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MAP OF PALAU'S ESTIMATED EXCLUSIVE ECONOMIC ZONE



A. BACKGROUND

1. THE COUNTRY

The Republic of Palau is an archipelago which islenap of about 340 islands and islets of which
only nine are inhabited. The archipelago lies betwZ and 8 north latitude and 131and 135 east
longitude in the western corner of the north Padicean. Four types of geological formation are
found on the islands. These include volcanic; Hiiglestone, low platform and coral atoll formations.
The volcanic islands include the largest islandha archipelago, Babeldaob, and Arakabesang,
Malakal, the western part of Koror, and some of ghwller islets. The Rock Islands are limestone;
Peleliu and Anguar are low platform islands; while Southwest Islands are reef flats from
geological uplift with Kayangel as a classic ca#ill. The archipelago is mostly encircled by a 246
mile (400 km) long barrier reef system encompassitggoon estimated to be 560 sqg. miles (1,455
km?) (Perronet al., 1983; Nichols, 1991). The total land area hamnbestimated to be 170.4 square
miles (441 krf).

The climate in Palau is that of a maritime/tropioak, characterised by little seasonal and diurnal
variation. The temperature averages betweéhk 833.3C) in the hottest month and ®1(27.2C) in

the coolest months giving an annual average 6F827.8C). Annual rainfall is over 150 inches
(3,810 mm) with rain occuring throughout the yedowever, the heaviest rainfall season occurs
from May to January with a peak in the June-Juljgae The slightly drier period is from February
to April. Humidity is approximately 82 per cent duighout the year.

The Marine Protection Act of 1994 defines the fisheones of the Republic of Palas Internal
Waters Territorial SeaandExclusive Economic Zong&itle 27, Division 1, Chapter 1, Subchapter lil,
§ 142 (b) of the Palau National Code defiheternal Watersas waters landward of the baseline,
including the lagoons of atolls or islands. The MarProtection Act of 1994 defines therritorial
Seaas the area 12 nautical miles seaward of the baseline and th&xclusive Economic Zone
(EEZ) as the area from the seaward (outer) bounafatlye Territorial Sea up to 200 nautical miles
seaward measured from the land baseline. PalauGn20 EEZ has been estimated to be
approximately 243,380 sq. miles (630,400°km

2. THE PEOPLE

The people of Palau are basically of Micronesiatlstwith the original settlers been assumed to
have come to Palau as drift voyagers from Indonastaund 2,500 B.C. A complex and highly
organised social system with an extensive netwbmkliages in Palau had well been established as
reported at the time of Captain Henry Wilson’s shrgck in 1783 (Palau Economic Development
Plan, 1995-1999).

Due to influences of different life styles broughty outside administrations, the traditional Rala
social system has faced and undergone changes.Mdowehat has remained of the culture still has a
strong influence on the lives and attitudes of atapeople (Palau Economic Development Plan,
1995-1999). One such system is the clan systemhiohaevery individual has a definite rank in the
village, clan, and the family, starting from the mrent of birth. Although the rank is based on family
lineage, advancement based on individual meritassiple. Within each village, the clans are
accordingly ranked with the head of the higheskiramclan serving as the chief of the village. “eTh
chief, who is not a sole ruler, does not dictatediscusses and has to win the support of the numbe
two rubak. The relationship between a chief and his fellahagers is a relationship with rights and
duties for each " (Republic of Palau Economic Depetent Plan, 1995-1999). The clan system is
well in the formal political system and that a Coililof Chiefs, pursuant to the Constitution, adsise
the President of the Republic on traditional anst@mary matters.



In 1783, the population on Palau was estimated &00-50,000. However, the arrival of Europeans
brought epidemics of cantagious diseases whichiteesin a rapid decline of the population and
abandonment of villages. The Palau population eg&chin 1901 by the German Administration was
only 3,700. However, the population started to gsieadily in the 20th century. The population
increased very rapidly during the Japanese ocaupditie to the large inflow of Japanese that during
the 1920’s and 1930’s, Palauans were outnumberedjgnese. In 1935, the Japanese population in
Palau was estimated to be 25,760, which was fowgdimore than the Palauan population. By 1990,
the total population on Palau was estimated at1P5gE which 12,321 (81.5 per cent) were Palauan

citizens and 2,801 (18.5 per cent) were recordedliass, which comprised mainly of Filipinos
working on the islands.

Table 2.1: Population estimates for Palau for speaes since 1783.

Non- Annual

Year Palauans Palauans Females Males Total Growth Rate
(%)

1783 40,000-50,00
1901 3,700
1958 8,884
1967 11,365 2.7
1970 12,015 1.9
1973 12,673 1.8
1980 12,116 (0.6)
1986 12,244 1,524 13,772 2.3
1990 12,321 2,801 6,983 8,139 15,112 2.4
Projections
1992 16,130 3.16
1994 17,158 3.03
1996 18,202 2.88
1998 19,256 2.74
2000 20,314 2.61
2020 30,326 1.54

The estimated and projected populations by statieate that about 70 per cent of the whole Palau

population live in Koror. The second most populstee is Airai with a population making up about
8 per cent.

Table 2.2: Estimated and projected population ithistion by state.

State 1986 1990 1996 2000
Aimeliik 283 439 528 590
Airai 1,021 1,234 1,485 1,658
Anguar 214 206 248 27Y
Hatohobei 35 22 26 3
Kayangel 115 137 164 184
Koror 9,442 10,501 12,64 14,106
Melekeok 254 244 294 328
Ngaraard 468 310 378 416
Ngardmau 157 144 179 200
Ngaremlengui 301 28] 338 377
Ngatpang 219 67 75 8B
Ngchesar 271 28] 34p 386
Ngarchelong 277 354 426 476
Ngiwal 218 234 282 314
Peleliu 545 601 723 80Y
Sonsorol 42 61 73 83
Total 13,873 15,122 18,202 20,3




Table 2.3(a) indicates that in 1990, approximaB€lyper cent of the Palau population were under 15
years of age and about 9 per cent were 60 and yeairs of age. The overall sex ratio recorded was
116.6 males to 100 females. However, at the ag® giears and over, the relative sex ratio reverses
with more females than males. [This could indiaatenger life expectancy for women or/and higher
migration rate for older males].

Table 2.3(a): The Palau 1990 population breakdoyvade and sex. Table 2.3(b): Rates Summary for 1990 Population
Projection.
Per cent of

Age group| Total Total Male Per

(years) Number | Population | Male Female| 100 femalg Item Rate
Total 15,122 100.0 8,139| 6,983 116.6 Crude Birth Rate (per@),00 22.02
<05 1,513 10.0 766 747 102.5 Crude Death Rate (per 1,000) 7.14
05-09 1,529 10.1 793 747 107.7 Net Migration Rate (per 1,000) 18.52
10-14 1,534 10.1 807 727 111.0 Rate of Natural Increase (pet)c 1.49
15-19 1,46 9.7 795 669 118.8 Growth Rate (per cent) 3.34
20-24 1,344 8.9 738 602 122.6
25-29 1,403 9.3 799 604 132.3
30-34 1,334 8.8 768 570 134.7
35-39 1,243 8.2 720 523 137.7
40-44 873 5.8 514 359 143.2
45-49 666 4.4 375 291 128.9
50-54 513 3.4 279 234 119.2
55-59 403 2.7 208 195 106.7
60-64 387 2.6 181 206 87.9
65-69 332 2.2 154 178 86.5
70-74 249 1.6 117 132 88.6
75+ 335 2.2 125 210 59.5

Median 25.7 26.1 251

Age

Two distinct native languages are spoken in Paldwey are Palauan and Sonsorolese-Hatohobian.
The latter language is spoken in the SouthweshdislaPalauan is the official language and is most
commonly spoken along with English (Palau Econdbegelopment Plan, 1995-1999).

3. THE GOVERNMENT

The following information was directly reproducedorh the Republic of Palau Economic
Development Plan (1995-1999).

Spain controlled Palau from 1885 to 1899 and walgnaesponsible for the introduction of
Christianity. Following Spain’s defeat in the SpamAmerican War, Palau, along with the rest of the
Caroline’s Islands and the Northern Marianas, wald o Germany. Japan assumed control over
Palau at the beginning of World War | in 1914 umilbecame a strategic Trust Territory of the
Pacific Islands (TTPI) in 1947. The United Natioastrusted the direction of the islands to the
United States of America as the administering autthd' In 1980’s, Palauans approved and ratified
the sonstitution of the Republic of Palau and tin& tonstitutional government was instituted on
January 1, 1981. Palau, Marshall Islands and FestbeiStates of Micronesia then initiated separate
negotiations with the US for “ compacts ” or “ fressociation ”. For Palau, the compact was
approved by the people through a plebiscite in Ndwr, 1993. The Republic of Palau celebrated its
independence in November, 1994.

The Government of the Republic of Palau consistshofe separate branches which include; the
Executive, the Legislative and Judicial.

The Executive Branch is headed by the Presidentassdsted by eight ministers of departments
appointed by the President. The ministers do noesas members of the legislature. The President is



elected nationally every four years but one carseote for more than two conservative terms. The
Vice-President serves as one of the ministers hgaaministry.

The Legislature is known as tl@biil Era Kelulau (OEK) which has two houses, a Senate of 14
members elected from senatorial districts and thas of Delegates comprising a delegate elected
from each of the sixteen states (Campell and Lod§63). Both Senators and Delegates have the
same four-year term but Delegates lack the adviod aonsent authority for Presidential
appointments reserved for Senators by constitution.

The Judicial Branch is comprised of the SupremerCdioe National Court and the lower Court of
Common Pleas. Judges are appointed by the Predidemia list of nominees recommended by the
Judiciary Nominating Commission.

A federal system of government is also presenh@Republic of Palau. This exists on two levels,
National and State, with the state governmentsrigatvieir own constitutions and elected officials.

4. THE ECONOMY

The economy of Palau, as reflected by the Grossd3tmProduct (Table 4.1) has been dominated
by the services sector which, in 1992, made up&Qcpnt of the total. Government and trade were
the major components of the services and each oqadé® per cent of the GDP. However, for single
items within each economic sector, fishery conteduthe largest portion, 26 per cent, of the total
GDP in 1992. Fishery has also been earmarked asdhagreat potential for growth.

Table 4.1: Republic of Palau’s Gross Domestic Peo@@DP) by economic activity for 1975, 1977, 13881 1990-1992.
Values are in US$1,000 at current prices. (SolRegublic of Palau Economic Development Plan, 19989).

Economic activity | 1975 | 1977 1983 199p 1991 19p2
Agriculture & Fishery

Agriculture 3,080 2,296 2,496 2,647
Crops 1,665 1,83 1,960
Poultry & Livestock 631 657 687
Fishery 2,219 17,647 21,093 23,202
Total Agriculture & Fishery 5,299 19,943 23,589 2849
Industry

Manufacturing 117 524 638 818
Construction 3,982 8,52p 7,015 6,688
Residential 70§ 1,108 748
Commercial 1,517 1,508 2,375
Government 6,297 4,404 3,570
Electricity

Utilities 2,849 3,709 4,473
Total Industry 4,693 11,899 11,357 11,97
Services

Trade 5,247 12,014 13,7518 14,062
Hotel & Restaurant 53 6,258 6,802 8,717
Transport & Communication 729 3,371 3,3p7 4,087
Finance & Insurance 549 3,132 3,15 3,471
Real Estate & Bus. Services 260 3,313 3,135 3,[702
Government Services 11,6581 14,2112 15,024 14356
Other Services 2,004 2,797 2,978 3,123
Total Services 20,979 45,046 48,909 51,91L.8
GROSS DOMESTIC PRODUCTS | 14,500 | 17,400 | 30,97l 76,888 83,855| 89,74

During the 1914-1945 control by Japan, tapioca,esvpotatoes and taro, phosphate, fish, trochus
shells, turtle shells, copra and lumber were exabftom Palau. The exports were valued at 7.9
million yen in 1937 (Economic Developemnt Plan, 39999). Fish export was sank by the war.



However, this was revived by the entry, in 1964 tleé Van Camp Company which operated a
processing plant. Annual exports of 10,000 tonfjachat US$3 million, were achieved during the
operation. Closure of the processing plant in 1882ilted in low exports in the 1983-1984 period.
No complete set of data on the foreign trade s$tedisexists in Palau. Table 4.2 shows private
commercial exports and imports based on data frastdns and Immigration Office and other
sources as reproduced from Palau’'s Economic Denwap Plan (1995-1999). Of significant

importance is the large increase in fish expodmftJS$97,000 in 1983 to US$27,121,000 in 1992.

Table 4.2: Exports and Imports, in US$1,000 FORies) of commercial commodity by the private seftofour
years between 1983 and 1992. (Source: Repubkalaiu Economic Development Plan, 1995-1999).

| item [ 1983] 1984 1989 19

Exports

Fish (fresh & frozen) 97.0 125.0 27,121.0

Others 211.0 339.0 2,644/0
TOTAL | EXPORTS | 308.0 | 464.0| 556.00  29,765.
Imports

Food 33823  4,280.8 2,873[7

Beverages & tobacco 2,065.0 2,105.5 2,075.2

Fuel & lubricants 2,143.0 2,143.0 16,750.8

Other 5,961.2  14,496.5 16,750,8
TOTAL |IMPORTS | 13,5515 | 23,025.8] 24,007.0 34,219)0
TRADE BALANCE |-13,2435 | -22,561.0] -23451.0 -4,4®4

The Palau Economic Development Plan (1995-1999)eguestimates made by a UN team of the
total exports and imports from 1990 to 1992. Accyraf these estimates are questionable but are as
follows:

1990 1991 1992

Imports (US$) 36.5m 43.0m 45.0m
Exports (US$) 27.5m 37.7m 42.4m
Trade deficit (US$) 9.0m 53m 2.6m

Attempts have been made to estimate the proportibtie population which are economically active
in various activities using the age range of 1&yead over. However, due to varying concepts and
definitions used for subsistence activity and unegmpent, statistics relating to labour market
characteristics were not comparable. Table 4.3rdscthe different definitions, using both paid
employment and subsistence as parts of the lalooce fiefininition as reproduced from Table 7.9 of
the Republic of Palau Economic Development Pla®%18999).

Table 4.3: Work status of the potentially econoattive population in Palau from 1973 to 1992. (8euRepublic
of Palau Economic Development Plan, 1995-1999).

1973 1980 1984 199 1991 1992
Potential economiclly activg 6,933 6,966 9,024 10,23B 8,128 7,968
population
In Labour force
Paid work only 2,625 1,804 4,539 5,131 03,4 3,776
Paid and subsistence 941 468 276 028
Subsistence 551 2,158 603 448 596 184
Unemployed 896 143 1,180 471
Unemployment rate (per cent) 22.0 2.8 18.7 7.2
In labour force total 4,077 5,04p 6,322 6,5[L8 4,2764,888
Per cent 58.7] 72.4 70.L 63|7 52.6 6}.3
Not in labour force | 2,861 1,92p 2,702  3,7p0 3,440 ,088

The total labor force population breakdown by stdemated for 1990 is presented in Table 4.4(a)
and that by birthplace in Table 4.4(b).



Table 4.4(a): Labour force population breakdowrstage as recorded for 1990. (Reproduced from Répabl
Palau Economic Development Plan, 1995-1999).

Persons Total Total Per cent Total
aged 16 number number | in labour number
years and NOT in IN labour force employed | Total number
State over labor force force in labour Unemployed
force

Aimeliik 280 161 119 42.5 115 4
Airai 840 337 503 59.9 463 39
Hatohobei 15 3 12 80.0 12 0
Kayangel 81 58 23 28.4 18 5
Koror 7,251 2,472 4,779 65.9 4,533 245
Melekeok 152 89 63 41.4 57 6
Ngaraard 187 117 70 374 46 24
Ngardmau 95 60 35 36.8 29 6
Ngaremlengui 166 106 60 36.1 43 17
Ngatpang 44 25 19 43.2 19 0
Ngchesar 179 113 66 36.9 57 9
Ngarchelong 222 179 43 19.4 38 5
Ngiwal 150 68 82 54.7 33 49
Peleliu 402 257 145 36.1 83 62
Sonsorol 35 19 16 45.7 16 0
Total 10,238 4,166 6,072 59.3 5,599 471

Table 4.4(b): Republic of Palau labour force breatua by birthplace. (Source: Republic of Palau Ecoito
Development Plan, 1995-1999).

Numbernotin [ Numberin | Percentin| Number Number
Total labour force | labor force labor employed | unemploye
force d
Total aged 16 years and over 10,238 4,166 6,072 3 59. 5,599 471
Birth-place
Palau 7,873 3,713 4,16[1 52|8 3,711 448
Other Total 2,013 32( 1,698 84|1 1,676 ig
Other breakdown
Philippines 1,421 74 1,345 94{7 1,341 4
FSM 272 195 71 28.4 64 13
China 180 8 172 95.6 172 0
United States 141 4p 99 70.2 D9 0

5. INSTITUTIONS/AGENCIES

5.1 States

Article 1, Section 2 of the Constitution assign® téxclusive ownership of marine resources
extending out 12 nautical miles to the states.

5.2 Division of Marine Resources

The Executive Order #9, 1982 established the manfdatthe Division of Marine Resources within

the Bureau of Resources and Development. It isagnage and develop the inshore marine resources
of Palau and to:

o conduct a pilot program on fishery development got§ with the aim toward promoting and developing
commercialisation of fisheries and fishery products

o maintain and operate the Micronesian Mariculturevddgpment Centre (MMDC) as a site for marine biolagic
research, study and experimentation of mariculiigra site for marine biological research, studyeamkrimentation of
mariculture and aquaculture fisheries;

o conduct hatchery and rearing of certain specidslof molluscs, crustaceans, and turtle to be pldé@ek in the natural
habitats at maturity as a means of preventing épgetion of important marine resources:



o assess and evaluate commercial potential of regefdaep-water fish, baitfish, mollouscs, cruatacetintles etc from
catch records, census and quantitative field measemts;

o formulate, establish and implement guidelines andservation measures to safeguard against oveoitagn in
harvesting of fish and other marine resources:

o provide technical assistance and administrativestasse to the Board of Directors of Palau Fishingh&rity upon
request and on the basis of staff availability.
(Source: Diplock, 1993).

Informal strategies adopted under the mandatededhie following as listed in Diplock (1993):

o initiatives to increase private sector employmertt acome generating opportunities;

o development of environmentally sensitive resoure@agement policies;

o diversion of fishing effort from inshore to offskeoactivities;

o resource survey and product development to exganedxport base;

o development of marine conservation awareness pregra

o improved methods of product handling and processing

o encourage active participation by State governmiantsarine resource development, management argeogation;
o encourage rationalisation of shore based infrastrag

o increase local personnel training opportunities.

5.3 Palau Maritime Authority (PMA)

PMA is mandated under Title 27, Division 1, ChapteiSubchapter Il, of the Palau National Code
(PNC), and is basically responsible for the contmodl regulation of foreign fishing in the fisheries
zones of Palau. Its functions and duties are:

o to adopt regulations for the conservation, managéraad exploitation of all living resources in tegtended and
exclusive fishery zones;

o to participate in the delimitation of the extendistiery zone;
o to negotiate and conclude foreign fishing agreement
o toissue foreign fishing permits.

The Authority has the duty to determine the allmraamong foreign nations of the total allowable
level of foreign fishing.

5.4 Palau Fishing Authority

The mandate for this authority is established ufdiée 27 of the PNC, Division 2, Chapter 11, also
known as the Palau Fishing Authority Act of 198Qp‘create a legal entity to promote, develop and
support commercial utilization of living marine ocesces within the internal waters of the Palau. The
main duties of the Authority are as follows:

o make recommendations to provide guidance to the rthtonal government in establishing marine researc
development policy in any internal waters of Palau;

o serve as a conduit for public funds to establisth @perate facilities required for commercial fishsrdevelopment, to
conduct pilot fishing operations and to participiatéarge scale commercial fishing, including jougntures and related
activities which are not suitable for investmenthg private sector;

o establish and support programs to promote, sugmattguide fishing cooperative associations witlpeesto activities
involving fishing in internal waters;

o help finance and support the development of localiyed private fishing in internal waters, incluglimaking loans
where possible;

o act as an agent to sell or lease supplies to &whlforeign fishing vessels.

5.5 Division of Conservation/Entomology

The mandate of the Division of Conservation/Entargglis established under the Executive Order
#70, to develop and implement national conservaimities. The division mission is to:



o prepare plans and directions for the Republic-wimleservation program involving soil, resources, waechaeological
remains, flora, and fauna;

o provide technical assistance and guidance to tiee thranches of the national and state governmemdstheir agencies,
in matters relating to conservation,

o recommend policies for the enforcement of cons@mdaws and regulations;

o develop education programs concerning conservaitmh entomology for schools, museums, and otherpgra@nd
organisations.

5.6 Office of the Attorney General (through the Bueau of Public Safety)

Under Title 27, PNC 187, offshore marine surveitiaris vested in the Office of the Attorney
General through the Bureau of Public Safety.

5.7 Environmental Quality Protection Board (EQPB)

Under Title 24 of the PNC, EQPB is given the speca#sponsibility to protect marine resources. Its
mandate is to oversee the administration of peamit monitoring systems for the discharge of any
pollutants on the land, air or water in Palau. Buard promulgated the Marine and Fresh-water
Quality Standard Regulations which include:

o uses for which the various waters of Palau shafirogected,;
o specifications of water quality standards to bentaned in designated areas;
o prescription of regulations and implementation igrams to maintain specified water quality staddar

6. FISHERIES (MARINE) RESOURCES LEGISLATIONS

6.1 Title 27 of the Palau National Code

This is the basic fisheries law in Palau and ceedi® distinct authorities, the Palau Maritime
Authority and the Palau Fishing Authority (Campeeid Lodge, 1993).

Division 1, deals with Foreign Fishing; Division Chapter 1, deals with Fishery Zones and Regulatadns
Foreign Fishing.

Subchapter Il establishes the Palau Maritime Authaevith its functions and duties as detailed unfer
(Institutions/Agencies) above.

Subchapter Ill defines the parameters and fishenass in Palau.
Subchapter IV regulates Foreign Fishing withinfiekeries zones of Palau.

Subchapter V deals with Enforcement and Penalties.

Division 2, deals with Domestic Fishing;

Chapter 10 deals with District Entities for Develagrhof Marine Resources. § 1001 authorizes district
governments to establish, by law, an entity to ptandevelop, and support commercial utilization of
living marine resources within its jurisdiction.

Chapter 11 (or the Palau Fishing Authority Act o8@Pcreates the Palau Fishing Authority.

6.2 Title 24 of the Palau National Code

This law concerns with Environmental Protection.

Division 2 deals with Wildlife Protection and Proted Sea Life is covered under Chapter 12;

Subchapter | regulates the taking of turtles amdhibits the taking of eggs;

Subchapter Il controls the harvesting of sponge;

Subchapter Il controls the harvesting of mothepeérl oysters;

Subchapter IV prohibits the harvesting of dugong=pt with a permit from the President;



Subchapter V regulates the harvesting of trochus;
Subchapter VI prohibits the export of giant clamame

Chapter 13 deals with lllegal Methods of Capture;

Subchapter | makes it illegal to fish using explesi poisons or chemicals. The President, however,
may grant written permission or when he determihes the purpose of obtaining the fish is to avoid
waste or loss and the consumption of such fistoisharmful or hazardous. The use of local root$s nu
and plants are allowed.

6.3 Marine Protection Act of 1994

This Act, “ to regulate the taking of certain sgscof marine and terrestrial organisms and to pibhi
or limit certain fishing methods ”, was passed iorih 1994 and became effective as of May, 1994.
Its purpose “ is to promote sustainably and devéfh@omarine resources of the Republic while also
preserving the livelihood of the commercial fishenrof the Republic ”. The Act repeals RPPL No.
1-9 and RPPL No. 3-61.

The provisions of this Act and regulations or pasnissued under the Act, are enforced by the
Ministry of Resources and Development.

Section 4 deals withrohibited actsas detailed under relevant sections of the ressypofiles.

Section 5 deals with permits for aquarium use,ndifie research, maricultural research and medical
research. Section 5 (b) prescribes the Minist@rtonulgate regulations, in accordance with Title 6
of the Palau National Code, regarding the taking) export of fish for aquarium purposes within 90
days of the effective date of the Act.

Section 6 authorises the Minister to promulgateuli@gns as deem necessary to protect species
covered under Section 4 from overharvesting.

6.4 Proposed - Palau Maritime Authority Act

A BiIll for a Palau Maritime Authority Act, has begmoposed to establish a comprehensive law to
provide for fishery zone regulations and agreemeistsestablish a Palau Maritime Authority, to
authorize and appropriate funds and for other pepo

7. MANAGEMENT OF THE MARINE (FISHERIES) RESOURCES

Inshore resources The development and management of the inshorenenaesources of the
Republic of Palau is the responsibility of the Bion of Marine Resources of the Bureau of
Resources and Development under the Executive Gi@lef 1982. The Ministry of Resources and
Development is responsible for the enforcementhef provisions and regulations of the Marine
Protection Act of 1994.

Offshore resourcesUnder Title 27 of the PNC, the development anchageament of the offshore
fisheries and adoption of regulations for conséovatmanagement and use of all resources in the
Extended and Exclusive Economic Zone, is the resipdity of the Palau Maritime Authority

8. DEVELOPMENT PLANS

The Economic Development Plan, 1995-1999, recogrtisat the ocean provides the most valuable
resource which offers Palau the best potentialdng-term economic growth and the attainment of



economic self-reliance. For the Plan period, thgdlves listed under the marine resources use,
include:

= increase local participation in employment and ntheome generating opportunities in all commeréigiing, shore-
based processing and servicing, export facilitieexine-based recreational ventures, mariculturectiners;

develop long-term integrated resource managemelitig® that take into account the principle of sirsible
development and adherence to it by resource owmensagers and users;

explore further possibilities for local participatiin the harvest of oceanic resources for sasmiankets;

increase export of cultured and under-utilised ggec

introduce and demonstrate efficient methods fovégting, handling, storage and marketing of mapirelucts;
develop fishery support facilities at strategications and increase use of existing ones;

establish a marine export monitoring system and fiays to maximise net returns from them;

satisfy domestic demand for marine products.

U
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The policies and strategies to be adopted by Govenhto achieve the goals fall under the following
categories, listed with their respective components

Private sector employment

O develop fisheries support infra-structure at thencmnity level and create programs that provide {targh employment
opportunities;

improve domestic and foreign channels for mariregpcts marketing;

institute advisory and training programs involvihgrvesting, handling, processing and quality cdntfomarine
products with emphasis on deep-water and oceapities

encourage the formation of locally-owned and jeieitures that favour employment of Palauans;

encourage fishermen to get involved in income-getiveg marine tourism industries;

provide opportunities for women to participateish&ry-related activities;

encourage formal education for management level jjlfisheries.

(|
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Effective and realistic resource management paramset

O conduct and fund surveys to identify and quangf§ources to assist with management and policy oprent;

O encourage non-exploitative use of marine resouwndgsh maximises local benefits and minimises advénspact on
resources and environment;

establish long-term programs to monitor the headtthe marine environment and resources;

establish national reserves and marine zone abkegions to ensure species recovery and long-$eistainability;
support programs that protect reefs and other mdrabitats;

formulate plans and harvest regulations for magonmercial and game species;

encourage resource owers’ participation in managenecisions;

delineate duties for surveillance and enforcemémharine resource regulations and upgade enforceoaabilities,
including the prosecution procedures for violators.

