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EXECUTIVE SUMMARY

Recognizing the importance of marine ecosystems
for the survival and well-being of the population,
the Mozambican government has committed to
meet several national and international conservation
targets, with a view to increasing the protection of
marine biodiversity that is poorly represented in the
current network of Marine Protected Areas (MPAs).
The current network of MPAs covers around 2.2% of
the Economic Exclusive Zone (EEZ), falling short of
the 10% target defined in the Aichi 2020 Biodiversity
Targets, as well as the 5% by 2025 defined in target
11A of the National Biodiversity Strategies and Action
Plans (NBSAP), and the 30% by 2030 established in
the High Ambition Coalition (HAC).

There is an urgent need and desire to expand the
national network of MPAs, and several additional areas
have already been identified as potential protection
sites. However, to make an informed decision on the
expansion of MPAs, a robust analysis considering
marine biodiversity and socio-economic activities
in the ocean was required. As such, a program to
develop scenarios to guide the government in the
strategic expansion of MPAs in Mozambique was
developed in September 2020. This program has been
implemented through a joint partnership between
WCS-Mozambique, and the National Institute for
Fisheries Research under the Ministry of Sea Inland
Waters and Fisheries (MIMAIP) using funding from
the WCS Marine Protected Area Fund (MPA Fund).

Through this process, a coordination group was created
comprised of institutions from MIMAIP, Ministry
of Land and Environment (MTA), other ministries
and civil society organizations, with the purpose of
becoming the forum to discuss aspects related to the
expansion of the MPA network. This coordination
group conducted a comprehensive review of published
and grey literature to identify data on marine
biodiversity and human activities in the ocean. Using
this data, priority areas for potential MPA expansion
were identified by: i) mapping ecosystems, species
and other important areas; ii) understanding human
uses of Mozambique’s EEZ, and iii) combining these
data to identify new MPA priorities. The conservation
planning software prioritizr was used to explore three
different MPA expansion scenarios, namely: scenario

A, covering 7-8% of Mozambique’s EEZ; scenario
B, covering 10-12% of the EEZ; and scenario C,
expanding protection to 30% of the EEZ. These
scenarios were based on Mozambique’s international
conservation commitments, such as the Aichi Targets

and the High Ambition Coalition.

In scenario A, MPA priority areas are concentrated
mainly in coastal areas and along the continental shelf,
which are the most biodiverse waters in Mozambique.
In scenarios B and C, increased targets for offshore
ecosystems led to the selection of many remote areas in
the southern and central parts of Mozambique’s EEZ.
Importantly, this spatial prioritization provides an
evidence-based approach to identifying conservation
priority areas, but does not decide about where to
establish MPAs. Final MPA design requires a more
comprehensive process, including more intensive

stakeholder feedback,

assessments, and more.

expert review, feasibility

While the results of this analysis can be improved
when more data becomes available, the government
now has appropriate information to make informed
decisions about how to expand the MPA network
to achieve the protection goals to which the country
has committed under the various conventions and
initiatives. Considering that the National Marine
Spatial Plan (POEM) is already finalized and approved,
Mozambique now has an excellent opportunity to use
the results of this analysis to help guide the expansion
of its National Network of Marine Protected Areas.

Figure 0. Mangrove Forest os Quipaco Bay, Cabo Delgado
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SECTION 1. INTRODUCTION

1.1 Background

Mozambique harbours a wide variety of marine and
coastal ecosystems from mangroves to coral reefs,
through seamounts and coastal dune systems. The
Mozambican government recognizes the importance of
these ecosystems and has committed to meeting several
national and international conservation targets, such
as those of the Convention on Biological Diversity
(CBD), through the 2015-2035 National Biodiversity
Strategy and Action Plan (NBSAP).

The current Marine Protected Area (MPA) network
covers about 2.2% of the EEZ, falling short of the 10%
2020 Aichi Biodiversity Targets, which Mozambique
has ratified (Figure 1). Furthermore, the NBSAP aims
to protect 5% of the marine ecosystems by 2025, and in
2019 Mozambique committed to the High Ambition
Coalition (HAC) initiative 30/30, which intends to
protect at least 30% of its land and sea by 2030.

Many ecosystems and species are, in fact, still poorly
represented and protected under the current MPA
network. There is a recognized need and will to further
expand the national network of MPAs, and several
additional areas have been identified as potential sites
for protection. For example, the Wildlife Conservation
Society Mozambique (WCS), in partnership with
the Government, has implemented a project to
identify Key Biodiversity Areas (KBAs) according
to the recent 2016 IUCN Global Standard, and
four marine and nine coastal KBAs were mapped
(WCS, Government of Mozambique and USAID,
2021). Due to their importance, these areas could
potentially receive formal protection in the future.
Nonetheless, to make an informed decision about MPA
expansion, the Government needs to rely on robust,
scientific information, comprising both biological/
environmental and socio-economic elements.

The country faces difficulties in meeting the targets
mentioned above and several factors hamper the sound
development of an adequate framework to pursue these
objectives, such as i) the existence of multiple targets
from different conventions, and ii) the lack of financial
and scientific information for the identification and
management of protected areas.

A Guide for Ecological Monitoring of Marine and Coastal Habitats in Mozambique
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Figure 1. Map of Mozambique, its Exclusive Economic Zone,
main Ports and Marine protected areas

1.2 Objectives

The present document is the result of a process
established by the WCS and the National Institute
for Fisheries Research (IIP) with the goal of creating
a framework where adequate institutional
mechanisms and technical tools exist to support
the process of MPA network expansion towards the
achievement of national and international targets.

The specific objectives are as follows:

® Establish a coordination group composed of relevant
national stakeholders to support the current process.

® Identify appropriate areas where efforts can be
directed to establish new and/or expand existing
MPA:s.

® Inform the national Marine Spatial Planning (MSP)
process by providing data layers to be incorporated
in a wider analysis.



SECTION 2. MOZAMBIQUE'S MARINE ENVIRONMENT

Mozambique is located along the southeast coast of
Africa, bordered by the Republic of Tanzania to the
north, South Africa to the south, and the Comoros
Islands, Madagascar, and Mayotte to the east
(Republica de Mogambique, 2021a). The Mozambican
Exclusive Economic Zone (EEZ) is estimated to cover
around 562,000 km? (Republica de Mogambique,
2021a), but the delineation of the official boundaries
has not yet been finalized and is pending negotiations
with Madagascar, France and South Africa (Republica
de Mogambique, 2021a).

The country’s climate ranges from subtropical in the
south to tropical in the north, characterized by two
very distinct seasons: a cold, dry season from May
to September and a hot, wet season from October to
April. The sea surface temperature for the entire EEZ
ranges between 23.9 and 28.9 °C, and is generally
higher in the northern part of the Mozambique
Channel (Johnsen ez al., 2007).

The coastline of Mozambique is about 2,700 km long.
Thanks to this extensive, diverse and relatively pristine
coastline, Mozambique has exceptional conditions for
the occurrence of a great diversity of habitats (Pereira
et al., 2014). Coastal and near-shore habitats include
mangrove forests and marshes, coastal dunes, sandy
beaches, muddy and rocky shores, coral reefs, estuaries,
bays, and seagrass beds that provide suitable habitat
for many species, including threatened species such as
turtles, dugongs, and many others. In addition to these
coastal ecosystems, the deep-water pelagic and seabed
ecosystems make up the majority of the country’s EEZ
(UNEP-Nairobi Convention and WIOMSA, 2021).

Unique to Mozambique is its extremely wide and flat
continental shelf area. This shelf covers around 19% of
Mozambique’s EEZ (104,300 km?), forming a unique
marine system that is extremely productive and very
important for fisheries. The largest and most important
continental shelf areas in Mozambique’s EEZ are the
Sofala Bank in the central part and the Delagoa Bight
in the south (Figure 2).

2.1 Marine and coastal habitats and ecosystems

The Mozambican marine environment is characterized
by a great diversity of ecosystems. Based on Tinley
(1971), the Mozambican coastline can be divided
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Figure 2. Bathymetry of Mozambique

into three sections with distinct geomorphological
characteristics, each supporting a diversity of marine
ecosystems:

(i) The southern coast (parabolic dunes coast) from
Ponta do Ouro to the Bazaruto Archipelago: A
dune coast, dominated by sandy beaches, vegetated
parabolic dune systems as high as 125 m and brackish
coastal lagoons of high biodiversity, some of which
are also important tourism attractions. Where lagoons
are open to the ocean, large estuary areas occur which
support seagrass meadows. Corals colonizing sandstone
reef formations are typical, and soft coral species are
more predominant than hard reef building species.
Sandy beaches throughout this coast provide optimal
nesting habitat for marine turtles.

(i) The central coast (swamp coast) from the
Bazaruto Archipelago to Angoche: A characteristically
swampy, with shallow muddy beaches, rich organic
fluvial sediments. More than 24 rivers discharge in this



section supporting extensive mangroves, soft-sediment
intertidal habitats, large swamps and estuaries. The
continental shelf is very wide reaching up to 140 km
around Beira. High turbidity limits extensive coral
reefs formations along this section of coast. The swamp
coast is particularly important for more than 73
species of waterbirds, including several vulnerable and
threatened species and fishery industry, particularly
prawn fisheries.

(iii) The northern coast (coral coast) from Pebane to
the Rovuma estuary bordering Tanzania: This section
is characterized by fringing, barrier and island reefs,
clear and warm waters. These reefs are mainly formed
by calcium carbonate-secreting organisms (mainly
corals) and extremely important for biodiversity and
physical protection of the coast from erosion induced
by wave energy..

Some of the main ecosystems that are found in the
Mozambican marine environment, such as coral reefs,
mangrove forests, seagrass beds, parabolic dunes and
oceanic waters, are briefly described below.

Mangrove Forests

Mangroves are important coastal ecosystems that
provide economic and environmental benefits for a
large part of the population living in the coastal areas
(Pereira er al., 2014). Mangrove forests are among
the most productive areas of the planet, and are also
considered the most effective carbon sinks (Obura
et al., 2012). In Mozambique they cover an area of
about 2,259 km?* and are distributed along the entire
coastline, although they are more abundant in the
central region, in the provinces of Sofala and Zambézia
(Shapiro, 2018), and occur mostly in the deltas and

estuaries of major rivers (Barbosa ez al., 2001).

Figure 3. Mangrove forest from Pomene National Reserve

Mozambique’s mangrove forests are considered the
most diverse in the African continent (Griffiths,
2005). At the national level there are nine species
of plants that form mangrove forests (Barbosa ez al.,
2001), although the diversity can be much higher if all
the associated plants species found in the adjacent and
transition zones are taken into account. Major threats
to these ecosystems include logging, deforestation for
agriculture and salt production, pollution by oil and gas,
reduced freshwater flows, and uncontrolled population
migration and coastal industrial development (Pereira

et al., 2014, Republica de Mogambique, 2021b,c).

Dunes, Shores, Estuaries and Bays

Dune ecosystems are present along the coastline
of Mozambique, most notably in the southern
region (Massinga and Haton, 1996). In this region,
parabolic dunes extend for over 850 km along the
shoreline and characterize the coast from Bazaruto
Island to Ponta do Ouro (Tinley, 1985; Louro, 2005;
Republica de Mogambique, 2021b, 2021c). These
systems are generally composed of two different
dune types: primary dunes, which are more coastal,
recent, dynamic and smaller; and secondary dunes,
which are more inland, stable and older. In ecological
terms, parabolic dunes are considered important
reservoirs of biodiversity (Louro, 2005). They allow
the development of typical floristic communities that
support the coastal dune forest and provide essential
habitats for several groups of animals including nesting
sites for marine turtles and coastal and migratory birds
(Louro, 2005; Republica de Mogambique, 2021).
These dune systems are also an outstanding tourist
attraction (Louro, 2005; Republica de Mogambique,
2021b, ¢).

Besides sandy beaches that are very common along
the entire coastline, Mozambique also has a significant
stretch of rocky shores that are mainly distributed
along the coral coast in the north and the parabolic
dune coast in the south. However, apart from some
localized studies, little attention has been paid to the
rocky shores in Mozambique. Besides macroalgae, not
much is known about the biodiversity, exploitation
and conservation status of these areas. However, it is
well known that rocky shores play an important role
in coastal protection and also serve as nursery grounds
and permanent habitat for several commercially
important species. In certain areas like Xai-Xai and
Ponta do Ouro Partial Marine Reserve, rocky shores
provides important resources for the subsistence of
local communities (Pereira et al., 2014).



Due to an extensive drainage network that includes
about 100 major river basins and several rivers,
Mozambique also has large estuarine areas, mostly
funnel-shaped or delta-front topographies. The
estuaries of large rivers like the Zambezi, Pingue¢, Buzi
and Save are all in the central part of Mozambique,
Consequently, it is a highly productive area due to
nutrient-rich runoff, and supports large populations of

important species such as shallow water shrimp.

Mozambique is also home to a number of notable
bays, such as Maputo Bay, which together with the
Sofala Bank forms a major fishing area that contributes
significantly to Mozambique’s economy. Other bays
on the Mozambican coast include Pemba Bay, Fernao

Veloso Bay, Conducia Bay, and Memba Bay near
Nacala (Pereira ez al., 2014).

Figure 4.Top: Rocky shore at Tofo Beach, bottom: Coastal
dunes in the Ponta do Quro Partial Marine Reserve

Coral Reefs

Coral reef ecosystems are found mostly in the north
of the country, although they occur to a lesser extent
in the rocky reef zones of the south. The central coast
is generally inhospitable to coral reef growth given
the muddy nature of the habitat (Macamo, 2019).
Coral reefs harbour a rich diversity of associated fauna,
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including molluscs, echinoderms (sea urchins, sea stars
and sea cucumbers), algae and reef fish (Macamo,
2019). They are estimated to cover an area of about
1,400 km?2 (Allen Coral Atlas, 2020). In terms species,
these reefs are considered among the most diverse in
the East African region, although at the national level
76% are under threat (Obura ez @/, 2012). Fishing
pressure, destructive gear use, pollution, inappropriate
tourist activity, oil and gas exploration and coastal
erosion are among the main drivers of immediate and
potential risk to coral reef conservation.

Figure 5. Coral reefs from northern Mozambique

Seagrass beds

Seagrass beds are a very important ecosystem on the
coast of Mozambique. Nationally they cover an area
of about 439 km? and occur mainly in the intertidal
zone (Reptblica de Mogambique, 2021b). The largest
seagrass beds are found in Cabo Delgado, Inhambane
and Maputo Province. Eleven species are found in
Mozambique, and the Maputo Bay area has the
largest global coverage of eelgrass (Zostera capensis),
a Vulnerable species on the International Union for
Conservation of Nature’s (IUCN) Red List (Republica
de Mogambique, 2021c).

This ecosystem is recognized for having high
productivity, its key role in nutrient cycling and
carbon sequestration, and for serving as habitat,
nursery, feeding and breeding areas for several marine
species, including those of commercial interest and
others of conservation interest, such as dugongs and
green turtles (Pereira ez al., 2014, Duarte et al., 2012;
Obura et al., 2012).



Oceanic waters

From an oceanographic point of view, Mozambique’s
marine area reaches around 4,000 meters in depth, and
is one of the most relevant areas for oceanic circulation
on the South African coast (ASCLME, 2012;
Republica de Mogambique, 2021b). The Mozambique
Channel is one of the routes that feeds the Agulhas
Current through the South Equatorial Current,
where upwelling of cold, nutrient-rich waters creates
an oceanic environment rich in biological resources

(Lamont ez al., 2014, Obura et al., 2019).

In this context, this ocean environment has high
potential value, particularly for the fishing industry
(Obura ez al., 2019). From an ecological point of view,
the pelagic environment is rich in iconic species, many
of them top predators and threatened species such as
cetaceans, sharks and sea turtles. However, studies on
the deep-water benthic ecosystems that occur over this
vast area are rare and these habitats currently remain
practically unknown.

