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ABSTRACT

The Global Coral Reef Alliance (GCRA) works with community-based management efforts
to restore severely damaged coral reefs and fisherics using its Biorock® technology. In Bali,
Indonesia. the village of Pemuteran used maditional vil'age law to organize patrols to siop
reef blast and cyanide fishing in their waters, establish marine protectad areas for ecotour-
Ism and fish sanctuaries. and built more than 40 Biorock coral reef nurseries with a total
length of over 500 meters. Their bottom-up efforts have won many national and inferna-
tional aweards for community-based coastal zone mznagement and underwater ecotourism.
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The visibly obvious buildup of fish populations bas made fishing villages across Tudonesia
resiize that they can grow corals and harvest fish and shellfish, farming reef scosystems
instead of hunting fish and destroving corals. Our workshaops are training fishermen, dive
shops, university students. and government fisheries agencies in the new methods of reef
restoration. In Ukupseni. Panama. the Kuna Tndian commumity has established solar pow-
ared Biorock corzl nurseries, lobster habitats, and breakowaters to ncrease habitat for lobster
{the economic basis of the region), and 1 protect their low lying islands from eroding. The
Kunas are preparing their own coastal 7one managemsi plan to establish lobster hatcher-
ies and creats hzhitars to increase shelter and food for lobsters at all stages of their life
cvcle, Tn Palau, GCRA works with the Hatohobei State Government in the mest isolated
aolls. These isiands suffered catastrophic mortality of corals and fish after record high
temperatures in 199% and are undergoing severc erosion. Projects are being planned to
grow solar-powered Biorock breakwaters [0 save the islands and their culture, coral and
fisheries habitat, and revive ancient tachniquss for fish habitar that have not been practiced
for gencrations. The tools for larpe-scele community-based restoration of cnastal marine
habitats and fisheries now exist, but their implementation is being blocked by the lack of
government policies backing community-based restoraticn and lack of funding for them
from international agencies.

INTRODUCTION

Tue Ditemvias oF CoasTal ZONE MANAGEMENT: By WHOM AND FOR Whar?

Coastal resources are in savere or catastrophic decline almost everywhere. Discussions with the old-
est fishermen invariably reveal a former wealth of living resources. which have declined so seversly
that voung fishermen find it hard to believe their elders and assume that they are senile or making it
up. Sciertific studiss of coastal resources almast everywhere postdate the worst of the decline. and
so shed little light except for documenting the disappearance of the last vestiges. Modern coastal
sone management has largely been a top-down imposition by cutside agencizs (whether from the
national capital or foreign “experts™, rather than a genuine outgrowtn of community needs. and
tends to override or ignore local long-term management concerns { Walley, 2004).

Furtiermore coastal zone management is generally based on ideclogies that value nawure not
for its own sake but only insofar as it is exploited to yield immediate returms. The dogma that nature
exists orly for humans o explolr it is common to “modern.” “universal” ideologics. inchiding glo-
balizm, capitaliem, communism, Christianity. [slam. and the “monetary value is the only measure
of worth” thearizing of sconomists. These “missionary”™ ideologies often believe they posscss the
only universal values, and feel compellec to force all to follow their own view of the world. In
contract, & rultiaude of ancient traditional culiures view umans 4% an integral part of nature, with
a reciprocal responsibility for humans to maintain nature’s overall balance and responsibly murture
it 1o the most healthy possible state (Ercira, 1990). These “native” or “aberiginal™ traditions are
largely viewed by outsiders as “hackward” and are being actively exterminazed, forcibly displaced.
merginalized, or at best undermined. by the supjversal” forces of modernist ideologies that value
resources only insofar as they can be converted into mangy,

Any economist can “prove” that the “optimal” use of any natural resource is to “realize it
monetary value” (i.e., extract it and gell i, invest the money, and live off the interests and profits.
and that this straegy inevitebly maximizes monetary return and hence alt possible “utility” and
“satisfaction.” Becausc the purpose of such “management” is simply more efficient exploliation, i
reinforess top-down relationships of external powsr and economic control over indigenous com-
munities as well zs nature. For example, until one generation ago Australian aboriginal people
were l2gally classified under the Wildlife Act, with all the legal protection from hunters it entailed!
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These ideotogical frameworks primarily benefit outside groups at the expense of both local ecosys-

wms and local human communities, and almost never really empowers locals to manage their own
§ resources for their own Jong term benefit, much less that of the entire ecosystem, daspite often-mads
| claims thal this will result. Top down projects often act to destroy local community-based manage-
b ment practices and potential (Colchester, 2003: Chapin, 2004: Walley, 2004), Management besed on

contempt for local cultures and ecosvstems alike is hardly Hkely to improve the lot of either.

