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Summary:

This information document compiles a series of articles on
migratory connectivity drafted by participants in two workshops held
in Italy in September 2015 and May 2017 respectively, under the
auspices of the CMS Scientific Council, to take forward further work
on migratory species connectivity. The workshops reviewed
available scientific evidence and experiences, and developed
recommendations which are the basis of a draft resolution on
Al mpr ways af gddressing connectivity in the conservation of
mi gratory speciesodo, submitted {
UNEP/CMS/COP12/Doc.24.4.11.

The present compilation of articles aims at complementing the draft
resolution, by providing an overview of the science underpinning it.
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MIGRATORY ANIMALS CONNECT THE PLANET: THE IMPORTANCE OF CONNECTIVITY AS
A KEY COMPONENT OF MIGRATION SYSTEMS AND A BIOLOGICAL BASIS FOR
COORDINATED INTERNATIONAL CONSERVATION POLICIES

Introduction

Fernando Spinfa

1 |ISPRABIrd Migration Research Arga/ia Ca Fornacetta 1 nncn hlTFy2 RSf{f Q9 VYA
fernando.spina@isprambiente.it

Migratory animals move across space and time; with their regular and predictable migratory movements
they connect continents, couries, sites and habitats. Connectivity is the keyword of CMS, the only global
legal instruments devoted to the conservation of migratory animals. Understanding connectivity allows us to
appreciate the needs migratory species have in terms of sites andlatabiong their migratory journeys

and annual cycle. Migration can only be accomplished when animals are able to access the different sites and
habitats they are adapted to rely upon along their pathways, from the breeding quarters, through the
passage amhstaging areas, to the nedreeding sites.

Connectivity is key for the identification and planning of the spatial structure of networks of protected areas
and other sites managed for conservation purposes, for assessing the functional need for corridors
connecting different protected areas, as well as when considering the conservation value of networks of
protected areas for the widest range taixa of migratory animals.

Since accomplishing migration is key for the survival of migratory species, coiigdattween sites and
countries, as mediated by migratory animals, implies and requires sharing of responsibilities for their
conservation and survival. Migratory movements of individual animals within migratory pathways lead to the
presence of these saenindividuals in different countries (and often many, including different continents)
during the different phases of their journeys.

In order to discuss scientific and applied aspects related to connectivity and thanks to the support offered

by: ISPRAQE Veneto Po Delta Regional Park, the Municipality of Rosolina, the Regione Veneto, the Ministero
RStfQ! YoASYy:dS S RStftl ¢dziStr RSt ¢SNNAG2NR2 S RSt
and Sea), the Fondazione CARIPARO and the Maliee@rgqup, two workshops were held in ltaly in
September 2015 and May 2017 respectively, under the auspices of the CMS Scientific Council, to take forward
further work on migratory species connectivity. The workshops reviewed available scientific evaehce
experiences, and developed recommendations which are the basis of the draft resolution and draft decision

2 yimgroving ways of addressing connectivity in the conservation of migratory specigsKk A OK | NB  LIN.
to COP12YNEP/CMS/COP12/Doc24.4.11

¢KS NBazfdziAz2y FAYa 4G FEl13I3Ay3 /a{ Fta GKS aO02yySsS
given to connectivityelated aspects and problems when defining priorities within conservation strategies

and when building contacts, cooperati@amd shared efforts across countries and continents for the-long

term survival of migratory animals.

The resolution highlights, among others, the need to express conservation objectives in terms of whole
migration systems and functionality of the migrati process itself, not just the status of populations or
habitats; the need to define conservation actions addressed at the connections between places (or times);
the need to correct the most obvious instances of problematic discontinuity in migratioensgssuch as
barriers to migration, fragmented resources, disrupted ecological processes, genetic isolation, altered
behaviour patterns, disconnections in distribution caused by climate change or depletion of food or water
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resources, inconsistencies in negement across and beyond national jurisdictions; the need to work with a
wide range of stakeholders in government authorities, local communities, the private sector and others at a
variety of scales including the landscape and seascape scale to proreatestbration and management of
habitats used by migratory species with particular regard to issues of connectivity; the importance of better
understanding the links between connectivity and resilience.

In order to offer an overview of connectivity in gnatory species, this document (COP
UNEP/CMS/COP12/Inf.20) offers a general overview of the present knowledge on connectivity and the future
needs and potential developments, together with a series of case studies and examples from aitaxeross
perspectve. The examples and case studies provided are offered by experts in connectivity from a wide range
of species of migratory animals, including insects (butterflies and dragonflies), cartilagineous (Sharks) and
catadromous (European Eel) fish, reptiles (imaturtles), birds (albatrosses, geese, swallows and songbirds),
aquatic mammals, bats, aridland ungulates. Other contributions deal with key components of whole
migratory systems used by large arrays of species and under various degrees of threat threcighuman

impact and/or climate change (Yellow Sea mudflats, Sahara extension and habitat conservation on
Mediterranean island). This interesting list of short contributions complements the draft resolution in
providing a good sample of perspectivesdebing and confirming the importance of connectivity for the
conservation of migratory species.

This series of study cases and examples is presented here as a COP information document supporting the
draft resolution. The present format will soon bediized in order to become a brochure on connectivity
jointly published by CMS and the Veneto Po Delta Regional Park, thanks to the financial support allocated by
the Park administration.
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The past, present and future of migratory connectivity
RobertoAmbrosint & Fernando Spirfa

! Department of Earth and Environmental Sciences (DISAT), University of Milano Bicocca, Piazza della
Scienza, 1, 20126 Milankaly, roberto.ambrosini@unimib.it

2 |ISPRABIrd Migration Research Aréa Al [/t C2NY I OSdGdGl &= nnncn h
fernando.spina@isprambiente.it

Migratory connectivity refers to the association among individuals in different geographical areas where they
spend different phases of their annual lfgcle and on how processes occurring in one area affect
populations observed in another area. This cept has been first proposed in 2000 at a workshop on

G/ 2yySOGADAGe (Bdetand NDiid 200B)vd firsdbappedred én a scientific journal two years

later (Webster et al. 2002)This was not the firgime that a similar concept was proposed, however. Indeed,

the concept of migratory connectivity was anticipated ®glomonsenl(955) who entered in the scientific

f AGSNI GdzZNBa (GKS GSN¥a daeykKASYeéd YR alff2KASYRE:
together to, respectively, winter together or not.

