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Preface

This workshop and the resulting proceedings came into being as a result of cumula-
tive concerns by aid agencies, nongovernmental organizations and by government
authorities and rescarchers about the mass installation of artificial recfs in the Philip-
pines .

Artificial reefs are usually constructed from materials such as scrap tires, metals,
concrete bloclks, bamboo and nondegradable synthertics such as polypropylene rope.
What are their environmental impacts? Do they increase fish harvests in a sustainable
way by providing additional nursery habitat for reef fishes, additional productive surface
area or additional substrata for filter-fzeding benthic communities or an additional site
at which planktivorous fishes can aggregate? Or do they simply aggregate surviving
adult tishes, generate increased tishing mortality rates and, thus, deliver a transient
increase in catches in fish communities many of which are already overexploited?

The answers to some ol these questions are found in the following pages. The con-
sensus of the deliberatior s was that increased attention to the conservation and rcha-
bilitation of the extensive coral reef systems of the Philippines would pay far greater
dividends than interventions based on the installation of artificial structures on the
scabed.

An important viewpoint on artificial reefs in the Philippines was provided to the
workshop by Dr. Angel C. Alcala, Sccretary of the Department of Environment and
Natural Resources of the Government of the Philippines, who set up the first artificial
reef in the Philippines in Dumaguecte in 1977, Artificial reefs are one of the manage-
ment interventions of the Coastal Environment Piogram (CEP) of his Department. However,
the primary management tool of the program is community-based protected areas, at
lcast one to be established in each of the regions of the country. These are seascapes
where a variety of uses are permitted; 25% of the area is designated as sanctuary and
75% is a buffer arca for nondestructive uses. The expectation is that some of the larval
fishes from the sanctuary will be retained in the buffer areas where they can settle and
be fished, while othes larvac will be dispersed throughout the Philippine reef systems.
Dr. Alcala suggested that artificial reefs should only be deployed away from natural
reefs and that appropriate materials should be used for construction.

J.L. Munro
Manila
November 1994
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REPORTS OF THE WORKING GROUPS AND
RECOMMENDATIONS

The Workshop's main purpose was to
consider and comment upon three major
topics:

® To consider and evaluate the nega-
tive and positive features of artiti-
Cial reels:

¢ To mdke an inventory ot deployed
and existing ardticial reets in the Phil-
ippines:

® 1o comment on anda sugaest alter-
natives or supplements to the in-
stallation ot artiticial recls.

These were accomplished through pa-
pers and plenary discussions on the three
themes, followed by detailed discussion
and formulations ot recommendations by
Working Groups on cach theme.

The recommendations arising trem these
deliberations are as tollows:

1. Policy

® Better environmental management
programs using a holistic approach
should be implemented.

® A dcecision support system should
be developed to facilitate proper im-
plementation  of management
programs for artiticial reetfs.

® The human population density in
coastal zones at specific sites should
always be taken into account in more
rational long-term planning.

® Marine protected areas should re-
ceive priority as potentially impor-
tant, relatively short-term and low-
cost alternatives to artiticial reefs,

® Fisheries enhancement should be ex-
plored as a viable option.

¢ No artiticial reefs should be placed

inovertished arcas, especially if
they will be used as tishing
grounds, because they tunction
as benthic tish aggresating de-
vices and theretore contribute to
overtishing.

Artiticial 1eets may be deployed il
they are intended to tunction as fish
sanctuarics. However, the economic
costs and benetits must be prop
cerly weighed.

All ongoing artificial reet develop-
ment programs in the Philippines
should be condluded within tive years
and no new artiticial reef programs
initiated.

Agencies involved in artiticial reet
development should coordinate and
network their eftorts and, to guide
their development, should develop
amemorandum of agreement with
the Department of Agriculture (DA),
Department  of - Science  and
Technology (DOSTY. and the
Department of Envitonment and
Natural Rresources (DENR),

® The need tor artiticial reef develop-

ment should be reevaluated at a
workshop alter two years of moni-
toring and cvaluation of cxisting
artificial recets.

Management

All alternative or supplementary ac-
tions should not be viewed in iso-
lation but as part of an overall “In-
tegrated Coastal Zone Management”
package.
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Efforts should be concentrated on
the management and monitoring of
existing artificial reefs in order to
provide scientific information for
future decisionmaking.

Installed artificial reets should be
monitored in terms of number, lo-
cation and status. Catch statistics
for artificial reefs should be moni-
tored, in coordination with the Na-
tional Fisheries Information System,
and research should be donc on the
turnover of fish, initial recruitment,
sociocconomic impacts and other
impact factors.

No artificial reefs should be de-
ployed without monitoring pro-
grams and management plans.

Soclal aspects

All suggested alternatives to artifi-
cial reefs will be best achieved by
implementation at the community
level, where possible.

Better fisheries management pro-
grams should be implemented, with
greater fishing village involvement
in implementation and monitoring.

Mariculture should be approached
at the community level.

Education

Education programs on environmen-
tal/renewable resource issues should
be encouraged.

Education of pecople and communi-
ties on possible negative impacts
of artificial reefs and the importance
of managing natural reefs should be
intensified.

Information campaigns and enforce-
ment of fishing laws and regulations
in support of initiatives taken for co-
operative coastal ccosystem man-
agement should be implemented.

® Provincial and regional personnel
should be trained in monitoring ar-
tificial reefs in their respective ar-
cas.

Working Group | initially discussed
definitions of the types of artificial reefs
being addressed in the workshop. Artifi-
cial icefs were defined as assemblages ot
any hard structure or matcerial placed on
the scabed to provide habitats for tish and
other marine organisms. Artiticial reefs may
have some or ali of the following ccological
and sociocconomic features:

¢ habitat or shelter for tish and other
marine organisms

e substrate for regencration of corals
and other marine organisms

e feeding, breeding or nursery area

* reference point

o deterrent to trawling

e cco-tourism and other recreational
puUrposcs

e waste disposal

s mariculture

o fishing ground

s sanctuary

e substitute for destroyed coral reefs

s cntry point for coastal management
initiatives

s focus for propaganda purposcs of
vested interest groups

e replenishment arca

s provide a known and casily located
fishing arca.

It was concluded that all of the ecological
functions of artificial reefs mentioned above
are generally beneticial. The impact may
be positive through increase ot survival
of marine organisms if habitat is limiting
and it no fishing is done on the artificial
reel. If there is no fishing on an artificial
reef and it is usced as a sanctuary it can
make a small, but perhaps irrclevant,
contribution to production. It can also
provide substrate for settlement of fish and
growth of algac and other marine organisms
that will provide food resources to higher

™~



trophic levels. However, artificial reefs are
generally too small in comparison to natural
reefs to have any significant impact on total
fish production.

It was agreed that the aggregating ca-
pacity ot artificial reets increases the
catchability of fish. If the catches on arti-
ticial reets and natural reefs exceed the
new maximum potential production, then
the result would be negative and artificial
reets would function mainly as benthic fish
aggregating devices and contribute to

Avency Deployed Existing
Department ot Agriculture 21,325 11,402
Central Visavas Regional Project 20,000 0
Calancan Bay Rehabilitation Program 2,000 1,600

5 National "ower Corporation 816 €53

I State Colleges Universities & other research 150 120

Pooagences

[ ONGOS, Cvic/private groups 200 160

I LGl 50 10

E Toial number ot modules 70.541 14,065

overfishing. Other negative features are
that they can be unsightly and leave a resicduce
of garbage on the scabed if they decay,
and they can also be a source of chemical
contaminants {¢.g., from vehicle tires).

Working Group 2 concluded that about
70,000 modules (sce box for definition)
had been deployed since 1977, and that
not more than 20" (about 14,000 rmod-
ules) are believed to stll exist. The fol-
lowing arc very 1ough estimates of mod-
ule deployments by agency:

=

Artificial Reefs and Modules: Deflnitlons

The words unit and maodule are trequently encountered in the literature on artificial reets, but are not
used consistently. Throughout these proceedings the word module is used o reler to a single standard-
izcd structure that is a constituent of an artiticial reet. Modules are then combined in vanous contigura-
tions as shown in the tollowing iliustrations to torm an artiticial reet. The term wnit s not used in this

context.

o an crtiticial reet consists of cight tire modules arranged in a conical structure. Each module con-
sists ot four tires (BEAR-ARDIM

* some artiflicial reets are merely clusters of modules artapged on the seabed in regutar or irrestutar

contigurations

o groups of artibicial reets are reterred to as areays.
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Additional artiticial reefs which are currently planned or under construction include:

Agency

DA-FSP

DA Region 3

Southeast Asian Fisheries Development Center-
(SEAFDEC-AQD)

" Visayas State College of Agricuiture

NGOy

Total number of modules

Atrtiticial reet structuess tor deployment
1.000 modules iconcrete, cubes)

38 moduies concrcete. oynndrica
100 modules (bamboo)

1.000 modutes (concreted

9 modules (concrere, trapezoidal)
3,200 modules «tire modules)

5.947 modules

Thus, a total of around 20,000 modules
will be operational in the refatively near
future.

Working Group 3 telt that alternative or
supplementary actions should not be viewed
in isolation but as part of an overall
“Integrated Coastal Zone Management”
package. This encompasses environmen
tal management ot all those arcas in which
cnvitonmental ettects may impinge on the
coastal zone (e g upland arcas, surtounding
ocCcans).

The group concluded that all suggested
alternatives witl best be achieved by im
plementation at the community level, where
possible. However, it was acknowledged
that the fegal ramework for any alterna-
uve actions will tikely be above the "barangay’
leveld e municipal or sometimes highern,
Furthermore. recognizing the otien farge
spatial scales ot fish stocks, some alternative
actions may involve political and scientific
action co-ordinated at arnuch higher level
than that of individual communities. One
example of dealing with such a need s
the "Bay Management Councits” within the
Fisheries Sector Program in the Philippines,.

Specitic alternatives suggested were:

a. Beteer environmoental managemeont
Programs. with greacer resrard for

dlleviation of environmencal problems
which impinge on the sustainabilicy

ol coastal zones
Fig. I of Munro (this vol.) makes the
point that a large variety of environmen-
tal problemsin the terrestial envirtonment
aftect the coastal zone dramaticaltly (¢.g.,
detorestation, mining. road construction
and poor land use leading to crosion and
siltation: sewerage and gartbage disposal).
These envitonmentat prablems <hould be
addressed ina holistic approach talong with
the more obvious envirtonmental problems
on coastlines such as destruction of coral
reefs, mangroves, seagirass beds, and prob-

lemis ot overfishing).

b, Beuer tisheries manasgemeoent programs

The bases for such programs could in-
clude greater involvement of village fish-
ing communities in tisheries management
te.g.. development ot local tishing coop-
cratives as a means tor ettort control, tak-
ing greater account ot local knowledge of
the stocks such as locations of nursery and
spawning srounds) and improved tisher-
i¢s monitoring systems; specifically the
encouragement of village level data ac-
quisition systems (e.g., requesting selected

fishers to monitor their CPUE and catch
composition).
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Care will have to be taken to address
fisheries access rights at the village level
in arcas which have previously been con-
sidered open access.

< Marine protected areas (AP s)

Some evidence now exists that MPAs
may enhance local adjacent tisheries by
acting as o source for movement of fish
fronyuntished wo tished areas e, Sumilon
and Apo Islands. Phifippinesy, It such et-
fects are real and sustainabie they are
potentally important and bring relatively
shorc tenm «3 5 vears ™ benetit to the local
cormmunity Even more immediate benetits
Lo The community may acerue i terms of
taurisme A potentally far more importaint
role 1o MPAS IS protecton of spawning
stoch bromass T the fong term they may
be the only viable solution to the prob-
leny ol declimmg stze of spawning stacks,
and this act as aninsurance policy against

nshery collapse.

o Fisheries enhancemaent progirams

[t was pomted out that the Japanese now
rear and release juveniles ot 86 marine
species back mto the sea. The Chinese have
recenty established a viable shrimp fish-
cry where one previousty did not exist.
It has been shown that there are no prac-
tical or economic reasans why the fishery
tor doiphin tish could not be enhanced by
hatchery releases in Hawaiio Fishery en-
hancement now appears to be a viable
opton.

c. Mariculture ventures

Mariculture of organisms such as algace,
giant clams. grouper and shrimp was dis-
cussed. Such ventures would be best ap-
proached at the community fevel.

Development ot these alternatives 1o
artiticial reets requires a Decision Support
System o facilitate their proper implemen-
tation. Such asystem or “checklist™ should
include a clear statement ol aims, and
detailed evaluation mechanisms tor the
alternatives using dear methodologies tor
experimental assessment and monitoring,
including cconomic,. social and environ-
mental evaluations. The “checklist * tor the
Decision Support System developed for
the management of San Mivucel Bay (Fish
eties Sector Program, Philippines) provides
ausetul example.

Assessment ol the human canrying ca-
pacity ol coastal zones at specitic sites is
also needed to pemmit more rational long
term planning. Detailed demographic pre-
dictions should be encouraged and have
been made tor the 12 bays under the FSP,
Population programs such as family plan-
ning should be encouraged.

Educational programs on environmen-
tal and renewable resource issues should
be encouraged. particularly at the primary
and secondary levels, Changing the atti-
tudes ot people o unsustainable environ-
mental practices is o long-term task but
ultimately will be a major factor in the fu-
ture success of any Integrated Coastal Zone
Management program.



Part 11
DISCUSSION PAPERS

Evaluation of Artificial Reef Development
in the Philippines”

MIRIAM C. BALGOS
International Cencer tor Living Aquatic Resources Management
MCPO Box 2031, 0718 Makati City
Philippines

BALGOS, M.C. 1995, Lvaluation of arulicial rect developmentin the Philippines, p. 6-22. /i7].L. Munro and

M.C. Balgos (cds.) Artiticial reets in the Philippines. ICLARM Cont. 'roc. 49, 56 p.
Abstract

N 10771984, scrap tre and bamboo artitical reets were deployed tor experimental
aarposes by the Silliman University, University of the Philippines Matine Sciences Center
and the Bureau of bisheries and Aquatic Resources. with the assistance of the US Peace
Corps and the Japan Overseas Cooperation Voluntecers, Fncouraeed by the abundance
ot tish attracted Dy the experimental reets and their value as raliying tools tor fisheries
protection i coastal comniunities BEAR 10 collaboration with the Ministry of Human
Settlements, faunched the Artiticial Reet Development Program through which around
3.090 tire and T bamboo modules were deployed with the assistance ol vatious gov-
crnment and nongovernment organizations in 19851988, During this period of wide-
spread technotosy transter, problems on purposce, technical manpower, funding and
management pohices became evident. These problems were not adequately addressed
in succeeding programs of deptovment (1989-present;. even with the Departiment of
Agriculture’s bBisheries Sector Program which deployed 7,972 tire concrete and bam-
boo modules iy twelve bays in the country. Donor conditionalities aggravated the problems,
Monitoring and rescarch on recent deployments by the UP Marine Science Insutute and
the Southeast Asian Bisheries Development Center- Aquaculture Department are sapplementing
the meager saenutic data generated during the expenmental pentod. Ecological and
management considerations continue to challenge the viability ot artiticial reets as a

fisheries management tool in the country.

