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Issue 12 is all about restoring damaged WIO
Coastal Ecosystems: The restoration of coastal
ecosystems is regarded as a viable nature-based
solution in achieving a wide range of global
development goals.
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Restoring damaged WIO Coastal Ecosystems:
The restoration of coastal ecosystems is
regarded as a viable nature-based solution in
achieving a wide range of global development
goals. Indeed, the United Nations has proclaimed
2021–2030 as the decade of Ecosystem Restoration,
to support and scale up efforts to prevent, halt and
reverse the degradation of ecosystems worldwide
and raise awareness of the importance of successful
ecosystem restoration. Over the years, restoration
of critical coastal habitats such as mangroves,
seagrasses, estuaries, dunes and coral reefs has
been undertaken in the WIO region with some
restoration initiatives remaining at an experimental
level while others have gone on to be implemented
at a large scale. In the process, a wealth of experience
has been accumulated from different restoration
processes. The dissemination of the lessons learnt
from these initiatives provides a great opportunity
for shared learning across the region. WIOMSA and
WIO-SAP Project of the Nairobi Convention have
jointly produced two issues of the WIOMSA
Magazine focusing on restoring damaged
coastal ecosystems. The first part of the series
was released in Issue 11 of the WIOMSA Magazine.
Part two of this series features stories from projects
implemented in Madagascar, Mauritius, Kenya,
Mozambique, and South Africa. The stories focus on
successes, failures, challenges, lessons learnt and
also outline the opportunities that exist in ecosystem
restoration. They highlight community participation
in restoration efforts, how restoration fits in within
the wider ecosystem management realm, the costs
and economics of restoration activities and compare
different restoration techniques.
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Message
from the Editor

The critical role of communities as the stewards
of their natural resources is demonstrated through
various restoration initiatives.

BY Jared Bosire

w

hat a unique year 2020
has been. The global
Covid-19 pandemic has

underscored how interconnected
the world is – a connectivity
reflected even in the ecosystems
that straddle the boundaries of
nations. 2020 was also the year in
which the Global Biodiversity Outlook
and the Living Planet reports indicated
that humanity is careening towards a
stupendous crisis, unless urgent and
large-scale efforts are put in place to
bend the curve of biodiversity loss.
It is unbelievable that about 68% of
major animal populations have been
lost over the past 40 years, and the
steady decline continues. Large-scale
restoration efforts are among the

The Editor leading mangrove surveys at the Zambezi Delta in Mozambique.
Photo: Jared Bosire

Jared Bosire is a project manager of the
UNEP-Nairobi Convention and is leading
the implementation of the WIO-SAP project.

A 6 year old strand of replanted mangroves R Mucronata. Credit Honko Reef Doctor Project, Madagascar.

interventions that can turn the tide on
biodiversity loss.
of case studies and it is amazing to

grown, from which >7 000 coral

engineering” method was adopted

the testing of restoration techniques

The Nature Conservancy and other

This second issue of the WIOMSA

learn how much restoration work has

fragments have already been

to restore a beach and dune buffer

for the most impacted species.

partners, including the Reef Resilience

magazine on ecosystem restoration

been undertaken in countries across

replanted directly onto boulders.

system.

Experimentation is supported by many

Network, the National Oceanic and

captures the excellent and often

the region and across a diversity of

Atmospheric Administration’s Coral

under-reported work that is going

ecosystems. For instance, recurrent

Ecosystem restoration isn’t always

partners, including the GEF-funded

Reef Conservation Program (NOAA

bleaching events, with increasing

about planting mangroves, salt

WIO-SAP project.

on across the western Indian Ocean
(WIO) region. Being released on the

intensities and severities, have

marshes, seagrasses or corals. Aided

eve of the United Nations Decade

contributed to a significant decrease

natural restoration must be part of

on Ecosystem Restoration, the two

in live coral cover around the WIO

ecosystem management programmes.

latest issues of the WIOMSA magazine

region, and in Mauritius in particular.

For instance, a passive three-pronged

have highlighted the successes,

The Mauritius Oceanography Institute

restoration approach that has been

opportunities and challenges for the

initiated a three-year “Coral Farming

adopted in the Mombasa marine

region and the potential contribution

Project”, which has demonstrated that

protected area; including fishing gear

it can make towards the Decade.

coral culture is possible both in-situ

restrictions, conservation education

The stories captured in this issue

and ex-situ for various species and

and awareness, and beach and aquatic

provide a great opportunity for shared

could be considered for the protection

monitoring; has led to an improvement

learning and will hopefully trigger more

of biodiversity and the rehabilitation

in seagrass meadows.

enthusiasm, ambition and collaboration

of degraded reef sites. The Nairobi

in restoration efforts over the course of

Convention Global Environment Facility-

Restoration is also about re-

the next 10 years.

funded WIO-SAP project has provided

establishing effective beach-dune

further funding to support coral farming

buffer systems, as is demonstrated

Just like the first issue, which was

efforts in Mauritius. A second Mauritian

by the case of Pringle Bay, located

released in September this year,

coral reef restoration project has seen

south-east of Cape Town in South

this issue documents a wide variety

approximately 15 000 coral fragments

Africa. Here, a cost-effective “soft-
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Although salt-marsh restoration is not
widely reported in the region, South

CRCP) and WIOMSA, are engaged in

Africa’s Department of Environment,

The Mikoko project in Kenya- a multi-

an initiative to build reef restoration

Forestry and Fisheries removed parts

partner restoration project- involves

capacity in Kenya and Zanzibar, with

of a causeway located at the mouth

more than 15 community groups

the objective of restoring the health of

of the Orange River, on its border

from Lamu County in mangrove

coral reefs using low-cost and low-tech

with Namibia. The removal of the

rehabilitation, in an area which has

methods.

causeway allowed renewed circulation

more than 70% of the mangrove

of water and hydrological connectivity

cover in Kenya. In addition, WWF

It is hoped that with past and current

carried seeds into desertified former

has supported annual planting

restoration efforts, and the lessons

marshland areas, allowing plant growth

campaigns since 2012, leading to the

learnt from them, the WIO can make

to return.

restoration of about 880 hectares

a significant contribution towards the

along the west coast of Madagascar,

Decade on Ecosystem Restoration,

Seagrass restoration initiatives are

making this the biggest area of

as well as other global commitments,

also picking up across the region.

planted mangroves in the region.

including the 2030 Agenda and the

As an example, in Maputo Bay,

This has been achieved by working

Global Biodiversity framework. It may

Mozambique, detailed research into

hand in hand with local communities,

be opportune to plan for a regional

the management of seagrasses has

local authorities, non-governmental

conference early next year to mobilize

been carried out over several decades

organizations, civil society and young

ecosystem restoration efforts and

and these efforts are now supporting

people.

elevate ambition during the Decade.
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Restoration
of a salt marsh

in a semi-arid Ramsar site
By Janine Adams and Lesley McGwynne
Restoration activity to remove the causeway
(black line) at identified breach sites (red lines).

A Working for Wetlands team
works to remove the causeway.

Salt marsh grows green where hydrological
activity has taken place. At the bottom of the
photograph, the estuary links to the sea.

Renewed circulation of water and hydrological connectivity
carried seeds into these areas and plant growth returned
The wetlands form an integral part of

Department of Environmental Affairs,

The Orange River is the only

a uniquely situated desert biome, but

attempted to remove parts of the

perennial river running through

the natural system is highly disturbed

causeway. Because the operation was

and modified after many years

carried out manually, the volume of

of diamond mining, interference

material to be shifted proved excessive

with normal river flow patterns,

and flow could only be restored to a few

poorly planned manipulation of the

areas near the mouth. But, renewed

river mouth, and pollution from

circulation of water and hydrological

agricultural, industrial and domestic

connectivity carried seeds into these

activities. Compounding these impacts

areas and plant growth returned.

is a causeway built with old mining

Normal flows have not been re-

material that provides access to the sea

established in the greater expanse of

for people living in the town of Alexander

the wetland and much of the salt marsh

Bay. The causeway has isolated some

habitat remains in a poor condition.

areas of salt marsh, cutting them off

Desertified former marshland lies

from the tidal and river flows that flush

covered with windblown sand and

the estuary. As a result, these areas

mining dust, further reducing conditions

become dry and salinized during times

favourable for marsh plant regeneration.

this arid border region, its mouth
forming a delta of interlaced
islands, troughs, sand banks,
mudflats and large expanses
of estuarine salt marsh..