Since the seminal work Webster et al. (2002)migratory connectivity has been defined in several different
ways (Table 1). Basically, the main difference in these definition is that they consider migratory connectivity
as a property of different entities: geograiphl areas, individuals or groups of individuals, populations, or
even time periods. Importantly, the different perspectives on migratory connectivity may serve different
purposes. For instance, considering connectivity as a property of geographical magasnatter for
conservation purposes, as it allows identifying areas through which individuals move, and to act to lessen the
threats that may hamper survival in each of these areas. In contrast, considering connectivity as a property
of individuals may mier for evolutionary or genetic studies of populations as well as for applicative
purposes, for instance transmission of parasites and pathogens among individuals that mix at some stages of
their annual lifecycle.

An important point of clarification ishat the strength of migratory connectivity has been defined in a way

that counters that followed for quantifying connectivity in other fields of ecology. Indeed, migratory
O2yySOGADGAGE KIFa 06SSy RSTAYSR | & WalWRigfakeQo ok Sy A
GAYUGSNAY3I FNBF yR @GA0S OSNBI'ZS ¢gKAtS ¢gKSy GKS& al
(Figure 1Websteretal.2002) Ly O2y UGN} aiax SO2t23A0Ft O02yySOlGADAI
Y20SYSyl |yR K2g¢g I yRAOIFILIS &adNHOGdNE OlFy Ay¥FidzsSSy
(Marra et al. 2006)focuses on the processes that drive individual movements. Hence, strong migratory
connectivity in a sense implies weak ecdbad) connectivity, and vice versa. Indeed, strong migratory
connectivity suggests that populations are tightly linked and have experienced minimal dispersal or mixing,
while strong landscape connectivity predicts high rates of movement and dispecsddgical connectivity

0Kdza NBFSNE (2 (GKS aSrasSé¢ 2F Y20SYSyd | ONRaa 3S213
the connectivity. In contrast, migratory connectivitgfers to the retention of population structure in the

areas where individda spend different parts of their annual kfgcle and on how conditions and events in

one area affect populations in another ar@darra et al. 2006)Thus, it focuses on how processes and events
GKFG 200dzNJ Ay | 3IS23NI LKAOL FNBF GidNIyaFSNE Ayl
because these tworaas are connected by the movement of individuals between them.

Migratory connectivity can be quantified in different ways, which are rooted, basically, in considering it as a
property of areas or of individuals. In the first case, a series of transitmapilities can be defined, which
describe how breeding birds from any particular area distribute in different areas of theimaualing range
(Marra et al. 2006) In the latter case, the association between the reciprocal position of individuals in
different phases of theiannual life cycléBesag and Diggle 197d3n be used as a measure of the strength
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of migratory connectivityAmbrosini et al. 2009)mportantly, recent theordtal development§Hostetler et

al. 2017)have showed that the quantitative measures obtained by both methods can be easily compared

and, under opportune conditions, they converge. This fact will surely boost researches on this topic by
faciitating comparison of results and easing comprehensive studies on migratory connectivity across taxa
and geographical areas.

Migratory connectivity is thus only one very particular feature of the more general and complex ecological
process of migration. df instance, migratory connectivity do not refer to the structure of the migration
systems that can determine connectivity. For example, all theoretical types of migration systems proposed
by Salomonsen (195%)an lead to strong migratory connectivity, but the individualization of these patterns

is not strictly considered as migratory connectivity (Figure 2). However, recenswanke questioned
whether the field of migratory connectivity has already been thoroughly explored or if further dimensions of
this concept exist, but have been neglected so far. For instdiceh et al. (201fointed out that migratory
connectivity can arise not only through the mixing of individuals, but also through the spreading of breeding
populations in the wintering grounds. They also argue that the relationship between population spread and
AYGSNITLIR LIz F A2y YAEAYy3 &aKz2dZ R 65 YSRAFGSR o0e& @K
variation in population spread is predicted by gemgghy both in the Neotropic and in the AfRalerctic
migration system. Their theoretical work links directly migratory connectivity to biogeography and
macroecology, thus opening new avenues of research in this topic. Another potential dimension obmigrat
connectivity that has been neglected so far is timing, as it was pointed oBabgr et al. (2015)which
showed that the consequences of migratory connectivity depend nbt on which sites are used, but also

on when they are used. Finally, migration distance is currently totally neglected in the studies of migratory
connectivity, as measures proposed so far do not account for the length of the migration journey, but it may
be an important feature to consider.

These examples show that migratory connectivity is still an open field of research, which will probably expand
in the near future. Indeedurther developments of the concept of migratory connectivity are possible, for
instance, by improving methods for quantifying different dimensions of migratory connectivity or by updating
the definition of migratory connectivity in order to include or kxte new dimensions. By linking this concept
more deeply with other branches of ecology, it may also be possible to investigate further, for instance, the
ecological processes that have determined the evolution of a given degree of migratory connegtivity i
different geographical areas or in different phylogenetic linages. In all cases, the future of migratory
connectivity will be exiting.
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Table 1: Different definitions of migratory connectivity present in literature (incomplete list to be updated).