Introduction

o "l'his is a review of the histori-
\ cal development of artiticial

A reefs in the Philippines, includ-
ing the major reet installation pro-
grams and the issues and lessons learned
as a consequence of these programs. Re-
search and management experience should

be able to show what modifications are

"ICLARM Contribution No. 139,

needed for the artificial reefs to be viable
fisheries enhancement tools. The review
is drawn from published literature, unpub-
lished ficld notes, consultancy, annual and
technical reports, and interviews of peo-
ple who have been involved in artificial
reef deployment in the country.

Artificial “reefs” made of materials such
as bamboo, trees or twigs, stone or rock
piles, wrecked cars and sunken ships have
often been used as fish aggregating de-
vices {FADs) in both marine and freshwa-
ter, where they are often marked by vari-



ous types of buoys or other methods of
identification. In the last two decades, two
types of artiticial habitats have become
popular in Philippine marine waters: payaos,
bamboo ratts used as a deepwater fish
aggregating device tor catching tunas and
other pelagic species, and benthic artifi-
clal rects made ot bamboo. 1abber tires,
concrete and other materials. This paper
s contined to the latter type, which has
become popular as a lisherics management
tool with the rise in coastal management
cttorts in the conntry and elsewhere.

Reef Installations: History and
Program Descriptions

The following description ot artiticial reet
installations in the Philippines has been
divided into tour periods based on pur-
pose hom experimental o technology
application® and onimplementation ot major
progviams (fable T and Figs. 1 and 2).

1977-1984

The artiticial reets in this initial period
were installed foi experimental purposcs
by Silliman University (SUin 1977 and
1978 in Dumagucte, by the University
ol the Philippines Marine Sciences Center
UPMSC at Bolinao, Pangasinan in 1078,
and by the Bureau ol Fisheries and Aqguatic
Resources tBEARY at sites in llocos Sur,
Lo Union. Pangasiman, Manila, Batangas.
Albay. Masbate, Cebu, and Bohol between
FO79 and TOST Miclat 1988 All of these
rectsawvere constructed of scrap tires and
bamboo. and were tow protile 1eets in
varicd arravs, some i combination with
Jreavaos. The mstallations were done in
coliaboration with 1S Peace Corps and
Japanese valunteers, and local organi-
zattons including tishers” associations, civic
orvanizations, diving groups. the Min-
isty of Homan Scettlements (MHS) and
the Natural Resources Management Center

(Alcala 1979: Murdy 1979; Kitamado 1984;
Suzuki 1984).

The SU and UPMSC 1ects were moni-
tored tor some time and data on physical
and chemical parameters and on the suc-
cession ol tish, corals. molluscs and other
marine organisms were recorded (Alcala
1979 Murdy 1979; Alcala et al. 1981
Gomez et al. 1982),

LS Peace Corps volunteers have played
asigniticant role in the initial development
ol artiticial reels in the Philippines. Vol
unteers assisted in fish identitication in the
monitoring of the tirst arditicial reet installed
by Silliman University and initiated the
artificial reet project at the UPMSC. Pre-
liminary site survey. moduale construction
and monitoring of the tre reet in Bolinao,
Pangasinan were undertaken by the vol-
unteers (Murdy 19791

The BFAR projects had the following
objectives: al improvement of design and
construction: b establishment oi criteria
for site selection: ¢ monitoring the recruit-
ment and succession ob tish and benthic
organisms: and d: study of the leasibility
of artiticial 1eefs as a supplementary re-
source tor tishing using taditional gears
(Miclat 19881

The Japan Overseas Cooperation Vol-
unteers wortked with the BFAR Regional
Otfice 1in deploying artiticial reefs in
Lingayen Guit. They assisted in the initial
survey ot reet sites, test installations ot
small-scale tire reets and  savaos and in
expanding the artiticial 1eel oft Port Sual
based on carctul analysis of the test in-
stallations resalts (Kitamado 1084).

1985-1988

Encouraged with the preliminary re-
sults ot the experimental artiticial reets,
BFAR. in collaboratio., with MHS,
launched an Artificial Reet Development
Program between May 1085 and March
1987 which covered all the regions of
the country. Some 3,600 tire modules
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Table 1. Artiticial reef instaliations in the Philippines.

Program
implemennng agency

1 Sibman Unnersity

2 UP Marnne Sciences
Center

3. DA-BFAR

4. Artiticial Reef Devt
Program/BFAR-MHS

5  Samar Sea Ticao Pass
Project Pnil:ppine Fish
eries Devt Authonity

(] Central Visayas Reg:ona!

Proec:

7 Ph:lippine Counc:. *or
AQUAlC anct Marine

Research ana Devt

8  Caiancan Bay Rehabiir-
tation Program

Collaboratng
ASEI’\LIES

BFAR. US Peace Corps
US Peace Corps

MHS. NRMC, JOCV.
FAs. Civic orgs..
dive grps

GOs. NGOs. POs. FAs

Communities

San Jose LGU. DA

fishermen s Cooperative
PNAC RQUTT. SIDF, Ateneo

e Davao youth grp
CO« Sagay LGU
javcees SUNL

DENR. Marcopper Mininyg

BFAR. PCAMRD. SUML.
Uurmsi

Location

Durnaguete City

Bolinao.
Pangasinan

locos Sur
La Union
Pangasinan
Manila
Batangas
Albay
Masbate
Cebu

Regs. 1-12

Bohol, Siquijor. Cebu.
Negros Oriental

San jose, Camarines Sur

Uluganr Bay. Palawan
Samal Isiand. Davac

Sagay. Negros Occidental

Calancan Bay
Marindugue

Date ot
('.('p,oyn\cn(

June 1977

Oct 1978

Feb May
1978

Oct. 1979
Oct 1984

May 1085
March 1987

1984-1985

July 1983
June 1988

1990-1992

1989-1994

Purpose

Expenmental

Expenmental

Improvement of
design and
construction

Establishment of
site selection
cntena

Reciuitnent and
SUCCeSSIon
monitonng

Feasibiiity study
o! AR as supple
mentary Lishery
resource

Fishing and
rehabilitation

Fishung and
rehabs’ tation

Fishing and
rerab:itation

Fistung and
rehabihitation

Rehahiiitation and
resource enhance-
ment

No and kina ot
modales deployed

70 moduies
+2 low protile tire
reety:

80- moduies
{1 fow protile tite

ree!

1.498 tie and tite-
bamboo modules
55 bamboo mocdiutes

3.690- tire modules
11 bamboo modules

8.099 bambaoo and
-] modules

20.000 bamboo
pyramgal medules

Concrete cube and
pyramical modules
Sc:ap nre mocaules

848 ure moauies

1.133 concrete
moaules

18 bamboo moduies

Status

Existing

Existing

Not monitored

Not monitored

Not monitored

Not monitored

No monitoring
except tor
Sagay

Ongoing
mon:toring

continued...



Table 1 continuea

Program

implementng agency

9 National Power
Corporation

10 Fishenes Sector
Program/CA

1. Smail Islands Integ-
ratea Deveiopment
Pivject/US Peace
Corps

12 DA Regional otfices
13 ASEAN Australia Living
Coastal Resoutces

Project UPMSI

13 Commurty Fishery

Resources Management,

SEAFDEC AQD

Adbres
BFAR

Bays Sar.
COx Corn -
0a De
DENR D

ALions eCronys

ety

Collaboratng
agencies

BFAR. DA, LGUs
Brgys . Fas

BFAR. DENR. DILG
LGUs. FAs. NGOs

DA, NGO. FA

FAM!

Bureau o Fishenes

Ty orgamzauons
tor Agncuiture

onment and Natural Resources

< Local Government

Frsnermen « Assocation of Malalison Island

jaline] TUrent of ntenor
FAM;

FAs Famer s asscaat.ons
GOs

[elaY

Govermment organizations
jepan Overseas Cooperat:on Voiunteers

Location

Cataca. Batangas
Tiwi. Albay
Naga Cebu
Limay. Bataan

Manila Bay
Calauay Bay
Tavadbas Bay
Ragay Gult
Lagonoy Gulf
San Miguel Bay
Cangare Bay
Ormoc Bay
San Pearo Bay
Scgod Bay
Pangui! Bay

Stx Crue.
Marinduque

Regs. 1-12

Bolinao,
Pangasinan

Malalison Island.
Culasi. Antuque

LGu

AMHS
NGOs
NRMC
PNAC-RIFT
POs

SIDF
SUML

ur

Date o
deployment Pu:pose
July 1990 Fishing
Dec. 1990
1990-1993 fishing and
rehabilitation
Fishing
1990-1993 Fishing
March 1991 Experimental
May 1992 Experimental
Rehabsiitation of fish
and benthic
communities
Loca Con ent Unit
Monistry o 20 Setticments

Nongosernment organizations

Zations
Deveioprient Foundation
> Laboratory

mmpines

No and kina of
moduies deployea

816 tize modules

4S5 bamboo modules
7.272 tire modules
4SS concrete modules

Concrete modules

32 concrete tent-
itke modules

31 concrete modules
{beams and cylinders
ptied into reets)

agement Council
vt Agnicuitural College - Regional Institute of Fisheties Technology

No mo.toring

No quanttative
monitoting

Awaiting
deployment

No monitoring

Continuing
monitoring



(1)

(2)

(3)

(4)

{5)

(6)

(7

(8)

)]

(10)

(e

Cagayan
San Vicente

llocos Norte
Calayab. Laoag City
Puyupuyan, Pasuquin

lHocos Sur

Salomaguc. Cabugao
Bacques, Tagudin

Pilar, Sta. Cruz
Calongbuyan. Candon
Katipunan, Stnait

P ing-os, Cabugao
Namruangan, Cabugao
San Pedro. Vigan
Pantoc, Naivacan

La Union

Baluarte, Agoo
Casantaan, Damortis
Bani. Rosario

Dulao, Aringay
Mindoro, Bangar

Pangasinan
Tobuan, Labrador
Baquioen, Sual
Centro Toma, Bani
Sunip, Bani
Boboy. Agno
Canal Bay. Alaminos
Pandan, Alaminos
Cabungan, Anda
Carot. Anda

Cato Infaita
Victoria, svamitics

Zambales
Uacon, Candelaria

Palawan
Tagburos. Prto. Princesa

Manila

San Nicolas Shoal, Manila Bay

Manila Bay Fish Sanctuary

Batangas
Calubcubal, San Juan

Quezon

Hondagua, Lopeez
Caridad, Atimonan
Lumutan, Atimonan
Sabang, Calauay
Camuhaguin, Gumaca
Concepdion, Plaridel

Romblon
Canduyons, Odiongan

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

Albay
Alimsog, Sto. Domingo

Masbate
Washington, San Jacinto

Sorsogon
Caricaran, Bacon
Bato, Bacon
Gatbo, Bacon
Bon-ot, Bacon
Santa Lucia, Bacon
Sawanga, Bacon
Cawit, Casiguran

llollo
Bungol. Guimbal

Negros Occidental
Sangwa, Bangsua
Banago. Bacolod City

Cebu

Caubian Is.. Lapu-lapu City
Mactan Is.. Lapu-lapu City
Tabunok, Tabuelan
Cantuba-on, Tabuelan
Calajo-an, Minglanilla

Negros Oriental
Poblacion, Zamboanguita
San Jose, Siaton

Samar
Lalawigan, Borongan

Leyte

East & Woest Visoria, Carigara

Bohol
Manga, Tagbilaran City
Cogtrong. Candijay

Misamis Oriental
Initao

Zamboanga del Norte
San Pedro, Dapitan
Polo, Dapitan

Talisay. Dapitan

Lanao del Norie
Kawit Or., Kauswagan
Dalicanan, Kauswagan
Suvgod Bay, Matanog

Davao City
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Fig. 1. Department of Agriculture Artificlal Reef Development Program. Numbered sites are de-
scribed opposite.



(1)

(2)

(3)

(4)

(5)

Manila Bay (6)
Mariveles, Bataan
Maragondon, Cavite

Calauag Bay (7)
Manhulugin, Calauag
Dominlog. Calauag
Balibago. Calauag
['nagbayanan, Calauag
Pinagsakayan, Calauag
Atulayan, Calauag
Villa Mercedez, Quezon
Pinagtubigan Weste, Perez
Pinagtubigan Este, Perez (8)
Mainit Sur, Perez
Gordon, Perez
Quezon, Quezon
(9)
Tayabas Bay
Pitogo. Quezon
Agdangan. Quezon
Macalelon, Quezon (10)
Mayao. Castillo
San Juan, Batangas
Barra, Lucena City (1)
Unisan, Quczon
General Luna, Quezon

Ragay Gulf
Caranan, Pasacao
Tagkawayan, Quczon

Lagonoy Gulf
Mayong Tiwi, Albay
Cabcab, San Andres
Sibaguan, Sangay

San Miguel Bay
Sapinitan Bay, Siruma
Quinapaguian, Mcrcedes

Carigara Bay

Balud, Capoocan

Naugisan, Carigara

Guindapunan East,
Carigara

Poblacion. Babatngon

Barong. Babatngon

Maanda, Leyte

San Pedro Bay
Bari.s. Palo
San Jose, Tacloban

Ormoc Bay
Ipil, Ormoc City
Albucra, Leyte

Sogod Bay
San Jose, Southern Leyte

Pangull Bay

Clarin

Maigo

Segapod

San Antonio, Ozamis City
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{triangular or conical) and high relicl

pyramidal structures constructed by
tying 1ogether cight modules were
deployved with the assistance of various
sovernment and nongovernment organi-
cations. including tishers” groups, with the
objective of enhancmg the fisheries tMiclat
1088,

During this period of widespread tech-
nology transter, problems relating to the
use of artiticial reets became evident. There
was a genceral lack ot understanding, ot the
concept of artiticial reets: and their pur-
posce. whether tor tishing on tor, in some
undetined wav. the rehabilitation of corad
reets and of thenr ownership and manage-
ment Problems arose from afack ot tech
nice abilites of the personnel involved
and resulted in taalty siting, of artificial reets
and lack of monitoring. Trained manpower
was practicallv nonexistent outside of the
Coral Reet Rescarch Unit ot BEAR. Tnad-
cauate tunding and absence of policies on
the use ot artifidiar reets as a fishertes
Management strategy resulted in the poot
quality of some ot the artiticial reets de
ployed.

