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Editorial

The current Kenya Aquatica Vol. 6(1) features appli-
cation of local technology on coral reef rehabilitation;
performance of locally manunfactured fish dryers,
some aspects of Blue Economy, and the role of the
ocean in climate change mitigation and adaptation in
Kenya.

Many thanks to members of the Kenya Aquatica Edito-
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receive from KMFRI, Pwani University and the Tech-
nical University of Mombasa. This year we have been
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Pew Fellowship programme based at KMFRI. We are
most thankful to Dr. James Kairo, Pew Fellow (2019),
for providing this support that led to the successful
production of the current Volume.

Volume 6(1) contains two papers on the restoration of
degraded coral reef and the socio-economic impact of
reef rehabilitation. Two more papers feature compari-
son between the solar tunnel dryer and the traditional
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- solar tunnel and open air rack. This Volume also
features a short communication and a commentary on
emerging areas of sea floor mapping and inclusions
of ocean climate solutions in Kenya’s Climate Chan-
age Agenda.
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Abstract

Coral reefs are among most diverse and productive ecosystems on earth; providing essential services
such as supporting fisheries and tourism sectors, thereby contributing to food security, job creation,
and economic development. However, around the world coral reefs are in decline and degraded
state due to a combination of human and natural factors. Coral reef restoration is seen a tool that
can be used to return the dying reefs and increase their resiliency Techniques for active restoration
using coral farming and transplantation on artificial reef structures have been well developed and
proved to be viable for reef rehabilitation of degraded reefs, yet are rarely practiced. A pilot low-
tech, community-accessible reef restoration project was implemented in Wasini community managed
area, Kenya. The aim was to rehabilitate degraded reef areas using artificial reef structures. Here, we
describe the steps involved in coral rehabilitation and the resulting outcomes. These steps include: 1)
local community and other stakeholder mobilization and fraining, 2) identification of degraded reef
areas, 3) Substrate modification and nursery-bed constructions, 4) Raising nursery grown corals, and
5) Coral transplantation on natural denuded reef rocks and concrete blocks, and é). Monitoring and
maintenance of fransplanted corals. Our findings show that this community-based coral restoration is
successful, with over 77% of corals transplanted on artificial reef structures surviving after one year. Ad-
ditionally, the fish abundance observed around the concrete reef structures deployed was three-fold
compared to the nearby natural reefs. The low-tech, community-accessible method demonstrated
here is promising and transferable to communities for application in restoring degraded reef areas with
similar conditions.

Keywords: Coral transplantation, community conservation areas (CCAs), climate change, communi-
ty-based reef restoration, Kenya

Introduction coastal communities protection from sea levelrise

and exireme weather events such as tsunamis,
Coral reefs are among the most productive and  thereby serving as natural physical buffers.
biologically diverse ecosystems in the world; they

provide goods and services such as fish habitats However, just like in many parts of the Western
and coastal protection that contribute to food Indian Ocean (WIO), Kenyan coral reefs have
security, livelihoods and sustainable economic suffered from the cumulative impacts of human
growth for hundreds of millions of people in form —activities, resulting in long-term decline (Wilkin-
of artisanal fisheries and the tourism industry. The son 2008; Obura et al., 2017). Anthropogenic im-
estimated value of Kenya's marine ecosystems PActs include local stressors such as over fishing,
is around US$ 2.5 billion per year (some 4% of its land-based pollution, and global stressors such
GDP), of which 70% is from tourism and fisheries, Qs climate change (Hoegh-Guldberg et al., 2017;
which are highly dependent on healthy reef eco- Mwaura et al., 2017). Climate change-associate
systems (Obura et al., 2017). Tourism and fisheries ~ coral bleaching and mortality now represent the
are the two primary sources of livelihoods for lo- greatest threat to coral reefs, over and above the