Definition Property of Reference

The links between breeding and no Areas (Webster et al. 2002)
breeding areas due to thmovement
of migrants among them

The extent to which individuals fror Individuals (Webster et al. 2002)
the same breeding area migrate in tl
same norbreeding area and vic
versa

The geographic linking of individug Individuals / Populations (Marra et al. 2006)
or populations between differen
stages of the annual cycle
Migratory connectivity refers to th¢ Periods (Boulet and Norris 2006)
degree to which two or more period
of the annual cycle are geographica
linked (Boulet and Norris 2006)
Migratory connectivity describes th Individuals / Populations (Boulet and Norri2006)
degree to which individuals d
populations are  geographical
arranged among two or more period
of the annual cycle (Boulet and Nor
2006)

Migratory connectivity describes th (Groups of) Individuals (Veen 2013)
associations between breeding sitq
stopovers and wintering grounds
groups of individuals (Veen 2013)
The geographic link betwee Individuals / Populations (Rundel et al. 2013)
individuals or populations at differer
stages of their annual cycle (Rundel
al. 2013)
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Figure 1: Conditions defining a) strong and b) weak migratory connectivity (Wedster et al2002)(to be
redrawn before publication).

Fig. | TRENDS in Ecology & Evolution
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Figure 2: Salomonsen's theoretical types of migration systems leading to strong connectivity: (A) longitudinal
migration, (B) parallel migration, (C) leapg migration, and (D) crossise migration. Legenid in panel A.
(from Boulet and Norris 20Q6nodified fromSalomonsen 1955%jo be redrawn before publication).
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Terrestrial Mammals, and in particular aridland mammals

Roseline C. Beudelaimar de Bolsée

1Conservation Biology Unit (O.D. Nature), Royal Belgian Institute of Natural Sciences, 29 rue Vautier, 1000
Bruxelles, Belgiunmoseline.beudels@naturalsciences, beseline.beudels@skynet.be

Terrestrial mammals migrations are among the most fascinating wildlife spectacl€8esymposium on
animal migration, Gland, 1997).

f The Serengeti migration, one of the best known of its kind, iséteNX RQa f | NHSaid NB
mammal migration, with nearly 2 million animals making an annual perambulation across an
ecosystem that is nearly 30,000km

1 The Mongolian gazelles form mebards, reaching up to 250,000 individuals, constantly in the move
over their range of rolling arid steppes and grassy plains in search of food, except during the rutting
and birthing seasons.

1 Now rare, large terrestrial mammal migrations are thought to have once been much a more
widespread feature of the world, partitarly in dryland systems.

1 Fencing and human encroachment have resulted in a dramatic reduction in these wildlife spectacles.

1 However, as the Serengeti shows, those migrations that still remain are able to appeal to wildlife
tourists from across the worldlemonstrating their appeal to our human emotions.

i These spectacular migrations are hugely important in the productive functioning of dryland
ecosystems.

In Africa, there is a current preoccupation with barrier fencing around reserves as a respossaltaiieg
human wildlife conflict, and there has been recently resurgence in calls for more of such fences.

As a response, a recent article (Durant et al, 2015) calls for developing fencing policies for dryland
ecosystems. The paper provides atimely gr®SNJ 0 K G GKSNB Aa adaftf YdzOK |
of fencing on wildlife, people, and ecosystems. It provides a framework and research agenda to address these
gaps, and develop a better understanding of the impacts of taogde fencing. Thpaper identifies six

research areas that are key to informing evaluations of fencing initiatives: economics; edge permeability;
reserve design; connectivity; ecosystem services; and communities.

While all ecosystems are potentially threatened by negaitiwgacts from fencing, drylands are particularly
vulnerable, due to the need of both wildlife and people to be able to move across vast landscapes in order
to respond to unpredictable rainfall patterns. The research agenda in the article provides an evidsec

to enable better management and policy decisions on fencing in such dryland systems.

CMS has become increasingly aware of an emerging threat fromdagade fencing driven by infrastructure
development and border protection. Such fencing initietivare already having substantial impacts in Asia,
and CMS has recently paid particular attention to the negative effects of border fences (between Russia,
Mongolia, China) and the Traftvongolia railroad, which is fenced on both sides. These extensivkeband
railroad fences constitute major obstacles to the movements of ungulates such as the Mongolian Gazelle,
Goitered Gazelle and Khulan (Mongolian wild ass). In particular, they interrupt the historievessst
migration routes of the Mongolian Gazellene of the few remaining large mammal migration spectacles in
the world. The erection of such fences, for purposes that are often completely unrelated to wildlife
management, constitute serious barriers to migratory movements.
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In contrast, fences carlso be an important tool for the conservation of species of concern. They have been
used to protect core areas against overgrazing, such as the extremely arid and vulnerable areas in Tunisia,
Morocco and Senegal, that are key to the survival of many spefithreatened ungulates.

There is serious concern about the impact of humaldlife conflict on both wildlife and on vulnerable
livelihoods of marginalised people, and there is real need to better understand the impacts of fencing, or
alternative method, if used to mitigate such conflicts. Moreover, with increasing encroachment of people
into the migratory pathways of terrestrial mammals, fences could be used to protect corridors and allow
wildlife to move through landscapes that have been subject toeexe anthropogenic modification. Such
fences could even be used to help rewild aneestablish past migratory pathways. Understanding the
negative, as well as the positive, impacts of such fencing ortarget wildlife and ecosystem services will

be criical to the overall success of such schemes.

tKS {OASYGATAO [ 2dzyOAft 2F [/ a{ LINRLR&ASE G2 FT2NX |
SO2aeaitsSvyae¢od 'a ¢Sttt a AYyidSNBAGSR aOASYGAFTAO
representatives of the scientific bodies of UNCCD and World Heritage Conventions and scientists active in
the field to join the Working Group. The Working Group will use the framework proposed in Durant et al.,
2015 to construct a catalogue of problems awdutions and agree on a set of recommendations, which could

then be adopted by the Conference of the Parties of CMS (and maybe UNCCD as well).

If this proposed research agenda and framework is addressed, through the support of CMS and others, the
resulting evidence base will enable better evaluation of fencing interventions and facilitate wise decision
YFE{AYy3ad ¢KAA A& LI NIOAOdzZ NI & AYLRNIFYyG F2N GKS g2
serious threats.