Additionally. the Samar Sea-Ticao Pass
Project of the Philippine Fisheries Devel
opment Authotity deployed 8,009 bam-
boo and ipil modules between 1984 and
1985 (Montemayor 1991 and the Cen-
tral Visayas Regional Project installed 26.000
pyramidal bamboo modules between 1985
and 1988 (Bojos and Vande Vusse 1988).
Because of the short lite of these mod-
ules, any impacts which they had were not
sustained. The Project later designed con-
crete modules which were stipposed not
to need replacement and to be able to
support reet tish populations in time.

A technology manual based on the SU,
LUPMSC, ARDP and CVRP experiences, ©s-
timated costs and returns of bamboo and
tire artiticial reets (PCARRD 19806). In ad-
dition to the income derived trom fishing
activities outside the artificial reet, a net
income of P10.500 and P11,300 (P25 USS I

in 1980) could be gained in the tourth and
tifth years of operating 10 tire reefs which
then cost a total of about P2,500. Ten
bamboo modules costing about I'1.800
could yicld a net protit ot PE,600 and
P10.300 in the scecond and third years of
operation,

1989-1990

The Philippine Council tor Aquatic and
Marine Rescarch and Development
(PCAMRD) launched a National Coral Reef
Management Conservation Programein 1990
which addressed the management of natural
stocks in coral reets, with emphasis on
community based management techniques
(Balgos and Salacup 1994 Members of
its network of national and regional centers,
cooperating stations and collaborating
specidlized agencies implemented projects
under this program, tour ol which deploved
artificial 1eets. Between 1990 and 1992,
tire and concrete reets were installed by
the San Josce focal government unit (LGLD
in Camatines Sur, by the Palawan Nauonal
Agricultural College-Regional Institute of
Fisheries Technology in Ulugian Bay. by Samal
Istand Development Foundation in Samal
Island, Davao, and by the Sagay LGU in
Negros Occidental.

The Sagay artificial icef was installed near
a marine sanctuary where lishing is pro-
hibited and tishing was also not allowed
on tne reet during the year atter deploy-
ment. Standing stock, species diversity,
total length and number of fishes were
monitored through lish visual census for
avyear by SU as a collaborating institution
but only prefiminaiy analyses were done
(Luchavez, unpubl. datal.

The materials used to construct and
deploy concrete cubical modules in
Camarines Sur cost about 30,800 per
two hundred 0.6-m* modules or 154 each
tunpublished handout). This did not include
cost of labor which was provided by the
fishers’ cooperative.



The PCAMRD projects were beset by the
same problems related to technical man-
power shortage and the lack ot an adequate
management plan tor the artiticial reets as
had been observed in previous projects.

Between 1989 and 1994, the Calancan
Bay Rehabilitation Prograny (CBRPy estab-
lished artiticial reets which were intended
to reduce the impact of mine tailinggs which
are dumped directly into Calancan Bay in
Marnduque by a copper mining, corpota-
tion. The program was implemented by
aninter agency sroup led by the Depart
ment of Lovironment and Natural Resources
'DENRtor the “sustained conservation and
development of Caluncan Bav and vicini-
ties throushy the testoratuon of natural com
muntties and processes and the improve
ment of overall envitonmental quality”
CCBRP unpuabl data
from the dumpans of e tailings bisecos
A total of 2,000 tire. concrete

and bamboo modules were deploved on

A Causeway tormeoed
the bay

both sides of the causeway and in sites
unaltected by the tailings. Monitoring ot
tish diversity and abundance through
monthly tish visual census, qualitative fisting,
ot other fauna. and undenwvater photo and
video documentation were undertaken,
Yields trom fishing in the areas were also
monitored. The CBRIMwas tunded through
an ccotogy trast tund accumulated by con-
tributions paid by the mining company as
a cast tor dumping nune tailings into the
bay.

Consudints idenutied in the CBRP project
included problems in siting ot the mod-
ules, the quality of sand used and the desivn
of concrete modules, uncontrolled dyna-
mite tishing in the study arcas and fack ot
personnel able to interpret tish recruitment
data ‘Albaladcejo, unpubl datag.

The National Power Corporation (NPC
OO instalted artiticial 1eets in tour ar-
cas (Batangas, Albay, Cebu and Bataan)
in response to the allegation that pollu-
tion trom porver plants was the cause
of diminishing catches in arcas near the
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power plants. 1t also enabled the dis-
posal of a huge number of scrap tvres
and a total of 810 tire modules arranged
in high profile pyramidal design were
deptoyed in Td sites i 1990, However,
no adequate system tor monitoring, and
managing these artibicial rects was im-
plemented.

Botween 1982 and 1990, the Peace Corps
organized an artiticial reet program. No
details of this program are available but
reports trony individual volunteers within
this period describe acuvities, induding
deployment of modules in Agno, Pangasinan
and at 12 other cenidentitiod) sites, and
tarmims on artiticial reet constuction. The
main objectives of the Peace Corps etiorts
were to increase the moome and improve
nutition infishing conmunities. The projpect
claimed that there was aclearly perceived
necd, by fishing communtticos, for devel-
opment projects t lisheries conservation,
Ihey chaimed that community participa
tion hishtishted their resourcetulness and
that appropriate technology was easily
transterable to tishers and co-workers. They
identiticd a necd tor sttonger emphasis
on community organization techniques and
CCosystem conservation,

1991-Present

Constructing artiticial reets is one of the
resource enhancement measures of the
current Fisheries Sector Program (FSM of
the Department ol Avriculture (DAY, The
teetls are intended tor tishing as well as
habitat enhancement i coastal waters, The
Vrovincial Tisheries Management Units
created by TSP n the provinces have re-
sponsibility tor the implementation, moni-
toring and cvaluation of FSI activities in
cluding the construction and impact moni-
toring ol artiticial rects DA 19933 The
associations were to be involved in the
construction and managemeaent of the reets
dalong with the BFAR, DENR, and various
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national, provincial and municipal govern-
ment agencies and NGOs. Between 1990
and 1994, ISP plannad o install artiticial
reefs in various places along about 500
km of coastiine in twelve bays in the country,
The intendion was to install artiticial reets
along one kilometer of coastline in cach
coastal barangay. As of December 1093,
7.472 tire modules. 455 concrete mod-
ules and 45 bamboo modules had been
constructed and deployved in 48 locations.
Fhere were conarete cubical as well as
cylindrical modutes. An array ol 20 reets
cach consisting ot [0 cubical modules cost
about PA2.000 while an artay ot 20 high
reliet tre reets cach constructed from eistht
tire modules was estimated to cost about
P a1.000 Both esumates maduded mate-
tials and deployvment costs (PRIMEX 19923,

Fishers and other concerned members
ol the barangay were trained on the
constuction and deployment ot the ar-
titicial reets and viven data torms tor use
in collecting data on catches trom the
reets, Two technical statt from cach DA
regional ofice involved in ESP were trained
in SCUBA tor artiticial reet and lish sanc-
tuary monitoring. In Region V (Southemn
Lazon. Bicolregionr. 32 divers were also
tained by the BFARD However, neither
type o monitoring was adequately un-
dertaken and there are no quantitative
catch data nor underwater visual cen-
suses o tish or estimates of recruitment
ol benthic organismes.,

Based on fictd evaluation reports (April -
Augiust 1993y other issues that wereiden-
titiecd i the implementation ot the TSP
program mcluded taulty siting or arrange-
ment of the reets, inappropriate design,
poor construction and the absence of
management plans,

In Match 1991 experimental, tent-like
concrete modules were installed in
Bolinao, Pangasinan, under the ASEAN-
Australia Cconomic Cooperation Program
(AALCP) Living Coastal Resources project.,
Invertebrate and fish community devel-

opment in these modules, deployed in
silty and clear environments was stud-
icd and data gathered within seven months
after deployment indicated higher ini-
tial recruits to the artiticial reets in the
silty area (Pamintuan et al, 1992},

The Southeast Asian Fisheries Bevelop-
ment Center-Aquaculture Depariment
(SEAFDEC AQD) mitiated work on artifi
cial reefs in 1901 at Malalison Island. Culasi,
Antique, where it has been implement-
ing a community-based tishery resource
Management project since 1991 The de-
ployment ol artiticial reets was one ol the
measures which were aimed at develop-
g the local tishers into a strong and in
dependent association which can etectively
manage the island’s resources, Two con-
crete reets of ditferent prototypes were
deployed in May 1994, cach costing about
I’ 5,000 including labor tor construction
and deployment. They are managed by the
Fishermen's Association of Maldalison Is-
land. The goalis stated to be the rehabili-
tation of the island’s tish and marine benthic
communities. Data on the marine ecosys-
tems around the island have been gath-
cred since 1991 and the artificial reefs are
being monitored to collect information on
the abundance ot algae, corals and tish.

Under the Small Island Integrated De-
velopment project, the Peace Corps initi-
ated an artificial reet projectin By, Alobo,
Santa Cruz. Marinduque with tho assist-
ance ot an NGO, Plan International. Some
50 tishers in that community hope to in-
crease their catch through the artiticial reet
which was awaiting deployment as of April
1004.

The DA continued with artificial reef
installations when BIAR terminated the
Atrtificial Reet Bevelopment Program. Under
the Artificial Reet Development compo-
nent of the Fisheries Resources Conserva-
tion Program, artiticial reets were reported
installed and maintained by its regional
offices. Annual 1eports provide numbers
of training courses and tainees, modules



deployed. sites established and maintained,
the areca covered by the ardticial reets, and
the numbers of tishers and other benefi

ciaries served by the program DA 1900

1904y, However. the sivniticance of these
tigures could not be asceriained.

Artiticial reets are also among the pro-
poscd management interventions under
the Coastal Envitonmental Program «CEP
ot the DENR launched in 19930 To date,
no artiticial reets have been reported o
bhe deployed,

There are reports ot other artiticial 1eet
installations in Zambades, Batangas. Misamis
Occidental including some taciitated by
LGS and NGO« coo - Haribon Founda
tion. Save Our Seas Toandation: but they
appear to bhe undocumented.,

Research Considerations

Very tew ol the artiticial reets deployed
have been studied as to ccological and
SOCioeconomic impacts, Research areas
considered but not adequately addressed,
include tish recruitment siable 200 stand
ing stock tAlcala 1979 growth of corals
and molluses - Alcala et al. 1981 Gomers
et al. 19820 muateriads lor construction
(Hillmer 1990, and monitonng tAlino ot
al. 1904y,

Artificial rects appear to be a uscetul tool
in demonstrating 1ecruitiment processes,
both in clear and in silty envitonments
(Pamintuan ot al. 1992, Somce 143 ape-
cies belonging to 34 tamilies were observed
in tent-like concrete structures deployed
in Bolinao, Pangasinan, indicating, <ome
degree o enbandcing areas which used to
be barren and silty, It has not been estab
lished, thoush it the attraction to these
rects has an impact on tishes dwelling in
nearby habitats as had been shown in
titicial reels elsewhere (Alevizon and Gorham
10891,

Growth of corals, molluscs and fish was
also studicd in the tire reefs of Dumagucte
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and Bolinao. Growth data on cettein spe-
cies ot molluscs cVlancinella, Feeria, linctada,
Oserea. Alalleus and Spondyilus) and tish
tlleceorhyndhas and
derived trom lenvth and weight measure-

Acanihvrusy woere

ments. Growth rates ot cishe scleractinian
sencia felcropora, Dendhrophyilia, Favia,
Cocillopora, Setacopora, Sevlophora and
Milleporay were obtaned, together with
possible ettects of depth, siltation and at-
tachment varving with taxon and age ot
TO8 . In the
Dumagucte modules. the tastest stowing

Voo, Pocillopora,
Scriatopora. Cypluastred,

organtsm T ATcala et al

sencla wete
Styvilophora,
Ycropora, Porees, Lavieand Psanynocora
Goamez et al 1952

Bamboo was tound to be inappropriate
as artiticial teet material becatse ol jts short
module lite tBojos and Vande Vusse 19O88).
Scrap tres are not very stable and may
Do owashed away and fost to deeper wa-
ters, Scrap tires have been reported 1o
release toxic chenncals in freshwater, but
NOL at Loxic concentiations tNelson et al,
19001 However, some species of cordls
have been known to gsrow on them as fast
as on Nnatutal tocky substrates (Gomez et
al. 1982y, Conarete and metal strucwares
which disintegrate slowly are recommended
over tites because ot durability, tHexibility
and because community development on
stuch materials was litened to that on corals
iFitzhardinge and Baitey Brock 1989, A
concrete module was also mote ettective
than a tire reet in terms of tish abundance
per umt valume within o penod ot -1
years of deployment tChua and Chou 1994y,
Another matetial, carcar imestone, has been
recommaoendaed for use in the Central Visayas
region because ol its availability i the area
and high potential tor encrustation (Hillmer
100719,

Experiments by the SEATDEC AQD on
prototypes and module arrangements, depth
and substrate types with considerations
including, ease of deployment, cost and
case ot labrication are continuing,.
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[able 2 Summary of some tish recruitment studies in artiticial reefs in the I'hikppines