cal coastal communities. Coral reefs also provide Many local threats affecting coral reefs (McCla-
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nahan et al., 2000). In Kenya, recent reef monitor-
ing have shown that over 70% of coral reefs are
in a poor status (0-25% live coral cover) and less
than 5% are in good condition (30-60%) (Obura
et al, 2017). The low status of live coral cover in
most reefs are due to unusually higher ocean tem-
peratures that cause stress to corals that results to
massive death of susceptible corals (Fig. 1). Over
the last four decades, large-scale coral bleaching
events have been recorded since 1997/98, 2010,
2012, and recently in 2016, with many reefs expe-
riencing very little natural recovery (Gudka et al.,
2018). Other destructive fishing methods such as
beach seine and spear gun fishing have also im-
pacted the reef framework, leaving vast areas of
unconsolidated rubbles and unsuitable for coral

recruitment (Mangi & Roberts, 2006). In this situa-
tion, unconsolidated rubble persists, coral recruit-
ment is lost, fish habitat and function are greatly
reduced (Raymundo et al., 2007; Cruz ef al., 2014;
Grimsditch et al., 2016). Recovery of corals after
large-scale bleaching and widespread use of de-
structive fishing methods often slows down and,
in some areas, complete failure to re-establish is
a redlity in the field (Gudka et al., 2018). Corals
require approximately 15 years to recover, sug-
gesting that reliance on natural coral recovery
could drive corals info exfinction within the next
decades (Sheppard, 2003). With bleaching pro-
jected to become more frequent and intense in
the future, it is unlikely for most reefs to recover un-
assisted (Sheppard, 2003).

Fig. 1. An image of coral reef impacted by bleaching episodes in 2016. During this
event, many reef corals bleached and died, resulting to loss of habitats that are criti-
cal for supporting fisheries and tourism sectors. Credit: Jelvas Mwaura.

Coral reef restoration is the process of assisting de-
graded reef recover physical and biological attri-
butes that have been lost to a state that they can
eventually become self-sustaining (Suding 2011;
McDonald et al., 2016). Although activities to assist
reef recovery have long focused on fisheries reg-
ulations and area-based management such as
marine protected areas (MPAs) and locally man-
aged community areas (McClanahan et al., 2006;
Mwaura, 2013), there is an increased recognition
that these strategies need to be supplemented

with other inferventions such as active reef resto-
rafion projects (Edward & Gomez 2007). Various
restoration methods have been developed in
order to address the continuous decline of coral
reefs worldwide (Precht, 2019). One of the most
common approach for active restoration of de-
graded reefs that is predominantly sandy-rubble
substrate is the addition of artificial reef structures
tfo which corals can be tfransplanted (Edward
2010; Fox et al., 2019), provided that the destruc-
five methods are stopped and environment re-
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mains suitable (Edwards & Gomez 2007; Raymun-
do et al., 2007).

In East Africa, testing of transplantation of coral
fragments on denuded reef substratum has been
carried out successfully, demonstrating prospects
of mitigating coral reef decline (Tamelander &
Obura, 2002; Murage & Mwaura 2015; Mbije et
al., 2010). However, reef restoration can be gen-
erally expensive and technically challenging
(i.e., choosing suitable restoration method and
implementation approach), making it difficult for
communities whom are expected to benefit to
undertake it (Edwards 2010). A low-tech, com-
munity-accessible method is therefore necessary
to ensure reduction of operational cost (including
materials, time invested (labour cost) (Spurgeon &
Lindahl 2000; Edwards 2010). For example, clean-
ing and maintenance of nursery corals and trans-
planted corals from biofouling organisms (e.g.,
sponges, algae and tunicates) requires consider-
able allocation of fime invested (i.e., labour cost)
in the total restoration project (Shafir et al., 2010;
Johnson ef al., 2011). A possible way to address
this is fo extensively involve the community in re-
storing of their own degraded reef, which would
minimize the restoration cost by about 17% if the
community puts labour as their in-kind conftribu-
fion (Edwards et al., 2010). Involving local com-
munity in reef restoration would also improve their
sense of reef resources ownership, responsibility
and ensure long-term success of the project as
it relates heavily to their livelihoods (Trialfhianty &
Suadi 2017).