ConservaTioN VERsUS RESTORATION

The major current tool af conventional biodiversiry and fisheries management is conservation based
g on the Marine Protected Area (MPA), which js widely claimed to increase both (Gubbay. 1995;
National Research Couwacit, 2001}, By sealing off an area and barring its traditional users, it is
elaimed that naturally “resilient™ scosystems will auiomatically bounce back by themselves. New-
f eriheless, even though many MPA proponents say that this will happen anvwhere, it is obvious that
f soch policies can only work where ecosystem health, water quality. and carrving capacity are excel-
Elent. Yer every coral res” ecosystem is now de graded, and every coral reef MPA is also undergoing
g drastic decreuses in live coral cover {and fish pepulations) due (o global scale strasses {giobal warm-
fmo. new diseases, land-based sources of pollution, ete)) that are beyond the control of any MPA,
EBecause MPAs cannot control the real root causes of coral death, or of decreasing habitat quality
band declining carrying capacity for fishes and shellfish. they cannot protect coral reefs and fisheries
g the long run (Goreau and Hilbertz, 20035, There are some remarkable cases of short-term MPA
jmaccess on a small scale ar locations where epvivonmental conditions are excellent, such 45 Apo
dand in the Philippines. but it is clear that the same successes will not take place in the vast majority
reefs. which are already badly degraded.

The most lavishly funded MPAs in the world are in the richest couniries, vet long-term moni-
wing programs of the Great Barrier Reef Marine Park Authority and the Florida Kevs National
Bdorine Sanctuary show that live coral cover is now down to only about 20% (AIMS, 2004) and
% (CREMP, 2003, respectively, and steadily falling. Yet these two MPAs are the focus of pub-
fiiy claiming thar these are “well managed,” “resilient ecosystems.” and that pPOOT countries can
prhic e the same results by following their example! If the rich cant protect their reefs now, and
be even less able to do so as global warming, pollution. and new diseases intensify, it is clear
lkat imposing such polictes on those without vast financial resources is even less likely to work,
this failed strategy remains the primary management objective of governments and interna-
ona! funding agencies. Because so Hitle reef now remains in pristine condition. and none can be
eoiccied from globally-intensifving stresses. conservation efforts focus on finding the lust good
mechies and. in effect, oying to build walls around them. ignoring the vast degraded arcas around

ex on which local communiiies must rely, No funding is ellocated to effective restoration. only
ards methods like ghting and cementing broken corals, but these will die whenever the warer
s too hot, dirty. pollwed, or when diseases break out and pests infestations occur.

We take the antithetical approach that active. large-scale, community-basad habitat restoration
the sine qua non of cffective biodiversity and fisheries menagement in & world that is changing so
st that the conventional top-down conservation strategies can no longer work, We take the view
a the proper management of natural resources is simply to maximize its quantity and quality. not
wolate the last examples in preserves, and that the best results for ecosvstern health and mainte-
¢ of natural services will result from local optimization, writ large. Local communities are the
sk placed to value and protect their habitat, but they only can if they are allowed to hold responsi-
firy for managing their own surroundings, obtain the knowledge and tools to do so effectively in
context of their own tradinons, and convince their neighbors of the benefits by sxample. Tnfor-
arely, local communities arc losing ot have lost control of thair resources almost everywhere,
en 10 allow them 1o be exploited by outsiders. Thus, it is essential 10 re-empower COmrmunities to
erol the resources providing their Hivelihood for long-term management to be possible.
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In this paper. we describe collaborative coral reef and fisheries restoration prajects wiih tradi-
tional communities in Indonesia. Panama, and Palau who have maintainec control of their coastal
zome from national and curside forces despite increasing economic pressures on their resources.

Top DownN Versus Borrom-Up MANAGEMENT

The Global Coral Reef Alliance (GCRA; works closcly with a wide range of local partners around
the world, including community groups, local governments, divers, environmenral organizations. |
and bozels. Their commen f2ature 1s that they have recognized that their local reefs are vanishing,
and rezlized that if they wait until they can get funding from top-down programs it will be too late,
They further understand that conservation aloneg has become inadequate, and that immediate efforts
to grow corals and restore fisheries habitat are urgently needed to make o meaningful difference.
and must be started whether or not outsice funding can be found (Goresu and Hilbertz, 20057,
GCRA works closelv with local partners to assess current and historical health of sites, and trains
them te design, construct, install. monitor, maintain. and repair restoration projects. Because to dawe
no government or large funding agency bas supported meaningful coral reef restoration efforts, all
projects have been supported purely by small donations, mostly in-kind donztions of materials, food.
and lodging by ocal sroups. This local support has increased local participation and control of proi-
gcts, but of course the very small amounts of funding evailable have greatly limited the size and num-
ber of projects. We have been unable to respond to urgent requests for help from many communities
around the world due to lack of funds. This situation will remain unul governments and funding agen-
cies change their policies and choose to support bottom-up community-hased ecosystem restoration
programs instead of the top-down efforts that have conswmed so much monsgy with so little results,
Simifar efforts at community-based management of whole watersheds and coastal zones and
reef and fisheries restoration were first developed in Jamaica (Goreau et al.. 19971, However. thesa
failed because outside funding agencies, which came in only 2fier local community management
plans hid been developed, paid for. and controlled the management implementation agendas and did
not see community-based management of entire ecosystems as their gosl. Tnstead they focused om §
making tourism “parks” to repay foreign exchange debts. Instead of supporting detailed pre-existing
community-based management plans, developed over years of meetings in every community in the §
watershed, they funded MPAs in the tourism areas as separate units administratively isolated from §
the human populations in the up-stream watersheds that affected then. Ag aresult, the community’s
role in management was marginalized. The reefs could not be protected from the land-based sources
of pollurion that were killing them, and procesdad to deteriorate even more rapidly after money was §
spent to “manage” them (Lapointe and Thacker, 2002). After 10 vears. the ailure of these “conser- §
vation” efforts to protect corals and fish are obvious, and once the foreign fuads and consultants that §
dictated their mismanagement were exhausted and left. local communities are again requesting help 3
from GCRA to restore their crippled reefs and fisheries. Ironically. only after bottom-up communite
based efforts to integrally manage whole wartershed and coastal zones had been effectively prevented ;
by top-down funding impositions, these plonesring efforts in Jamaica became the direct inspiration §§
for top-down “ridge to reef,” “hill top 10 ocean.” and “white water to blue water” programs by laree §
international funding agencies. 3