Duration of Site
obscrvation characteristics

Date of No ot

Iype of
deployment  species familics

artihicial reef References

Location

I Tire Jow Bolinao. Feb-May a8 24 Nov 1978 Sandy surrounded Murdy (19/79)
protile Pangasinan 1978 Apr 1079 by seagirass beds
rect arcas 20 m
away. 3 deep
2 e tow Dumagucte. May-Jur 81 29 Jut 1977/ Sandy . 1H- 18 Alcata (1979)
nrahle Negros 1977 Aug 1979 deep
Onental
3 Barsboo San Jase, Sep 1984 88 36 Oct 1984- 15 ki away trom Barretto
py ramidal Batangas Nov 1985 natutal reet patch (198O)
rects within ) kin
radhius of the arn
traal rect. 12 m
deen
4 Concrete Bolinao, Mar 199 143 34 Api-Oct 1991 Sandysandy, muddy: Pamintuan
tent-like Pangasinan sty clear cocasin ctal 11992)
natly patched with
cotals and seagrass,
4 om deep
5 Concrete Pasacao, Oct 1989 88 33 Feb 1903- Flat, sandy bottom, Draz (1994
cabe Camarines Sur lan 1904 L 1?2 mydeep

Gaps were identified in important ar-
cas ot researchincluding ecology (recruit-
ment and survival ot juveniles), engineering
tmaterials design. placement and physi-
cal pertormancet. ishery management (func -
tHon, management plani. mingation (bio-
logical indicators tor site selection, assess-
ment of rects as mitigation techniques),
covitonmental assessment and monitor-
g tretinement and standardization of tield
procedures). sociocconomics and policy
rownership and use, economic assessment
of pertformance). and petroleam platdorm
conversion (impacts and dltermatives of
redeployment of pladormes) tBohnsack and
Sutherland 1985 Seaman et al. 1989
Interdisciplinary approaches such as ¢co-
nomic and lite history considerations in
designing stiuctures are encouraged. Ad-
ditional researchis also needed on the tactors
atfecting colonization ot artiticial reefs such
as natural reet availability, mechanisms of
natural population limitation, exploitation
pressure lite history dependency on reefs,
and species-specitic and age-specitic

behavioral characteristics in order to pro-
vide greater understanding of attraction
and production in artificial reefs (Bohnsack
1089),

The socioeconomics of the use of artifi-
cial reets pose another array of issues that
include ownership, encouragement of the
use of destructive tishing practices, and
multiple use contlicts (Galvez 1991). The
problems may be related 1o previously
identified economic research issues, namely:
a) the absence ot well-detined biological
and economic objectives; b) fack of un-
derstanding of the user groups’ percep-
tions and demand tor artiticial reet deploy-
ment: o) lack ot saciocconomic baseline
data tor economic pertormance appraisal;
and d) the lack of understanding of the
artiticial reet’s role in tisheries manage-
ment (Milon 1989). A socioeconomic stucdy
ot artilicial reefs in Panguil Bay, Mindanao,
is being conducted by the DA under the
ISP National Fisheries Rescarch Program
but it is not certain if the above consid-
crations are sufficiently addressed.



Issues and Lessons Learned
(Management and Policy
Considerations)

Artificial rects have been deployed in
the Philippines with the main objective of
enhancing catch rates ob small-scale tish-
crs.in asituation ot decreasing catch and
increasing, cost ol tuel. Where tishing et-
tort is regulated, the use ot this tool can
result in positive socal and cconomic
benetits but could resultin turther ovettishing
it uncontrolled Poloving 1991

vhe Philippine marine tisheries have
been characterized as overtished i ore-
centyears and massive reduction ot tishing
cttort had been recommended (Pauly
T1O89  Interestingly. artiticial reets which
have the potential to cause overtishing
woere and are being installed alt over the
country. This potentially disastrous de
velopment, usuably near tishing villages,
in tempered by these artticial habitats
bDecoming instrumental in drawing coastal
communitios together into a constituency
of tisheries resources protection and re
habilitavon. The artiticial reets help to
show that coral reets and other marine
ccosystems are invaluable and must be
protected trom destruction,

Experiences in artificial reet installa-
tions also include the tollowing obser-
vations. That:

A Lack of vood data constrains on-
soing and planned rect construction.

b There s insutticient education and
technology transter on artiticial reets for
nontechnical people are insulticient.

. Lackot technical abilities of personnel
involved has resulted in faulty siting of reets,
and a lack ot monitoring, in-depth analy-
ses and interpretation of tield data,

d. The absence ol policies governing
the construction, deployment and use of
artiticial reets wave rise to related issues
including the choice of appropriate ma-

terials, design, and siting criteria; owner-
ship and management; and research, moni-
toring and evaluation systems.

Interdisciplinary 1esearch involving econo-
mists, biologists and social scientists should
be able to ditect establishment ot suitable
policies (Seaman ot al. 198O that would
take care of the above considerations tor
bestresults at the least cost and negative
impacts (Fig. 3. A well-designed public
cducation agenda keeping in mind the
specitic information and training needs of
vanous groups involved moartificial reet
deployment ipolicymakers, plannetrs, coastal
tishing communitics. other resource
managers, technical personnels would be
very uscetul in successtully using artiticial
reets as tools tor iishenes management.,

In line with coastal management strat-
caies ecmphasizing the use of combinations
ol management techniques, artificial reets
can be integrated in a fisheries manage-
ment program involving other tools such
as minimum sizes, closed seasons, limited
entry, habitat protectuon and restoration
tMeier etal, TOBOY along with nonrestulatory
techniques (e.g., alternative livelihoods.,
incentives, habitat enbancement, etc.). The
impacts ot artiticial reets on other elements
of the resource base can also be deter-
mined in the context of broader coastal
management prosrams, particularly in case
of resource use contlicts,

The TSP approximates an integrated
program with tish sanctuaries and man-
grove retorestation used as “resource en-
hancement measures™ along with artificial
reets (DA 19930, Income diversification,
rescarch and extension, law enforcement,
credit and intrastructure are supposed to
help relieve some of the fishing pressure
olf the stocks, However, in a hurty to meet
donor conditionalities, its artiticial reef
program failed in establishing matching
technical manpower required for proper
constiuction, deployment, monitoring and
management of the artiticial reefs,
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Issue:
Failure of artificial reef program to conserve fishery resources

Causes:

- Lack of well-defined ecological and socioeconomic objectives in
deploying artificial reefs (e.g., user groups' perceptions and demand for
artificial reefs not defined; role of artificial reefs in fisheries management
not well-defined)

- Lack of management plan and system of monitoring

- Inadequate guidelines in the deploymant of artificial reefs

Effects:

- Impacts of deployment difficult to measure

- Uncontrolled fishing (no number of fishers/fishing method prescribed)
which may lead to stock depletion and social conflicts (e.g., ownership)
- Indiscriminate deployment of artificial reefs

Policy Objective:

To determine the feasibility of artificial reefs as a fishery management
tool

Options:

1. Use artificial reef only in underexploited fisheries in combination with
other management tools e.g., research and education;,

2. Use artificial reef only in fisheries/marine sanctuaries with habitat
limitations if economically advantageous; or

3. Prohibit use of artificial reef; consider alternatives

Cniteria:

Ecological (e.g., not a threat to resource system) and socio-
economic (e.g., promotes equity among stakeholders)
Process:

Legislative (e.g., Congressional Act, part of broader Coastal
Management Act) or executive (e.g., Administrative Order)

Implementation Structure:

Artificial Habitat Development Program

Process:

Oblain facilities and funds

Create staffi/train existing staff

Survey/assess existing installations

Formulate appropriate implementing goals, standards and scheme
Begin implementation

Process Evaluation:

Compliance with implementing standards and guidelines

Outcome Evaluation:

Impacts of fishing in artificial habitats on other components of resource
base; others

Fig. 3. A policy process on the use of artificial reefs for fisherles management.
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Discussion
Convenor: R Miclat
Rapporteur: |. Maclean

Discussion ranged over many issues, not
all related to the topic. First. discussion
was confined to bottom structures, Flavaos
were excluded. Then the tollowimg broad
areas were covered:

Objectlves of Artificlal Reefs

o BIAR s artiticial rect program was a
10SPONSe 1o coastal problems; a ral-
lying point to mdake communities
aware of the need to conserve ma-
rne ecosystems,

e One view was that the wrong ques-
tions are being asked concerning ob
jectives ot artiticial reets. A

decisionmaking tree was described

inwhichiartificial reets were described
as not usetul tor commercial tsh-
mg; uscful for artisandl tishing if
catches are falling. but not if ef-

fort was also falling: and if the pro-
portion of juvenile fish is decreasing,
the casce tor an artiticial reef in-
creases. Finatly to have an impact
at the stack level {as opposed to
local aggregation or recruitment),
a large investment would be
needaed.

o It was nointed out that the above
argun.ent might only apply if the
objective was to increase catch.ie.,
a management tunction; not it the
purposc is rehabilitation.

o Further, studies have shown that the
proportion of juveniles in catches
is increasing: they are being targeted;
there seems to be recruitment
overtishing, meaning that at least
half the stock has been removed;
thus, there is plenty of substrate
available. Artificial rects become just



another fishing ggear, which will add
to the long-term problem, even it
catches increase in the short term.,

e Insome cases the objective hes been

the physical eadlusion of commer -

Cial tishing stea

e Linless the objectves ob aititicial reet

installation cue defimed ctearly. dis
cusston of benetits is useless. In the
View o sevetal participants. the sodial

benetits were the hey element.

Evaluation of Artificial Reefs

Few catch stausucs measares ot coral
growth o sunvival of arnticial reets
seet to have been gathered in the
F7-vear historny ot aititiciad reets in
the Philippnes

Data have been published tor the
Stllman arvhiciad reet

I some cases enctits have been
obvious o vilavers and rescarchers
with stall scale catitrcrad reets: tor

ther anadysis scemoed supertuous,

Artiticial rects wie cheap involve
communmties and show some impact,
thus are tavored by politicians, who
May ot take o account negative
arpects: the number o artnicial reets
Ih(‘v((mplu\uh'1‘\ teltto be comeasurne
OF SHCcess i tselt

With resard 1o the Contral Visayvas
Restional Project atihional ects g
survey shoved thoat all the hamboo
ones disiitesitated 35 of the oth

Crs o were lost mosthy i tvphaons:
few Bad many sl ana one had to
beremoved fron o healthy rect The
Philippine Tnstitute 1o Development
Studres has done anpad Catudies, i

Cluding cost benetins,

AN ARGQUEe sty oF 38 athicial reets
showed that only ieeweremtact others
had sunb o wltor s ere fostin strong
cuttents  The ternamimg e which
fishers had not focated. had clearly
attracted many Hish
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The absence of evidence of increases
in fish numbers at the stock level was

stressed.

Siting of Artificlal Reets

e Site selection criteria have usually

been employed in placing aititicial
reets,

Recraitment ot tish was tound bet
ter on coral reets than on neatby
attiticial reets.accordimg to Silliman
Hniversity expetience. However, at
Bolinao. experments sugvest bet
(errecriunent away trom natutal

reets,

Monlitoring of Artificial Reefs

Monitonng an atiticial reet alone may
not be osetal there s a need o in
vestsiate where the recruits are comingt
fromand to stady nophic relatonships
inretuges orm teeding and breeding,
arcas,

Maonitonng s requited betore as well
as alterinstadling ainticral reets to de
termine henetits

When there were tew artiticial reets
m the carly penod. they could be easily
monitored by existing researchoers,
However while the artiticial reets have
increased vreatly. the numiber ot
researchers has not: thos miost artitic ral
reets cannot now be monitored
BEAR asked DA 1o stop butldings artr
ficial reets i 1989 and beaim an evalg
ation excrose. However, DA conld
not stop thea constucton due to
DOHtCal pressane

I Malavsia the seneral consensus
aboutthe bra arulicial teel progiam
there was that real benetits result
fram excludimg trawlers but there
s nooaet ancrease e fish produe
tion: rather a tanster ot come ol the
resources towards the poorest sec

tors.
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Gulidelines for Artificial Reefs

e There is a fack of clear guidelines

due to controversies about artificial
reets, due to poor cooperation be-
nween rescarchers and other gov-
crnment agencies and NGOs.

In the FSP. Bay Management Coun-
cils were formed ot oall the
stakeholdersin each bay. Ordinances
were encouraged which would per-
mit groups of fishers to make and
control artiticial reets: the artiticial
reets would be two  thirds sanctu-
ary (rehabilitation) and one- third

for exploitation. Howcver, it was
pointed that such "privatization”
would be a negative feature.,

Documentation of Artificlal Reefs

e The past and existing artiticial rect

projects and their tindings need to
be better documented. Participants
were urged to bring torward refer-
ences which could be made into a
bibliography of I'hilippine artiticial
reets for the workshop report; and
data on artiticial reef pertormance.



Effects and Management of Artificial Reefs,
Including Experiences Outside the Philippines

MAIKE WALTEMATH"
German Development Service
Philippine Oltice
65 fuan Luna Street, San Lorenzo Village
Makati Ciev, Philippines

dand

BERTHOLD SCHIRM*
Zentrum fir Marine Tropenokologie
Bremen. Gerinany

WALTEMATH, M. and B. SCHIRM. 1905 Fitects and management of artiticial reefs, including expetiences
outside the Philippes, p. 25-30. /n].L Munro and M.C. Balgos ‘eds.) Artiticial reets in the Philippines.
ICLARM Cont. Proc. 49, 50 p.

ADstract

Artificial reets are widely used tor vatious purposes. In the Phitippines, they are mainly
used tor tishing and tishenes management. Since 1091, 174 artiticial reefs have been
deployed in 75 sites i Negros Onental, Central Visayas, Philippines. It was estimated
that the annual harvest trom these artticiad reess is 3.0 kgan 2 which can be about 150
times higher than the yield tlom natarad coral reets In this area. and elsewhere in the
Philippimes. artiticial teets are popuiar because they atiract o great abundance of tish and
enable tishers toreduce sy ettort i tenms of time and tuet However, it appears that
they can contnbute severely to overtishing it the catches exceed the maximum potentidal
new production. This mav be the case in the Philippines because the witticial reels are
not monitored and managed property. Ownership and management polices are nonex
istent except tor o few organizations which protect then artificial reels as marnne sanctu-

anes.
Introduction products, scrap metals and used oil drill-
ing platforms. Thesc underwater structures
. . . are placed all over the globe. Table | gives
wide variety of materials . o .
o examples of the main applications of arti-
il and structures are used for

,’}‘:ﬁ. . e ficial reefs in different countrices.
s250ry the construction of artificial reefs. o ,
Artificial reefs provide shelter for adult

‘*’.’- % M‘u The materials include scrap tires, . o
P and juvenile fish (Bohnsack 1989), refer-

mangrove branches, concrete ) , . . i

X . ence points for orientation (e.g., for the
structures, pedicabs, shipwrecks, coal waste . _ -
formation of schools), feeding arcas
(Bohnsack 1989) and breeding arcas (White
ct al. 1990). However, an important ques-

‘Present address: Provincial Planning and . .
) : tion, mostly neglected, is whether or not

Development Office, O, Box 242 Dumagucte ! yneg

City 6200, Philippines. artificial reefs lead to an inciease of fish
25
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Table t. Materials and purposes of artificial reets in various countries.