In 2013, a community-based reef restoration was
designed and implemented with funding from
World Bank/Government of Kenya and execut-
ed through the Kenya Coastal Development
Project (KCDP). This two-year rehabilitation proj-
ect was not designed as a scientific experiment,
but as means to engage the local communities
to speed-up recovery of their degraded reef by
deploying artificial reef structures (i.e., concrete
blocks) onto which coral fragments were frans-
planted (Edward & Gomez 2007; Edward, 2010).
It was assumed that engaging the local com-
munity in reef restoration may result to increased
coral cover and fish abundance within the CCA,
leading to improved fisheries resources and alter-

natfive livelihoods in the long-term.

The goal of this study was to test use of artificial
reef structures (i.e., concrete blocks) as a new
method easily accessible fo local communities
that could serve dual purpose-to create habitat
suitable for fish recruitment while providing sub-
strate for transplanting corals in a sandy-rubble
reef. Here, we report the key steps involved in the
implementation of the first successful low-tech,
community-accessible method for reef resto-
ration in Kenya and in the western Indian Ocean
(WIO). Additionally, the study describes some of
the results in terms of coral transplant survival, fish
abundance and cost of the restoration project in
addition to key lessons learnt during the process.

Materials and Methods

Site description

Reef rehabilitation project is located in Wasini
Island of Kwale county; some 70 km from Mom-
basa city (Fig. 2). The work was based within the
Community Conservation Area (CCA), and s
managed by the community through the local
Beach Management Unit. Today, Wasini Island
has a resident population of 2080 people with 220
households in Wasini Island (unpublished data).
Over 60% of the households in this islkand have for
many generations been dependent on exploita-
tion of the nearshore resources for both food and
livelihoods through small scale or artisanal fisheries
and tourism (Murage & Mwaura, 2015). The CCA
was established in 2008 to help protect the reef
and to assist in coral cover and local fisheries re-
covery. Although these reefs had been protect-
ed from destructive gears and fishing controlled
for more than five years, the reef area was mainly
of coral rubbles interspersed with some huge cor-
al heads (i.e., Porites massive) covering about
3% and less fish (20 individuals per 250m? area)
(Mwaura, 2013). Reef habitats with predominant
sandy-rubbly substrate are mostly rehabilitated by
addition of artificial reef substrate to which cor-
als can be fransplanted (Edward, 2010; Rinkevich
2005). On the basis of the above context, the au-
thor explored the prospects of a community-en-
gagement for coral reef rehabilitation in part-
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nership with other key stakeholders within Wasini
CCA. This site was chosen on the basis of the fol-
lowing; 1. There is an existing area-based man-
agement plan that is regulating use of the marine

environment, 2. high degree of reef degradation,
3., community commitment and wilingness to
support reef fishery management.
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Fig. 2. Map of the community conservation area in Wasini Island, Southern coast of
Kenya; where reef rehabilitation was undertaken in 2013.

1) Community sensitization meetings

A few days prior to the scheduled reef resto-
rafion activity, an awareness workshop was
organized in order to enhance cooperation
and forge consensus among key stakehold-
ers. More importantly, this activity sought to
secure the support from local stakeholders as
it will ensure the success and sustainability of
the project. Locals were invited to participate
in consultative meetings, of which an initial
leveling of expectations of the reef restoration
activity was carried out. They were village of-
ficials at Wasini island, BMU representatives,

fishers, boat operators and representative from
fisheries department and local NGOs. Train-
ing on basic coral biology and reef ecology,
concepts of coral reef restoration, the activi-
ty objectives, fransplantation techniques and
criteria for choosing the coral fragments and
restoration site was conducted prior to the im-
plementation of restoration activities in order
to raise awareness and facilitate understand-
ing among the participants important for their
parficipation in the restoration project (Fig. 3a).
The lectures and field sessions were delivered
by the authors and lasted for 2 days.

| 4
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Fig 3. A) Awareness raising among local community members and reef managers, fisheries staff, B) participato-
ry designing and construction of table nursery and concrete blocks, C) Collection of coral fragments, D. Con-
struction of concrete blocks and cement discs, E. Construction of table mid-water nurseries, F) Outplanting and
raising coral fragment in mid-water nurseries, G) Transplanted corals fixed on concrete subsirate rock, and H)
Transplanted corals and fish on artificial reef structure (pyramid concrete blocks).
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The community-based coral restoration fol-
lowed a modified protocol by Edwards (2010),
that started with identification of degraded
and donor reefs, followed by collection of cor-
al fragments and setting up of nursery for cul-
turing of corals, transplanting of nursery-grown
corals and finally maintenance and monitoring
of fransplanted site (see schematic diagram in
Figure 4).