METHODS

We use GCRA's Biorock™ Ecosystem Restoration Technology ¢ Hilbertz and Goreau, 1996). Biorock
uses safe, low-voltage, direct currant. which can be provided by solar panels, windmills. and ridal
currant turbines to grow solid limestone structures of any size and shape in the sea. Biorock is the
only coral reef restoration method rhat increases coral growth rates (typically 3-5 times). coral heal-
ing from breakage (more than 20 times), coral survival from lethal conditions of high remperarure.
sediments, and nutrients (16-50 times increase in survival over adjacent reefs after the 1998
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bieaching in the Maldives), caral settlement (by 2-3 orders cf magnitude). and coral reproduction,
while greatly increasing fish and shellfish populations. especially juvenifes (Goreau & Hilbertz.
¢ 2005). Lsing these methods, coral reef organisms can be kept alive where they would die, and
coral resfs restored in record time where thev cannot recover naturaily. The Maldives, one of the
countries most threatened by global ses level rise and global warming (Gayoom, 1998 has been
& major focus in the development of Biorock technology to save coral reefs from global warming
‘Goreau et al., 20001, Biorock reefs in front of severely eroding beaches in the Mzldives produced
p an ecotourism attraction full of corals and fish in a barren ares in front of the beach. and the recuc-
f ton of wave energy caused the beach 10 grow by 50 feet (13 meters) in a few vears (Goreau et al.,
| 20041, These projects were awarded the Sperry Award (top prize for lnnovators and Pioneers from
the Socicty for Ecological Restorationy, and the Maldives Eavironment Award. Although energy
and materials were nceded for the Biorock reef breakwater, the energy consumption was less t1an
 the beach lights. and total costs per meter of protected shoreline were a few percent of the con-
crete breakwaters that surround the nearby capital island. Male. Those massive concrete walls have
 mereased scouring of the shoreline while producing ne ecological benetits.

PEMUTERAN, BALI, INDONESIA

History ann Social CoNtext oF FisHERiss

F Indonesia has the largest arca of coral reef and the highest ma-ine biodiversity of any country in the
f world (UNEP. 2001). The viliage of Pemuteran lies in one of the few areas of Ball that are 100 dry
& grow rice, the staple food, and its people wers forced to rely on the sea, feared as the home of the
 &vil spirits in Balinese culture. The shallow offshore banks nearby have the largest area of coral reef
f ® Bali thut are free of ferocious tidal currents. giving it the richest reef fisheries on the island. Most
fish caich was used for subsistence or traded for rice, and the population was among the poorest in
| Bali, sharing mud-floored huts with their animals. Because Pemuteran is in the mest remote corner
of Bali from the tourist eny points in the South, it was the last coastal area to develop tourism.
[ ¥he large. fush, and cuirentfree reefs made it an exceptional Jocation for diving, and a small diving
pmdustry developed followed by small hotels. These deliberately avoided the large-scale mass tour-
rsm of the Scuth. giving it a tranquil setting and attracting Indonesian and foreign residents of Bali
and Java eager to escape the congestion of the south as well as tourists srraving off the beaten track
o find more peaceful surrovndings. The development of tourism created jobs other than subsistence
fishing for the first time. crearing new alternatives for educated local young people. The result has
Hheon o great increase in village standards of living, without loss of tradition.
Traditional vitlage law, Adat, remains very strong n Bali and many outlying paris of Indonesia.
tl has been weakened in areas of the country where Muslim or Christian influences have displaced
raditional culture and law, but is institutionalized in Bali because the ancient village laws have
e incorporated into the island’s Hindu-Buddhist culture, which focuses on maintaining harmony
et ween natural forees. The founders of the Pemuteran tourism industry were carsful 10 work closely
the village council, led by the Kepala Adat, the interpreter of village traditional law, and the
pala Desa, the elected village leader. In order to protect the fish habitat in the fringing reefin frant
the fishing beach and the snovkeling reefs for hotels, the village declared the area in front of the
each to be protected from all forms of fishing. A ban was also placed on use of bumbs and cyanids
oe fishing in the entire reef area offshore from the village. It is important to note that this was dons
Becing village law alone: no permission was sought from national authorities, nor was any needed.

