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Marine Spatial Planning is an integrated and participatory planning process and tool that
seeks to balance ecological, economic, and social objectives, aiming for sustainable marine
resource use and prosperous blue economies.

The MACBIO project supports partner countries in collecting and analyzing spatial data
on different types of current and future marine resource use, establishing a baseline for
national sustainable development planning of oceans.

Aiming for integrated ocean management, marine spatial planning facilitates the
sustainable use and conservation of marine and coastal ecosystems and habitats.

This atlas is part of MACBIO's support to its partner countries’ marine spatial planning
processes. These processes aim to balance uses with the need to effectively manage and
protect the rich natural capital upon which those uses rely.

For a digital and interactive version of the Atlas and a copy of all reports and communication
material please visit www.macbio-pacific.info
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FOREWORD

While the ocean covers more than two thirds of the Earth’s surface, the oceanic territory of Vanuatu is 57 times larger
than its land territory. With an exclusive economic zone (EEZ) of 680,000 km?, Vanuatu is a large ocean state.

This island nation contains many marine eco-
systems, from globally significant coral reefs to
mangroves, seagrass areas, seamounts and deep-
sea trenches supporting at least 769 fish species,
including sharks and rays, as well as whales,
dolphins and sea turtles. We are committed to
conserving this unique marine biodiversity.

Vanuatu’s marine ecosystems are worth at least
VUV 5.8 billion per year—comparable to the coun-
try’s total export value. We are strongly committed
to sustaining these values to build an equitable
and prosperous blue economy.

The country’s history, culture, traditions and prac-
tices are strongly linked to the ocean and its biodi-
versity. By sharing and integrating traditional and
scientific knowledge, we are navigating towards
holistic marine resource management.

Traditionally, Vanuatu’s coastal villages manage
inshore marine resources. We are striving to work
together to sustainably manage all of Vanuatu’s
coastal marine areas (traditional fishing grounds) for
the benefit of empowered and resilient communities.

At the same time, Vanuatu is experiencing the

direct effects of climate change on its ocean and
island environments.

MARINE ATLAS ¢ MAXIMIZING BENEFITS FOR VANUATU

By strengthening global partnerships, we are
proudly taking leadership in climate change policy
and global ocean governance. Further, through
integrated and participatory planning, we are
aiming to balance economic, ecological and social
objectives in this EEZ for the benefit of current and
future generations.

In doing so, we can maximize benefits from the
ocean for Vanuatu, its people and its economy.

This is where the Vanuatu Marine Atlas comes
into play. Improvements in research over the years
have enabled us to better understand the ocean
system and to develop solutions with a sustaina-
ble approach. A lot of data have become publicly
available, with this atlas compiling over a hundred
data sets from countless data providers to make
this treasure trove of marine and coastal information
accessible and usable for the first time—as maps
with narratives, as data layers and as raw data.

In its three chapters, the atlas sets out to illustrate:

What values does the ocean provide to Vanuatu, to
support our wealth and well-being?

How should we plan the uses of these ocean val-
ues and best address conflicts and threats?

On what levels and in which ways can we manage
uses of, and threats to, our marine values?

The atlas can help decision makers from all sec-

tors appreciate the values of marine ecosystems

and the importance of spatially planning the uses
of these values.

Practitioners can assist these planning processes
by using the accompanying data layers and raw
data in their Geographic Information Systems.

While the atlas provides the best data currently
publicly available, information about Vanuatu’s wa-
ters is constantly increasing. Therefore, the atlas
is an open invitation to use, modify, combine and
update the maps and underlying data.

Only by involving all stakeholders in a nationwide
Marine Spatial Planning (MSP) process can we
truly maximize benefits for Vanuatu.

The e-copy and interactive version of the Vanuatu
Marine Atlas are available here: http://macbio-
pacific.info/marine-atlas/vanuatu
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A LARGE OCEAN STATE: ADMINISTRATION

Vanuatu’s ocean provides a wealth of services to the people of Vanuatu, and beyond. The ocean and its resources
govern daily life, livelihoods, food security, culture, economy and climate.

The South Pacific is a sea of islands (see previ-
ous map). While these Pacific Island countries are
often referred to as small island states, the map
shows that they are in fact large ocean states, with
Vanuatu’s marine area covering 680,000 km?.

Vanuatu’s waters are home to countless environ-
mental, social, cultural and economic values and
to more than 80 islands, with a total land area of
around 12,200 km?2. This makes Vanuatu a rela-
tively large island nation, in terms of land area,
compared with some of its neighbours. Each of
Vanuatu’s islands have slight variations in vegeta-
tion, geography, lifestyle, language and traditions,
but they are all closely connected to the sea.

The islands now known as Vanuatu have been
inhabited since 500 B.C.E. European sailors first
visited the archipelago in the seventeenth century
and Captain James Cook named it New Hebrides
in 1774. French and English Christian missionar-
ies, as well as some traders and planters, settled
on various parts of New Hebrides, and the islands
became an Anglo-French condominium ruled by
separate French and British administrations. The
archipelago gained independence as Vanuatu in
1980 before being divided into six provinces in
1994, each with their own provincial councils.
There were more than 270,400 people living in
Vanuatu in 2016.

Vanuatu is sometimes divided into northern,
central and southern regions. The northern region
contains the Torba, Sanma and Penama Prov-
inces. Torba Province contains the Torres and
Banks Island chains; Sanma Province contains the
islands of Espiritu Santo and Malo; and Penama
Province contains the islands of Pentecost, Am-
bae and Maewo. The northern division is home to
some of the most remote and, consequently, pris-
tine areas in Vanuatu. Luganville on Espiritu Santo
is Vanuatu’s second largest city. It has a population

Vanuatu Parliament, Port Vila

of more than 16,300 people, is a hub for tourism
and shipping, and is serviced by Vanuatu’s second
largest airport — Santo-Pekoa International Airport.