2.2 Marine and Coastal Species

With regard to marine and coastal biodiversity, over
6,000 species have been recorded in Mozambique
(Froese and Pauly, 2019; UNEP, 2019; Republica de
Mogambique, 2021b,c). According to the IUCN, at
least 1,976 of the species occurring in Mozambique’s
marine waters are on the Red List of Threatened Species,
including 139 species categorised as Vulnerable or
above (IUCN, 2019). A total of 301 marine species,
of which 242 are corals, are listed under the CITES
convention (UNEDP, 2019).

Regarding marine mammals, at least 34 species have
been recorded in Mozambican waters, including 30
cetaceans, which generally use these waters every year as
wintering and breeding grounds (Findlay ez /., 2011).
Some species are of conservation concern, such as the
blue whale (Balaenoptera musculus) and the Indian
Ocean humpback dolphin (Sowsa plumbea), both of
which are Endangered species. It is important to note
that Mozambique is also one of the last places in the
Western Indian Ocean holding a viable population of
Vulnerable dugongs (Dugong dugon).

Five of the seven existing marine turtle species are
present in Mozambican waters, distributed along the
entire coast. Several turtle nesting areas are recognized
(Sitoe er al., 2015; Republica de Mogcambique,
2021b,c), making Mozambique a key country for
turtle conservation in East Africa and the globe

Figure 6. Humpback whale

(McLellan et al., 2012). All turtle species present in
the country are classified as threatened by the IUCN
(IUCN, 2019) and are protected either by national
laws or international conventions such as CITES
and the Bonn Convention (Warnell et al., 2013).
Most notably, the regional population of leatherback
turtles (Dermochelys coriacea) in Mozambique is
Critically Endangered (Wallace et al. 2013), and the
global population of hawksbill turtles is also Critically
Endangered (Mortimer & Donnelly 2008).

Figure 7. Loggerhead turtle, one of the 5 marine turtle
species that occur in Mozambique

Regarding birds, more than 130 coastal and marine
species have been reported in the national territory,
(BirdLife

International, 2019). From a conservation perspective,

of which 37 are considered seabirds

the most important species include albatrosses
(Thalassarche chlororhynchos, 1. carteri), Cape Gannet
(Morus capensis), and Cape Cormorant (Phalacrocorax
capensis), all of which are Endangered, as well as other
migratory birds, such as pelicans (Pelecanus onocrotalus,

P ruescens).

The Mozambique Channel is also a global hotspot
for shark and ray species richness, endemism, and
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evolutionary distinctiveness, with over 146 different
species identified to date (Abelman e 4/., 2021). Key
species include the mantas (Mobula sp.), hammerhead
sharks (Sphyrna sp.), white sharks (Carcharodon
carcharias) and whale sharks (Rhincodon typus).
Sharks and Rays are the most threatened group of
marine species in Mozambique, with sawfishes (Pristis
sp.), short-tail nurse sharks (Pseudoginglymostoma
brevicaudarum), and Guitarfish (Rhynchobatus sp. and
Rhina ancylostoma) all Critically Endangered according
to the IUCN (2019). In places like Tofo or the
Bazaruto Achipelago, aggregation sites for species like
whale sharks and manta rays also act as an important
tourist attraction (Rohner ez 4/, 2014; Pereira et al.,
2014; Reeve-Arnold ez al., 2016).

The diversity of habitats present along the coastline
also allows for a high number of bony fish species
(Balidy ez al., 2007). Nearly 2,200 species have been
recorded in Mozambique (WoRMS, 2019), of which
about 862 are considered reef species (Froese and
Pauly, 2019). Bony fishes are the main marine resource
exploited nationally, and in oceanic waters there are
a number of species with high commercial value,
such as tuna. In the context of conservation, there
are a number of bony fish species of special concern:
Seventy-four Seabream (Polysteganus undulosus), which
is Critically Endangered; napoleon pipefish (Cheilinus
undulatus); Sky Emperor (Lethrinus mabsena); and Red
Steenbras (Petrus rupestris) that are all Endangered, as
well some vulnerable seahorse species (Hippocampus
spp.) also listed on CITES (Reptblica de Mocambique,
2021b,c).

Mozambique’s coral reef biodiversity is recognized
as among the most diverse on the African continent
(Obura et al., 2012) with at least 430 species of
Anthozoan corals referenced in the global biodiversity
databases (WoRMS, 2019). According to the [IUCN
Red List (2019), 45 coral species are considered
Vulnerable (mostly in the genus Scleractinia). Corals are

also the marine group with the highest representation
in CITES Appendices I and II (UNED, 2019).

Additionally, about 1,690 species of marine molluscs
and 730 species of crustaceansare currently documented
for the Mozambique coast (WoRMS, 2019). These
species play a crucial role in the ecosystem balance,
and some species such as crustaceans (shrimp, crabs
and crayfish) and molluscs (octopus, cuttlefish, squid,
clams, oysters and mussels), are especially important
to fisheries.
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2.3 Human uses

Approximately 60% of Mozambique’s population,
about 17 million people, live within the coastal zone
(Pierce et al., 2008; Benkenstein, 2013), and many of
these people rely on coastal and marine ecosystems
for food and income. As such, Mozambique’s
marine ecosystems support a variety of different
human activities, including fishing, mining, oil and
gas activities, aquaculture, port infrastructure and
transport, tourism and recreation, scientific research,
cultural heritage etc. Below we briefly describe some
of the main human uses on the Mozambique’s marine
environment.

Port infrastructure

Mozambique has three major ports in Nacala-a-
Velha, Beira and Maputo, that are served by ocean-
going vessels and connected through railroads to
the interior of Southern Africa. These ports require
periodic dredging of access channels, which can
negatively impact biodiversity through sedimentation.
Expansions and modernizations of smaller ports
(Mocimboa da Praia, Pemba, Angoche, Moma, Pebane,
Quelimane, Vilanculos, Inhambane) are planned,
as well as construction of new ports along the coast
(Palma, Afungi, Memba, Macuse, Techobanine, and
Chongoene) (Republica de Mogambique, 2021b, c).

Figure 8. Beira's port among the largest ports in Mozambique

Fishing

Fishing is an important pillar of Mozambique’s
economy, and is vital for the survival of coastal
communities. Fishing is practiced by local populations
along the entire coast of Mozambique, mostly as
subsistence or artisanal fishing, with intense semi-
industrial and industrial fishing occurring in some areas
further offshore. The most important fisheries for the



Figure 9. Artisanal fishermen in northern Mozambique

Mozambican economy are the surface shrimp fishery;
deep-sea crustacean fishery; small pelagic fishery;
demersal fish fishery; and the tuna and related species
fishery (Republica de Mogambique, 2021b). Fishing
is generally permitted throughout the EEZ, except for
within some MPAs and other specific areas reserved

for fisheries management (Republica de Mogambique,
2021b).

The most productive and fished areas in Mozambique
are found at the confluence of the main river basins that
drain to the sea (Zambezi basin and Limpopo basin),
particularly on the Sofala Bank and Maputo Bay (FAO
2019). Total catch from industrial and semi-industrial
fisheries is about 24,000 tons per year, whereas the
artisanal catch is around nine times larger. The value of
the industrial and semi-industrial fisheries is about 1.8
billion meticais, while the artisanal fisheries is about
5-7 times larger (Reptblica de Mogambique, 2020).

Mozambique’s artisanal fishing sector (Figure 9)
involves more people than industrial fishing, and
therefore has the greatest social importance and
development potential. It represents an essential basis
of subsistence for many coastal communities, most of
which depend on fishing and related activities, along
with subsistence agricultural activities. The 2012
artisanal fisheries census indicated the existence of
290,000 artisanal fishers. The dominance of artisanal
fishing is also evident based on the number of licenses
issued, with 13,000 artisanal fishing licenses and only
315 semi-industrial/industrial licenses (Republica de
Mogambique, 2020).

Despite being far less widespread than artisanal
fishing, industrial and semi-industrial fishing is more

technologically developed, having specialized mainly in
the export market (e.g., shrimp and prawns), contributing
directly to the improvement of the country’s trade balance
(Republica de Mogambique, 2021b,c).

Mining

The increasing discovery of mineral resources in
Mozambique, especially those near the coastline, has
awakened a great potential for growth and development
in Mozambique’s economy as a whole. The likely
mineral resources that occur in the coastal zone are of
industrial application, and with most of the existing
mining concessions allocated for heavy minerals,
limestone, and construction materials (Republica de

Mogambique, 2021b,c¢).

In general, mining concessions are concentrated along
the coast of Nampula and Zambezia provinces. In
other provinces, such as Cabo Delgado, Inhambane
and Maputo, most concessions and licences are found
inland, and so are unlikely to impact the marine
environment directly. There are currently no records

of mining activity occurring directly in the ocean
(Republica de Mogambique, 2021b).

Oil and Gas

Mozambique has a high potential for oil and gas

production, particularly petroleum and natural
gas. Currently there are seven active concessions in
the maritime space, totalling about 30,000 km?2,
distributed along the provinces of Cabo Delgado,
Nampula, Zambézia, Sofala and Inhambane. These
activities are aimed at identifying the potential deposits
of oil and gas, as well as their appraisal for development
and production in new reservoirs (Republica de
Mogambique, 2021b, c). The greatest potential for
marine oil and gas production is in the offshore region

in the north of the country (Rovuma Basin).

Tourism and Recreation

Mozambique has great tourism potential based on
its natural and cultural resources, including marine
wildlife, outstanding beaches, tropical islands, coral
reefs, and clear waters. As such, tourism in Mozambique
is predominantly based on natural resources, with
a strong focus on tourism along the coastline.
Mozambique’s coast attracts national, regional, and
international tourists looking for destinations with
quality accommodation and maritime activities
linked to fishing, observation of marine megafauna,
diving, sport fishing, among others (Republica de
Mocambique, 2021b,c).



Cultural and Archaeological Heritage

On the Mozambique coast, important civilizations
developed in ancient times, whose growth was largely
based on trans-oceanic navigation. The achievements
of these civilizations over the centuries have given rise
to an important heritage that is now an invaluable
resource that should be preserved and enhanced
(Republica de Mogambique, 2021b). There are a
range of archaeological sites, forts, old port facilities,

and shipwrecks along the coast that are testimonies
to ancient society’s participation in the trade and
navigation of the Indian Ocean and the traditional
daily activity linked to the sea since millennia ago.
More than 300 shipwrecks from different periods
are inventoried along the Mozambican coast, with
a particularly high density in the area surrounding
Mozambique Island in the northern region of the
country (Republica de Mogambique, 2021b).

SECTION 3. INTRODUCTION TO MARINE SPATIAL PLANNING
AND SPATIAL PRIORITIZATION ANALYSES

3.1 Marine spatial planning

Marine spatial planning (MSP) is a process that brings
together multiple ocean users to make informed and
coordinated decisions about how to use marine space
and marine resources sustainably. MSP can help
resolve current and potential future conflicts between
users, and identify effective conservation strategies. It
is particularly useful to help delineate conservation-
orientated management, like MPAs. To do so, spatial
data are used to help identifying where and how
different marine areas are used, and what natural

1. ldentifying Need and

Establishing Authority

resources and biodiversity exist there. Through the
planning process (Figure 10), planners can quantify
the cumulative effect of maritime industries on marine
biodiversity, seek to make industries more sustainable,
and proactively minimize conflicts between multiple
industries wanting to utilise the same ocean area. The
intended result is a more coordinated and sustainable
approach as to how the ocean is used, which will
promote economic development but while ensuring
marine ecosystems and biodiversity remain healthy

(White et al. 2012).
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Figure 10. General outline of Marine spatial planning
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3.2 Spatial prioritization analysis

A key aspect of MSP involves spatially prioritising
where different marine activities can occur. Many
activities can be spatially incompatible, e.g., industrial
fishing and nature conservation, and MSP can help
decide on appropriate areas for different activities. One
of the most common uses for spatial planning analyses
is to decide on the location of MPAs and other forms
of conservation and sustainable resource management
that regulate other ocean uses in order to conserve
biodiversity and have sustainable community resource
use and industries. Importantly, while some MPAs can
be strictly managed to prevent all extractive activities
(e.g., fishing, mining), many allow sustainable levels of
artisanal fishing and other low-impact activities, e.g.,

SCUBA diving,.

Because the overall area of the ocean that can be
protected is often limited, as are the resources to
manage these areas, MSP processes often aim to design
MPA networks that achieve conservation goals in an
efficient manner. This process, known as systematic

conservation planning, is a process that aims to
achieve representation and persistence of biodiversity
in an efficient portfolio of priority areas (Margules
and Pressey, 2000). The major steps, adapted from
Margules and Pressey (2000), are:

1. Ensure stakeholder engagement throughout process

2. Understand context of planning region

3. Identify conservation goals and objectives for the
planning region

4. Compile data characterizing the region (e.g.

biodiversity and human uses) in the planning

region

Review existing conservation areas

Prioritize additional conservation areas

Get feedback on prioritized areas

© N

Make recommendations

The remainder of this document summarises how
these steps were followed to generate scenarios for

MPA expansion in Mozambique.

SECTION 4. MARINE SPATIAL PLANNING IN MOZAMBIQUE

The Government of Mozambique, through the
Ministry of the Sea, Inland Waters and Fisheries
(MIMAIP), having the National Directorate of Marine
Policies (DIPOL) as a focal point and involving a
multidisciplinary team, finalized the National Marine
Spatial Planning (POEM). This work began in June
2019 and embodies the existing legal and policy
provisions, namely the Policy and Strategy for the
Sea (POLMAR) and the Regulation that establishes
the Legal Regime for the Use of the National Marine
Space (REJUEM), approved by Decree No 21/2017
of 24 May, applicable to “all the marine areas under
national jurisdiction, under the terms defined by the
United Nations Convention on the Law of the Sea”. In
general terms, the marine spatial planning process in
Mozambique aims to:

® Promote sustainable and efficient economic
exploitation of the sea and of marine resources
and ecosystem services, ensuring the compatibility
and sustainability of the various uses and activities
developed in the sea, while taking into account inter
and intra-generational responsibility in the use of

the national marine space.

® Ensure the preservation, protection and recovery
of natural values, biodiversity and coastal and
marine ecosystems, the maintenance of the good
environmental status of the marine environment,
and the prevention of risks and the minimization of
the effects resulting from natural disasters, climate
change or from human action.

® Ensure the legal security and transparency of the
procedures used in attribution of titles for private
use of maritime space, and allow the exercise of
information and participation rights.

The POEM is complementary to the National Plan
for Territorial Development (PNDT) and it should
promote sustainable and integrated development,
based on an intelligent and responsible planning
of the potential uses, activities and roles existing
in Mozambique’s maritime space. It should also
allow for the resolution of conflicts that may exist
between the development of different uses, activities
and functions, such as tourism, fishing and the
establishment of protected areas. Furthermore, the
generation of information and knowledge within the



coastal zones and maritime space as an indirect result
of the POEM will be a benefit for technological and
scientific development. Increased knowledge and
appreciation of underwater archaeological heritage and
marine biological resources is also expected, among
many other benefits that will be achieved through the
implementation of this MSP.

4.1 Key national, regional and international policies

1981, ratified
international conventions related to biodiversity

Since Mozambique has several
conservation. In a marine context, the most relevant
are the Convention on Biological Diversity (CBD),
the Convention on the Protection, Management and
Development of the Marine and Coastal Environment
of the Eastern Africa Region (Nairobi Convention),
Convention on the Conservation of Migratory Species
of Wild Animals (CMS - Bonn Convention), the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES), the African
Convention on the Conservation of Nature and
Natural Resources (Algiers Convention), the Indian
Ocean Tuna Commission (IOTC) and more recently,
the High Ambition Coalition (30x30) initiative.

These conventions and initiatives have resulted in
a number of recommendations and commitments
among member states, such as the need to increase
and strengthen protected areas, reduce and prevent
of biodiversity loss, and ensure sustainability of
resource extraction (e.g. fishing). In this context,
Mozambique has been making efforts to achieve its
commitments through the creation, implementation
and consolidation of conservation areas, in order to
promote the sustainable use of biological resources
in order to ensure their preservation for future
generations.