Area
Mediterranean:
Italy, France

and Spamn
LK, North Sea

LUSA

Gult ot Mexico

Costa Rica
Cuba
Australia

lapan

Thailand

Indonesia

Malaysia

Philippines

Material

Concrete structures

Coal waste products
Ships, tires

Oil drilling plattorms

Tires
Mangrove branches
Tires

Concrete

Concrete and tires

Old pedicabs

Concrete pipes,
shipwrecks

Tires, concrete and
bamboo

Purpose
Attraction of tish; shellfish
tarming; trawl deterrent
Waste disposal: habitat tor fobster
Recreational tishing and diving

Aggaregation for recreational
fishing: waste disposal

Increase exploitable biomass
Lobster attraction
Recreational tishing and diving,

Habitat enhancement, increase
exploitable Diomass

Increase exploitable biomass:
close areas tor trawlers

Waste disposal: attraction of tish

Enhance biotogical productivity:
fishing prohibited at AR sites

Increase exploitable biomass:
habitat repltacement for
destroved corals

References
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populations. Could the fish have used
another arca or is habitat a limiting fac-
tor? Is fish production a function of avail-
able habitat?

The major factors determining the dis-
tribution and abundance of fishes on coral
reefs are controversial (Hixon and Beets
1989). The hypothesis that structural shelter
is a primary limiting resource for reef fishes
was proposed by Smith and Tyler (1972).
In contrast, Doherty and Williams (1988)
stated that there is little evidence for re-
source limitation for reef fishes and that
populations are strongly influenced by fluc-
tuations in recruitment. The corollary of
this is that availability of habitat would not
usually be a limiting factor,

When fish stocks of the natural reefs are
below carrying capacity because of exploi-
tation, habitat is not limiting. However,
cven if habitat was a limiting factor, the
positive impact of artificial reefs would
probably be very small because the arcas
covered with artificial reefs in most coun-
tries are very small compared to the size
of remaining natural coral reef arcas.

The high abundance of fish around the
artificial reefs as observed by diving, the
attractiveness of artificial reefs as fishing
grounds for fishers with catch rates of up
to 10-20 kg.m* (Polovina and Sakai 1989)
and rapid fish colonization (Bohnsack 1989),
all indicate that artificial reefs aggregate
fish.



According to Polovina (1991) artificial
reefs may result in one or more of the
following impacts on marine resources:

* Biomass which is currently exploited
is redistributed from natural habi-
tat to artificial reefs.

* Biomass which is currently not being
exploited is attracted to artificial
teefs to increase the total avail-
able exploitable biomass without
increasing stock size.

* Stocks which are limited by high
relicf habitat can increase.

The aggregating capacity of artificial
reefs increases the —
catchability of IL
fish. If the catches A
exceed the maxi- ©
mum
new production,

potential

thea, artificial reefs
are functioning
primarily
benthic fish ag-
gregating device

as a

.

and can contrib- !

ute to the deple- |

tion of tish stocks i

ifresources arc at- |~
i~

r e a d vy
overexploited
(Bohnsack 1989;
Polovina 1991).
The impacts of
artificial reefs on
fisheries produc-
tion in Shimamaki,
Japan were inves-
tigated by
Polovina and
Sakai (1989). The
result showed that only octopus catches were
increased (by 4% per 1,000 m’ of artificial
reef or by an average of 1.8 kg.m?). Flat-
fishes were aggregated by artificial recfs but
production for the region did not increase.

KO S U

tral Visayas, Phillppines.

flgﬂ. 1. The tire module (Iepl}ry‘c.il Inn‘h—l‘cg}os 6;{cnt.;l, Cen-
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Artificlal Reefs In Negros
Orlental, Philippines

In the Philippines, as in many other coun-
tries, artificial reef programs ha-. e been pro-
moted in response to declining tish
populations and catch rates (Polovina 199,
authors’ observations). Proponents expect
that through the additional habitat offered
by artificial recfs, fish production will be
increased. Some proponents of artificial
reefs in the Philippines argue that since
natural reefs are destro sed by destructive
fishing methods and siltacion, artificial reefs
are needed as a substitute. Additionally,
in the Philippines,
most natural reefs
are considered
highly exploited

S or overexploited

due to the large
number of tishers
{(Vande Vusse
1991; Pauly and
Sacger 1992).
The great
abundance of fish
on many artificial
1eefs, as observed
by divers and
documented by
underwater vid-
cos, as well as
high catch rates
from artificial
reefs have helped
to convince peo-
ple of the posi-
tive etfect of ar-
tificial reefs and
made artificial
reef programs
popular, espaecially among nonscientists.
Since 1991, 174 artificial reef clusters
have been established in 75 sites off Negros
Oriental covering about 12,200 m’. Sut-
veys by Alcala (unpubl. data) covered 4.122

\
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km’ of the coral recf area in Negros Ori-
ental. If fish production is a lincar function
of habitat, the artificial reefs could increase
fish production by -<:0.3% only.

In Negros Oriental, such artificial reef
cluster consists of 32 modules. A module
consists of a cement cross as a base and
two old tires (one small, one big) which
are split almost into two halves (Fig. 1).
Each module covers roughly one square
meter. Mostly, the modules are not placed
very near together and a cluster of 32 mod-
ules usually cover about 70 m¢‘, with seme
variations between different reefs, depending
on arrangement of the modules and the
degree to which the modules are scattered.

The 174 tire clusters cost 1,812,210
{(P10.415 per cluster) excluding installa-
tion and labor costs. The establishment of
marine reserves may be less expensive.

Preliminary eval ations of monitoring data
gathered by the Resource Management Di-

vision of the Provincial Planning and De-
velopment Office in Negros Oriental indi-
cate the strong aggregating capacity of ar-
tificial reefs. The following calculation dem-
onstrates that even if the artificial reefs cover
only a small percentage of the existing natural
coral reef arca they can severely contrib-
ute to overfishing.

About 25% of the artificial reefs area in
Negros Oriental was monitored. The site
in San Miguel, Bacong, serves as an exam-
ple for the method applied to ecight other
sites. Members of a fishers™ association in
San Miguz=l, Bacong, took 1,510 kg fish from
three artificial reef clusters during a period
of one year (May 1992 - April 1994). These
ire clusters cover an arca ofabout 210 m’
and are located at a depth of 15 m. All catches
within 50 m distance from the artificial reefs
were recorded daily by the fishers. Since
the surrounding arca consists of barren sand,
production there was assumed to be neg-

Table 2. Locaton, arca covered and estimated annual yield per square meter of Negros Oriental artificial

reets.
Site Attiticial Catch
reef arca (first
(first period) period)
(m?) (kg)
Bangcolotan 600 (12) 378
(Zamboanguita)
Masaplod Norte* 315 (10) 293
(Dauin)
Dayoyo* (Jimalalud) 70 (9) 17
Jilocon® (San Jose) 280 (6) 432
Jugho® (Amlan) 210 (3) 347
Inalad*® (Siaton) 420 (6) 635
L.utoban 140 (12) 790
(Zamboanguita)
Dalakit 105 (12) 815
(Zamboanguita)
San Migucl 210 (12) 1.510

(Bacong)

Artificial reef Catch Annual harvest
area (second harvest
(sccond period) (kg.m?)
period) (m?) (kg)
0.6
455 (2) 135 1.2
(0.9+0.3)
140 (3) 38 1.9
(1.67+0.27)
420 (6) 203 2.0
1.5+0.5)
280 (9) 276 2.6
(1.6+1)
630 (6) 1,787 4.3
(1.5+4.3)
5.6
7.7
7.2

‘The ardificial reef arca was increased during monltoring. The figure In brackets represents the number of
months the monitored artificial reef had the given size. The catch in kg.m'? was calculated separately for the
two periods with different sizes of artificial reef area. The two calculated values were totaled for the annual

harvest.



29

Others 10%
Scaridae 2%
Scolopsis sp. 3% -
Pomacentridae 4%

Apogonidae 5%

Diodon sp. 5% -

Plotosus lineatus 8%

Acanthuridae 15%

Fig. 2. Composition of catch from an artificial reef In San Mlguel, Bacong, Negros

Caesionidae 48%

Orlental, Philippines in May 1993 (total of 168 kg).

ligible and the following calculations are
based on the 210 m‘ covered by the arti-
ficial reet cluster. Data for the nine sites
are shown in Table 2.

The average annual harvest based on the
nine monitored artificial reets represent-
ing 25" ol the total artiticial reets area in
Negros Oriental, is 3.0 kg.m “. For natural
coral reet arcas Alcala (198 1) reported high
values around 20 tdlam “ or 0.02 kg.m “. It
scems that the yield from artificial reet sites
can be about 150 times higher than the
yield from natural coral reefs.

An analysis of the total catch in May
1993 tfrom the San Miguel artiticial reef
show that schooling planktivores provide
the greatest biomass (Fig. 2). According
to Vande Vusse (199 1) these species provide
the greatest volume of reef fishes in heavily
fished coastal waters.

Can Artificial Reefs Be
Successfully Managed?

There is no doubt that artiticial reefs enable
fishers to save time and tuel. reduce fish-
ing cffort and locate fish more predictably

(Bohnsack 1989). But according to our ob-
servations, management of artificial recfs
in the Philippines is poor or management
policies are nonexistent (see Vande Vusse
1001).

Government agencies have to fullill their
physical targets (numbers of clusters in-
stalled), which sometimes results in wrong
placement of artificial rects. Monitoring is
poor or nonexistent. The locations of ar-
titicial reets installed under some programs
are not properly recorded.

Artiticial reets are mostly used as fish-
ing grounds without any fishing regula-
tions and are heavily exploited in some
sites. Potential negative impacts of artifi-
cial reefs are gencerally unknown to fish-
crs, who strongly Dbelieve that fish
populations are enhanced by the artificial
reefs, There are o few tishers” associations
which protect their artificial reefs as ma-
rine sanctuarics.

Even if new laws would be formulated to
regulate fishing activitics in artificial reels,
implementation of laws has always been a
big problem in the Philippines. Absence of
policies on ownership and fishing rights ag-

gravate the probleny and lead to social conflicts,
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Discussion

Convenor: G. Silvestre
Rapporteur: A. Cabanban

The topic paper presented evidence that
artiticial reefs have little impact on over-
ali tish production. but have strong, as-
gregating capacites, leading to ultimate
depletion ol stocks. They have high
biomasses of planktivores, Artiticial 1eefs
may be expensive and ditticult to man-
age.

The ensuing open torum brought torth
many questions and discussions. These are
summarized below:

Utility of Artificlal Reefs

Ditferent views were held regarding the
utility ot artificial recefs.

e It was argued that they are ben-
clicial it settlement, recruitment,
and colonization are allowed to
occur. They are thus usetul for re-
habilitation of degraded areas by
providing alterative substrates and

shelter for settlers and may also



increase the biomass of the fish
nopulations.

e The alternative view was that they
arc aggregating devices. Adult
fishes secen at the carly stage of
reetf deployment are not from re-
cruitment. Rather, these individuals
have strayed trom natural reefs and
found shelter in the artiticial reets.
If these individuals are fished, the
artificial reets are actually serving
to aggregate individuals from al-
ready overfished stocks.

e It was agreed that the uses of ar-
tificial reefs can range from reha-
bilitation devices to aggregating
devices. Artiticial reefs may also
be used tor development of new
habitats. This requires time for colo-
nization by marine organisms but
it has a long-term benetit as such
artificial reefs can become part of
the underwater landscape. How-
cver, managers would need to
provide assistance to fishers who
are displaced.

Yields and Productivity

Direct comparative studies on the yields
of artiticial and natural reefs are lacking,

e Artificial reets need to be monitored
to document increases in produc-
tion and tor comparative studies to
be made between artiticial and natural
rects.

¢ Caution should be exerdised in com-
paring yiclds rom artificial and natural
reefs without looking at the scale,
depth, and zone of the reefs being
compared.

e Turthermore,
biomasses should consider the kinds
of fishes and the comparative physical
three-dimensionality ot artificial and

compadrisons ol

natural rects.
o Obscived harvests near artiticial reefs
are not necessatily due to produc
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tivity within the reef but also de-
rive from the productivity of nearby
recfs, adjacent level bottom and
petagic habitats and the ecosystem
as a wholce.

e Planktivorous
cacsionids, and other filter teeding
organisms teed on plankton from
passing currents and thus aggregate

RS2

fishes, such as

this source ot encrgy within the ar-
tificial reet. This torms the Dasis of
new or enhanced tood chains.

Management

The preliminary result ot the study,
which suggested that ardficial reefs at-
tract tishes trony natural habitats and there-
fore increase the catch-per unit eftort was
stressed.

o Atrtiticial 1eets are ettective fishing
geats, concentrating both tish and
lishing eftorcin a specitic area.

e This requires managiement of the tish-
ing on the istallation. The manage-
ment options presented by various
participants included no tishing, the
resulation of tishing gear, regula-
tion of number of tishers (in a co-
operative system? and regulation of
fishing with regard to distance from
the installation.

¢ It was suggested that the manage
ment of artiticial reefs should not
be separated from management of
the local lishery. In addition, the tnan-
ager should also distinguish noni-
nal fishing versus effective tishing,

There are many cases in the Philippines
wheore the management of artiticial reefs
failed or was inettective. Failures were at-
tributed to the use of anreygulated sears
and to poaching by tishers who had not
participated in the constructuon of the at-
tificial 1eets,

e It was suggested that tishers should
be educated as to the proper regu-
lation of tishing and that this should
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be demonstrated in small artificial
reefs.