The central division contains the Shefa and
Malampa Provinces. Shefa Province contains the
Shepherd Islands and Efaté, which is the largest
island in Shefa and the most populous in Vanuatu.
Efaté had a population of nearly 66,000 in 2009,
with more than 66 per cent of those living in the
nation’s capital and economic nucleus, Port Vila,
where Vanuatu’s main airport (Bauerfield Inter-
national Airport) is located. Malampa Province
includes the islands of Malekula, Ambrym and
Paama. Malampa is one of the most culturally
and linguistically diverse provinces in Vanuatu,
while Malekula and the nearby Maskelyne Islands
are home to some of Vanuatu’s most extensive
seagrass meadows and dugong herds. The island
of Ambrym is a large, basaltic volcano—one of the
most active inhabited volcanoes in the world.

The southern division contains a single province,
Tafea Province. Its name derives from its five main
islands—Tanna, Aneityum, Futuna, Erromango
and Aniwa. Tanna is the most populous island with
around 29,000 people. It is also one of the most
popular tourist destinations in Vanuatu, largely due
to Mount Yasur, which is one of the most accessi-
ble and spectacular active volcanoes in the world.

The national government of Vanuatu has three
distinct and independent arms—the Legislature,
the Executive and the Judiciary. The role of ocean
governance under this structure is explained
further in the chapter “Vanuatu’s commitment to
marine conservation”. The Legislature of Vanuatu
also involves the National Council of Chiefs (the
Malvatumauri). This formal advisory body of elect-
ed chiefs was established under the Constitution
of the Republic of Vanuatu. Members are elected
by their fellow chiefs from various Island Coun-

Special rights

An exclusive economic zone (EEZ) is a
sea zone that extends up to 200 nautical
miles (nmi) from a country’s baseline.
Vanuatu’s EEZ, prescribed by the United
Nations Convention on the Law of the
Sea (UNCLOS), gives Vanuatu special
rights regarding the exploration and use
of marine resources below the surface
of the sea. The territorial sea, within 12
nmi from the baseline, is regarded as the
sovereign territory of Vanuatu in which it
has full authority.

cils of Chiefs and Urban Councils of Chiefs. The
Malvatumauri advises government on all matters
concerning Ni-Vanuatu culture, Kastom (traditional
culture in Melanesia) and language.

Local government in Vanuatu is comprised of pro-
vincial and municipal councils. Provincial councils
are primarily responsible for rural areas. Virtually
independent of the provincial councils are three
municipal councils, which serve the more dense-
ly populated areas of Port Vila, Luganville and
Lenakel. Each provincial or municipal council has
a central administration. Areas under the jurisdic-
tion of provincial councils have local areas headed
by an area secretary who reports to the secre-
tary-general of their respective provincial council.

In all its diversity, from its administrative to geo-

graphic and biological features, Vanuatu is indeed
a large ocean state.
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VALUING

Marine ecosystems in Vanuatu provide significant benefits to society, including food security and livelihoods for the
people of Vanuatu, the Pacific and around the world. Limited land resources and the dispersed and isolated nature
of communities make the Ni-Vanuatu people heavily reliant upon the benefits of marine ecosystems.

These benefits, or ecosystem services, include a
broad range of connections between the environ-
ment and human well-being and can be divided
into four categories.

1. Provisioning services are products obtained
from ecosystems (e.g. fish).

2. Regulating services are benefits obtained from
the regulation of ecosystem processes (e.g.
coastal protection).

3. Cultural services are the non-material benefits
people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection,
recreation, and aesthetic experiences (e.g. tra-
ditional fishing and traditional marine resource
management systems).

4. Supporting services are necessary for the
production of all other ecosystem services (e.g.
nutrient cycling, biodiversity).

The maps in this chapter showcase, firstly, the bio-
physical prerequisites underpinning the rich values

2014

| BLE IS OUR OCEAN?
DGET (2014)

The goods and services provided by Vanuatu’s
marine ecosystems are huge. They are
comparable to the country’s total budget.

and benefits provided by marine ecosystems.
These range from the volcanism at the depths of
the ocean that formed the islands and atolls that
now provide a home to many, to the prevailing
flow of currents and the role of plankton in the
ocean’s life cycle, among many others.

Based on the combinations of biophysical condi-
tions, the ocean provides a home to many differ-
ent species, from coral-grazing parrotfish on the
reefs to the strange and mysterious animals of
the deep. These and many other species and the
unique marine ecosystems on which they rely are
featured in the maps to follow.

Appreciating the rich diversity of marine ecosys-
tems helps in understanding their importance

to Vanuatu. Quantifying the benefits of marine
ecosystems in the Pacific makes it easier to high-
light and support appropriate use and sustainable
management decisions. Despite the fact that
more than 95 per cent of Pacific Island territory is

Vanuatu’s marine ecosystem services
are valuable and diverse,
yet often hidden.

ocean, the human benefits derived from marine
and coastal ecosystems are often overlooked.
For example, ecosystem services are usually
not visible in business transactions or national
economic accounts in Pacific Island countries.
Assessments of the economic value of marine
ecosystem services to Pacific Islanders can help
make society and decision makers alike aware of
their importance.

Vanuatu has therefore undertaken economic
assessments of its marine and coastal ecosystem
services, and is working on integrating the results
into national policies and development planning.
These economic values are also featured in the
maps of this atlas, to help maximize benefits
for Vanuatu.

For further reading, please see http://macbio-
pacific.info/marine-ecosystem-service-valuation/

Vanuatu’s marine ecosystem services

need to be fully recognized and sustainably

managed or they may be lost forever.
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SUPPORTING VALUES

STILL WATERS RUN DEEP: OCEAN DEPTH

It is important to understand how ocean depth influences both the distribution of life below the surface and the
management of human activities along the coasts of Vanuatu.