Oooooogodg

Fishery information

Improve fisheries information base by:

O appointing a full time fishery statistician in th&arine Resources Division;

O expanding data collection to include imports anplogts of all marine organisms and products;

O publishing an annual report of the Marine Diviswith data and analysis of production, export angdrh of marine
commodities;

O packaging important fishery information and reskassults for public distribution.

Full and efficient use of existing infrastructure

The use of existing fishing ports and facilitiesllwie maximised through development of land
access.

Broader marine resource income base

O promote and maximise benefits from marine-relaisdor industries and recreational activities;

O identify markets amd promote private involvementhie development of high-quality and high-valuedurets;
O encourage and promote the production and exparnaoiculture species and related products;

O establish an aquarium as an income source angfmeuresearch objectives.
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Strong development and management

O strengthen marine resources management capahditéestitute relevant programs and projects;
O upgrade marine resources positions and fill theth piofessional staff;
O upgrade support facilities.

9. FISHERIES BIBLIOGRAPHY

The bibliography listing all the references conaagrfisheries, marine resources and related areas o
Palau was produced in 1988 by the FAO/UNDP Regidfishery Support Programme. The
document was published as:

lzumi, Masanami. (1988)Palau Marine Resources BibliographyFAO/UNDP Regional
Fishery Support Programme. Field document 88/2
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B. MARINE RESOURCES PROFILES

1. CRUSTACEANS

1.1 Coconut crab ketat

1.1.1 The Resource

Species presentBirgus latro (coconut
or robber crab ketai) is found in Palau.

Distribution : Coconut crab is widely
distributed from the Seychelles in the
Western Indian Ocean to the Tuamotu
Archipelago in the eastern Pacific. Its
occurrence is restricted to island habitats
and is virtually unknown in East Africa,
the Indian sub-continent, mainland Asia
and Australia probably due to the
presence of large animal competitors
and predators in these areas (Brogin
al.,, 1991). However, several reports
seem to indicate that the species' range ketal - Birgus latrc

appears to have somewhat diminished.

Within certain localities, habitat destruction, antrolled exploitation and depredation by domestic
and feral animals, have contributed to the declareslocal extinctions.

In Palau, Reese (1971) reported low populationl$ewbcoconut crabs on Ngeruebtang Island during
a survey carried out in the same year. During &esuim seven states in Palau on women’s role in
fisheries in 1991, only respondents from Airai 8tatdicated coconut crab collection as a seafood
collection method used by women.

Biology and ecology Coconut crab is a "close relative of the hermatbcgroup and has evolved to
become the largest and least marine-dependenteofatid crabs" (Browret al, 1991). It is an
omnivorous scavenger and its primary foods includeonut flesh, fruits of the screw-pine
(Pandanuy Canariumspp., sago palnT,erminalig Barringtonia, andArtocarpus Coconut crabs are
slow-growing and for the Vanuatu stocks, they takkeast ten years to reach legal marketable Size (
cm, CTL=43 mm). The growth coefficient, K, of the von Berterlaisfygrowth equation, was
estimated to be 0.05, which is very low (Brown, 8p&letcheret al (1991) estimated longevity to
be between 40 and 60 years and the asymptoticdicdemgth (L) of 80 mm and 50 mm for males
and females respectively. Growth in coconut craksn other crustaceans, has two components, the
increment of growth at each moult and the timerirstebetween each moult episode (Fletobieal,
1991). Moulting is normally once a year with theeption of smaller-sized crabs that are believed to
be able to moult more than once a year. For prioteétom predation and to minimise the risk of
dehydration the crabs burrow or hide in small aesithat provide the same conditions as burrows,
prior to moulting. The ecdysis process takes frame ¢o two hours to complete while the time
between moulting and emergence from the burroved@ut 1 month for small crabs and up to three
months for the larger individuals (Fletchedral, 1991).

Mature crabs mate on land in summer while both sexe in the hard shell condition. In Palau,
mating occurs between the months of May and Sememiith a peak in the July-August period

1[CTL=cephalothoracic length, TL=thoracic length]
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(Reese, 1971). However, fertilisation may requeaveater. Laying of eggs is assumed to take place
soon after copulation as females do not possessakmaceptacles. The females carry fertilised eggs
attached to their pleopods for approximately on@tmowhile maturing, before migrating to the sea
for their release. The release of eggs is accohgdisising one of the four methods which is closely
associated with the type of coastline present.|lgclet al (1991) describe these methods in detail. 1.
In cliff coastlines with narrow or no intertidal edfy the berried crab climbs over the cliff edgelan
reorients itself so that it faces up the clifftHen "slowly reverses down the cliff until a wetsen,

or wave splash, is encountered" at which poinstofs and flexes its abdomen away from the cliff
face, letting the egg-bearing pleopods dangle lgpseus exposing its entire egg mass”. The crab
moves further down if there is not sufficient spl@s at any particular height until it is washedrove
by a wave which results in rapid hatching of theéureeggs and washing away of the newly eclosed
zoea larvae. 2. In coastlines with intertidal sh#ie berried female walks rapidly across the shelf
until it encounters a saltwater pool. It raisesaitslomen to keep the egg mass clear of the watker an
only lowers it into the water with rapid backwasmisd forwards flexes of its abdomen in small rapid
jerking movements, to facilitate eclosion of thgggwhen a wave swamps it. 3. The third method
involves coastlines as that in 2 above but theasglds not through a pool splashed by waves but a
saltwater 'stream' draining the shelf. 4. The mgthsed in coastlines having a sand or coral rubble
beach is similar to that in 2 above. The crab malmgn the beach into the water until it is swamped
by a wave. "In each method, egg hatching/larvaas is invoked by exposure of the eggs to moving
water, usually via inundation by waves".

Mature eggs hatch immediately into the first zaege upon release into the ocean. The hatched eggs
undergo four plantonic zoeal stages in approxingdteke weeks and the crabs (new recruits) emerge
from the water as glaucothoe inhibiting small shéellhe glaucothoe inhabit the wrack area above the
high sea mark and are hard to find and be diststgd from other related coenobinids (Reese, 1987).
"The glaucothoe subsequently metamorphose intonjleverabs which maintain the shell carrying
habit for one to two years" (Brown, 1988). Rees@8{l quoted in Schilleet al, 1991) postulated
that the fossorial nature of coconut crab glauoethind juveniles makes them extremely difficult to
find. Fletcher (1988 quoted in Schill&t al, 1991) using size-frequency data, calculated that
satisfactory recruitment of glaucothoe and juvenitéo Vanuatu coconut crab populations occurred
every 5-10 years and could be considered bothgo@et and unpredictable. Fletcher (1988) gave a
possible explanation for the dearth of recruitmenVanuatu as due to the rapid drop-offs close to
shore and because of the benthic nature oBitgpislarvae, they merely sink to the bottom in depths
beyond their capacity to return to a sandy beaom fwhich they gain access to a terrestrial
existence. Thus recruitment may only occur if trede become entrapped in a shallow embayment.

1.1.2 The Fishery

Utilization : Coconut crabs are treated as a delicacy througWimuonesia.

The baited method of catching coconut crabs is kntgally in Palau agmekang Collection is
done either by women accompanied by their husbands groups. However, sometimes trapping is
done by women alone (Matthews and Oiterong, 1984it. is mostly a coconut cut in half and hung
where coconut crabs are likely to be, along theeaafghe rocks toward the shore. Other trappers use
graded (ground) coconut in the belief that the soraimbs will keep the crabs out of their hole &or
long time. “Coconut crabs are also caught whenfithi¢ of the seeded breadfruit tre&gpocarpus
marianensigebie), and the football fruit tredBangius eduldriamel), are ripe” as coconut crabs are
attracted to the ripe, fallen fruits of these tr@datthews and Oiterong, cited above).

Coconut crabs are utilized both in the subsistamzkartisanal fisheries. Some are exported, mostly
to relatives in Guam and Saipan.

Production and marketing: Subsistence catch of coconut crabs in Palau tsknown but is
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believed to have been substantial. Reese (197t)tegpthree men on Ngeruebtang Island collecting
12 small coconut crabs (all below reproductive Siza two hours after heavy rain when the crabs
should have been out. Matthews and Oiterong (1884 coconut crabs as one of the invertebrate
species collected in the greatest numbers by Palaoaen in Airai. Purchases data of commercial
marine animals kept by PFFA for the 1976-1981 mkrexorded 88 Ibs of coconut crabs (worth $98),
in 1980, accounting for only 0.02 per cent of alirme product landing for that year. In 1985,
coconut crab landing at PFFA was 3,169 pounds,@#Qdikg). Coconut crab purchases as recorded at
the main commercial markets, PFFA, Oh’s and PM@itjmd) 1992 amounted to only 75 Ibs, valued
at US$305 (Division of Marine Resources Annual Refor 1992). Coconut crab landings at the
same markets during 1993 amounted to only 11 lIbsthaJS$44 which was at Oh’s (Jan-May).

A survey in 1991 indicated that local market pricésoconut crabs sold by women was US$2.75
each, with average amount sold of 8 pieces per sale

Coconut crab exports as reported on ContinentalMigronesia manifest forms for 1990 and the
1991-1992 period, as reported in Kitalong and ©itgr(1991) and the Division of Marine Resources
Annual Report (1992) are recorded in Table 1.1He Tcount” column is the number of individual
shipments and weight (Ibs) is the gross weightuiicig container weight, ice and packaging.
“Other” refers to taro, tapioca, betelnut and otheods. The 1990 figures do not include those for
September.

Table 1.1.1: Export of coconut crabs as recorde@amtinental Air Micronesia manifests for the 1988082 period.

1990 1991 1992
Declared Item Count [ Weigh| Count | Weigh | Count | Weigh
t t t
Coconut crab 7 302 D P 13
Coconut crab (live) 1 34 a 177
Coconut crab/Other 2 10
2
1
1

©

Coconut crab and Bats 4]

Coconut crab (live)/Mangrove crab (live) K

Coconu crab, Land crab & Bats

Fish (frozen)/Coconut crab/Other 0

Fish/Coconut crab 3 1,458 1,103
7
B

21

w
[
N

oT[o o

Fish/Coconut crab/Bats 66
Fish/Coconut crab (live) i 63
Fish/Mangrove crab/Coconut crab//Other 0 0
Frozen fish/Coconut crab 1 1,200
Frozen fish/Coconut crabs/Others 1 B7

Fish, Coconut crabs/Mangrove crabs/ Others 1 132

(=]
. Olo|~
o

It was not possible to quantify the amount of cagarabs exported due to the nature in which they
were packed and shipped. Most of the exports recbir Table 1.1.1 were sent to relatives in Guam
and Saipan in coolers containing several food itddwnvever, the Division of Marine Resources
(Annual Report 1990) estimated 257 Ibs (115 kggaxfonut crabs were exported as Continental Air
Micronesia air cargo during January-November, 1@96|uding September.

In order to obtain better estimates of each itepoered, Kitalong and Oiterong (cited above) made
the following recommendations:

1. request Guam to provide information on the typ&sif being imported over the past ten
years from Palau and sharing information on iteordiscated in Guam;

2. authorize local Customs Officers to make spot in8pes of items, especially items not
clearly described on manifest forms that are onlyansit in Guam and therefore not
subject to inspection;

3. begin field studies of the items that are gettirgogted of which no baseline information
exists, such as mangrove crabs, clams, pigeonseenducumbers;

4. require exporters to obtaining business licensedrascreened by the Marine Resources
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Division;

5. require that manifest forms accurately state wikabeing shipped such as frozen or
smoked seafood;

6. impose an export tax on shipments for commercial slaewhere.

1.1.3 Stocks Status

No study has been conducted in Palau to assesdirgjastocks and status of the coconut crab
populations present.

1.1.4 Management
Brownet al (1991) write that;

“the biological and population characteristics o€anut crabs conspire to make the
species particularly vulnerable to exploitationeytare terrestrial, relatively easy to
catch, slow growing, and their recruitment suceessms to be highly variable. With

intensive harvesting a coconut crab populationmdepleted very quickly, and the

stock may only begin to recover many years aftdecting has ceased”.

The phenomenon of irregular recruitment was foundd common in areas where studies have been
initiated.

Current legislation/policy regarding exploitation: Section 4 (9) of théMarine Protection Act of
1994 prohibits the buying or selling of any coconutlrremaller than four inches in the greatest
distance across the width of its carapace. Thenigugr selling of berried female coconut crabs, of
any size, is also prohibited under the same AataRies for violation of this section of the Actar

Upon the first conviction, a fine of not less th&l$$250; upon the second
conviction, a fine of not less than US$500.00 asértence to serve up to 30 days in
jail; upon the third conviction, a fine not lesathUS$1,000.00 and a sentence of up
to six months in jail; any conviction after therthconviction, a fine of US$5,000.00
and a sentence to serve up to a year in jail.

Recommended legislation/policy regarding exploitatin: A step towards the management of this
resource would be the initiation of efforts to assetocks in areas where populations are known to
exist and form an important component either astifesistence and/or artisanal levels.

A system, whereby an export permit is requiredrmpaothe export of any marine product, would be
necessary. The quantity of each species to be ®oeed to be specified on application for an
export permit for any purposes.

Management measures taken in other countries tareetBe sustainable utilization of the coconut
crab resource include:

Closed seasorclosed season during the breeding season (whidirie-July in Palau). Under the
same regulation, the Director of Marine Resourcay grant permission upon application for the
taking of crabs during the closed season for thipgses of scientific research.

Quota allowance this would require stock assessment in the madasaof harvesting in Palau.

Director of Marine Resources to have the poweratd ¢ollection of crabs in any area at any time if
he believes that the quota has been exceeded ercitier problem exists with the stocks.
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Even though prohibition of the buying and sellifgberried female coconut crabs can adequately
cover this aspect, however, it would be necessanmydke it clear that the removal of eggs from a
coconut crab or buying and selling of those fromalwteggs have been removed, is prohibited under

the same regulation.

Consistent collection of data from restaurants atates is needed. This can be done by the
Department by directing the operators to keep dcaf purchases and sales including details on
numbers, weights and source area (islands).
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1.2 Mangrove (mud) crab - bemang

1.2.1 The Resource

Species present Scylla serrata
(mangrove crab ketaf is present
in Palau. The mangrove crab

also known as mudcrab or Samo
crab in other regions. There is
belief in Palau that mangrove cra
found in one area could be

different species, as crabs there
normally smaller than those four
in other places in Palau. Howeve
the taxonomy of species &cylla
is still being debated, as sevel
authors have suggested two other species and oietyvaf S. serrata However, Brown (1993)
suggests that extreme caution should be exercisdtiei use of names other th&n serratafor

mangrove crabs in the Pacific region.

'y
N, Z
o T R

Distribution : Dickinson (1977, quoted in Brown, 1993) descrithes natural range of the mangrove
crab, S. serrata as extending “from Mossel Bay in South Africa rajothe East African coast
including Mauritius and Madagascar to the Red $&a. range continues eastward to India and Sri
Lanka and throughout Indonesia, the Philippines Biadaysia. In occurs in Thailand, China and
Taiwan with its northern limit as the mouth of thene River in Japan. It is found along the
Australian coasts from Broome, West Australia, Imoaind east to the Northern Territory and
Queensland, and New South Wales to Port Jacksatsdtoccurs in New Zealand and the South
Pacific Islands including, Papua New Guinea, Patarpline Islands, FSM, Mariana Islands, Samoa,
Tuamotu, Solomon Islands, Vanuatu, Fiji, Tonga @ubk Islands. It is probable that any tropical
Pacific island which is large enough to sustaitugidl delta with associated mangrove forests will
support a population of mangrove crabs.

The species is present throughout an estimatedj4kns of mangrove habitat in Palau, especially
around the large island of Babelthuap. Matthews@itelrong (1991) listed mangrove crabs as one of
the invertebrates collected in greatest numbersPlajauan women in Aimeliik, Airai and
Ngeremlengui. Mangrove crab purchases at the cooiahenarkets from 1990 to 1993 are presented
in Table 1.2.1 by state. This indicates that thetimportant states involved with commercial sales
of crabs are Ngerchelong, Ngeremlengui, Ngaraard,Ngatpang. This could also be an indication
of the abundance distribution of crab populationPalau. Ngeremeduu Bay and adjacent mangroves
shared by Ngetpang and Ngeremlengui States acféounver 50 per cent of the total commercial
mangrove crab landings (Maragos, 1994).
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Table 1.2.1 Crabs purchases by the commercial outlets inuFfatathe period 1990-1993.

1990 1991 1992 1993 TOTAL
State Wt (Ibs) Wt (Ibs) Wt (Ibs) Wt (Ibs) (Ibs)
Ngerchelong 1,212 2,669 6,442 7,816 18,139
Ngeremlengu 1,458 4,599 6,063 3,624 15,744
i
Ngatpang 6,675 999 98p 4,615 13,3p4
Ngaraard 1,774 984 5,218 5,082 13,054
Ngiwal 628 1,071 1,021 1,108 3,88
Aimeliik 617 974 882 501 2,974
Airai 643 384 605 1,241 2,878
Koror 998 762 218 544 2,52p
Unlisted 0 287 304 1,39 1,98p
Melekeok 142 250 779 499 1,670
Peleliu 361 40 70 1,12] 1,598
Ngchesar 313 304 350 350 1,318
Ngardmau 365 169 34 21P 743
Kayangel 0 0 0 45 45
Angaur 0 0 0 18 18
TOTAL 15,186 13,490 22,966 28,240 79,842

[Note: 1990 data:-PFFA, Oh’s (May-Dec), EptisonC8torage (all except February), and other mamketisrestaurants; 1991 data:-PFFA,
PMCI and Oh'’s (10 months) and Melekeok Coop foraRall992 data:-PFFA (all months), PMCI (all mongxeept May), Oh's (all
months except January, October and November); 8i888- PFFA (Jan-Sep),, PMCI (Jan-Sep), and Ohisu@dry-May).

Biology and ecology Information in this section is taken solely fra@nown (1993). The taxonomy
of the genusScyllais still debatable and the number of existing gganknown. On the basis of
differences in colour patterns, relative size, igesl spination, chromosome form, and gamete
development, Estampador (1949, quoted in Brow®3)19ecognised three speci€s. Gerrata S.
oceanicaandS. tranquebaricpand one varietyS. serratavar. paramamosaihpin Philippine waters.
This classification was rejected by Stephenson@aahpbell (1960, quoted in Brown, 1993) due to
the rather qualitative nature of the criteria us@lhough some studies seem to have results in
support of specific distinction between some suggespecies, the need for further justification
before subdividing, is required.

S. serratais frequently found in areas characterised by ddwisubstrate associated with mangrove
vegetation. It is the only portunid crab charastgsally found in mangrove swamps and generally
have a restricted home range (Brown, 1993). Burramesused by subadults and adults as general
refuges especially when in soft-shelled satge efrtfoulting and when mating. However, moulting
and mating also occur outside burrows. Adults céerate salinities of 2 ppt for a few months and as
high as 60 ppt. However, the pelagic zoeal larwvdieshigh mortality at temperatures above°Zh

and salinities below 17.5 p@. serratais an opportunistic feeder feeding mainly on sloaving or
immobile prey organisms. It eats smaller injuredveak crabs of the same species as well as algae
and decaying vegetable matter. It reamins burigthduwaylight and feeds at night, mainly in early
evening and before dawn. During mating and the ilt&rmoult period and when temperatures fall
below 20°C, mangrove crabs reduce or completely cease tb fee

Maturity in mangrove crabs may occur in the tropatsl8 months of age whereas those in more
temperate regions may take up to 3 years. Matingurscwhen the female’s carapace is soft.
Spermatophores are transferred into the femalemspeceptacle. Sperm cells can remain viable in
their gelatinous packages for periods up to 7 naiid still effectively fertilize ova as they pass

along the female’s oviducts to the exterior. “Aftanerging, the eggs (ranging from 2 to 6 million)

are attached in a mass to a set of pleopods bettgathbdominal flap where they are tended and
aerated by the female. Egg incubation takes ab@wb 17 days. Ovulating females migrate offshore
to hatch their eggs in an oceanic environment ntolerable to the pelagic larvae stages. After
hatching, the planktonic zoea undergoes up torfiealts over a period of about three weeks during
which time it is transported back to the estuagnegironment by tidal currents. The final zoeal stag

changes into a megalopa which settles out on atrstsand after five to twelve days becomes a
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juvenile crab (Brown, 1993). Cultured crabs in Hawaach attained marketable size (500-700 g) in
18 months at 24° C while at 27° C they reachedwedemt size in onlt 12 months. In Australia

mangrove crabs can reach carapace width of 24 ¢mtiae majority in the 15-20 cm range (Brown,

1993).

1.2.2 The Fishery

Utilization : McHugh (1980) writes that mangrove crab is a wes® that is of value to all of Palau’s
municipalities that share the district’'s 9,200 acoé mangrove swamp. In addition, mangrove crabs
have traditionally been valued for a variety oftonsary purposes but particularly as a reserve sourc
of protein food ¢doim) that could be gathered in the sheltered watethkbwamp when the waters
of the lagoon are too rough to allow collectioncatching of the more common resources such as
clams and fish. For traditional customary occasionangrove crabs are preferred over lobsters
(Kitalong et al, 1991). McHugh (cited above) wrote that the cleafigm a barter to a cash economy
has created an additional use of the resource@srary or supplementary source of income for
villagers on Babeldaob and Peleliu. The fishery wasticularly attractive to isolated villages
because of the relatively easy means of capturggusd or home made gear, and that crabs can be
kept alive for several days, allowing shipment tarét where they can be sold at two to three times
the value of fish. Traps, made of chicken wire lassfic mesh with a height and diameter of 2.5 feet
and 3 feet in length, are usually set along thegrame channels and at the outside edge of the
mangroves. Bait used is normally fish, skipjackatushark meat or canned mackerel (Matthews and
Oiterong, 1991). The traps are visited every mayihhigh tide to collect crabs and put on fresh ba
when the areas are accessible by bamboo raft.

In Ngerchelong, mangrove crab is one of the mopbitant marine invertebrates for subsistence and
commercial purposes, and is collected daily usmags Ngeremduu Bay and adjacent mangroves
shared by Ngetpang and Ngeremlengui States acdountore than half of the commercial
mangrove landings in Palau and thus the resourdmpsrtant to both states. A complete ban on
mangrove crab collection operates in Ngetpang fiktench-August (spawning season) and a permit
is required for harvesting during the rest of tleary Mangrove crabs are especially sought after
during the new moon in July (breeding and moul8egson) in Ngeremlengui. The crabs are caught
using traps and hooks, and at night with spearsflastilights (Rochers and Matthews, 1992). In
Ngchesar, mangrove crab has been an importanttébrate resource from the surrounding waters.
However, some residents interviewed by RochersMatihews (1992) believe that the mangrove
crab population is very low now in Ngchesar duénttreased predation by saltwater crocodiles. A
large mangrove crab population is associated wighelld’'s mangroves (Maragos, 1994). The
resource is important to the residents, and istsoafger in April when 10 or more crabs are cokbelct

by women 2-3 times a week (Rochers and Matthew82)1Hooks are normally used to pull the
crabs from their crevices in the mangroves.

Mangrove crab has become the most valuable instrutacean found within Palau’s 45 %of
mangrove and has a higher demand at local restausad for export than lobsters (Kitaloagal,
1991).

Production and marketing: Perronet al. (1983) listed mangrove crab as one of the comialerc
marine animals in Palau. Matthews and Oiterong 1198%ted mangrove crab as one of the
invertebrates collected in the greatest numbers Pljauan women in Aimeliik, Airai and

Ngeremlengui in a survey of only 7 states. The samihors reported a woman in Airai who
consistently caught mud crabs using 12 traps. Merage catch per trip (daily, in the morning) was
eight crabs, but sometimes she caught as manytesnficrabs. Kitalong and Oiterong (1991) noted
that the states with the largest annual commetaiadings of mangrove crab for 1990 were, in
decreasing order, Ngatpang, Ngaraard, Ngeremleagdi Ngerchelong. Cumulative data from
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commercial markets collected by DMR from 1990 t®@3 ¢laces Ngerchelong as the top supplier of
mangrove crabs, followed by Ngeremlengui, Ngaraard Ngatpang, all with more than 10,000 Ibs
for the four-year period. The crabs are ususallg $o0 the markets and to one hotel in Koror.

However, sometimes the catch is sold to meet spegjaests or customary demands.

McHugh (1980) reported a commercial landing of 600 pounds of crabs per week during the six
months the crab fishery was opened in Ngatpan@®#6.1This is equivalent to 13,600-15,600 Ib of
crabs landed in Ngatpang alone for that year.

Records of mud crab purchases at the markets afetobave indicated an increase in landings at
commercial markets during the last decade. An eséichl.1 mt of mangrove crabs were sold in 1980
as compared to about 10.4 mt sold in 1992, and 121 993. An increase of 70 per cent in

commercial landings was recorded from 1991 to 1B@2 more than a 100 per cent increase in
purchases was recorded from 1991 to 1993. Tabl2 tetords available commercial mud crab
landings at the markets and other outlets as ceahfny DMR. The data for years before 1990 was
from only one outlet, PFFA.

Table 1.2.2: Total commercial mangrove crab landings recorded ®76-1989 at PFFA; for 1990 at PFFA, EptisondCtiorage, and Oh's
Market, and several smaller markets and restayfant$991 at PFFA, PMCI and Oh’s (10 months) aneléieok Coop for
Palau, for 1992 at PFFA, PMCI (all months exceptyMand Oh'’s (all months except January, October ldavember); for
1993 at PFFA, PMCI and Oh’s (January-May).

Weight Value Average price Weight Value Average price
Year Lbs Kg Uss perlb] perkq |Year Lbs Kg Uss perlb| perkd
1976 1,502 681 1,136 0.76 1.67 1985 3,169 1,437 7,573 2.39 5.27
1977 906 411 753] 0.83 1.83 1986 1,024 466 1,707 1.66 3.66
1978 465 211 425 0.91 2.01 1987 284 130 691| 2.42 5.33
1979 1,625 737 1,625 1.00 2.20 1988 154 70 385| 2.50 5.51
1980 2,614 1,186 3,040 1.16 2.56 1989 2,374 1,077 7,590 3.20 7.05
1981 846 384 1,197 1.41 3.12 1990 15,186 6,888 50,828 3.35 7.38
1982 1991 13,490 6,119 53,967 4.00 8.82
1983 528 240 1,197 2.27 5.00 1992 22,966 10,417 90,659 3.95 8.70
1984 1,222 554 2,934 2.40 5.29 1993 28,080 12,764 111,225 4.00 8.80

Table 1.2.3 records mangrove crab commercial l@sdiby state, for each year for the 1990-1993
period as recorded by various outlets and commleMRD. The 1990 mangrove crab landings were
dominated by Ngatpang (6,675 Ibs) but declined tittle less than 1,000 Ibs in the following two
years, and increased again to more than 4,00nIi993. Greatest increases and high catches are
noted for Ngeremlengui, Ngerchelong and Ngaraard.

Table 1.2.3 Mangrove crab purchases in the commercial mad®tsummarised in Table 1.2.1 but detailed herBthte for each year. The States are listed in
descending order of landings.