Furthermore, artiticial icet manage-
ment may be used to promote the
management ol natural reets,

The seasonality of tishing should also

be considered in the management
of artificial reets. Spatal and tem-
poral etfects of artiticial reels are not
well understood. For example.
caesionids are not always present
on artiticial reets,

Theregulation of the number of tishers

AN cooperative systemeiis atorm
of privatizaten ol commaon prop-
erty. Local government units have
instituted legal ownership of artifi-
cial reets, giving preterence tor lo-
cal tishers.

Socloeconomics

Cost-benetit analysis. in terms of har-
vests, shows that returns from arti-
ticial reets are very low, However,
itartificial rects are used as a means
to introduce other management
schemes (limited enuy, mesh regg-
lations) or alternative uses (marine
parks, mariculivier then relatively
greater benetits might accrue,
Evaluation of artiticial rects must be
comprehensive. including sociocco-
nomic and political issues,
Overexploitation ot coastal tisher-
ies in the Philippines must be ad-
dressed by the reduction ol eftort
and in conjunction with changing
the open-access exploitation of the
tisheries.

A.\ :
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Abstract

The coastal waters of the Philippimes are gencraly overfished to the point of having
more than twice as mach tishing pressure as necessary tor optimal harnvests. Artiticial
reets are commonly justitied Citner as structures 1o attract Iish for casy exploitation, of
as a method o mprove 1sh nroducion Dy increasing the amount of Dabital area suit-
able tor breeding or rearing, harvestable fish As fish attiacting devices, artiticial reels
exacetbate the alteady seaoas nrobiem of overhisaing. However, at an estimated con-
struction cost of USS3 1o S o rme oS3 nilhion 1o 56 million per ki not idtuding
diver coststoe o ould Do tar e Cost CHechve To Concentrate cHlotts on more certain
ways of improvang bshiery producton <o as the estabhishment of matine resernves and
the alfeviation of hshing oressare thtoagh the anplementation of aiteratne ivelhood

[ITOSrAS

Introduction demonstrated that traw! (Sitvestre and Pauly
1086). pelagic (Dalzell et al. 1987; Trini-
dad ¢t al. 1994) and artisanal (Fox and
FRMT 10806) tisheries are overfished. Where

ls an artiticial reef program
biocconomic analyses have been con-

arational approach to con-

‘ servation and tisheries man-
IR T ducted. the result has been to recommend

agement in the Philippines? o o
hic tion | I arcduction in the tishing eftort of at least
s question has many fac- o he i blace. | o i
ets. Several of the key fssues have been 60" ol that now in place. In general, it
discussed elsewhere in this volume. This appears that most of the country is now
or will soon be overtished by more than
twice the labor force it should have in order
to optimally harvest the available lish stocks
{(McManus et al. 1792). Programs in the
last two decades to improve the lot of

[

fishers through loans to improve boats
The Philippine Fisheries and gear have succeeded only in exacer-
Situation bating the situation (Smith 1981). The rapid
population growth rate, inequitable use
of resources and relatively open-access
fisheries have fed to o state of Malthusian
overfishing. in which fishing methods harm-
ICLARM Contriibution No 1 140 ful to the environment, and to the fishers

paper tocuses on selected issues from a
national planning standpoint, including the
aspects of practicality and the optimal use
of public tunds,

The Philippines is ina state of overfishing
at a national scale. Studies have clearly
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themselves, tend 1o proliterate (Pauly et
al. 1989). Thus, coral reets throughout the
country arc being doused with poisons.
blasted with bombs and scoured with suicicdal
“hookah™ diving gear in eHorts to hunt down
the remaining adult tish tMcManus et al.
1902y Stocks of tish seem to be replen-
ished, in spite of this overtishiag, by in
Huxes trom oftshore, mainly subs: iface reets.,
However, many potential sources ot ju-
venile tish, such as the Spratly Islands, face
srowing threats (McNManus 1904,

I'he abuses to coral reets trom ovettishing
and destructive tishing compound the simi-
larly growing nroblem of reet demise due
to siltation trom dotorestation, pollution
trom denselv-packed coastal towns and
cities, and a variety ot other problems. Fish-
cries and coastal zone management in the
country are now largely exercises in des-
perately secking ways to diminish tishing
pressure and to protect the remaining natural
coastdl ccosystems through the devetop:
ment ot appropriate alternative livelihood
programs. The latter have consistently
proven to be ditticult to design and initi-
date, given the limited resources of cach
municipality, their dominance by wealthy
tamities, ditficulties in societal transitions,
rampant illiteracy and its cltects on
taingability. the necd for active market de-
velopment, the lack of government funds.
and the bareaucratic hindrances to the
cliective application of existing funds to
the problems at hand. The rate of imple-
mentation ol such projects is unlikely to
keep up with the rapid rise in the target
populations, and the latter is maintained
in part by strong resistance to government
tamily planning programs from intfuential
private sectors. It is within this context that
artiticial reets have been turmned to increas-
ingly as an option for coastal zone
management,

Scale and Economic
Considerations

A review of four studies of artiticial reets
in the Philippines tor which species or tamily
lists have been published reveals that all
sites were dominated by coral 1eet fish
(Murdy 1O79; Barreto 19806: Diaz 1994,
Waltemath and Schinm, this vol.). These
many

feoy
ey

include primarily grazers (e,
pomacentrids),  planktivores
cacsionidsy and piscivores te.g. tatjanids),
The few exceptions include principally a
few transient groups ol nonreet planktivores
such as atherinids and leiognathids (c.a.,
Barreto 108061, This pattern persists even
when the eef is apparently several
Kilometers from the nearest natural coral
assemblage. Artiticial reets in Japan and
clsewhere are sometimes dominated by
pelagic species, but this has not been the
case in the published Philippine studies
(cacsionids are sometimes considered to
be pelagic, but they rarely occur outside
waters over coral assemblages and artiti-
cial reefsy. A study of charts and topogyraphic
maps of the countiy reveals that there are
very few areas of the Philippines which
are not within 10 km ot some kind of coral
assemblage. Exceptions to this include
relatively straight coastal arcas of shift-
ing subsurtace sand dunes, such as the inside
of the Lingayen Gult, and these would of-
ten be unsuaitable substrates for the estab-
lishment of artiticial reets. Thus, itis clear
that the debate over artilicial reet deploy-
ment in the Philippines is one concerning
coral reefs and associated fisheries, rather
than nonrect demersal or pelagic tisher-
ies.

The coral reet arca of the country was
estimated to be approximately 27,000 km/
by Carpenter (1977), using charted reefs
and adjacent bathymertry cstimates.



McManus and Arida {in press) estimated
areas of uncharted pinnacle reefs in two
arcas ol the country to a totar of 5,000-
10.000 k. Thus. the total reet arca of
the country is probably between 30.000
and 40,000 an.

Most of the artiticial 1eets of the coun-
try have been installed under a tew large-
scale programs —- the Artiticial Reet De-
velopment Program of BTIAR which installed
daround 5,188 tire modules and 66 bam-
boo modules. the Phitippine Fisheries De-
veltopment Authotity's program which
installed 8.099 bamboo and ipil modules.,
the Central Visayas Regional Project which
installed 26,000 bamboo modules. the
Calancan Bav Rehabilitation Program which
installed 848 tire modules, 1134 concrete
modules and 18 bamboo modules, the
National Power Corporation’s program
which installed 816 tre modules, and the
Hisheries Sector Program, accounting for
7.472 tire modules. 455 concrete mod-
dles and 45 bamboo modules (Batsos, this
vol.i. This totals to 50, 141 modules which
have been instalted since 1979 Assum
ing that the modules constructed from
natural materials have decayed by now,
and that pethaps another 2,000 tire or
concrete modules Bave been installed in
smaller programs, we can estimate that
approximately 18,000 modules are cur
rently present in Philippine waters,

Waltemath and Schitm (this vol.) report
that 174 clusters of modules covering
12,200 m' cwith 50" bottom cover) cost
"1.812.210 (1ISS70.000). This comes to
approximately $6 per m” (56 x 107 per
k). However, their estimated cost ol
P10.415 per unit is approximately twice
as high as some other estimates, such as
that ol the SEATDEC project reported in
Balgos (this vol.). Thus. a lower estimate
of bottom caverage would be $3 per my?,
Thus. assuming that one could, in fact,
replace true reets with artificial reets, then
replacing all the coral reets of the Phitip-
pines would cost. pairing low values with
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tow arcas and high values with high ar-
cas, between $90 bittion and $240 billion,
In order to even show a signiticant irn-
pact on national coral rect tisheries, one
would probably have to install at least 108
of the natural 1eet area, at a cost of - at
[cast $O billion to $24 billion. Note that
the two studies mentioned did not include
adequdate estimates for diver costs, and
SO the actudl deployment costimay be far
areater.

However, a luge-scale project ol this
type would entail rising costs as materi-
als became scarce. It has been estimated
that there are 2.1 million vehicles in the
Philippines. At toughly tive tires per ve-
hicle, this means that there are about 10
million tres i current use. The tiguie of
P30 dres inan artificial reet covering
12.200 m (Waltemath and Schirm, this
vol. o cach moduaie was constructed from
WO LITeS) gives us approximately e per
tire. Ten million tires could be deployed
to cover 1O millionm?, or 10 km*or0.025-
0.033" of the area of coral 1eets, Of course,
tires are used tor a variety of products in
the Philippines. such as trash cans. bar-
rels and planters. As excess tire accumu-
Litions are depleted, additional casts would
accrue trom competition tor other uses and
increasing tansportation distances. The
program would have to tim increasingly
to alternative muaterials, such as concrete.
The volume of cement to be used would
be substantial in a country where cement
shortages and ensuing “panic buying” is
common. This would lead to rising prices
tor the program.

Rubbertites gradually lose stength over
time in the ocean, and little would remain
after 40 years (Sato and Yoshioka 1982).
The materials used to bind the tites to-
gether may last far shorter times, particu-
larly when stressed by tangled lishing lines
or subjected to blast fishing. Concrete struc-
tures can last much longer. However, this
depends greatly upon the design of the
module, type of cement and the care taken
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to construct the module. Various marine
salts interact with the concrete. most promi-
nently magnesium sultate which torms
complexes with the concrete which ex
pand and heat up, cracking surrounding
dareas. Assuming that modetate care has
been taken in the consuuction ot the
modules, many would have to be replaced
cvery tlew decades, The use of metal waste
such as used vehides would also be se
verely Hmited by supphes and competi
tive use, and metal deteriorates much taster
than well-made concrete, particularly at
welding points (Sato and Yoshioka 1982y,
The need tor replacement would not be
as much ot a problemit the stractures were
designed to serve as substiates for replace:
ment by natural reet material. However,
coral reet acaretion tates are otten reporned
to bein terms of one or g few centimeters
per yedr. A stracture designed to initiate
a substantial acaretion within a few dec
ades, prior to its own demise, would gen
crally be low and very solid, a designwhich
conflicts with the high protile, open structural
oricntation ot most modern modules de-
signed to attiact tish (Brock and Norris 1989).

Habitat Limitation

Potovina (1989 pointed out that there
would generally be no lack of fish habitat
in an overtished ccosystem. Recruitment
overtishing gencrally implies that stocks
have been reduced below 507 ot theirvirgin
biomasscs. Thus, there should generally
e an excess of habitat area tor the re-
maining tish. In the Philippines, the prob-
lemy is not quite so simple because of
Malthusian overtishing, which fosters habitat
destruction in addition to recrutment,
growth and ccosystem (e shitts to

untavorable spedies  composition)
overtishing. Even where habitats have not
been destroyed the proliteration ot con-
ventional lishing methods is such that

available reet habitats near shote are gen-

crally tished to scarcities which are un-
characteristically extreme tor existing habi-
tats {o.g.. 70 adult tish per hectare on a
Bolinao reet stope - McManus et al. 1992).
Thus, Polovina’s point is valid evenin the
Philippine context.

Competing With Natural Reefs
For Fish

The average coral 1eet Hish species is
believed to remain in a pelagic state for 3
- 4 weeks betore settding on a coralline
habitat. Many apparently wait -2 months
betore settling (McManus 19941, There is
considerable debate as to which, it any,
settle on their natal reets and which set-
te on downstieam reets, and in what pro-
portions under vatious circumstances (Leis
1901 There has been concern that artifi-
cial reets might deplete schools of settding
postlarvae betore they encounter natural
habitats. Given that itis virtwally impos-
sible tor wotkers in the Philippines to con-
struct artiticial reets which would amount
to any more than a small fraction ot a per
cent, of the area of existing 1ecets, this would
certainly not be a general problem in the
foreseeable tuture.

Howcever, concerns about the etfect of
artiticial reefs in depleting existing adult
fish stocks are quite reasonable. 1tis clear
that most artiticial reets in the Philippines
become inhabited very rapidly, in terms
of weeks or months, far too quickly for
the tish to have scettled and grown to ob-
served sizes. Polovina (1989) has pointed
out that reported harvest rates greatly
exceed those expected from juvenile re-
cruitment. One can expect that an artifi-
cial reet placed near or on a coral reet would
tend to attract adult fish from places where
they had managed to escape fishers, to
onc inwhich they can escape no tonger.
Atrtiticial reets would be potentially use-
tul it placed infisheries reserves and used
to augment the capacity to enhance fish
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populations in adjacent arcas. This would
be reasonable it there were strong guar-
antees that the structures would never be
fished. However. it is doubttul that even
in this context, it would be more effec-
tive in the Tong tun to put time and money
toward such construction rather than to
ward programs to ensure the success ol

the resenves.

Other Uses for the Money

Alternative approdaches to coastal tish-
cries enhancement have been discussed
by Munro cthis vol As noted above,
nancial constramnts signiticantdy hinder the
implementation ol alternative livelihood
progiams A sccond constraint s the fack
of trained protessiondl envitonmental sci
entists and community otsanizers. lowould
bereasonable to concentrate both limited
MONCY and Human [esources onmaore certain
approaches o tishenes management than
artiticial rects.

Nonreef Areas

Some uncertainty remains with regard
to the potential benetits ot installing arti
ficial reets inarcas tar from coral reels fi.e,
several tens of kilometers), One tactor would
be related to the teasons why such an arca
is not suitable tor cotal reel growth. Coral
reets cannot grow in areas of excessive
nutrient or sediment loading. In the tormer,
an drtiticial reet which served as a plat
form tor algal growth might be reason-
ably desirable. Such growth might absorb
excess nutnents  and  support fish
populations. However, f the high natri
ent levels were a result of pollution from
human wastes, then contamination ot the
tish would be a concern.

