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1. Introduction

The Eastern Tropical Pacific is rich with ocean pi&ors such
as large schools of scalloped hammerhead sharks.iFlocean
region, which stretches down the Pacific Coast fronthe Gulf
of California to Ecuador, is known as a treasure aove of
wonders by divers, wildlife enthusiasts, and eco-agnturers.
Itis home to a host of endemic, native and migratoy species,
some of which are threatened with extinction.

The region is home to four UNESCO marine World Heritage

sites: Cocos Island National Park in Costa Rica,iGaNational
Park and its Special Zone of Marine Protection iraBRama,

Gal'pagos Islands in Ecuador, and Malpelo Fauna and Flora
Sanctuary in Colombia (fig. 1). All four are desigated safe
havens for marine wildlife, many of which move betveen
protected zones to feed, congregate, mate or give birth. All
four sites were inscribed on UNESCO's World Heritad.-ist
for their unique and irreplaceable marine ecosystesnand
biodiversity. This article shows, however, that the ecological
insights provided by groups such as the Migramar Network
are indispensable to secure the long-term consenvan of
these World Heritage sites.

2. Understanding interconnectivity
among marine World Heritage sites

The ocean surrounding these World Heritage sites iseming
with life, ranging from schools of hammerheads, toelegant
manta rays, foraging endangered sea turtles, gianvhale
sharks that regularly traverse thousands of kilomegs, and
Gal'pagos"sharks that dart between reefs and open waters.
The combination of oceanic currents in this regionwith
high seasonal productivity along the Equatorial Front from
July through October, and the upwelling Cromwell Curent
bringing nutrient-rich waters to the surface in thewestern
Gallpagos Islands, provide a diverse and changings of
oceanographic conditions throughout the region.

Sadly, marine life in this biodiverse region is uret threat
primarily from commercial fishing, but also from castal
development that destroys mangrove nursery grounds
and sea turtle nesting beache3. Scientists have recorded
an astounding 88 species of sharks within the regio® of

which many, including the scalloped hammerhead, &y and
whale sharks, are listed as endangered or threatened under
international agreements, treaties and laws.

Over the last two decades there has been growing concern
over the depletion of shark populations globally, particularly
in this region. Given their slow growth rates, lateonset of
sexual maturity, and relatively small number of offpring,
sharks are particularly vulnerable to overfishinglt is
estimated that over 100 million sharks are killed igbally
each year, many only for their fins (Worm et al., @13). As
top predators, sharks drive natural selection prosses and
many species are key to maintaining the overall héth of
marine ecosystems. Commercial fishing, including Itlo legal
and illegal longlining, drift gillnets, and purse sining capture
sharks for their fins. This pushes them and other igratory
species to unhealthy levels in the Eastern Tropidécific, and
as such provide an impact on the Outstanding Univeal Value
OUV?t of all four World Heritage sites.

2 Coastal development and loss of mangrove habitat is also a serious threat as

impacts the nursery ground of certain fish species and sharks.
3 www.migramar.org
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To address these concerns, in 2004 the Governments
Ecuador, Colombia, Costa Rica and Panama signed the
Declaration of San Jose, creating the Eastern Tropl Marine
Corridor (or CMAR for its Spanish initials). Thisebitious
initiative encompasses the four UNESCO World Herifa
sites, which are ecologically linked by the surrouing
pelagic waters. The CMAR aims to conserve and protect the
unique ecosystem and biodiversity of the Easternaoipical
Pacific, and to promote sustainability and sciencbased
collaboration within the region.