There is an urgent need to move this agenda forward if we are to secure the protection of those migratory
pathways that still remain. It would be a tragedy if such amapiring natural phenomena of large terrestrial
mammal migrations were to be consignexdthe history books.
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Bat Connectivity
Rodrigo A. Medellin& Erin F. Baerwatd

! Instituto de Ecologia, UNAM, Circuito Exterior s/n junto al Jardin Botanico Exterior, 04510 Ciudad
Universitaria, D. F., Mexicmedellin@iecologia.unam.mx

2 Department of BiologylLaboratory Building, LB249niversity of Regin@8737 Wascana Parkwagegina,
SaskatchewanS4S0A2Canadagirlborealis@gmail.com

As the only mammals capable of true flighttdare important players in migratory connectivity. They not
only require connectivity for large seasonal movements, but they can also help to create and maintain it. Bats
are the second largest group of mammals with well over 1,300 species around thee Wedause of the

great abundance and diversity of bats, they strongly influence the landscape they use, via pollination (Dobat
and PeikertHolle1985, Fleming and Muchhala 2008), seed dispersal (Medellin and Gaona 1999, Lobova et al.
2009), or insect popation control (Kalka et al. 2008, Williar@alillen et al. 2008, Federico et al. 2008,
Wiederholt et al. 2017). Many species of bats live in caves, forming the greatest concentrations ef warm
blooded vertebrates in the world. These concentrations provittemendous number of ecosystem services

that spread over many thousands of square kilometers (Medellin et al. 2017). Even bats that do not live in
these large colonies, but rather roost solitarily in trees, may come together during seasonal migrations and
effect the landscape along their migration corridors (Baerwald and Barclay 2009).

Several dozen species of bat migrate long distances, connecting many ecosystems and countries (Altringham,
2011; Fleming and Eby 2003). Bats are the fastespsaltred flyng animal on earth. That is, birds of prey,
including peregrine falcons, can fly at up to 200 km/h, but only aided by gravity (i.e., by falling), but the
Mexican freetailed bat can fly at up to 160 km/h unaided by wind or gravity (McCracken et al. 201§).

fast and efficient flight allows bats to move great distances both nightly and seasonally, hundreds of
kilometers a night and over a thousand kilometers annually (Breed et al. 2010, Fleming and Eby 2003,
McGuire et al. 2012, McCracken et al. 2016d®lEn, pers. obs). The stragolored fruit bat Eidolon helvum

can move thousands of kilometers across-8aharan Africa, from Ghana and Nigeria to Zambia and across
the rift valley countries south to southern Africa (Ossa et al. 2012). The commonlendetii(Nyctalus

noctuld) can move up to 1,700 km across Europe and Eurasia (Roer 1995, Strelkov 1997, 2000). The Mexican
free-tailed bat Tadarida brasiliensjanoves from southern and central Mexico to the central United States

and northern Mexico (Ruskeet al. 2005). The hoary batgsiurus cineredisa species with a very broad
distribution from Argentina to Canada, can also migrate at least 1,500 km annually, from northern Mexico to
Canada for example (Crya03). The hoary bat, together with three other species of migratory-toesting

bats (asiurus borealis, L. blossevillind L. eg3, is the focus of proposal UNEP/CMS/COP12/Doc.25.1.2 to
enlist them in Appendix Il of CMS.

Connectivity in bats thusdzomes a reality because of the migratory movements. Given the
ecosystem services provided by bats, maintaining connectivity is essential (Wiederholt et al. 2015, 2017). The
reciprocal subsidies obtained by the countries that share a particular populationessential pillar to secure
cooperation to protect the phenomenon of connectivity and the traveling ecosystem services provided
(Semmens et al. 2011, Wiederholt et al. 2017). Unfortunately, very little is still known about migration and
connectivity o bats. The urgency of focusing conservation efforts to preserve connectivity in migratory bat
populations is apparent in recent studies on the impact of wind energy of the North American population of
hoary bats: hundreds of thousands hoary bats are bkilhgd by wind turbines across the United states and
Canada every year, mostly during autumn migration (Arnett and Baerwald 2013). If unchecked, this fatality
rate is predicted to lead to the disappearance of the hoary bat (and possibly other migratemparsting
species) within the next 50 years (Frick et al. 2017). Many more bats around the world may be facing a similar
fate.Thus, ensuring connectivity is an important step in conserving manyrasdgng species of bat and the
important ecosystem semwes they provide.
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Aquatic Mammals and Connectivity
Giuseppe Notarbartolo di Scidra
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Many aquatic mammal species are migratory. Some of them, such as humpback whales, undertake the
longest mammalian migtion on Earth. Others have less extreme migratory habits, but are continuously on
the move nevertheless. For example, fin whales in a population which is resident in the Mediterranean Sea
do not appear to follow fixed, cyclically repeated migratory cmrs, but move periodically across the region

in search of particular feeding hotspots which become productive in predictable times of the year. Local
coastal populations of smaller cetaceans such as bottlenose dolphins, perhaps amongst the least migratory
of marine mammals, are nevertheless known to move up and down the coastal zone they inhabit, sometimes
by several hundreds of km. Even freshwater aquatic mammals can move extensively along the rivers they
live in, in response to seasons and to the movetaemd availability of their prey.

When it comes to protecting the habitats of aquatic mammals, for example through the establishment of
LINPGSOGSR FNBIF&AX GKSANI KAIKE&@ Y20AfS yIlFiddz2NB A& 2¢
grounds areoften easy to identify; such as on a beach where elephant seals haul out to mate and give birth

to their pups, or in the confined shallows in the lee of the main Hawaiian Islands where young humpback
whales are borrg, but if they are not protected whenhey leave their breeding grounds, e.g., during the

St SLKIyld aSrfaQ FSSRAy3 aSrazy Ay GKS 2Ly 20SIys>s
positive effects of protecting these animals in their breeding grounds can be easily thwarted.rfmatbe
something must also be done to ensure that the animals are not threatened along the corridors these animals

travel along.

These considerations emphasize the importance of addressing connectivity issues in the conservation of
aguatic mammals, someitng that cannot be easily done, for instance, through the establishment of
protected areas, short of recurring to the option of considering for protection, in some cases, of huge portions
of the oceans. This is clearly a challenge, particularly when sardbrgs occur in the high seas.