At the national level, the most relevant legislation
regarding marine conservation includes the Law for
the Protection, Conservation and Sustainable Use of
Biological Diversity (known as the Conservation Law,
Law 5/2017 of 11 May) and the Fisheries Law (Law
22/2013 of 1 November), which deals specifically with
fisheries and closed seasons. The former provides the
general framework for the categories of conservation
areas, roles and articulation of different agencies, as
well as biodiversity conservation in general. It is also
worth noting that Mozambique has recently approved
the new regulation on maritime fisheries (REPMAR),

which clarifies how the Community Fishing Councils
(CCPs) — the principal bodies managing local fisheries
— can become legally recognized entities. Once
recognized, CCPs can designate community-managed
fishing areas allowing local fishers to decide what gear
types can be used, and establish no-take zones or
temporary closures (Abelman ez al., 2021).

In general, the success of these laws is reliant on the
capacity of the government to enforce them, and in
Mozambique, a lack of resources contributes to poor
enforcement of marine conservation policies (Rosendo
et al, 2011). In addition, enforcement varies for
coastal versus offshore fisheries, as well as between
neighbouring countries such as South Africa, Tanzania,
and Kenya (Abelman er 4/, 2021). Motivation to
enforce fisheries regulations can also be tenuous given
how heavily many people in Mozambique rely on
fisheries for their livelihoods (Abelman ez 2/, 2021).

4.2 Existing Protected Areas

Protected areas  are essential for biodiversity
conservation and are key components of any
conservation  strategy, both  nationally and
internationally (Republica de Mogambique, 2021).
In Mozambique, conservation areas are governed
by the Law for the Protection, Conservation and
Sustainable Use of Biological Diversity (Law No.
5/2017 of 11 May), regulated by Decree No. 89/2017.
This law defines the basic principles and standards for
the classification of conservation areas, as well as for
their integrated management and administration to
support the sustainable development of Mozambique.
The National Administration of Conservation Areas
(ANAC), created by Decree No. 9/2013 of 10 April, is
responsible for the strategic, political and operational
activities of the Mozambique’s conservation areas.
Through the Presidential Decree 2/2017 of 10 of July,
the Ministry of Sea, Interior Waters and Fisheries
(MIMAIP) was assigned the role of i) proposing
policies, legislation and strategies to the development
of the marine conservation areas; ii) ensuring the
management of the marine conservation areas in

liaison with the competent authorities.

Conservation areas in Mozambique, either terrestrial or

marine, are currently standardized into the following

categories:

® Total conservation areas: Where the extraction
of natural resources is not allowed. The relevant



categories for the marine environment are: (i)
Integral Nature Reserve, (ii) National Park and (iii)
Cultural and Natural Monument.

® Conservation areas of sustainable use: Where
a certain level of natural resources extraction is
allowed but subject to a management plan. The
relevant categories for the marine environment are:
(i) Special Reserve, (ii) Environmental Protection
Area, (iii) Community Conservation Area, (iv)
Sanctuary, and (v) Municipal Ecological Park.

The gazetting of individual conservation areas in the
country is achieved through specific decrees sanctioned
by the Council of Ministers. Each specific decree
states the overarching reason for the proclamation
and general restrictions to be imposed on fisheries
and marine resource-related activities, although these
are further detailed in the specific management plans

(UNEP-Nairobi Convention and WIOMSA, 2021).

Currently, all conservation areas in general — and
MPAs in particular — are inadequately resourced in
terms of staff, infrastructure and financing (UNEP-
Nairobi Convention and WIOMSA, 2021). Most
MPAs also lack management procedures and tools
(including management, monitoring and research,
communications, and business plans), as well as the
appropriate science to support them (Pereira and
Fernandes, 2014). A number of ecosystems and species
(e.g., seagrass beds, mangroves, dugongs, manta raysand
sharks) are poorly represented in Mozambique’s current
MPA network. The concept and implementation of
non-formal protection of marine areas, which could
be classified as Other Effective Conservation Measures
(OECMs) by communities and/or local authorities,
is still in its infancy in Mozambique (UNEP-Nairobi
Convention and WIOMSA, 2021), but has now
room to progress with the formal acknowledgment
of Community-Managed Fishing Areas, under the
new REPMAR (UNEP-Nairobi Convention and
WIOMSA, 2021).

Marine and Coastal Protected Areas in Mozambique

Nine of Mozambique’s conservation areas cover the
marine and coastal environment, but only six can
effectively be considered MPAs: (i) Quirimbas National
Park, (ii) Bazaruto Archipelago National Park, (iii)
Sanctuary of Cabo de Sao Sebastido (adjacent to the
Bazaruto Archipelago National Park), (iv) Ponta do
Ouro Partial Marine Reserve, (v) Environmental

Protection Area of the Archipelago of the Primeiras
and Segundas Islands, and (vi) Maputo Environmental
Protection Area incorporating the Maputo National
Park (Formaley Ponta do Ouro Partial Marine Reserve
and the Maputo Special Reserve on land).

It is also important to highlight other conservation
areas along the coastline, which incorporate key coastal
ecosystems such as mangroves, estuaries and coastal
dunes, namely the Marromeu Special Reserve, and
Pomene Special Reserve. The following table (Table
1) shows the different coastal and marine conservation
areas, including their extent, respective IUCN
categories, legal framework, main biodiversity features,
and main threats and risks. Figure 12 shows a map of
Mozambique’s marine and coastal conservation areas,
highlighting their total extent and marine area.

Figure 11. Mejumbe Island, Quirimbas National Park
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Table 1. Mozambique's coastal and marine Conservation Areas and their main characteristics

Marine and
Coastal
protected Areas

Quirimbas
National Park

Primeiras and
Segundas
Islands
Environmental
Protection Area

Bazaruto
Archipelago
National Park

Cabo de Sao
Sebastido
Santuary

Maputo
National Park
(Formerly
Ponta do Ouro
Partial Marine
Reserve and
Maputo Special
Reserve).

IUCN Management regime Legal

level

and entities

Management is
undertaken by ANAC.
There is currently

no co-management
partner for the QNP.
Due to the rise of
violent extremism,
WWF left this area.
Co-Management
undertaken by ANAC
and WWF

Co-Management
undertaken by ANAC
and African Parks

Solely managed

by a private entity
(Sanctudrio Bravio
de Vilanculos
Limited) which has a
concession valid for
25 years

Co-Management
undertaken by ANAC
and Peace Parks
Foundation

framework

Decree
14/2002
of 6 June

Decree
4212012
of 12
December

(Legislative
Decree
46/71 of
25 May),
(Decree
39/2001 of
25 May)

Decree
18/2003 of
18 April

Total
Area
(km?)

14,550

Total
| ET T
Area (km?)

2,380

Main Biodiversity Features
(UNEP-Nairobi Convention and

WIOMSA, 2021; Governo de
Mogambique, 2021b)

Habitats: sandy beaches,
mangroves, seagrass beds, coral
and biogenic reefs, rocky shores,
deep sea and offshore pelagic,
estuaries, seamounts and ridges.
Most iconic species: dolphins,
whales, dugongs, turtles, coconut
crabs and seabirds.

Habitats: sandy beaches and
coastal dunes; mangroves;
seagrass beds; coral and biogenic
reefs; deep sea and offshore
pelagic; estuaries; seamounts
and ridges; coast- al forests;
islands and atolls (12 islands).
Most iconic species: dolphins,
whales, dugong, marine turtles
and seabirds.

Habitats: sandy beaches,

coastal dunes and coastal lakes,
mangroves, seagrass beds, coral
and biogenic reefs, deep sea and
offshore pelagic (including deep-
sea canyons), and five islands.
Most iconic species: dugongs
(the only viable population in the
WIO), turtles, whales, dolphins,
billfish, and sand oysters
(Pinctada spp.).

Habitats: sandy beaches and
coastal dunes, mangroves,
seagrass beds, coral and biogenic
reefs, deep sea and offshore
pelagic (including deep-sea
canyons), coastal forests, and
three islands. Most iconic
Species: dugongs, turtles, whales,
dolphins, and billfish.

Habitats: sandy beaches,
coastal dunes, mangroves,
seagrass beds, rocky reefs and
estuaries. Most iconic Species:
whales, dolphins, dugongs,
turtles, sharks, Potato groupers
(Epinephelus tukula) and Brindle
groupers (E. lanceolatus), as well
as the largest aggregation of the
Giant trevally (Caranx ignobilis)
ever reported.

Threats and Risks
(UNEP-Nairobi
Convention and
WIOMSA, 2021)

Overfishing and

use of illegal and/or
destructive fishing gear,
poaching, and climate
change (sea-level rise).

Overfishing,
deforestation and
unsustainable use
of coastal forest and
mangrove resources,
and poaching of
protected species.

Overfishing, illegal/
unregulated/
unreported fishing,
poaching of protected
species and climate
change.

Increased fishing
pressure from migrant
fishers from the
mainland; conflicts
between local fishers
and those from the
mainland; night fishing
and use of destructive
gear; and climate
change (erosion, sea-
level rise).

Dramatic increase of
coastal development,
often within the primary
dunes, impacting
turtle nesting and

the integrity of

the dune system.
Proposed deepwater
port development at
Ponta Techobanine,
illegal commercial
fishing, uncontrolled
recreational activities,
unsustainable
extractive use by the
local communities,

and climate change
(erosion, sea-level rise).




Marine and IUCN Management regime Legal Total
(ERE] level and entities framework Area
protected Areas (km?)
Maputo (V) | Management s 5,732
Environmental undertaken by ANAC
Protection
Area (includes
the Maputo
National Park)
Marromeu (1) | Solely managed Portaria 1,559
National by ANAC, with no 13:186 of
Reserve partners apart from 20 June
local government Legislative
agencies or local Decree
communities 2070 of 4
identified. March
Pomene (V) | Solely managed Legislative |51
National by ANAC, with no Decree
Reserve partners apart from 109/72
local government of 16
agencies or local November
communities
identified.

Total
Marine

Area (km?)

2,565

Main Biodiversity Features
(UNEP-Nairobi Convention and
WIOMSA, 2021; Governo de
Mogambique, 2021b)

Habitats: sandy beaches, coastal
dunes, mangroves, seagrass

beds, rocky reefs and estuaries.
Most iconic species: whales,
dolphins, dugongs, turtles, sharks,
Potato groupers (Epinephelus
tukula) and Brindle groupers (E.
lanceolatus), as well as the largest
aggregation of the Giant trevally
(Caranx ignobilis) ever reported.

Habitats: mangroves, seagrass
beds, estuaries and coastal
forests. Most iconic Species:
African buffalo (Syncerus caffer).
No iconic marine species have
been identified.

Habitats: coastal forests, sandy
beaches, dunes, estuaries and
mangroves. Most iconic species:
No iconic marine species have
been identified.

Threats and Risks
(UNEP-Nairobi
Convention and
WIOMSA, 2021)

Dramatic increase of
coastal development,
often within the primary
dunes, impacting

turtle nesting and

the integrity of

the dune system.
Proposed deepwater
port development at
Ponta Techobanine,
illegal commercial
fishing, uncontrolled
recreational activities,
unsustainable
extractive use by the
local communities,

and climate change
(erosion, sea-level rise).
Coastal environment
are degraded hydrology
and inundation cycle,
and climate change
(droughts, sea-level
rise, floods).

Human settlement
and unregulated
subsistence activities;
disregard for the value
of critical habitats; and
arbitrary attribution of
land.

4.1 Mozambique’s conservation goals & objectives

In the past decade, Mozambique has committed to
various global policy frameworks with the aim of
expanding coverage of MPAs. As a member of the
CBD, Mozambique committed to efficiently and
equitably protecting at least 10% of coastal and
marine areas (under Aichi Target 11), especially
areas of particular importance for biodiversity and
ecosystem services. Similar to Aichi target 11, goal
14.5 of the Sustainable Development Goals (SDGs)
committed Mozambique to conserving at least 10%
of coastal and marine areas by 2020, consistent
with national and international law and based on
best available scientific information. These targets
also highlight the need for protected areas to be
ecologically representative, meaning they capture
a representative sample of all species/ecosystems in
Mozambique.

Within the scope of the CBD, in 2015 Mozambique
developed its Strategy and Action Plan for the

Conservation of Biological Diversity (NBSAP 2015-
2035), aguiding policy with long-term objectives aimed
at halting biodiversity loss. Among the various goals
established, in the context of the marine environment,
goal 11A stands out: “By 2025, formally include at
least 5% of marine ecosystems in the national network
of conservation areas”.

In 2019, during the Oceans Conference, Mozambique
committed to protect at least 7% of marine ecosystems
by 2020. In the same year, Mozambique also joined
the High Ambition Coalition (HAC) for Nature and
People — an intergovernmental group of 60 countries
co-chaired by Costa Rica, France and the United
Kingdom — that is pushing for a global agreement to
protect 30% of the marine and terrestrial environment
by 2030 (the 30x30 target).

Despite committing to numerous goals of protecting
5-10% of its EEZ by 2020, it is important to note that
only around 2.2% of Mozambique’s EEZ is currently



protected. As such, we used Mozambique’s existing
commitments around EEZ protection to develop a
series of scenarios for the strategic expansion of MPAs.

These scenarios are divided into three sets:

- Scenario A (7-8% of the EEZ)

- Scenario B (10-12% of the EEZ)

- Scenario C (30% of the EEZ)

This will allow the Government to make an informed
decision about where to designate MPAs in line with
the country’s international conservation commitments.

Figure 13. Bazaruto Archipelago, Inhambane Province

SECTION 5. DATA CHARACTERIZING THE REGION

5.1 Biodiversity

MSP analyses are used to try to balance human uses of
the ocean against conservation of marine biodiversity.
As such, one of the most important steps is to obtain
data of the elements of biodiversity that will be
included in the final MPA network. In this analysis,
biodiversity features were categorized into three broad
groups: ecosystems, species, and other important areas.
This section describes the data sources and processing
steps used to generate maps of each feature.

5.1.1 Ecosystem Map

A map of marine ecosystems is a crucial input for
spatial prioritization analysis, as a representative MPA
network should preserve a portion of all ecosystems.
Ecosystem maps are especially valuable in areas where
data on species are limited, because ecosystems can act

as species surrogates, such that by representing each
ecosystem an MPA network will also represent the
diversity of species within each ecosystem.

To develop a marine ecosystem map for Mozambique,
the approach used to generate South Africa’s marine
ecosystem map was followed and adapted (Sink et al.,
2019a). A nested hierarchical approach was used, in
order to enhance the utility of the map of ecosystem
types, making it more appropriate as a basis for
assessment and prioritisation at a range of spatial
scales (Figure 14). This approach uses datasets with
the largest spatial scale at the top of the classification
(Marine Ecoregions), and then spatially divides these
areas using successively more refined datasets (Figure
14). The final map of ecosystem types thus represents
the unique combination of all datasets in the hierarchy.

1 MARINE ECOREGIONS

3 SUBSTRATE / GEOMORPHOLOGY

4 ECOSYSTEM

TYPE

Figure 14. Schematic of marine ecosystem map hierarchy



Marine Ecoregions

Marine ecoregions were defined using the Marine
Ecoregions and Pelagic Provinces of the World dataset
(The Nature Conservancy, 2012). These data represent
a biogeographic classification of the world’s oceans,
and aim to capture generic patterns of biodiversity
across habitats and taxa. In Mozambique, there are
three coastal shelf ecoregions (Delagoa, East African
and Sofala Bight), and one deep-ocean ecoregion
(Mozambique Channel, Figure 15). Because the
original marine ecoregions dataset used coarse
bathymetry data to separate the shelf and deep-ocean
ecoregions, the shelf edge boundary was updated using
SWIOBC Bathymetry data (Dorschel e al. 2018),
explained below.

Depth classes

Water depth is known to have a considerable influence
on marine biodiversity patterns, so high-resolution
bathymetry data were combined with shoreline and
rivermouth maps to delineate 10 depth classes (Table
2). To delineate estuaries and their outflows, river
mouths were first manually identified by examining
recent satellite imagery using Google Earth, and a
point was placed at the approximate centre of each
river mouth (Figure 16). Next, the outflow area was
approximated by making a 2.5 km circular buffer
from this point, and erasing the land area from the
terrestrial ecosystems map (Lotter ez a/. 2021) within
this buffer. This left a circular outflow area at each
river, extending roughly 2.5 km into the ocean, with
the landward boundary of each estuary defined using
Mozambique’s terrestrial vegetation map. While this
2.5km outflow size is an approximate, and thus likely
over/underestimates actual outflow areas depending
on river size, there are no readily available data with
which to map river outflow plumes more accurately. As
such, this method represents a simple way to capture
the important influences that rivers and their outflows
have on marine biodiversity that can be refined using
fine-scale analyses for applications where such detail is
required.