No. of Product. Mangrove | No. of | No. Product.
State Mangrove| fisher | No. of | Landing Ave. (los/knf State area fisher of Landing | Value Ave. (lbs/knf
area (krﬁ) men trips (Ibs) (Ibs/trip) | mangrove) (kmz) men | trips (Ibs) (US$) | (Ibs/trip) [ mangrove)
1990 1991
Ngatpang 6.3 7 237 6,615 29 1,060 Ngeremlen. 4.0 23 19B 4,59918,25 24 1,150
9
Ngaraard 34 23 75 1,744 24 522 Ngerchel. 2.1 17 93 2,699 10,62 29 1,271
0
Ngeremlen. 4.0 16 46 1,488 32 364 Ngiwal 1.3 8 39 1,071 4,203 27 824
Ngerchel. 2.1 13 38 1,212 32 577 Ngatpang 6.3 15 64 999 3,958 16 159
Koror 1.6 22 51 99§ 20 624 Ngaraard 3.4 18 6 985 4,048 16 290
Airai 7.9 12 38 643 17 81 Aimeliik 2.8 14 64 974 3,974 15 348
Ngiwal 1.3 10 22 628§ 28 483 Koror 1.6 12 26 762 3,045 29 476
Aimeliik 2.8 12 29 617 21 220 Airai 7.9 12 37 384 1,558 10 49
Ngardmau 7.2 3 16 36 23 51 Ngchesar 1.8 9 14 305 1,215 17 169
Peleliu 4.9 3 11 361 33 74 Melekeok 1.7 4 17 25p 958 15 147
Ngchesar 1.8 11 18 313 17 174 Ngardmau 7.2 9 19 1656 662 9 23
Melekeok 1.7 6 9 142 16 84 Peleliu 4.9 3 4 4 160 10 8
Angaur 0.0 0 0 ( Angaur 0.0 0 0 ( 0
Kayangel 0.0 0 0 Kayangel 0.0 0 0 0
Unknown 18 21 28 974 14
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Total/Ave.

45

138

590

15,18

624

338

TOTAL

45

162

655

13,49

53,63

18

410
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Table 1.2.3 continued.

State Mangrove| No. of | No. of | Landing | Value Ave. Product. State Mangrove| No. of | No. of | Landing Value Ave. Product.
area fisher | trips (Ibs) (US$) | (lbsttrip) | (Ibs/knt area fisher | trips (lbs) (US$) (Ibsttrip) | (lbs/knf
(kmz) men mangrovej (kmz) men mangrove)=|

1992 1993
Ngerchel. 2.1 40 189 6,44225,150 34 3,068| Ngerchel. 2.1 50 242 7,8]]6 30,864 32 3,722
Ngeremlen. 4.0 23 230 6,033,880 26 1,516 Ngaraard 3.4 24 143 5,042 20,117 36 1,495
Ngaraard 3.4 31 178 5,23130,773 29 1,533 Ngatpang 6.3 13 155 4,615 18,527 30 742
Ngiwal 1.3 8 4 1,021 4,072| 255 785 Ngeremlen 4.0 18 120 3,624 14,428 30 906
Ngatpang 6.3 14 47 985 3,911 21 156 Airai 7.9 13 78 1,241 4,930 16 157
Aimeliik 2.8 20 64 882 3,391 14 315 Peleliu 4.9 8 28 1,12y 4,410 40 230
Melekeok 1.7 8 31 779 3,035 25 458 Ngiwal 1.3 10 39 1,108 4,377 28 852
Airai 7.9 16 33 609 2,412 18 77 Koror 1.6 26 31 544 2,181 18 340
Ngchesar 1.8 13 26 350 1,386 13 194 Aimeliik 2.8 11 33 501 1,973 15 179
Koror 1.6 12 19 214 880 11 136 Melekeok 1.7 6 30 49D 1,981 17 294
Peleliu 4.9 3 4 7 277 17 14 Ngchesar 1.8 5 21 350 1,391 17 194
Ngardmau 7.2 3 4 3¢ 284 9 5 Ngardmau 7.2 13 19 219 865 12 30
Unknown 19 19 304 1,208 16 Kayangel 0.0 2 2 1b 180| 23

Angaur 0.0 1 1 1B 72 18

Unknown 50 65 1,391 5,532 21
TOTAL | | 210 | 848 22,966 90,659 26 688| | TOTAL 250 | 1,007] 28,240] 111,828 24 762

Table 1.2.4 is derived from the same data usedbieb 1.2.2 and 1.2.3 but is sorted by state for th
period 1990-1993, to give an indication of the tiein the commercial importance of the mangrove
crab fishery to each particular state. Generaliynfiost states, the quantity of mangrove crab landed
depended on the number of fishing trips taken. Aighest mean catch landed per trip was recorded
for Ngiwal. However, this was due to an exceptidrigh catch in 1992 from only 4 trips. Apart from
that, Ngerchelong had the highest overall (for fgears) mean catch of 31.8 Ibs per trip. This was
followed by Ngeremlengi with 28.0 Ibs/ trip, Ngardawith 26.2 Ibs/trip, Peleliu with 25.2 Ibs/trip
and Ngatpang with 23.8 lbs/trip. The rest of ttetest have less than 20 Ibs/trip. Over the four-year
period, the highest mean annual landing was redofdem Ngerchelong with 4,534 Ibs/year,
followed by Ngeremlengui with 3,936 Ibs/year, Ngatg with 3,333 Ibs/year and Ngaraard with
3,263 Ibs/year. Mean landings for other statesnduttie period were less than 1,000 Ibs/year.

Table 1.2.4 Mangrove crab fishing statistcis by state for 1880-1993 period.

Productivit Productivity
No. of [No. of| Landing| Average|y (Ibs/kmZ No. of |No. of| Landing| Average|(Ibs/km2

State fishermen trips | (Ibs) | (Ibs/trip) [mangrove) State fishermen trips | (Ibs) | (Ibs/trip) [mangrove)
Aimeliik Mangrove area: 2.8 Km Airai Mangrove area: 7.9 Km
1990 12 29 617 21.3 220.36 1990 12 3B 643 16.9 3981.
1991 14 64 974 15.2 347.86 1991 12 37 3p4 10.4 6148.
1992 20 64 882 13.8 315.00 1992 16 3P 6D5 18.3 5876.
1993 11 33 501 15.2 178.93 1993 13 . 1,241 15.9 57.09
Mean 14.25 475 7435 16.4 265.5 Mean 13.3 46.898.37 154 90.90
Kayangel Mangrove area: 0.0 Angaur Mangrove area: 0.0
1990 0 0 0 0.0 N/A 1990 0 0 0 0.0 N/A
1991 0 0 0 0.0 N/A 1991 0 0 0 0.0 N/A
1992 0 0 0 0.0 N/A 1992 0 0 0 0.0 N/A
1993 2 2 45 22.5 N/A 1993 1 1 18 18.( N/A
Mean 0.5 0.5 11.3 5.6 Mean 0.3 0.3 4.5 4.5
Koror Mangrove area: 1.6 Km Melekeok Mangrove area: 1.7 Km
1990 22 51 998 19.6 623.75 1990 6 g 142 158 83.5
1991 12 26 762 29.3 476.25 1991 4 1y 250 147 0B47.
1992 12 19 218 11.5 136.25 1992 8 3L 779 251 2458.
1993 26 31 544 17.5 340.00 1993 6 3P 499 16.6 5393.
Mean 18.0 31.8 6305 19.5 394.1 Mean 6.0 21.8 5417 18.1 245.60
Ngaraard Mangrove area: 3.4 Km Ngardmau Mangrove area: 7.2 Km
1990 23 75 1,774 23.7 521.76 1990 3 16 365 29.8 .6950
1991 18 60 985 16.4 289.71 1991 9 1P 165 87 22.9
1992 31 178]| 5,213 29.3 1,533.24 1992 3 ft 34 85 72 4.
1993 24 143] 5,082 35.5 1,494.71 1993 13 19 419 511. 30.42
Mean 24.0 114.03,263.5 26.2 959.90 Mean 7.0 145 195.8 12.9 27.2
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Table 1.2.4continued.

Productivit Productivity
No. of [No. of| Landing| Averagel|y (Ibs/kmZ No. of [No. of| Landing| Average|(Ibs/km2

State fishermen trips | (Ibs) | (Ibs/trip) [mangrove) State fishermen trips | (Ibs) | (Ibs/trip) [mangrove)
Ngatpang Mangrove area: 6.3 kKm Ngchesar  Mangrove area: 1.8 Km
1990 7 237 6,675 28.2 1,059.52 1990 11 18 313 17.4 173.89
1991 15 64 999 15.6 158.57] 1991 9 1B 305 16.9 4169.
1992 14 47 985 21.0 156.35 1992 13 26 3b0 13.5 4294
1993 13 155 4,675 30.2 742.06 1993 5 21 360 1.7 94.44
Mean 12.3 125.83,333.5 23.8 529.1 Mean 9.5 20.8 329.5 16.1 183.1
Ngerchelong Mangrove area: 2.1 Km Ngeremlengui Mangrove area: 4.0 Km
1990 13 38 1,212 31.9 577.14 1990 16 46 1,458 31.7 364.50
1991 17 93 2,669 28.7 1,270.95 1991 23 1p3  4/5993.8 2| 1,149.75
1992 40 189 6,442, 34.1 3,067.G62 1992 2] 230 6/0626.4 1,515.75
1993 50 242 7,816 32.3 3,721.90 1993 1§ 10 3)6280.2 906.00
Mean 30.0 140.54,534.8 31.8 2,159.4 Mean 20.0 147.3 3,936.0 28.0 984.0
Ngiwal Mangrove area: 1.3 Km Peleliu Mangrove area: 4.9 km
1990 10 22 628 28.5 483.08 1990 3 n 361 32.8 773.6
1991 8 39 1,071 275 823.85 1991 3 4 40 10{0 8.16
1992 8 4 1,021 255.3 785.38 1992 3 4 70 17{5 14.2p
1993 10 39 1,108 28.4 852.31 1993 8 28 1,127 40.3 230.00
Mean 9.0 26.0 957.0 84.9 736.2 Mean 4.3 11.8 399.25.2 81.5
Unknown Mangrove area: N/A
1991 18 21 287 13.7 N/A
1992 19 19 304 16.0 N/A
1993 50 65 1,391 21.4 N/A

Export of mangrove crabs as recorded in variousregces are given in Tables 1.2.5(a), (b), (c) and
(d) for the 1990-1993 year period. These are sumesaf air freight cargo on manifest forms for
Continental Air Micronesia. Relative composition mfaingrove crabs for each declared item is not
known and impossible to estimate where mangrovdoscraere shipped together with other
foodstuffs. Mangrove crabs that were exported aion£990 amounted to 3,436 Ibs. This weights
however also include packaging. Packaging weiglst @gimated by Kitalong and Oiterong (1991) to
be 35 per cent of the total weight.

Table 1.2.5(a): Export of crabs in 1990, except Septembecpaspiled from Continental Air Micronesia manifestgeight (Ibs) include those for
packaging and “other” refers to agricultfoald items and count is the number of containens.$Source: Kitalong and Oiterong, 1991).

Declared Item Count Wt. (Ibs) Declared Item Count Wi. (Ibs)

Crab 15 654 Frozen fishcrab, bat & pigeon 1 114
Mangrove crab 61 2,662 Frozen fishgcrab, and clam shell 1 77
Live crab 2 76 Frozen fish &nangrove crab 2 139
Crabmeat 1 44 Frozen fish, lobster &angrove crab 1 157
Bat andcrab 6 864 Frozen fish, lobster &rab 1 1,096
Bat & mangrove crab 3 292 Fish, coconut &nangrove crabs& others 1 132
Bat, pigeon andrab 1 96 Fish & crab 8 2,030
Coconut crab anthangrove crab 1 35 Fish,crab & others 18 3,620
Crab & others 12 1,394 Fish,crab & bat 7 1,579
Crab, bat & others 2 187 Fish,crab, bat & others 1 347
Crab, seafood, and bat 1 240 Fish,crab, clam & others 1 121
Crab and fresh fish 2 1,311 Fish,crab, lobster & bat 2 293
Mangrove crab & others 4 237 Fish,crab, lobster & others 1 134
Fresh fish &crab 15 5,670 Fish andmangrove crab 1 102
Fresh fish &mangrove crab 2 1,041 Fish,mangrove craband bat 1 50
Frozen fish, bat &rab 7 1,573 Lobster, bat &rab 1 20
Frozen fish &crab 18 3,022 Live crab & others 1 149
Frozen fishcrabs, others 12 2,569 Seafoodgcrab & others 1 31
Frozen fishcrab, bat & others 3 2,028

Air cargo exports for January-November 1990, exdgdGeptember, as recorded by Continental Air
Micronesia Airlines were 506 Ibs (115 kg) crabs ar@b2 (1,198 kg) mangrove crabs. These weights
include container and ice used in packing. In 1@y 413 Ibs of crabs (including packaging) were

shipped alone and in 1992 only 102 Ibs of crabswsbipped alone.
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Table 1.2.5 (B: 1991 summary of air freight cargo declared @mifest forms for Continental Air Micronesia. (Soer Division of Marine
Resources, Annual Report 1991).

Declared Item Count Wt (Ibs) Declared Item Count W (Ibs)
Crab 6 295 Fish/crab/other 36 3,456
Live crab 3 77 Fish/lve crab 15 2,103
Mangrove crab 2 41 Fish/emang/land crab/clam| 2( 8231
Crab/others 9 812 Fish/emang 10 1,561
Live crab/other 9 770 Fish/crab/clam/lobster/bats 10 894
Mangrove 4 156 Fish/crab/lobster 8 88B
crab/landcrab/bats/others
Crab/lobster/others 3 10 Fish/crab/seafood 9 B30
Crab/clam/lobster/others 2 8p Fish/live emang 5 6 81
Crab/bats/others 1 5 Fish/live emang/other 7 [62
Crab/lobster 1 45 Fish/emang/land crab 8 128
Crab/seafood/others 1 ab Fish/emang/bat 6 47
Crab/bats 1 34 Fish/crab/bat/others 7 629
Fresh fish/crab 4 753 Fish/emang/others 4 485
Fresh fish/crab/lobster 3 30B Fish/sardins/crabicl 5 375
Fresh fish/crab/other 1 5| Fish/crab/clam 5 331
Fresh tuna/crab/others 1 115 Fish/crab/clam/lobste 2 212
Frozen fish/crab/others 43 3,795 Fish/crab/lobstieer 3 208
Frozen fish/crab 33 2,838 Fish/crab/seafood/other 2 156
Frozen fish/crab/bat/others 14 1,771 Fish/crabfietiat 2 155
Frozen fish/emang/others 3 348 Fish/femang/batsthe 3 102
Frozen fish /emang 3 154 Fish/crab 47 5,130
Frozen fish/crab/bat 1 100 Fish/crab/bat 35 3,720

Table 1.2.5 (c) Summary of air freight cargo on manifest forms@wntinental Air Micronesia for items includingatrin 1992.
Declared item Count Wt (Ibs) Declared Item Count W (Ibs)
Crab (live) 2 66 Fish (frozen)/crab/other 38 3,005
Crab (stuffed) 1 36 Fish (smoked)/crab/clam/other 1 34
Crab (live mangrove, coconut) 1 12 Fish/crab 12 393,
Crab (live)/bats 2 8] Fish/crab (live mangrovejéot 20 2,048
Crab (live)/other 2 76| Fish/crab (mangrove, cotyather 1 125
Crab (live)/sea cucumber 3 315 Fish/crab (mangriawel, coconut) 5 44(
Crab (live)/smoked fish 2 124 Fish/crab (stuffeadyéter/other 4 209
Crab (mangrove, land)/bats/other 3 3B0 Fish/ceb/b 9 521
Crab (stuffed)/bats/other 3 30B Fish/crab/batsfoth 3 467
Crab/bats 8 581 Fish/crab/clam 2 3p9
Crab/bats/other 2 20 Fish/crab/clam/bats 19 1,691
Crab/clam/other 3 263 Fish/crab/clam/other 1 181
Crab/clam/sea cucumber 1 45 Fish/crab/fish (smgter 3 219
Crabl/lobster 9 519 Fish/crab/lobster 3 2p8
Crab/lobster/other 2 13 Fish/crab/lobster/bats 1 109
Crab/sea cucumber/other 1 46 Fish/crab/lobsten/cla 10 1,152
Crab/seafood/other 4 18p Fish/crab/lobster/other 2 1 1,074
Fish(fresh)/crab 9 744 Fish/crab/lobster/seafood s A77
Fish (fresh)/crab/bats 3 24p Fish/crab/other 34 672,
Fish (fresh)/crab/lobster 1 6b Fish/crab/seafaiefo 1 106
Fish (fresh)/crab/lobster/other 1 76 Fish (frozenap/bats/others 9 72p
Fish (fresh)/crab/other 2 23p Fish (frozen)/crinc 1 31
Fish (frozen)/crab 54 6,02 Fish (frozen)/cratsteb 21 1,612
Fish (frozen)/crab (mangrovg, 5 640 Fish (frozen)/crab/lobster/bats 8 9P7
coconut)
Fish (frozen)/crab/bats 3 33p Fish (frozen)/catister/other 23 1,95

The tables of exports, constructed using data celtefrom airline cargo manifests, clearly illustra
the need to design a better method of obtainingetiiata. Several options are possible which could
be employed locally and include:

1. establishing an export permit system for marinedpots even if not for commercial purposes.
Under the system, the exporter will be requiredpply for a permit from DMR each time marine
products will be exported. Upon application, detaif products (e.g. organism specific name),
weight and number of pieces, destination, purp@sen(ercial or home consumption) to be
exported should be included.

2. developing a system requiring the exporter, wheighieg in, to submit the detailed breakdown
(asis in 1 above) of a container to the airline.

3. DMR to check contents of coolers containing fiseeproducts to be shipped out.
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1.2.3 Stocks Status

There has not been any recent attempt to assestathie of the mangrove crab stocks in Palau. The
estimate of a total of 6,100 mangrove crabs madsitiugh (1980) for Palau, and the subsequent
adjustment to accomodate a better estimate of tregrove area by DMR in 1990, giving a total of
7,400 crabs (15,186 Ibs), are not consistent wighetstimated landing figures after those yearsh Bot
estimates of commercial landings for 1992 (22,98 hnd 1993 (28,202 |bs) were about 1.5 times
greater than the estimated total number of mangcosfes in existence in Palau in 1990 (15,186 Ibs).
The high increase in landings in 1992 and 1993 ltedufrom increases in both the number of
fishermen involved and/or fishing trips taken. Thg particularly notable for Ngerchelong,
Ngeremlengui, Melekeok, Ngaraard, Peleliu and Ngaiua (refer to Table 1.2.3).

Considering that the mangrove area is somewhan@hing due to development, and in combination
with the immense increase in fishing pressure ealgm the commercial sector, the resource could
be in real danger of crashing if concerted effemdt done now to manage its fishery. A monitoring
program should be initiated to collect, from fistnen, accurate detailed catch and effort data, hengt
frequencies etc for the mangrove crab fishery. Tdmilts could be used to confirm, modify or
improve current management strategies. The exaswgildy the State of Ngetpang in imposing a
closed harvesting season during the breeding sesdsmrd be followed and upheld by government.
However, research will be required to establishnlost beneficial closure period for the fishery.

1.2.4 Management

Current legislation/policy regarding exploitation: The State Government of Ngatpang bans the
collection of mangrove crabs between April and Asigeach year in order to protect spawning stocks
(Ngatpang NSPL No. 13-85). Open season is fromefdmr until February. Hunters are required to
purchase a $50 annual permit from the Office ofGloeernor of Ngatpang State. Net mesh size must
not be less than 4 inches.

Section 4 (7) of the Marine Protection Act of 199bhibits the export of mangrove crab for
commercial purposes except cultured species. $e4t{@0) of the same Act prohibits the buying and
selling of mangrove crabs smaller than six inchreshie greatest distance across the width of its
carapace or a berried female of any size.

Recommended legislation/policy regarding exploitatin: Research will be required to establish
whether the minimum size limit currently appliedtie appropriate width for the local mangrove
crab stock. Application of a closed season natlgnial a consideration. In Queensland, female
mangrove crabs may not be taken by either commeociaecreational fishermen (Brown, 1993).
Other management possibilities include limited enlyy restricting the number of traps per
fisherman, setting a quota per area etc. Perhapsfame major considerations in the management of
mangrove crab stocks concerns controlling developsiat affect their habitat (i.e. mangroves).
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1.3 Land crabs -rekung

1.3.1 The Resource

Species presentThe principal land crab
species utilised in Palau for food ai
Cardisoma hirtipes(rekung kakum or
rekung el beadl andC. carnifex(rekung
el daob), with the former being the more
important species.

Distribution: Land crabs are generall
widespread in the forests of Palau. Lal
crabs are an important resource in Ange
and are abundant in the northwest porti
of the island. They are an important ar...

abundant resource around Kayangel. They

are also an important resource in Melekeok, Ngah®&sdeliu (Rochers and Matthews, 1992). Women
from Airai and Koror collect land crabs from thedRdslands while women in Ngaraard can collect
them year round from the local forests (Matthewd @iterong, 1991).

rekung el daob
Cardisoma carnifex

Biology and ecology The adult, about the size of a fist, lives in fbeest floor, and comes out at night
to feed. This routine is interrupted several dagfete the full moon, especially during the monththe
South-west monsoon (May-June). Egg bearing fenhede® their holes and undertake mass migrations
to the sea. The crabs emerge at dusk, around Zoeéy® full moon and make their way to the waters
edge. Eggs are carried underneath the abdomedaramd are released from the eggs into the waves by
vigorous flapping of the abdomen. Release of lamataspring tides presumably maximises dispersal
along the coast.

1.3.2 The Fishery

Utilisation: At the time of mass migrations to the sea, woarahchildren collect the crabs by hand and
place them in sacks, especially as they crossdhdsron Angaur and Peleliu (Johannes, 1981). In
Melekeok, land crabs is one of the resources shaaiivested once per month. During a survey ofrseve
states by Matthews and Oiterong (1991), land codlbation was one of the women'’s activities in thre

of the states (Aimeliik, Koror and Ngaraard) anddacrabs were one of the invertebrate resources
collected in greatest numbers in the same statesciabs are caught when they are forced out of the
burrows during long periods of heavy rain. “Sinbeit eggs are a popular food, land crabs are also
caught when they migrate to the sea to reprodeseral days before the full moon during the summer”
(Matthews and Oiterong, 1991). Ngaraard is the amynsource of land crabs for commerial where they
can be collected year round from local forests.heos and Matthews (1992) noted that land crabs are
collected daily in Angaur. In Kayangel, they ardlamied once a month from the islands and beaches
during both the new and full moons (nomally up @opkople go out together to collect crabs). Itnis a
important resource in Melekeok where they are eddlected about once per month. In Ngchesar , land
crabs are collected during the full moon at Tamd_arab is the most significant invertebrate speitie
Peleliu which is collected almost every day (Masagt094). Peleliuans distinguish between the two
species wher€. carnifexis known agekung el daobandC. hirtipesasrekung el beadC. carnifexis

best collected during the new moon while hirtipesduring full moon. Both species hide during the
ongosmonths, (late October until April) when the prdivg winds are dry and from the east.
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Land crabs are mostly utilised for subsistence dvatan important limited commercial resource in
places where they are abundant. Matthews and @ge(©991) estimated that of the land crabs
collected by women in Airai, 10 per cent are salthereas all are used for subsistence in Koror.
However, 64 per cent of the total land crab lanslibg women in Ngaraard were estimated to be for
sale. Sometimes the crabs are kept in pens or ¢argainers for a week or two until consumed. €rab
in these pens are “sweetened” on coconut or fattesté rice.

Production and marketing: The land crab resource is mostly a subsistentetacbut some land
crabs may be sold in times of very high harvestss ®arket in Koror sometimes sells land crabs. No
data on sale volumes are available but crab colgees both widespread and very popular, as itreffe
an easy, free source of protein, with virtuallyproduction costs. Simple boiling is the usual mdtab
cooking for subsistence consumption. Alternatitely meat is extracted, cooked in coconut cream, put
back into the shell and sold to local restaurants.

Perronet al (1983) recorded commercial marine animals lanale@FFA for the 1976-1981 year
period. Crabs were recorded in 1976 (907 Ibs) &#¥ Y47 Ibs). Separate records were recorded for
mangrove crab for these years which means thag theights could be for land crabs and/or reef crabs

The survey conducted by Matthews and Oiterong (L89%even states in Palau indicated that 14 per
cent of the women interviewed in Aimeliik were itwed with land crab collection, while 17 per cent
was recorded for Koror and 25 per cent for Ngara@hirteen per cent in Airai indicated that of the
invertebrates, land crabs were collected in greatasbers. Eight per cent in Koror and 50 per aent
Ngaraard indicated the same. The same authonsagstl average catches for each of the three sisites
35 pieces in 2 hours of collection in Airai, 50g®e in 4 hours in Koror and 58 pieces in 2 hours in
Ngaraard. Collection was recorded as occuring tperemonth in both Airai and Ngaraard

Rekungpurchases in 1991 by commercial markets, as reddsgd DMR, was 168 Ibs valued at US$84.
In 1992, 71 Ibs (worth US$246) were recorded inNtedekeok Fisheries Cooperative purchases. This
was listed separately froemangand is thus assumed to be land crabs.

Land crabs have been exported with other food it@wstly to relatives in Guam and Saipan. These are
shown as air freight cargo declared on manifesh$dior Continental Air Micronesia. However, relativ
composition of each item is impossible to quantigcords of coolers of food known to contain some
land crabs are given in Table 1.3.1 for the 1998@B18eriod. The weights (Ibs) are gross weights lwhic
include packaging material (cooler & ice). Declartetns containing crab, without specifying the type
of crab, are presented in Appendix 1.3.1. “Cralthese cases could be coconut crab, mangrove crab o
land crab as all types are exported this way.

Table 1.3.1 Exports of land crabs as recorded on the Cortihdir Micronesia manifests. (Sources: Kitalaegtgal, 1991;
Division of Marine Resources Annual Reports1f®90, 1991, 1992; DMR Database).

1990 1991 1992

Declared Item Count Wt Count Wt (lbs) [ Count| Wt

(Ibs) (Ibs)
Land crab 3 94 4 212 0 0
Land crab/Others 3 257 6 684
Mangrove cralt/and crab/Bats/Others 4 156 3 330
Coconut crali/and crab/bats 1 214
FishLand crab 2 200
Fish/Emangd/and crab 8 728
Fish/emand/and crab/Clam 20 1,823
FishLand crab/Others 5 376 5 442
Fresh fishland crab/Other 2 209
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1.3.3 Stocks Status

No information is available on the status of lanabcstocks in Palau, nor has there been an attempt
assess the stocks. Very little data exists on thmtsubsistence and commercial landing levelshier t
resource, and an estimate of production is implessibhe natural habitat of these crabs is very
extensive in Palau.

1.3.4 Management

Current Legislation/Policy regarding exploitation: The species is not protected under the Palau
National Code. The chiefs of Elab hamlet in Ngateatate have banned the collection of land crabs
during full-moon periods.