The river flows strongly, at times
limiting the tidal flow of seawater into
the estuary and causing the wetland
to be fresh. Low salinity plants such as
sedges, saltworts and common reeds
are abundant and during the summer
months, the wetland becomes the
sixth richest in southern Africa in terms
of bird numbers – a rare ecological
occurrence along the dry Atlantic coast.

lead to salt marsh growth. Joint ventures
are planned between industry and
conservation authorities on both sides
of the South Africa–Namibia border to
have the Orange River Mouth wetlands
officially proclaimed a transnational
conservation area. These initiatives,
together with long-term monitoring
projects, present multi-pronged efforts to
preserve the ecology of this exceptionally
important natural area.

of low rainfall, and waterlogged during
floods, causing plants to die back and

Salt marsh restoration is challenging

more than 300 hectares of salt marsh

in low rainfall areas where salinization

habitat to be lost. This has reduced the

has occurred and is unworkable where

viability of the wetland as a migration

normal water flows are restricted or

stopover for many water birds and its

impeded. Physical removal of flow

usefulness as a nursery area for fish and

barriers is essential to restore salt marsh

invertebrates.

habitats and enable them to maintain

Regrowth of Cotula coronopifolia. This
is the green re-establishing salt marsh
that may be seen in the aerial photo.
Wind blown dust covering Sarcocornia
pillansia in the desertified salt marsh area.

ecological processes, biodiversity,

The red circle indicates the
desertified salt marsh area at the
Orange River mouth.
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A project was devised to improve the

and their carbon storage capacity. At

health of the wetland by restoring the

the Orange River mouth, hydrological

salt marsh. To achieve this, tidal and

restoration led to seed transport of the

freshwater flows between the estuary

dominant salt marsh plants Sarcocornia

and the salt marsh needed to be re-

pillansii and Cotula coronopifolia and no

established. In 2005, optimal breach

active planting was necessary. This is a

sites were identified and Working for

future restoration opportunity because

Wetlands, an initiative of the then

the total removal of the causeway will
People and the Environment | 7

Flattening the
coastal erosion
risk curve

Keeping enough sand on the beach and in the foredune
will assist in flattening the coastal erosion risk curve while
climate change mitigation measures are implemented.

By Laurie
Barwell

increase in the rate of coastal erosion leads to a reduction of

The risk to coastal properties and habitat is increasing as the climate change

beaches and the undercutting of the foundations of alongshore

curve steepens. Coastal environmental engineer, Laurie Barwell, argues that

structures which are highly visible. However, the perceived
increase in coastal erosion is often the result of poor planning

restoring the storm-buffering services offered by beach and dune ecosystems is

–development has impinged on the local buffering area, resulting

an affordable and practical climate change response strategy.

in a sand depleted system.
Adaptation responses to climate change include retreat, elevate,
and/or defend strategies. The chosen approach for a particular
location considers the local topography and geology, the
assessed risk to life and livelihoods, and affordability.
Where the physical characteristics of the coastline allow, the best
and most cost-effective strategy is to retreat, thus providing
nature with the space to follow its course.
Certain coastal infrastructure, such as ports and fishing
harbours are required to be as close to the water as possible.
In such cases an elevate strategy is necessary. Defending
coastal development against the forces of the sea is costly and
engineered structures often require regular maintenance.
An approach of setting and enforcing scientifically based
development setback limits is wise for current re-development
and new development projects.
In many countries much of the economy is based on coastal
tourism, with proximity to a safe and comfortable beach
environment being a value-adding benefit. Using hard
Above: Arial view of Pringle bay.

The beach and dune ecosystem of a soft,

of subsequent storm waves. The beach is

sandy coast reflects the influence of the

reformed when sand is washed back onshore

availability of sand, the wind and wave regimes,

during calm periods. Onshore winds move

the tidal range, sea level and the climate. When

dry beach sand landwards to form vegetated

sea-storms occur, the beach and foredune

foredunes and the natural “shock absorbing”

system absorbs and dissipates the high

ecosystem service is restored.

wave energy and the eroded sand is washed
offshore to form submerged sandbanks in the
nearshore area.

The effects of climate change include
an increase in the frequency of intense
storms, higher wind velocities over the

The submerged sandbanks form natural

ocean and the associated increase in

breakwaters that limit the erosional effects

wave energy reaching the coastline. An

8 | People and the Environment

engineering solutions for coastal protection is often unaffordable
and unsustainable and a combination of planned retreat along
with the restoration of the natural ecosystem services has proved
to be more cost-effective.

The restoration of a beach
and dune buffer system
is a specialized “softengineering” discipline that
requires proper planning,
design, implementation and
maintenance.

As discussed in the case study, re-establishing an effective
beach-dune buffer system is often the appropriate
response to managing the shoreline. Where the buffering
beach and foredune system lacks sand, restoration
includes bringing in sand from a suitable external source.
In many cases this approach will prevail in the long term, but it
may only be an affordable means of “flattening the risk curve”
whilst buying time for effective retreat to higher ground.

People and the Environment | 9

Flattening
the coastal
erosion risk
curve Continued

Right: Pringle Bay
Below: Locality Map
(Google EarthTM).

The case of Pringle Bay
The “pocket beach”
system has a finite
amount of sand in
the beach and dune
system and little
new sand enters
the system

The coastal village of Pringle Bay is located
south-east of Cape Town in the Republic
of South Africa. Seasonal onshore
winds blow sand landwards off the
beach and foredune where it is lost
to the natural littoral system.
This ongoing loss compromises the
natural ecosystem service function of the
beach and foredune as a natural buffer
between the sea storms and the natural
assets (e.g. climax coastal vegetation and
wetlands) and development (e.g. public
amenities, infrastructure and private
property).
Historic photos (1938 to 2020) show
that the natural wind-blown sediment
pathway from the dune field back onto
the beach was altered by development.
Beach amenities, houses, roads and

10 | People and the Environment

landwards by up to 130 m, placing the

buffer dune of sufficient volume. Sand is blown off the

freshwater wetlands and development at

beach into the foredune where it is available to feed

risk of damage by seawater inundation

back onto the beach during offshore winds and storm

and wind-blown sand encroachment.

erosion. Monitoring surveys show the upper beach

Implementation of a staged beach
and dune restoration management
plan commenced in 1989. The
management plan1 was updated

now remains dynamically stable with seasonal changes
within a band of 50 metres. A functional buffer exists
and protects the restored wetland and vegetated
backdune area.

in 2015 to include sea level rise

Restoring the natural storm-buffering ecosystem

scenarios. Three broad objectives for

services offered by beach and dune systems are

the restoration of the buffer dune

underestimated as an affordable and practical

system are:

climate change response strategy.

Above: Pringle Bay: Beach berm and
wash-over lagoon (Archive).

1. Managing the system to maintain
the natural functionality and integrity
of the coastal ecosystem;
2. Effectively buffering the coastal
properties (private and public) from the
coastal processes; and (3) enhancing the
recreational and aesthetic qualities of
the area.

parking areas occupy what was once an

The cost-effective “soft-engineering”

open sediment pathway from and to the

method of labourers packing brushwood

beach and the dune field. The analysis

to trap the wind-blown sand in a staged

shows that the upper beach has retracted

approach has resulted in a functional

Keeping enough sand on the
beach and in the foredune will
assist in flattening the coastal
erosion risk curve whilst
climate change mitigation
measures are implemented.
Right: A & B: Restored buffer dune ecosystem; C: Dune ecosystem
restoration in progress. Google EarthTM image (April 2020).
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Conserving
Kenya’s precious
By Cecile
Bégard

“Mikoko”

The Kenyan coast shelters a fragile and valuable ecosystem:
the mangrove forests. The Mikoko research project aims to
prevent the degradation of these ecosystems, both for the
environment and the local population.