w) Establishment of coral nurseries and

construction of artificial reef structures

The most common and effective approach to
coral reef restoration is coral gardening (Young
et al., 2012. Corals are grown in an intermedi-
ate nursery phase, before being transplanted
for restoration. In this initial phase, coral are
fragmented and grown in mid-water nurser-
ies, before they are transplanted at reason-
able size onto stable hard substrate in the sec-
ond phase. The nursery is usually deployed in
habitat similar to recipient sites, and provides
maricultured corals with an acclimation peri-
od essential for increasing post-transplantation
survivorship and growth (Rinkevich, 2005).

The “coral gardening” concept (Rinkevich,
2006) was adapted for application in the res-
toration site, and centered on a two-step ap-
proach; the nursery growing of hundreds cor-
al fragments (nubbins) for 6-8 months and the
later transplantation of nursery-grown corals on
recipient reef sites, either on natural denuded
reef substrates or artificial reef structure (i.e.,
made using concrete blocks or coral boul-
ders). Coral nursery tables were constructed
using 20mm diameter round-bar metal frames
elevated to 0.5 m above the substrate (Fig. 3c).
Plastic mesh netfs were mounted taunt across
the tops of the nursery tables to facilitate the
attachment of coral fragments, as well as re-
duce sediment accumulation around the base
of the attached fragments. Artificial coral sub-
stfrata were made using a 50:50 sand-cement
mixture. Palm-sized balls of the mixture were
hand-pressed intfo a small circular disk with a
thumb depression on the center for coral frag-
ment attachment, following the design from
other similar studies (Clark & Edward, 1995;

Soong & Chen, 2003).

Construction of artificial reefs consisted of mak-
ing concrete block moulds that was placed on
the sandy beach adjacent to the site (fig. 3e).
About 10 moulds were constructed each with
dimension of 20*20*150 cm. A concrete mix
was made from three parts aggregate (pre-
dominantly coral boulders, with a particle size
of 2-20cm) mixed with three buckets of sand
and one bag of normal cement. The concrete
mix was then poured info moulds and left on
the beach to dry for 1-2 weeks. About 100
concrete blocks were then transported and
deployed at the site using boats owned by
community. Four divers then maneuvered the
blocks and assembled them to form a pyramid
reef structure at the site, where they were left
ready for coral fransplantation (Fig. 3h).

w) Coral fragments collection and transplantation,

monitoring and maintenance

Coral fragments were collected by the authors
and trained community members by cutting
off or chopping from the parent- colonies man-
ually using a hand-held hammer and chisel
from a donor reef situated approximately Tkm
from restoration site (Fig. 3c, Fig.4, Step 2). The
donor site was chosen on the basis that it has
abundant and suitable coral species, suggest-
ing to be a resilient reef from previous bleach-
ing impacts (Mwaura, personal observation).
To avoid collateral damage to the donor reef,
less than 10% of each colony was fragmented
(Epstein et al., 2001). Additionally, loose coral
fragments (“coral of opportunity”) lying on the
seafloor were also collected as they would oth-
erwise perish from being buried in soft sediments
or swept about by currents. Coral fragments
collection was mainly on branching-growth
forms (e.g. Acropora, Porites branching, Stylo-
phora) as they were predominant in the source
reef, but other growth forms (Cyphastfrea, Echi-
nopora, Platygyra, Goniopora, Diploastrea,
e.t.c) were also collected. Upon removal from
the donor reef, the harvested fragments were
immediately placed in 20 litre plastic buckets
filled with sea water. The buckets were frans-
ported to restoration site using a speed-boat,
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laid and left in situ overnight at suitable site (3-
4m deep).