PACTS OF DESTRUCTIVE HARVESTING

aring the Indonesian ecoromic crisis of 1998, when millions of displaced workers and farmers
ok 10 fishing as a means of survival, maintenance of the ban on offshore reess was na longer




148

Handbook of Regenerative Landscape Design

enforced and bomb and cyvanide fishing went out of control, One would hear 5 or 10 bomb blasts a
day in Pemuteran Bay, and since diving was no longer safe, the local diving business collapsed. The
bomibers destroved almost all of the shallow resfs on the offshore banks, leaving only deep waters
and the area in front of the beach untouched. Most of this destruction was blamed on fishermen
from the islards of Java and Madura, and on nearby villages in Bali inhabited by
Madura who emigrated becavse the fisheries on their own island had collapsed.

As the vibrant reef was reduced 1o dead rubble, the fisheries coliz psed due to lack of habitat. :
Shocked by rapidly declining food and wurism income, the village decided to once again enforce E
their ban on gestructive fishing methods on their offshore reefs. but the damage was already done.
However, this time the hotels and dive shops arranged with the village to donate 3% of their profits
to the village in order to organize boats, engines, and personnel for the viltage Pecalang Laut (Sea
Guardians} o monitor fishing activity and enforce village laws. Tf fishermen are found to persist in
using bannsd methods. their boat and all their gear are seized and they are thrown in jail. Although
this is done by village law, Indonesian legal authorities recognize the arrests aad prosecute the
cases. As g result of this ban the devastated areas offshore are steadily recovering,

fishermen from

CommuNimy Response

GURA begun working with dive operators in Pemuteran to start Biorock coral reef restoration proj-
ects in 1998, From the first small start, these have exploded in size and popularity, now stretching
over about half a kilometer of Biorock reef in 40 separate structures of different skapes. Studies by
Putra Nyoman Dwija have shown that corals grow 4 times faster and heal from damage more than |
20 times faster on Biorock than nearby controls iDwija. 2002). Naturally broken coral fragments _f
on nearby reefs that would roll around and die in the mud and rubble have heen transplanted onto
the Biorock reefs. _

Not only Fave hard corals and other attached marine organisms like soft corals, sponges, and
clams grown g: phenomenal ratss. they have att-acted huge numbers of reef fish into an area thar §
had been fairly barren, The types of fish attracted 1o structures depend on the size and shape of §
spaces created, and the structures can edsily be built te have much more space for habitat than a %
natural reef, as it has many more lavers. As a result fish populations have bounced back in the bay. 3
and the resfs have attracted tourists from a'l over the world. The viltage has won Indonesias §
most prestigious environmental award, the Kalpataruw/Adiputra Prize, the KONAS Award for §
best community-based coastal zone managemert project in Indonssia, the SKAL Award for bes
Underwater Ecotourism Project in the World, the Associarion of South Fast Asian Nations Tourism §
Agencies Award for Excellence, and the Pacific Asia Travel Association Gold Awa-d. '

Three international training workshops in coral resf restorition have been held in Perutteram _
in which students learned the theory and hands-on practice of design, construction. installation, 1
maonitoring, maintenance, and repair (Goreau and Hilbertz, 2004, 2003} (Figures 71-7.4). The firsg § )
Pemuteran Workshop attracted around a dozen participants, the second attracted two dozen, and | 3
third had around 60, Only one Indonesian attended the first workshop, but the Indoresians made up § _
the majority of the rest, with the remainder coming from all over the world. Biorock students hawe i j
started their own projects in Java, Sulawesi, Lombok. Flores. and other parts of Indonesia. as well § i
as in many other parts of the world. The fourth workshop was held in November, 2006, on the island 3
of Gili Trawangan, Lombok, whare around 70 participants built some 20 new struciures, : {
Because of the dramatic buildup of fish populations in the Biorock reefs. including large swarins § ;
of juveniles, fishermen all aronnd Bali have requested similar projecis as a means o- restoring thesr 3
coastal fisheries and reef habitar, Besides fishermen. divers, hotels, and ourists, the projects havwe j
been visited by “op officials of the Bali Island government and suceesding [ndonesian governmes
ministers of Bnvironment, of Marine Affairs and Fisheries, and of Tourism, as well as bv the execa- 1
tive director of the United Nations Environment Program. However, until very recently the project: ;

has received no funds from any government or large Tunding agency. It has been entirely supported}
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FIGURE 7.1 Sccond Pemuleran Reef Restoration Workshop particizants and the oewly buili Big Manta
Reel. Bali.

by small private donations, many of them local in-kind donations of materials, and food and lodg-
ing for participants, along with donations by impressed wurists. The project’s success has atracted
press and television coverage around the world.