Many arcas ot nonreet coastline, such
as the coast of La Union Province, are char
acterized by sandy bottoms and shifting
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sand bars. Burial by sand bars v ould be a
constant concemn. Even in the absence of
sand bars, there is otten a stong tendency
tor structures to accumudate sand and silt,
and o sink into the sabstrate due o con-
stant vibration and shitting ol the parti
cles.

A mdjor consideration i programs to
introduce artiticial rects to nonrect areas
is the human dimension Tmavine a vil-
fage with a histony of the use ot dritting
gitl news ardd Tony 20 2% to b kmy beach
seines suddenly beme presented with o
small, potentally profitable coral reet type
fisherny. Whowill have the nghototish there?
How will outside cntrants be imnted ? Who
will be responsible tor and pay tor regu
lation entorcement! Waoo il maintam the
structure! There are muany comnplex issues
to be settled mosuch an enterpnse. The
lacik of agrecd access arraingerents prior
to artitictal rect deplovinent can lead to
problems such as dominance of the resowce
by a powettul tew and the blasting of the
reet as a compettve statesy Other dit
ticulties have been discussed by Ferrer
(1091, Given the mobile. excess fabor torce
in the country any such structure which
is notwell detended at great cost i tme,
cttort and money will eventually be
overhished to the point of mimimal net profit.
Any benetits which would accrue to the
average villager would be temporary and
would gencrally dioninish because of new
cntrants, or through cttorts to prevent such
resource shanng

boos widely acknowledsged that a sup-
plemaental or even primary objective in the
placement of some artiticial reets is the
prevention ol encroachment of trawlers into
artisanal tishing grounds. This purposce is
quite distinct from those of tisherv enhance-
ment and habitatrestoration Itwould scem
desirable for structares to be used in such
acontext to be designed to maximize their
trawl stopping propertics, and to minimize
their use as atishing gear by subduing their

D

lish-attracting properuces, This would prevent
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atisheries protection device trom adding
to the overtishing problem. Thas, simple
concrete structares with mimmal shelter
charactensticos nught be optimal, such as
the sunple conorete har arrangements uaed
mothe Contral Visayas prostian . Balgos
this vol. The cost etectneness of cuch
devices versus alternative mea s ot tawler

control s beyond the scape ot this papetr

Tourism Potentials

Ihe intemnational diving community
s often at the toretront ol artihioal reet
promotion There aie nany exampies
of tounst busmesses beins established
on ot sreathy enhanced oy the pres
chce ob shioswrechs whother intention
ally Olaced o not Sunben anplanes
appeat 1o be dieat tounst draw s and
surne notable suceess has been reported
from the use of sunken faxary auto
mobiles

Such uses are dhistinct trone the dse of
artiticial rects to enbian o fratnng Lield
Tounsmm potentichwondd gencrally be highest
osuch st tires awete ot tished ot all
There s some chance that sach protected
structures soutd he aosanrce of postlanvae
for nearbhy lished zones, Dat only, sabstantial
developnients would contiripute sissrticandy

i this manner

Conclusions

Given the curren hintations ol public
tunds in the Phibippmes ot o doabttal
whether any tunds should He ased to con
struct artitic ol rects Theomoney would be
bestdirecrod ta the mugor peoblem ot al
termative thvehihood venciation ol the
prevention ob tarthes cvcionentag e
tenoration Touret cobiane cment s a com
mercial enterprine o thas one which
should be feasitile wthim the imvesunent
profit strateny ot a coastal estabhishment

or diving organization. Eltorts to prevent
tawlers iay or may not utilize deterrent
structures i the futare. but the contusion
e purpose of the structaures could be mini-
mized throasth the tse o termes such as

tawi deterrent rather than the abready

misleading tenm Tarthionat rect
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Discussion

Convenor: |. Munoz
Rapporteur: G. Russ

The questions and discussion that tol
lowed the presentation fell into the tol-
lowing broad categorics:

Alternative Livellhoods

Much of the initial discussion centered
upon this topic, as this was the area tar-
getea by the speaker as the prime alter-
native to tunding tor artificial reefs.

e A comment was made to the ctfect
that in suggcesting that the solution
was creation of alternative liveli-
hoods. the biologists were simply
passing the problem to another sec-
tor, the economists.

e Somec discussion of alternative live-
lihoods ensued. Examples were cited
for village level efforts in Mindanao,
Carigara Bay. Visayas (loans provided
to fishers for backyard gardening,
raising terrestrial animal stocks,
purchase of pedicabs) and Bolinao,
Luzon (c.g., using Sarsiassuni cooked
with ash from coconut fronds to
produce fertilizer tor sale).

e A point was madce that great prob-
lems exist with such programs, par-
ticularly where collateral. such as
land is required by tishers to re-
ceive the loans. It was emphasized
that such programs must be low
capital/high employment ventures.

e The "Participatory Resource Evalu-
ation” system at Bolinao was cited,
in which the community itselt ex-
amines its potential resources and
scets up lists of potential alterna-
tive tivelihood projects.

¢ The uscrs of artiticial reets are usually
poor tishers. Their response to al-
ternative livelihoods will be: how
long will it take? what will | do
while waditing? Without artificial
reets or marine reserves what can
we otfer as alternatives if the fishers
want to retain strong, links to the
sca?

o Alternative livelihoods such as
mariculture may affect the marine
ccosystems almost as much as
overfishing if the scale of the
mariculture excrcise was excessive.
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The Bloeconomic Resource Model The Dliemma of Funding Agencles over
Artificial Reef Programs
¢ Regarding the bioeconomic resource

modet, it was asked if inmany cases o Faced with soals of poverty alleviation

fishers are actually running at a loss
consistently rather than breaking
cven, with tinancial subsidics trom
family members keeping tishers vi-
able. It was stated that many fish-
CIS can operate at a loss tor long
periods but continue fishing because
of the chance of an occasional good
catch. In small scale tisheries where
capture costs are fow and oppor-
ity costs are tow, the chance of
the occasional good catch is astrong
incentive to continae tishing,

o Maost of the nsheries in the Philip-

pines have twice the number of fish-
c1s tor Maximum Economic Yield

and development ot resource man-
AZCMCNL PIOJCCLs, SOME Compromise
view on artiticial 1eet projects was
needed, not total abandonment.

e It will be ditticult to say no to tund-

ing agencies wishing to tund artiti-
cial reet programs and to convinee
themvof the negative case with graphs
and models. Funding apendies view
alleviation of poverty and restora-
tHon of resources as more pressing,.

e What is needed is advice from ex-

perts o how to proceed, siven such
circumstances and views of tund-
ing bodics.

(MEY. The Dilemma of Community Organlzers
if Such a Workshop Rejects the Idea of

Artificlal Reef Programs
The Future of Artificlal Reef Programs
In the Philippines e The point was made that commu-
nity workers and advisers such as

o It there is no prospect for artifi- Peace Corps volunteers and NGOs

cighrect programs in the Philippines
and clsewhere, why are they in the
Fisheries Sector Program (FSP)?
What should be recommended tor
the other artiticial reet programs
in the Phitippines?

o It was noted that it took many years

to convince funding agencies not
to tund programs which increased
tishing cfticicncy twhich may be

may lose considerable credibility
within their communitios it they must
reject the artificial reel concept afl-
ter having spent considerable time
and cttort convincing the commu-
nity of their benetits. This would be
doubly ditticultit the community per-
ception of artificial reets was good,
as aresult of improved catch rates.

counterproductive: The Role of Artificlal Reefs as “Rallying
e Several people expressed the view Tools™ for Viliage fishing Communltics
that since artiticial reel programs do

exist, this workshop must explain o A community organizer from Bolinao

some of the problens of artiticial
tects as atishery management tool
and the statement ol the workshop
should be some tonm of compro-
misc, rather than a tlat 'no’ to arti-
ficial recets.

pointed out that artificial reels serve
ds animportant community organ-
izing or “railying tool”. Would it be
possible 1o continue artificial reet
programs in order to maintain their
value in this context?



Marine Reserves as “Alternative Rallylng
Tools”

* Some suggested the creation of ma-
rine reserves as an alternative to ar-
tificial reets to act as community
“rallying” tools. They have alicady been
very successtul in this regard in the
Philippines.

¢ McManus had previously stressed the
need for alternatives o artiticial reefs
in this regard to get villagers think-
ing about other things (¢.¢.. matine
reserves, the community planning
eptions developed by Dr C. Lightioot
(ICLARM) and colleagues in farming

communitios.

Funding for Monlitoring and Stock
Asscssment In Artlficlal Reef Programs

* The importance of rehabilitating fish
stocks was noterl. An artificial reef
context is one potential part of this.
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e Il ardficial reef programs proceed,
clear objectives must be stated
and adequate funding made
available tor objective monitor-
ing and stock assessment to try
to build up data on whether or
not artiticial reet programs atiect
yields.

A Small Paper/Pamphlet Summarlzing
the Views and Recommendations of
the Workshop

e It was proposcd that in addition
to the workshop proceedings, a
paper or glossy brochure sum-
marizing views and recommen-
dations ol the workshop would
scrve to make the outcome of the
workshop mote accessible to
policymakers and tunding bodics.
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ADbstract

Alternative uses are proposed for tinancial resources devoted to the construction
and installation of coral reets. These include environmental management and rehabilita-
tion, the development of community-based resource manageiment or co-management
systems, the creation ot marine protected areas, active management of fish stocks and
fisherics enhancement for selected species.

The benetits and constraints of these alternatives are evaluated and it is concluded
that many of these options should be given priority over the installation of artiticial

reefs.

Introduction

This review is presented
! in the context of a work-

shop on the use of artificial

reefs and their positive and

negative features. Their popu-
larity in many quarters is partly attribut-
able to the publicity which often surrounds
their installation. This makes them politi-
cally popular and also readily fundable from
public or private sources. Installation is
often a community-based effort, or at least
has public involvement, leading to a sense
of community achievement and pride in
the accomplishment.

Undoubtedly, artificial reefs are often good
fishing spots, particularly for recreational
anglers, but the issue of whether or not
they are merely serving as fish aggrega-

*ICLARM Contribution No. 1141
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tion devices and thus concentrating the
remaining resources remains unresolved.
Artificial reefs can also serve as obstruc-
tions to trawlers and have been advocated
for use as devices to exclude trawlers from
inshore waters and reserve such areas for
small-scale fishers (Munro and Polovina
1984). Such interventions require careful
cconomic evaluation to weigh possible
production losses against purtative social
bencfits. Different fishing strategies would
also need to be defined under such cir-
cumstances.

Negative features include the destruc-
tion of insubstantial artificial reefs by storms,
or the decomposition of elements in the
construction, leading to low profile benthic
garbage dumps embedded in the soft
sediments. This applies particularly to
artificial reefs constructed from bamboo,
uscd vehicle tires and scrap metals.

Where access to artificial reefs is restricted
to the “owners” or sclected groups of us-
ers, the social or economic aspects of the



privatization of part of the resource sys-
tem need to be examined.

However, the foregoing begs the ques-
tion of why artificial reefs should be needed
in the tirst place. If the objective is the
diversification of habitats by, for exam-
nle, the creation of a foundatior for a natural
coral reet in an otherwise uniform soft-
bottonm habitat. then there is no question
that this will benetit the biodiversity of
the area and. provided that shipping and
other tishing interests (tawling, purse
seining; are considered. could be ot overall
public benefit. I a "new” coral reef is
cstablished, local fish productivity will un-
doubiedly increase.

However, it the artiticial 1eets are pro-
poscd merely as substitutes for degraded
natural reets, in an arca where sutficient
rocky substrate alicady cxists, then the
installation of artificial reets becomes point-
less. Instead. attention should be given
to alternative strategies tor protecting or
cnhancing the marine environment and
managing the resource system.,

Alternative Management
Strategies

Environmental Management
and Rehabllitation

It can be assumed that the objective in
IMANAZing 4 Marine resource system is to
cnsure sustainable economic and social
benetits for the community as a whole.
The tirst step is theretore to ensure the
protection of the marine environment by
asystematic appraisal of the causes of deg -
radation and sources of environmental con-
tamination by pollutants and toxins (lig. 1),
This is. as is very well known, very ditfi-
cult in the face of extremes of popula-
tion density, poverty and ineftectual les-
islation.
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Urban infrastructures have been over-
whelmed by rapid urbanization and urban
migration throughout the poorer countries
of the world, feading to inadequate treat-
ment of domestic wastes and the accu-
mulation of organic and inorganic garbage.
Low purchasing power in the population
means that industrial enterprises take short
cuts in production processes or usc out-
moded technology. increasing the loads
of contaminants and pollutants which, al-
most inevitably. find their way into the water
courses and into the sea. Detorestation,
poor land use, mining and road construc-
tion all lead to erosion and siltation, one
of the primary causes ot degradation of
coral reefs.

The only solution to these problems is
properly enforced environmental legisla-
tion, starting at the watershed and mov-
ing downstream until all sources of pol-
lution are eliminated or at least control-
led. The twin specters of poverty and
corruption most often combine to render
such eltorts inclfectual. Intusions of money
arc only effective if the funding finds its
way to the community level. Control of
pollution can best be effected at the com-
munity level, but only if the community
has sufticient knowledge and motivation
to implement or demand effective con-
trols. In short, this is difticult to achicve,
but without this all ¢lse fails. Clearly, itis
morce achicvable in the raral arcas.

Whete the prime causes of degraaation
are climinated or curtailed, work on re-
habilitation of degraded areas can be un-
dertaken, such as restoration of mangroves,
SCagrasses and coral reefs. Inmany cases
this will proceced naturally if the problems
arc removed: but in most cases the proc-
ess can be accelerated by a systematic
replanting or rehabilitation process. Control
of replanted arcas is a problem and con-
flicts can arise over the use ol replanted
areas.
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fig. 1. The environmental scenarlo In developing countrles in which the coastal ecosystem Is ad-
versely affected by a wide variety of land-based actlvitles.