Recommended Legislation/Policy regarding exploitatin: Even though there do not seem to be any
obvious problems with the land crab resource imlRaome management measures may be necessary
for stocks in areas where this resource has beelititnally important both in the subsistence and
commercial sectors. One consideration would bditignicollection during crab migration to spawn.
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Appendix 1.3.1: Exports of crabs as recorded orCirtinental Air Micronesia manifests. (Sourcegalding et al., 1991; Division of Marine

Resources Annual Reports for 1990, 19992; DMR Database).
1990 1991 1992
Declared Item Count | Wt Count | Wt(lbs)| Count| Wt
(Ibs) (Ibs)
Crab 15 654 6 295 13 538
Crab (live) 2 76 3 77 2 66
Crab (live)/Bats 2 81
Crab (live)/Other 1 149 9 770 2 76
Crab (live)/Sea cucumber 3 315
Crab (live)/Smoked fish 2 124
Crab (stuffed) 1 36
Crab (stuffed)/Bats/Others 3 308
Crab/Bat/Others 2 187 1 57 2 201
Crab/Bats 1 34 8 581
Crab/Clam/Other 3 263
Crab/Clam/Sea cucumber 1 45
Crab/Fresh fish 2 1,311
Crab/Lobster 1 45 9 518
Crab/Lobster/Others 3 100 2 130
Crab/Others 12 1,394 9 812 0 0
Crab/Sea cucumber/Other 1 66
Crab/Seafood/Bat 1 240
Crab/Seafood/Others 1 45
Crabmeat 1 44
Bat/pigeonCrab 1 96
Fish (fresh)Crab 15 5,670 4 753 9 744
Fish (fresh)Crab/Bat 3 245
Fish (fresh)Crab/Lobster 3 308 1 65
Fish (fresh)Crab/Lobster/Others 1 76
Fish (fresh)XCrab/Others 1 50 2 232
Fish (frozen)/Batrab 7 1,573 1 100 3 339
Fish (frozen)YCrab 18 3,022 33 2,838 54 6,028
Fish (frozen)YCrab/Bat/Others 3 2,028 14 1,771 9 722
Fish (frozen)YCrab/Bat/Pigeon 1 114
Fish (frozen)Crab/Clam 1 31
Fish (frozen)XCrab/Clam shell 1 77
Fish (frozen)Crab/Lobster/Bats 8 907
Fish (frozen)YCrab/Lobster/Others 23 1,950
Fish (frozen)YCrab/Other 12 2,569 43 3,795 38 3,004
Fish (frozen)YCrab/Trochus meat 1 50
Fish (frozen)/Lobste@rab 1 1,096 3 308 21 1,612
Fish (smokediZrab/Clam/Other 1 34
FishCrab 8 2,030 47 5,730 12 1,393
FishCrab (mangrove, land,coconut) 5 440
FishCrab (stuffed)/Lobster/Other 4 205
Fish/Crab/Bat 7 1,579 35 3,720 9 521
Fish/Crab/Bat/Others 1 347 7 629 3 467
FishCrab/Clam 5 331 2 329
FishCrab/Clam/Bats 19 1,591
FishCrab/Clam/Lobster 2 212 10 1,152
FishCrab/Clam/Lobster/Bats 10 894
FishCrab/Clam/Others 1 121 1 181
Fish/Crab/Fish (smoked)/Other 3 219
Fish/Crab/Lobster 8 888 3 298
Fish/Crab/Lobster/Bat 1 121 2 155 1 109
FishCrab/Lobster/Others 1 134 3 208 12 1,074
Fish/Crab/Lobster/Seafood 5 477
Fish/Crab/Others 18 3,620 36 3,456 34 2,678
FishCrab/Seafood 9 880
FishCrab/Seafood/Others 2 156 1 106
Fish/Live Crab 15 2,103
Fish/SardineZrab/Clam 5 375
Lobster/BatCrab 1 20
SeafoodCrab/Others 1 31
Tuna (fresh)Crab/Others 1 115







1.4 Lobsters -erabrukl

——

1.4.1 The Resource

Species present Lobster species found in Palau includ
Panulirus penicillatus(the pronghorn spiny lobster

raiklius), P. versicolor (the painted spiny lobster 7
bleyachedl, P. longipes femoristriga(the longlegged
spiny lobster melech andP. ornatus(the ornate spiny .
lobster). The slipper lobsteBcylarides neocaledonigus
also occurs in Palau.

raiklius - Panulirus penicil

latu

P. penicillatusandP. versicolorare the most important commercial lobster spani®alau accounting
for over 98 per cent of commercial lobster landings longipes femoristrigas of little economic
importance, contributing less than 2 per cent ahroercial landings an®. ornatusand the slipper
lobster,S. neocaledonicusccur in very small numbers.

Distribution : Geographical distributions, keys to species ifieation as well as some biological
information of all of the known marine lobster sjgacis detailed in a recent FAO species catalogue
(Holthuis, 1991). World wide distribution and bigioal information in this profile are derived
directly from that source.

P. penicillatus- this is the most widespread species of spingtkris and is found in the Indo-West
Pacific and Eastern Pacific regions, from the Red, ®ast and south east Africa to Japan, Hawaii,
Samoa and the Tuamotu Archipelago and east tosthrds off the west coast of America and in
some localities near the continental coast of Mexlit is found at depth from 1 to 4 m of rocky
substrate in clear water not influenced by rivétrgs often found in surf zone and in surge chasnel
and thus often near arid coasts and on small island

P. versicolor- this species is found in the Indo-West Pacifigion from the entire Red Sea and east
coast of Africa, southern Japan, Micronesia, Ma@menorthern Australia and Polynesia. This
species is found in shallow waters from sublittatalvn to 15 m depth in coral reef areas, often on
seaward edges of the reef plateau. It is also fauetbar water in surf areas.

P. longipes femoristriga in the Indo-West Pacific, this subspecies (chlEastern subspecies)
inhabits waters of Japan, the Molluccas, Papua Seimea, eastern Australia, New Caledonia and
French Polynesia. It lives in clear or slightlylia water at depths of 1 to 18 m in rocky areas and
coral reefs.

P. ornatus- in the Indo-West Pacific region from the Red %@a East Africa (south to Natal) to
southern Japan, Solomon Islands, Papua New Guikéa,8/., N., N.E. and E. Australia, New
Caledona and Fiji. This species is found in shallmd sometimes slightly turbid coastal waters from
1 to 8 m depth on sandy and muddy substrates, soewebn rocky bottom often near the mouths of
rivers but also on coral reefs.

Scyllarides neocaledonicughis slipper lobster species is not listed irithlgs (1991).

MacDonald (1971; 1979) and Kitalong and Oiteron@o(l) present reults of comprehensive studies of
the rock lobster species in Pala®. ‘penicillatusis found within a narrow strip of habitat alonge th
seaward margin of the reef wihtin 10 cm to 5 m atew. Most are caught within one and two meters
depths where the waves break. This species is fiftevd under branching coracroporasp., at the
northeastern exposure of the reef ” (Kitalong aritbrong, 1991)P. versicoloris generally more
widespread and inhabits both exposed and shelteedcareas, sometimes inside the lagoon, to depths
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of 20-30 m. It is often associated witPorites luteacoral heads in calmer waterB. longipes
femoristrigais found in habitats overlapping both species reat above. It is found in small caves
and the reef, especially on the west coast whene dhe most abundant. It occurs in a wide varigty o
habitats, ranging down to 30 m in both shelteredl @xposed reef areas. The west coast of the Palau
archipelago has large stocks of the species.

MacDonald (1979) reported lobster landings as mdsiim northeastern reefs which was supported by

high landings from Ngerchelong, Ngaraard and NgiWaih catches were also reported for the western

reefs of Ngeremlengui and Koror. Over 1,500 sq.@fmagoon and reef area has been estimated as
suitable habitat for lobster in Palau.

Biology and ecology Most of the following summary of the biology dfet spiny lobsters is taken
from Pitcher (1993). Spiny lobsters are consideypportunistic and omnivorous scavengers living
mainly on gastropods, crustaceans, echinodermgras=aand algae (Philligt al, 1980, quoted in
Pitcher 1993). After mating, the female carriesseggder its tail for about 1 month before the tiny
phyllosoma larvae are released (Pitcher, 1993). [@heae remain in the ocean for 4-12 months
before moulting into the puerulus stage, about B0 long, which resembles a colourless miniature
adult lobster. At this stage it "undertakes thadron from the oceanic to the benthic environment
where they settle in or near the adult habitat quidkly moult into pigmented juveniles" (Phillips
and Sastry, 1980, quoted in Pitcher, 1983)ornatusis one of the large®anulirusspecies and can
attain a total body length of about 50 cm but isally 30-35 cm. It has been reported as solitargsor
living in pairs, but has also been found in largancentrations (Holthuis, 1998. penicilatushas a
maximum total body length of about 40 cm, averagmgbout 30 cm with males usually much larger
than females.It is not gregarious and is nocturmaing during the daytime in crevices in the rocks
and coral reefs (Holthuis, cited abov@).versicolorgrows to a maximum total length of about 40 cm
averaging less than 30 cm. It is nocturnal andgnegarious and hides in crevices and cavities®f th
rocks during daytimeP. longipes femoristriggrows to a maximum body length of 12 cm averaging
8-10 cm and is nocturnal and not gregarious.

In Palau, sexual dimorphism is apparerirpenicillatus with females tending to be somewhat smaller
than males on average. MacDonald (1971) recordexh roarapace length of 7.9 cm for females and
11.3 cm for males. Males tend to be more commorcammercial catches. MacDonald (1971)
calculated carapace length at first spawning té®em (the smallest berried female sampled) far thi
species in Palau. Prescott (1988) states that &t tocalities in the Pacific, carapace lengthirst f
spawning for this species is around 7.5-8.0 cm. Ddamald (cited above) found this species to be
gregarious (he found 18 specimens under one bgulder

Average carapace lengths forversicolorare similar for both sexes, 9.3 cm and 9.8 cnfieiorales and
males respectively with a sex ratio close to 1:AcBbnald (1982) recorded the carapace lengthsat fir
spawning for this species to be around 8.2 cmdhallest berried female found). The species has bee
considered to be not gregarious (Kitalong and Gitgy 1991).

The small average carapace length (around 7.0 crfeffieale and 7.5 cm for males) Bf longipes
femoristrigadetracts from the commercial value of this spedizsapace length at first spawning has
been calculated at around 7 cm for the Palau siidui.species can be solitary or gregarious, and the
smallest berried female was 7 cm (Kitalong andrOitg, 1991).

Spawning appears to be continuousRompenicillatusandP. versicolor at the same level throughout
the year. About 40 per cent of females of both isgeare ovigerous (bearing eggs) in any one month
(MacDonald 1979). Fecundity in most tropical lobsieecies increases linearly with size. The labfae
tropical lobsters remain planktonic for many monthsis recruitment may occur from adult spawners
many kilometers away. The natural mortality coéffint (M) has been calculated for a standing stéck o
5,500P. penicillatusat Enewetak Atoll, Marshall Islands as 0.284 ydar males and 0.244 yéafor
females, ie. around 25 percent natural mortalityypar (Ebert and Ford, 1979).
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1.4.2 The Fishery

Utilization: Lobster was not a traditionally preferred fooddaperceptions of its value and

importance in Palau were introduced from other toes (Kitalong and Oiterong, 1991). It is now
second to mangrove crabs in economic importandheancommercial crustacean fishery. In 1971,
incentives were recommended to develop the theerergloited lobster fishery.

Spear fishing is the most common form of captulofgsters in Palau, which often results in berried o
undersized lobsters being taken. Fishermen uddifats to catchP. penicillatusmostly at night when
they move out of their holes and crevices to f&ekarfishing by day is also common. Calm weather on
a low tide is favoured by most lobster fisherniénversicolorare caught by spearfishing night and day
in deeper waters.

MacDonald (1979) found that the north-eastern rpedduced a large proportion of the total landings
past years. Trap fishing was found to be unsutidesise to the rough habitat in whi€h penicillatus
occurs, and the fact thBt versicolordoes not appear to enter traps.

By 1991, lobster formed an incidental part of th&ch of most fishermen, with an estimated 6-12 full
time lobster fishermen in Palau, some of whom cdaurtdl up to 200 pounds (91 kg) of lobster in one
trip (Kitalong and Oiterong (1991a). This was cdesed high, as the average landing was 16 Ibs per
trip. Most lobsters are, however, taken by spdarfgsas an incidental catch. Lobsters are usually s

to existing fish markets for cash income, or corstirny local communities at the village level. The
growing tourist industry and the increasing dollalue of lobster (in the past decade tourist nusber
have increased four-fold and dollar value of lantidabter has increased three-fold) ensures thsit thi
fishery will continue to thrive, as long as stoeks not depleted.

Kitalong and Oiterong (1991) reported that rougtather prevents the collection of lobsters during
six months of the year and collecting is thus re&td to calm weather months (May, June, July and
August). Peak landings were during these months.

Production and marketing: There has been no estimate made of the levedlsitér consumption
and the extent of the fishery in the subsistenceéosén Palau. In the commercial sector, the omliad
collected, though incomplete for most years, amséhfrom the main markets and outlets, PFFA,
PMCI and Oh’s. These markets act as wholesaletsutidocal restaurants, hoteliers and buyers from
overseas. Average lobster values, estimated fromkeh#andings, increased from about $1.31/Ib in
1980 to $3.38/Ib in 1990, $3.91/Ib in 1992 and $31® 1993. Lobster species composition in the
commercial landings was estimated by MacDonald gL9Df the 2,006 individual lobsters he
examined, approximately 63 per cent wBrepenicillatus 36 per cenP. versicolorand 1 per cer.
longipes femoristrigaOver 1,500 sg.km. of lagoon and reef area has ésiimated as suitable habitat
for lobster in Palau.

MacDonald (1982) states that commercial fishingsfany lobsters began in 1966 in Palau. The fishery
has gradually grown and by 1991, it has becomenskaoly to mangrove crabs in economic importance
in the commercial crustacean fishery (Kitalong énttrong, 1991a). In terms of value, the 1993 data
from the commercial markets indicate that lobsteese purchased at approximately the same average
price (~$3.97/Ib) as mangrove crabs.

Records of most of the annual lobster purchasesraus commercial outlets as reported in some
references for the period 1967-1993, are giveraild 1.4.1. Details of markets and period coveoed f

each year is given under “Source and Notes” bendwthtable. There was a general decrease in
recorded landings from 1967 until 1985, when idgglly increased again with the highest recorded in

33



1993. Figure 1.4.2 shows that the trends, includoigme landed, value and unit price for lobstergeh

continually increased since 1985.

Table 1.4.1 Records of lobster purchases at the commeraakets as recorded in various reference for Palembst of

the years between 1967 and1993.

Weight Value Average Weight Value Averag
Year Ibs kg US$ price/lb Year lbs kg Uss$ price/l
1983 750 341 1,190 1.59
1967 7,000 3,182 n.a. n.a. 1984 6314 288 1,532 2.42
1968 4,900 2,227 n.a. n.a. 1985 1,788 813 4,177 2.34
1969 3,000 1,364 n.a. n.a. 1986 2,25) 1,026 3,998 1.77
1970 7,000 3,182 n.a. n.a. 1987 1,62p 737 2,864 1.77
1976 512 233 545 1.06 1988 1,109 504 3,998 3.61
1977 2,081 946 2,567 1.23 1989 1,983 901 6,363 3.21
1978 1,483 674 847 0.57 1990 3,322 1,510 11,239 3.38
1979 970 441 1,113 1.15 1991 7,153 3,251 27,91 3.91
1980 1,414 643 1,857 1.31 1992 8,834 4,01p 34,87 3.95
1981 545 248 807 1.48 1993 11,327 5,14p 44,97 3.p7
Sources and Notes for Table 1.4.1.
Year Data source Reference
1967-1970 PFFA MacDonald, 1971
1976-1981 PFFA Perronet. al, 1983
1985-1990 PFFA MRD
1990 PFFA; Oh's MRD
1991 PFFA; PMCI;0h’s (10 months) MRD
1992 PFFA; PMCI (no May); Oh's (no Jan, Oct, Noy); MRD
Melekeok's Cooperative
1993 PFFA (Jan-Sep); PMCI (Jan-Sep); Oh's (Jan)Marq MRD

Table 1.4.2 records available data on annual conialdobster landings, by state, from various dstle
in Palau. It provides estimates of available labktbitat by state, effort, landing, value anddipkr
sq.km. of lagoon/reef.

Table 1.4.2 Annual lobster fishery statistics by state ina@afor the period 1990-1993. (Sources: Nichols, 11¥¥MR Annual Reports for

1991 and 1992; DMR data for 1993).
1990 Lagoon & reefl Fishermen| Trips | Landing| Value (US$) Average Average Productivity
State area (krﬁ) (nos.) (nos.)| (Ibs) (Ib/trip) ($/trip) (Ibs/kmz)
Airai 56.7 3 6 62 10.3 1.1
Angaur 2.9 0 0 0 0.0 0.0
Ngardmau 47. 6 7 44 6.3 0.9
Ngatpang 24. 5 7 106 15.1 4.3
Peleliu 35.9 3 4 28 7.0 0.8
Ngeremlengui 34.8 15 45 441 9.8 12.7
Ngaraard 64.8 8 13 204 15.7 3.2
Aimeliik 90.2 4 5 57 11.4 0.6
Ngerchelong 497.0 16 29 972 335 2.0
Ngchesar 34.6 7 10 99 9.9 2.9
Melekeok 8.4 0 0 0 0.0 0.0
Koror 619.2) 28 50 584 11.7 0.9
Ngiwal 17.9 4 7 529 75.6 29.6
TOTAL/MEAN 1,533.3 99 183 3,126 17.1 2.0
1991 Lagoon & reefl Fishermen| Trips | Landing| Value (US$) Average Average Productivity
State area (km) (nos.) | (nos.)| (lbs) (Ib/trip) $itrip (Ibs/kn?)
Airai 56.7 14 29 373 1,433 12.9 49.4 6.6
Angaur 2.6 0 0 0 0 0.0 0.0 0.0
Ngardmau 47. 11 28 380 1,482 13.6 52.9 8.0
Ngatpang 24. 5 11 48 185 4.4 16.8 1.9
Peleliu 35.9 8 11 221 794 20.1 72.2 6.2
Ngeremlengui 34.8 28 61 496 2,020 8.1 33.1 14.3
Ngaraard 64. 12 60 1,058 4,222 17.6 70.4 16.5
Aimeliik 90.2 2 4 109 433 27.3 108.3 1.2
Ngerchelong 497.0 16 43 1,026 3,591 23.9 83.5 2.1
Ngchesar 34.6 5 12 86 344 7.2 28.7 2.5
Melekeok 8.4 4 11 158 599 14.4 54.5 18.8
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Koror 619.2 47 89 2,357 9,234 26.5 103.8 3.8
Ngiwal 17.9 3 13 1,162 4,573 89.4 351.8 64.9
Kayangel 19.4 6 19 203 810 10.7 42.6 10.6
Unknown 2 2 103 366 51.5 183.0

TOTAL/MEAN 1,552.5 163 393 7,780 30,086 21.8 76.6 5.0
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Table 1.4.2continued

1992 Lagoon & reef area| Fishermen| Trips Landing Value Average | Average | Productivity
State (km2) (nos.) (nos.) (Ibs) (US$) (Ib/trip) ($/trip) (Ibs/kn?)
Airai 56.7 27 41 732 2,905 17.9 70.9 12.9
Angaur 2.6 2 2 23 92 11.5 46.0 8.8
Ngardmau 47. 17 73 1,359 5,435 18.6 74.5 28.7
Ngatpang 24. 2 2 14 58 7.0 29.0 0.6
Peleliu 35.5 1 1 15 52 15.0 52.0 0.4
Ngeremlengui 34. 27 86 671 2,680 7.8 31.2 19.3
Ngaraard 64. 17 94 1,525 6,078 16.2 64.7 23.7
Aimeliik 90.2 15 28 322 1,277 11.5 45.6 3.6
Ngerchelong 497. 26 80 1,739 6,746 21.7 84.3 3.5
Ngchesar 34.6 6 15 172 722 11.5 48.1 5.0
Melekeok 8.4 20 54 258 899 4.8 16.6 30.7
Koror 619.2 46 103 1,307 5,243 12.7 50.9 2.1
Ngiwal 17.9 5 21 383 1,527 18.2 72.7 21.4
Kayangel 19.7 7 14 252 913 18.0 65.2 13.1
Unknown 7 8 61 243 7.6 30.4
TOTAL/MEAN 1552.5 225 622 8,833 34,870 14.2 52.1 5.7
1993 Lagoon & reef area| Fishermen| Trips Landing Value Average | Average | Productivity
State (km?) (nos.) (nos.) (Ibs) (US$) (Ib/trip) ($/trip) (Ibs/kn?)
Airai 56.7 3 4 112 445 28.0 111.3 2.0
Angaur 2.6 4 32 661 2,624 20.7 82.0 54.2
Ngardmau 47.3 17 89 1,757 6,954 19.7 78)1 137
Ngatpang 24.8 2 3 12 45 4.0 15.0 0.5
Peleliu 35.5 3 6 71 268 11.8 44.1 2.0
Ngeremlengui 34.8 20 43 624 2,47 14.5 577 17.9
Ngaraard 64.3 15 93 2,012 8,007 21.§ 86.D 3 31.
Aimeliik 90.2 10 42 331 1,297 7.9 30.9 3.7
Ngerchelong 497.0 39 119 1,724 6,85 145 576 3.5
Ngchesar 34.6 3 12 59 232 4.9 319 1.7
Melekeok 8.4 5 5 44 168 8.8 33.6 5.2
Koror 619.2 47 140 1,729 6,898 12.4 49. 2.8
Ngiwal 17.9 4 11 296 1,184 26.9 107.4 516.
Kayangel 19.2 12 48 1,694 6,675 35.3 139.1 2 88.
Unknown 13 19 201 798 10.6 42.Q
TOTAL/MEAN 1,552.5 197 666 11,327 44,92( 16.27 .663 7.3

The overall number of fishermen recorded by thernemsial markets as participating in the commercial
lobster fishery for the 1990-1993 period increasech 99 in 1990 to 225 in 1992, but dropped to 197
for the nine months in 1993. However, the corredpan overall annual effort (number of trips)
increased in each consecutive year with the highek®93, even though the number of fishermen was
lower for that year than in 1992. The increasefiarein 1993 is about 3.6 times greater than that
1990. The increase in the overall annual effortsaioch consecutive year from 1990 to 1993 resutted i
an increase in total annual lobster landings. Aaresting feature is that the increased rate iorteff
between the years 1990 and 1993 corresponds tquah ate of increase in the landings. The overall
annual average catch per trip for the four yeanewdthin the 14-17 Ibs/trip range except in 1991,
where the overall average was 21.8 Ibs/trip. Olestimates of annual mean production using lagoon
and reef areas increased from 2.0 Ib$/km 990 to 7.3 Ibs/kfin 1993.

Commercial lobster landing details, sorted by statethe 1990-1993 period, are presented in Table
1.4.3. In terms of average lobster landing per frgomn 1990 to 1993, increases were recorded from
Airai, Anguar, Kayangel, Ngaraard, Ngardmau and riligiengui. Decrease rates were recorded for
Aimeliik, Melekeok, Ngatpang, Ngchesar, Ngercheland Ngiwal were noted to be decreasing for the
period. Commercial catch rates for Koror seem toaia at about 12 Ibs per trip except for the high
rate, 26.5 Ib/trip, recorded in 1991. The highat,r89.4 Ibs per trip, was recordd from Ngiwal@91.
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Table 1.4.3 Commercial lobster landing statistics for theip@rl990-1994 broken down for each sate in Palau.

State Fisherg Trips | Landing | Average| Productivit State Fisher§ Trips || Landing || Average || Produc-tivity
(nos.) | (nos.) (Ibs) Ib/trip) | y (Ibs/km2) (nos.) || (nos.) (Ibs) (Ib/trip) (Ibs/km?2)
Aimeliik Lagoon & Reef area = 90.2 Ngardmau Lagoon & reef area = 47.3 km2
km2
1990 4 5 57 11.4 0.6 1990 6 7 44 6.3 0.9
1991 2 4 109 27.3 1.2 1990 11 28 380 13.6 8
1992| 15 28 322 11.5 3.6 1992 17 73 1,359 18.6 28.7
1993 10 42 331 7.9 3.7 1998 17 89 1,757 19.7 37.1
Airai Lagoon & reef area = 56.7 km2 Ngatpang Lawé reef area = 24.8 km2
1990 3 6 62 10.3 1.1 199p 5 7 106 15.1 4.3
1991| 14 29 373 12.9 6.6 1991 5 11 48 4.4 1.9
1992 27 41 732 17.9 12.9 1992 2 2 14 7 0.6
1993 3 4 112 28 2 199 2 3 12 4 0.5
Angaur Lagoon & reef area = 2.6 km2 Ngchesar bag reef area = 34.6 km2
1990 0 0 0 0 0 1999 7 10 99 9.9 2.9
1991 0 0 0 0 0 1991 5 12 86 7.2 2.5
1992 2 2 23 11.5 8.8 199p 6 15 172 11.5 5
1993 4 32 661 20.7 254.2 1993 3 12 59 4.9 1.7
Kayangel Lagoon & reef area = 19.2 km2 Ngerchglon Lagoon & reef area = 497.0 km2
1990 6 19 203 10.7 10.6 19510 16 29 972 33.5 2
1991 7 14 252 18 13.1 1991 16 43 1,026 23.9 2.1
1992 12 48 1,694 35.3 88.2 1992 26 80 1,739 21.7 3.5
1993 1993| 39 119 1,724 14.5 3.5
Koror Lagoon & reef area = 619.2 km2 Ngeremlengui Lagoon & reef area = 34.8 km2
1990| 28 50 584 11.7 0.9 1990 15 45 441 9.8 12.7
1991 47 89 2,357 26.5 3.8 1991 28 61 496 8.1 14.3
1992| 46 103 1,307 12.7 2.1 1992 27 86 671 7.8 19.3
1993 47 140 1,729 12.4 2.8 1993 20 43 624 14.5 17.9
Melekeok Lagoon & reef area = 8.4 km2 Ngiwal & reef area = 17.9 km2
1990 0 0 0 0 0 199( 4 7 529 75.6 29.6
1991 4 11 158 14.4 18.8 1991 3 13 1,162 89.4 64.9
1992 20 54 258 4.8 30.7 1992 5 21 383 18.2 21.4
1993 5 5 44 8.8 5.2 1998 4 11 296 26.9 16.5
Ngaraard Lagoon & reef area = 64.3 km2 Peleliu golom & reef area = 35.5 km2
1990 8 13 204 15.7 3.2 1990 3 4 28 7 0.8
1991 12 60 1,058 17.6 16.5 1991 8 11 221 20.1 6.2
1992| 17 94 1,525 16.2 23.7 1992 1 1 15 15 0.4
1993 15 93 2,012 21.6 31.3 1993 3 6 71 11.8 2
Unknown
1991 2 2 103 51.5
1992 7 8 61 7.6
1993 13 19 201 10.6

Monthly lobster landings at PFFA (1983-1992), Ofmarket (1990) and PFFA, PMCI and Oh’s (Jan-
May) for 1993 are given in Table 1.4.4. It is irateed that harvesting of lobsters peak in the mat-ye
months, which are normally the calm months. Thisepa is also shown in Figure 1.4.1. Kitalong and
Oiterong (1991) also recorded that during thesé peanths, highest landings were recorded during
new moon and during the first quarter.