The first funding to the village came at the very erd of 20035, when the Bali Recovery Fund,
a group funded by the Australian Aid Agency 1o aid economic recovery of areas economically
depressed by the collepse of tourisim following terrorist bombings of tourist targers in South Bali,
supported the new Reef Gardeners of Pemuteran Program. This program, whose motio is “Protect-
mg and Preserving the Reefs Now .., for the Future,” hes trained 10 young people from the village
to be full-time paid resf restorsvs. focusing on the offshore bank reefs. The Reef Gardeners, who are
voung fishermen without the education and language skills needed to get a job in the tourism sec-
wr, have been trained as divers, are learning English, and taking courses in business management.

£ A barge was built to house a mobile power supply used 1o start Biorack reef restoration projects o
f speed up recovery of the outer reef, They have sunken everal old boats on the edge of one of the
Banks, and are turning them into Biorock reefs. They have constructed an underwater snorkeling
trail, with sculptures in the design of a traditions] Balinese temple garden. As the funding is & short

F BGURE 7.2 Gerting ready to float the Little Manta Reef to #ts site, Bal,
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FIGURE 7.3 Attaching naturally broken coral ragments 1o Big Mania Reef. Baii,

term startup. and will not be continued, the village has introduced a S2 fee for divers and snorkelers
using the area, and local dive shops and hotels ENCOUrags guests 10 participate. It is hopad thar these
zes will pay for maintenance of the projset and the salaries of the Reef Gardeners. To our knoywl-
edge these are the first professional paid resf restorers anywhere in the world.

Recently, for the first time, the Goveranment of Indonesia has officially decided to seek large-
scale funds frem the German Government Debt Relief for Nature Swap (o implement community-
based Biorock coral reef and fisharies testoration projects in four different regions of Indonesia,
and to train fishermen and students in the new techniques. If this funding materia’izes. Indonesian
fishermen will begin to switch from being hunters of the last wild fish to coral reef farmers who
incresse their productivity by actively restoring reef habitat and improving its habitat quality and
carryving capacity. It is hoped that Indonesia’s lezd in devzloping policies in support of active resto-
ration will restlt in & transformation of [ndonesia’s fisheries and will he followed by other govern-
ments and funding agencies.

EELAENE REEBCNYFREEGE= =
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FIGURE 7.4 Bicrock reefs have prolifiz corsl growth and dense fisz populations: Thu Kararg Reef Bali.
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KUNA YALA, PANAMA

History anD Sociat CoNTEXT OF FISHERIES

The Kuna Indians of Papams are unigue among native peoples of the Americas in having never
lost their land, culturs, and laws (Howe, 1998 There are no roads to their land, Kuna Yala, and
they do not allow outsiders to own land, seitle. or deforest the jungles for the cattle ranching that
has destroved forests and soil fertility throughout the Americas {Ventrocilla, Herrera, & Nunez,
1993). The Kuna live on an archipelago of 363 is.ands in the Caribbean, 30 of them inhabited. but
also own the entire watershed of northeastern Panama from the coral reefs right up to the top of
the mountain ridges separating the Atlantic from the Pacific. Degpite their poverty, Kuna culture
is vibrant and confident: they have a unique appreciation for knowledge of all kinds, and produce
an exceptional number of university students. Their leaders are slected based on intelligence and
knowledge through an elaborate participatory democracy. Books written about their love of free-
dom and equality in the 1600s by Lionel Wafer and William Dampier, English pirates who were
stranded there following failed vaids on the Sparish gold fleets passing through Panama 1o Spain
from Peru, were the direct inspiration for French theorists of “Liberre, Egalite. ef Frarernire,” not
the rigid class structure of Athenian “democracy.”

Due to their isolation and traditional way of life, the Kunas have few products they can sell
besides coconws fwhich are of practically no economic valuel and melas, the unique embroidery
art of Kuna women using a veverse appliqué technique with multipie layers of cut cloth of differem
colors. Because they have the largest area of coral reef in Panama and because their coastal man-
groves are intact, thev had exceptionally high populations of spiny fobster and several spacies of
adible crabs, Their entire economy is based on the export of lobsters and crabs, and the Kuna shell-
fisheries make up 70% of Panama’s marine expors by value. However only a very small fraction of
this goes o the Kunas, most being made by the ctailers and middlemen who fly them from Kuna
Yala to Panama City and then on to Miami. Because lobster and crab are the only evailable source
of money for almost all Kunas. virtually the entire male population dives for lobster, SCUBA div-
ing is strictly banned by Kuna law, even by tourists, because it would lead to too rapid depletion of
lobsters, Kuna Jshermen specialize in free diving. and are so good at this that they have migrated
all over Panama, working in diving fisheries.

1:4PACTS OF OVERHARVESTING AND EUTROPHICATION

Although the Ichster and crab fisheries are the driving economic force in Kuna Yala, they sre in an
advanced state of decline. Fishermen admit that the populations are vanishing. but heve no other
way to earn money. The chief of ene village told us “T am very worried for the future of the children
because when T was voung we would jump in the water right in front of our house in the village.
pick up 10 or 15 lobster, and have them for dinner. Now we must paddle our canoes very far out at
seq. dive very deep, and the lobsters are few and small” The head of the lobster fishermen in this
village said tha: “Everv dav there are more fishermen and less lobster. If we dow’t restore the lobster
populations owr way of life will be finished.”