Mangrove forests

+60 000 hectares

+3%

of natural forest cover in Kenya.

Covering more than 60 000 hectares,

Diminishing mangrove forests mean that

mangrove forests represent

local communities’ source of livelihood is

approximately 3% of natural forest cover

also threatened. The population around

in Kenya. Around 60% of mangroves

Lamu uses mangrove wood as fuel

occur in Lamu County.

and building material. It significantly

This coastal ecosystem, which
is highly dependent on ocean
tides and freshwater intake,
is endangered. It is estimated
that Kenya lost about 20% of its

relies on fisheries provided by the
mangrove ecosystem. Mangrove forests

Above and below: Mangrove forests near Watamu © Cécile Bégard.

also protect the coast against natural
events and they represent an important
ecotourism opportunity.

mangrove cover between 1985

The Mikoko participatory research project,

and 2009, meaning 450 hectares

led by the Kenya Forest Service (KFS), the

of mangroves disappeared every

French Agricultural Research Centre for

year. The main threats to mangroves in

International Development (CIRAD) and

Kenya are the over-exploitation of wood

the French National Research Institute

products, the conversion of mangrove

for Sustainable Development (IRD),

areas into salt extraction sites, pollution

and funded by the French Ministry of

originating from human activities such as

Foreign Affairs, has an ambitious goal:

ports and agriculture, and the diversion

conserving and restoring the Kenyan

and damming of upstream rivers. The

mangrove forests. It focuses on two

threats are accentuated by weak forest

aspects in order to reach its objectives:

governance.

capacity building and community
involvement.

12 | People and the Environment
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Conserving
Kenya’s precious
Involving everyone to ensure
a successful initiative

“Mikoko” Continued

The first initiative of the project
was to gather all public and private
stakeholders involved in or interested in
the management of Kenyan mangroves
and build strong partnerships with them.
Twelve research topics carried out by Kenyan
students, co-supervised by Kenyan and French
specialists, have also been identified and are
being implemented.

The Mikoko project has
a strong capacity-building
component. It aims at giving
relevant and sustainable tools
to the people who manage the
forests on a daily basis”
said David Williamson, IRD representative in
Kenya and co-leader of the project.
The first Mikoko training session took
place in February 2020, in Gede. It brought
together local community leaders and
Below: Training in the
field near Gede © French
Embassy in Kenya.

16 KFS ecosystem conservators from
the Kenyan coastal area. The participants
exchanged their views and good practices
for a sustainable conservation strategy of the
mangrove ecosystem.

Our staff works every
day to protect and restore
the forests. With better
training, better skills
and better tools, the
forest management will
significantly improve

The local communities play a key role in the
Mikoko project.
“We first visited several
villages in Lamu county, in
order to present the ongoing
initiative, but also to give the
inhabitants the opportunity
to take part in it,” explained Juliana
Prosperi, botanist at Cirad and co-leader
of the project. The researchers thus
engaged with amateurs and experts
(community forest associations, beach

If you wish to further discuss the
project and its implications, or
similar projects, please contact
David Williamson
david.williamson@ird.fr
Juliana Prosperi
juliana.prosperi@cirad.fr
Pierre Grard
pierre.grard@cirad.fr
A website will be available soon.

14 | People and the Environment

management units, mangrove cutters,
women’s groups, etc.) to understand
their needs concerning the mangrove
forests and their ideas for improving the
governance of the forests.
The local communities, as well as
scientists, visitors and fishers, all
have the opportunity to participate
in the project, via a collaborative
online platform. The Mikoko
collaborative knowledge platform aims

to aggregate, produce and disseminate
relevant data on the mangrove
ecosystem and its multiple uses, with
maps to locate mangroves and indicate
their health status.
Overall, more than 15 community

Above: Meeting with villagers.
© Richard Bremond.
Below: The user interface of the
mangrove species identification app
© Mikoko/

more than 50 mangrove species.

Anyone will be able
to contribute by adding
information, pictures and
localizations. The platform
is under development and an
alpha version will be made
available in February 2021”,

The application will be developed

added Dr Prosperi.

groups from Lamu County are involved
in the rehabilitation of mangroves and
the construction of this innovative tool.
The platform will provide access
to a very visual application which
allows for the identification of

for mobile devices during the
second year of the project.
The Mikoko stakeholders chose
to focus on capacity building and
community involvement to ensure the
project has a real, long-term impact for
both the environment and the people.
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Greening
the Malagasy
coast with
mangroves

By Andriatsilavo
Davidson

The Manambolo-Tsiribihina landscape
is located in the Menabe and Melaky
region of southwestern Madagascar.
Through restoration efforts, communities
are now convinced that the good

Working together to
restore mangroves

management of natural resources is vital
for the future of mangroves and marine
resources.

Photo: Women from Benjavilo
planting mangrove propagules.

Since 2007, the
restoration of
mangroves has
been one of the key
conservation actions
carried out by WWF
Madagascar in the
Manambolo-Tsiribihina
landscape.

The mangroves of ManamboloTsiribihina have always been
exploited by humans. Inhabitants
cleared the land for rice paddies, used
the wood for construction, produced
firewood and charcoal. From 1996 to
2006 there was a loss of 3 317 hectares of
mangroves with an annual deforestation
rate of 0.53%. The community realized the
need to preserve the natural capital and
the goods and services of this exceptional
ecosystem by establishing good

Working hand in hand with local communities, local authorities, NGOs, civil
society and youth, WWF has been involved in annual planting campaigns. Every
year since 2012, WWF and communities have greened between 200 to
250 hectares of degraded mangroves. About 5 million propagules, or
mangrove seedlings, have been planted on about 880 hectares along the
west coast of Madagascar, between Maintirano and Belo Sur Mer.
WWF supports local communities in planting campaigns, a process that
involves collecting mature propagules for planting directly on fully
degraded sites. This is called active restoration. The organisation also
works to protect partially degraded areas with high potential for regeneration.
By protecting these areas from human pressures and threats, the mangrove is
allowed to regenerate.

management and restoring degraded
mangrove areas.

After 10 years of
restoration, the
mangroves of Kaday
are reborn

Right: A woman from Benjavilo planting
mangrove propagule.

Mangrove nursery.

16 | People and the Environment

Growing mangroves in Soahany, Manambolo
delta, western Madagascar.

Growing mangroves in Kivalo,
Tsiribihina delta.

A thriving replanted mangrove plantation.

Xylocarpus Granatum.

Egretta Dimorpha on a mangrove stalk.

Mangrove seedling.
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Greening the
Malagasy
coast with
mangroves
Continued
Below: A fisher bringing
home his nets in Bevava,
a village in Tsiribihina
delta, western Madagascar.

The mangroves of Andranokaolo,

show a totally barren landscape.

near the village of Kaday, 119 km

In images from 2007, at the start

northwest of Morondava, are also under

of restoration, we can see the new

unprecedented pressure. Uncontrolled

mangroves growing, and by 2017 the

use of mangroves in the 1960s and

degraded area is completely covered

1970s, led to the total disappearance of

with mangroves!

the mangroves in Andranokaolo. Thanks
to restoration actions, 340 hectares

Thus, habitats for waterfowl species,

of mangroves have been restored in

shrimps and crabs reappeared, with

10 years. Additionally, 1 000 hectares of

a positive growth of fishing, one of

mangroves have regenerated naturally

local community’s main activity. Much

following the plantings; some even outside

remains to be done for the mangroves

the zone of restoration. Satellite images

of Manambolo-Tsiribihina, but 10

from Google Earth taken in 2004,

years of effort show that with enough

before the restoration led by WWF,

determination, we can bring back the
forest together!

Top small: Scylla serrata, the crab species harvested by communities in Tsiribihina delta’s mangroves, western
Madagascar. Middle: Fish catch in Benjavilo, a village in Tsiribihina Delta. Bottom: A family passing through
mangroves destroyed by rising sea level in Ambakivao, Tsiribihina delta, western Madagascar.