And yet, aquatic mammal species must face a variety of threats undermining their connectivity, all of them
deriving from pressure factors originated by human activitiésre are a few examples:

9 intense vessel traffic acrossajor maritime ship lanes intersect whale movements across their
critical habitats, such as in the cases of blue whales migrating in the Eastern Tropical Pacific off the
coasts of Central America, and Mediterranean fin whales moving from their winteinegdounds
in the Strait of Sicily to the summer feeding grounds in the Ligurian Sea. In some regions whales are
presumed to suffer from significant mortality caused by vessel strikes.

f Fishingwithlargg OF £ S LISt I 3A0 RNAFIYy SKEZT H&£&S RA VIRl YvSdza S
the Mediterranean Sea during the last decades of the XX century. These nets were obstructing the
movements of sperm whales across the region, and were also a serious source of mortality for these
whales which got frequentlgntangled into them, causing the Mediterranean population to be
considered Endangered in the IUCN Red List. Today pelagic driftnets are no longer allowed in the
Mediterranean, however they are still operated illegally; the ecological damage they cause has
consequently become very difficult to assess.

91 Dams built along the courses of major rivers are obstructing the natural movements of river dolphins
in many parts of the world. Dam construction has been affecting connectivity, amongst others, of
Amazon riverdolphins in South America, Ganges and Indus river dolphins in Southern Asia, and
Irrawaddy dolphins in Southeast Asia.

i Habitat degradation in the coastal zone of many parts of the word, induced, amongst others, by
coastal construction, mangrove deforestat, as well as urban, industrial and agricultural runoff, has
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created areas no longer suitable for the life of coastal aquatic mammals such as bottlenose and
humpback dolphins, manatees and dugongs, facilitating population fragmentation and inhibiting
movements.

1 Man-produced noise, such as that caused by pile driving in coastal constructions and by airgun
operation in seismic oil & gas exploration, is known to have created barriers to access to their critical
habitat to several species of aguatic mammaigh effects in some cases lasting weeks after the
cessation of the noise production. Sound generated by military sonar has even been proven to be a
cause of mortality of aquatic mammals, such as beaked whales.

Addressing threats to aquatic mammals whigygatively affect their connectivity has proven in most cases

to pose considerable challenges, however there have been successesstalmpelagic driftnets have been
declared illegal because of their lack of selectivity, and consequent negative effeatarine fauna. Ship

traffic separation schemes were declared by the International Maritime Organisation (e.g., in Spain and in
the USA) to decrease the impact of shipping on threatened aquatic mammals. Negotiations on a treaty to
protect biodiversity imareas beyond national jurisdiction (i.e., the high seas) are ongoing under the purview

of the United Nations. Finally, Important Marine Mammal Areas (IMMAS) are being currently identified in
YIye 2F (KS 62N RQa YI NRAY S-mhkBrdah@madageisan insthiBe®df RaBinel  { ;
spatial planning which may interfere with the connectivity and #gelhg of aquatic mammals.

The road to achieve a coexistence between human activities and aquatic mammal conservation, including
ensuring their canectivity, is still formidably uphill, but at least its direction is known.

Balaenoptera physalu&in Whale, Photo Margherita Zanardelli
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How Flexible are Bird Migrations?
David W. Winklet
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14853 USA

Biologistsare accustomedto thinking about migratory patterns as being the result of long and slow
evolutionaryadjustmentsovermanythousandsf generationsViewedfrom this perspectve, humancaused
changesin the productivity and distribution of potential migratory stop-over areascreatesreal concerns
about whether the migratory birds that rely on networks of stopover siteswill be able to persistwhen

stopoversitesdisappeale.g, Bakeret al.2004,Winkleret al.2014).Y etdespitethe factthat many migratory
routes are likely slowly adjustedtraits, there are many lineagesof birds that include a great diversity of

patterns of migration amongcloselyrelated species(e.g., Chesser 2000, Helbig 2003, Jahnet al. 2010,
Piersma2011). Socalled & LJ- NIAAT NI dedcbgspopulations of birds, some individuals of which

migrate awayand othersthat remainin the samebreedinggroundsall year,andin somespeciedndividual
birdsmigratesomeyearsandremainresidentin others (Ogonowskand Conway2009).

Examples:
Speeddf changein migratory patterns

Thissort of diversity of migration amongcloselyrelated birds raisesthe possibilitythat migration may be

more rapidly changinghan generallyassumedHouseFinchedHaemorhousnexicanudecameregularmid-

distancemigrantswithin 20 yearsof beingintroducedto easternNorth America(Able and Belthoff 1998),
and part of the population of EurasianBlackcapsSylviaatricapilla nestingin Germanyadopted a new

migratoryorientation andtiming overlessthan 30 yearsto migrateto wintering areasin the UKin response
to the winter-longavailabilityof food providedby humans(Bertholdet al. 1992).

The BarnSwallowHirundorustica,one of the most broadlydistributed passerine®n Earth,has a variety of
movementpatterns(Doret al. 2012),andwithin a givenlocalpopulationthere is alsoa considerabledegree

of individualvariability and flexibility in migratory behavior(Winkler 2007).Before 1980, this specieswas

limited in its breedirg distribution to the NorthernHemispherebut in that year,winteringindividualsfrom
easternNorth Americawere found breedingin a colonyof six nestsnearthe southernedgeofthe & LIS OA S & Q
wintering range in Mar Chiquita, BuenosAires province, centrd Argentina(Martinez 1983). Before that
colonizationof South America,the Western Hemispherepopulation bred no further south than central
Mexico,over 7000kmto the north.

Rangespreadand new migratory patterns

Sincethe originalSouthAmericamesting, the breedingpopulationof BarnSwallowsn Argentinahasspread
over500kmfrom its startingpoint to covermostof the largeprovinceof BuenosAires,andit isstill expanding
into adjoiningprovinces Arecentstudy(Winkleret al. 201 7)usedtiny solargeolocatortagsto showthat this

newly formed populationhasadopteda migratory strategylike other songbirdsnestingin southernSouth
America:rather than migrate backto North America,as did these birds immediate ancestorsthe newly
establit©ied SouthAmericanswallowsmigrate only asfar north asthe north coastof SouthAmericain the

australwinter.

