitive ++
Keystone attributes ++
Umbrella species ++
Genetics ++

Symbiotic associations -

"4+ = easily meet or exceed criterion; +~ = marginally meet criterion; - = do not meet
criterion.

From Bildstein (2001)
Aquatichirds

Aquatic birds should be included since they depapdn wetlands changes to which are
expected to occur as a result of climate change.sBeeral changes are expected in relation to
abundance and distrbution of waterfow! and wad@ssin raptors, aquatic species have been object
of major attention by ornithologists and scientiis some time and we now possess long datasets
regarding their distributions and abundances clang§gamples of aquatic birds that should be
monitored include the Greylag Googeéer ansgrand the Ruff Philomachus pugnax

Seabirds

Because climate change is expected to affect sedslespecially in the Mediterranean basin,
monitoring seabird species s highly recommendedu@lly there are several programs following
migration in this group of birds that must be mainéd and coordinated at continental scale.

Songhirds

There is a long tradition of work on song birdsotighout Europe. Different species of song birds
depend upon different habitats and prey bases #hslpécies of these birds should be identified for
focused monitoring.

To be effective, all these monitoring efforts, @he resulting data, must be communicate to the
scientific community for their use and researclavjging a good way to interchange new findings.
The recent experience in the first internationaétimg on Bird Migration and Global Change, hosted
in Algeciras (Spain, 2007), indicates the valueegfularly scheduled international meetings to favou
the interchange of new ideas and recent findirgjsyell as to coordinate monitoring efforts.
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10.2 A new dynamic system of protected areas

The establishment of protected areas has beenotkeaspect of conservation action for some
time. European Union implemented also the Natuf02Qetwork. This approach, while important
and necessary i insufficient to prevent loss ofibersity that is moving across the continents It
time to think about other complementary possie#iti

Additionally to the Natura 2000 network, we recommhé&nd custody or stewardship in the form
kind of private voluntary agreements between lantaw and a custody or stewardship agent (usually
a non-profit organization) who decide to collaberat protecting biodiversity and knd use through
economic incentives for the land owner. Land custptdovides a more flexible approach to
biodiversity protection across a climatically chiarggthan does a more static network of government-
owned protected areas, and also increases a depsblio owner for the underlying natural resource.
One option for increasing public interest in langtody would be to couple participation with tax
incentives for land owners.

In 1991, the Standing Commitee of the Council ofdpe adopted a recommendation (n° 25) on
the conservation of natural areas outside proteateds proper. The recommendation indicates that
that certain forms of action including land custtdy e proved particularly effective in the courgtrie
where they have been adopted and that flora ama feonservation is possible only in the contex of
regional planning policy conserving their enviromiseand habitats, and goes on to encourage the
granting of tax concessions to owners who comphh whese objectives. Unfortunately there is no
common policy for carrying this out.

A second recommendation is to investigate the fifieemr infrastructures including power-line,
road, railway rights-of-ways as a supplementandiiel corridors, after adequate nterventions. A
working example of this approach involves REE, ittain transporter of electrical power in Spain,
which s now supporting an experimental projectreate micro-islands under electric power-lines to
increases local biodiversity and to create a necological “stepping stones” across the counthe T
same idea could be applied to road and railwaytsighiways, and to coastlines, which also could
serve as movement corridors for plants and anichaleg periods of climate change.
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