18 | People and the Environment

What’s next?
Through sensitization
on the importance of
mangroves and the goods
and services provided by
them, the local community
of the ManamboloTsiribihina landscape
are now aware of a
importance of conserving
mangroves through good
management.

It is clear that putting communities at

With a view to sustaining these practices

the centre of mangrove conservation

and results, WWF has already replicated

efforts ensures the success of the

the approach and activities from Kaday

restoration project. Just as significant is

in other parts of the Manambolo-

the involvement of local authorities that

Tsiribihana landscape. For instance, it

recognize the importance of community

has established a community-based

involvement in sustainable mangrove

management system under current

restoration activities.

Malagasy law which incorporates the
different restoration, monitoring and

Coastal communities are now aware

survey activities.

and feel that mangrove restoration
contributes to coastal protection. As a
result, between 2006 and 2016, the rate
of mangrove deforestation decreased
from 0.53% to 0.39% when compared to
the period 1996 to 2006.

Above: Fishers collecting fishes in Benjavilo, a village in Tsiribihina delta.
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Kenya:

The Forest
Landscape
Restoration
Project

By Sofia Kabibi and
Kiunga Kareko

A four-year forest landscape restoration project is expected to protect
7 000 hectares of mangrove and terrestrial forests and lead to the
restoration of at least 30 000 hectares in Kwale County, Kenya.

Over 40 000 indigenous tree seedlings have
been planted in five terrestrial forest blocks.
In 2019, the World Wide Fund for Nature
(WWF) in Kenya, with funding from the
German Federal Ministry of the Environment,
Nature Conservation and Nuclear Safety
and WWF-Germany, launched an ambitious
four-year forest landscape restoration project
Below: Degraded mangroves.

that seeks to secure critical ecosystems in
Kwale County, Kenya. The intention is to

Right: Community member
participating in an official launch
of tree planting in Gogoni.

directly protect at least 7 000 hectares of
mangrove and terrestrial forests which will
indirectly lead to the restoration of up to 30
000 hectares for biodiversity conservation
and sustainable use, while ensuring that
safeguards are in place to protect the forests
from large-scale economic developments.
The project has positioned the

Ground-truthing of forest degraded sites by
KFS,KMFRI, WWF and VAJIKI CFA Members.

community at the centre of its
implementation strategy by directly
working with Community Forest
Associations and elders from the sacred
Kaya forests of the Mijikenda people
which are biodiversity hotspots in
Coastal Kenya. These forests have largely
been conserved because of their links to
the rich cultural heritage of the Mijikenda
community.
Reforestation interventions and capacity
building initiatives are being promoted with
the goal of improving resource management
and the use of ecosystem services. At the
same time, the project is exploring with
the National Environment Management
Authority (NEMA) on how best the
companies that use water and woodbased energy to a significant level
can utilise these resources efficiently
and sustainably. This involves organizing
round-table discussions, trainings, piloting
of innovative energy and water efficient
technologies, and the employment of
best international practices to help these
companies to reduce their environmental
footprint, with the goal of ultimately restoring
critical coastal ecosystems.
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Kenya:

The Forest
Landscape
Restoration
Project Continued

The Kenya Marine and Fisheries
Research Institute is part of the
consortium responsible for project
implementation and leads with its
extensive knowledge of scientific
and practical mangrove forest
management. Such collaboration
is key to ensuring that the planned
mangrove restoration interventions will
be carried out effectively. The project is
working with the Kenya Forest Service,
which is in turn working closely with
the Community Forest Association to
develop and implement participatory
forest management plans. The County
Government of Kwale and the National
Environment Management Authority
have been instrumental in ensuring the
project’s activities are well aligned with
county, national and regional goals.
To date, over 40 000 indigenous tree
seedlings have been planted in five

Above: Elias Kimaru, the former Kwale Kilifi Coordinator and the Cabinet Secretary Environment
and Forestry, Hon. Keriako Tobiko in a mangrove planting event during launch of Vanga Jimbo
Kiwegu Participatory forest management plan.

Above: Forest baraza meeting in Marenje
Forest block.

terrestrial forest blocks, namely
Gonja, Dzombo, Gogoni, Shimba Hills
and Marenje forest reserves. These
restoration activities were informed by a
series of multi-stakeholder consultation
meetings, remote sensing technologies
and multi-sectoral ground-truthing

The project also seeks to enhance natural
regeneration, remove exotic species, and establish
enrichment and boundary planting in both the
mangrove and terrestrial ecosystems.

activities. At the same time, a number

Kwale County Natural Resources

tangible milestones that have been

of management plans have been

Network, to push for the adoption

achieved including the validation of

developed or updated in Kwale County.

of international best practices,

the Gogoni Gazi Forest management

The management plans, together with a

at both national and county tiers of

plan, the Shimba Hills ecosystem

forest landscape restoration action plan,

government. These practices include

management plan and the Dzombo

will serve as guidelines for managing and

the application of International

forest management plan which will all

restoring forests over the next few years.

Finance Corporation (IFC) performance

be approved ready for implementation

standards and Equator principles;

next year.

Advocacy remains a vital tool in
ecosystem restoration; civil society

in spearheading some of the project’s
initiatives. The project has engaged
vibrant youth in universities and
local CBOs to impart the skills that
are essential in the conservation
of both terrestrial and mangrove
forests. Eventually, it is hoped that this
will lead to the development of a new
and informed conservation constituent
that seeks to secure critical ecosystems
in Kwale County, the health of local
populations, and our planet.

especially in the mining sector.
The project is keen to document the

organizations have proven to be a

A win for nature and people has

positive outcomes, challenges and

force to be reckoned with through their

already been registered following

lessons learnt through the robust

adamant push for better governance

the finalization of the Vanga Jimbo

project management unit that has

of natural resources. The project

and Kiwegu Mangrove management

been set up. Some of these impacts

has deliberately collaborated

plan. The project is progressing to

will be shared and publicized through

with a local community-based

deliver on its set targets and after only

blogs, articles, journals and other digital

organization (CBO) called the

one year of implementation there are

media. It is also worth noting that the
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youth are playing an important role

Right top: Ecosystem management
training for Marenje Community Forest
Association members.
Right: Students from Gugu Secondary
School participating in official launch
of tree planting in Dzombo forest.
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Restoring

By Charles
Lucas Makio

the Mida Creek
Mangroves

LOC’s mangrove nursery.

LOC is focused on
sustainable marine resource
management models,
utilizing sea turtles as a
flagship species for local
ocean health.

Before

After

mucronata, Ceriops tagal and Bruguiera
gymnorrhiza were collected from the
shores and cultured in LOC’s nursery
for six months, water parameters
being maintained as in the field. They
were then transplanted to the field
and monitored closely every month,
in terms of numbers, growth rate and
parasite infestation. Concurrently, equal
numbers of seeds of the same species
were collected and planted directly in
the restoration area in the same week.
After 16 months of monitoring, the
mangrove restoration team at LOC
has made the following conclusions:
the growth rate per month between
cultured seedlings in nursery and
those planted directly is almost the
same (between 0.98±0.04 and 1.40±0.16

Local Ocean Conservation (LOC), based in Watamu,
Kenya, is engaged in mangrove restoration and
rehabilitation activities in Mida Creek, which forms
part of the UNESCO Biosphere Reserve.

cm). However, the growth and survival rate
for those planted directly in the field is
lower than those cultured in the nursery

Restoration with nursery
grown seedlings

Restoration with directly
planted seeds

(38.4% and 67% respectively).
The community members involved
in the project are part of LOC’s

Magangani is a coastal area where

the concept of conserving the

awareness team. They educate other

mangroves have been subjected to

mangrove ecosystem.