Table 1.4.4 Monthly lobsters purchases by some of the comialerarkets in Palau for the years1983-1993.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Total
1983 | PFFA q 0 0 20 27 204 208 106 126 26 36 4 757
1984 | PFFA 2] - 52 73 20 35 317 40 18 21 14 23 634
1985 | PFFA 32 24 8 65 179 47 387 463 87 164 227 96| 1,779
1986 | PFFA q 11 51 96 328 354 554 65 471 266 46 18| 2,260
1987 | PFFA 64 114 239 196 288 350 33 177 158 - - -| 1,622
1988 | PFFA 3 0 61 39 76 141 222 214 256 52 5 40| 1,109
1989 | PFFA 24 73 77 94 73 530 425 442 172 36 24 14| 1,985
1990 | PFFA g 62 24 40 90 71 13 268 6 68 0 9 656

Oh’'s - - - - 970 381 689 24 261 404 250 143 3,122
1991 | PFFA 15 47 7 21 439 177 54 55 144 61| 1,020
1992 | PFFA 1 68 181 196 4 31 21 114 21 637

(Total* PFFA, (8,834)

PMCI, Oh’'s

and MelekeoK

Coop)
1993 | PFFA 18 7 111 76 188 14 40 13 31 498

PMCI 421 485 504| 1,267| 1,770 926( 1,378| 1,168| 1,325| 1,097 472 386| 11,199
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| [Oh's Jan-May)] 82] 57 49] 170] 10] [ | | [ | [ | 368]
*PMCI (excluding May), Oh’s (excluding Jan., Oetind Nov.).

It has not been possible to quantify the amourblo$ters exported from Palau as they are normally
shipped in coolers together with other foodstufho3e exported with lobsters as recorded on
Continental Air Micronesia freight cargo manifeate given in Tables 1.4.5 for each year from 1990
to 1993. Weights are gross weights which includekpging material and “other” which is mostly
agricultural food such as taro, tapioca etc.

Table 1.4.5: Export of lobsters as recorded on ContinentalMicronesia Manifests for 1990, 1991, 1992 and3199

1990 1991 1992

Declared item Count Gross | Count Gross Count Gross
Wt (Ib) Wt (Ib) Wit (Ib)

Lobster 1 30 2 62 6 195
Lobsters 5 150
Crab/Clamlobster/Other 2 89
CrablLobster 1 45 9 518
CrablLobster/Other 3 100 2 130
Fish (fresh)/Cralb/obster 3 308 1 65
Fish (fresh)/Cralb/obster/Other 1 76
Fish (fresh)Lobster 19 1,667
Fish (frozen)/Crali/obster/Bats 8 907
Fish (frozen)/Cralt/obster/Other 23 1,950
Fish (frozen)Lobster 7 515 19 1,936 24 2,05p
Fish (frozen)Lobster/Bat 5 302 1 72
Fish (frozen)Lobster/Crab 1 1,096 21 1,613
Fish (frozen)Lobster/Mangrove 1 157
crab
Fish (frozen)Lobster/Other 1 77 6 526 18 1,194
Fish (frozen)Lobster/Squid/Other 1 82
Fish (frozen)Lobster/Trochus meat 1 84
Fish/Clam/Batlobster 25 3,567
Fish/ClamLobster/Other 6 747
Fish/Crab (stuffedl/obster/Other 4 205
Fish/Crab/Clani/obster 2 212
Fish/Crab/Clani/obster/Bats 10 894
Fish/Crabl.obster 8 888 3 298
Fish/CrablL.obster/Bat 2 293 2 155 1 109
Fish/CrablL.obster/Clam 2 212 10 1,152
Fish/Crabl.obster/Other 1 134 3 208 12 1,074
Fish/Crabl.obster/Seafood 5 477
FishLobster 2 90 5 1,299 5 42(
FishLobster/Bat 3 315 1 44
FishLobster/Bat/Other 1 225
FishLobster/Bat/Other 3 184
FishLobster/Other 2 463 14 1,469 17 2,01p
FishLobster/Trohus meat 1 103
Fish/Sardind/obster 2 262
Fish/Sardind/obster/Other 3 213
Lobster/Bat 1 23
Lobster/Bat/Crab 1 20
Lobster/Bat/Other 1 25 7 333 1 49
Lobster/Other 10 744

1.4.3 Stocks Status

There may be little concern at present for managemmeasures to conserve stocks, as mean size at
maturity is less than the size at which they aceuited to the fishery and local extinctions arékety
because recruits are supplied by distant popukationl the individuals in isolated populations bezom
very wary of fishermen and lights at night once stack is substantially reduced. MacDonald (1982)
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reports that the Palau stockf versicolorwas lightly fished in the late 1970s-early 198fs] much
of the catch taken for subsistence. Lobster hangess made difficult for six months of the year
because of rough weather (October-March). Howewéh increasing exploitation of the resource,
collection of accurate and detailed data is imprria order to monitor trends of the stocks. Bigkel
and Richmond (1992) frequently obsenkdversicolorduring their surveys in 47 sites from Velasco
Reef to Angaur.

1.4.4 Management

Several options for the management of reef lobdtexse been proposed or implemented in other
South Pacific countries. However, the decisionfendgtrategy to adopt normally follows from results
of specific research. Even though harvesting oftiets is regulated, there is a need for research to
form the background requirement for managementegfies as well as to adjust or confirm existing
laws. Pitcher (1993) notes that due to the widpetisal ofP. penicillatusphyllosoma larvae, and the
existence of many unexploited reefs to provideueent to exploited reefs, this species is propabl
resilient to recruitment overfishing. Thus therdiide need to protect berried females or introgluc
closed seasons especially when females tend tad tinegugh out the year. He further notes that "the
main biological concern of management is to maxnyield from the available stock by carrying out
YPR research and setting appropriate minimum sizhBs requires reliable data on growth rates,
fishing mortality rates and natural mortality rategich should be determined for loqabpulations
rather than substituted from other fisheries ocess.

Current legislation/policy regarding exploitation: Section 4 (5) of the Marine Protection Act of
1994 prohibits commercial use, selling or buyingatk lobstersP. penicillatusandP. versicolor
andP. longipes femoristrigamaller than six inches in total length of theapace, as measured from
the tip of the rostrum midway between the eyefiéoend of the carapace. Under the same section of
the Act, commercial use of berried females of ang & prohibited.

Section 4 (6) of the same Act prohibits the usargf form of underwater breathing apparatus, other
than a snorkel, to fish.

Section 4 (7) of the same Act prohibits the expbriock lobster . penicillatus P. versicolorandP.
longipes femoristrigafor commercial purposes except cultured species.

Recommended legislation/policy regarding exploitatin: Application of an appropriate minimum
carapace length is a useful tool in the commereigdloitation of lobster. However, this must be
formulated from research using local stocks rathan adapting lengths use elsewhere.

To avoid difficulty in enforcing the minimum sizéniit, especially where only lobster tails are
required for a specific market, consideration maytéiken to prohibit the selling/buying of lobster
without the head (i.e. the form when selling oribgymust be in whole).

Recent biological evidence tends to suggest thahipiting the catch of berried female lobsters
above the minimum size limit, does not seem tofomwch value to the fishery, both in landing and
recruitment.

One of the possible means of administrating miningire limits is a change in fishing methods
employed, e.g. catching by hand using gloves, teaqesnets. Prohibiting the use of spears to catch
lobsters would be a difficult option to enforcef laupossible means to administer the minimum size
limits regulations.
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The following management considerations have beesrnmended in several references, e.g. Kitalong
and Oiterong (1991):

[0 presentation of available data be made to lobisteerimen;

[0 survey lobster fishing areas to estimate standouks;

[0 conduct a market survey for live and unspeareddobaith presentation to fishermen of market and
standing stock survey results;

O discuss appropriate lobster management and cotisers&rategies with all concerned in the fishery;

O if justified, include lobsters as a protected spgan existing trochus sanctuaries.

Johannes (1991) strongly recommends banning sgl@adias a method to catch lobster, and banning
the sale of speared lobsters at commercial marketaever, this would be difficult to enforce also
because lobsters are difficult to catch any othey im Palau, as the nature of the reefs does lwt al
easy movement along the reef flats. A higher ppaiel at market for live, unspeared lobsters would
probably help reduce spearing activity.

Johannes (1991) reports that many rural fishermeRalau are supportive of size limits and closed
seasons for lobster.

Prescott (1988) suggests there may be little re@nt for management to conserve stocks because of
the small size of maturity, large size at recruittn® the fishery and the fact that many adults are
always inaccessible to fishermen due to the naititee habitat which continue to produce recruits.
However, management may be considered necessargen to maximise returns to fishermen and to
allow a profitable collection and marketing infrasture. However there is no evidence at present to
suggest that lobster stocks in Palau are unalsiggport existing levels of effort.
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Figure 1.4.1: Monthly lobster purchases made byAPfif the years 1985, 1986, 1989, 1991 and
1992.
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Figure 1.4.2: Lobster landings at the commerciatketa in Palau showing trends in total landings,
value and price (unit value).
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1.5 Deep-water shrimps and crabs vd

1.5.1 The Resource

Species present: Two species of
caridean  shrimp, Heterocarpus
ensifer(armed nylon shrimp), artd.
laevigatus (smooth nylon shrimp), T~
and the deep-water cralGeryon
granulatus are known to exist in Palauan waters in significguantities. Other deep-water shrimp
species recorded includd, gibbosughumpback nylon shrimpH. dorsalis Plesionika ensigstriped
gladiator shrimp), and a deep-water pendelesiopenaeus edwardienus

Distribution: The distribution ofHeterocarpusspecies is at least in the Indo-Pacific and hanbe
found in India and islands in the Indian Ocean al &s the Pacific Islands from Palau in the west t
French Polynesia in the east (King, 1993). Deepmsiirimps inhabit the steep outer reef slopes of
islands and the continental slopes of large landse® Species occupy particular depths but with
overlapping ranges with the smaller shrimpga Gerratifrons and P. edwardsi)i being widely
distributed in shallower waters< (400 m). The medium-sizeHeterocarpus H. sibogaeand H.
ensifer predominate catches over 400 m &hdaevigatus one of the largest species, is common in
depths of more than 500 m. Bottom type appearsetdamportant, with hard bottoms generally
producing higher yields than soft or muddy substat

Saunders and Hastie (1989) trapped significant tdigsn of deep-water shrimp and crab on the
foreshore reefs at five sites in Palau: Mutremday,BAugulpelu Reef, Ngaremediu Reef, Aulong Bay,
and Toagel Mlungui (Western passage) ie. geneaatlynd the main island archipelago. A total of 103
traps were set between 170m and 900m, and catotieated significant stocks of deep water shrimp
and crab exist in Palauan watétis laevigatudhas a maximum abundance at depths of between@D0-8
m, with a temperature preference of 6-7 C°. Spatgesh distribution ranges in Palau were recorded b
Saunders and Hastie (1989) as follows:

Depth No. of

Species Range (m) animals
H. laevigatus 320-850 693
H. ensifer 170-480 163
H. gibbosus 208-380 15
H. dorsalis 560-850 24
P. ensis 200-480 67
PIl. dwardsianus  320-900 44

G. granulatus 300-900 184

Biology and ecology Brood sizes may exceed 30,000 eggs carried ouritherside of the tail of larger
Heterocarpusspecies (King and Butler, 1985). Length at figgawning inH. laevigatusis reported to
be 40-43 mm carapace length, at an age of 4-4r8 yi€ag, 1986).

Deep-water caridean shrimps have separate sexewy,(Hi993). Biological parametérdor H.
laevigatusin three countries are given in the same referescpresented in Table 1.5.1, including
those for other species. Female sexual maturitii;ispecies is attained between 4 to 4.6 years (40
43 mm carapace length) and spawning seems to kénber. Growth parameters for some other
species are also given and are reproduced below.

Table 1.5.1 Some biological parameters of a few deep-watemgls (Source: King, 1993).

2 L, is the asymptotic carapace length,K is the grasuisfficient, M is the natural mortality rate,, L
is the mean length at first reproduction apdtthe relative age at first reproduction.
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Growth Mortality Reproduction

Species Area Sex Le (mm) | K(yrY M ('l Lm tn
H. laevigatus Fiji both 57.0 0.27 0.66 40.5 4.6

Hawaii male 57.9 0.35

female 62.5 0.25 40.0 4.0

Marianas both 55.2 0.30 0.75 42.7 4.5
P. edwardsii 29.5 0.66
H. sibogae 41.0 0.38
H. gibbosus 45.0 0.35

H. ensiferis a medium sized shrimp, ranging from 20-45 ggivewhileH. laevigatugs larger and can
exceed 90 g weight.

King (1993) notes that the "combination of slow wtio rates with high natural mortality rates
suggests that the biomass (weight) of shrimps faagiven recruitment is maximized at an early age,
after which the available biomass rapidly declines"

Saunders and Hastie (1989) recorded the followiegnmlengths and weights of the deep-water
shrimp and crab specimens caught during their garivePalau:

Carapace (mm) Weight (g)

Species Average Range Average Range
H. laevigatus 44.1 17.2-63.0 41 2-106
H. ensifer 25.3 6.5-35.9 9 2-22

H. gibbosus 38.9 33.6-44.9 34 24 -42

H. dorsalis 25.6 16.0-43.6 10 2-32

P. ensis 18.2 11.7 - 23.7 4 2-8

PI. dwardsianus 27.2 15.0-81.2 16 2-118
G. granulatus 150.4 114 -179 1,115 500 - 2,020

1.5.2 The Fishery

Utilization: A few species of carid shrimps form the basis @fmercial fisheries. For example,
carid shrimps are commercially harvested in Aladkath America and Chile (King, 1986) and also

in Europe, Japan and Chile (Crossland, undated¥idhery currently exists, however Saunders and
Hastie (1989) considered small-scale combined giicirab fishing as being potentially profitable in
Palau if operated as a secondary fishing actiVibese researchers developed a combined crab/shrimp
trap. Deep water shrimps and crabs may offer thengial for speciality food items in the restausant
and hotels of Koror.

In parts of the world where carid shrimps are conuna#ly exploited, trawls of various types are the
main method of harvesting. "This method is ofdittise to the South Pacific region as, apart fran th
Gulf of Papua in PNG, there are no areas of contateshelf. Most of the potential fishing grounds
in the Pacific consists of uneven or sloping bottamsuitable for trawling, which can best be fished
with traps" (Crossland, undated).

Production and marketing: No local fishery currently targets these resour&sinders and Hastie
(1989) reported soak times of 48-72 hours for aldoed crab/shrimp trap were most productive,
producing an average of 1.74 kg of shrimp and §.@fkhe large cral. granulatus Most productive
depths were 200-400 m fét. ensiferand 400-800 m fad. laevigatusand 300-900m foGeryon with
yields for the latter increasing with depth. Thelgirate for the crab in Palau was the highestrdecb

in the Pacific. Table 1.5.2 summarises the suregg dbtained.

Table 1.5.2 Summary data on depth range, number of specirarepace size and weight range
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for deep-water shrimps, prawns and cralur@o Saunders and Hastie, 1989).

Depth No. of | Carapace (mm) Weight (g)
Species Range (m) animgls _ Averdge Range Avdrage Range
H. laevigatus 320-850 693 441 17.2-63.0 41 2 -106¢
H. ensifer 170-480 163 25.3 6.5-35.9 9 2-22
H. gibbosus 208-380 15 38.9 33.6-44.9 34 24 - 42
H. dorsalis 560-850 24 25.6 16.0 - 43.6 10 2-32
P. ensis 200-480 67 18.2 11.7 - 23.7 4 2-8
Pl. dwardsianus  320-900 44 27.2 15.0-81.2 16 2-11¢
G. granulatus 300-900 184 150.4 114 -179 1,115 5002@,(

King (1993) produced a table comparing mean cadtésrobtained from deep-water shrimp trapping
surveys using small volume traps in Pacific Islaadeproduced in Table 1.5.3.

Table 1.5.3 Deep-water shrimp mean catch rates obtainedgltnapping surveys using small
volume traps in Pacific Islands. (Source:Kih993).

Location Depth (m) Catch pgr Reference
Trap (kg)
Hawaii (north-west group) 500-800 0.9 Gooding, 1984
Guam (west coast) 440-680) 2.1 Wilder, 1977
Western Samoa (near Apia)  500-600 14 King, 198641
Tonga (near Nuku’alofa) 600-700 0.6 King, 1981;498
Fiji (near Suva) 450-650 1.2 King, 1984
Vanuatu (near Port Vila) 500-600 2.8 King, 1980849
Vanuatu (north-west Efate) 450-500) 1.1 de Rewerd, 1982
New Caledonia (Loyalty Is.) 800 2.0 Inte, 1978
New Caledonia (Mainland)  350-450 0.6 In: Crutz &nelston, 1987
Marianas 550-800 21 Moffitt and Polovina, 1987
Kiribati 400-500 1.0 In: Crutz and Preston, 1987
French Polynesia 550-650 0.3 Pougiral, 1990
Palau 500-800 >1 Saunders and Hastipres$

A market study of the catch taken during reseanthieys by Saunders and Hastie (1989) was carried
out. A typical operation suggested involve 2-4 ¢rapt for 24-48 hours at suitable sites. A consigera
yield was estimated at 1 kg/trap for shrimps akd/&ap for crabs. Local sales to restaurants ael$
should realise $17.00/kg for shrimps and $6.60dkgcfabs, generating a combined $50.00/trap yield.
The possibility of marketing liv&eryoncrabs seems likely as a high priced ($20 eacltjalfig item.

1.5.3 Resource Status

The resource is not exploited and information aending stocks is not known. More detailed
assessment research is needed. Ralston (1986ddunokéng, 1993) reported a drastic decline in
catch rates, from 3.3 to 1.8 kg per trap-night rawvel6 day intensive trapping experiment Fhr
laevigatusin the Marianas. The decline in catch rates waithated to the decline in shrimp numbers
suggesting that the species may be vulnerabledn mwderate trapping in that area (King, 1993).

Saunders and Hastie (1989) conclude that if afisfyery were to develop, existing stocks could be
depleted rapidly, due to the limited number of &l sites for this activity. They recommend only 4
traps operating at each site per year, with closeitaring of yields. The potential for this fishery
appears to be limited.
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1.5.4 Management

A more comprehensive assessment on this partiqdsantial resource is required to give some
indications of stocks available for exploitationdaits likely economic potential. Results of such
research work will indicate strategies to be takexploitation is likely.

Current legislation/policy regarding exploitation: There is no curent legislation.

Recommended legislation/policy regarding exploitatin: Not necessary until the resource stock is
assessed and utilization initiated.
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2. MOLLUSCS

2.1 Ark shell - kikoi.

2.1.1 The Resource

Species presentThe two arkshell species o
importance to the fishery in Palau #&eadara
spp. andBarbatia reeveanaBoth species are R
known locally akikoi. kikoi - Anadara spr

Distribution : In Palau, ark shells inhabit the area just unidersand, above the layer of mud close to
mangrove areas (Matthews and Oiterong, 1991). Ekealts of a survey conducted by the same
authors on the role of women in fisheries in Paladicated that of the seven states covered
(Aimeliik, Airai, Koror, Ngaraard, Ngardmau, Ngatgaand Ngeremlengui), 40 per cent of those
interviewed in Ngeremlengui and 17 per cent in Karalicatedkikoi as one of the invertebrates
collected in greatest numbers. However, betweean@0100 per cent of women interviewed in all the
eight states listelikoi as an invertebrate typically collected. Rocheis Batthews (1992) reported
that kikoi was the only invertebrate of significance in Ngaip mentioned during their interviews.
The same authors mentioned collection kikoi in Ngchesar and named it as an important
invertebrate resource in Ngeremlengui.

Biology and ecology Farmed cocklesi. granosa are harvested in Thailand after 18 months when
they reach about 4 cm in length and 24 g in wefgbbkwinas, 1983). In India the same species is
found to spawn throughout the year and can haveeb#bductive cycles in a year. First maturity is
attained at 20 and 24 mm for males and female®ctisply (Narasimham, 1988). In a study of the
Anadara breeding season in Tonga, the following informativas obtained in the first year as
recorded in Sone (1993A&. antiquata- gonads are easy to identify as ovaries are sefltiange in
colour while testes are creamy white. Swift gonafladion in April and the May-July period was
shown as the inactive period for this species. Atgust-September period was found to be mostly
inactive with only small amounts of gametes foumaine specimen. Gonads rapidly develop during
the October/November period. The majority of thengle were in fully ripe condition during the
December sampling and that the January samples mestly in spent stage. The majority of
February and March samples were again in ripe tiomdiith half in spent stage on 9 March, two
days after full moon. The breeding season for #ipiscies in Tongatapu was then estimated to be
from October to March. Sex differentiation and shehgth relationship irA. antiquatais shown
below for the specimens examined (the numbersharaumbers of individuals from the total number
sampled). Females under 40 mm in shell length wiéfult to find and it is assumed here that
males reach sexual maturity at smaller sizes.

Shell length (mm) || Undetermined sex Female Male
200 B
20-30 19 0 0
30-40 42 8 34
40-50 30 4 14
50-60 16 19 14
60-70 17 29 12
70-80 14 6 0
80-90 - - -
90+ 2 0 0

A. maculosa inactive period is the same Asantiquatabut the breeding season was determined to
be from November to March. Sex differentiation aiekll length relationship for this species is
presented in the following table.

[ shell length (mm) || Undetermined sex|| Female Male
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.20 R R
10-30 12 0 4
30-40 7 1 16
40-50 4 3 27
50-60 0 16 22
60-70 0 19 12
70-80 0 23 13
80-90 1 7 4
90+ 0 5 4

2.1.2 The Fishery

Utilization : Collection of ark shell involves mostly women wivalk along the sand feeling f&ikoi
using their toes (Matthews and Oiterong, 1991).mM8avomen can spot the hole the clam’s siphon
makes in the sand and then collect the clam withr tfeet. Others stoop over and feel in the
sand/mud with their hands”.

The survey conducted in 1991 in seven states omolkeof women in fisheries in Palau, indicated
that ark shells are not collected as often as atim@luscs except in Ngeremlengui (Matthews and
Oiterong, 1991). Invertebrates typically collectsdPalauan women were listed by the same authors
and the molluscs category is reproduced in Tallel@). Of the mollusc speciesnadara (kikoi)
ranks first withT. crocea(oruer) in terms of responses of it being a species affyicollected. Table
2.1.1(b) records molluscs collected in greatestbrennby Palauan women as produced by the same
authors.

Table 2.1.1(a):Mollusc species typically collected by Palauan woamNumbsrs represent per cent of responses anepinésent number

of women interviewed. (Source: Matthewd &iterong, 1991).

Aimelii Airai Koror | Ngaraard Ngardmau Ngatpang Ngeremlenpdiotal

k

n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54
MOLLUSCS
Ark shell 71 88 83 92 86 100 60 83
Tridacna crocea 100 100 92 67 71 67 80 83
Anodonita edulenta 100 88 50 83 71 33 80 78
Tridacna spp. 86 88 67 92 71 33 80 78
Cypaea tigris 57 100 67 67 43 67 40 65
Lambis lambis 57 100 67 67 43 67 40 65

Table 2.1.1(b):Mollusc species collected in greatest numbersdigian women. Numbers are per cent of responsethasel in
brackets represent per cent who col@csubsistence only. “n” is the number of wometeiiewed.
(Source: Matthews and Oiterong, 1991).

Aimelii Airai Koror Ngaraard [ Ngardmad  Ngatpang NgeremlenfuTotaI

k

n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54
Ark shell 0 0 17 0 0 0 40 7 (50)

(100)
Anodonita edulentg 86 (67) 88 50 (50) 83 (20) 86 100 (33 100 80 (43)
Tridacnaspp 71 (60) 88 50 (33) 75 (22) 57 (25) 0 60 (33) 63)(46
Tridacna crocea 86 (17) 88 92 (18) 0 14 33 60 54 (14
(14)

Atactodea striata &| 0 0 0 42 (100) 0 0 0 8 (100
A. striata f.
glabrata
Nucula rugosa 0 0 0 25 (100) 0 0 0 6 (100
Nerita maxima & 0 0 8 (100) 0 0 0 0 2 (100
N. undata

Ark shells are collected mostly for subsistenceepkén Ngeremlengui where a higher percentage of
the catch is sold. In Koror, women collddkoi solely for subsistence (Matthews and Oiterong,
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1991). In terms of overall quantity collected iretheven statekjkoi ranks low with only some
women in Koror and Ngeremlengui indicating it aspacies collected in greatest numbers.

Production and marketing: No data has been collectedkikoi production/consumption both in the
local subsistence and commercial levels in Palae. 1991 survey by Matthews and Oiterong (1991)
indicated that significant amounts kikoi are collected only in two states, Koror and Ngdesgui,

of the seven surveyed. Women interviewed in ottees indicated that they also collect ark shetl bu
is not one of their important catch species.

Data obtained by Matthews and Oiterong during 1881the Koror and Ngeremlengui ark shell
production by women, are reproduced in Table 2. Il#se are the only states in whidkoi is
collected in_significannhumbers. In Koror, collection of ark shell by wamis all for subsistence
while in Ngeremlengui, collection is mostly for ealin the market. Since an estimate of the number
of fisherwomen was not given, it is not possibleettimate annual production kikoi for the two
states.

Table 2.1.2 Ark shell collected by women in Koror and Ngerengui. The figures are in number of pieces andesst state averages.

Extrapolated catch per mont
per fisherwoman
Koror Ngeremlengui Average Koror Ngeremlendui

Good 25 550 288 50 5,500
Bad 13 375 194 26 3,750
Average 19 450 235 40 4,500
Time spent (hr) 2 5 3

No. times per month 2 10 6

Per cent sold 0 90 45

Catch/unit effort (no./hr) 10 90 52

None of the commercial markets (PFFA, PMCI and Dtiftem which DMR receive marine products
data, recorded ankikoi purchases. Matthews and Oiterong (1991) liste@rséwther markets and
restaurants where women indicated as where thégaafood and fish. Based on catches by three
women, the same authors estimated value figurekikor in the commercial market as presented in
Table 2.1.3. Figures for other marine products sgldvomen are included for comparison. In terms
of number of pieces per unit size for s&i&pi ranks as one of the highest. However, it is ats® af

the species with high income per sale.

Table 2.1.3 Comparative prices for seafood sold by womeRatau. (Source: Matthews and Oiterong, 1991)

Unit size for sale | Price/unit [ Average amount sold| Income per sale
Species (no. of pieces) (US$) (no. of pieces) (US$)
Ark shell (kikoi) 10 1.25 500 62.50
Giant clam kim) 3 1.00-1.50 20 7.00-11.00
T. crocea(oruer) 9 1.00-1.50 72 8.00-12.00
Sea cucumbercheremrun) 10 1.00-1.25 80 8.00-10-00
Sea cucumbenfolech 10 1.00 100 10.00
Sea cucumbenfiimeg 20 1.00-1.50 200 10.00-15.00
Sea cucumbeir{md) 10 1.00-1.50 100 10.00-15.00
Sea cucumbesékesakél 1 0.25 75 18.75
Land crab ekung) Ib 0.35-0.50 50 Ibs 17.50-25.00
Mangrove clamrigduul) 1 0.10-0.25 200 20.00-50.00
Coconut crabKetaf) 1 2.75 8 22.00
Mangrove crabgdhemang Ib 5.00 8 40.00
Urchin (choalech 15 2.50 750 125.00
Fish b 0.85-1.10 50 42.50-55.00
Fish, smoked or fried Ib 2.25-2.5 40 90.00-100.0p
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2.1.3 Stocks Status

No information is available okikoi stocks in Palau and there has not been an attengmnduct
specific research on any aspect of the animalslegpy. Production statistics, both on the subsisten
and commercial levels, do not exist.

2.1.4 Management

There appears to be no real concerki@ni stocks in Palau as collection is very limited. dtgntial
threat to the resource, however, is destructidmabitat especially mangroves.

Current legislation/policy regarding exploitation: There is no national legislation that specifigall
covers the exploitation dfkoi in Palau.