Vulnerable Vanuatu

Vanuatu is one of the most vulnerable coun-
tries in the world to natural hazards. The
World Risk Report 2012 identified Vanuatu
as having the highest natural risk exposure,
while the Natural Hazards Risk Atlas 2015
identified Port Vila as the world’s most ex-
posed city. Vanuatu is at risk from a range of
natural disasters including volcanoes, earth-
quakes, tsunamis and cyclones. For example,
many of the earthquakes that commonly
occur in Vanuatu (see chapter “Smoke un-
derwater, fire in the sea”) are above seven on
the Richter scale, and at least 19 earthquakes
are known to have generated tsunamis since
1950 . Since 1849, there have been 55 tidal
waves classified as tsunamis in Vanuatu, with
several of these resulting in loss of life and
damage to coastal infrastructure. Knowledge
about the depth of the ocean can help in un-
derstanding how tsunamis will propagate as
they approach the coast and where they are
likely to have the biggest impact.

Standing on Vanuatu’s shore and gazing into an
alluring turquoise lagoon, it is hard to imagine how
deep the ocean truly is. Approximately 1 per cent
of Vanuatu’s national waters are shallower than
200 metres, while the other 99 per cent are up to
8,000 metres deep (in the North New Hebrides
Trench). Changes in ocean depth, also known as
bathymetry, affect many other dimensions of hu-
man life and natural phenomena.

Bathymetric maps were originally produced to
guide ships safely through reefs and shallow pas-
sages (see chapters “Full speed ahead” and “One
world, one ocean”). Since ocean depth is corre-
lated with other physical variables such as light
availability and pressure, it is also a determining
factor in the distribution of biological communities,
either those living on the bottom of the sea (ben-
thic), close to the bottom (demersal) or in the water
column (pelagic).

In addition, bathymetry significantly affects the
path of tsunamis, which travel as shallow-water
waves across the ocean. As a tsunami moves, it
is influenced by the sea floor, even in the deepest
parts of the ocean. Bathymetry influences the en-
ergy, direction and timing of a tsunami. As a ridge

Shelf X------=m==----==-=- 2:0 0--m---

Bathyal

or seamount may redirect the path of a tsunami to-
wards coastal areas, the position of such features
must be taken into account by tsunami simulation
and warning systems to assess the risk of disaster.

As the bathymetry map shows, Vanuatu’s main
islands are located on a raised plateau less than
2,000 metres deep, which runs in a north-south
direction and extends beyond Vanuatu’s EEZ to
the north. To the immediate west of this plateau
lies the South New Hebrides Trench and the North
New Hebrides Trench. These two trenches have
depths greater than 6,000 metres, with the North
New Hebrides Trench reaching a maximum depth
of over 8,800 metres within Vanuatu’s EEZ.

In the north-west of Vanuatu’s EEZ is a raised area
of sea floor known as Torres Rise. This area rises
several thousand metres above the surrounding
sea floor, with its shallowest point only around
600 metres deep. To the west of the main Vanuatu
islands is an area of abyssal sea floor between
4,000 and 5,000 metres deep. On the eastern
side of the islands are several troughs and basins,
including the Vate and Futuna Troughs and the Er-
romango Basin, which are separated from the ad-
jacent abyssal area by areas of slightly raised sea
floor. The abyssal plains to the east of the main
islands are shallower than those to the west, with
depths generally between 3,000 and 3,500 metres,
but some areas shallower than 2,000 metres.

The sea floor can be divided into several differ-
ent zones based on depth and temperature: the
sublittoral (or shelf) zone, the bathyal zone, the
abyssal zone and the hadal zone. The sublittoral
zone encompasses the sea floor from the coast to
the shelf break —the point at which the sea floor
rapidly drops away. The bathyal zone extends from
the shelf break to around 2,000 metres depth.

MAXIMIZING BENEFITS FOR VANUATU @ SUPPORTING VALUES

The lower limit of the bathyal zone is defined as
the depth at which the temperature reaches 4°C.
This zone is typically dark and thus not condu-
cive to photosynthesis. The abyssal zone extends
from the bathyal zone to around 6,000 metres.
The hadal zone, the deepest zone, encompasses
the deep-sea floor typically only found in ocean
trenches, such as the North and South New
Hebrides Trenches.

13
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VOYAGE TO THE BOTTOM OF THE SEA:
GEOMORPHOLOGY

Vanuatu’s sea floor is rich in physical features that affect the distribution of biodiversity, fishing grounds, deep-sea
minerals and even tsunamis and underwater landslides.

The nation’s seascape is as diverse underwater as
its landscape above, including towering underwa-
ter mountains (seamounts) that attract migratory
species from hundreds of kilometres away, and
deep-sea canyons that carry nutrient-rich water
from the deep ocean to the shallow areas. Geo-
morphology (the study and classification of these
physical features) reveals both the geological
origin of the features as well their shape (morphol-
ogy), size, location and slope.

The geomorphology of the sea floor influences the
way the ocean moves (see also chapter “Go with the
flow”) and the distribution of water temperature and
salinity (see also chapter “Hotter and higher”). These
factors affect the distribution of biological commu-
nities, resulting in different biological communities
being associated with different types of sea-floor
geomorphology. For example, seamounts generally
have higher biodiversity and a very different suite
of species to the adjacent, deeper abyssal areas.