Mangroves are ecologically important for

community members, including

biodiversity conservation and provide physical

fishers in the area, who used to dig for

support functions for other marine ecosystems:

bait at base of the young mangroves.

buffering against storms, trapping of sediments,

Similarly, more people show up for

reduction of shoreline erosion and absorption and

restoration events that LOC periodically

transformation of nutrients. Mangroves are also

carries out, while reports from team lead

important to people living in Magangani who harvest

Jonathan Safari, suggest that cattle herders

mangrove products including timber, building poles,

now prevent their cattle from eating

firewood and charcoal, and mangrove honey. The

young mangroves and help in replanting

human need for mangrove wood products has had

mangroves as their cattle graze beside the

devastating effects on the mangrove forests and the

forest. Data collection and monitoring will

fauna living within the mangrove ecosystem.

immense human pressure, including bait
digging at the base of the mangroves,

In addition to this, LOC set out

harvesting for firewood and building

an experimental mangrove

poles, and cattle grazing that hinders the

rehabilitation project with the

natural regeneration of young pioneer

aim of restocking the degraded

Avicenia marina mangroves.

parts of the forest. This was
done through a mangrove nursery
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The organization uses its community

at LOC and direct planting of

education, awareness and outreach

mangrove seeds (propagules)

programme to enlighten members of

in the field in collaboration with

the community about the importance

community members. Seeds of three

of ecological sustainability and

mangrove species; Rhizophora

continue every month and the recovery of
the degraded forest section is expected.
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Left: Six months after test restoration
(Oct 2019 to April 2020), at near climax
appearance (Photo: Jeremias Nhaca).
Below: Plugs of Zostera capensis and test
transplanting (Photo: Manuela Amone-Mabuto).

Seagrass
restoration in
Mozambique
How it began

Detailed research for the management of
seagrasses has been carried out over several
decades in Mozambique, mainly in Maputo
Bay. This has culminated in the testing of
several restoration techniques for the most
impacted species.

By SSalomão
Bandeira,
Manuela
Amone-Mabuto,
Maria Cuambe,
Damboia Cossa
and Almeida
Guissamulo

Zostera capensis recovers once human activities stop
One experiment mimicked communities digging in the meadows to collect clams. Results indicated that
once such anthropogenic impacts are halted, Zostera capensis recovers on its own after a period of one year.
Shoot density over a one-year period of impact exclusion

Experiments to test the replanting of this species indicated that survival rates are higher (about 70%)
for the PVC plug method compared to the staple method. This set the stage for the adoption of plugs as a method
to restore Zostera capensis. After the first three months, the experiment showed that the survival rate of seagrass plants
differ significantly between the two plug diameter sizes, being high at 7.5 cm diameter tube (60%)
and < 10% for 4.5 cm diameter tubes.

Seagrass cover changes

The aim of the ongoing seagrass restoration

As is detailed in the table, Maputo and Inhambane Bays

three main species of seagrasses:

have experienced both anthropogenic and climate-

(i) Zostera capensis, the only IUCN red data

efforts was to test methods of restoring

related impacts on seagrass integrity.

listed endangered species in Africa, highly
impacted by sedimentation due to flooding and

Site
Eastern
Maputo
Bay/Inhaca
Island

anthropogenic impacts;

Area
cover
change
per year

Period of
measurement

–0.27%

1991–2003

Cause of
seagrass
degradation
Mainly sand
accretion,
trampling

(ii) Cymodocea serrulata, impacted by increasing
sand accretion and erosion; and
(iii) Halodule uninervis, a pioneer species with
natural dynamics. Halodule uninervis is the
most available and preferred food for dugongs
and their feeding tracks are easily seen
around Inhaca Island. Active restoration and

Western
Maputo Bay

Inhambane
Bay

–7.2%

–1.2%

1991–2003

1992–2013
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Sedimentation
from flooding
and seagrass
uprooting for
clam collection
Several
cyclones

impact exclusion experiments (with no clam
collection) to monitor the recovery of Zostera
capensis were carried out. Initial restoration
tests of Zostera capensis were carried out in
2017 using both plug and staple methods,
with the staple method tested for Halophila
ovalis in the same year.
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Seagrass restoration
in Mozambique Continued

The Orange dot indicates the
Cymodocea serrulata restoration site.

Cymodocea serrulata restoration

One-month meadow in stabilization
(Photo: Maria Cuambe).

Survival rates of several methods tested with
seagrass Cymodocea serrulata
Restoration
method

Maputo Bay is prone to sedimentation because of currents,
winds and the occurrence of several patchy areas prone to both
constant transportation and erosion. This is especially pronounced

Initial
number
of unit
transplants

north of Inhaca (Sangala) an area that is primarily colonized by the
seagrass Cymodocea serrulata which is a pioneer species in sandaccretion areas. Assessment for restoration started in 2019. Several
techniques were tested: the rod sediment-free method; the plug (with
a shovel) sediment method; and finger sediment-free methods. The
sediment-free rod method recorded the highest survival rate of over 60%.
Wider seagrass restoration experiments started in the period September
to October 2019. Over 10 000 Cymodocea serrulata plants (corresponding
to nearly a quarter of a hectare) were planted between July 2019 and May
2020. Eleven modules of 1 000 rods were planted per month. Six months
after planting, one of the meadows returned to near climax stage.

Six months after test restoration (Oct 2019
to April 2020), at near climax appearance
(Photo: Jeremias Nhaca).

Phase
1 (1–3
months:
stabilization
phase);
Survival
rate

Phase
2 (3–5
months:
growth
of new
shoots)
Survival
rate

Phase
3 (6–9
months:
percentage
of
coverage)

Finger
(sedimentfree) method

1 000

0%

0%

0%

Rod
(sedimentfree) method

1 000

61.3%

68.8%

89%

Sod
(sediment)
method

1 000

21.3%

0%

0%

Uncovering a dugong foraging landscape
An experiment started in November of 2019 to assess the
colonization capacity of the associated fauna (epi and endofauna)
in a restoration experiment with the seagrass species Halodule
uninervis. This is an important pioneer species in Maputo Bay. Although
the species performs many ecological functions, it is an important source
of food for the remaining dugong population in the area. Dugong feeding
tracks are regularly observed in multiple locations around Inhaca Island
but actual sightings of these highly endangered creatures are rare. In early
2019, drone footage revealed three dugongs in one spot (Inhaca South
Bay) and as part of an ongoing PhD thesis, a drone mapping and ground
truthing exercise revealed an estimated population of up to 10 to 15
individuals. Nonetheless, a proper dugong census is required.

Extensive dugong feeding tracks observed in
November 2019 at Saco da Inhaca (South Bay)
(Photo: Eduardo Infantes).

Dugong feeding tracks between Inhaca Ponta
Rasa and Ponta Ponduine, November 2014
(Photo: Salomão Bandeira)

Dugong at Inhaca (Photo:
Almeida Guissamulo

Stranded dugong in Pemba Town, Cabo
Delgado on 10 March 2018, where dugong food
is abundant amid intense fishing.

What next?
Current restoration efforts in Mozambique aim to test different

Halodule uninervis current restoration experiments aimed to assess the effect of plant density and planting methods
(Figure 6) on the fauna biodiversity. Preliminary results show seagrass regrowth in restoration sites and creating a change for infauna.

methodologies and seagrass species with a view to establishing a sizable

Trends in the ongoing experimental restoration of Halodule uninervis

dependent communities. A seagrass management plan is also envisaged.