With the help of about 20 local participants,
the coral fragments ranging from 2-4cm were
then fixed onto cement discs already secured
on the nursery tables placed at depths of 4-5m
(fig. 3e, fig. 4 step 3). Approximately 8,300 coral
fragments were reared in 4 mid-water nurseries

for 6 months. The maintenance which involves
cleaning off dekbris, sponges and/or algae on
base of transplanted corals was undertaken
by ten community members on weekly basis.
During this period of rearing coral fragments
in mid-water nurseries, calm water conditions
were experienced and the corals remained
fixed in their holdings.
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Following methods described in sever-
al studies (Shafir & Rinkevich 2008; Ng, et
al., 2016), the live coral fragments of dif-
ferent growth forms were removed from
the mid-water table nurseries, cleaned of
foulers and transplanted onto deployed
arfificial reef structure surfaces (Fig.3i;
Fig.4 step 4). The transplantation was per-
formed by trained local community mem-
bers by attaching the disc to the substrate
surface using cement-sand mixed up with
seawater. The fragments were placed at
20-30 cm distance apart and only 491 cor-
al fragments were tagged for monitoring
their survivorship every two months for one
year. Corals were considered alive unless
no living fissue was observed. Periodic
cleaning and maintenance of transplant-
ed corals was carried out by trained locall
community members, by removing recruit-
ing algae and foulers (e.g., sponges, tuni-
cates) on the artificial/concrete substrate
and amongst the coral’s nubbins using a
small-hand brush (fig. 4 step 5). The cost
of the whole restoration efforts was esti-
mated following approach described in
Edwards (2010). Using this estimate, costs
of each activities was scored broadly and
overall cost done per unit area (ha) were
calculated.

Results

Community participation in regular maintenance
of the transplanted corals

Through the active participation of local com-
munity members, over 8,000 nursery-grown cor-
als were transplanted on concrete reef structures
and assisted in monitoring part of the transplants
(n=491) for one year. Aside from the monitoring,
maintenance cleaning of transplanted corals
was undertaken on weekly basis by frained local
communities. After one year, the overall survival
of the coral tfransplants ranged between 51-98%
on 21 genera (Table 1, plate 1a), with an average
of high survivorship of 77.1%. Higher mortalities
was recorded in coral genera such as Pocillopo-
ra Echinopora and Pachyseries. Massive forms
such as Porites, Astreopora, Galaxea, Lobophyl-

lia, Platygyra, Favia and Favites exhibited higher
survivorship (75-100%). Generally, six months after
fransplantation, 66% of the transplants had sur-
vived. However, most transplant deaths during
the initial months were attributed o dislodgement
from the concrete or bare natural substrate due
fo poor cementing and accidental knocks/de-
tachment by community members during main-
tenance of fragments rather than natural death.
Coral cover at the tfransplant site increased from
5% to 30% and generic richness increased with
new recruits of Seriatopora and Stylophora.

The relatively high survival of tfransplanted cor-
als could be aftributed to the high frequency
of maintenance effort (i.e., once a week for 12
months) by the community members, which in-
cluded scrubbing off the biofouling organisms
and cleaning of fragments using small brushes to
avoid algae-overgrowth.

Table1. Percentage of coral survival rates

Initial Live trans-
number of plant ob- Survival

Coral genus transplants served rate (%)
Acanthas-

frea 3 3 100.0
Cyphastfrea 7 7 100.0
Diploastrea 8 7 87.5
Echinopora 91 56 61.5
Favia 23 22 95.7
Favites 17 15 88.2
Goniopora S S 100.0
Hydnophora 34 32 94.1
Acropora 120 97 80.8
leptastrea 9 8 88.9
Lobophylia 4 3 75.0
Merulina 12 9 75.0
Montipora 23 22 95.7
Oxypora 30 28 93.3
Pachyseris 5 3 60.0
Pavona 17 15 88.2
Pectinia 23 18 78.3
Platygyra 34 32 94.1
Pocillopora 104 54 51.9
Podabacia 20 15 75.0
Porites 16 16 100.0
Turbinaria 6 4 66.7
Overall 611 471 77.1
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Plate 1. View of artificial reef structure at rehabilitated site upon which corals

have been transplanted after one year.