Similarly, different economic resources are often
associated with different features. Many fisheries
operate on certain features, such as the shelf,

1999 tsunami

On 26 November 1999, central Vanuatu
was struck by a 7.5 magnitude earthquake,
generating a tsunami that killed five people
and caused major damage to nearshore
infrastructure. The tsunami is thought to
have been generated by a submarine land-
slide in the Selwyn Strait (between Pente-
cost and Ambrym), highlighting the impact
that these out-of-sight structures can have
on life on land.

slope or over seamounts, based on where their
target species occur. In Vanuatu, important deep-
sea snapper is mostly found on outer reef slopes
and around seamounts (mainly in depths from
100 to 400 metres; see chapter “Fishing in the
dark”). Furthermore, different types of deep-sea
mineral deposits are also associated with different
features, such as the sea-floor massive sulfide de-
posits found along mid-ocean ridges (see chapter
“Underwater Wild West”).

0 km
200
! N 4?0
Ridge
2 - .
Pinnacles
Guyot Seamounts

< Trough Abyssal I;|i||s
o
% 4 - _/\“J\
E ‘_’_\’ —\
4
COntinentaI

Cru6st_- Granjte

Sediment

Subduction
Zone  Sediment

Drifts

Upwelling lava

MAXIMIZING BENEFITS FOR VANUATU @ SUPPORTING VALUES

Vanuatu’s waters harbour 18 different geomorphic
features, which are presented in this map and as-
sociated figures. The distribution of geomorphol-
ogy reflects many of the patterns observed in the
bathymetry map, as geomorphology is primarily
a classification of the shape of the sea-floor
features. The main Vanuatu islands are perched
on a raised plateau, surrounded by an area of
generally narrow shelf, which supports exten-
sive coral reefs. Ninety-three canyons incise the
slope adjacent to the islands. These canyons are
characterized as areas of high biodiversity due to
their steep sides featuring rocky slopes, strong
currents and enhanced access to food. They also
act as a conduit between the deep-sea floor and
the shallow shelf areas.

By Pacific Island standards, Vanuatu has relative-
ly few seamounts, with only 13 found within its
EEZ. Seamounts are large—over 1,000 metres
high—conical mountains of volcanic origin, while
guyots are seamounts with flattened tops (see
also chapter “Underwater mountains”). There
are also numerous ridges and chains of abyssal
mountains rising up from the sea floor. On all these
features, areas of steep sea floor (escarpments)
are likely to contain hard substrate which, coupled
with increased current flow, create ideal habitats
for filter-feeding organisms such as sponges and
cold-water corals.

Vanuatu’s waters also have several deep ocean
trenches, reaching depths greater than 6,000
metres. These trenches include the North and
South New Hebrides Trenches, which reach
over 8,000 metres at their deepest points. These
deep ocean trenches are likely to support a suite
of unique species.

15



SEAMOUNT MORPHOLOGY

Small, deep peak Small, short, very deep peak

Morphotype 1 Morphotype 7

-
- Morphotype 2 Morphotype 8
3

Morphotype 4 Large, tall, shallow peak

Intermediate

- Morphotype 11

Morphotype 5

Morphotype 10

Vanuatu Provisional
EEZ Boundary

Boundary as
25 501 0l deposited at UN
Copyright © MACBIO /;rch:_pelagic
Map produced by GRID-Arendal aseline

Sources: Becker et al, 2009; Claus et al, 2016; Harris and
Macmillan-Lawler, 2016; IHO-IOC GEBCO, 2017; Smith and Sandwell,
1997.

v e B s

@@@@A@AN@@
lan¥

SUPPORTING VALUES @ MAXIMIZING BENEFITS FOR VANUATU




UNDER WATER MOUNTAINS: SEAMOUNT MORPHOLOGY

Vanuatu has 13 known submarine mountains (commonly known as seamounts). Seamounts enhance productivity and
act as biodiversity hotspots, attracting pelagic predators and migratory species such as whales, sharks and tuna. Vul-
nerable to the impacts of fishing and mineral resource extraction, seamounts are becoming increasingly threatened.

Seamount morphotypes found in Vanuatu's waters

Large and tall seamounts with a shallow peak
— Morphotypes 9 and 10.

Medium-height seamounts with moderately
deep peak depths — Morphotypes 3, 5, and 11.

Small seamounts with a deep peak — Morpho-
types 1, 2, and 4.

Small and short seamounts with a very deep
peak — Morphotypes 7 and 8.

Seamounts are important features of the ocean
landscape, providing a range of resources and
benefits to Vanuatu. Many have elevated biodi-
versity compared to surrounding deep-sea areas.
They can therefore function as stepping stones, al-
lowing hard substrate organisms to disperse from
one underwater island to another, thereby expand-
ing their range across ocean basins. Seamounts
are also key locations for many fisheries (see also
chapter “Fishing in the dark”) and are known

to contain valuable mineral resources (see also
chapter “Underwater Wild West”). As demand for
these resources continues to grow, the need for
focused management is increasing. The ad-
verse impacts of mismanaged mineral resources
extraction have the potential to severely impact
seamount ecosystems.

Just like mountains above the sea, seamounts dif-
fer in size, height, slope, depth and proximity, with
different combinations of these factors recognized
as different morphotypes likely to have different
biodiversity characteristics (Macmillan-Lawler and

Harris, 2015). The map presents a classification
of seamounts identified by Harris et al. (2014) into
morphotypes within Vanuatu’s waters. Physical
variations such as depth, slope and proximity are
known to be important factors for determining the
structure of biological communities. For example,
many species are confined to a specific depth
range (Rex et al., 1999; Clark et al., 2010). There-
fore both the minimum depth (peak depth) and the
depth range (height) are likely to be strongly linked
to the biodiversity of a given seamount.

Slope is also an important control in the structure
of seamount communities, with steep slopes,
which are current-swept, likely to support different
communities to flat areas, which may be sedi-
ment-dominated (Clark et al., 2010). Seamounts
in close proximity commonly share similar suites
of species with one another and also with nearby
areas of the continental margin.