To delineate the shore class — including the
supralittoral area below the permanent vegetation
line, the intertidal area, and the surf zone — a 300
m seaward buffer from the edge of Mozambique’s
recently developed terrestrial ecosystem map was used
(Lotter er al., 2021). This terrestrial ecosystem map
extends to only vegetated areas, and does not cover
sandy, muddy or rocky shorelines. As such, using this
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Figure 15. Marine Ecoregions in Mozambique

line as the beginning of the marine ecosystem map
ensures a seamless transition between ecosystem maps,
which is extremely useful for cross realm planning
(e.g., connectivity between mangroves and coral reefs;
Harris et al., 2019). The 300 m distance was chosen
based on visual examination of satellite imagery, and
was chosen to be large enough to extend beyond the
surf zone in most areas.

Finally, SWIOBC bathymetry data (Dorschel ez al.,
2018) were used to divide the EEZ into eight depth
classes: four continental shelf classes (upper shelf, mid
shelf, lower shelf, shelf edge), and four slope classes
(upper slope, mid slope, lower slope, abyss). The
depths of each class are shown in Table 2. The shelf
edge was manually delineated by examining where
depth increases rapidly — this represents the edge of the
continental shelf, and was the same approach used in
development of South Africa’s marine ecosystem map

(Sink et al., 2019a).
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Figure 16. Depth classes used to develop marine ecosystem map

Table 2. Depth classes and datasets used to map them

i
COMORDY

Figure 17. Espirito Santo Estuary, Maputo Province

Depth Class ~ Description Dataset
Estuary Estuaries and their outflows (2.5-km buffer from river mouths) River mouths manually delineated from satellite imagery
Shore | Shore, intertidal zone and surf zone (300m seaward buffer from
shoreline)
“Upper Shelf | Waters 0-40m deep (that are not part of estuary/shore zone)
MidShelf | Watersa0-100mdeep
LowerShelf | Waters100-150mdeep
Shelf Edge | Waters 150-500m deep (manually identified through identification
of rapid depth change)
Uppe ; Slope ..... SR Omdeep .............................................................
SR ope ......... GO TR o oy ——
LowerSlope | Waters 1800-3500mdeep
Abyss Waters >3500m deep SWIOBC Bathymetry.
Substrate/Geomorphology Substrate

At the third level of the ecosystem hierarchy, important
substratum types are recognized (e.g., coral reefs, rocky
reefs), along with major geomorphological features
(seamounts, canyons). Both can have important
influences on the biodiversity found in an area.

Because there are no data currently available that can
be used to map benthic substrate across Mozambique’s
entire EEZ, only datasets of coastal substrate were used.
Primarily, this data was taken from the Allen Coral Atlas
(Allen Coral Atlas, 2020), which uses satellite imagery
to map coral reefs and associated habitats (seagrass,
microalgae, etc.) at a very high resolution. This dataset
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delineates five different categories of benthic substrate
(Figure 18), although it is limited by deep or turbid
water, both of which prevent satellite sensors from
accurately determining the benthic substrate.

Ecosystem
Coral Recfs
| Microaigal Mats

Figure 18. Benthic substrate mapped by the Allen Coral Atlas
(Allen Coral Atlas 2020). Data cover most coral reef regions
along Mozambique's coastline, but a zoomed inset is shown
here for clarity.

Because the Allen Coral Atlas data excludes turbid
and deep waters, it was combined with an additional
dataset mapping the distribution of coral reefs (UNEP-
WCMC et al., 2021) Figure 20). Because these data
are older and coarser than the Allen Coral Atlas data,
Allen Coral Atlas was preferentially used where both
datasets overlapped.

Figure 19. Coral reef, Vamizi Island
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Figure 20. Coral reefs mapped by UNEP-WCMC et al. (2021).

Geomorphology

Submarine canyons and seamounts are associated
with unique biodiversity and large biomasses and
abundances of ocean predators, cetaceans, pinnipeds,
sea turtles, seabirds and many other species (Harris ezal.,
2014; Yesson et al., 2011). As such, they were included
addition to the benthic substrate data described above
(Figure 21). Most canyons and seamounts occur in
deep water, helping delineate areas of interest in a large
area of the EEZ that would otherwise be homogenous.
Canyons were mapped using data from Yesson et al.
(2011), and seamounts were extracted from the global
seafloor morphology map from Harris ez al. (2014).

Final Ecosystem Types

To generate a final map of marine ecosystem types,
unique combinations of datasets from the first three
levels of the hierarchy were generated (ecoregions,
depth classes, and substrate/geomorphology). The
four ecoregions were first used to divide each depth
class, giving a map with all unique combinations
of ecoregion and depth. Next, the substrate and
geomorphology dataset were added. A limitation to
this hierarchical approach is that some data do not
nest neatly within the hierarchy. For example, canyons
stretch over multiple depth classes. Similarly, most
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Figure 21. Seamounts mapped by Yesson (2011), and
submarine canyons mapped by Harris et al. (2014).

Table 3. Example combination of layers to generate final
ecosystem type classification.

1. Ecoregion 2.Depth 3. Substrate 4. Final
Class /Geomorphology Ecosystem

Type

Delagoa Mid Shelf | Coral Reefs Delagoa Coral

.............................................................................. Reefs .

Mozambique Channel | Mid Slope| Seamount Mozambique
Channel

.............................................................................. seamount

Sofala Bight Estuary | N/A Sofala Estuary

coral reef and seagrass area is found in the shore and
upper shelf depth classes, but some extends into the
mid-shelf. Because the Allen Coral Atlas data are based
on centimetre-accurate bathymetry data, corals and
seagrass found outside the shore and upper shelf zone
are likely to be due to errors in the coarser national
scale bathymetry we used to map depth zones. To allow
these data to nest neatly into the hierarchy, all substrate/
geomorphology datasets were split by ecoregion, but
not by depth class. As such, for the map of ecosystem
types, data on benthic substrate and geomorphology
take precedence over depth classes. Table 3 shows an
example of how the layers were combined to generate
a final ecosystem type classification, and Figure 23
shows the final ecosystem map, containing 47 unique
ecosystem types. See Appendix 1 for a full description
of the ecosystem types.

5.1.2 Species Data

Although an ecosystem map is a useful tool to capture
broad patterns of biodiversity across Mozambique’s
EEZ, it is also important to include data on important
species directly where possible. This is particularly
relevant for species that are not well represented
by ecosystem types, e.g., sea turtles. Therefore, a
comprehensive search of the published and grey
literature was undertaken to find spatial data on species
ranges/distributions, nesting sites or sightings.

IUCN species range maps

Species range maps were obtained from the IUCN Red
List of Threatened Species website for marine mammals,
holothuridea,
(https://www.iucnredlist.org/). Because there was a

marine fishes and chondrichthyes

very large number of marine fishes, the dataset was
filtered to only include threatened species, in order
to reduce processing time in the prioritizR analysis
to a manageable level. For all species groups, species
with a range that covered Mozambique’s entire EEZ
were excluded, as these range maps offer no utility for
spatial prioritisation because everywhere in the EEZ
is ranked as equally important for those species. After
these processing steps, 85 species were included as
conservation features in PrioritizR (Appendix 2).

Figure 22. Mobula birostris (Endangered species - EN)
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Turtle nesting sites

Turtle nesting sites were obtained from The State of the
World’s Turtles (https://seamap.env.duke.edu/swot),
which compiles confirmed point locations of sea turtle
nesting beaches from a number of sources (Figure
26). Nesting beaches were included for Green Turtles
(Chelonia mydas), Hawksbill Turtles (Eretmochelys
imbricata), Leatherback Turtles (Dermochelys coriacea),
Loggerhead Turtles (Caretta caretta), and Olive Ridley
Turtles (Lepidochelys olivacea).

Turtle Distributions

Distribution data for loggerhead and leatherback sea
turtles was obtained from Harris ez «/. (2018). These
maps were developed using satellite tracks from 34

turtles (Figure 25).
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Figure 26. Nesting sites for five sea turtle species in
Mozambique.
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Figure 25.A. Leatherback turtle distribution and B. loggerhead turtle distribution, taken from Harris et al. (2018)
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Dugong Sighting Data

Dugong sighting data in the Bazaruto region were
obtained from the environmental pre-feasibility and
scope definition study (EPDA) for implementation of

SASOLs project for natural gas extraction (Figure 27;
Golder, 2019).

5.1.3 Other Important Areas

Beyond considering the distributions of ecosystems
and species, datasets that capture important areas and
key ecological processes were also included. These data
identify areas of especially high productivity, locations
of significant species aggregations (e.g., breeding sites),
hotspots of species larvae distribution, and mangrove
habitats.

High Productivity Areas

Areas of high primary productivity are important
for biodiversity, as these are nutrient rich areas with
high levels of phytoplankton and algae, which form
the base of the ecosystem food chain for many higher
trophic organisms (Schaeffer et al., 2008). Average
primary productivity between 2010-2020 was mapped
using MODIS chlorophyll-a concentration data in
Google Earth Engine, and high productivity areas were
defined as the top 5% of values across Mozambique’s

EEZ (Figure 28).

Aggregation Sites

Species aggregation sites were mapped through a
combination of literature review and consultation with
several local, regional and international experts that
took place mainly during the course of Mozambique’s
recent Key Biodiversity Area (KBA) identification
process (WCS ez al., 2021).

From this work it was possible to identify significant
aggregations of marine species occurring in Vamizi
Island, Sofala Bank, Tofo and Ponta do Ouro (Figure
29). In the Tofo region, aggregations of manta
ray (Mobula birostris), reef manta (Mobula alfredi)
and whale shark (Rhincodon typus) were reported
by Marshall, (2009), Marshall er 2/ (2011) and
Bradley er al. (2017) respectively. The Sofala Bank
holds significant aggregations of leatherback turtles
(Dermochelys coriacea), reported by Robinson ez al.
(2016), and Ponta do Ouro and Vamizi Island have
a significant aggregation of giant trevally (Caranx
ignobilis; Daly et al., 2018; Da Silva, 2014).

Figure 28. Areas of high primary productivity, mapped by
MODIS chlorophyll-a concentration data

»  Dugang Sightings

Figure 27. Dugong sightings in the Bazaruto region, taken
from Golder (2019).
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Figure 29. Species Aggregation sites

Larval Connectivity Model

Larval dispersal is a crucial form of movement and
distribution for many marine species, whereby
planktonic larvae travel away from the area where they
were released, and seed species populations elsewhere.
In a seascape with a mosaic of areas under varying levels
of human pressure and ecological condition, places that
produce a large number of larvae that are then dispersed
elsewhere (larval sources), are important for the
maintenance of species populations in less productive
sites (Christie et a/., 2010). As such, it is important to
ensure the protection of these larval sources.

Data on larval connectivity for five species (Emperor,
Fusilier, Grouper, Parrotfish and Mud Crab) was
obtained from Treml ez al., (2020). Key larval sources
were mapped by identifying sites within the top
quartile of larvae production for each species (Figure

30).

Mangroves

Mangroves are crucially important as nursery habitat
for the juvenile stage of many fish and crustacean
species, and are important to consider in MPA
planning (Olds ez al., 2013). Because mangroves were
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Figure 30. Larval production for Emperor fish species

considered as a terrestrial ecosystem in Mozambique’s
terrestrial ecosystem map (Lotter ez al, 2021) they
were not included in the marine ecosystem map
(section 5.1.1). However, they were included in our
MPA planning analysis, by creating a 1-km buffer
into the ocean around mangrove areas mapped by
Mozambique’s terrestrial ecosystem map (Figure 30).
Because mangroves are intertidal forests, these 1-km
buffers allow for connectivity between mangroves
and nearby coral reefs. The 1-km distance was chosen
based on the results of Olds ez 2/ (2013), who showed
a threshold for mangrove-reef connectivity between
100-1000 m.

Figure 31. Mangrove forest in Marromeu National Reserve-
Zambezi Delta
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Figure 32. Mangrove ecosystems, as mapped in
Mozambique's terrestrial ecosystem map

5.2 Human Pressures

A crucial part of spatial prioritization analyses is
gathering data on human uses of the ocean. This
helps to facilitate informed and coordinated decisions
about how to use marine space and marine resources
sustainably, and to recognise the importance of many
areas for providing food and livelihoods to local people.
Because most of the activities that people undertake in
the ocean have negative impacts on biodiversity, they are
often referred to as human pressures. In Mozambique,
the primary pressure on marine biodiversity is fishing,
both from industrial fishing fleets and artisanal fishing
communities.

5.2.1 Industrial Fishing

Industrial fishing in Mozambique is a key industry,
accounting for 57% of total monetary catch value
across all fisheries (UNCTAD, 2017). The primary
gears used are long-line fishing, trawling for prawns/
shrimp, and tuna fishing. To map industrial fishing
pressures in Mozambique, IIP vessel tracking data
from 2017 (prawn trawling, shrimp trawling and long-
line) and 2020 (tuna fishing) was used. Because vessel
tracking data consist of a series of points where fishing

30

occurs, data was interpolated using the kernel density
function in ArcGIS 10.5 to generate continuous maps
of fishing intensity for each fishing type. The resulting
maps of each fishing type were summed to generate an
overall map of industrial fishing intensity (Figure 33).
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Figure 33. Industrial fishing intensity in Mozambique.

5.2.2 Artisanal Fishing

To generate a map of artisanal fishing effort, district
level fishing effort data from 2017, measured in fishing
days was used (Figure 34A). To spatially distribute
district level fishing effort into the ocean, points were
set at 1-km intervals along the entire coastline. For
each district, total fishing effort was divided by the
number of coastal points within the district, so that
each point along the coast had a fishing effort assigned
to it. This assumes fishing is equally distributed along
the entire coastline, which is unlikely to be accurate,
and proxies such as human population do not correlate
well with artisanal fishing effort in Mozambique.

Next, the kernel density tool in ArcGIS 10.5 was
used to create a search radius to distribute this fishing
effort into the ocean from each coastal point. Based on
information provided by the IIP experts, the average
maximum distance travelled by artisanal fishers is 15



km. While this distance is unlikely to be consistent
across all fishing communities in Mozambique, it
provided a useful starting point to generate maps
of artisanal fishing effort. The output of the kernel
density function was set to have a 1-km cell size, and
so for each 1-km cell in the output, the kernel density
function searched a surrounding 15-km radius and
took the values of any coastal district points therein.
In the kernel density function, the influence of the
coastal district fishing points decreases as distance to a
cell becomes greater. Beyond 15 km to the shoreline,
the fishing effort is zero (Figure 34B).
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After assigning an artisanal fishing estimate to each cell
using the kernel density analysis, the artisanal fishing
layer was cut to certain depths. Artisanal fishers rarely
fish past 50-m depth in most regions of the country.
There are a few districts in central Mozambique where
the bathymetry is shallower because of the presence of
the Sofala Bank. In these areas, artisanal fishers rarely
fish past 30-m depth. Those depths were used as the
outer range of the artisanal fishing layer, with cells
beyond the 30- to 50-m bathymetry cut-off set to a
fishing pressure of zero (Figure 34B).
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5.2.3 Other Human Pressures

Although fishing is the primary human pressure on
marine biodiversity in Mozambique, there are a number
of other activities that may impact biodiversity. Data
was collated for six additional pressures: commercial
shipping, ocean-based pollution, coastal mining,
coastal development, fertiliser runoff, and pesticide
runoff (Table 4 summarises data sources and processing
steps). To generate an overall map of non-fishing
human pressure (Figure 35), each pressure layer was
rescaled between 0-1 and then all layers were summed,
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Table 4. Datasets used
pressure map.

Human Pressure

Commercial Shipping

Offshore Oil & Gas
Activities

Coastal Development

Pesticide Runoff

EWATING

to develop non-fishing human

Description

Commercial shipping activity can lead to ship

strikes of large animals, noise pollution, and a risk

of ship groundings or sinkings.