Physical variables

Monitoring

Assessed:

General trends:

Sediment grain size, organic content;
light and temperature;
hydrodynamic exposure

The Bánguà station is more exposed than EBMI station
(all at Inhaca) that can lead to differences in the
success rate of the transplanted seagrass and also the
colonization capacity of macro invertebrates

Biodiversity in all experimental
treatments at the two sites

Macroinvertebrates were dominated by Polychaeta at
the initial phase

Shoot density

So far, the shoot density has increased from
Nov 2019 to May 2020

Restoration method
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Sediment free method is more efficient
than the plug method

area for restoration that will service both educational purposes and fisheries

Why seagrasses?
Seagrass meadows support food security for coastal communities, maintain a
healthy climate because of their ability to sequester carbon, purify, and support rich
and endangered biodiversity such as dugongs and green turtles. As reported in the
recently published global seagrass report, seagrasses are responsible for several large
fisheries because they provide nurseries, food and shelter. They cover just 1% of the
world’s sea floor but achieve up to 18% of global carbon sequestration, play a role in
Above: Setting a sediment free
method, also known as the finger
method of seagrass transplantation
(Photo: Eduardo Infantes)

buffering ocean acidification, and protect coastal areas against extreme events. To
communities like those in Maputo Bay, seagrasses represent an important location
that resonates with their traditional livelihoods, resources, wellbeing and culture.
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Passive seagrass
restoration

in Mombasa Marine
Protected Area
By Tima Dago

1. Fishing gear restrictions
Fishers within the Mombasa Marine Reserve had been using
beach seine nets freely for both commercial and subsistence
purposes for many years, but beach seine nets are known to
uproot seagrass and catch fish indiscriminately. Because of their
extreme adverse effects on the environment, the management
of the MPA Kenya Wildlife Service, held several meetings with
local fishers to raise awareness of the negative impacts of beach
seine gear, and use of the nets was banned completely. Most of

Following the introduction of
a passive system of seagrass
restoration, the Mombasa
Marine Protected Area has seen
an improvement in seagrass
meadows.

the fishers who fish in the MPA complied with the banning, but
the few individuals who chose to ignore the directives face legal
consequences such as, arraignment, reprimand or even arrest.

2. Conservation education and
awareness
Through conservation education and awareness, a target
group of individuals is able to develop an understanding of

Passive restoration is an indirect
method that is adopted when
more active methods are out of
reach. A passive form of seagrass

the environmental issues that impact the Mombasa MPA.
The management of the MPA has been engaging with and
equipping stakeholders, including students, fishers, beach
operators, etc., with marine knowledge in order to facilitate
the successful conservation and protection of the MPA.

restoration has been adopted by
the Mombasa MPA since May 2018.
It is a three pronged
approach that includes:
1. Fishing gear restrictions
2. Conservation education and
awareness, and beach
3. Aquatic monitoring.

Right: Beach seine nets (Buruta or Dzuya)
seized from Nyali fishers in Mombasa
Far Right: Ranger Tima conducts an
awareness session for fishers at a landing
site in Mombasa
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Coral farming
to the rescue

Passive seagrass
restoration in
Mombasa Marine
Protected Area

Continued

3. Beach and
aquatic monitoring

By Suraj Bacha Gian

The security and research team in
Mombasa Marine Park intensified
beach and aquatic surveys with
a view to assessing the status of
the beach and aquatic resources
under the umbrella of the Strategic
Adaptive Management programme.
The team focused on 10 select

Tima on a reef and seagrass monitoring activity.

significant objectives, including
beach trash, raw sludge discharge,
turtle nesting sites, structures

Underwater Cleanup.

A three-year project has

along the beaches and the general

demonstrated that coral

conduct of the beach users such as

culture is possible and

fishers and beach operators. On the
aquatic side, the areas of focus are

should be considered

seagrass, corals, water quality and

for Mauritius.

benthic invertebrates. Data collection,
recording and analysis is done every

The Mauritius Oceanography

month to check the situation with

Institute (MOI) initiated a three year

these resources.

pilot-based “Coral Farming Project”
in 2008 to study the feasibility
of culturing corals in land- and

Rangers Tima and Katana assessing a
turtle nest in Mombasa Marine Park.

sea-based nurseries. During the
implementation of the project, selected
coral species (including fast growing
species, bleaching resistant species/
strains, rare threatened species and a few
ornamental species) were successfully
Aquatic Monitoring & Survey.

cultured on land and in the sea. Most
species grew well in both nurseries and
growth rates were comparable to those
recorded in other countries.
The project demonstrated that coral
culture was possible both in-situ and
ex-situ, for various species and could
be considered for the protection of
biodiversity and the rehabilitation of
degraded reef sites
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Main image Above: Transplanted nursery-grown Pocillopora
colonies on artificial reef modules at Flic en Flac.
Above: Sea-based locally adapted multi-layered rope
nursery established in the lagoon of Albion in 2010.
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Sea-based demo coral farm at La Gaulette.

Transplanted nursery-grown coral colonies
on artificial reef modules at Bel Ombre.

Coral farming to
the rescue

Continued

Building on these results, the MOI
initiated a “Small Scale Reef Rehabilitation
Programme” in 2012. The coral gardening
concept/reef gardening technique was adapted
to local conditions to facilitate the mass culture

Left: Fifteen months old Stylophora sp.
colonies in land-based nursery at Albion.

of selected coral species in multi-layered rope

Above: Nursery construction at La Gaulette.

nurseries and transplantation to recipient
reef sites, either natural substrates or locallyadapted artificial reef rehabilitation modules
(ARRMs). Approximately 11 000 nursery-

Community-based coral culture

Below Left: Acropora selago nubbin at the start
of culture. Below right: After 18 months, before
trans-plantation to ARRM.

Promoting coral culture as an
alternative livelihood for fishers
and coastal communities

grown coral colonies were transplanted
to 800 m2 of degraded reefs at three sites
around Mauritius during this trail phase.
Most species grew well in nurseries as well as
after transplantation, with high coral survival
rates (> 70%) recorded at rehabilitated sites.

EFR training at Grand Gaube.

Training of CCTP-participants

Nursery set-up at Bel Ombre.

A success story

In 2017, the MOI in collaboration with the Albion

Over the past decade, the MOI has gained

Fisheries Research Centre, both under the aegis of

significant expertise and knowledge in coral

the Ministry of Blue Economy, Marine Resources,

farming and small-scale reef rehabilitation

Fisheries and Shipping, started a community-based

through the impementation of its projects. Some

coral culture project in the Republic of Mauritius.

of the main deliverables of these projects are:

The three-year project aims to build the capacity of
coastal communities in coral culture and small-scale
reef rehabilitation, thereby teaching new techniques
and providing new skills to the communities.

Reefs in danger

Following an island-wide awareness raising programme,
four sites were selected for project implementation.

In Mauritius, healthy coral reefs

These are La Gaulette (west), Quatre Soeurs (east), Grand

play a critical role in the socio-

Gaube (north) and Bel Ombre (south). At these sites, 110

economic development of the island

participants consisting mainly of coastal community

by contributing towards coastal

members and fishers (85% male and 15% female)

protection, fisheries and tourism, but

registered for a “Coral Culture Training Programme”

Mauritian reefs – like other reefs

(CCTP) and gained comprehensive training in the set-

worldwide – are under pressure

up, maintenance, monitoring and management of demo

from a combination of natural

sea-based coral farms and coral gardens.

and human-induced impacts such
Training was through theoretical classroom courses

as climate change, predation and

(in community centres and village halls) and hands-on

anthropogenic disturbance.

practical/field sessions at sea. Throughout the project,
Recurrent bleaching events, with

CCTP trainees were provided with the necessary course

increasing intensities and severities,

materials and field accessories, such as snorkeling and

have contributed to the significant
decrease in live coral cover around
the island over the past two decades.
Bleaching events occurred in 1998,
2003, 2004, 2009, 2016 and 2018.
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protective equipment. Apart from benefiting from a

Techniques developed for land and sea based
coral culture
Availability of a technical report on land-based
coral culture in Mauritius
Dissemination of findings to the scientific
community
A list of coral species suitable for ex-situ culture
Locally adapted techniques successfully
developed for mass culture of selected coral
species and for small-scale reef rehabilitation
Scientific know-how transferred to stakeholders
and community members
Rehabilitation of 1 300 m2 of degraded reefs,
with more than 18 000 nursery-grown coral
colonies, thereby restoring reef ecosystem
services.

Above: Coral propagation at
Quatre Soeurs.

monthly stipend, CCTP trainees also benefited from
additional training in snorkeling, PADI-First Aid

Sensitization of the general public and the
promotion of environmental stewardship

Left: Classroom lectures at
Quatre Soeurs community centre.

Emergency First Responder (EFR) and advanced

among fishers and local communities.

training as eco-guides.
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Use of coral rubbles for

coral reef
ecosystem
restoration

Since 2016, around 2 750 artificial reefs have been
established in degraded and non-productive sites.