Fish abundance

Initial field observation after fransplantation of
corals was rapid colonization of artificial reef struc-
tures by fish and macro-invertebrates’ taxa (plate
1b). The deployment of artificial reef structures
and subsequent attaching corals has created a

new habitat for fish breeding and observable in-
crease in fish populations has become an attrac-
fion fo visiting fourists, thereby creating an alter-
native source of income for Wasini Village through
ecotourism.

Plate 2. Arfificial concrete structures with view of fish concentrations after one year Operational cost

of community-based restoration project

The breakdown of expenditures of this communi-
ty-based coral restoration work starting from rais-
ing community awareness to maintenance and
monitoring of the transplanted corals on artificial

reef structures is shown in table 2. The total coast is
estimated at US$ 72,300 which is excluding the in-
kind labour support by the community members
(Table 2). The bulk of this amount was mainly spent
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on hired labour and boat rentals, that were free
available as community members provided their
own personal boats and snorkeling gears. High
labour intensity required in restoration such as in

maintenance and cleaning of fouling organisms
around transplanted corals was provided in-kind
by participating members.

Cost in US dollars

Cost estimates for establishing and implementing community-based reef restoration at Wasini, Kenya.

List of Activities

With Community
Participation

Without Community
Participation

Total cost Total cost

Training of community members(lecture and field session)

51,080 51,080

1 Awareness raising/sensitization workshops ( 40 participants)

Logistics(transport, materials, staff travel, subsistence)

Training community divers

Stationaries and T-shirts

2 Set up, monitor and manage nursery

9,600 9,600

Construction of nurseries (cable wires, steel rods)

Site selection for degraded and donor reef sites

Deployment of table nurseries

Labour (30 people) for 12 weeks

in-kind 5,400

3 Artificial reef structure construction

5,420 5,420

Materials ( sand, cements, timbers, rock boulders)

Logistics ( transport, boat))

Labour (30 people) for 7 days

in-kind 3,150

4 Transplantation of nursery grown corals

3,900 3,900

Boat fuel

Logistics (transport, materials, staff travel, subsistence)

Travel of trainers

Lunches and refreshment

Transplantation of nursery-grown corals

Labour (30 people) for 7 days

in-kind 3,150

5 Monitoring and maintenance

2,300 2,300

Boat fuel

coral Transplant maintenance and management

Lunches and refreshment

Logistics (transport, materials, staff travel, subsistence)

Labour (10 people) for one year (48 weeks)

in-kind 7,200

Total cost

72,300 91,200

Table 2. Cost estimates (in US $) for establishing and implementing community-based reef restoration

at Wasini, Kenya.

Discussions

The coral reefs of Wasini Island are an important
fishing ground that directly support more than
4000 fisher folks (Murage & Mwaura 2015). The
reefs have been impacted by cumulative stress-
ors (e.g., destructive fishing practices and cor-
al bleaching events) and did not exhibit natural
recovery for many years (Mwaura unpublished

data). Instead, the reefs have continued to be
predominantly of unstable coral rubbles which
limit coral recruitment and growth (Grimsditch et
al., 2016). The project evolved over three years,
seeking to engage local communifies and de-
veloping cost-effective and efficient method to
restore this degraded reef. To achieve this, this
pilot study used concrete blocks as arfificial reef
structures to rehabilitate the reef that was mainly
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composed of sand and loose coral rubbles, as a
mean to restore corals and fish. After one year,
coral survival rates were relatively high (50-98%)
and will serve to contribute as the source of coral
larvae at the site in future. These high survival rates
of fransplanted corals can be attributed to inten-
sive and periodic maintenance and cleaning of
fouling organisms and algae by the participating
local community. A similar study by Forrester et
al., (2011) in the Virgin Islands shows that higher
survival of coral fransplants is mostly related to
avoidance of adverse conditions including algal
overgrowth. This low-tech coral restoration project
demonstrates that a degraded reef with sandy-
rubble field can be successfully be repopulated
with corals by local community.