Connectivityissue

Thesebirds complicatethe interpretation of connectivitythreatsto migratorybirds. Onthe one hand,they
demonstrate that birds can dramatically changetheir migratory habits in a very short time, forging
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connectionshetweennationsfar acrossnternationalboundaries Onthe other, they suggesthe possibility
that somebirdsmaybe better ablethan othersto copewith anthropogenicchangesn habitat conditionsto
maintainviablepopulationsof migratorybirds.

FutureActions

Conservationistsannotassumethat migratorybirdswill either declineor thrive with changesn the habitats
on their migratory paths. We need to study much more which speciesare capableof road changein
migrations and which are more constrained,and we can then turn this knowledge into countered
conservatioractiontargetedfor different specieswith different migratoryflexibilities. Thesefuture actions
require improved knowledge and regular monitoring of migratory patterns and connectivity acrossthe
widest possiblerange of speciesand populationsof migratory animalswhose conservationis the global
missionof CMS.
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Too large to be crossed? Functional connectivity and expanding ecologicakbs
for AfricanEurasian landbird migrants

Fernando Spinfa
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Migratory landbird flyways often involve the crossing of large and potentially inhospitable ecological barriers
such as deserts and extended stretches of open seas. The presence and potential expansion of these barriers
contribute to shaping physiologicatrategies of migratory songbirds, both at the species and population
level (Rubolinet al. 2002). Crossing these barriers require many hours ofstop endurance flights, which

are the energetically and metabolically most demanding phases of their aroyake (Jennet al. 2000,
Schwilchet al. 2002). Birds can only overcome these challenging barriers along their migratory routes
provided they have available suitable stopover habitats at the different stages of their migratory flyway.
Given the huge ammt of energy required to cross such barriers, habitat availability and suitability both
before and after prolonged flights are key for the migrants to stage and physically recover along the barrier
crossing.

A vast array of species represented by huge bera of western Palaearctic landbird migrants wintering in
sub-Saharan Africa cross the Mediterranean and Sahara during their autumn southward movements and
spring northwards flights towards the breeding quarters (Sgihal. 1993; Spina & Volponi 2008a), For

these birds, the availability and distribution of suitable stdtharan habitats where they spend the winter
and prepare for migration, together with the availability of staging sites along the flyway and especially on
arrival from the prolonged dest and Mediterranean crossing, is crucial for their survival (Jetnali 2006;
Cecereet al. 2011).

All these habitats and sites are connected within specesl populationspecific flyways by birds which
regularly and predictably move across them amake use of their ecological conditions and quality.

Unfortunately, crucial habitats that allow these arduous travels of migratory birds as well as their spatial,
ecological and functional connectivity is at risk due to direct and indirect anthropogergatsh This
represents a serious situation because crossing ecological barrierstoypnrequires a sufficient threshold

fuel level that can only be obtained prior to crossing. The maximum possible amount of energy reserves birds
can store and carry igited by size and by flight aerodynamics, since birds would be unable to fly above a
given maximum overall body mass. Similarly, post crossing birds need to replenish their reserves to continue
their journeys.

The overall length of the barrier birds winbeg in African equatorial forests have to cross without being able

to refuel is progressively and rapidly extending. Increasing unsustainable cutting of vegetation for human use
along the southern edge of the desert causes the fast southwards expansiba 8ahara, together with
climate change causing also severe drought events. At the same time, the northern limits of the tropical
forests retreat as well due to intense cutting by unsustainable human population growth.

The connectivity at the base of the migratory systems which have evolved during millennia is therefore
under immediate and serious threat. Birds are confronted with a progressively wider barrier; yet, the timing
of natural selection makes them unable to follow this expansion by adapkiag fattening and flight
patterns and strategies in order to accommodate for an increasing need of energy to reach their European
breeding grounds.
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We must act now in order to ensure conserving the connectivity linking wintering and breeding areagof thes
landbird migrants through a network of staging and fattening sites. Countries which are connected by these
birds along their flyways must join and coordinate forces in order for the barriers not to become just too
wide for them to cross.
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Seabirds
Barry Baker
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Albatrosses and petrels (Families Diomedeidae and Procellariidae), are seabirds that-$ixethrigve high

adult survival rates, delayed sexual maturity and low fecundity; all lay skggjelutches, and nine species

(all of which are albatrosses) breed biennially if successful in raising a chick. Given these extristerife
attributes, changes in adult mortality have a much greater impact on population trajectories than variation
in other demographic parameters, inding breeding success, proportion of deferring breeders, juvenile
survival and recruitment. All species have wides@a distribution during the breeding and nonbreeding
seasons and these extensive foraging ranges overlap with multiple fisheries inataitd international
waters, putting them at risk of incidental mortality, the greatest threat they face in the marine environment.
Management of such species needs to occur in many countries if the many threats they face are to be
reduced across their rge.

Albatrosses and large petrels are exceptionally wigleging, frequently travelling 100s to 1000s of km on a
single foraging trip that can extend to a straiginie distance of 2000 km or more from their breeding colony.
This reflects trip durationsuting incubation and chietearing that can be of two to three weeks, although

it is more common for the adult to return and feed its chick after a few days, especially when the chick is still
young and attended by one of the parents. As the degree ofrakplace foraging constraint varies with
breeding phase, so too does the extent ofsaia distributions; this is sometimes associated with a change in
habitat use from oceanic, distant shelf or shaipe regions in the priaying and incubation period$p

neritic waters much closer to the colony in bregdard, and then a return to more distant waters for the
remainder of chickearing. During chickearing, parents may adopt a dual foraging strategy, involving the
alternation of long and short trips dkey balance the demands of chick provisioning with-selfntenance.