By Faustinato
Behivoke

international commitments on climate
change, the Sustainable Development
Goals No 13 (climate action) and 14
(life below water) and the FAO Code of
Conduct for Responsible Fisheries.
Since the manufacturing technique
is already mastered, it is possible to
upscale the reef building activity in
Madagascar and replicate it in other
countries. Although the technology
is innovative, the aim of the
initiative is to promote coral reef
restoration and climate change
adaptation through the fishers
who generally have precarious
living conditions.
The manufacture of artificial habitats
based on coral rubble is used to
cope with the harmful effects of
destructive fishing and climate
change in the marine environment.
It is a low-cost marine manufacturing

Artificial reef structure before
deployment.

and immersion method that can be
carried out at the artisanal scale.

The global coral reef

Top: An artificial reef structure
before deployment.

loss reached 40%

Left: Fish in artificial reef.

over the last few

Right: Octopus in artificial reef.

decades and scientific
predictions talk about
a total loss within the
next 40 years if current
trends continue and
if no action is taken
to mitigate local and
global threats. The use
of coral rubble as raw
material to restore
degraded habitats is the
goal of a project that is
being implemented in
Madagascar.
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Madagascar has 3 540 km of coral

Those prototypes of artificial reef are

The biological colonization of artificial reefs

These habitats are easily established

reef. With the effects of climate change

among the patented models of Fishes

is rapid and colonizing species are very

because the raw materials are available

and anthropogenic pressures, 30% of

Banking ecotechnology .

diverse. The structures have become

locally, the construction does not

a real ecological habitat for marine

require special technical skills, and

®

these reefs are degraded and dominated

Fishes Banking
ecotechnology® is a
concept that can be

by coral rubble. Since 2011, experiments

Since 2016, around 2 750 artificial

fauna and flora and the roles and

their transportation can be

in coral reef restoration using coral

reefs have been established in

functioning of the reef ecosystem have

performed with traditional canoes.

used for research

rubble have taken place in the

degraded and non-productive sites,

been restored.

southwest of Madagascar on the Great

especially at Nosy Tafara reef flat, in

The manufacture of artificial

restoration. The overall

Barrier Reef of Toliara – the longest barrier

southwestern Madagascar. After four

Following the ecological innovation

habitats based on coral rubble

objective is to maintain

reef in the Indian Ocean.

months of immersion, participatory

developed by Faustinato Behivoke, a marine

is a new method of ecological

monitoring shows that artificial habitats

biologist from Institut Halieutique et des

restoration. These habitats are

the roles of the reef

The manufacturing of artificial reefs

are attracted and colonized by fish,

Sciences Marines of Madagascar, coral

able to cope with the harmful effects

consists of valorising coral rubble as a

octopus, holothurians and other

debris can be used to make artificial habitats

of destructive fishing and climate

substratum for living hard coral. After

invertebrates. Over time, recruitment

to promote ecosystem resilience. After a

change in the marine environment.

six years of experimentation, a prototype

capacity increases and a new

few months of immersion in biologically

Fishes Banking ecotechnology® also

called “half-sphere” (for octopus) and

productive ecosystem is created

poor areas, the artificial reefs become true

addresses major environmental issues

“pyramid” (for fish) were finally produced.

for traditional fishers.

ecological habitats for marine biodiversity.

and contributes to the achievement of

purposes and for reef

ecosystem, and to develop
ecological engineering
which is accessible to
fishing communities in
developing countries.
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Reef restoration
project in
Mauritius
By Nadeem
Nazurally

We maintain during the first few weeks and once all
corals have formed a base, we let nature do the work.
The two sites selected for the

The marine environment

restoration project are Flic en

of Mauritius has long been

Flac (West) and Pointe aux Feuilles

subject to extreme pressure
from anthropogenic activities

(South East). Both were affected by
successive coral bleaching events.

and since 2009 several
research projects has been
conducted to test various
coral farming techniques.

In 2018, an international
collaborative research project
on coastal processes and
a novel approach for reef

Corals dying in Flic en Flac. Left: A large
branching coral (Acropora) patch gradually dying.
Right: Dead table corals.

restoration funded by the
Higher Education Commission
was set up by WIOMSA country
coordinator for Mauritius,
Mr Nadeem Nazurally of
the University of Mauritius.
The project benefits from the
partnership of world-renowned
collaborators, notably Prof Baruch
Rinkevich (University of Haifa,
Israel), a pioneer in coral farming
techniques and a member of the
Coral Reef Consortium (CRC).
The scientific team includes two

The aims of this research is to:
1. Gain a fundamental understanding how Mauritius’ fringing reefs
influence nearshore physical processes (e.g. waves and currents) and
how these control coastline changes;
2. Develop a framework to identify optimum sites for reef ecosystem

The first technique selected for

this project was the bottom-fixed table

required to prevent algae from growing

growing corals is the floating

nursery whereby corals can be grown

on and killing the coral fragments and

nursery type which is suspended

over shallow lagoons at a water depth

removing predators such as snails that

over 10 m. These were developed

of 1.5m. The fixed-bottom nursery,

feed on the corals.

by Prof Rinkevich and his team. This

commonly known as “table nursery”,

technique requires less maintenance

is more suitable for shallow lagoons

and is well adapted for a region prone

and is easily managed without any

to cyclonic weather because the nursery

diving requirements. Both nurseries

can be lowered to prevent coral loss.

involved the collection of broken

In addition, the nurseries can easily

coral fragments (corals of opportunity),

professors from the University of

restoration which minimize the restoration efforts and maximize the

Western Australia and the project

coastline protection functionality of coral reefs; and

accommodate around 2 000 corals

fragmenting them in small pieces and

3. Develop new methods to upscale restoration efforts

allowing them space for growth over

allowing them to grow on a support in

time. The second technique deployed in

the nurseries. Regular maintenance is

is associated with Sun Resorts, a
local hospitality group.
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that can be replicated in the Western Indian Ocean region.

We choose corals
that have resisted
bleaching events
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Reef restoration
project in Mauritius

Spider frames being deployed at Pointe aux Feuilles
during the transplantation/restoration phase.

Continued

To date, approximately 15 000 coral
fragments have been grown in the
nurseries, from which >7 000 coral
fragments have already replanted
directly on boulders and using the spider
frame technique. The spider frame
technique has been shown to be very
efficient for coral transplantation.
Several challenges were faced in this
project. Rapid macroalgae growth at one
site called for intensive regular intervention
to clean the nurseries to prevent coral death.

The two techniques used in the project.
Below: table nursery. Above: floating nursery.

Fortunately herbivorous fishes adopted the
structures and helped us to clean the nurseries.
Surprisingly, during the Covid-19 lockdown in
Mauritius from 19 March 2020 to 31 May 2020,
no maintenance was performed and those
corals did very well, with less than 5% loss. This
might be because we noticed a high number of
herbivorous fish species cleaning the nurseries,
which reveals the consequences of overfishing
inside the lagoon. Tropical cyclones causing
high waves and rough seas touched the island
twice since the start of the project. However,
the chosen techniques have proved to be very
resillient. Slight damage to infrastructure was
noted without any loss of corals.

Principal investigator:

So far, remarkable data has been obtained

Nadeem Nazurally

in terms of growth rates and the survival
of corals inside the nurseries.

Research team: Baruch
Rinkevich, Andrew William

Two questions we

Mackay, Yohan Louis,

Aside from the active restoration part, the project also focuses on

are commonly asked are:
1. Do we need to continue maintaining
corals once placed inside nurseries and after
transplantation? The answer is “no”. We
maintain during the first few weeks and once
all corals have formed a base, we let nature
do the work. 2. Why will those corals survive
inside the nurseries while in the wild they
are being bleached? The answer is that we
choose those corals that have resisted the last
bleaching events and propagate them because
they are more adapted to higher sea water
temperatures.
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raising public awareness. Regular presentations are made to schools, youth

Ryan Joseph Lowe, Sunita

associations and resorts. We also organize regular sessions with youth groups

Facknath, Ali Abdool and

in the field to teach them the different techniques. In the long run our wish is

Saleem Khadaroo

to set up citizen science programs where citizens will be trained to restore and
monitor reefs.
While traditional measures, like the establishment of marine protected
areas are advocated as key strategies for protecting marine biodiversity
and supporting coastal livelihoods, it is of great concern that these passive
strategies work at a slow pace and cannot by themselves curb the current reef
degradation. Coral reef managers worldwide are increasingly turning
to active coral reef restoration acts as supplementary strategies to
combat reef degradation and promote reef recovery.