Arfificialreef structures deployed inreefrestoration
have been reported to not only provide substrate
for coral attachment, but also create habitat on
rubble fields (Raymundo et al., 2007), to offer ref-
uge for sheltering and accumulation of fish and
sessile organisms (Lindahl et al., 2001; Marzinelli et
al., 2009). However, it seems that artificial reefs are
not considered a promising restoration approach
by restoration ecologists given the poor number
of publications dealing with coral reef restoration
(Abelson, 2006). One year after coral transplan-
tation on artificial concrete blocks, a number of
fish and macro-invertebrates taxa inhabited the
restoration site, and their number increased in
three-folds when compared fto adjacent natu-
ral reefs as the transplanted corals confinued to
become bigger (personal observation). Consis-
tent with other authors (Fadli ef al., 2012; Williams
et al., 2019; Fox et al., 2019), our findings suggest
that simple concrete block structures provide a
stable substrate and habitat that can increase
coral cover and fish abundance and successfully
restore a coral-rubble dominated reef.

About one hectare of reef area was rehabilitated
by deployment of more than 60 concrete blocks.
The blocks were assembled to form about 10 pyr-
amid clusters and distributed on different rubble
patches within the CCA, with an estimated cost
of US $ 72300 ha' (US$ 7.2 m?). Costs reported
from comparable restoration methods that used
artificial reef structures to restore unconsolidated
substrate reef range from $ 25/m? to $35-277/m?

(Edwards et al., 2010; Wiliams et al., 2019). The
bulk of the expenses is usually attributed to the
materials used fo consolidate the rubble domi-
nated fields or attaching coral fragments such
as marine cement, epoxy glues and rental boats
and the labour cost of restoration experts. In
this community-based restoration project, locally
available and affordable materials such as sand,
normal cement and coral boulders were used to
construct concrete blocks. Additionally, the high
labour intensity required throughout the project,
associated with labour cost for construction of
mid-water nurseries, artificial concrete structures,
periodic cleaning and maintenance of nursery
corals and fransplanted corals, and boats for ac-
cess to site, were provided freely (in-kind labour)
by participating community members, contribut-
ed to reducing reef rehabilitation cost by 20%.

Similar to another reef restoration projects, involv-
ing the local community in restoration has also
been found to be effective and advantageous
(Trialfhianty & Suadi, 2017). However, no study in
the WIO region has demonstrated that commu-
nity-participation in coral reef restoration activi-
fies can work and have practical advantages in
the long-term such as increased stewardship in
environmental restoration as it involves building
community awareness activities. Additionally, ex-
tensive community involvement in the whole proj-
ect starting from the initial stages of restoration
work not only reduces the cost of operation itself,
but training in the basics of coral biology and the
need for restoration in poor degraded reefs has
advanced the development of coral restoration
project among local community members that
allows the community to understand the impor-
tance of taking care of their reef resources (Russ
& Alcala, 1999). This in furn may then encourage
a sense of ownership and responsibility that may
ensure long-term stewardship and interest in pro-
tecting local coral habitats (Cruz et al., 2014). As
an immediate benefit of involving the local com-
munity in restoration they have also been show-
casing their restoration sites to tourists, thus making
an additional benefit that could develop into an
alternative livelihood of local residents (Cadiz &
Calumpong, 2002). On average, there has been
an 80-100% increase in their weekly income, from
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US 60 to US 220 for the BMU during high tourism
seasons (unpublished data).

In conclusion, this community-based restoration
project presented here is successful in terms of
survival, over 70% after one year, and improved
local abundance of fish around artificial reefs
deployed. This initial results are promising and
resource managers, conservationists and local
community are encouraged to adopt this ap-
proach to rehabilitate degraded reefs with similar
condifions. Additionally, this project suggests that
local community can be practically involved in
restoration of their degraded reefs when provid-
ed with fraining and simple guiding steps on res-
toration as it encourages their participation and
stewardship (as also observed in relate studies,
e.g., Juinio-Men~ez et al, 2012) and when inter-
vention uses low-tech method that is affordable
to the community (Cruz et al., 2014). The present
study, being a pilofinimplementation, raises many
opportunities for reef researchers and local com-
munities fo continue partnering and develop this
technique further, as well as monitoring in order
to understand fully the benefits and/or impacts of
this reef restoration approach.
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