The 13 seamounts in Vanuatu’s waters represent
six of the 11 global morphotypes. Understanding

Basal area

this distribution of the different morphotypes is
important for prioritizing management actions. For
example, seamounts with shallow peak depths
that fall within the Epipelagic (photic) zone are
hotspots for biodiversity. In Vanuatu’s case, this
includes a single large, tall and shallow peaked
seamount (morphotype 10) to the west of the main
islands. Over half the seamounts in Vanuatu’s wa-
ters are part of the intermediate seamount group
(morphotypes 5 and 11). These are small to medi-
um in size, with medium heights and a gradation in
peak depths from moderately shallow through to
moderately deep.

Those with moderately shallow peak depths are
more likely to be exposed to fishing impacts than
deeper-peaked ones. The remaining seamount
morphotypes are characterized by deep to very
deep peak depths, so are less likely to be targeted
directly by fishing. However, with the push to ex-
plore seabed mineral resources, seamounts—with
their associated cobalt-rich crusts—are likely to
come under increasing pressure.
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TECTONIC ACTIVITY
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SMOKE UNDER WATER, FIRE IN THE SEA:
TECTONIC ACTIVITY

Vanuatu is located on the Pacific Ring of Fire, a highly active tectonic zone. Above water, this tectonic activity means
that Vanuatu is under threat from possible earthquakes and tsunamis. Underwater, the tectonic activity produces mag-
nificent underwater volcanoes and hydrothermal vents which, in turn, spawn unique complex but fragile ecosystems

that contribute to Vanuatu’s rich marine biodiversity. These features also deposit minerals, making them an attractive,
if conflicting, target for deep-sea mining exploration and extraction.

Vanuatu’s islands are young in geological terms
and formed during four main periods of volcan-
ic activity. While Maewo and Pentecost formed
between 4 and 11 million years ago, Futuna and
Mere Lava formed between 2 and 5 million years
ago, and all remaining islands formed within the
last 3 million years. It is believed that at least 20
per cent of Vanuatu’s land mass formed within the
last 200,000 years (Ministry of Lands and Natural
Resources, 2014). These island-building processes
continue, driven by plate tectonics. Vanuatu sits
atop the Pacific Plate and has an active subduc-
tion zone to its west. This zone runs from Matthew
and Hunter Islands in the south to the Tinakula
volcano in the Solomon Islands to the north.

This tectonic activity shapes not only the islands
of Vanuatu but also its undersea landscape. In
these tectonically active areas of sea floor, features
known as hydrothermal vents are often found.
These are fissures in the Earth’s surface from
which geothermally heated water (up to 450°C)
escapes. Under the sea, hydrothermal vents may
develop black or white smokers. These roughly
cylindrical chimney structures can reach heights
of 60 metres, forming from either black or white
minerals that are dissolved in the vent fluid.

The black and white smokers and their miner-
al-rich warm water attract many organisms and
have unique biodiversity. Chemosynthetic bacteria
and archaea, both single-celled organisms, form
the base of a food chain supporting diverse organ-
isms, including giant tube worms, clams, limpets
and shrimp. Some scientists even suggest that life
on Earth may have originated around hydrothermal
vents. Along with their unique biodiversity, these
vents are also a hotspot of minerals. Massive
sulfides (including gold and copper), cobalt and
rare earth metals occur in high concentrations in
vent systems, which are increasingly being ex-
plored for their mineral resources (see also chapter
“Underwater Wild West”).

The Pacific region is one of the most tectonically
active regions in the world. The Pacific Ring of Fire,
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Many Anomuran crabs attached to a hydrothermal chimney at 2,397 metres depth.

What's happening underwater?

In the late 1990s, a team of Australian scien-
tists had a hunch that something special was
happening in the waters off Vanuatu. They
were proved right in September 2001, when
an expedition led by the Commonwealth
Scientific and Industrial Research Organisa-
tion (CSIRO) discovered Vanuatu’s first ever
hydrothermal vent—a hot, powerful underwa-
ter spring that produces new, often valua-
ble, minerals and supports one of the most
remarkable ecosystems in the natural world.

stretching clockwise from New Zealand all the way
around to South America, is home to around 90
per cent of the world’s earthquakes. Pacific Island
countries such as Vanuatu are part of the Pacific
tectonic plate, thus subject to volcanic and seismic
activity. The activity affecting Vanuatu is primarily
centred on the eastern side of the large ocean
trenches—the North and South New Hebrides
Trenches. This means that many earthquakes are
focused either near or directly on the main islands

of Vanuatu. Numerous magnitude 6 earthquakes or
above have occurred in this region, with several of
the larger ones measuring over magnitude 8. Earth-
quakes can, under certain circumstances, generate
tsunamis. For example, in 1999 a 7.5 magnitude
earthquake near central Vanuatu generated a tsuna-
mi that killed five people and caused major damage
to coastal infrastructure (see also chapter “Voyage
to the bottom of the sea”).

As the map shows, Vanuatu’s waters harbour not
only numerous deep-sea hydrothermal vents, but
also more than 20 volcanoes. At least five of these
(Mt Yasur, Ambrym, Lopevi, Mt Garet and Man-
aro) are still active. Mt Yasur on Tanna Island is
one of the most active and accessible volcanoes
in the world, typically erupting several times an
hour, making it one of Vanuatu’s primary tourist
attractions. To the north, the lesser known Manaro
volcano may be becoming more active. After lying
dormant for 120 years, its activity increased signifi-
cantly in 2005, resulting in the displacement of half
the island’s population. In September 2017, a full
evacuation of Ambae was undertaken as Mana-
ro reached level 4 on the Vanuatu Volcanic Alert
Scale, posing the threat of a very large eruption.