Intensity of pollution is based on shipping traffic and
port location, as ocean-based pollution is assumed to
derive from commercial and recreational ship activity,
via fuel leaks, oil discharge, waste disposal, etc.

Areas of active coastal mining concessions, which lead
to direct conversion of habitat.

Areas of offshore mining concessions, where exploration
activities (seismic surveys, drilling, etc.) and production
activities (drill platforms, etc.) impact biodiversity.
Ageneral score of for the direct impact of humans,
such as coastal engineering, intertidal trampling and
noise pollution from land, which likely scale with
population size.

Agricultural fertiliser runoff has widespread negative
impacts on marine biodiversity (Halpern et al. 2015).
Runoff of pesticides used in agriculture has widespread
negative impacts on marine biodiversity (Halpern etal.
2015)

Figure 35. Non-fishing human pressure map

Data Processing

Commercial ship traffic data from World Meteorological
Organization Voluntary Observing Ships Scheme, provided by
Halpern etal.(2015)

Data on port-based pollution taken from Halpern et al. (2015),
with missing port locations updated using data from POEM
webGIS portal. Missing ports were assigned average impact score
of Mozambique ports with data. Ship-based pollution taken from
Halpern et al. (2015). Port-based and ship-based pollution layers
are summed to generate overall ocean-based pollution layer.
Data on mining concessions provided by Ministry of Mineral
Resour}ges and Energy (MIREME). Concessions were assigned a
score of 1.

Data on Oil and Gas concessions provided by National Petroleum
Institute (INP). Concessions were assigned a score of 1.

Modelled as a sum of coastal population, defined as the number
of people within a moving circular window around an arbitrary
focal coastal cell of radius 25 km on the basis of the worldpop
unconstrained population density data for 2020 (https://www.
worldpop.org/). This value was then assigned to the adjacent
ocean cell since this driver primarily affects intertidal and very
nearshore ecosytems.

Taken from Halpern et al. (2015). Modeled based on rivermouth
locations and FAO national-scale fertiliser-use statistics.
Taken from Halpern et al.(2015). Modeled based on rivermouth
locations and FAQ national-scale pesticide-use statistics.




5.3 Important community areas

Along with mapping human pressures to understand
where humansimpact the ocean, in spatial prioritization
itis also important to recognize areas that are important
to people for cultural or community reasons. Many of
these places provide food or livelihoods to local people,
for example through tourism revenue, and so these
important benefits should be included in the MSP

process.

5.3.1 Community Managed Fishing Areas

Data on community managed fishing areas was
obtained from IIP, based on projects where the
institution has participated (Figure 36). This is not an
exhaustive mapping of all the community managed
fishing areas that exist in Mozambique and should be
improved over time.

5.3.2 Zones of Touristic Importance

Tourism is an important and growing industry in
Mozambique, so to include important tourism areas,
we combined two datasets from the Mozambican MSP
webGIS (https://poem.gov.mz/POEMwebgis/). Using
ArcGIS 10.5, boundaries of the Zonas de Interesse
Turistico, and Pélos Turisticos datasets were manually
digitised. Because both datasets map important
tourism areas along Mozambique’s coast, they were
combined into a single feature showing Zones of
Touristic Importance (Figure 37)

5.3.3 Shipwrecks

Shipwrecks have cultural and historical importance,
and are also often utilized as tourism sites by dive
operators. We obtained data on shipwreck locations
from the Mozambican government’s webGIS (https://

poem.gov.mz/POEMwebgis/). Shipwreck locations

were manually digitized by tracing the boundaries of
the Naufrdgios dataset in ArcGIS 10.5 (Figure 37).

5.3.4 Historical Ports

Ports of historical interest have cultural importance,
so we obtained data on their locations from the
Mozambican MSP webGIS (https://poem.gov.mz/

POEMwebgis/).
digitized by tracing the boundaries of the Portos com

interesse histérico dataset in ArcGIS 10.5 (Figure 37).

Historical ports were manually

Figure 37. Zones of Touristic Importance,
shipwrecks and historical ports

Figure 36. Community managed fishing areas, with different
colours representing different community fishing areas.
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SECTION 6. SPATIAL PRIORITIZATION METHODS

After collating and mapping data on biodiversity,
human activities and pressures across Mozambique’s
EEZ, a spatial prioritization analysis was conducted
to identify a set of MPA expansion areas that best
meets conservation objectives, while balancing trade-
offs with human uses of the ocean. The systematic
conservation planning tool prioritizr was used.
Prioritzr uses integer linear programming (ILP) to
determine optimal locations of protected areas that
meet conservation objectives in an efficient manner
(Hanson et al., 2021). It is similar to Marxan (Ball et
al., 2009), the most widely used conservation planning
tool, however instead of using simulated annealing to
solve the optimization problem, the ILP algorithm

finds the exact optimal solution (Beyer et al., 2016).

1. Planning units

2. Conservation features

Prioritzr Model

3. Targets

4. Avoidance layers

Inputs

Figure 38. Schematic of prioritizr model

6.2 Conservation Features and targets

In a spatial prioritization analysis, conservation features
are the elements of biodiversity that will be represented
within the areas selected as potential conservation
zones (Ball et al., 2009). Maps of conservation features
are used as inputs to conservation planning software,
which aims to select a set of areas that capture a portion
of each conservation feature. To tell the software
how much of each conservation feature should be
included, a “target” was set for each feature, which is a
quantification of how much of that feature should be
captured in the final MPA network. This is typically a
proportion of each conservation feature’s distribution
or abundance.

Prioritisation
software

Regardless of the planning software used, there are a
few key elements that are used in a spatial prioritization
analysis, namely: 1) planning units, 2) conservation
features and 3) targets, and 4) avoidance layers (Figure

38).

6.1 Planning Units

Planning units are used as the basis of a spatial
prioritization analysis, as potential locations to be
selected by prioritizr as important for achieving
objectives. For this analysis, 1 km2 grid cells that
covered Mozambique’s EEZ were created, using the
terrestrial boundary from Mozambique’s terrestrial
ecosystem map (see Figure 39). This resulted in a total
of 566,128 planning units in the planning domain.

Potential priority areas for MPA
expansion

Planning scenarios

This analysis included 186 different conservation
features, separated into 3 categories: ecosystem types,
species, and other important areas (Table 5). Existing
and already proposed MPAs and KBAs cover around
6% of Mozambique’s EEZ, and three different MPA
expansion scenarios — aiming to capture 7-8%,
10-12% and 30% of Mozambique’s EEZ — were
considered. These scenarios correspond roughly to
Mozambique’s conservation commitments under a
range of international conservation conventions and
agreements (see Section 4). While Mozambique has
committed to conserving set amounts of its EEZ (e.g.
10%, 30%), targets were not simply set to be equal for
each conservation feature. Instead, consultations with



experts and local stakeholders were used to set variable
targets for each conservation feature based on their
importance to Mozambique’s marine environment,
while also aiming to achieve broad protection goals
of 7%, 10% and 30% of the EEZ. Targets ranged
from 2.5% - 100% depending on the conservation
feature and target scenarios (Table 5, summarises all
conservation features and targets used in each scenario).
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Figure 39. Planning units used in prioritizr analysis

Table 5. Targets used in planning scenarios

Conservation Features

Scenario A

(7-8% of EEZ)

Scenario B
(10-12% of EEZ)

Scenario C
(30% of EEZ)

Marine Ecosystem Types Biodiverse Coastal Ecosystem Types (Coral, Seagrass, 10 30 50
Microalgae, Rocky Reef) e ]
Shore zone (sand & nearshore water) 5 15 40
e R P R B o
Other Shelf EcosystemTypes S s s
Other Deep-water Ecosystem Types 2 5 30
Canyons ........................................................................................ R Fra—
e R g P
Species Turtle Nesting Beaches (point data)
Dugong sighting areas 30 50 80
Important Biodiversity Areas | MPortant Lanval Sources 10 o 0| 0
Migh-productivityareas ] Sl 30 | 50
_AggregationSites b S 30 0
Mangroves 15 30 50
Important Community Areas | Community fisheries managementareas I S0 80 ..
_Lones of Touristic Importance 1 19 30 50
CShipwrecks 80 80 . | 80 ..
Historical Ports 80 80 80




6.3 Avoidance layers

In MSP analyses, avoidance layers are an essential part
of identifying new conservation priorities, as they allow
for consideration of various human uses of the ocean.
By incorporating data on different human activities,
spatial prioritization software will aim to meet pre-
defined targets for each conservation feature (described
in Section 6.2), while avoiding parts of the EEZ based
on the other human uses occurring there. These are
often referred to as “cost” layers, and indeed in some
cases they do represent the financial cost of conserving
a particular area. For example, spatial prioritization
analyses often use fishing data as a cost layer, and
attempt to meet conservation feature targets while
minimizing the cost of lost fishing activity by avoiding
selection of important fishing grounds. Since this
analysis combines many different datasets on human
pressures, not all of which have a financial element, the
term avoidance layer is used instead.

To

pressures (artisanal fishing, industrial fishing, and

simultaneously incorporate multiple human
other activities), these data were combined into a
composite human pressure layer. The human pressure
data described in section 5.2 was processed and
rescaled, following the processing steps and rationale
described in Table 6. The overall rationale behind this
layer is that Mozambique’s MPA network should meet
the conservation feature targets in Table 5 while: 1)
targeting sustainable-use MPAs towards areas where
artisanal fishing is highest; 2) minimizing impact of
no-take MPAs on the industrial fishing sector; and 3)
aiming to select areas under low pressure from other
human activities (e.g. shipping, mining, etc.). To
generate the final avoidance layer, the rescaled layers
were summed, such that the final layer has high values in
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Figure 40. Integrated avoidance layer, created by summing
artisanal fishing, industrial fishing and other human pressure
layers. Areas with high values (red colours) are less likely to be
selected as MPA priorities.

areas that should be avoided (Figure 40). The PrioritzR
software will then select a set of areas that meets all the
targets outlined in Table 5, while avoiding high value
areas from the avoidance layer as much as possible
(Figure 40). Some areas may always be selected, even if
they have high value in the avoidance layer, if a certain
conservation feature is only found in that small region.

Table 6. Layers and processing steps used to create final avoidance layer

Layer Rationale

Artisanal Fishing Target sustainable fisheries management
towards areas with the highest artisanal fisheries

.................................. Av0| d conﬂlctbetween |nd ust r|aI flshmg area S e
and MPAs

Other Human While meeting above objectives, prioritize less
Pressures impacted areas

Description Area applied

Rescale artisanal fishing layer between 0-1, Waters <30 m depth
Where Qisthe highestfishing _ lo

Rescale industrial fishing layer between Waters >30 m depth
0T, where Tisthe highestfishing |

Rescale human pressure layer between Whole EEZ

0-1, where 1is the highest pressure.

6.4 Other inputs

Beyond the primary inputs described above, there are
other parameters required for the PrioritizR analysis.

MPAs and KBAs

In each scenario, existing MPAs, Key Biodiversity
Areas and proposed MPAs were locked in, so they were
always selected by PrioritzR (Figure 41).
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Figure 41. Existing MPAs, Existing KBAs and proposed MPAs

6.4.1 Avoiding fragmented solutions

To avoid developing extremely fragmented MPA
expansion priorities, ‘boundary penalty function’ in
prioritizR was applied. Fragmented MPA networks are
undesirable, as large MPAs generally provide greater
benefits to biodiversity, and the cost of managing many
small MPAs can be prohibitive. However, we also want
to avoid excessively large reserves that are unrealistic
to implement and manage. To do this, Prioritizr uses a
numeric penalty that scales the importance of selecting
planning units that are clumped together or connected.

To calibrate the boundary length penalty to use for
our analysis, a common method adapted from Stewart
and Possingham (2003) was used. A series of prioritizR
analyses were run, using 8 different boundary penalty
values starting with 0, then exponentially increasing
from 1x10-7 to 1. For all runs, a processing time of
11 hours was set, with a gap limit of 0.1%. The gap
limit tells PrioritizR how close a solution must be to
the optimal solution before we consider it acceptably
close. Runs with boundary penalties set higher than
0.00001 did not reach the gap limit within 11 hours of
processing time, and so a boundary penalty of 0.00001

was chosen to balance efficient clumping of reserves
against processing time.

6.5 Participatory approach

The process was planned to include participation
of relevant national stakeholders. Therefore, as
mentioned before, a coordination group chaired by
IIP was established, composed of institutions from
MIMAIP, MTA, other Ministries and civil society
organizations (Appendix 3). This group met (Figure
42) on 17th September 2020, 20th January and
24th May 2021. These webinars included one or
two technical presentations, followed by discussions
to clarify any doubts, comment the approach and
provide suggestions. To support the development of
the marine ecosystem map, members of this group
and other marine specialists were invited for a webinar

which happened in 05th May 2021. The webinar’s
methodology was the same as described above.

In addition to the above, meetings with the team
that was developing the national Marine Spatial Plan
occurred in 6th November 2020 and 28th May and
1th June 2021. IIP’s and WCS’s team designated to
this project met several times during the period of the
project.

Erwan Sola

Guilhermina Honwana

Kendall

Figure 42. MPA coordination group



SECTION 7. RESULTS

Existing MPAs, Key Biodiversity Areas, and proposed
MPAs cover 5.8% of Mozambique’s EEZ (32,174.7
km2), and are primarily located along the coastline and
continental shelf (Figure 43). The three MPA expansion
scenarios identified an additional 13,384 km?, 23,551

km?, and 151,987 km? of MPA priorities, bringing
MPA coverage to 8.2%, 9.9% and 32.6% of the EEZ,
respectively (Table 7). Targets for all conservation

features are met in each scenario (Appendix 4).

Figure 43. PrioritizR output, where green areas are selected for conservation priority. (A) Scenario A aims to conserve 7-8% of
the EEZ in MPAs to meet the objectives in the NBSAP; (B) Scenario B aims to conserve 10-12% of the EEZ in MPAs to meet the
objectives of Aichi Target 11 and the SDGs; and (C) Scenario C aims to conserve 30% of the EEZ in MPAs to meet the objectives of

the HAC (see Section 4.3 for details).

In Scenario A (7-8%), additional conservation
priorities are primarily concentrated in coastal areas
and along the continental shelf, with one potential
offshore area located at the southernmost point of
Mozambique’s EEZ (Figure 44A). Scenario B (10%
of EEZ) shows many more small areas along the

coastline, and some larger priorities on the Sofala Bank

and around the Memba/Nacala region (Figure 44B).
Scenario C (30% of EEZ) adds a considerable amount
of very large offshore areas in the South-West and the
Mozambique Channel, and some large continental
shelf areas stretching from Quirimbas National Park
to Primeiras and Segundas Environmental Protection

Area (Figure 44C).

Table 7. Area (km?) of new MPA priorities identified through PrioritizR, as well as the area (km?) and proportion (%) of the EEZ that

they comprise.

MPA Expansion Scenario

Existing/Proposed MPAs and KBAs -

New MPA Priority Area (km?)

............. 13384
Scenario B (Aichi/SDGs, 10-12%) | 23551
Scenario C (HAC, 30%) 151987

Total Area (km?) % of EEZ
32174
........... 45558 B
........... 0725
184161 32.6
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To identify broad regions for MPA expansion,
areas of interest were manually delineated by
creating polygons around large blocks of new
MPA priorities identified by PrioritizR. These
areas represent a more realistic potential MPA
design than the raw prioritizR output (Figure
44). In scenario A, there are 21 new MPA
priorities with an average size of 753 km?” In
scenarios B and C, the number of new priorities
increases to 41 and 53 respectively, with the
average size of new MPAs being 688 km2 and
3138 km’, respectively. The large average size
of new priorities in scenario C is due to the
selection of very large offshore areas required to
meet 30% coverage of the EEZ. .