Recommended legislation/policy regarding exploitatin: No legislation seems to be necessary.
Regulations that are normally applied to the exptmn of bivalves include the application of a

minimum size limit, quotas and establishment oéress. These regulations are formed from specific
research results.
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2.2 Giant clams -kim

2.2.1 The Resource

Species present Of the nine surviving giant clar
species found through-out the world (seven in theug
Tridacna and two in the genuslippopug, seven are
found in Palau, including:

Tridacna gigagqthe Giant clam etkang); kism - Tridacna maxim
T. derasalthe smooth giant clamkism);

T. squamoséthe fluted or scaley giant clantibkungel);

T. maximathe elongated or rugose giant clamelibey;

T. crocea(the boring or crocus giant clanoruer);

Hippopus hippopugthe horse’s hoof, rolling, bear paw or strawbejignt clam -duadeb;
H. porcelanugChina or porcelain clam).

A survey conducted by Matthews and Oiterong (199Eeven states of Palau indicated that women
normally use only two Palauan names for giant cl&ins, as a general term for the free-diving giant
clam species but usually. hippopusoruer, for the smaller species, crocea

Distribution : Giant clams, Tridacnids, are restricted to thaohPacific region and are well adapted
to tropical clear waters such as those which favooral growth. Munro (1993) gives brief
geographical distributions of each of the nine sxecurrently known in the world. Due to over-
exploitation or climatic changes the rangelofgigashas diminished a great deal. However, several
of the species, especially,. gigas T. derasaand H. hippopushave been introduced to some
countries outside of their natural ranges. For tthe newly “discovered” giant clam speci€E,
tevoroais limited to Fiji and Tonga whil&. rosewateris known only from the Saya de Malha Bank
in the Indian Ocean.

T. gigas- this species has become extinct in some ofrigginal range locations. Good populations
still exist in Australia, Philippines, Solomon Istés, and possibly Burma, Kiribati, Marshall
Islands, Palau, Papua New Guinea, and the west obddailand. Extinctions have been
reported in Fiji, Guam, New Caledonia, Northern Maas, most of Japan, Federated States
of Micronesia, Taiwan, Tuvalu, and Vanuatu. Thecggehas been re-introduced to Fiji and
introduced to Cook Islands, Tonga, American SanmobBVestern Samoa.

T. derasa- this species occurs in 13 countries and teresowith good standing stocks reported from
Australia, Fiji, New Caledonia, Palau, northern faNew Guinea, Solomon Islands and
Tonga. It has become extinct in Guam and Northeridhas. The species has been
introduced to Cook Islands, FSM, American Samoa\@edtern Samoa.

T. squamosa this species’ range extends from the Red Sedlsné&ast coast of Africa across the
Indo-Pacific to the Pitcairn Islands and has besonmded in 41 countries. It could be extinct
in Japan and Guam.

T. maxima this species’ range is about the same as thatsfuamosadlt is extinct in Hong Kong.

T. crocea- this species occurs in about 17 countries inrdggon extending from southern Japan to
Australia in the south and Palau in the east.

H. hippopus- this species occurs in 19 countries in the megigtending from Burma to Marshall
Islands in the east and New Caledonia in the sduthas become extinct in American
Samoa, Fiji, Tonga and Western Samoa but has leeietroduced to all of these localities.

H. porcellanus- this species has a very limited distribution @tbund mainly in the Sulu and South
China Seas in northern Indonesia and Philippinas Ralau.

There has not been a recent survey conducted &u FPal wild giant clam stocks and the distribution
of native giant clam species is not accurately kmoBeveral reports exists of surveys of wild giant
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clam stocks conducted on the Northern reefs andrHeEef to the South in mid-1970's: Hirschberger
(1977); Bryan and McConnell (1976); Hester and 3qii®©74); and at Aulong Channel on the West
side of the main archipelago: Heslinga and Perfi®84). Heslinga and Peron (1984) cite instances
throughout Palau where giant clam numbers haveesadtly decreased over time. Past surveys indicated
widespread distribution of most species. In a sureé 26 sites on coral reefs offshore from
Ngeremeduu and Eastern Babeldoab and the Rocldssi&irkeland (1991, cited in Maragos, 1992)
recorded the occurrence of giant clams as follows:

Species No. of sites in which species was obderve
Hippopus hippopus 3
Tridacna crocea 12
T. derasa 6
T. gigas 6
T. maxima 13
T. squamosa 11

Birkeland and Richmond (1992) noted three spediessquamosaT. maximaand T. gigaswere
frequently observed during the 1992 Rapid Ecoldgikssessment during surveys in 47 sites from
Velasco Reef to Anguar. Only largegigas(74-109 cm in shell length) were obseved, and gistplls
were more common than live animals. The numbeites gout of 47) in which giant clam species were
observed are as follows:

Species No. of sites in which species was obderve
Hippopus hippopus 6
Tridacna crocea 22
T. derasa 7
T. gigas 21
T. maxima 24
T. squamosa 36

Biology and ecology The giant clam family, Tridacnidae, currently h@se living species in two
genera,Tridacna (Bruguiere) andHippopus(Lamarck) which includes the largest bivalve msdisi
known. A unique characteristic of the giant clamsheir symbiotic relationship with dinoflagellate
algae, zooxanthellae, which live in the blood systé the giant clams, concentrating in the tissafes
the brightly-coloured mantle that is exposed tdlign the shallow sunlit waters of coral reefs
(Munro, undated). Giant clams acquire the symbiatigae at age 7-15 days. They receive
photosynthetic sugars and oxygen from the algaéewhe algae receives waste carbon dioxide and
nutrients from the clams. In addition, giant claatso filter-feed, as is typical of other bivalvésit

all of its maintenance requirements can be derivech the symbiotic algae (Munro, 1993). The
relationship with zooxanthellae restricts clamshallow waters.

All species of giant clams mature initially as nsafprotandrous hermaphrodites) at the age of two or
more years, depending on the species, and eventbaltome simultaneous hermaphrodites.
Reproduction in the central tropics does not seeahow seasonality. However, seasonality is shown
in gonad ripening at the northern and southerntdirof distribution (Munro, 1993). Some degree of
lunar periodicity has been observed. During spawrsperm are normally released first followed by
egg release after a short interval (generally ~8utas). Munro (cited above) reported that a 20 cm
T. maximaspecimen with ripe gonads would contain 20 millieggs. Specimens of 70-80 ¢
gigas were known to produce up to 240 million eggs. ikeed eggs develop into swimming
trochophores within 12 hours and shelled veligeithin 36 hours. The larval phase lasts between 5
and 15 days after which it settles on the bottooorSafter this it metamorphoses into a juvenile
clam. Recruitment is low and erratic. Growth parsargefor most of the giant clam species in several
localities are given in Munro (1993). Overall, the first few years, growth rates range between 3.5
to 10 cm per year depending on species. Naturaiatitgris low.

Munro (1993) quotes biological parameters for a fgant clam species in some countries, including
Palau, as reported in several references. Theseeaceded in Table 2.2.1 for Palau and some
selected locations for comparison.
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Table 2.2.1 Biological parameters of some of the giant clgmcies. (Source: Munro, 1993).

Age (Years)
Loo 1| 2 | 4] 6| 8] 10 15] 20
Species/Locality (cm) K ot Shell length (cm) Reference
T. gigas
Palau 100.q 0.136| 0.64| 4.80] 16.91| 36.69| 51.77| 63.26] 72.01| 85.82] 92.82| Beckvar, 1981
PNG 100.0] 0.087| 0.43| 4.80| 12.73| 26.67| 38.38| 48.22| 56.49| 71.84 81.77| Munro and Heslinga, 1983
Michaelmas Reef 88.f 0.07| 0.03 11.4| 21.50| 30.28| 37.91| 44.55| 57.58| 66.77| Pearson and Munro, 1991
Orpheus Is., GBR 3-4 9-13
T. derasa
Palau 50.0 0.167| 0.41| 4.7| 11.67| 2255 30.35| 35.93| 39.92( 45.63| 48.10| Beckvar, 1981
Palau 5.0 10.0 20.0| 27.50 Watson and Heslinga, 1988
Tonga 50 0.132f 0.25 4.7| 10.30 19.51| 26.59| 32.02 36.19| 42.86| 46.31| McKoy, 1980
Michaelmas Reef 46.9 0.108 - 9.87 17.06| 22.86| 27.55| 31.31| 37.81| 41.60| Pearson and Munro,1991
0.20
Fiji 47.3 0.134( 0.22] 4.7 10.04| 18.80| 25.50| 30.63| 34.55| 40.77{ 43.96| Watson and Heslinga, 1988
Philippines 5.0 8.5
T. squamosa
Palau 40.0 0.091 4.75 7.82( 13.17| 17.64 Beckvar, 1981
Tonga 40.00 0.187 4.75 10.76] 19.89| 26.16 McKoy, 1980
PNG 38.5 0.14 4.75 9.16( 16.32| 21.74 Munro and Heslinga, 1983
H. hippopus
Palau 40.0 0.10 5.04 8.37 14.10| 18.80 Beckvar, 1981
PNG 40.0 0.213 5.04( 11.75| 21.55| 27.95 Munro and Heslinga, 1983
Orpheus Is., GBR 34.F 0.205 5.04 10.54| 18.66| 24.06 Shelley, 1988

2.2.2 The Fishery

Utilization: Tridacnid clams are an important traditional fosmurce on Indo-Pacific reefs. Over-
exploitation through commercial and subsistendsrfis has lead to most species becoming uncommon
throughout their range, with many cases of locdinetions. T. gigasand T. derasaare listed as
vulnerable by the IUCN, and may become endangéaki-exploitation of wild stocks is not reduced,
or numbers enhanced through reseeding with cultugdrial.

With the exception of the kidney, the meat of thele clam is edible. The shell is valuable as aigbu
curio, and in the customs and cultures of manyfiealsland countries. (Large scale) Commercial
exploitation of wild stocks has been solely for #mductor muscle, which fetches high prices on
markets in South-east Asia. The mantle can be rrddeclam chowder, and research into product
development is continuing.

Reef gleaning is by far the most common form dfifig activity by Palauan women (Matthews and

Oiterong, 1991). Women, and occasionally childrmgade through the water at low tide and collect
sea cucumbers, clams, crabs, urchins etc. Duriagregey conducted in 1991, 96 per cent of the
women interviewed in seven states in Palau engageme form of reef gleaning which is for selling

in the local markets as well as for subsistence @s@eral gleaning activities by women in the seven
states surveyed are as follows:

State
General gleaning Aimelii  Airai Koror  Ngaraard Ngardmau Ngatpang Ngeremlengutotal
k
Number 7 8 12 12 7 3 5 54
interviewed
Per cent of 100 100 92 100 86 100 100 96
responses

Table 2.2.2 records mollusc species typically @dld and those collected in the greatest numbers by
Palauan women as recorded in the 1991 survey iensstates in Palau by Matthews and Oiterong
(1991).
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Table 2.2.2 Mollusc species typically collected and thoselextbd in greatest numbers by Palauan women. Theef in brackets

represent per cent of those collected for sitdasce purposes only. (Source: Matthews and Oigert®91).
Aimeliik Airai Koror [Ngaraar [Ngardma Ngatpang Ngeremlengui Total
u
n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54

Mollusc species typically
collected
Tridacna crocea 100 100 92 67 71 67 80 83
Tridacna sp. 86 88 67 92 71 33 80 78
Anadara sp & Barbatia 71 88 83 92 86 100 60 83
reeveana
Anodonita edulata 100 88 50 83 71 100 100 80
Cypraea tigris 57 100 67 67 43 67 40 65
Lambis lambis 57 100 67 67 43 67 40 65

Mollusc species collected
in greatest numbers

Anodonita edulenta 86 (67) 88 50 (50) 83 (20) 86 100 (33 100 80 (23)
Tridacnasp. 71 (60) 88 50 (33) 75 (22 57 (25) 0 60 (33) 3 (B6)
Tridacna crocea 86 (17) 88 (14)| 92 (18) 0 14 33 60 54 (144)
Atactodea striata& A. 0 0 0 42 (100) 0 0 0 8 (100Q)
striata f. glabrata

Anadara sp. & Barbatia 0 0 17 0 0 0 40 7 (50)
reeveana (100)

Nucula rugosa 0 0 0 25 (100) 0 0 0 6 (104
Nerita maxima & N. 0 0 8 (100) 0 0 0 0 2 (100
undata

Both kim andoruer are collected for subsistence and commercial magoRochers and Matthews
(1992) reported the following results from intewgeconcerning the use of giant clams: in Melekeok,
giant clam kim) is an important invertebrate resource; it is oh¢he most important invertebrate
resources in Ngarchelong collected by women andi isoKoror; oruer is an important resource both
commercially and for subsistence purposes in Ngatgam is an important resource in Ngchesar
which the women colleckim was indicated as an important invertebrate resourdNgeremlengui
where they are abundant inside the r&efi is an important resource in Peleliu where it ikexted
about three times per month for food at customsntgiclams is one of the most important
invertebrate species in Kayangel.

Commercial giant clam poaching is a widespread Iprolin Palau and many incidents have been
reported. Clam meat continues to leave Palau fawdrg Guam and elsewhere (Maragos, 1994) even
though export for commercial purposes has beenilptet.

Production and marketing: Production figures for exploitation of wild clams Palau for domestic
consumption are very patchy. Commercial exporti@iomeat is prohibited in Palau, thus all landings
are supposedly for subsistence and the domestimeoral market. However, there are many exports to
relatives.T. croceain particular is targeted for commercial salethe local markets. Giant clams are
sold raw or with slices of lemon in local markefie meat can also sold after dipping quickly in
boiling water 6mur). Occasionally the meat is marinated in coconeaer (Matthews and Oiterong,
1991).

Table 2.2.2 records giant clam estimated averamphes by women for seven states in Palau in 1991.
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Table 2.2.2 Estimated giant clam catches during collectiopeglitions by women in seven states in Palau. .Cfggahes are in number of
pieces and represent state averages. (Soustthéws and Oiterong, 1991).

Aimelii Airai | Koror |Ngaraard Ngardma Ngatpang Ngeremlengui | Average

k u
Tridacna sp. &
Hippopus sp. (kim)
Good 44 78 54 20 47 77 53
Average 24 41 27 26 37 68 37
Time spent (hr) 2 2 3 3 2 4 3
No. times per 1 3 3 3 2 6 3
month
Per cent sold 42 71 36 64 62 80 59
Catch/unit  effort 12 17 10 9 19 17 14
(nos./hr)
Tridacna crocea * *
(oruer)
Average catch 65 51 48 50 70 135 70
Time spent (hr) 3 3 3 2 4 4 3
No. times per 2 3 3 1 6 7 4
month
Per cent sold 72 74 27 71 100 96 73
Catch/unit effort 26 19 16 25 18 31 23
(nos./hr)

Note: * figures based on the catch of one womemfeach of these two states.

Perronet al (1983) reported marine animal landings at PFF&vbeen 1976 and 1981. The following
purchases were recorded for giant clams (weighitssin

1977 1978 1979 1980 1981
Ibs $ Ibs $ Ibs $ Ibs $ Ibs $
Clams 200 100 270 117
Kim 527 200 1,195 478 252 286
Kism 157 63
Total 200 100 270 117 684 263 1,196 478 253 286

The only other giant clam sales recorded from traroercial markets are those for 1992 and 1993
which are as follows:

Weight (Ibs) Value (US$)
1992 - PFFA, Oh’s, PMCI 91 158.00
1993 - Oh’s (Jan-May) 124 62.00

Market prices, comparing different fisheries prasusold by women as recorded in 1991, as
reproduced from Matthews and Oiterong (1991), arergin Table 2.2.3.

Table 2.2.3 Fisheries products sold by Palauan women, comgaiices and average sales. (Source: Matthew®aarbng, 1991).

Species Price/unit Average amount sold Income @ler(§)S$)
Giant clam kim) $1.00-1.50/3 pieces 20 pieces 7.00-11.00
Giant clam ¢ruer) $1.00-1.50/9 pieces 72 pieces 8.00-12.00
Sea cucumbecheremrum) [ 1.00-1.25/10 pieces 80 pieces 8.00-10.00
Sea cucumbenfolech 1.00/10 pieces 100 pieces 10.00

Sea cucumbengiimeg 1.00-1.50/20 pieces 200 pieces 10.00-15.00
Sea cucumbeir{md) 1.00-1.50/10 100 pieces 10.00-15.00
Sea cucumbesgkesakef 0.25 each 75 pieces 18.75

Land crab fekung) 0.35-0.50/Ib 50 Ib 17.50-25.00
Mangrove clamrigduul) 0.10-0.25 each 200 pieces 20.00-50.00
Coconur crabKetal) 2.75 each 8 pieces 22.00
Mangrove crabgdhemang 5.00/Ib 8 Ibs 40.00

Ark shell kikoi)® 1.25/10 pieces 500 pieces 62.50
Urchin (choalech® 2.50/15 pieces 750 pieces 125.00

*One woman regularly sells $60 worth of this species
20ne woman regularly sells $108 worth of this specie
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SFigures are based on catches of three separaterwéthether women interviewed who collect theseaips collect them for subsistence
only.

Actual figure for export of wild giant clams, presably for relatives living overseas, is not possibl
to quantify from available information. They arepexted together with other foodstuffs in the same
containers (coolers). Table 2.2.4 records expdrfeadstuff in which giant clam formed a portion,
as recorded on Air Micronesia manifests. For itéisted as “clam”, is not clear whether it is giant
clams or mangrove clams (but could be both).

Table 2.2.4 Export figures of foodstuff in which giant clawrfns a portion as recorded on Air Micronesia matsfe

1990 1991 1992 If
Count | Gross Wt[ Count | Gross Wt| Count Gross Wi
(Ibs) (Ibs) (Ibs)

Giant clam meat 2 11 14 593
Clam 3 261 2 166 10 39(
Clam (live) 3 158 209 7,30
Giant Clam shell 4 1,004 27 3,129 5 496
Clam/Others 1 111 14 644
Clam/Fish (fresh) 1] 174 644
Fish (frozen)/Bat/Clam 1 54
Fish (frozen)/Clam 5] 675 196 b 530
Fish (frozen)/Clam/Others 45 b 245 5 3p5
Fish (frozen)/Crab/Clam shell L W
Fish/Bat/Clam 1 188 4 73
Fish/Clam 4 527 4 691 4 28p
Fish/Clam/Others 1 11! 15 1,792 17 1,762
Fish/Crab/Clam/Others ] 12 1 181
Giant clam shell/Black coral 8p
Crab/Clam/Lobster/Others p 8o
Fish/Clam/Bats/Lobster 2 3,567
Fish/Emang/Land crab/Clam 20 1,823
Fish/Crab/Clam/Lobster/Bats 1p 894
Fish/Clam/Lobster/Others b 747
Fish/Sardines/Crab/Clam b 315
Fish/Crab/Clam 5 33} 2 32p
Fish/Clam shells/Others b 240
Fish/Crab/Clam/Lobster ] 21p 10 1,152
Fish/Clam/Bats/Others 17f7
Fish/Clam (live) 3 118 2 17
Fish/Clam/Pigeon 2 13%
Clam (dried)/Other 1 14
Clam/Bats 1 20
Clam/Bats/Others . 8(
Clam/Trochus meat 3P
Crab/Clam/Others 3 268
Crab/Clam/Sea cucumber 1 45
Fish (frozen)/Crab/Clam 3L
Fish/Clam/Seafood/Other i 211
Tuna/Clam/Trochus meat/Bat 9 1,292

2.2.3 Aquaculture of giant clams in Palau.

A major aguaculture activity in Palau is the prdéhrcof cultured clams at the Micronesian Marictgtu
Demonstration Centre (MMDC). The program was eithét in 1973 and the facility serves the
Republic of Palau and the U.S.-affiliated Paciflands by developing, demonstrating and promoting
appropriate sea farming technology. MMDC also sef@® a regional sea farming training centre, a
marine science research laboratory and a populaistattraction. It has supplied supplied broodsto
and/or juvenile giant clams for projects in Americ&amoa, Cook Islands, Marshall Islands and
Western Samoa. The centre has been instrumenthleimesearch and aquaculture programmes in
several regional and international programmes aogegts on the culture of giant clams. One such
project as initiated by MMDC was the 3-Phase Regjiofield Trials for Commercially Valuable Giant
Clam Species. Phase | of the project involved coatpp@ culture ofT. gigasandT. derasain Palau,
American Samoa, Saipan, Yap, Chuuk and KosraeeRhasolved the evaluation of the performance
of T. derasaand H. hippopusin Palau, Saipan, Yap, Chuuk and Kosrae. The thliirase compared
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yields of T. derasaandT. squamosaDetails of the results of pahses | and Il araudzented in Heslinga
(1993a and 1993b).

Using production costs in 1991 and 1992, Shetngl (1993) estimated that the cost of raising clamms t

one year of age in the land-based hatchery an@myuas MMDC is $0.82 per clam. The cost increases
to $1.41 per clam if they are planted and growthéocean nursery for another year. MMDC's farm-
gate prices for one and two years old clams a@0%ind $3.00 respectively.

The summary of MMDC giant clam hatchery productzom sales for the past eight years is given in
Table 2.2.5.

Table 2.2.5 Summary of juvenile giant clam producton at MMB&d revenue from clam sales for the 1986-1993 gherio

1986 1987 1988 1989 1990 1991 1992 19
No. of 5-ms. old seed clams producgd 116,503  272|680,400( 375,913 1,353,296
No. of international shipments 1 14 21 15 199
No. of local (Palau) shipments 3 1 0 7 P9
Revenues from clam hatchery sales [$) 2,825 20{56e19,958 60,170 122,09y 96,224

Monthly giant clam production (5 months old seaatghe MMDC hatchery for the period 1990 to 1994
is given in Table 2.2.6.

Table 2.2.6 Monthly 5-monh old giant clam seeds productiomM®DC for the 1990-1994 period.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec talTo
1990
Species
1991
Species
1992
Species
1993 0 0 8,000 0 0 46,900 | 6,615 ?? 25,000 | O ?? 0
Species Tg ?? Td ??
1994 10,380 | 8,500 149,300
Species [ ?? Hh Tc

Monthly live giant clam sales from the MMDC hatchéor the period 1990-1994 are given in Table
2.2.7. The value figures have been rounded ofieatarest dollar.

Table 2.2.7 Summary of monthly live giant clam sales from MEWvith respective values during the 1990-1994ogeri

Jan | Feb | Mar | Apr | May [ Jun | Ju [ Aug| sep| oOcf Noy Def talTq

1990
Local (nos.)
Local (value)

Export (nos.)
Export (value)

1991
Local (nos.)
Local (value)

Export (nos.)
Export (value)

1992
Local (nos.)
Local (value)

Export (nos.)
Export (value)

1993
Local (nos.) [
Local (value) 2,854 5,056 2,779 1,54p 4,734 367 4OT 395 470 367 tot2> 1,649 20,6

Export (nos.)
Export (value) | 812 14,194 9,65( 3,91p 6,801 5,75 ,17(B 15,538| 1,114 3,108 tot2p  6,54D 75,60
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1994
Local (nos.)
Local (value ) | 4,930 2,934 3,137

Export (nos.)
Export (value| 1,672 4,906 4,827
)

MMDC has been collaborating with each of the l4stalastates of Palau in establishing small giant
clam demonstration farms and sanctuaries. MMDC wigkes seed clams available at low cost or no
cost to individuals in the private sector in Pdimucommercial farming. Hatchery sales reacheata t

of over $122,000 in the year ending September @80,Imore than twice the previous year's figur& Th
1993 sales were $ 96,224.

Compliance with permitting requirements of the UshFand Wildlife Service (which is responsible for
enforcing CITES restrictions on trade in threateaed endangered species) is required before cdlture
clams can be exported from Palau. There is anntingeed to establish a locally-based wildlife
inspector in the Republic of Palau, who should Haeeauthority to inspect and certify Palau's wigd|
export shipments covered by CITES agreement.

Export of giant clams by the private aquarium figferator in Palau is recorded in Table 2.7.8. All
were bought from MMDC.

Table 2.7.8 Export of cultured giant clams for the aquariuade by the private company in Palau.

Year/Species | Description & sizd  # piecds  Priceppmre | Total value | Reference

1992

T. derasa 9cm 1,325 1.50-12.0 6,19.90 DMR Annual
Report

T. gigas 7cm 326 4.25 1,384.00

H. hippopus 9cm 172 6.00 1,032.00

Total 1,823 2,441.5

1993*

T. crocea Blue SM. (4-5 cm.) 106 12.5 1,325.00 DMR data

T. derasa 14-16 cm. 57 14.5( 826.5D

T. derasa 7cm. 1,074 3.50 3,759.0p

T. derasa 9 cm. 139 7.00] 973.0

H. hippopus 15 cm. 19 24.00 456.00

H. hippopus 5cm. 10 3.00] 30.00

H. hippopus 7 cm. 6 4.40 26.40

H. hippopus 9 cm. 36 8.80)] 316.8

T. derasa 5cm. 53 2.50 132.5

Total 1,500 7,845.20

*Palau Biotech exports (started in September, 1993)

2.2.4 Stocks Status

Stock status was estimated by Hirschberger (19YNarth Palau. By towing divers along transects,
population estimates were obtained for wild clamdNgaruangl, Kayangel, Ngerael (North-west) reefs
and Ngebard reef. A total of 51,750 sg.m. was @Vén this survey. Standing stocks estimated are
given in Table 2.2.9. Hirschberger (1980) provisiesding stock estimates for giant clams surveyed
the isolated Helen's Reef, in the South of theuPatahipelago (Table 2.2.10). gigasandT. derasa
showed considerable decline in standing stock Etveeirveys conducted in 1972 (Hester and Jones,
1974) for this areal. croceawere reported to be present in large numbers st tremsects but were
not counted, whilel. squamosavere not noticeable. Dead clam shells were seeallarefs, their
incidence reflecting different levels of fishindjet largest species being more affected. There was
evidence that commercial clam poaching had occueeehtly. Concern was expressed on the effects of
commercial poaching and heavy subsistence expdwity villagers.
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Table 2.2.9 Giant clam population survey of four Northernfsgérom Hirschberger, 1977).

Standing Stock by reef (x 1,000) |
Species Ngaruang| Kayangel Ngeragl Ngeba
T. gigas 7.1 V. scarce 19.4 16.0
T. derasa 13.2 0.6 19.4 8.0
T. maxima 5.4 14.1 22.6 8.0
H. hippopus 26.9 1.1 12.1 16.8

Table 2.2.10 Giant clam population survey of Helen's Reeffalftirschberger, 1980).

Estimated standing stock
Species 1972 estimate 1975 estimate 1976 estinaaige]
T. gigas 49.8x 103 8.6 x 103 13.8 x 10”3 (4.7-22.9%3)
T. derasa 32.8x10"3 12.9x10"3 24.2 x 10"3 (8.1-40.3%3)
T. squamosa 1.2x10"3 4.3x10"3 10.4 x 10”3 (3.8-17.0 x3)0"
H. hippopus 44.6 x 10 ~3 47.4x10"3 217.5 x 10”3 (89.1-34619"3)
T. maxima 1.7x10"6 14x10"6 1.1 x 1076 (0.7-1.4 x 10"6)
T. crocea 3.7x10"6 ubiquitous ubiquitous

Many incidences of commercial poaching of clam®atau have been reported. Two Taiwanese clam
boats arrested in 1977 had a combined harvest @&0Q1pounds of clam meat, mostly muscle,

representing 30,000 clams. Clam stocks on the eeelen Reef were severely depleted by poaching
in the 1970's (Bryan and McConnell, 1976). Priorthie activity of Taiwanese poachers, this reef

supported abundant stocks of giant clams (Hestedanes, 1974).