Tectonic activity is key to the creation of the
Pacific Islands and atolls, many of which sit upon
active or inactive volcanoes (see also chapter
“Underwater mountains”).
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GO WITH THE FLOW: SALINITY AND SURFACE CURRENTS

Ocean currents are driven by a combination of thermohaline currents (thermo = temperature; haline = salinity) in the
deep ocean and wind-driven currents on the surface. Ocean currents affect climate, the distribution of biodiversity
and the productivity of the seas, particularly during extreme EIl Nino years.

A trip around the world

It took Magellan more than three years (from
1519 to 1522) to be the first person to cir-
cumnavigate the Earth. The current record for
this trip is 67 hours by plane and 50 days by
sailboat. Water in the ocean is not in such a
rush, taking much more time on its journey
on the global ocean conveyor belt. Within this
belt, the ocean is constantly in motion due to
a combination of thermohaline currents in the

deep, and wind-driven currents at the surface.

Cold, salty water is dense and sinks to the
bottom of the ocean, while warm water is less
dense and remains at the surface.

The global ocean conveyor belt starts in the
Norwegian Sea, where warm water from the Gulf
Stream heats the atmosphere in the cold north-
ern latitudes. This loss of heat to the atmosphere
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makes the water cooler and denser, causing

it to sink to the bottom of the ocean. As more
warm water is transported north, the cooler
water sinks and moves south to make room

for the incoming warm water. This cold bottom
water flows south of the equator all the way
down to Antarctica. Eventually, the cold bottom
water returns to the surface through mixing and
wind-driven upwelling, continuing the conveyor
belt that encircles the globe (Rahmstorf, 2003),
crossing the Pacific from east to west.

A full circle takes about 1,000 years. No rush
at all!

Salinity also greatly influences the distribution
of marine life (Llning, 1990; Gogina and Zettler,
2010). Salinity is the concentration of dissolved
salt, measured as the number of grams of salt per
kilogram of seawater. The salinity of the global
oceans is generally around 35, with a maximum
salinity of over 40 found in the Mediterranean and
Red Seas, and a minimum salinity of less than
five in parts of the Baltic and Black Seas. Gener-
ally, salinity is higher in the warmer low-latitude
waters and lower in the cooler high-latitude wa-
ters. The salinity of Vanuatu’s waters has a nar-
row range—between 34.5 in the northern part of
the EEZ and 35.4 in the southern part of the EEZ.
Salinity also varies by depth, with a strong salinity
gradient forming in the upper layers, known as
a halocline.

In contrast to the deep-sea currents, Vanuatu’s
surface currents are primarily driven by wind.
Their direction is determined by wind direction,
Coriolis forces from the Earth’s rotation, and
the position of landforms that interact with the
currents. Surface wind-driven currents generate
upwelling in conjunction with landforms, creating
vertical water currents. The westward flowing
South Equatorial Current, which is strongest north
of Espiritu Santo, is driven by the south-east
trade winds. Its general westward flow is broken
into zonal jets (Webb, 2000), which are thought
to be the result of a number of processes, includ-
ing the structure of the mid-Pacific winds, which
induce mid-basin bands of stronger flow, curl
dipoles behind the islands, and the blocking of
currents by the islands (Kessler and Gourdeau,
2006). Webb (2000) showed that the extensive
shallow topography around Fiji, New Caledonia
and Vanuatu resulted in the formation of prom-
inent zonal jets at the northern and southern
extremities of the islands. South of the South
Equatorial Current, the currents weaken and turn
into a generally southerly flowing current.

Both kinds of currents—the thermohaline ones
in the deep water and the wind-driven one on

the surface—are very important to Vanuatu. On
their journey, water masses transport two things
around the globe and through Vanuatu’s waters.
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Firstly, matter such as solids, dissolved substanc-
es and gases are carried by the currents, includ-
ing salt, larvae (see also chapter “Travellers or
homebodies”), plastics and oil (see also chapters
“Plastic oceans” and “Full speed ahead”). Sec-
ondly, currents transport energy in the form of
heat. Currents therefore have a significant impact
on the global climate.

El Nifio is an example of the big impact that re-
gional climate variability related to ocean currents
has on Vanuatu (see graphs and chapter “Hot-
ter and higher”). Normally, strong trade winds
blow from east to west across the Pacific Ocean
around the equator. As the winds push warm sur-
face water from South America west towards Asia
and Australia, cold water wells up from below in
the east to take its place along the west coast
of South America. This creates a temperature
disparity across the Pacific, which also keeps the
trade winds blowing. The accumulation of warm
water in the west heats the air, causing it to rise
and create unstable weather, making the western
Pacific region warm and rainy. Cool, drier air is
usually found on the eastern side of the Pacific.

In an El Nifio year, the trade winds weaken or
break down. The warm water that is normally
pushed towards the western Pacific washes back
across, piling up on the east side of the Pacific
from California to Chile, causing rain and storms
and increasing the risk of cyclone formation over
the tropical Pacific Ocean (Climate Prediction
Center, 2005) (see also chapter “Stormy times”).

On the other side, the western Pacific experienc-
es particularly dry conditions. The periods 1997—
1998 and 2014-2016 witnessed some of the most
extreme events on record in the region. Between
2015 and 2017, Vanuatu experienced its worst
and most sustained drought in decades. Many of
the worst affected areas were also those severely
hit by Cyclone Pam, itself one of the worst natural
disasters in the history of Vanuatu. Throughout
this period, a food security crisis loomed that
saw many communities struggle to survive, with
young children the most acutely affected. More-
over, El Nifo contributes to an increase in global
temperatures. In the particularly hot year of 2015,
El Nifio was responsible for about 10 per cent
of the temperature rise. In turn, rising global and
ocean temperatures may intensify El Nifio (Cai
et al., 2014).