Figure 44. Existing MPAs, proposed MPAs, Key
Biodiversity Areas, and New MPA Priorities as
identified by PrioritizR analysis. New MPA priorities
were manually delineated from raw PrioritizR output
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SECTION 8. DISCUSSION

8.1 Proposed Priorities for MPA Expansion in
Mozambique

This study identified priorities areas for potential MPA
expansion for Mozambique, by: i) mapping ecosystems,
species and other important areas; ii) understanding
human uses of Mozambique’s EEZ, and iii) combining
these data to identify new MPA priorities. When
viewing the results, it is important to remember
that spatial prioritization provides an evidence-based
approach to identify areas of conservation priority, but
it does not make a decision on where to place MPAs.
These maps highlight areas for consideration as MPAs,
but final MPA design requires a more comprehensive
process including more intensive stakeholder feedback,
expert review, feasibility assessments, and more.

In scenario A (7-8% of EEZ), priority areas are primarily
concentrated in coastal areas and along the continental
shelf, likely because most of the conservation features
that were included are found close to shore. In scenario’s
B and C, increased targets for offshore ecosystems led
to selection of many remote areas in the southern and
central areas of Mozambique’s EEZ. These offshore
zones are likely to hold different biodiversity features
to coastal areas, face very different kinds of human
pressures, and pose different challenges for MPA

management and enforcement of marine regulations.

While this study identified priorities for future MPA
expansion, it does not attempt to categorise these
priorities into different specific management types.
The dynamic nature of management and enforcement
of MPAs in Mozambique meant it was not feasible
to systematically incorporate types of enforcement
and the associated costs or budget into our analysis.
However, there is a range of different MPA types
in Mozambique (see Section 4.3), and the most
appropriate management type for each priority area will
depend on many factors, including size, major human
uses and stakeholders affected, and the biodiversity
features within. Many of the priority areas are adjacent
to existing MPAs (e.g., Maputo APA, Primeiras and
Segundas), or proposed MPAs (Quirimbas APA), and
so the management of new priority areas should be
coherent with the existing/proposed MPAs.

MPAs in Mozambique are mostly managed and
enforced by the Government, in some cases under a
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co-management regime with conservation partners.
There is only one protected area that is managed by
the private sector (Cabo S. Sebastido). Despite being
provided for in the national legislation, and the
presence of several initiatives to try to implement such
an approach (e.g., Vamizi), there are still no official
community managed conservation areas.

The two existing National Parks are, in theory, total
conservation areas, meaning that these should be no-
take MPAs. However, “de facto” use of resources is
happening, as is the case in Quirimbas National Park.
The current trend is to gazette MPAs as sustainable-
use conservation areas, like the Primeiras and
Segundas Environmental Protection Area and Maputo
Environmental Protection Area. In these cases,
sustainable use of resources is allowed if compatible
with the conservation objectives of the area and if it
is done according to the management plan. Currently,
there are at least five initiatives to expand the MPA
network in the following locations:

® Vamizi: With the support of the Faculty of Natural
Sciences of the University of Lurio (FCN-UniLurio),
an application for a Community Conservation Area
was developed for Vamizi. This area is also a KBA
and it was locked in in the current analysis for all the
scenarios that were developed.

® Quirimbas: as part of the project “Rethinking
Quirimbas” (Cabo Delgado) by the World Wide
Fund for Nature (WWF) and ANAC, a plan is in
place to resize the National Park, reducing it onshore
and increasing it offshore, and part of the area will be
re-gazetted as an Environmental Protection Area. This
process is at its final stage, a report was developed,
and it was presented at the Provincial level. Due to
this reason, this area was already locked in the current
analysis for all the scenarios that were developed.

® Great
and ANAC are developing a process to create an

Bazaruto: Conservation International
Environmental Protection Area (or two) between
Save Rivers mouth and Zivora (Inhambane
Province). A workshop with many stakeholders,
including the current project’s team, was held in
Vilankulus and a final report was developed. The
coordination group established under the current
project was involved in the process, which is

currently under discussion.



® Marromeu / Sofala Bank: There is a project in
place to assess the feasibility of creating a MPA in
the region of Marromeu/Sofala Bank. This project is
being led by the Gregg Carr Foundation.

® Memba-Mossuril: This project is being led by
WCS in partnership with IIP, ProAzul Trust Fund,
Ajuda de Desenvolvimento de Povo para Provo
(ADPP), Associagio do Meio Ambiente (AMA),
the University Eduardo Mondlane (UEM) and
the Foundation for Biodiversity Conservation
(BIOFUND). The objective is to establish a
sustainable-use MPA that that includes a network
of well-operated community-managed fishing areas.

The new REPMAR includes the new figure of
community-managed fishing areas, in this case by
Community Fishing Councils (CCPs). These areas
should include no-take zones and temporary closures
managed by the fishers.

For offshore MPAs where industrial fishing is likely
to be the main human pressure, government-
enforced no-take zones are likely to be the most
feasible management option, despite concerns around
feasibility of monitoring areas far from shore. For
most coastal priorities, MPAs managed and enforced
by local fishers, such as Community Conservation
Areas or Community Sanctuaries (both of which are
recognised in the Conservation Law) may be the most
appropriate and feasible form of management as the
MPA network expands. Given limited government
capacity for MPA enforcement, working with local
communities and establishing Community Managed
Fishing Areas that can work as OECMs may be a way
to help ensure regulations are followed. However, the
size, organizational and institutional capacity, and
level of governance varies greatly among CCPs, and
additional support is likely to be required to ensure
effective management in these areas (Benkenstein,
2013; Samoilys et al., 2017).

Stakeholder engagement has been vital in identifying
the new MPA priorities mapped here, and further
engagement with a broad range of stakeholders will
be important when deciding on the final locations for
new MPAs. A review conducted in 2011 noted that
establishment of MPAs in Mozambique has followed
a top-down approach, with limited community

involvement, and many communities feel excluded
or suspicious of the ultimate goals of the MPAs
(Benkenstein, 2013). The current analysis attempted
to take other stakeholders into account, by avoiding
areas where industrial fishing or other human activities
occur, and by targeting sustainable-use MPAs towards
areas where artisanal fishing is likely to be most intense.
However, when moving towards MPA designation
and implementation, it is crucial to facilitate direct
engagement with different stakeholders, such as
industrial fishers, artisanal fisheries groups, and

Stakeholders

a significant role in the implementation of any

government institutions. can play
conservation plan, especially when livelihoods of large
populations are at stake, as is the case with MPAs in
Mozambique. As such, a comprehensive stakeholder
engagement plan will be important when moving

towards MPA establishment.

8.2 Limitations and Research Priorities

Although theanalysis attempted to incorporate the most
up to date data on biodiversity and human pressures in
Mozambique, there are a number of limitations that
should be recognised when interpreting the results.

8.1.1 Ecosystems

There are a number of improvements that could be
made to the marine ecosystem map if appropriate data
become available. Allen Coral Atlas data was used to
map benthic substrate, but these data are available only
for shallow areas, and it is not clear how much validation
has been completed in Mozambique. Data on benthic
substrate over the entire EEZ would allow for more
refined delineation of ecosystems in deep water areas,
as was done in South Africa’s marine ecosystem map
(Sink et al., 2019a). It would also be useful to separate
muddy, sandy, rocky, and mixed shores, which could
potentially be accomplished by refining the analysis
of Luijendijk et al., (2018). To further improve
delineation of shore areas, contemporary remote
sensing approaches could be used to map the back of
the surf zone (e.g., Harris et al., 2019), as opposed to
using a standard distance from shore. Similarly, GIS
models of river plumes could potentially be used to
more accurately map estuaries and their outflows, as
demonstrated for the Zambezi River by Nehama and
Reason (2015). There is an ongoing project called
WIO-BENTH (Identification, Characterization and
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Vulnerability Assessment of Benthic Ecosystems in
the Western Indian Ocean) led by the Oceanographic
Research Institute of South Africa, which includes
Mozambique’s EEZ and could produce, in the short
term, useful information to improve the ecosystem
map, as it will be concluded in 2022.

8.1.2 Species

The majority of the species data used in the analysis was
in the form of IUCN species range maps, which are
generally coarse Extent of Occurrence polygons. These
polygons do not reflect the specific spatial variability
of species distributions within their boundaries. As
such, additional data on detailed species distributions,
species tracking data, or species’ habitat preferences
(e.g., coral reef, sandy bottom) would greatly improve
the analysis by highlighting especially important areas
for particular species. However, by aiming to capture a
portion of every marine ecosystem, the MPA priorities
that were identified should capture the diversity of
marine habitats in Mozambique, and also the diversity
of associated species.

8.1.3 Human uses/pressures

The primary focus for improvement of the human
pressure data that were used should focus on the maps
of artisanal and industrial fishing effort. Industrial
fishing effort maps could be improved by 1) obtaining
more recent fisheries data, 2) obtaining data from other
fishing gears, or 3) weighting the impact of fishing
gears on different marine ecosystems, for example by
making the impact of trawling over coral reefs higher
than the impact of trawling over a sandy bottom. In
South Africa, two kinds og human activity maps are
used. Human pressure maps show only the intensity
of various human activities, whereas human impact
maps incorporate additional estimates of the impact of
activities on different marine ecosystem types. Such an
approach would provide useful information for marine
conservation in Mozambique, although it would
require estimates on the sensitivity and resilience
of marine ecosystems to various human activities

(Halpern et al., 2015).

The map of artisanal fishing effort used here relies on
some broad assumptions, and could thus be improved
if new data could be used to refine these assumptions.
The primary assumption revolves around average fisher
travel distance, which was assumed to be 15 km based
on discussions with IIP. This value is unlikely to be
accurate for all fishers, especially given that fishers have

boats of different sizes, use different gears, and some
embark on multi-day trips while others make day trips
only. If more accurate data on average travel distance
could be collected, for example through district-level
surveys or questionnaires, then the spatial estimates
of artisanal fishing could be improved. Fishing effort
was also assumed to be equal along the entire coastline
of each district, which is unlikely to be accurate, so
ancillary data could be used to map hotspots of
fishing activity more accurately. Consultation with
IIP revealed that population density is not an accurate
predictor of artisanal fishing effort, but other datasets
that might be useful include fishing infrastructure (e.g.,
ports, piers) or number of boats, which can potentially
be determined from satellite imagery (Johnson ez al.,
2017).

In terms of non-fishing human pressures, a major
improvement could be made by investing in up-to-
date shipping traffic maps. The data used were from
Halpern ez al., (2008), which were the best freely
available data, but there are much better data available
from commercial organizations such as Marine Traffic
(www.marinetraffic.com).

8.3 Next steps

The scenarios that have been developed are a result of a
systematic process based on a scientific approach using
the best available information. Each of the scenarios
informs priority areas for establishing a network
of representative MPAs, based on the input data.
However, these are intended to be tools to support the
decision-making process, which is comprised of several
steps before gazetting a site as an MPA. The national
step-by-step process includes:

® Developing a proposal for a specific site, which can
be submitted by government agencies, academic
institutions, the private sector, non-governmental
organizations, local communities and even

municipalities.

Submitting the proposal to the relevant authorities.

Receiving proposal approval.

Developing the management and zoning plan.

Establishing the Management Authority and the

Management Board.

® Operationalizing and monitoring the MPA.

However, given that the current situation (2.2%
of the EEZ in MPAs) is far below Mozambique’s
desired scenarios and international commitments
(see Section 4.3), efforts must be made to ensure



that the expansion and creation of new MPAs is
done in an integrated way, taking advantage of the
Marine Spatial Plan process currently underway.
Considering that Mozambique should now have
at least 7% of its EEZ under formal protection,
whereas the actual figure is only 2.2%, an approach
where several MPAs are proposed simultaneously is
preferential. Furthermore, it is imperative that the
expanded MPA network is representative of the marine
biodiversity in Mozambique, and is not purely an area-
based expansion. Protection must be spread across
ecosystem types, species and other important areas for
biodiversity. Representation across features can be more
easily considered when proposing and implementing
a coherent network that has been identified based on
a systematic assessment (such as in this report) rather
than on a case-by-case basis. Further advantages of
proposing an MPA network rather than individual
sites is that additional design elements, such as the
sizing, spacing and connectivity among MPAs, can
also be part of the negotiations and design planning.

Therefore, we propose an approach similar to the
one that unfolded in South Africa. In that case, there
was an initial proposal of focus areas for protection
based on a systematic conservation plan, developed
with stakeholder engagement (Sink ez /., 2011). This
ultimately led to the declaration of 20 new MPAs in
2019, in a representative design that affords at least
some protection for 87% of the 150 marine ecosystem
types in South Africa (Sink ez al., 2019b) because of

the underlying systematic prioritisation (Sink ez al.,
2011).

From this successful example in South Africa, the

following steps are proposed for Mozambique:

1. Integrate the three scenarios of the current analysis
in the Marine Spatial Plan underway

2. Discuss the proposed focus areas under each
scenario with all relevant stakeholders under
the MSP process and discuss their concerns and
priorities, promoting alignment between sectors

3. Make any necessary adjustments before the final
MSP is published

4. Develop the proposed boundaries for each focus
area

5. Start the national step-by-step process described
above, developing the proposal for each site, as
simultaneous as possible, and submit the proposal
to the relevant authorities

6. Create awareness and public engagement regarding
the value of MPAs, especially socio-economic

7. Proclamation of the areas

8. Develop the final management and zoning plan for
each area

9. Establish the Management Authority and the
Management Board for each area

10.Operationalize and monitor each of the new MPAs

The implementation of these 10 steps should start
immediately, considering that the Marine Spatial Plan
is currently at its final stage.

Figure 45.Tofinho Beach, Inhambane province
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SECTION 9. CONCLUSIONS

Through the steps described here, the initially defined

objectives of this MPA planning process were achieved.

® A coordination group was established to discuss
aspects of MPA expansion in Mozambique, not
only for supporting the development of the current
scenarios, but also to support other initiatives to
expand existing MPAs or create new ones. The group
is composed of institutions from MIMAIP, MTA,
other ministries and civil society organizations.

® Three different scenarios that identify appropriate
areas for MPA proclamation or expansion were
developed. One allows the country to protect 7-8%
of the Mozambican EEZ (and thereby meet the
target in the NBSAP); another covers 10-12% (and
thereby meet the Aichi and SDG targets); and a final
scenario aims to protect 30% (and thereby meet the
HAC target).

® The results (data layers) of this process were provided
to the team that has developed the National Marine
Spatial Planning (POEM) process, and scenario C
relative to the protection of 30% of the EEZ was
incorporated into the POEM, allowing proper
consideration for biodiversity.

Although the outputs of this analysis can be improved
when more data become available, the government
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now has appropriate information to make informed
decisions on how to expand the MPA network to achieve
the protection targets the country has committed to
under international conventions and initiatives. This
is also an important step towards achieving future
targets that will be established in the new Global
Biodiversity Framework for 2030. Finally, any MPA
network must be representative Mozambique’s marine
biodiversity, and must not be based purely on area.
The new map of ecosystem types presented here, along
with the systematic analysis and resulting priority
maps provide a robust, scientific foundation on which
such a representative MPA network can be based.
Mozambique is now poised to make progress towards
meeting its international commitments for protecting
marine biodiversity by expanding its current MPA
estate, strengthening the sustainability of human uses
— especially fishing, and securing the benefits and
opportunities associated with marine biodiversity for
generations to come.

It should also be highlighted that now that the
new national Marine Spatial Plan is ready to be
implemented with the inclusion of the 30% protection
scenario, Mozambique has the adequate set of tools to
start a process to meet the marine protection targets it
has committed.

Figure 46. Presenting the results during the second edition of the growing blue international conference, Vilankulos,

Inhambane Province

44



REFERENCES

Abelman, A., Krone, C., Rathbone V., Rhodes R., Ristig
E. 2021 A Framework for Designing Marine Protected
Areas for Sharks and Rays in Mozambique. University of
California, Santa Barbara Bren School of Environmental

Science & Management. 56 pp

Allen Coral Atlas, 2020. Imagery, maps and monitoring of
the world’s tropical coral reefs. Allen Coral Atlas.

ASCLME 2012. National Marine Ecosystem Diagnostic
Analysis. Mozambique. Contribution to the Agulhas and
Somali Current Large Marine Ecosystems Project (supported
by UNDP with GEF grant financing).

Ball, Tan R, Hugh P Possingham, and M Watts. 2009.
Marxan and Relatives: Software for Spatial Conservation
Prioritisation. In Spatial Conservation Prioritisation:
Quantitative Methods and Computational Tools., edited by
A. Moilanen, K.A. Wilson, and H.P. Possingham, 185-95.