A key aspect of the CMAR is to promote collaboratie
research to address regional concerns. One of the successes
of this approach was the creation of the Migramar Network
in 2006. The mission of Migramar is to provide a itform
for researchers to jointly study the movement pattens of
migratory species in the region, and to use this information
to drive science-based conservation policy. Migrama& made
up of researchers from diverse groups, such as ueisities,
government agencies and non-profit organizations iduding
Equilibrio Azul, Universidad San Francisco de Quitmd
Parque Nacional Gallpagos (Ecuador), Fundaci#n Malip
(Colombia), PRETOMA and Misi#n Tibur#n (Costa Rica)
Pelagios-Kakunj! (Mexico), Smithsonian Tropical Resrch
Institute (Panama), and Turtle Island RestoratiorelNvork,
the Leatherback Trust and University of CalifornieDavis
(United States of America).

Through its work, the Migramar network was rapidlyable
to show that the protected UNESCO World Heritage s,
while formed separately, are in fact part of the sme large
marine ecosystem. For instance, a green sea turt@med
“Sanjay' by researchers was tracked swimming fromoCos
Island National Park in Costa Rica to the Gal'pagdslands
in Ecuador. “Sanjay' the sea turtle was one of theegreen
sea turtles tagged at Cocos Island, Costa Rica iank 2014
during Turtle Island Restoration Network and PRETQ{d
joint 10-day research expedition. The expedition $@ut to

understand where these endangered sea turtles migra to

and how they use Marine Protected Areas (MPAs). 1gay'
was tagged with a satellite transmitter and his migation track
can be seen in fig. 2.

The connection between Cocos Island and the Gal'pags
Islands is strong and can even be seen in genetitidies of sea
turtles. Costa Rican biologists used genetic datadm turtles
in both locations to evaluate the connectivity of he region,
and found that there was over 90 percent genetic overlap
between green sea turtles in both sites (Heidemey&2015).

Given that very few green turtles nest in Cocos kshd, these
results suggest that the majority of green turtlefound at
Cocos Island were born in the Gal!pagos Islands. laddition
to genetic evidence, turtles carrying ultrasonic &nsmitters
tagged at Cocos Island were detected at receivingations
installed around Malpelo, proving that movements ocur
between all three oceanic island groups.

Figure 1: The Eastern Tropical Pacific encompassas/ast
area of ocean where the Migramar network uses anray of
underwater receivers to detect migration of marinespecies
between protected areas.

Legend

Source: Migramar

Figure 2: Track of green turtle swimming from Cocos
Island National Park (Costa Rica) to the Gallpagos Islands
(Ecuador) in 2014.

W W a5

Source: Turtle Island Restoration Network (https://seaturtles.org/wp-content/
uploads/2014/06/sanjay-map-v3.jpg)
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Similarly, scientists working in the Gallpagos Marie Reserve
tagged scalloped hammerhead and silky sharks at Dain
and Wolf islands with acoustic tags. These tags amdtached
to the shark’s back and “ping' whenever the sharkwims by
an underwater receiver. The receiver then records tame-
stamp whenever a tagged shark swims nearby. An aryaof
such receivers placed around the marine reserve havealed
patterns of residency in each location and daily m@&ments
between locations.

To the Gallpagos researchers' surprise, the Costaidan
science team reported “pings' from sharks tagged in
Gal'pagos Islands on their Cocos Island receiverBvo of the
hammerheads had appeared at Cocos Island on the s&n
day in March 2007, only 14 days after one of them was last
detected at Darwin Island * a straight-line distance of nearly
700 km (435 miles). The sharks remained at Cocoddad
for approximately one month and one was subsequengl
detected once more at Darwin Island. This was therét solid
evidence of a migration between these World Heritage sites
(Ketchum et al., 2014).

Several months later, one of the silky sharks taggein
Gallpagos Islands was detected by Mexican Migramar

atoll, over 2000 km northwest of Gallpagos Islands.This
shark remained close to the atoll for two months ad then
returned to Gallpagos Islands after an absence ofight
months. It has since returned yet again to Clipperton.

Back at Darwin Island, the science team detected a
hammerhead that had been tagged by Colombian Migrarar
scientists at Malpelo. But this shark had also pasd through
the Cocos Island National Park before arriving in Gal'pagos
Islands and taking up residence for several month$his was
the first of several hammerhead sharks that movedrdm
Malpelo to other World Heritage sites in the region.