Besides over-fishing, the entire reef habitat is undergoing serious eutrophication. Inhabited
islands are very densely populated, and are ringed with outhouses over the water. The corais and
fish are gone around inhabited islands, whose shores are covered with massive growihs of algae spe-
cies that are indicative of severe pollution and garbage. In contrast, uninhabited isiands have dense
coral populations. but even these are being steadily smothered by algee where affected by water
flows from populated areas {Goreau et al,, 1997). The heaith of the reef, and its ebility to maintain
large populations of fish, lobster. and crabs is stzadily declining. All the islands are only slightly
above sea level and suffer srong erosion on their northward sides during high waves for 4 months
early each vear. Traditionally, the Kunas mined live corals to build up the eroded sides of their
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1slands. to expand their area, and even to build new islands. When there were few people and many

corals, the reefs were not noticeahly depleted, but this is no lenger the case.

CommuniTy Response

GURA has werked with the people of Ukupseni, Kunz Yala, since 1994, Due to lack of electricity,
our projects there larsely use solar panels © power a variety of coral nurseres. lobster nurser
les, and breakwaters. The panels used were rart of the world’s largest solar power plant, built in
Michigan in the 1970s as part of President Carter’s Solar Encrgy Research Tnitiative, which was
sold 1o a large oil company by the Resgan administration znd dismantled for scrap. GCRA bought
the last crate of the old panels for a fraction of their value and recyeled them. Despite their age,
their output still exceeds the original specifications. We have made breakwaters that are slowing
down the waves next o one of the village eco-tesorts, and a breakwarer for the village hospital so
that patient’s lives can be saved by bringing them directly to the hospital by cance, which had been
impaossible during the rough weather season, Coral nurseries are growing around 15 species of hard
corals, plus soft corals and sponges, on a 20 11 (7 m) diameter dome over & muddy area where no
corals were growing before (Figures 7.5-7.7). and the reef has atrracted a large resident harracuda
i{Goreau et al, 2003),

GCRA has also brought educational books end videos, and given lectures to all the schoolchildren
on the importance of protecting and restoring coral reefs. GCRAs Children's Program donated
masks, fins. and snorkels to the school 5o thet the students, who swim like fish but are too poor 1o
own snorkel gear. can go on field trips to [earn the differences between healthy and sick reefs, and
participate in reef restoration projects (Figure 7.8) (Gorsau, Goreau, & Solis, 2003,

The small private donations used for these projects have dried up completely, so we are unable
t0 maintain or expand them. and no support for reef restoration has vet been provided from Pana-
manian funding sources. 1f funding can be found. programs in Kuna Yala will increasingly focus
on creating habitut to increase populations of lobsters. Biorock struetures can be built in any shape
and size, and we noticed in Jamzica, Mcxico, and Panama that structures built to provide spaces of
the right size and shape are denselv packed by lobsters. Lobsters suffer cevera martality due 1o lack
of hiding places. especially the juveniles which live in sea grass beds. so their populations can be
greatly increased by building shelters of the righ sizes in mangrove, seagrass, and coral reef habitat
used by lobsters at different stages of their life cyele, This technique has been widely developed
in Cuba, where it has greatly increased production. Cuban “casitas,” made from marine plywood,
ferro-cement, or roofing material, provides shelter alone. Use of Biorock shelters is tikely to be even

FIGURE 7.5 Assembling selar panels for lobster nurierics, Panama.

Handbook of Regenerative Landscape Design

T ST Y AA'AlA

g
[ |
B
|
B

b sl i



Bottom-Up Community-Based Coral Reef

'HGURE 7.7 Akabiski Galuy Reaf, Panama.

Kuna children getring ready to saorkel on Akabiski Galu, Panama.
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more effective as it provides a substrate for growth of barnacles, clams, and other food for lobsters,
Future work will build solar powered lobster shelters of suitable sizes in different hakitat in order to
increase lobster populstions and allow sustainable harvesting at higher production levels.

Successtul efforts have been obtained in Kuna Yala despite the remoteness and poverty of
the inhabitants. and verv little funding. Now we are working to set up fisheries, mariculture, und
reef restoration projects in other parts of Panama. such as restoring damaged reefs in Marine
Protected Areas, building habitat for the release of juvenils snapper released from hatcheries, and
oyster culture, These projects will be done with fishermen’s ccoperatives, mariculture operations,
research hatcheries, the Autoridad Maritima de Panama. the Antoridad de Medio Ambiente, and
in programs planned for the newly formed Universidad Maritima Internacional de Panama, if
funding can be found. During 2005 there were record high sea surface temperatures in Panama,
and severe coral mortality is likely to have taken place, making the need for such projects more
urgent than ever.