Communlity-based Management
Systems

Onc of the most obvious factors which
has emerged from many years of attempts
to manage fisheries is that few systems
work if they do not have the support of
the fishing community. The sarie applies
to management of other natural resource
systems such as forests. lrrigation schemes
have also been successfully managed on
a communal basis.

Community-bascd systems in which the
community acts independently or, more
realistically, co-management systems, in
which the community acts on the basis of
authority conferred by government and with
the active support and collaboration of
government, are cuirently perceived as the
only-way-to-go (if only because all alter-
natives have lailed).

Co-management or community-based
management implies that the community
will be able to perceive anc effectively
implement a management strategy. Such
strategics could encompass the creation
of marine protected arcas, fish stock man-
agement, fish stock enhancement or habitat
cnhancement. The corollary to all these
is that the community exerts political pres-
sure to ensure that the environment is
maintained in the best possible condition.

Marine Protected Arecas

The establishment of marine protected
arcas ('APAL) in various forms is becom-
ing a popular management option (Davis
1089; Bo'.nsack 1992 Russ 1994). Well-
established MPAs aro considered to be
beneficial to Hsheries tor a variety of rea-
sons. Inthe first place Lar estable resources



45

t ?)57 B~

fig. 2. The cffectlveness of a marlne protected arca in enhancing harvests and as a management tool
Is strongly influenced by Its slze and slting relatlve to explolted parts of the continental or Island
shelf. In thls hypothetical example, larvae spawned In a topographlcally complex arca tA) would be
expected to be retained In the spawning arca by eddies or distributed along the coasts of the Island.
In contrast, larvae spawned at an [solated oceanic reet (B) or along a relatively straight stretch of
shelf (D) are likely to be entrained by currents and swept Into deep waters. Eddies and gyres at the
downcurrent end of an Island (C) may return some laivae but most would alsa be swept Into deep

occanlc waters.

will grow to a refatively large size and
progressively move out of the rescrve and
be harvested. In etfect, the age and size
at recruitment to the tishery is delayed,
with the average size of recruitiment be-
ing o tunction of the relative mobitity of
the species. Speaies which are small or
sttongly site attached might never move
out of the MPA i which they initially set
tle and theretore never become exploit-
able Highly mobile species may range
in and out ot an MPA at will and thus benetit
only from a slight reduction in mortality
rates. These eftects are also dependent
upon the size ol an MPAL Most ol the
harvestable resources in extremely large

MPAS will never encounter the border and
never become fishable Very small MIPAs
will be inettective in that alimost afl of the
important tisheties resources will frequently
cross the bhoundaries (DeMartini 1993),
However, there are cartently no criteria
for establishing an optimum size tor an
MPA (Salm and Clark 1984: Canr and Reed
1903y Fig. 21,

A second beneht from MPAS lies in the
accumutation obresident broodstock ot large
averape size which will spawn and serve
as major sources obrecruits the essence
of this strategy s that tecundity imareases
dramatically with mcreasing size and that
very large females produce very large
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numbers of eggs. For this strategy to be
cffective, the MPA must be of sulticien
size to ensure that outmigration and con-
sequent harvest ol the broodstock is an
exceptional occurrence. A corollary of this
strategy is that the sites of spawning
aggicgations must be within the MPA. An
additional corollary is that the oceanographic
regime should not consistently disperse
most cgys and larvac into the deep ocearn.
Topographically-complex arcas. which
generate lots of gyres and eddies are prob-
ably motre ctftective as rescivoirs ot
broodstock than MPAS situated on small
occanic islands or on narrow lincar shelves.
MPAs situated on the upcurrent side ot a
shelt are probably more etfective than those
situated downstream ol the prevailing
current during the spawning scason (fig.
2.

MPAS come in many tonms  Token MPAS
in which "taditional™ cxploitaton is per
mitted are notoriousty inetfective, as all
forms ob exploitation are progressively
deemed to be vaditonal or customary.
Total protect.on s the ideal strategy and
compromises should be avoided. Tem-
porary arcal closure is o standard fishing
management stratesy and should not be
contused with the aeation ot MIPPAS,

Fish Stock Management

Management ot « fishery resource re-
quires o taitly detailed assessment of the
state of explomation ot the component fish
stocks and an etectve system for enlorces-
ment of managemaent decisions. Ina co-
Mmanagement system the imphcation is that
technical and scientuhic advice would be
provided by a government agency and the
management decisions would be etfected
by the appropriate local aathonty.  fhe
necd for appropriate advice appeals to not
always be perceived by advocates of co
management. Itis possible tor decistons
to be made which are imappropriate on
biological. cconomic or ecological grounds,

with adverse conscquences cither for the
tishers or for the tish stock. The ditficulty
of making sound tish stock asscssments
is a major factor and the precautionary
principle should apply - that management
decisions should be on a very conserva-
tive basis until sach time as it is shown
that negative etfects will not occur,

A number of simple managenment stuat-
caies are within the scope of local com-
munities, based on very elementary con-
cepts. The basic approach should be as
follows:

) Deal with the obvious problems tirst.
Forexample, it spawning aggresations
are being tished this should be pro-
scribed. It certain gears are catching
the juvenile stages of species that are
of particular value at alarger size, the
gear shoutd be banned, atleast trom
certain areas mursety grounds: or at
certain seasons twhen the recruits are
available. It predatory tishes such as
sharks are abundant. they should be
sclectively exploited in order to en
hance survival ot more desirable spe
Cies.,

b) The institution ol relativelv simple
data collection systems. including
catch length frequencies, ona con:
tinuing basis by the local fisheries
agencices in coltaboration with the
community can provide a basis for
stock assessments. Monitoring the
catch per unit of etfort of selected
fishers using standardized tishing,
gears gives a measure of trends in
stocks. Such data can give simple
assessments of whether stocks are
under o overbished and appropri-
ate decisions can be made.

However, in most of the areas in which
the installation of artiticiat reets has been
advocated, the existence o overthishing
i~ inno doubt  this being the prime reason
lor the development ol attiticial recl
projects. Usually the prime cause is an
extcess ol tishers, a tunction of population



growth. landlessness and poverty and the
open-access nature of most marine tish-
cries. Control of the numbers of tishers is
primarily a social problem. New fishers
continue to appcear in most tisheries, but
recent experience in San Miguel Bay sug-
gests that there might be alower limit at
which no turther entry occurs and at which
outnmugration of young people to urban areas
is seenas amore desirable alternative means
of survival (G. Silvesue, pers. comm.).
Uttimately, it becomes necessary to re-
strict harvest rate in a tishery, and in small-
scale fisheries this asually means restrict-
ing the numbers ot tishers; tirst by excluding
nonlocal clements and. eventually, plac-
ing atimit on the total numbers of tishers
by resuicting tishing rights to members
of the focal tishers” cooperative or by some
form ot licensing scheme tMunro and Smith
10840,

Strategies tor management of small-scale
tisheries have recently been reviewed by
Munio and Fakahaa 1 199351, Customary risthts
have been frequenty discussed tJohannes
1978 Wright 1985 Ruddle and jJohannes
1085 Ruddle ot al. 1992) and most au-
thors have observed that these tend o
be croded i arcas with substantial
populations. The vend towards co man-
agementwould reinforce customary rights
but sttong opposition can be expected trom
those who tind themselves excluded from
dareas to which they have previously had
access, This can lead to severe, even vio-
lent, contlicts.

Fishery Enhancement

The term “lishery enhancement” includes
all aspects ot improvement ot fisheries,
including habitat manipulations such as the
improvement or expansion of spawning
arcas o1 nursery grounds, the construc
tion ot artiticial reets or the release of hatch-
cry-teared tingerlings.

Fish stock enhancement is the process
whereby the abundance ol a stock is in-
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creased by the refease of larvae or juve-
nilesin a given habitat. The juvenile stock
can be either hatchery-reared or gathered
clsewhere and transplanted. Ancillary terms
such as "sca-ranching”™ imply a degree of
ownership of the refeased stock while “cul-
ture-based fisheries™ are those in which
the stock do not reproduce and must be
replenished by hatchery reared stock.

Fish stock enhancement is currently a
prime topic for research and many stud-
ics have been undertaken in Europe. North
America and fapan over the past 100 years,
mostly in refation to fisheries tor salmon
and vout. The economic viability ol tish
stock enhancement remains unproven in
many cdases. However, the dramatic im-
provements in the productivity ot hatch-
crics inrecent years tSorgeloos and Leger
1090 as aresult of technological advances
and improved understanding of reproduc-
tion and nutrition have ted to greatly ox-
panded opportunities for stock enhance-
ment.

The literature on tisheries enhancement
has numerous 1eterences to the question
of the “carrying capacity ™ of the environ-
ment and the question of whether or not
the habitat is capable of sustaining addi-
tional recruits. Two observations are per-
tinent hereo Firstly, in almost all tisheries
which have been studied, spectacularly
abundant year-classes are a teature ot the
fishery and such year-classes can be de-
tected tor years as they move through
successive age groups (Fig. 3. The fact
that such year-classes survive sugyests that
the maximum cartying capacity is seldom
attained.

Scecondly, the whale question of lish-
cry enhancement usudlly arises in relation
to a heavily exploited stock, in which the
biomuass has been drastically reduced by
cxploitation. Theretore, provided that
unexploited competitors have not in-
creased in abundance to utilize the
unexploited resources, there should be
adequate food (Fig. 4). In the context of
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Fig. 3. Examples of varlability of recrultment for
a sclection of northern hemlsphere flsh stocks
(from Cushing 1981).

tropical multispecics fisheries there are
seldom any components ot the resource
system which are not exploited and con-
sequently all stocks are usually well be-
low the carrying capacity of the environ-
ment,

The development of ecosystem mod-

cls. such as ECOPATH 1l (Christensen and

Pauly 1992), provides a means {or gain-
ing a good insight inio the expected im-
pact of enhancement ot a particular com-
ponent of the aquatic community, particu-
larty expected predation losses of the species
stocked and the impact ot the increased
biomass on lower trophic levels.
Currently, it is claimed that 80 specics
ol marine organisms are reared for many
fisheries enhancement in Japan. There is
less emiphasis on this topic elsewhere but
successtul enhancement projects have been
reported trom the USA, Canada, Lurope
and China. examples trom the
tropics arc sparsc. For tropical systems
some of the obvious choices include sea
cucumbers. trochus or green snail, penacid
prawns, mullet, goat tish, siganids. snap-
pers and ¢
The principal constraints on fish stock
cnhancement lie in the costs of produc-
ing the juvenile stock and the losses of

However.

roupers.

stock due to predation and outmigration
(Fig. 5. More cost-ctiective production
systems arc rapidly emerging tor many
species and this is not considered to be
major constraint in most instances.
Outmigration trom the arca stocked is a
major problem and it is clear that species
which are constrained by physicat or chemi-
cal factors otfer the best prospects. Clearly,
itis possible to enhance a stock in a smalt
pond - hich offers no possibility ot dis-
persal.  Likewise, stenohaline estuarine
species which will not dispersce into the
open occan or reet-bound coral rect spe-
cies otter particular opportunities. Predation
control is probably nat a major concern
in most heavily exploited tropical tisher-
ics as the abundance of top predators is
usually drastically reduced (Fig. 5).
There are a varicty of negative features
which can emerge in tisheries enhance-
ment programs. These include low genetic
vatiability of hatchery-reared fingerlings,
the potential loss of biodiversity due to
reduction in available niches, interior sur-
vival rates or inferior fitness of hatchery-
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Fig. 4. Schematic and much
simplifled representation of an
explolted aquatlc community. Total
blomass (B) of different groups Is
Indicated by the slze of the boxes
(B,,8,B,8). Recruitment of young
organlsms (R) and subsequent
growth (G) Increases the blomass
of a group whereas fishing F or death
from being caten (M), or from other
causes (M') decreases the blomass.
In a heavlly exploited community
the blomass of the harvestable
components Is greatly reduced (F_
Is large}, M_ decreases, this blomass
Increases at the lower trophic levels.
{From Munro et al. 1987),
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reared stock and the transmission of hatch-
cry-based discascs and parasites to wild
stocks. These are very important prob-
lems but it appears that ail can be over-
come by sensible policies.

The ultimate problem in fish stock en-
hancement concerns access to and own-
crship of the enhanced stocks. Systems
can run from closced access, sea ranching
systems in which private entitics pay tor
the stock and reap the harvests, through
community-based. restricted-access sys-
tems to open-access, state subsidized
systems. Clearly, as is the case in Japan,
where access is estricted to a particular
community. the community pays the costs
of enhancement (often with a state sub-
sidy) and reaps the benetits. Conversely,
open-access systems have to be state sub-
siclized in tuil

In addition to artiticial 1eets, the topic
of this workshop. interventions in marine
habitats can inclide the enhancement or
cxpansion of spawning and nursery arcas
by physically modiftying the habitat. For
example, the installation ot spat collec-
tors or settlemaent surfaces. For the most
part, however, habitat maoditication should
be avoided and emphasis placed on en-
vironmental conservation instead.

Conclusion

The purpose of this paper has been to
show that there are numerous options for
aquatic resource Management, some of
which undoubtedly should take precedence
over the installation of aitificial reets. Habitat
enhancementis merely a facet of resource
managemaent and without a management
systeim any improvements brought about
by habitat enhancement will be, at best,
transient and, in the worst case might have
serious negative consequences.
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Discussion

Convenor: ). Pilz
Rapporteur: V. Palaganas

The major points made in the discus-
sion of the topic paper included the fnl-
lowing:

o Artificial 1eets are only one ol the
dlternatives tor resource manage-
ment and any construction should
be undertaken with other suategies
such as protection of existing/natural
recets,

e The viability ol stock enhancement
is dependent on ownership charac-
teristics ot the resources and access
arranycimaoents.

e The highievelotinterest ot focal com-
munities in artiticial reet construc-
tion is due to their immediate tish
vield although this is anly a short-
term benetit. In contrast other pro-

posed alternatives such as fisher-
ies management, environmentai pro-
tection, stock enhancement and rec-
reational marine protected areas are
all long-term strategics.

e Integrated approaches to resource
management should be undertaken,
including education campaisins, pro-
tection of the marine environment
and population control.

e The social acceptability ot alterna-
tive strategies dependas on villages
A4Cting as a unit not as competing
groups and the contidence of the
local people that such strategies have
the full support of local or national
governments.
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9:30

10:00

10:15
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