More recently, Heslinga and Perron (1984) survéy@tihectares of the reef north and south of Aulong
Channel in the main barrier reef, an area knowsufgport abundant numbers of giant clam which were
exploited by small-scale commercial and subsistéisbermen. Standing stock estimates are given in
Table 2.2.11.

Table 2.2.11 Giant clam population survey results of Aulonga@hel,
after Heslinga and Perron, 1983. Surveg:al0,000 sqg.m.

Standing Mean no. live Mean % dead
Species stock shells/hectare shells/hectare
T. gigas 1,500 15 67
T. derasa 700 7 83
T. squamosa| 1,200 12 43
H. hippopus | 3,500 35 55

T. croceawas ubiquitous and. maximawas common on seaward transects. These autharkided
thatT. derasa, T. gigas, T. squamasadH. hippopuswere in a clear state of decline in the area, and
that continued wild harvesting would threaten thggecies in the area. A ban on clam fishing was
recommended, at least for this popular fishing,amre sustained exploitation was high.

No recent stock assessment surveys have been ¢eddacgiant clams stocks in Palau. However, in
a survey of 26 sites on coral reefs offshore frogefdmeduu and Eastern Babeldoab and the Rock
Islands, Birkeland (1991, cited in Maragos, 199®jorded the occurrence of giant clams as follows
which indicatedr. croceaT. maximaandT. squamosas being observed in about half the sites:

Species No. of sites in which species was obderve
Hippopus hippopus 3
Tridacna crocea 12
T. derasa 6
T. gigas 6
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T. maxima 13
T. squamosa 11

During the 1992 Rapid Ecological Assessment in itlds Srom Velasco Reef to Anguar, Birkeland
and Richmond (1992) frequently observed three gitarh species]. squamosa, T. maxinzndT.
gigas Furthermore, only larg&. gigas(74-109 cm in shell length) were observed, andtgrapells
were more common than live ones. The number of ¢dat of 47) in which giant clam species were
observed are as follows:

Species No. of sites in which species was obderve
Hippopus hippopus 6
Tridacna crocea 22
T. derasa 7
T. gigas 21
T. maxima 24
T. squamosa 36

T. squamos#ad the widest distribution, occuring in 36 oud@fsites, whilel'. croceaT. gigas and
T. maximawere observed in about half the number of thes siteveyed.

Interviews with women in seven states during th@118urvey by Matthews and Oiterong (1991) on
the role of women in fisheries in Palau indicateel following (Table 2.2.12) with respect to finding
giant clams during collection. The responses arespmcies women notice as harder to find and
figures are per cent of responses.

Table 2.2.12 Mollusc species women notice are harder to fiRidures represent percentages of responses. (Sddetthews and
Oiterong, 1991).

Mollusc species Aimeliik| Airai Koror Ngaraat] Ngardm Ngatpangj Ngeremlengdli Totgl
Tridacnaspp kim) 14 13 33 25 29 67 0 24
Tridacna crocegoruer) 14 13 33 0 14 0 20 24
Anodonita edulentéhgduul) 0 25 17 0 29 33 60 19
Conussp. ototl) 0 0 0 8 0 0 0 2

2.2.5 Management

Current legislation/policy regarding exploitation: The exploitation of wild giant clams is contralle
under Title 24: Environmental Protection, Chapter Brotected Sea Life, subchapter VI of the Palau
National Code, as follows:

O no commercial exporting of clam meat is permittedthe specie$ridacna gigas, T. squamosa, T.
derasa, T. maxima, T. croceadHippopus hippopus
O violators face fines of between $500 - 2,000 andfoto 12 months in jail.

Under section 1008 of the Endangered Species Actexamption is made for species for which
ministerial permission to harvest is granted, dnusé raised in commercial quantities under coetoll
conditions of aquaculture, mariculture, etc. Thigoortant exemption facilitates the legal export of
commercially cultured clams from Palau.

Section 4 (6) of the Marine Protection Act of 1984hibits fishing while using any form of underwate
breathing apparatus other than a snorkel. Sect{@d}of the same Act prohibits the commercial ekpo
of giant clam meat of.gigas, T. squamosa, T. derasa, T. maxima, Teer@dH. hippopusor part
thereof except cultured species.

Recommended Legislation/Policy regarding exploitatin: Regulation of the subsistence fishery for

giant clams would be very difficult to legislatedaanforce, except through the system of traditional
marine tenure. Where traditional ownership rights still recognised and traditional conservation
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regulations (otbuul') can be enforced, village chiefs can play an itgmtrrole in conserving wild clam
stocks.

Despite the above legislation, quantities of claeantontinue to be exported from Palau, espedially
Taiwan. Such exports violate national law. lllegaports of clam meat totalled around 2 tons in 1990
and 888 pounds during the first half of 1991. Betteforcement of existing law protecting wild clam
stocks would help to deter such illegal activitiéiam meat is also sent to relations overseascigdiye
Guam, for home consumption.

Application of minimum size limits (different foraeh species) has been employed as a management
tool for giant clam stocks in many countries. TiBigspecially beneficial when giant clams have low
natural mortality and thus "the largest yields Wil obtained by taking giant clams at relativelgda
sizes" (Munro, 1993). Munro further noted that anbmation of minimum size limits and the
imposition of annual quotas to be harvested imalsishort season, offer the best prospects. Even
though the establishment of reserves has not besemto increase recruitment in depleted areas, it
would at least play a role in conserving the gengtiol of the remaining stocks.

Enforcement of the minimum size limits would befidiflt in cases when only clam meat is sold. A
consideration here is the banning of clam meassaithout the shells.

Other management options suggested by McKoy (1@80)de; quotas on catches, closed areas and
closed seasons.
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2.3 Mangrove clams ngduul

2.3.1 The Resource

Species presentThe main species of mangrove clams found andedilfor consumption in Palau
are Anodonita edulentdthe thin-shelled mangrove clammgduul) andA. alba (the large mangrove
clam - delal a ngduu). Other species includ€&olymededa luhuangheduid or debuongel and
Terebralia semestriata

Distribution : Mangrove clams are distributed throughout thegrare areas of the Palau archipelago.
A. edulentas known to be particularly abundant in the mamgsoaround Babeldaob and Koror with
Ngardmau and Ngeremlengui States producing thesafgrvests.

Matthews and Oiterong (1991) describe mangrove lasnliving a few feet deep in the mud in and
around mangrove forests, submerged in the mud wivaeter is about three feet deep. The best
mangrove clam spots or gleaning areasgfuoll) are considered to be small inlets in the mangrove
(dermetaoch, edge of the mangroveklpu) and pools by the mangrovasef) in some areas near
seagrass beds. All three types of gleaning areafand in mangroves at Ngesaol in Koror but rare
in other areas around Palau. Mangrove clams atectetl most in Ngeremlengui, Ngardmau and
Airai with fewer collected in Ngaraard and Ngatpa@peduidis an important invertebrate species in
Ngeremlengui and Peleliu (Rochers and Matthews 2l9Mangrove clam is one of the most
important marine invertebrates for subsistence @mmercial purposes in the northern barrier reef
area, Ngatpang, Ngeremlengui and Peleliu (Maratfags).

Biology and ecologyBiological information on these species are lagki

2.3.2 The Fishery

Utilization : Matthews and Oiterong, (1991) gave the followitegcription of the collection process
of mangrove clams in Palau. The collection metrodriown locally asnengduul It is done by
women who usually go out in groups of two to fieegstly during neap tides. At low tide, the women
dig a pool within the mud allowing water to flow the area making it more manageable as mud
without water can be hard to dig. The women thedenaside the pool and start feeling for clams
using their feet. Women always collect on one siflethe spot, working their way out or in,
depending on the tide. If the tide is coming inytkeould go all the way inside and collect as they
move out. This is to leave the ungleaned area tuntsd. The next time they come to the previously
worked area, they would collect from the undistdrlaeeas. A gleaned area can be known by (1)
disturbed and uprooted mangrove roots, (2) bottomud is too soft, and (3) presence on fresh dead
shells. The gleaners move to a different locatfamiarea has these features. The gleaned arfa is |
for about 3 to 6 months before gleaned again. (iBhésknowledged as the time it takes for the clams
to reach marketable size).

“Mangrove clams are a major local commercial spgecisll local markets, as well as several
restaurants buy and sell them. Generally, clamgébighan 1.5 inches are sold to local fish and
produce markets and restaurants; smaller clam&epefor family use” (Matthews and Oiterong,
1991). A survey conducted by the same authors 81 19 7 states in Palau recorded the invertebrate
seafood collection methods used by Palauan womere@®duced in Table 2.3.1. Overall, it
indicates mangrove clam collection as the third tmmsictised invertebrate seafood method by
women, after “general gleaning” and “sea cucumbdection Elengimey’.

Table 2.3.1 Seafood collection methods used by Palauan WorRigures represent percentages of responses. ddatthews and
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Oiterong,  1991).

Aimeliik | Airai Koror | Ngaraard Ngardma| Ngatpang | Ngeremlenguj Average
u Total
n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54

Mangrove clam collection 71 75 50 83 71 100 100 74
(mengduu)
General gleaning 100 100 92 100 86 100 100 96
Sea cucumber collection 71 100 92 100 86 100 80 91
(olengime3
Sea cucumber collection 71 88 75 25 43 67 40 57
(omat a irimg
Collection at night 57 50 42 58 14 0 60 44
(meluich)
Land crab collection 14 0 17 25 0 0 0 11
Coconut crab collection 0 13 0 0 0 0 0 2
Mangrove crab collection 0 13 0 0 0 0 0 2

Production and marketing: Production of clam chowder is the major use fangrove clam.
Production areas are generally in the less infthhiteas on Babeldaob Island and clams are broyght b
boat or car to markets in the main town of Koroo Rgures are available on the subsistence
production nor are there complete data on commiesalas of mangrove clams. Perrenal (1983)
recorded commercial marine animals purchased alAFBFthe 1976-1981 year period. In 1979,
5,676 Ibs (valued $340) ofgduul, comprising 1.2 per cent of the total marine fepodduct landing

for that year, was reported. Only 298 Ibs (wortlb)$das recorded in 1980. The only recent figure
available from commercial markets is 50 Ibs (wd#5.00) ofngduul from Ngaraard recorded in
PFFA purchases data for August, 1993.

Landings of mangrove clams are mostly from Ngeregue Ngardmau and Airai with a few from
Ngaraard and Ngatpang. Molluscs typically collectadd those collected in greatest numbers by
Palauan women, are presented in Table 2.3.2 asdextm Matthews and Oiterong (1991) for seven
states surveyed in 1991. The results indicate riigrove clams are typically collected by most
Palauan women and is the invertebrate seafood ne@saollected in greatest numbers in the seven
states. All women who collect mangrove clams inaAiNgardmau and Ngeremlengui sell part of
their catches. Only some women in Aimeliik, Korddgaraard and Ngatpang collect solely for
subsistence use.

Table 2.3.2 Invertebrate seafood resources typically andect#d in greatest numbers by women in seven siatBalau. The figures
represent  percentages of responses and figulasckets represent per cent of those colleaeddbsistence purposes only. (Source:
Matthews and Oiterong, 1991).

Aimeliik | Airai Koror Ngaraard| Ngardmay Ngatpangg edgmlengu| Average Total
i

Mollusc species typically n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54
collected

Tridacna crocea 100 100 92 67 71 67 80 83
Anadara sp & Barbatia 71 88 83 92 86 100 60 83
reeveana

Anodonita edulata 100 88 50 83 71 100 100 80
Tridacnasp. 86 88 67 92 71 33 80 78
Cypraea tigris 57 100 67 67 43 67 40 65
Lambis lambis 57 100 67 67 43 67 40 65

Mollusc species collected
in greatest numbers

Anodonita edulenta 86 (67) 88 50 (50) 83 (20) 86 100 (33) 100 80 (23)
Tridacnasp. 71 (60) 88 50 (33 75 (22 57 (25 0 60 (33) 3 (B6)
Tridacna crocea 86 (17) 88 (14)] 92 (18) 0 14 33 60 54 (14)
Atactodea striata& A. 0 0 0 42 (100) 0 0 0 8 (100)
striata f. glabrata

Anadara sp. & Barbatia 0 0 17 0 0 0 40 7 (50)
reeveana (100)

Nucula rugosa 0 0 0 25 (100) 0 0 0 6 (100)
Nerita maxima & N. 0 0 8 (100) 0 0 0 0 2 (100)
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Estimates of mangrove clams landed per trip by wonmeseven states in 1991 were made by
Matthews and Oiterong (1991) and are reproducddhbie 2.3.3. The catch figures are in number of
pieces and represent state averages. The catduh {tad and average) are assumed here as catches
per collector per trip. Extrapolations for the wiolear have been conducted using average total
figures and assuming that fishing is conducted times in all 12 months of the year. Since the
number of fisherwomen involved in this particulehiery was not given, it was not possible to make
an attempt to estimate an annual production.

Table 2.3.3 Summary of estimates of mangrove claf édulenth collected per trip by women in seven states ifalPa(Source:

Matthews and Oiterong,1991). Catch figuresimreumbers of pieces and represent state averages.
Averag | Total Extrapolations|
Aimelii Airai | Koror | Ngaraar | Ngardma | Ngatpang [ Ngeremlengu| e Total per collector per
Kk u i year
Good 167 274 175 180 308 170 320 22§ 10,944
Bad 22 51 50 52 137 40 94 64 3,072
Average 91 153 99 95 200 100 140 125 6,000
Time spent (hr) 5 5 4 6 7 6 5 5 240
No. times/month 1 4 3 3 5 2 9 4
Per cent sold 43 78 50 77 100 78 66 70
Catch/unit effort 18 33 25 17 30 18 29 24
(nos./hr)

Market price recorded in 1991 for mangrove clam $@40-0.25 a piece with average amount sold
of 200 pieces per sale, earning an income of US$280.00 per sale.

2.3.3 Stocks Status

Stock status is presently unknown, but is belieeede considerable, given the relative importarfce o
this fishery to the income earning potential ofage women, and the large amount of mangrove habita
available. The use of low-technology, labour intemgollecting methods suggests that fishing pressu
on stocks is probably light. However, there arecatibns that clams in some areas are not as abunda
as they were 5 years ago. Habitat destruction duacteased development of coastal areas may be
responsible.

During the 1991 survey, 19 per cent of all the wonmerviewed in the seven states said that maegrov
clam is harder to find, especially in Ngaremlengdthe results (per cent of responses), indicatieg th
species as harder to find, for each state werededas follows:

Aimelii Airai Koror Ngaraard Ngardmau Ngatpang Ngeremlengui Average Total
k
n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54
Ngduul 0 25 17 0 29 33 60 19

Changes which have been observed by women gleanersvhich could have contributed to the
declines of stocks, include: dead corals (35 pet)cpollution/trash (33 per cent), fewer speciEs ger
cent), effects of gravel or coral dredging (15 gent), too many people collecting (11 per cenpalal
fouling (7 per cent), siltation (7 per cent), ceid mangroves (2 per cent), outsiders using arpar(2
cent), oil from boats (2 per cent) and lower wéggel (2 per cent).

2.3.4 Management
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Matthews and Oiterong (1991) note that “for conagon reasons, the women will collect on one side
of the spot (gleaning area) working their way ouirodepending on the current. The next time they
come to the previously worked area, they collemnfundisturbed areas. Usually mangrove clams take a
few months to reach the marketable size, so wonahthwee to six months before returning to an
area”. Even though a system seems to have tragiydmeen in existence amongst the women gleaners
to sustain stocks of mangrove clams by rotatioaref harvested, other factors, as listed undek Stoc
Status, will affect sustainability of the resource.

Current Legislation/Policy regarding exploitation: No legislation exists at present. Traditional
conservation guidelines may be in force at theedtatel in some areas. Women tend to collect clams
only from around their home state. Other areasnateharvested, eg. those near industrial waste or
sewerage outlets.

Recommended Legislation/Policy regarding exploitatin: Basic information (including landing
statistics and biological parameters) on the mamgrdam resource is a necessity prior to the
formulation of any regulations. A regulation noripalpplied to control the exploitation of bivalviss
the application of a minimum size limit.

Lewis (1988), summarising the existing subsistdmsteeries for miscellaneous molluscs in the Pacific
islands, notes that few data are available foretHesheries, but that they are often of considerabl
importance to rural communities; a fact that needse recognised in fisheries development and abast
management plans.
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2.4 Nautilus
2.4.1 The Resource

Species presentThe nautiloidsNautilus belauensis -
and N. pompilius are present in Palauan watet -
Although these deep-water molluscs do not form -
basis of any commercial or subsistence fisheris i
briefly mentioned here because a considerable am:i
of research into the biology and ecology of the
poorly known animals has been conducted in Pe
since 1977 by DMR staff in collaboration witi,
research scientists from overseas, which has egsult
in a significant contribution to the knowledge lostanimal (Saunders, 1979).

Distribution: This species typically inhabits the relatively doassible deep fore-reef slopes of
scattered Indo-Pacific island groups. Saundetrsal (draft, undated) recorded the most eastern
occurrence oNautilusin American Samoa. Nautilus has been best knoam the Philippines, Palau,
New Caledonia and Fiji (Saunders, 1978). Saundedated) presents the first direct studafitilus

in its deep water habitat in Palau using time lgpsgo sequences taken by remote cameras at baited
sites. Surveys were carried out at Mutremediu Pairdepths of 73-538 niNautilus appeared to be
most abundant at depths of 150-300m, at ambierdgrvi@mperatures of 17-19 degrees celsius. Water
temperature appears to be an important factosstnitolition and migrational movements.

Biology and ecology:The Palau studies showed for the first time MNettilusis an active feeder both
during the day as well as at night; it was previplrelieved that the species was nocturnal. Visual
senses appear to be weak, with chemosensory alfilgseater importance. The role Iautilusin the
marine ecosystem of Palau is that of a highly neothibvering, epibenthic scavenging generalist and
opportunistic predator. Tagging studies have indatathat Nautilus sp.undertake considerable
migratory movements of 150 km in 332 days, an @eeod 0.45 km/day (Saunders and Spinosa, 1979).
Considerable sexual dimorphism exists in shell armk shape in Palauan nautiloids, with males tgndin
towards larger sizes and broader apertures (SaaiaddrSpinosa, 1978).

From the work of Saunders (1979), data indicatesla dominated sex ratio, which is peculiar to Rala
Philippines and FijiNautilus populations. Saunders (1984), from mark and recaptudy in Palau,
recorded growth oN. belauensiss slow (0.1 mm of shell per day). Growth decreasematurity is
approached and individuals may live at least 4s/aedter maturity is reached. Maturity is attainéd a
around 190-200 mm shell diameter. Saunders (132imated that the life-span of Nautilus may exceed
20 years.

2.4.2 The Fishery
Utilization : Nautilusis not exploited in Palau on any level.

Production and marketing: Nautilusstocks in Palau are currently unexploited, exéepbccasional
permitted collection for overseas aquariums.

2.4.3 Stock Status
Saunders (1979) points out that if substantialatqiion were to begin for either shells or expdrive

animals, depletion could proceed rapidly, as theufation does not appear to be large, as indidaged
the high rates of return for tagged animals. Mamigpof any trapping activities by DMR was stressed
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2.4.4 Management
Current legislation/policy regarding exploitation: There is currently no legislation or policy.

Recommended legislation/policy regarding exploitatin: It might be worthwhile to legislate the
collection/taking of liveNautilusspecimens through a permittng system.
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2.5 Oysters 4Hiud

2.5.1 The Resource

Species presentOysters native to Palau includ
Crassostrea echinatémangrove oysteriiud) and
Saccostrea glomeratéock oyster -iud). These ;
species grow to a sufficient size to be commeigcie ‘

valuable, butC. glomeratais not present in 68 =

sufficient abundance to sustain a commercial yiciu

(MMDC, 1975).C. gigaswas introduced for aquaculture purposes in 19%& 3pecies does not seem
to have been able to establish in Palau. Two spetitorny oystersSpondylus barbatusndS. varius
were reported from surveys on coral reefs offsHooen Ngeremduu and several sites in Eastern
Babeldaob and the Rock Islands and in sites frofas¢e Reef to Anguar (Richmond, 1991 cited in
Maragos, 1992; Birkeland and Richmond, 1992).

it
Crassostrea gigas

Distribution : With the exception of the Arctic and Antarctigiens, oysters are found in all the sea
areas of the world. Species of oysters vary widebm those living on the rocky reefs of outer atea
coasts with high salinity waters to those livingtite inner recesses of bays with a high degree of
fresh water flow. Among their species can be foundvide variety of life patterns as well.
Approximately 200 species of oyster are known testew the world, and of these about 25 are
believed to live in the waters of Japan (Yamah&9}9

Large oyster beds occur off the entrances to amldiwiNgeremeduu Bay (Maragos, 1994). It is not
clear whether these wer€rassostreaor thorny oystersSpondylus Richmond (1991, cited in
Maragos, 1992) recorded the thorny oyster spe8psr(dylus observed in a survey of 26 sites on
coral reefs offshore from Ngeremeduu and seveted & eastern Babeldaob and the Rock Islands as
follows:

Species No. of sites in which species was obderve
Spondylus barbatus 3 out of 26
S. varius 10 out of 26

Birkeland and Richmond (1992) observed thorny ogs{®pondyluk in surveys of 47 sites from
Velasco Reef to Anguar as follows:

Species No. of sites in which species was obderve
Spondylus varius 4 out of 47
Spondylusp. 2 out of 47

Biology and ecology Among the varieties of shellfish presently inhedg the earth, the most
prolific are the conch (Gastropoda) and bivalveldBgpoda) families. Of the conches, about 85,000
species exist while the Pelecypoda family has aB6i00 species. The conches actively search for
food on the ocean floor with eyes and feelerspilialves such as scallops tend to bury themseives i
the ocean floor or, in the case of oysters, atthemselves to rock outcroppings or reefs.

The soft body of the bivalves is fully enclosedaishell and a mantle with which the shell is, so to
speak, lined. There is also a gill between thetlmaand internal organs. On the back edge of the
body are a number of water pores through which miatdrawn in to pass through the gill and thus
constitute the breathing function. At the sameetitihe gill also functions to separate debris & th
water from edible suspended matter such as plarfkiotihe ingestive process. The volume of water
thus processed by the gill in the case of "MagéRécific cupped oyster) is said to be about 1@ditr
per hour. Virginia oyster (American cupped oystéijers about 5-25 litres/hour at a water
temperature of 20 T This means that some oysters process more thahtires their body weight
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(without shell) of water every hour (Yamaha, 1989)e amount of vegetable planktons consumed by
an adult oyster in one day is thought to be betwleand 5 grams.

Within the same species of oyster there are coratke differences in the shape of the shell and
other biological characteristics depending on tdrenment conditions within they live.

The number of eggs produced by a single matureepyanges from 50 to 100 million (Yamaha,

1989). Fertilized eggs and larvae begin a randootgss of dispersion and reconcentration in
accordance with the whims of forces like tides, evenotion and eddying currents. After two or three
weeks in this drifting phase they enter the fixédgs of their life cycle in which they attach

themselves to some stationary object.

Oysters feed primarily on vegetable planktons aglitds, but the amount of food consumed varies
with species and also in accordance with the stageowth and life environment conditions.

Shell growth is greatly influenced by such factasswater temperature and salinity, currents and
gestation. It is generally most active in the spramd autumn, and tends to stagnate in the spawning
season of summer and in winter.

Culture trials of imported. gigas in 1975, showed disappointing results. Usingoofitom techniques,

2 lots grown at Ngatpang Bay reached 61.5 andrét&hell length in 10 months, and those planted at
a site off MMDC reached 53.3 mm. Oysters grown esfier trays at Ngetpang Bay reached 36.5 mm
shell length.

Survival rates were poor. Culchless oyster seddeistier trays at MMDC farm site had no survival;
culchless oysters glued to masonite plates had fawival due to glue losses and drop-off. Culched
oyster seed of two sizes had different mortalitgsal8 per cent for the larger spat and 18.2 pefoe
the smaller spat. Ngetpang Bay was consideredféo thfe best ecological conditions for cultureQf
gigas using off-bottom techniques, but results of thkpeximental trial indicated culture to be not
economically viable in Palau.

No commercial or small-scale fishery based on oysterrently exists, although the native species fo
a part of the subsistence diet in areas whereateegrevalent.

2.5.2 The Fishery

Utilization: Oysters are of subsistence value to residentdNgdremeduu and Ngeremlengui.
Commercial ventures have not been favoured in tla@eas due to small populations (Maragos,
1994). “Native species of oysters are harvestedstdrsistence purposes, and may be marketed
commercially, although exploitation is thought ® minimal” (Casselét al, 1992).Chesiuchis one

of the important invertebrates in Ngeremlengui viitth being occasionally collected by women and
children (Rochers and Matthews, 1992).

Production and marketing: No estimates have been made of subsistencedéuélization in areas
where oysters are found and consumed. HoweverpPetral (1983) recorded marine animals of
commercial value landed at PFFA during the 1976119&iod. A total of 1,136 Ibs (worth $1,136)
and 200 Ibs (worth $100) ofud (C. echinata were recorded in 1976 and 1977 respectively. No
records were reported for the rest of the yeathénperiod. It was not apparent whether the oysters
purchased in 1976 and 1977 were from local stocksported.
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2.5.3 Stocks Status

No information is available on oyster stocks indealMaragos (1994) reports large oyster beds
existing off the entrances to, and within, Ngeredwen Bay. The author further noted that even
though “oysters are of subsistence value to ressdeh Ngatpang and Ngeremlengui, commercial
venture has not been favoured due to small populasize”. Richmond (1991) reported the
occurrence of. barbatus in 3 sites ané. varius in 10 sites, of the 47 sites surveyed on corglisre
offshore from Ngeremeduu and several sites in pagabeldaob and the Rock Islands. Birkeland
and Richmond (1992) observ&d variusin 4 sites andpondylusp. in 2 sites, during surveys of 47
sites from Velasco Reef to Anguar.

2.5.4 Management

There is no commercial utilization of native stogisich seem to be able to support only subsistence
consumption.

Current legislation/policy regarding exploitation: Apart from pearl oysters, there is no regulation
that specifically deals with the exploitation ofildd oysters included in this profile.

Recommended legislation/policy regarding exploitatin:. None seems necessary due to the low
level of exploitation.
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2.6 Pearl oysters

2.6.1 The Resource

Species presentPinctada margaritifera(the black-lip

pearl shell -esiuch occurs naturally in PalalRteria

penguin(the brown-lip pearl shell or the winged Mat
pearl oyster -rudel), is abundant and commonl
associated with black coral on reef drop-offs ardpd
water lagoon areas. It is also abundant on the rshipy
wrecks in Palau, but it is apparently not collecte
Maragos (1994) report that the brown-lip pearl Istsel
not collected locally. Birkeland and Richmond (19
reported Pt. brevialata in surveys of 47 sites fronm
Velasco Reef to AnguaP. maxima(the gold-lip pearl T
oyster shell, commonly called the silver-lip pesiréll in esiuch- Pinctada magaritifera
Palau), is not a native species but was introddoed

pearl mariculture (G. Heslingpers. comn).

Distribution : Black-lip pearl oyster is widespread throughogeénia. Gold-lip has a more restricted
distribution, not being found in commercial quaasiteast of Solomon Islands.

P. margaritiferais found down to 40 m, but mostly just below lowater mark.P. maxima when it
occurs naturally, is found on coral reefs down tepth of 80 m with maximum abundance generally
between 10 and 60 m.