HATOHOBEI, PALAU

History anD Social CONTEXT OF FisHERits

The Southwest Tslands of Palau consist of six very low islands stretching from Palau almost to
Indonesia, the Philippines, and New Guinea. All are small islands completely surrounded by
fringing reef with no Iagcon or passages, except for one, which consists of a large atoll with a
single small sand cay. They are inhabited by people speaking a differeat language from Palauan,
called Toblan or Sonsorolese, which is relzted 1o the languzages of Yap (Frisnds of Tobi Tsland,
2005). In his book on traditional fishing cul*ures in Palan, Words of the Lagoon, Robert Johannes
described them as the master fisher folk of the Pacific, having a wide variety of handmade hooks
designed for specific fish species that were unknown elsewhere (Johannes, 081}, Johannes was
never ablz 1o reach the Southwest [slands, and based his comments on the notes of P. W, Black, an
anthropologist who had lived there. The Southwest Tslanders Tived in isolation until foread to labor
in coconut plantations on Tobi by German colonial authorities, and later as mine and construction
workers on other islands by Japanese colonial authorities during the Second World War. Follow-
iag independence of Palau almost the entire population migrated 1o the capital, Koror, where they
have established their own village. This wes done because there were limited jobs, educational
opportunities, and medical services on their islands, but smali communitics of subsistence fisher
men and their families remain on the southwest islands, Migration between the southwest islands
and Koror is an active, dynamic, vibrant, ard ongoing population mobility resulting in cultural,
political, economic, and social exchanges in both direciions. Southwest islanders’ residences in
Koror village are not considered permanen: homes bur habitual ones due tothe long period of
wail between trips—due to the islands’ distance from the main island of Koror. Although the
Southwest Islands are surrounded by some of the richest tuna fishing grounds in the Pacific, the
islanders do not have the boats to exploit it, and access 1o these resources is leased by the Palau
Government to foreign fleers.

The cozal rzefs of the single atoll, Hotszrihie fmeaning Reef of the Giant Clam, but usually
called Heles Reef by outsiders), have the greaest diversity of corals, fish, and mollusks recorded on
any Pacific oceanic island (that is, excluding Indonesia, the Philippines, and New Guines) {Maragos,
[993). The island has been used by the peopte of Hatohobei Island (also known as Tobi) from
ancent times, but was not permanently inhabired due to lack of drinkzble groundwater on the small
sand spit that is emergent at high tide. The lack of permanent inhabitants made ita mecea for poach-
ers from [ndonesia, the Philippines, and even Taiwan, who plundered the richest giant ¢lam and
valuable rrochus shell populations in the Pacific until little remained. The unique martne diversity
of the afoll, and its hugs bird and wrile nesting populations, make it potentially valuahle for diving
and nature ecotourisr, if it can be protected.




Bottom-Up Community-Based Coral Reef 155

T

FIGURE 7.9 Helen Reef is & sandbar full of turtle nests and birds overhead, Palau,

o

s ImpacTs oF GrogaL CLimate CHANGE

:f ! In 1998 the waters uround Palau and the southwest Islands were extremely hot, and the vast majerity
H_ -: of the corals died (Gorean et al,. 2000, Following the deaih of most of the corals the Tobi fisher-
[E— men noticed a dramatic decline in fish populations. The single small sand spit on Helen Reet is
incks extremely vulnerable to global sea level rise (Figure 7.9} It ic only about 10-20 centimeters ubove
i - the normal high tide mark, and one can clearly ses that sand waves have repearedly passed right
o over it in storms, The island is unstable, and is moving southeast at about 13 m a year. The rematins

of & concrete floored structure built on the island by Japanese troops now siis in shellow water about
200 m from the shore. Coconut wrees plantad on the eastern shore of the island collapse into the sea
on the oppoesite side of the island before they can bear, because the island has completelv shifted its
position eastwards in this time (Figure 7100, Now that most of the survounding coral 1s dead. the
rate of erosion 13 likely to increase as global warming and sea level rise accelerate, placing control
of ull the natural resources of Helen Reef at risk. as well as the surrounding tuna fisheries.
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HAGURE 7.10 Trees collapse into the s2a o one side of Helen Reef, Palac.
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CommMUNITY RESPONSE