Completing the World Heritage connectivity panorama
Colombian scientists tagged several giant whale shies
in Malpelo using satellite transmitting tags. Two 6these
behemoths travelled to Coiba National Park in Panam
whereas another one was tracked across its route
southwards to the Gallpagos Island$. Conversely, a large
pregnant whale shark tagged in Gal'pagos travelleceast,
passing within 50 km of Cocos Island before enterig the
Malpelo Fauna and Flora Sanctuary, where the tag bame
detached (Hearn et al., 2016).

researchers at receivers placed at Clipperton, a remote coral 4 Unpublished data generously provided by Fundacion Malpelo

Turtle in the Cocos Island National Park.
« Fundaci!n Amigos de la Isla del Coco
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3. Implications for effective protection
of World Heritage sites in the
Eastern Tropical Pacific

In total, Migramar has tagged over a thousand migreory These findings show the importance of how not onlythe
marine animals, including over 450 hammerhead shask individual UNESCO World Heritage sites serve as Kegding
over 100 Gal'pagos sharks and around 80 silky shask Other and cleaning areas for sharks and other species, balso the
species have also been tagged: whale sharks, tigeharks, critical importance of protecting migratory animalsas they
blacktip sharks, hawksbill and green sea turtlespsithern travel between protected zones. Sharks that swim between
ocean sunfish, wahoo and yellowfin tuna. These othe  the four UNESCO marine World Heritage sites in tHeastern
species have confirmed that marine wildlife move between  Tropical Pacific face very real threats as soon as they exit the
UNESCO World Heritage sites in the Eastern Tropical Pacific.

-

A school of scalloped hammerhead sharks at Darwin Island, Gal'pagos Islands.

« Jonathan Green
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protected zones, and sadly in some instances everithin the
boundaries, in the form of industrial fishing.

The ocean's top predators, sharks, have been steagli
declining over the past several decades. A shocking
25"percent (Dulvy et al., 2014) of sharks are currently at risk
for extinction due to over, unregulated and illegalfishing.
Behind this rapid decline is the Chinese demand fahark
fins that drives vessels to pursue sharks.

Migrating sharks, like the scalloped hammerhead, ar
captured by longlines or driftnets as they move bdcand
forth across netted and baited waters to feed and socialize.

Scalloped hammerheads are listed on the United S
Endangered Species List and as globally endangerbg
the IUCN Red List, which notes that, the 2species is heavily
exploited through its range in the Eastern Pacifi©f particular
concern is increasing fishing pressure at adult agggating
sites such as Cocos Island (Costa Rica), Gallpadstands
(Ecuador) and Archipiclago de Revillagigedo (Mexigoand
along the slopes of the continental shelf where hig catch
rates of juveniles can be obtained.®

These expert observations reveal the crucial imparice of
managing marine Word Heritage sites within the corgxt
of their broader ecosystem. In other words, manageent

actions focused only on the protection of species thin
MPA boundaries are insufficient to protect the Outstanding
Universal Value (OUV) and integrity of these precious icons.
An ocean-wide approach to species management is needed
in order to protect sharks, sea turtles and marinevildlife

in the Eastern Tropical Pacific across their entirange. The
UNESCO World Heritage marine sites in the Eastern Tropical
Pacific are biodiversity hotspots used by more tha88"species
of sharks, four species of sea turtles, and counts other
marine organisms (Pe$aherrera-Palma, 2016), but the
are only that B “spots' within a broader ecosystemfabric
that requires coordinated regional action to ensureheir
outstanding natural value is retained for posterity.