Above: Non-maintained farmed corals (Pocillopora damicornis) from 1cm to >25cm in three
years in one of the experiments being undertaken.
People and the Environment | 41

Improving

coral reef
restoration

By George Maina,
Kristen Maize and
Hamadi Mwamlavya

efforts by accelerating
learning and
knowledge-sharing

There is an urgent need for
conservation and sustainable
management of coral reefs to address
the decline in reef health and provide
for communities.
The Nature Conservancy is leading a partnership to build
restoration capacity in Kenya and Zanzibar, with the
objective of restoring the health of coral reefs using lowcost and low-tech methods.
The health and ecological integrity of the reefs in the Western Indian Ocean
(WIO) have greatly declined since the 1998 bleaching event, exacerbated by

Hard coral substrate within the
algal dominated patchy reef
system of Kenya’s North coast,
off Kiwayu Island. Photo: Hamadi
Mwamlavya, TNC.

on-going threats from overfishing, destructive fishing, emerging large-scale
development, unsustainable tourism, sedimentation, coral mining, and
changes in ocean chemistry and pollution.

Since the 1998 bleaching

produce climate adaptation benefits.

event, some recovery of coral

Key to the success of the project is the

has been observed along the

development of a cohort of regional

Kenya coast, but in Lamu, where

restoration practitioners, including

livelihood options are limited, more

managers, scientists and community

than 70% of the local communities

leaders. This group is developing

depend on marine ecosystems for

their expertise in reef restoration by

their livelihood. Thus, there is an

participating in an online mentored

urgent need for conservation and

Reef Restoration Training Course,

sustainable management of coral

piloting restoration interventions in

reefs to address the decline in reef

Kenya and Zanzibar; applying best

health and provide for communities.

practices to restoration projects; and

Restoration interventions are a critical

providing mentorship to practitioners

tool to promote reef recovery and

throughout the region.

complement more conventional
Pate Marine Community Conservancy reef
rangers doing reef monitoring in their LMMAs.
Photo Pate Marine Community Conservancy.
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management strategies like local

Current restoration work is

threat reduction and protection.

focused in Lamu, Kenya in
partnership with Northern

Building on its long-term work in

Rangelands Trust, Kenya Marine

the region and lessons from reef

and Fisheries Research Institute,

restoration work in the WIO, The

Kenya Wildlife Service, and

Nature Conservancy (TNC) is leading a

Pate and Kiunga Community

partnership effort to build restoration

Conservancies. This initiative is

capacity in Kenya and Zanzibar and

complementing other ongoing

restore the health of coral reefs and

adaptive management initiatives by

associated habitats within locally

TNC, the above mentioned partners,

managed marine areas (LMMAs) using

the County Government of Lamu,

low-cost and low-tech restoration

Fauna and Flora International, and

methods. The aim of this effort is to

others to address reef threats

enhance important local fisheries,

originating from local and

support community livelihoods and

regional scales.
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Improving

coral reef
restoration

efforts by
accelerating
learning and
knowledge-sharing
Continued

Left: Kiunga Community
Conservancy reef rangers during
their biannual reef monitoring
in collaboration with Kenya
Wildlife Service Rangers at Coral
Garden, Mkokoni. Photo: Hamadi
Mwamlavya, TNC.

Reef restoration resources and tools
Working closely with marine

Restoration and Adaptation Program,

partners in the WIO, the Reef

and other global experts, and designed

Resilience Network is supporting

from a survey of over 110 Network

managers to design and implement

managers from across the globe who

effective coral reef restoration by

provided their input on reef restoration

sharing tools and lessons learned

needs. The Module includes guidance on

from other reef areas around the

the following topics:

world. For more than 15 years, the

Key to the success
of the project is
the development
of a cohort of
regional restoration
practitioners,
including managers,
scientists and
community leaders.

Network has served as a global leader

•	An introduction to restoration

in capacity building for marine resource

•	Project planning

managers and practitioners at the front

•	Restoring coral populations

lines of coral reef conservation. Led

•	Restoring reef substrate

by TNC, the Reef Resilience Network

•	Rapid response and emergency

is supported by dozens of partners,
including the National Oceanic and
Atmospheric Administration’s Coral Reef
Conservation Program (NOAA CRCP) and
WIOMSA, and includes more than 2 000
members and over 100 global experts
in coral reef resilience, reef restoration,
fisheries, climate change adaptation and
strategic communication.

restoration

Above: Reef Resilience
Network Restoration Module.

In response to the global loss of coral reefs
and the ecosystem services they provide,

Other restoration-related tools include
webinars, case studies and summaries of
journal articles. As the field of restoration
grows rapidly and new science,
technologies, and resources become
available, these tools will be updated and

coral reef restoration is increasingly
applied to combat degradation and
promote reef resilience. There is a growing
consensus that coral reef conservation
strategies – like those for many terrestrial
ecosystems – must incorporate active

•	Restoring the reef environment

expanded. To join or learn more about

restoration interventions to address coral

the Reef Resilience Network, please visit

loss and enhance recovery in response to

In addition, an open-access Coral Reef

www.reefresilience.org. To contribute

escalating threats from climate change and

your lessons learned in reef restoration

other human stressors.

Restoration Online Course is available
that features activity sheets, videos and
assessments to support restoration
projects. The course can be accessed on
ConservationTraining.org and includes
six lessons based on content from the

The Coral Reef Restoration Module

Module. The Reef Resilience Network

on the Reef Resilience Network’s

will soon be releasing A manager’s guide

online toolkit (reefresilience.org)

to coral reef restoration planning and

compiles the latest science and tools

design. This guidebook is being developed

to provide managers and practitioners

with NOAA CRCP, the US Environmental

with evidence-based guidance on

Protection Agency and other partners to

best practices in reef restoration. The

help managers identify climate-smart reef

Restoration Module was created in

restoration interventions and develop an

partnership with experts from the Coral

action plan for their site.

or to learn more about TNC’s restoration
work in the WIO, contact George Maina at

Reef managers globally have recognized

gmaina@tnc.org

that reef restoration is a key component
of conservation efforts to support the

Reef Resilience Network Restoration

maintenance of reef structure and vital

Module: https://reefresilience.org/

ecosystem services, and buy time for corals

restoration/
Reef Resilience Network Restoration
Online Course: https://reefresilience.
org/online/

to persist and potentially adapt to changing
ocean conditions. Interest and investment
in restoration research and projects have
grown rapidly over the past decade and will
continue to grow as we enter the UN Decade
on Ecosystem Restoration (2021–2030).

Restoration Consortium, Australia’s Reef
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The Nairobi Convention,
About WIOMSA:
The Western Indian Ocean Marine
Science Association promotes
the educational, scientific and
technological development of all

signed by Comoros, France, Kenya, Madagascar, Mauritius,
Mozambique, Seychelles, Somalia, South Africa, and Tanzania, aims
to promote a prosperous Western Indian Ocean region with healthy
rivers, coasts, and oceans. It provides a platform for governments, civil
society, and the private sector to work together for the sustainable
management and use of the marine and coastal environment.

aspects of marine sciences throughout
the Western Indian Ocean region with
a view towards sustaining the use and
conservation of its marine resources.
.

www.nairobiconvention.org
email: unep-nairobi-convention@un.org
Follow us on social media:
Facebook: @NairobiConventionUNEP

Join WIOMSA: Sign up for
membership at www.wiomsa.org

Twitter: @NCSecretariat

Follow us on social media:
Facebook: @WIOMSA
Twitter: @WIOMSA
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Mizingani Street, House No. 734
P.O. Box 3298, Zanzibar, Tanzania.

P +255 24 22 33 472
F +255 24 22 33 852
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www.wiomsa.org