Almost all of the 22 albatross species have been tracked at some stage while breeding, and many during the
nonbreeding season, whereas there are relatively few tracks from juveniteBranatures during the initial

years when birds cannot be accessed at breeding sites. For albatrosses and the larger petrels migration
connectivity appears to be weaker than for other watlidied groups of birds, in that migration across ocean
basins to beeding and sabbatical sites is usually rapid. For this reason maintaining a focus on the threats at
migration end points is more important at present. During the nonbreeding period, many species make a
directed, longdistance migration to a productive ughing, shelf or frontal system, sometimes in a different
ocean basin, and return to the colony can involve a circumnavigation of the Antarctic continent. There are,
however, numerous exceptions and contrasting strategies. Thus, Atlantic yedised albatosses from

Tristan da Cunha and Gough Island, and btaolwed albatrosses from South Georgia migrate a few
thousand km east across the south Atlantic Ocean to the Benguela Upwelling system, where they overlap
with nonbreeding whitechinned petrels fromaonies in the Indian Ocean, and some whitgpped and shy
albatrosses that have travelled much longer distances west from the Auckland Islands and Tasmania,
respectively. In contrast, whitehinned petrels, also from South Georgia, migrate only to thedratian

Shelf or the Humboldt Upwelling; in the former, they overlap with wintering blackved albatrosses from

the Falkland Islands and northern royal albatrosses from New Zealand, and in the latter with several species
of albatrosses and large petreENB Y bSg %St yRZ AyOfdzRAY3I {IfBAYyQ
albatrosses, black and Westland petrels. Even within the same population, there is often extensive variation
among individuals in movements and distribution.

Albatrosses and the largeepels Procellariaspecies) that have been studied display diverse habitat
preferences, reflecting the broad range of oceanographic conditions in waters around their scattered
colonies, and the more distant regions used at other times of year. They can be specialisteratigien
reflected in the proportion of time spent utilising continental and island shelf breaks andssyedf or
oceanic waters at different times of year. Several species exhibit pronounced sexual segregation, with
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females tending to feed at lowertitudes or further from colonies than males, attributed to competition
between sexes or habitat specialisation. There can also be partial or complete spatial segregation between
juveniles and adults. Even in areas of spatial overlap, species usuallyirddtesea activity patterns (e.g.
frequency of landings, flight and resting bout durations), reflecting the distribution of preferred prey or
degree of nocturnality, among others. There are also large differences in diving capability; albatrosses and
probably giant petrelslacronectespecies), are much poorer divers thHarocellarigpetrels and shearwater
species. Intraand interspecific variation in distribution, habitat preferences, dive depth and other aspects

of behaviour have major implicationsrfthe degree of overlap and hence risk of bycatch in different fisheries
(see below).

For albatrosses and thdacronectesandProcellarigetrels there is a strong connection between the species

that occur at migration end points with many other seabirdsl ather taxa, including marine turtles and
O2YYSNODAIffe KINWPBSalSR FTAakK alLlSoOAsSa dziaAfAaairyd GKS
Knowledge of the asea distribution of juveniles/immatures is a priority if we are to improve understanding

on canectivity for albatrosses and the larger petrel species, and future tracking studies and use of
developing technologies should facilitate this. For adults, which have been better studied, the demonstrated
use of productive upwelling, shelf or frontal sytsts during the nonbreeding period, often in different ocean

basins from where a species may breed, and where they may spend considerable time, indicates the
importance of addressing the major conservation issue of fisheries bycatch in these areas, ahdst h
priority.
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Managing goose populations defined by ourknowledge of connectivity
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The changes that humans inflict on the natural environment usually have negative impacts on many species,
leading to theirdecline, or even extinction. Some species, however, can benefit from such changes and, as a
result, increase their numbers significantly and often exponentially. For example, the populations of several
species of geese in Europe have been boosted by thieudtgre intensification in the last decades.

Up until the 1970s, most of the goose populations in Europe were depleted, small and even endangered.
Then things changed. Also facilitated by increased protection, some species reached humbers that nowadays
are two orders of magnitude larger than the first reliable monitoring data. In the 1950s one of the populations
of the Barnacle Goos8(anta leucops)s breeding in the Russian Arctic, was estimated at 20,000 individuals;
nowadays this same population hasached 1.2 million individuals and continues to grow. This population is

no longer breeding only in the Arctic, but has already occupied many other areas in western and northern
Europe and is spreading.

Similar increases have been recorded in the azsthne Greylag Goosé\(iser anser the Greater White
fronted Goose Anser albifrons the Tundra Bean GoosAr(ser fabalis rossichand the Pinkooted Goose
(Anser brachyrhynchysvith populations nowadays numbering between around half and more thaitiiarm
birds.

This continuous population growth leads to overabundance and impacts on the environment, such as
competing and suppressing other species, deteriorating tundra and temperate grassland habitats, and
polluting waterbodies by deposing large quiies of nutrients, etc. Other impacts are conflicting with
human socieeconomic interests by causing damage to agriculture crops, elevating risk to civil aviation,
encroaching into urban environment, etc.

The majority of the European goose populations iacreasing and abundant, but a few, which are still being
heavily hunted, are depleted and continue to decline. They also require management, but in a way that will
ensure their recovery and regulate hunting activity, so as to maintain their favouralble & the long term.

Careful planning and specific measures are required for the management and conservation of each individual
goose population. Therefore, some fundamental knowledge and understanding of spatial and temporal traits
is necessary iarder to undertake the most appropriate and informed management at a flyway scale:

91 Population boundaries The dynamics and trends in each population are different and it is essential
to understand where spatially, a line between the birds of the same spdieis and whether they
are isolated from each other or there is some degree of exchange between them.

9 Distribution. Birds tend to occupy and concentrate in certain areas and sites within the range of each
population. It is important to know where #ir breeding and moulting grounds are, which sites they
use during migration and during overwintering, as well as the numbers in each of these sites
throughout the season and across years.

1 Timing Birds spend different amounts of time in different partgteeir range. Knowledge of timing
of migration events, the role of sites, e.g. their importance for spring fattening, and duration of
presence at certain sites is essential for effective management strategies.
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1 Movements Birds are always on the go. Theygrate long distances from their breeding to their
wintering grounds with stopovers in other key sites, but also undertake shorter movements,
including on a daily basis.