The Hutohobei people feel thet their top enviroamental prioritics are to restore their coral reefs and
fisheries and 10 stabilize the island on Helen Reef so that it can be developed as 4 hase 1o protect
the atoll’s resources and for ecotourism. The Hatohobei State Government succeedad in getting a
grant from a very large U.S. private foundation 1o station rangers on Helen Reef. However. instead of
being allowed to control the funding o use 10 solve their own pressing problems. they found that the
control of the money was entirely handed over to a TS, organization. This is using it for their own
consultant’s salerizs, travel from the U.S,, and to tag turtles, instead of restoring habitar and protect-
ing their islands from erosion, as the Tobi people wish. The attitude of the agency funding this proj-
ect appears 16 be that local people don't know what their own problerms are, and should not be able to
contrel any funding, i.e., that indigenous people are not 1o be trusted 10 act on their own behalf,
The Hatehober State Governor Subino Sackarias learnad about GCRA restoration 2nd shore
protection technology by chance in 2000 and immediately invited a collaborative project. Several
lar g e funding agencies with community-based management programs of the lop-down Kind all
fused to help. It took 4 years to find a small amount of funding from a private donor to start these
fr’ rts. Funds wers oblained for solar panels and materials to build a breakwater fo stabilize Helen
Reef [sland, :he top priority expressed by the governor, Due 1o the sxtreme remoteness of Helen
Reef. there are only a few trips a year to it hy the single supply ship that serves all the Southwest
Islands. So there was no chance to assess the site beforehand. and all work had to be done dur inga
single scheduled supply trip, However, the ship broke down, and had to be sent for repair o Manila.
which took fzr longer than expected. By the time the ship was fixed. the good weather season was
over, but as the funding had a time limir, there was no choice but to go ahead. Although Helen Reef
is almost on the squaior, and well cutside of the 1urricane belt, a typhoon formed in the area. unasu-
ally early in the season and far to the south of the ares normally sffected. delaying departure.
When theisland was reached, extremely strong wind, waves, and rain indicared an cxceptionally
early start to the monsoon season. Despite very hard working conditions and inade quate matcrials
and fools, the 1eam of Hawohobel and GCR A volunteers aucceeded in building & 430-fi-long break water
along the most erosion prons coast, and powering it by 32 solar panels (Figures 7.11-7.12). At this
point & Super-Iyphoon developed. and the team wus unable to leave the island until after exhausting
all supplies except for one bag of rice. Due to inadequate funding, there was no money for a genera-
tor or a welding machine, so the entire structure had o be wired togather by hand, Although the
structure worked as planned (Goreau et al., 2004), the fact that it was finally buil: only at the start
of the rough season. not at the start of the calm scason as originally planned. meant that it was not

FIGURE 711 Jziting solar panet joro the wand with a $CUBA tank on Helen Reef, Palay.
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FIGURE 712 Building e breakwaier in fierce winds and rain, Pglan.

strong enough to withstand damage from huge tree trunks from [ndonesia, the Philippines. or Naw
Guinea that were smashed over the reef by monsoon and tvphoon waves. As a result the structure
was damaged before it was strong enough to withstard the logs. The solar panels were rescued. to be
reused when we can find more funding to rebuild it using stronger materials and 1ools. There i3 no
comceptual difficu'ty to saving the isiund. only a funding issue. The donor that supported the initial
effort is not interested in follow-through. and so far no new funding has been found. despite efforts
by the former governor, Suckarias, and the new governor. Crispin Emilio.

If more funding can be found we plan to rebuild the breakwater, and grow coral. fish. and glam
clam habitat to restore the reef and fisheries. The Tobi people &iso wanl to relnvigorate an ancient arti-
ficial reef method they have not used now for several generations, which was unknown to Johannes. In
the old days they would canstruct reefs from coral rubale with a lot of hiding soaces for fish, dismanile
i after several vears. catch the fish in the new habitar they had created, and rebuild the reef nearby. The
ntention is to compare these revived methods with the new ones. Tf suitabls funding car be obtaived
to use tidal energy tirbines, we plan 1o build a large island on the barren reef flat right next to the tidal
pass into Helen Rezf, which huy extremely strong curzents. The tools now exist for the Tobi people to
save their islands, resrore their rzefs and fisheries. and ereate a new, much farger islund o live on using
purely renewable cnergy. The will and skills are there if the international funding community responds
to their appeal to save their unigue islands and culrure from disappearing beneath the waves.

SUMMARY: CURRENT PROGRESS AND FUTURE STEPS

New tools now exist 1o allow fishing communitiss to restore their coral reef habat and fisheries and
protect their coastlines from erosion habitat even under conditions where 1t cannot recover naturall ¥,
and 1o greatly incraase carrying capacity of fish and shellfish using structures specifically designed
for certain species. Most Biorock restoration projecis have been done with minimal funding, and
b in remote places that cause extreme logistic difficuliies. but they show that even very isolared and
E poor fishing communities can easily learn and apply new skills. These will allow them to make the
p Uransition from being hunters wiping out the last big zame to reef farmers whe grow reefs o greatly
| increase populations of desived fish and shellfish specics. This will finally bring the Neolithic revo-
¢ Mation 10 the cceans, 10,000 vear after big garne hunters en land were forced to becoms farmers o
§ survive. For this transformation to happen worldwide Is not a matter of lack of knowledge or suitable
p methods, in1s simply a result of the fact that governments do not invest in reef fishermen in the way
b Wt they invest in subsistence farmers to allow them to become cash crop farmers. Fishermen in
E mopical countries are usnally the poorest clement of society, and unless coral reef countries choose
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to tnvest in them to allow them to apply new skills to restore their environment and sustenance, the
deterioration will simply continue apace. no matter how much is spent on MPAs.

Unicrrunately all funding being spent by governments and international £ unding agencies now §
goes towards implemeniing methods that have failed to protect reefs on a large scale, and will
do even worse in the future as global warming and pollution increase, This strategy is bused on
“expert” opinion that if nature is left to take its course, “resilient” resfs will grow right back no
maztrer what we do. This advice suits the imerests of the rich countries whils preventing developing §
countries from saving their vanishing reefs, fisheries. beaches, tourism, and shorelines. Indonesia
has made a pioneering move in supporting community-based restoration, and it is to be hoped tha
other governments and intsrnational funding agencies follow its Jead on a large scale before it is
too late.
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