Oxford, United Kingdom: Oxford University Press,

Balidy, H. J., Pacule, H. H., Guissamulo, A. T. e Mafambissa,
M. ]J. 2007. Lista de Peixes Associados aos Tapetes de Ervas
Marinhas em Inbassoro. CDS-ZC. 19 pp.

Barbosa, E M. A., Cuambe, C. C. e Bandeira, S. O.,2001.
Status and distribution of mangroves in Mozambique. South

African Journal of Botany, 67(3), 393-398 .

2013. Small-Scale
Modernising Economy: Opportunities and Challenges

Benkenstein, A., Fisheries in a
in Mozambique. South African Institute of International

Affairs, Johannesburg.
Beyer, H.L., Dujardin, Y., Watts, M.E., Possingham, H.P,,

2016. Solving conservation planning problems with integer
linear programming. Ecological Modelling 328, 14-22.
hteps://doi.org/10.1016/j.ecolmodel.2016.02.005

Bradley, N.M., Jason A. Holmberg, Zaven Arzoumanian,
Samantha D. Reynolds, Rory P. Wilson, Dani Rob, Simon
J. Pierce, et al. 2017. Undersea Constellations: The Global
Biology of an Endangered Marine Megavertebrate Further
Informed through Citizen Science. BioScience 67, no. 12
1029-43. https://doi.org/10.1093/biosci/bix127.

Christie, M.R., Tissot, B.N., Albins, M.A., Beets, ].P, Jia, Y.,
Ortiz, D.M., Thompson, S.E., Hixon, M.A., 2010. Larval
Connectivity in an Effective Network of Marine Protected
Areas. PLOS ONE 5, e15715. https://doi.org/10.1371/
journal.pone.0015715

Daly, R., Daly, C., Bennett R., Cowley, P, Pereira, M and
Filmalter J. 2018 Quantifying the largest aggregation of giant

trevally Caranx ignobilis (Carangidae) on record: implications
for management, African Journal of Marine Science, 40:3,

315-321, DOI: 10.2989/1814232X.2018.1496950

Dorschel, B., Jensen, L., Arndt, J.E., Brummer, G.-J., Haas,
H. de, Fielies, A., Franke, D., Jokat, W., Krocker, R., Kroon,
D., Pitzold, J., Schneider, R.R., Spief3, V., Stollhofen, H.,
Uenzelmann-Neben, G., Watkeys, M., Wiles, E., 2018.
The Southwest Indian Ocean Bathymetric Compilation
(swlOBC). Geochemistry, Geophysics, Geosystems 19,
968-976. https://doi.org/10.1002/2017GC007274

Duarte, M., Bandeira, S. and Romeiras, M. 2012.
Systematics and Ecology of a New Species of Seagrass
(Thalassodendron, Cymodoceaceae) from Southeast African
Coasts. Novon A Journal for Botanical Nomenclature. 22.

16-24. 10.3417/2010079.

FAO 2019. Fishery and aquaculture country profiles. Food
and Agriculture Organizations of the United Nations,

Fishery and Aquaculture Department.

Fatoyinbo, T. E., Simard, M., Washington-Allen, R. A. e
Shugart, H. H., 2008, Landscape-scale extent, height,
biomass, and carbon estimation of Mozambique’s mangrove
forests with Landsat ETM+ and Shuttle Radar Topography
Mission elevation data, J. Geophys. Res., 113.

Findlay, K., Meyer, M., Elwen, S., Kotze, D., Johnson,
R., Truter, P, Uamusse, C., Sitoe, S., Wilke, C., Kerwath,
S. e Swanson, S. 2011. Distribution and abundance of
humpback whales, Megaptera novaeangliae, off the coast
of Mozambique, 2003. Journal of Cetacean Research and
Management Special Issue, 3, pp.163-74.

Froese, R. e Pauly, D. 2019. FishBase. World Wide Web
electronic publication. Available on www.fishbase.org.
Version (08/2019).

Griffiths, C. L., 2005. Coastal marine biodiversity in East
Africa. Indian Journal of Marine Sciences 33: 35-41.

Golder. 2019. Block 16/19 Offshore Seismic Acquisition
and Drilling Project, Inhambane and Sofala Provinces.
Environmental Pre-Feasibility and Scope Definition Report

(EPDA)

Halpern, B.S., Frazier, M., Potapenko, J., Casey, K.S.,
Koenig, K., Longo, C., Lowndes, ].S., Rockwood, R.C.,
Selig, E.R., Selkoe, K.A., Walbridge, S., 2015. Spatial
and temporal changes in cumulative human impacts on

the world’s ocean. Nat Commun 6, 7615. https://doi.
org/10.1038/ncomms8615

45



Hanson, J.O., Schuster, R., Morrel, N., Strimas-Mackey,
M., Watts, M.E., Arcese, P, Bennett, J.R., Possingham, H.P,

2021. prioritizr: Systematic Conservation Prioritization in

R.

Harris, L.R., Nel, R., Oosthuizen, H., Mejer, M., Kotze,
D., Anders, D., McCue, S., Bachoo, S., 2018. Managing
conflicts between economic activities and threatened
migratory marine species toward creating a multiobjective
blue economy. Conservation Biology 32, 411-423. https://
doi.org/10.1111/cobi.12992

Harris, L.R., Bessinger, M., Dayaram, A., Holness, S.,
Kirkman, S., Livingstone, T.-C., Lombard, A.T., Liick-
Vogel, M., Pfaff, M., Sink, K.J., Skowno, A.L., Van Niekerk,
L., 2019. Advancing land-sea integration for ecologically
conservation

meaningful  coastal

Biological Conservation 237, 81-89.

and management.

Harris, PT., Macmillan-Lawler, M., Rupp, J., Baker, E.K.,
2014. Geomorphology of the oceans. Marine Geology,
50th Anniversary Special Issue 352, 4-24. https://doi.
org/10.1016/j.margeo.2014.01.011

Hoguane A. M. 2007 Perfil Diagnéstico da Zona Costeira
de Mogambique, Universidade Eduardo Mondlane, Escola
Superior de Ciéncias Marinhas e Costeiras, Revista de

Gestao Costeira Integrada 7(1):69-82 (2007) 82pp.

Johnsen, E., Krakstad, J., Ostrowski, M., Serigstad, B.,
Stremme, T., Alvheim, O., Olsen, M., Zaera, D., André, E.,
Dias, N., Sousa, L., Sousa, B., Malauene, B. & Abdula, S.,
2007. Surveys of the living marine resources of Mozambique:
Ecosystem Survey and Special Studies. 27 September-21
December 2007. Report No. 8/2007- 2007409. Bergen,

Norway, Institute of Marine Research.

Johnson, A.E, M., Giron-Nava, A,

Corominas, J., Erisman, B., Ezcurra, E., Aburto-Oropeza,

Moreno-Bdez,

0., 2017. A spatial method to calculate small-scale fisheries
effort in data poor scenarios. PLOS ONE 12, e0174064.
https://doi.org/10.1371/journal.pone.0174064

Lamont, T., Barlow, R.G., Morris, T. ¢ Van Den Berg,
M.A. 2014. Characterisation of mesoscale features and
phytoplankton variability in the Mozambique Channel.
Deep Sea Research Part IT: Topical Studies in Oceanography,
100, pp.94-105.

Lotter, M., Burrows, J., McCleland, W., Stalmans, M.,
Schmidt, E, Soares, M., Grantham, H., Jones, K., Duarte,
E., Matimele, H. & Costa, H.M. 2021. Historical vegetation
map and red list of ecosystems assessment for Mozambique
— Version 1.0 — Final report. USAID / SPEED+. Maputo.
371pp.

Louro, C. M. M. 2005. Perfis Ecoldgicos de Espécies e

Ecossistemas Costeiros de Mocambique: Dunas Costeiras.

46

Relatério de Investigagio No 3 Maputo. CTV. 28 pp.

Luijendijk, A., Hagenaars, G., Ranasinghe, R., Baart,
E, Donchyts, G., Aarninkhof, S., 2018. The State of the
World’s Beaches. Sci Rep 8, 6641. https://doi.org/10.1038/
$41598-018-24630-6

Macamo, C., 2019. Marine and Coastal EbA for
Enhanced Resilience in Southern Africa, Country Review:
Mozambique, South African Institute of International
Affairs, URL: https://www.jstor.org/stable/resrep29507

Margules, C.R., Pressey, R.L., 2000. Systematic conservation
planning. Nature 405, 243-53.

Marshall, A.D. 2009. Biology and population ecology of
Manta birostris in southern Mozambique. PhD Thesis,
School of Biomedical Science, University of Queensland,

Brisbane.

Marshall, A. D., Dudgeon, C. L., and Bennett, M. B. 2011.
Size and structure of a photographically identified population
of manta rays Manta alfredi in southern Mozambique.
Marine Biology, 158(5), 1111-1124. doi:10.1007/s00227-
011-1634-6

Massinga, A. and Hatton, J. 1996. Status of the coastal
zone of Mozambique, 7-68. in Integrated coastal zone
management in Mozambique (English). Washington, DC:
World Bank.

McLellan, E., Arps, E., Donnelly, M. e Leslie, A. 2012.
WWE Global Marine Turtle Strategy 2.0 2012 - 2020.
WWE, Gland, Switzerland.

Ministério do Mar, Aguas Interiores e Pescas, 2018. Balanco
Anual do Plano Econédmico e Social de 2018. Ministério do

Mar, Aguas Interiores e Pescas, Maputo.

Mortimer, J.A & Donnelly, M. (IUCN SSC Marine Turtle
Specialist Group). 2008. Eretmochelys imbricata. The IUCN
Red List of Threatened Species 2008: . T8005A12881238.
hetps://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.
T8005A12881238.en

Nehama, EPJ.,, C.J.C, 2015. Modelling
the Zambezi River plume. African Journal of Marine
Science 37, 593-604. https://doi.org/10.2989/181423
2X.2015.1113202

Reason,

Obura, D. O., Church, J. E. e Gabri¢, C., 2012. Assessing
Marine World Heritage from an Ecosystem Perspective:
The Western Indian Ocean. World Heritage Centre, United
Nations Education, Science and Cultural Organization

(UNESCO). 124 pp.

Obura, D.O., Bandeira, S.O., Bodin, N., Burgener, V.,
Braulik, G., Chassot, E., Gullstrom, M., Kochzius, M.,
Nicoll, M., Osuka, K. e Ralison, H.O. 2019. The Northern



Mozambique Channel. In World seas: an environmental

evaluation (pp. 75-99). Academic Press.

Olds, A.D., Albert, S., Maxwell, PS., Pitt, K.A., Connolly,
R.M., 2013. Mangrove-reef connectivity promotes the
effectiveness of marine reserves across the western Pacific.
Global Ecology and Biogeography 22, 1040-1049. https://
doi.org/10.1111/geb.12072

UNEP-Nairobi Convention and WIOMSA. 2021. Western
Indian Ocean Marine Protected Areas Outlook: Towards

achievement of the Global Biodiversity Framework Targets.
UNEP and WIOMSA, Nairobi, Kenya, 298 pp.

Pereira, M.A.M., Litulo, C., Santos, R., Leal, M., Fernandes,
R.S., Tibiri¢d, Y., Williams, J., Atanassov, B., Carreira, E,
Massingue, A. & Marques da Silva, 1., 2014. Mozambique
marine ecosystems review. Report submitted to the
Fondation Ensemble. Maputo, Biodindmica/CTV, 139 pp.

Pereira, M.A.M. & Fernandes, R.S. 2014. Science for
conserva- tion in Mozambique’s marine protected areas
(2003-2013). Final report of the Workshop Science for

Conservation

in Mocambique. Maputo, 21-22 April 2014 (abstract).
Maputo, USAid/ANAC/Biofund, 45 pp.

Pierce, S., Trerup, M., Williams, C., Tilley, A., Marshall,
A., Raba, N., 2008. Shark fishing in Mozambique: A

preliminary assessment of artisanal fisheries.

Reeve-Arnold, K. E., Kinni, ]J., Newbigging, R., Pierce, S.
J. e Roques, K. 2016. Sustaining whale shark tourism in
a diminishing population. QScience Proceedings (The 4th
International Whale Shark Conference) 2016:iwsc4.4.

Republica de Mocambique. 2021a. Elaboracio do Plano
de Ordenamento do Espaco Maritimo (POEM), Relatério
E4 - Inventdrio e Caracterizagio Ambiental, Caracterizacio
Geral, Ministério do Mar, Aguas Interiores e Pescas

(MIMATIP).

Republica de Mogambique. 2021b. Elabora¢io do Plano de
Ordenamento do Espagco Maritimo (POEM), Relatério E4
- Inventdrio e Caracterizacio Ambiental, Tomo 3 - Usos,
Actividades e Funcées, Ministério do Mar, Aguas Interiores
e Pescas (MIMAIP).

Republica de Mogambique, 2021c¢, Elabora¢io do Plano
de Ordenamento do Espaco Maritimo (POEM), Relatério
E4 - Inventdrio e Caracterizagio Ambiental, Avaliacio
e Desenvolvimentos Futuros, Ministério do Mar, Aguas
Interiores e Pescas (MIMAIP)

Republica de Mogambique. 2020. Plano de Gestio da
Pescaria de Peixes Demersais de Fundos Rochosos (PGP-
PDFR) — 2021-2025. Ministério do Mar, Aguas Interiores
e Pescas, 59 pp.

Robinson, N. J., Morreale, S. J., Nel, R., Paladino, FE V.
2016. Coastal leatherback turtles reveal conservation
hotspot. Scientific Reports. 6 (1), 1-9.

Rosendo, S., Brown, K., Joubert, A., Jiddawi, N. , and
Mechisso M. 2011. A Clash of Values and Approaches:
A Case Study of Marine Protected Area Planning in
Mozambique.Ocean & Coastal Management, vol. 54, no.
1, Jan. 2011, pp. 55-65. ScienceDirect, doi:10.1016/j.
ocecoaman.2010.10.009.

Samoilys, M., Osuka, K., Muthiga, N., Harris, A., 2017.
Locally managed fisheries in the Western Indian Ocean: a

review of past and present initiatives, WIOMSA Book Series
17. WIOMSA.

Santos, J., 2008. O Papel da Administracio Pesqueira na
Gestao do Subsector Artesanal em Mocambique: O presente
e modelos para o futuro. Dire¢ao Nacional de Administracio

Pesqueira - Ministério das Pescas, Maputo.

Schaeffer, B.A., Morrison, J.M., Kamykowski, D., Feldman,
G.C,, Xie, L., Liu, Y., Sweet, W., McCulloch, A., Banks, S.,
2008. Phytoplankton biomass distribution and identification
of productive habitats within the Galapagos Marine
Reserve by MODIS, a surface acquisition system, and in-

situ measurements. Remote Sensing of Environment 112,
3044-3054. https://doi.org/10.1016/j.rse.2008.03.005

Shapiro, A, 2018.
Extent 1995-present.
RG.2.2.18470.55367

Mozambique Mangrove
https://doi.org/10.13140/

Silva LM., Hempson T., Hussey N. 2014. Giant
trevally spawning aggregation highlights importance of
community fisheries management no-take zones. Marine

Biodiversity:1-2

Sink, K.J., Harris, L.R., Skowno, A.L., Livingstone, T.-
C., Franken, M., Porter, S., Atkinson, L.J., Bernard, A.,
Cawthra, H., Currie, J., Dayaram, A., De, W., W., Dunga,
L.V., Filander, Z., Green, A., Herbert, D., Karenyi, N.,
Palmer, R., Pfaff, M., Makwela, M., McKay, E, Van Niekerk,
L., Van Zyl, W., Bessinger, M., Holness, S., Kirkman, S.P,
Lamberth, S.J., Liick-Vogel, M., 2019a. Chapter 3: Marine
Ecosystem Classification and Mapping, In South African
National Biodiversity Assessment 2018 Technical Report
Volume 4: Marine Realm. eds K.]. Sink, M.G. Van der Bank,
PA. Majiedt, L.R. Harris, L. Atkinson, S. Kirkman, N.