1 Migratory vs. resident behaviourlt is especially valid for some of the large pofiales with large
ranges that birds may exhibit different behaviours. While one part of the population may regularly
and cyclically migrate from one to another part of the range, another may be sedentary and remain
in the same limited area for the entire e It has also been observed that in some populations, birds
may change their behaviour from migratory to resident and vice versa.

The following examples demonstrate the importance of the knowledge and understanding of connectivity
for effective and apppriate goose management and conservation:

1 The Taiga Bean Goos&nger fabalis fabaljshas a depleted and declining population, estimated at
less than 60,000 birds, which however is still on the list of huntable species in many countries. It has
a large dscontinuous breeding range from Fennoscandia to central Siberia with wintering areas
across the British Isles, northern Europe and Central Asia. Based on the knowledge of the movements
of the birds from the different parts of the range and the linkageat tthey outline between
breeding, stopover and wintering sites, it was possible to define four separate Management Units
(MU) within the population (Figure 1). Each of them has-defined boundaries, although they may
overlap at either end of the flywagnd have different sizes and trends. Therefore, the management
plan for the Taiga Bean Goose sets different population targets and management objectives for each

MU.
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Figure 1. Delineation of Taiga Bean Goose Management Units for the purpose of tleenhttonal
Single Species Action Plan for the ssjpecies (Marjakangas et al. 2015). The numbers refer to
estimated current population sizes accompanied by indicative trends, and the broken lines link
breeding areas (light grey) with specific winter quars (dark grey). The dotted area indicates linkages
between breeding areas in northern Fennoscandia and known moulting areas in Novaya Zemlya and

the Kola Peninsula.

1 In order to recover the Taiga Bean Goose population to a favourable status, some countries
introduced a temporary hunting ban. However, the Taiga Bean Goose is very similar in appearance
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to the other subspecieg; the Tundra Bean Googeand they may occur together in winter. In order
to implement the ban effectively, in some countries, it vidsntified where and when Taiga Bean
Geese occur and where and when they are the dominantspgties; in those sites and periods the
Bean Goose hunting has been suspended altogether.

1 The Pinkfooted Goose Anser brachyrhynchy®ccurs in two flywayopulations: one population
breeding in Iceland and East Greenland and wintering in Great Britain and another population
breeding in Svalbard and wintering in Denmark, the Netherlands and Belgium, with autumn and
spring stopover sites in Norway (Figure plecular and marking/resighting studies have shown
that there is little demographic connectivity between the two populations. Both populations have
increased, the former to reach so far a level of ca. 400,000 birds, the latter a level of around 80,000
birds. The Iceland & East Greenldméeding geese feed on crop remains in autumn and winter and
sprouting grass in spring, however, causing little conflict with agricultural interests despite their high
numbers. The Svalbaftateeding population, however, aaes serious conflict with farming interests,
particularly in Norway, because the geese are concentrated in a particular, high productive region
coinciding with the time of grass growth in spring. This is one of the reasons why this population was
selectedas the first European tesiase for adaptive management.

Figure 2. Delineation of the two discrete populations of the Pifdoted Goose (Scott & Rose 1996).
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The intertidal and coastal freshwater wetlands in the Yellow Sea and Behaiegion bordering eastern
China and the western coast of the Korean Peninsula are amongst the most important stopover areas for
migratory waterbirds in the world. They are used intensively by millions of waterbirds for feeding and resting
during northward and southward migration along the East Asiaastralasian Flyway. Waterbirds breeding

in Russia and Alaska (USA), Mongolia and northern China migrate along the coastlines of the Yellow Sea
Bohai Sea to spend the northern winter in the Yangtze Rleedplains and southern China, including
threatened EAAF endemic species of cranes, geese and ducks, while many others continue their journeys to
south to Southeast (and South) Asia, Australia and New Zealand where they spend-tireexing period.

Speies like the Great Kndalidris tenuirostrigven migrate through the Yellow Sea and across to coastal
West Asia. However, these intertidal flats are under great pressure and over the last decades, with ever two
thirds of these having been lost througbrosersion to land for agriculture and coastal developments, at
annual loss of 4 per cent between 1990 and 2013.

Many shorebirds and other species areiasat
almost exclusively on coastal wetlands during
their migration and the Yellow Sea is the last
stopover site before they get to their arctic
breeding grounds in May/June. For the Bar
tailed GodwitLimosa lapponicahat migrate
from nonbreeding groundé New Zealand and
Australia to their breeding grounds in arctic
Russia and Alaska, a distance of about 11,000
km, they are doing so with only one stqplong
the Yellow Sea! So without this crucial refuelling
and rest area being maintained as a healthg a
productive habitat, this Batailed Godwit

The Vulnerable Saunders's Gull (Saundersilarus saundersi), la population is expected to crash within a decade.
Yellow Sea "endemic" species

Our knowledge about bird movements, their
dependence on these coastal sites and monitoring wetland change has progressed greatly over the last years.
Monitoring of waterbirds on migration and in the nebreeding periods such as through the International
Waterbird Census and other citizegience programmes are providing valuable data on the distribution and
abundance of waterbirds and their changes. Besides radng loss of habitat, knowledge on some of the
main threats to birds through pervasive degradation of the Yellow Sea ecosystem, including discharge of
heavy metals and pesticides, massive and regular algal blooms, and the spread of the alien invadsise spec
saltmarsh grasSpartina alternifloraAs well, information is being generated on the scale of illegal killing of
birds and growing risk and threats from death of birds through collision and electrocution from a rapidly
increasing number of poorly lotad wind farms, powerlines and other mamade structures.

As a result, it is possible to demonstrate for species and populations that depend largely or only the Yellow
Sea are now declining most rapidly, with 24 being listed on the IUCN Red List of ibdegpecies within

the last decade, particularly for some of the ledigtant migrating shorebirds, such as EAAF endemic Far
Eastern Curledumenius madagascariensiad the Spootbilled SandpipeEurynorhynchus pygmeus.
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