In summary, sea currents driven by wind, heat
and salinity influence not only Vanuatu’s marine
biodiversity, but also its rainfall patterns and tem-
perature on land.

SEA SURFACE CURRENTS

Direction and velocity (m/s)
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STIR IT UP: MIXED LAYER DEPTH

Vanuatu’s waters are stirred by winds and heat exchange. How deep this disturbance goes influences both the climate

and the marine food chain.

The waters surrounding Vanuatu are often chop-
py and turbulent, creating a ‘mixed layer’ in the
upper portion of sea surface where active air-sea
exchanges cause the water to mix and become
vertically uniform in temperature and salinity, and
thus density.

The mixed layer plays an important role in the
physical climate, acting as a heat store and help-
ing regulate global temperatures (see also chapter
“Hotter and higher”). This is because water has a
greater capacity to store heat compared to air: the
top 2.5 metres of the ocean holds as much heat
as the entire atmosphere above it. This helps the
ocean buffer global temperatures, as the heat re-
quired to change a mixed layer of 25 metres by 1°C
would be sufficient to raise the temperature of the
atmosphere by 10°C. The depth of the mixed layer
is thus very important for determining the tempera-
ture range in Vanuatu’s waters and coastal regions.

16|5“E
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In addition, the heat stored within the oceanic
mixed layer provides a heat source that drives
global variability, including El Nifio (see also chap-
ter “Go with the flow”).

The mixed layer also has a strong influence on
marine life, as it determines the average level of
light available to marine organisms. In Vanuatu and
elsewhere in the tropics, the shallow mixed layer
tends to be nutrient-poor, with hanoplankton and
picoplankton supported by the rapid recycling of
nutrients (e.g. Jeffrey and Hallegraeff, 1990; see
also chapters “Soak up the sun” and “Travellers or
homebodies”). In very deep mixed layers, the tiny
marine plants known as phytoplankton are unable
to get enough light to maintain their metabolism.
This affects primary productivity in Vanuatu’s wa-
ters which, in turn, impacts the food chain. Mixed
layer depth can vary seasonally, with consequen-
tial impacts on primary productivity. This is espe-
cially prominent in high latitudes, where changes in
the mixed layer depth result in spring blooms.

The depth of the mixed layer in Vanuatu’s waters
ranges from 33 metres to a maximum of 43 me-
tres, with a mean depth of around 38 metres. The
shallowest mixed layer depths correspond to the
sheltered areas to the immediate south and east of
the main islands. The deepest mixed layer depths
are found to the north of the main islands—an area
that corresponds to the strongest sea surface cur-
rents from the South Equatorial Current. Globally,
mixed layer depths range from 4 metres to nearly
200 metres depth. The deepest mixed layer depths
are generally found in the sub-Antarctic regions
and the high latitudes of the North Atlantic.



PUMP IT: PARTICULATE ORGANIC CARBON FLUX

Vanuatu'’s sea has valuable ocean pumps that control nutrients, fuel marine life and affect carbon storage.

Oceanic carbon naturally cycles between the sur-
face and the deep via two pumps of similar scale
(see graphic). The solubility pump is driven by
ocean circulation and the solubility of carbon di-
oxide (CO,) in seawater. Meanwhile, the biological
pump is driven by phytoplankton (see also chapter
“Soak up the sun”) and the subsequent settling
of detrital particles or the dispersion of dissolved
organic carbon.

Vanuatu’s ocean pumps are measured by particu-
late organic flux (the total amount of organic carbon
reaching the sea floor) as seen on the map. Organic
detritus passing from the sea surface through the
water column to the sea floor controls nutrient
regeneration, fuels benthic life and affects the burial
of organic carbon in the sediment record (Suess,
1980). As the ocean’s biological pump is a direct
pathway that allows carbon from the atmosphere
to be sequestered in the deep-sea floor, it is one of
the mechanisms that moderates climate change.

In fact, Vanuatu’s ocean pumps are a key part of
blue carbon—the carbon captured by the world’s
oceans and coastal ecosystems. The carbon cap-
tured by living organisms in the oceans is stored as
biomass and can be trapped in sediment. Key car-
bon-capturing ecosystems include mangroves, salt
marshes, seagrasses and potentially algae (see also
chapter “Home, sweet home”). The social value of
carbon sequestration by mangroves and seagrass-
es in Vanuatu has been estimated to be worth up
to US$1.4 million per year (Pascal et al., 2015).

The patterns of particulate organic carbon flux
in Vanuatu’s waters closely reflect the depth of
the sea floor, with higher rates in the shallow
water compared with the deep. Particulate organ-
ic carbon flux is low throughout the majority of
Vanuatu’s waters, with rates of less than 1 gram
of organic carbon/m2/year reaching much of the
deep-sea floor. This is consistent with deep-sea
rates globally. The maximum rates of particulate
organic carbon flux occur in the shallow coastal
zones, where rates are up to a maximum of

6 grams/m2/year.

Whale falls

Several whale species are commonly sight-
ed in Vanuatu, and although they have less
cultural importance than in, say, Fiji, their
demise still plays a significant role in bio-
geochemical cycling. When a whale passes
away, its carcass sinks to the bathyal or
abyssal zone, deeper than 1,000 metres
(Russo, 2004; see also chapter “Still waters
run deep”). On the sea floor, it can create
complex localized ecosystems that can
sustain deep-sea organisms for decades.
Moreover, a whale carcass contains a lot of
carbon, which it transports to the bottom of
the sea. This transport is part of the biologi-
cal pump—the flux of organic material from
the surface ocean to depth. Food falls (such
as whale carcasses) may contribute up to 4
per cent of the total carbon flux to the deep
ocean (Higgs et al., 2014).