Although some species' migratory routes are reasoitdy
well documented, others, such as whale sharks are early
stages of discovery. In 2011 researchers in Gal'pag Islands
tagged 24 whale sharks in a span of 40 days with gallite
tags and learned that these species travel greatstances
within the Eastern Tropical Pacific, but also thoasds of
kilometres west across the open ocean on the equator and
back (see"fig. 3). Interestingly, many whale sharkagsiting
the four discussed UNESCO World Heritage marine esst
were adult females with swollen abdomens. The reseehers
estimated that these pregnant whale sharks might be using
the World Heritage marine sites as a stopover on their way
to give birth nearby.

Figure 3: Tracks of 45 whale sharks tagged at Darwin Island, Gal!pagos Islands 2011-2015.

Source: Hearn et al., 2016.

5 A 2015 study published in Conservation Biology (available here) investigates Costa Rica's ability to adequately enforce and protect it's crown jewel of marine p

areas (MPAs) = Cocos Island National Park + from illegal longline fishing.

6 http://www.iucnredlist.org/details/39385/0
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4. Informing management

Migramar's collaborative effort has produced excitig new
scientific findings about where sharks and other ngratory
species travel and rest within the Eastern TropicRlacific.
This information has paved the way for more effectie
conservation action, including recent decisions teareate
a no-take sanctuary inside Ecuador's Gallpagos Islds
surrounding Darwin Island and Wolf Island, and CoatRica's
Seamounts Marine Management Area, (also known asak
Gemelas') surrounding Cocos Island National Parko€ta
Rica. The President of Colombia recently announcedans
to expand the protected waters around Malpelo Fauna and
Flora Sanctuary from less than 7,000 kAto 27,000 km2,
Earlier, in 2015, specifically to protect marine ngiratory
species, Panama created the Coiba Ridge MPA, whicbvers
an area of more than 17,000 kn? (Executive Decree #2,
22"September 2015). These and other accomplishments
such as regional action plans approved by the inter
governmental Permanent Commission of the South Pacific's
Shark and Turtle Action Plans are the result of efttive

collaboration between previously isolated researche that
focused primarily on single sites and nations.

The science generated by the Migramar network feeds
directly into the management of each of the UNESCO
marine World Heritage sites, through collaboration with the
respective National Park Services, some whose owraf$
researchers are members of the network. Through redar
communication among the Migramar network, local MPA
are able to access regional points of view regardgthe
status and management requirements of the Easterrrdpical
Pacific's threatened migratory species.

Thanks largely to the research carried out by sciéasts,
Costa Rica, Colombia and Ecuador have all sponsorbdls
to successfully place scalloped hammerhead sharkslky

sharks and manta rays on international treaties such as the

Convention for International Trade of Endangered S$jries
(CITES) and the Convention on Migratory Species (CMS).

Whale shark tagging in the Gal!pagos Islands.
« Jonathan Green
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Archipiclago de Revillagigedo (Mexico): Giant manta ray.
*€Erick Higuera
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5. Conclusion

The future of highly migratory species conservatiom the
Eastern Tropical Pacific will depend on data fromatworks
such as Migramar that are connecting the dots, undeaking
collaborative research between sites and are provity
coordinated, scientifically rigorous advice to staholders
and decision makers throughout the region, while atthe
same time training the current and future generatio of
marine scientists and managers.

To ensure the OUV that Ecuador, Costa Rica, Panama
and Colombia aimed to enshrine when they applied fo
World Heritage status for their emblematic MPAs, thse
governments will have to increase cooperation to esure
the waters that ecologically connect Gallpagos Islads,
Cocos Island National Park, Coiba National Park ant
Special Zone of Marine Protection and Malpelo Faurend
Flora Sanctuary receive the management measures required
to more effectively protect migratory species. Astown on
the map at the start of this article, the MPAs listed as World
Heritage sites cover only a tiny fraction of the Eern Tropical

Pacific, on which highly threatened and migratory jgecies
depend. Effective migratory species conservation dends
decisive action beyond the boundaries of marine resves
and cooperation across all four marine World Heritage sites.
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