Karenyi. South African National Biodiversity Assessment,

Pretoria. http://hdl.handle.net/20.500.12143/6372.

Sink, K.J., Sibanda, S.M., Fielding, P, Skowno, A.L.,
Franken, M., Harris, L.R., Adams, R., Baleta, T., 2019b.
Chapter 8: Ecosystem Protection Level, In South African
National Biodiversity Assessment 2018 Technical Report
Volume 4: Marine Realm. eds K.J. Sink, M.G. Van



der Bank, PA. Majiedt, L.R. Harris, L. Atkinson, S.
Kirkman, N. Karenyi. South African National Biodiversity
Institute, South  Africa. http://hdl.handle.
net/20.500.12143/6372.

Pretoria.

Sink, K.]J., Attwood, C.G., Lombard, A.T., Grantham, H.,
Leslie, R., Samaai, T., Kerwath, S., Majiedt, P, Fairweather,
T., Hutchings, L., van der Lingen, C., Atkinson, L.J.,
Wilkinson, S., Holness, S., Wolf, T., 2011. Spatial planning
to identify focus areas for offshore biodiversity protection
in South Africa. Final Report for the Offshore Marine
Protected Area Project. South African National Biodiversity
Institute, Cape Town.

Spalding, M., Ravilious, C. e Green, E.P. 2001. World Atlas
of Coral Reefs. Berkeley, CA: University of California Press.

Stewart, R.R., Noyce, T., Possingham, H.P, 2003.
Opportunity cost of ad hoc marine reserve design decisions:
an example from South Australia. Marine Ecology Progress
Series 253, 25-38. https://doi.org/10.3354/meps253025

The Nature Conservancy, 2012. Marine Ecoregions and
Pelagic Provinces of the World. Cambridge (UK).

Tibiric4, Y., Birtles, A., Valentine, P, Miller, D.K., 2011.
Diving Tourism in Mozambique: An Opportunity at Risk?
Tourism in Marine Environments 7, 141-151. hteps://doi.
org/10.3727/154427311X13195453162732

Tinley, K. L. “Coastal Dunes of South Africa,” 1985. https://
researchspace.csir.co.za/dspace/handle/10204/2353.

Tinley, K.L., 1971. Determinants of coastal conservation:
dynamics and diversity of the environment as exemplified
by the Mogambique coast. Proceedings of the Symposium
on Nature Conservation as a Form of Land Use, Gorongosa
National Park, 125-152 pp.

Treml, Eric, Kay Critchell, and Courtney Cox. Larval
Dispersal Modeling for Marine Reserve Design in
Mozambique. 2020. Rare. https://portal.rare.org/en/tools-

and-data/network-of-marine-reserves/explore-reserve-
design-data/
UNCTAD, 2017. Fishery Exports and the Economic

Development of LDCs: Bangladesh, Cambodia, the
Comoros, Mozambique, Myanmar and Uganda. UNCTAD.

UNEP 2019. The Species+ Website. Nairobi, Kenya.
Compiled by UNEP-WCMC, Cambridge, UK. Available

on: www.speciesplus.net.

UNEP-WCMC, Short, ET., 2021. Global Distribution of
Seagrasses. https://doi.org/10.34892/X6R3-D211

UNEP-WCMC, WorldFish, World Resources Institute, The
Nature Conservancy, 2021. Global Distribution of Coral
Reefs. https://doi.org/10.34892/T2WK-5T34

Wallace, B.P, Tiwari, M. & Girondot, M. 2013. Dermochelys
coriacea  (Southwest Indian Ocean subpopulation).
The TUCN Red List of Threatened Species 2013:
€. T46967863A46967866. hteps://dx.doi.org/10.2305/
IUCN.UK.2013-2.RITS. T46967863A46967866.en

Warnell, L. J. K., Darrin, H. M. e Pierce, S. J. 2013.
Threatened Marine Species in Mozambique: A Summary of

the Conservation and Legal Status.

WCS, Governo de Mocambique & USAID. 2021. Red
List of threatened species, ecosystems, identification and
mapping of Key Biodiversity Areas (KBAs) in Mozambique
- Final Report (VOL. I). USAID / SPEED:+. Maputo. 96pp.

White, C., Halpern, B.S., Kappel, C.V., 2012. Ecosystem
service tradeoff analysis reveals the value of marine spatial
planning for multiple ocean uses. Proceedings of the
National Academy of Sciences 109, 4696-4701.

WoRMS Editorial Board 2019. World Register of Marine
Species. Available on http://www.marinespecies.org _at
VLIZ.

Yesson, C., Clark, M.R., Taylor, M.L., Rogers, A.D., 2011.
The global distribution of seamounts based on 30 arc seconds
bathymetry data. Deep Sea Research Part I: Oceanographic
Research Papers 58, 442-453. https://doi.org/10.1016/j.
dsr.2011.02.004




APPENDIX 1. TABLE OF ECOSYSTEM TYPES

Ecoregion

Delagoa

Moz Channel

Bathome

Upper Shelf

Substrate/
Geomorphology

Canyon

Ecosystem Type

Delagoa Canyon

Mozambique Channel
Canyon

Mozambique Channel Coral
Reefs

Mozambique Channel
Seamount

Mozambique Channel
Lower Shelf

Mozambique Channel
Lower Slope

| Mozambique Channel Mid
Shelf

Mozambique Channel Mid
Slope

Mozambique Channel Shelf
Edge

Mozambique Channel
Upper Shelf

Description

Canyon in the Delagoa Ecoregion (steep-walled underwater valleys
with V-shaped cross sections)

Estuaries and outflows in the Delagoa Ecoregion (areas within
2.5km buffer from rivermouth)

Microalgal Mats in the Delagoa Ecoregion (visible accumulations of
microscopic algae in sandy sediments)

Rock in the Delagoa Ecoregion (exposed hardbottom area with few
corals)

Rubble in the Delagoa Ecoregion (loose, rough fragments of broken
coral)

Canyon in the East Africa Ecoregion (steep-walled underwater valleys
with V-shaped cross sections)

Estuaries and outflows in the East Africa Ecoregion (areas within a
2.5 km buffer from rivermouth)

Microalgal Mats in the East Africa Ecoregion (visible accumulations
of microscopic algae in sandy sediments)

Rock in the East Africa Ecoregion (exposed hardbottom area with few
corals)

Rubble in the East Africa Ecoregion (loose, rough fragments of
broken coral)

Canyon in the Mozambique Channel Ecoregion (steep-walled
underwater valleys with V-shaped cross sections)

Coral Reefs in the Mozambique Channel Ecoregion (live reefs or
algae)

Seamount in the Mozambique Channel Ecoregion (conical areas
rising >1000 m from seafloor)

Lower Shelf waters in the Mozambique Channel Ecoregion (100-150
m depth)

Lower Slope waters in the Mozambique Channel Ecoregion (1800-
3500 m depth)

Mid Shelf waters in the Mozambique Channel Ecoregion (40-100 m
depth)

Mid Slope waters in the Mozambique Channel Ecoregion (1000-
1800 m depth)

Shelf Edge waters in the Mozambique Channel Ecoregion (150 -
500m depth)

Upper Shelf waters in the Mozambique Channel Ecoregion (0-40m
depth)




Ecoregion  Bathome  Substrate/ Ecosystem Type Description
Geomorphology
Moz Channel | Upper Slope | - Mozambique Channel Upper Slope waters in the Mozambique Channel Ecoregion (500-
SofalaBight | .| .| Upperslope ... 1000m depth)
Sofala Bight Canyon Sofala Bight Canyon Canyon in the Sofala Bight Ecoregion (steep-walled underwater
SofalaBight | oo b valleys with V:shaped cross sections)
o fg ; Coral Reefs Sofala Bight Coral Reefs Coral Reefs in the Sofala Bight Ecoregion (live reefs or algae)
Sofal.aBlgh.t ...................................... ............... ................ ........
. : Estuary Sofala Bight Estuary Estuaries and outflows in the Sofala Bight Ecoregion (areas within
Sofala Bight 2.5 km buffer from rivermouth)
Sofala Bight | _ Microalgal Mats | Sofala Bight Microalgal Microalgal Mats in the Sofala Bight Ecoregion (visible accumulations
SofalaBight | [ Mats ) of microscopic algae in sandy sediments) ...
Sofala Bight | - Rock Sofala Bight Rock Rock in the Sofala Bight Ecoregion (exposed hardbottom area with
. few corals)
.Sofa.|a4B|ght.. Rbb|thsf|BhtE ........ . (| ............... hf ........... tf ........
. - Rubbl Sofala Bight Rubble ubble in the Sofala Bight Ecoregion (loose, rough fragments o
Sofala Bight ubble g broken coral)
B seagss | Sofela Bight Seagrass | Seagrass inthe Sofola Bight Ecoregion
SO BON | Loershelt |- | Sofala Bight Lower Shelf | Lower Shelf waters in the Sofala Bight Ecoregion (100150 m depth)
| Mid Shelf 1oL Sofala Bight Mid Shelf | Mid Shelf waters in the Sofala Bight Ecoregion (40-100 m depth)
Shelf Edge Sofala Bight Shelf Edge Shelf Edge waters in the Sofala Bight Ecoregion (150-500 m depth)
Shore Sofala Bight Shore (300m Shore waters in the Sofala Bight Ecoregion (300 m buffer from
buffer) shore)
Upper Shelf Sofala Bight Upper Shelf Upper Shelf waters in the Sofala Bight Ecoregion (0-40 m depth)

APPENDIX 2. IUCN SPECIES USED IN ANALYSIS

CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; LC = Least Concern.

Fish Species (threat category)

Acanthopagrus vagus (VU)
Acroteriobatus leucospilus (EN)
Aetobatus ocellatus (DD)
Aetomylaeus bovinus (CR)
Aetomylaeus nichofii (VU)
Aetomylaeus vespertilio (EN)
Alopias superciliosus (VU)
Alopias vulpinus (VU)
Bolbometopon muricatum (VU)
Carcharhinus albimarginatus (VU)
Carcharhinus amblyrhynchos (EN)
Carcharhinus brevipinna (VU)
Carcharhinus melanopterus (VU)
Carcharhinus obscurus (EN)
Carcharhinus plumbeus (VU)
Carcharias taurus (VU)
Carcharodon carcharias (VU)
Centrophorus granulosus (EN)
Centrophorus moluccensis (VU)
Centrophorus squamosus (EN)
Centrophorus uyato (EN)
Dalatias licha (VU)

Deania quadrispinosa (VU)
Echinorhinus brucus (EN)
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Epinephelus albomarginatus (VU)
Epinephelus fuscogurtarus (VU)
Epinephelus polyphekadion (VU)
Halaelurus natalensis (VU)
Haploblepharus kistnasamyi (VU)
Hemipristis elongata (VU)
Himantura uarnak (VU)
Hippocampus bistrix (VU)
Holohalaelurus favus (EN)
Holohalaelurus punctatus (EN)
Lamna nasus (VU)

Leucoraja wallacei (VU)
Makaira nigricans (VU)
Mobula alfredi (VU)

Mobula birostris (EN)

Mobula kublii (EN)

Mobula mobular (EN)

Mobula thurstoni (EN)
Myliobatis aquila (CR)

Nebrius ferrugineus (VU)
Negaprion acutidens (VU)
Odontaspis ferox (VU)
Parablennius lodosus (VU)
Paragaleus leucolomatus (VU)

Pastinachus ater (VU)
Pateobatis jenkinsii (VU)
Polysteganus pracorbitalis (VU)
Polysteganus undulosus (CR)
Pristis pristis (CR)

Pristis zijsron (CR)
Pseudoginglymostoma brevicaudatum
(CR)

Rhina ancylostoma (CR)
Rhinoptera javanica (VU)
Rhizoprionodon acutus (VU)
Rhynchobatus australiae (CR)
Rhynchobatus djiddensis (CR)
Rostroraja alba (EN)

Sphyrna lewini (CR)

Sphyrna mokarran (CR)
Sphyrna zygaena (VU)
Stegostoma tigrinum (EN)
Taeniurops meyeni (VU)
Thunnus maccoyii (CR)
Thunnus obesus (VU)
Triaenodon obesus (VU)
Urogymnus asperrimus (VU)




Mammal Species (threat category) Holothuridae (threat category)

Balaenoptera musculus (EN) Actinopyga echinites (VU)
Holothuria fuscogilva (VU)
Holothuria lessoni (EN)
Holothuria nobilis (EN)
Holothuria scabra (EN)
Stichopus herrmanni (VU)

Thelenota ananas (EN)

Caperea marginata (LC)
Dugong dugon (VU)
Eubalaena australis (LC)
Feresa attenuata (LC)
Lissodelphis peronii (LC)
Sousa plumbea (EN)
Tursiops aduncus (NT)

APPENDIX 3. LIST OF THE MEMBERS OF THE COORDINATION GROUP THAT WAS
ESTABLISHED TO SUPPORT THIS PROCESS

# Names Institutions
LI Alexandre Bartolomeu | DINAB- Nairobi Convetion
2ol AlimaTaju ] WWE
S Ana Paula Francisco | DINAB_CBD . ..
4 Anselmo Gaspar DINAB-CMS
5 | AmindoAmman | ANAC
I BadruHagy  ....|.. L
A Bartolomeu Soto | PPR ]
8 Celso Montanha |IP
9| DeniseNicolau |~ BIOFUND
10 | EdsonJose ] Rare
M| FdvardoVideira ] WWE
12 Eleutério Duarte WCS
3| EmidioAndre e
14 | Guilhermina Honwana | NP
15 | HadijaMussagy | ADNAP
16 Hugo Costa WCS
B T
B i e
e e i
Tt I L
i e e
A s
o S
e e
e e
26 | PabloShapin | AfanPaks
27 Paula Santana Afonso |IP
B
Sl . e o




APPENDIX 4. VERIFICATION OF TARGET ACHIEVEMENT

Conservation Feature

Delagoa Canyon

Sofala Bight Estuary

Scenario A (7-8% of EEZ)

Target : Amount
(km?)  : selected (km?)
4.55 5

28245.5

Scenario B (10-12% of EEZ)

: Amount
: selected (km?)

| 3589.45
3350.55

28245.5

Scenario C (30% of EEZ)

: Amount
: selected (km?)

52



Conservation Feature

Aggregation Site Tofo

Carcharhinus albimarginatus range map (IUCN)

320241

Scenario A (7-8% of EEZ)

: Amount
selected
- (km?)

Target
(km?)

© 10734108

4

03

2824525

154.25

8824.7

16012.05

Scenario B (10-12% of EEZ)

- Amount
: selected
* (km?)

28245.25

154.25

8824.7

16012.05

Scenario C (30% of EEZ)

: Amount
 selected
 (km?)

17916.3

10449.6

2655.75

8473575 i 184403
4275 a0

26474.1 61328
s e




Scenario A (7-8% of EEZ)  Scenario B (10-12% of EEZ)  Scenario C (30% of EEZ)

Conservation Feature Extent Target : Amount | Target - Amount Target : Amount
(km?) (km?) : selected | (km?) i selected | (km2)  selected
- (km?) - (km?) ¢ (km?)
. Carcharhinus amblyrhynchos range map (IUCN) | 19 378595 117839 | | 378595 23182 | 135785 33353
Carcharhinus brevipinna range map (IUCN) 71789 3589.45 113232 3589.45 10768.35 © 29269

16034.35
12272.45

7000.65 21001.95

7034.95 7034.95 21104.85

1073.5

0.45

28245.5

10623.3

5749.15 5749.15

12302.85 : 12302.85 : 36908.55

12302.85 : 36908.55

7180.35
12068.55

Rhynchobatus australiae range map (IUCN) . . 1871.55

54



Conservation Feature

Rhynchobatus djiddensis range map (IUCN)

Historical Ports

Scenario A (7-8% of EEZ)

: Amount
: selected
: (km?)

L 14362

Scenario B (10-12% of EEZ)

Target
(km?)

3028

i Amount
: selected
* (km?)

15429

Scenario C (30% of EEZ)

Target Amount
(km?) : selected

- (km?)

10238.64 10238.91

2 15720

© 296

.

wn
o
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