0
0 0
0 0
) )
vV Vv

particulate

A
)
0
0
o

dissolved

<€oeoo

Carbon

PARTICULATE '
ORGANIC CARBON =
FLUX (gC_mz2yr) ]

org

32
0

[ NobData

Vanuatu Provisional
EEZ Boundary

P

Boundary as
deposited at UN

Archipelagic
Baseline

50 100 200 kml

Copyright © MACBIO f
Map produced by GRID-Arendal )

Sources: Becker et al, 2009; Claus
et al, 2016; Lutz et al, 2007; Smith
and Sandwell, 1997.

Lo (T
'..ff,,.l

4 b 4l ’
AL 1IN

MAXIMIZING BENEFITS FOR VANUATU @ SUPPORTING VALUES

23



24

SOAK UP THE SUN: PHOTOSYNTHETICALLY
AVAILABLE RADIATION

The amount of light available in Vanuatu’s waters determines the growth of plants, including tiny phytoplankton—the
basis of the marine food chain—and thus the rate of carbon capture.

However, in Vanuatu’s coastal waters, increased
nutrients from land-based activities, such as farm-
ing and wastewater treatment, can result in harm-
ful algal blooms. These blooms can affect coastal
habitats, for example the growth of macroalgae
can smother coral reefs and limit light availability,
both of which can lead to rapid declines in reef bi-
odiversity (Fabricius, 2005). Blooms can therefore
have a detrimental impact on living creatures and
ecosystems, resulting in fish die-offs, water being
unsafe for human consumption, or the closure
of fisheries.

Marine phytoplankton, however, play a key role in
the global climate system and in supporting Va-
nuatu’s complex marine food webs. Understand-
ing their spatio-temporal variability by analysing

chlorophyll-a concentrations is therefore an im-

T

portant goal of present-day oceanography. Con-
sequently, chlorophyll-a concentration is routinely
measured in the ocean and is also considered to
be an important parameter of global physical-bio-
logical oceanic models.

Globally, photosynthetically available radiation
is highest in the tropics and decreases at high
latitudes, with some variation due to cloud cover
and other atmospheric conditions. As a result,
photosynthetically available radiation is moder-
ately high in Vanuatu’s waters and mirrors the
global pattern, with higher levels in the northern
parts of Vanuatu’s waters compared to further
south. Within this overall trend, there are other
variations: for example, photosynthetically avail-
able radiation is highest directly north and west
of the main islands, and significantly lower to the
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direct south and east. This is a reflection of the
local climatic conditions, with the predominantly
easterly trade winds (see also chapter “Go with
the flow”) resulting in less cloud cover over the
leeward side of the larger islands (Vanuatu Mete-
orological Service, 2016).

Ocean gardens

For plants to thrive, they need three things:
water, sunlight and nutrients. In Vanuatu’s
sea, the first is obviously not an issue. The
second is also not a problem, with the sun
shining on Vanuatu’s tropical waters year-
round. Thus, there is always radiation avail-
able for photosynthesis—the process used
by a plant to convert light energy into chem-
ical energy that can later be released to fuel
its activities. However, the third requirement,
nutrients, is often the limiting factor in the
seas of Vanuatu.

The energy from sunlight is absorbed by
green chlorophyll pigments that transform
sunlight into energy. Only sunlight of a spe-
cific wavelength range (400 to 700 nano-
metres) can be converted into energy. This
wavelength range is referred to as photo-
synthetically available radiation, also known
as photosynthetically active radiation.

Growing in Vanuatu’s sunlit surface waters is
a myriad of tiny plants called phytoplankton,
which literally means drifter plants (see also
chapter “Travellers or homebodies”). They
are full of chlorophyll, which gives them their
greenish colour. Chlorophyll absorbs most
visible light, but reflects some green and
near-infrared light. There are six different
types of chlorophyll molecules, with chlo-
rophyll-a the most common type in phyto-
plankton. Measuring chlorophyll-a concen-
tration gives a good indication of primary
productivity in the oceans.

Nevertheless, marine plants cannot live

off water and light alone. They also re-
quire nutrients, including iron, nitrate and
phosphate (see also chapter “The dose
makes the poison”). Since these nutrients
are generally low in Vanuatu’s waters,
phytoplankton quickly consume nutrients
whenever they do become available. There
is a school of thought that fertilizing are-
as of ocean may stimulate phytoplankton
growth, capturing carbon which may sink
to the ocean floor (see also chapter “Pump
it”). Could this be the solution to climate
change (see also chapter “Hotter and high-
er”)? However, the many ocean fertilization
experiments worldwide using iron, phos-
phate or nitrate have yet to show feasibility
on a scale large enough to reduce global
emissions (Matear, 2004).



There is also seasonal variation in photosyn-
thetically available radiation in Vanuatu. The
greatest variation occurs in the very northern
part of the Vanuatu’s waters, where photosyn-
thetically available radiation varies by up to 20
per cent throughout the year. This is in part due
to changes in atmospheric conditions, such as
cloud cover. In Port Vila, the average percentage
of the sky covered by clouds experiences signifi-
cant seasonal variation, with the cloudiest days
occurring from December to March and the least
cloudy days from June to September.

The chlorophyll-a concentration in Vanuatu’s wa-
ters is generally very low, with concentrations in
its offshore waters less than 0.1 gram per m3 of
seawater. Most of the tropical regions of the open
oceans have similarly low chlorophyll-a concen-
trations. In contrast, within temperate and arctic
regions, these concentrations can approach 1
gram per m3 of seawater. The shallow coastal e,
regions of Vanuatu have slightly increased chlo- Bloom of Trichodesmium erythraeum in the South-West Pacific Ocean between New Caledonia and Vanuatu.
rophyll-a concentrations, with up to 0.4 grams
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