In a survey of 26 sites on coral reefs offshoremfrblgeremeduu and several sites in eastern
Babeldaob and the Rock Islands, Richmond (199&ddit Maragos, 1992), observBtl penguinin
only 3 sites. During surveys in 47 sites from VetaReef to Anguar, Birkeland and Richmond
(1992) reported the occurrence of the pearl oystefsllows:

Species No. of sites where species was observed
Pinctada margaritifera 2 out of 47 sites
Pteria brevialata 3 out of 47 sites
Pt. penguin 1 out of 47 sites

The brown-lip pearl shell is abundant, and commasisociated with black coral, on reef drop-offs and
deep water lagoon areas and on the many ship wire&dau.

Biology and ecology An excellent reference on the biology, culturd ather aspects of pearl oyster
species is Gervis and Sims (1992). The followinfprimation was extracted from that reference.
Pinctadaspecies are protandrous hermaphrodites, withsrationales to females tending to be 1:1
with increasing age. Black-lip pearl oysters readhmaturity in the second year while. maxima
matures as a male at 110-120 mm during its firat wé life, and it is possible for wilB. fucatato
spawn twice in the first year. Spawning is oftesocasated with temperature extremes or sudden
changes in the environment, and that for tropigaters is not limited to a single season. Fertiliza
takes place in the water after the release of fpthm and eggs, and the larval cycle ranges from 16
to 30 days depending on species, temperature, dmodthe availability of settlement substrates.
Growth is affected by temperature and food avditgbiP. margaritiferareaches a shell diameter of
7 or 8 cm within one year and 11 cm by the secarat whileP. maximaaverages 10-16 cm after
two years.P. fucatareaches a maximum 9 cm (DVM, dorso-ventral measeant) within the first
twelve months and has a lifespan of only four ye@re von Bertalanffy growth parameters of wild
stocks, in Cook Islands, &f. margaritiferawere estimated by Sims (1990) to be;+79.31 mm,
K=0.0756 and#0.44 months. Predator fish, especially on the gooysters, includeBalistessp.,
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Tetradonsp. Lethrinus sp., Serranussp., and various species of sharks and rays. Quteslators
include octopus, starfish, crabs and a varietyreflgtor gastropods suchMsirexandCymatiumsp.

Maximum sizes have been calculated for blacklip gaoldllip as 14-17 cm and 20-25 cm diameter
respectively. Like many bivalveBjnctadaspecies are hermaphrodites, reaching maturityarsécond
year of growth, but with uneven sex ratios untd fourth or fifth years, with greater numbers ofesa
up to that time. Spawning is often not limited tstidct seasons, and a larval stage occurs lagtihg
weeks prior to settlement (Sims, 1988).

2.6.2 The Fishery

Utilization : It is thought that collection of pearl shell bydrdiving for export of the shell probably
occurred intensively in Palau during the Japanesmipation before the war, resulting in severe
depletion of wild stocks (G. Heslingpers. commto P. Nichols). There is no small-scale commercial
fishery of pearl shell today, primarily becausedvgtocks are very small (G. Heslingars. commto P.
Nichols).

Pearl culture operations were established in PafaliMarshall Islands by the Japanese prior to the
outbreak of the second world war. Experimental lpeaming in Palau commenced in 1935 off Koror
usingPinctada maximaBetween 1937 and 1941, 8.23 Ibs of pearls weréymed (Anonymous, 1989).

Production and marketing: No export figures for past pearl shell produciiwa available. Currently,
no shell export is undertaken. Cultured pearls pred by a Japanese joint venture pearl culturétjaci
are marketed through Japanese pearl buyers.

No shell production occurs today. Cultured peastpction figures are confidential.

An experimental pearl farming joint venture betweeldapanese company, the Palau National and
Koror State Governments was in operation, cultupegrls usind®. matencie fucatandP. maxima

Due to the lack of wild shells available, maximawere imported from Japan and Indonesia for use in
pearl culture in the mid-1980s. A total of 25,00l were imported in 1985, 150,000 in 1986 and

110,000 in 1987. Mortalities of these transplargkells were reported to be high (Anonymous, 1989).

Because of the lack of suitable wild shells, cétaf parent stock with which to culture pearls besn

a major developmental area. Since 1982, culturetisshave been used for pearl production by the

company. Production of pearls for 1993 was foreeast,075 monme (= 933.9 ounces; 1 monme =

0.132 ounce), valued at 212.25 million yen.

MMDC plans to conduct research for the culture eanb oysters involving spat collection but
especially hatchery propagation of the black-ligrnp@yster,P. margaritifera Broodstock will be
collected from the wild for spawning purposes atB®I(Heslinga, 1994pers. comn).

2.6.3 Stocks Status

No records are available of any attempt to condtatk assessment work on the native pearl oysters
in Palau. The resource is believed to have suppat@earl shell industry for export during the
Japanese occupation of Palau which could haveteesul depletion of native stocks. The pearl farm
ventures initiated on Palau have all depended enmiportation of stocks due to the lack of locally
available wild stocks. The planned MMDC efforts gmpagateP. margaritifera collected locally

will shed some light on the stocks available areharwhere they still exist on Palau. Out of 26ssite
surveyed by Richmond in 1991 on coral reefs offsffosm Ngeremeduu and several sites in eastern
Babeldaob and the Rock Islands, oRliy penguinwas observed in only 3 sites. Of the 47 sites
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surveyed from Velasco Reef to Anguar by Birkelamd &ichmond (1992)P. margaritiferawas
recorded in only 2 site®t. penguinin 1 site, andPt. breviatain 3 sites. No abundance figures were

given for species observed.

No data are available at DMR concerning the histd®inctadashell production.

2.6.4 Management

Current legislation/policy regarding exploitation: The harvesting of black-lip mother-of-pearl shell
is controlled under Palau National Code, Title Z8nvironmental Protection, Division 2:

WildlifeProtection, Chapter 12: Protected Sea L8apchapter Ill: Mother-of-Pearl. Section 1221slist
these controls as:

a) no black-lip mother-of-pearl oyster sheRifictada margaritiferq shall be taken except
whose shell ia at least four (4) inches in diamagsameasured across the nacre;

b) no black-lip mother-of-pearl oyster shell of angesshall be taken from the first day of
August to the thirty-first day of December inclusiv

¢) notwithstanding any provisions of this section be tcontrary, black-lip mother-of-pearl
shells of any size may be taken at any time foergific purposes when specifically
authorised by the President;

d) a person violating any of the provisions of thist&e shall, upon conviction, be imprisoned
for a period not exceeding 6 months, or fined noterthan $100.00, or both.

No legislation exists for other species of peadteyspecies.

Recommended legislation/policy regarding exploitatin: Without base line data on the wild stocks
of black-lip and silver-lip in the country, it isatd to assess conservation requirements. As neryish
exists for the exploitation of wild shell, managemmeasures are obviously not required at this.time
Regulation of pearl culture is the subject of tRisteng joint venture arrangement. This activityyniee
assisting to enhance natural spat falls.

Sims (1988) provides a comprehensive review olceland management issues relating to pearl shell
in the Pacific.
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2.7 Trochus -semum or ekoek

2.7.1 The Resource

Species presentThe top shell,Trochus niloticus(trochus -
semumor ekoel is found in Palau.

Distribution : The natural distribution of trochus is depende
on the presence of coral reefs. It occurs in therfropical belt
between the Andaman Islands in the Indian Ocean thed
islands of Fiji and Wallis in the Pacific (Bour,88). The edge
of its natural habitat in the Western Pacific waarked by an
obligue line running from Palau down to Wallis. Hower, with

the many successful translocations and introdustitire area now inhabited by trochus extends more
to the east. In the South Pacifit, niloticushas been introduced to Cook Islands, Niue, Tokelau

Tonga, Tuvalu and Western Samoa.

semun - Trochu: niloticus

In Palau,T. niloticusis generally spread throughout reefs with suitdlaleitats. According to Heslinga
et. al. (1984), trochus distribution is dependent on mw@&ntation. South and south-east facing reefs
generally support less shells than nearby east osth-east facing sections. Generally, trochus
distribution in Palau is virtually restricted torbasubstrates on seaward reefs. The species doonrs
low water mark down to 14 fathoms (28 m) depth. Tehveured depth in Palau is around 2-4 fathoms
(4-8 m) (Asano, 1991). Ngiramolaet. al (1991) noted thal. niloticusis a well known reef snail
throughout Palau and their survey conducted on Kand Babelthuap indicated that the reefs around
Babelthuap have higher trochus densities than tamsend Koror. Richmond (1991, cited in Maragos,
1992), during surveys of 26 sites on coral reefshofe from Ngeremeduu and several sites in eastern
Babeldaob and the Rock Islands, obsefvediloticusin only one site. However, it should be noted that
these surveys were rapid ecological surveys. Birlcebnd Richmond (1992) observiedhiloticusin 14
sites out of 47 surveyed from Velasco Reef to Angua

Biology and ecology T. niloticus(family Trochidae) has a large, thick, heavy, cahshell, pinkish

in colour with dark, reddish brown blotches. Itlig largest species in the genus, and may exceed 15
cm in basal length. Trochus inhabits shallow, dsunkters rarely being found deeper than a few
metres. The maximum densities of trochus suitadmdnarvesting are found on the first meters of the
outer reef slope which is made up essentially afgiva slabs of dead coral (Marchandise, undated).
Trochus is primarily herbivorous, feeding on snatlae, diatoms and foramaniferas on dead coral
and rock surfaces. A trochus radula is estimatecbmprise of about 150 teeth. This enables it to
graze. In the stomach content of 20 specimensjnmgrigpm 60 to 75 mm in diameter, Asano (1944)
found Foramanifera, Cyanophyceae, and Phaeophytedarge quantities and also a lesser
proportion of other small red and green algae mixid a large quantity of sand.

Trochus do not have secondary external sexualresatyy which the sexes can be distinguished. The
only definite method to determine the trochus setoibreak the apex of the shell to reveal the gona
which, when mature, is a deep green colour in @mafe and milky white in the male. However,
another method of determining the sex of an adotthius without sacrificing it is to force the lign
trochus to retract far into its shell by pressirithvene's thumb on the operculum. This will cause t
animal to eject some water in the paleal cavityhd water is examined under a microscope it will
usually be found to contain some spermatozoa angtsmes some green ovocytes. This method is
usually reliable during the spawning season whéettag genitors to obtain spawn for aquaculture.

Sexual maturity is reached in the second year Gi@gecm). Male and female gametes are released

into the sea where fertilization takes place. Tdntilized eggs are covered with a thick chorionchkihi
protects the embryo. After hatching, the trochophdevelops a larval shell (the protoconch) and
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swims towards the surface using the ciliated veluAt. this stage it has become a lecithtrophic
veliger. After a few days, the veliger settlessosubstrate, sheds its velum and begins to cranbal
on its single foot feeding on microscopic algae.

The number of eggs release by a female trochusndspen the size of the shell (basal length).
Heslinga (1981) estimated that one female of 10d@ameter can release up to 2 million ovocytes,
while Nash (1985) stated that females in the 864100 group can release an average of 1 million
ovocytes. Bour (1990) sampled 596 mature femalesfamnd the following average fecundity per

size class:

o

)0 1po 110 120 130
)2 60 490974 | 3,003

Average diameter (in cm) 70 g
Average fecundity (X 1000 51l 56

N
al

Trochus growth depends very greatly on environnidattors such as water temperature, quality of
the substrate and available food.

In Palau, peak spawning occurs between June-Decemben water temperature increases toC29
and a few days before new moon (Bour, 1990). Rakgpawning occurs throughout the year. Fertilised
eggs become planktonic larvae after 9-10 hoursgsatie out as juveniles on the reef flat afterdags.
The short planktonic phase indicates that recruntrog the reef is dependent on the parental bioofass
that reef, with little immigration from surroundingreas. Spawning is generally year-round and
fecundity is very high, increasing with size. Trashgrows rapidly in the first 3-4 years, growthest
being strongly determined by environmental condgio

The presence of well developed coral, good tidalflhigh dissolved oxygen levels and flourishing
growths of filamentous algae are habitat requiréamésr good growth and reproduction. A principal
component of the diet of the species are filamentmgal species such as are found on hard rocky
substrates, in particul@scillatoria spp.andSphacelaria spp

2.7.2 The Fishery

Utilization : T. niloticusis a major inshore fishery resource in Palau (&golauet al, 1991). Asano
(1962) states that trochus harvesting began inuPataund 1899, under the German occupation.
Trochus T. niloticug is a major inshore resource in Palau, generatimgiderable incomes for rural
populations. The major use of the shell is in thedpction of buttons, shell jewellery and other
artifacts. Exports of shell are mainly to Asia andEuropean producers of buttons and other arsifact

Shells are collected by hand on the reef by rushlefmen diving with goggles or face masks from
canoes. Meat is extracted either by par-boilinthovugh use of a steel hook (K. Kenichi, pers. cgmm
and usually discarded, although smoking of trocheat is becoming popular in Palau. Shells aredtore
in sacks and sold either to commercial buyers (&iiga and Orak, 1989, cite nine trochus dealers) or
exported by the fishermen directly. Prices paid dbell have ranged from $0.65 - $1.40 per pound,
differing between states and shell size and candiil he effectiveness of enforcement of consematio
laws, especially regarding size limits, has vabietiveen states in the past (Orak and Naruo, 1988).

Matthews and Oiterong (1991) reported that trochlusollected for food and its pearly shell.
Maragos (1994) report that smok&d niloticus meat is popular in Palau although it is collected
primarily for its shell and commercial value. Troshmeat has entered the local market on a small
scale level.

Production and marketing: McGowan (1958) first described the developmentaotommercial

fishery for trochus in Palau. Heslinga (1981) peeselata indicating a commercial catch of arourtsl 32
short tons live weight in 1918 declining to aro@widshort tons in 1979. Asano (1991) presents data o
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Palau trochus production declining steadily frorauad 353 tonnes in 1923 to around 50 tonnes in
1939.

Commercial trochus purchases by PFFA for the 1%383-1period is presented in Table 2.7.1 as
extracted from Perroet al. (1983).

Table 2.7.1 Annual trochusgemun) purchases of trochus by PFFA for the 1976-198ibge
(Source: Perroet al, 1983).

Year Weight | Per cent of Total Yearly Value | Percent of Total Yearl
(Ibs) Reef Fish Weight Landing| (US$) | Reef Fish Value Landing

1976 - - - -

1977 - - - -

1978 25.0 0.01 3.7% negligible

1979 330.0 0.07 49.50 0.03

1980 557.0 0.12 111.4D 0.05

1981 7,052.0) 3.24 725.40 0.62

In recent years, trochus has become a major ine@meer for Palauan rural communities. Production
figures are, however, not comprehensive: a moratodn the harvesting of trochus for a period of¢hr
years from all states except Tobi State was impase®89. Prior to this, annual exports of trochus
shell over a 5-year period (1985-1989) averaged th8fes. Palau's 1989 revenue from trochus of
around US$676,400 makes it one of the most impbreaenue generating resources in the Republic.
Table 2.7.2 summarises trochus production by yaathe 1983-93 period. Historical production data i
presented in Figure 2.7(a) (1915-1957).

In the years prior to 1981, trochus harvests wegelated by the national government and confined to
June of each year. In 1981, responsibility for ngenaent and regulation of the trochus fishery was
given to the states. During this period, it wadidift to obtain information concerning the toted¢hus
harvest. Concerns about the ability of the resodeoceustain itself arose as the fishing pressure
increased throughout the 1980s, leading to thednttion of the moratorium.

Table 2.7.2 Trochus purchases (exports) by local buyers gay from 1983-1993.

Year Weight (mt)[ Local Value ($) Reference
1983 54.5 65,0001 DMR unpublished data
1984 108.1 173,000{ “
1985 104.0 - | DMR 1992 Annual Report
1986 32.0 - | DMR 1992 Annual Report
1987 87.0 - | DMR 1992 Annual Report
1988 168.0 - | DMR 1992 Annual Report
1989 257.0 676,487 | DMR 1992 Annual Report
1990 moratorium DMR 1992 Annual Report
1991 moratorium DMR 1992 Annual Report
1992 Export 229.0 645,398 DMR 1992 Annual Report

(Export) (251.9) (1,100,000)| DMR data

(Local purchases| (265.1) (645,398)| DMR data
1993 Export 29.3 DMR data

(Local purchases| (29.3) (58,600)

Commercial trochus shell landings by state in 1i83fiven in Table 2.7.3 in descending order. Cldane
shell made up 24 per cent of the total landing evhihcleaned shells comprise 76 per cent. Koror

supplied about a fifth of the total trochus landimd 992.

Table 2.7.3 Palau raw trochus shell landings in 1992 bies{&ource: Division
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of Marine Resources, 1992 Annual Report)

State No. of No. of Weight Value
sales sellers (Ibs) (US$)
Koror 798 383 113,701 139,494
Kayangel 184 70 73,44P 86,534
Ngardmau 256 114 51,299 61,680
Ngeremlengui 2471 110 45,933 55,450
Peleliu 251 135 40,518 49,417
Ngerchelong 239 120 40,187 46,6pP8
Airai 200 93 39,466 48,774
Ngaraard 194 107 37,566 44,943
Aimeliik 154 77 28,588 33,996
Ngatpang 93| 39 16,62B 19,898
Ngiwal 55 39 14,906 17,66[
Ngchesar 73 3 13,957 17,151
Melekeok 40 29 10,620 12,633
Unknown 39 ? 3,669 4,394
Angaur 11 10 2,721 3,26/
Tobi* 5 3 2,240 3,447
Sonsorol 1 1 65 7"
TOTAL 2,943 1,438 535,504 645,39

*may not reflect all of the trochus harvested simchvidual purchase receipts were not available.

From June 1-30, 1992, 64 tons of trochus were aeltefrom Kayangel's reefs (Rochers and Matthews,
1992).

No estimates are available on the subsistence usoafeat consumption. Trochus meat landed at
PFFA in 1992 was 309 Ibs (but 323.5 Ibs combinedPieFA, Oh’'s, PMCI or Melekeok Cooperative
worth $323.50). Trochus meat purchased at PFFA$a&g), in 1993 amounted to 1,037 Ibs valued at
$1,037. All of thesemumpurchases at PFFA for 1993 were from Peleliu aacewnade during July-
August. No purchases semumwere recorded at PMCI and Oh'’s markets in 1993IUdo purchases
for 1993 at the three markets are recorded in T2G1€. The table indicates tregmumis by far the
most important commercial mollusc (at least fosththree markets).

Table 2.7.4 Purchases of molluscs at PFFA (Jan-Sep), PMG$égp)
and Oh’s (Jan-May) 1993. (Source: DMR data).

Mollusc Weight (Ibs) | Value (US$)
Trochus (semun) meat 1,037 1,037
Giant clam Kim) 124 62
Crab kmai) 0 0
Octopus Bukitang) 12 13
Squid (uut) 29 36
Mangrove clamr{gduul) 50 75

The export of trochus meat in 1992 as recorded amti@ental Air Micronesian manifests, together
with other foodstuff, is given in Table 2.7.5. Nexords of declared items indicate any trochus expor
via this channel in 1990 and 1991. The exportsrathus meat are most probably for relatives in
Guam and FSM.
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Table 2.7.5 Exports of trochus meat with other foodstuff fr&alau in 1992 as
recorded on airline manifests as declaredstesross weight include
packaging (Source: DMR, 1992 Annual Report).

Declared item Count| Gross weight (Ibs
Trochus meat 7 301
Trochus meatOther 1 32
Trochus meaiSeacucumber 1 32
Clam/Trochus meat 1 39
Fish (frozen)Irochus meat 18 1,352
Fish (smokedVrochus meat 1 65
Seacucumber (dried)fochus meat(dried) 2 10
Fish (frozen)/Cralifrochus meat 1 50
Fish (frozen)/Lobstefirochus meat 1 84
Fish/LobstefTrochus meat 1 103
LobsterTrochus meatOther 1 66
Tuna/Clamfrochus meatBats 7 1,312

2.7.3 Aquaculture of Trochus

The propagation of. niloticuswas initiated at MMDC around 1982. One of the imi@ot objectives

of the Trochus Project was to determine the feltsilzind cost-effectiveness of trochus mariculture
as one of the several potential management optwnte local trochus fishery (Division of Marine
Resources, Annual Report for 1990). The originalgeas to achieve reliable production from the
hatchery, before assessing survival of hatchemeterochus seeds in the wild, to obtain economic
analysis of this option. An expert was employed @89 for this particular project. Seed production
for that year was over 30,000 trochus. The expepaded in mid-1990 leading to a decline in
production of only 3,400 seeds for that same ydarngal Report, 1990). This number was
considered insufficient for a meaningful seed redeprogramme. In 1991, a substantial JICA grant
was available for upgrading the trochus facility.alddition, a JICA mollusc expert was recruited for
the project. Routine successful spawning on a npithsis was achieved in 1991. Four-month old
seed production was 5,156 for the year. By 199t thie departure of the JICA expert, unacceptably
low and inconsistent seed production led to theatisnuation of the trochus project at MMDC.
Thus, the mariculture management option gave wapmhwyentional management options such as size
limits, closed seasons and sanctuaries (DivisioMafine Resources, 1992 Annual Report). The
conventional methods of management were considere cost-effective in managing Palau’s
trochus fishery than artificial stock enhancemanbagh mariculture.

2.7.4 Stocks Status

Trochus harvesting over the years has resultedrdstid declines of stocks in Palau. A three-year
moratorium went into effect as of August 1989, wkhigas due to be lifted in 1992. The enactment of
this 3-year moratorium was due to over-exploitatiitom exploited and nonexploitated reefs

(sanctuaries) (Ngiramolaat al, 1991).

Asano (1991) presents data from trochus populat&nsity studies in Palau carried out between 1936-
1940. Densities varied between years, but westt ceafs had greater stock density than east reefs.
Density was highest in water depths less thantq2em) on west coast reefs, and in less thanhbifas

on the east coast. Trochus in deeper waters teidied bigger, especially on the west coast. Higher
stock densities were found to have smaller indizislon average.

Monitoring trochus populations involves visual atva¢ion of the trochus on reefs that have been
subjected to fishing, and keeping track of the ll@feannual export. Orak and Nauro (1990) surveyed
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approximately 1,200 sqg.m. of the western reef iafdgrd State, an area considered to be an optimum
habitat for trochus. Population density was catedat 0.04 trochus per sq.m. Sizes ranged fro®659-
mm basal diameter (mean 77.8 mm). A recent sulNgirgmolauet. al, 1991) conducted on Koror and
Babelthuap reefs indicated a mean population deabit55 live trochus per hectare (0.015%,mwith

the reefs around Babelthuap having higher denghias those around Koror. The total trochus habitat
was calculated at 40.9 sqg. km. for both outer andrireefs at the areas surveyed. The standink stoc

T. niloticusin Palau was calculated at 160 tonnes, indicaipgssible sustainable yield of 64 tonnes
per year, if 40 percent of standing stock is car&d sustainable. It is apparent that the productio
levels in recent years prior to the moratorium weesustainable.

Anecdotal information from local fishermen indicaitbat trochus were harvested on reefs around Koror
both day and night in 1989 and many shells werersmkd. Cyclone Mike, which devastated Palau on
November 11th, 1990, resulted in considerable danmageefs, and may have further reduced juvenile
trochus stocks.

The results of the survey conducted in 1991 (Nonamet al (1991) indicated that. niloticus
densities varied a lot in different reefs with eeh Babeldaob (Airai, Aimeliik, Ngerchelong,
Ngerenlengui, Ngatpang, Ngardmau and Ngaraardhbatie highest densities. Reefs in Koror had
the lowest densities (average 73 animals/hectasefampared to 119 trochus/ha obtained by
Heslingaet al (1983). The variation in trochus densities waslatted to possible factors, as listed
by Ngiramolatet al (cited above) such as:

» harvest during the 1989 harvest season;

» typhoon “Mike” that hit Palau in November, 1990;

» other natural causes such as unsuitable habitatafrs and food limitation due to
competitors.

During surveys in 1991 in 26 sites on coral re€fishore from Ngeremeduu and several sites in aaster
Babeldaob and the Rock Islands, Richmond (199éd dit Maragos, 1992), observéd niloticusin
only one site. Birkeland and Richmond (1992) obséiiv niloticusin 14 sites out of 47 surveyed from
Velasco Reef to Anguar. However, it should be noted these surveys were rapid ecological surveys
and may not reflect actual occurrence of trochuhiénareas surveyed. No trochus density information
was given.

2.7.5 Management

An adequate management regime of the resource lau Pa necessary in view of its economic
importance and the application of better fishingipopent and techniques for harvesting which has
placed trochus populations under threat of oveteitgtion (Heslinga and Hillmann, 1981).

Heslingaet. al. (1984) describe the establishment of seven trodamstuaries in Koror, the most
populous state, as a result of recommendations ¢@dwan (1958). Sites were chosen by Palauan
nationals with a good knowledge of the local envinent. These were surveyed in 1982. Densitids of
niloticus ranged from 0-750 shells per hectare (0-0.075 with an overall mean of 119 (0.011%)m
Sanctuary sites were found to have lower densitias non-sanctuary sites, probably because the
sanctuary sites offer sub-optimal habitat areatréahus.

DMR plans to undertake satellite imagery alongstime lines as that done in New Caledonia of reefs t

refine trochus habitat values, and estimates ofdstg stock and sustainable yields. Further regourc
surveys on more sites are also planned.
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DMR currently has one activity focusing on trochnsmely to assess the status of trochus stockseon t
reefs and to monitor fisheries targeting them. Muzowas successfully introduced into Ulithi and Ngu
from Yap by the Japanese, but similar attempts ole®, Ifalick and Sorol have been unsuccessful.

The option of artificial stock enhancement throughriculture has been determined as not cost-
effective and was thus abandoned in 1992.

Current legislation/policy regarding exploitation: Trochus is protected under the Palau National
Code, Title 24: Environmental Protection, Chapt2r Protected Sea Life, Subchapter V: Trochus.
Section 1243 of the Title 24 was repealed by thedT®Ibiil Era Kelulau (OEK) in 1989. Current
legislation in force as at 2nd August, 1989 is samsed below:

0 a moratorium on trochus harvesting throughout thpuRlic, except in the waters of Tobi State for 3
years;

O the OEK may by resolution designate and vary opehctosed seasons and reef areas where trochus
can be harvested (except Tobi State);

[0 State governments can impose closed seasons erfardeochus harvesting regardless of national
declarations;

0 Palauan nationals may harvest trochus within $tate providing no trochus of less than 3 inches
basal diameter is taken: violators face $100 faneshch undersized trochus taken;

The current 3-year moratorium is up until 1994.

New legislation under the Act covers commercialcpasing and storage of trochus, inspection of
facilities by inspectors and requires that comnagqmiocessors first obtain a permit from the Séoita
Office of the Bureau of Health Services. Violatofshese new rules face a fine of at least $5,0@D a
loss of licence for at least thirty days.

Ngaraard State Government has 3 designated troshmstuaries (NSPL No.2-27), in which no

harvesting may take place at any time. Violatoce fiines of $50-200. This state has also decldsed i

waters to constitute a marine life conservatiora §MdSPL No.3-4), empowering the Governor to make
rules regarding commercial fishing within the State

Koror State has 6 permanent trochus breeding saiesuin which collection of trochus is prohibited,
unless specifically approved. Violators face a #82& and/or 30 days prison.

Recommended legislation/policy regarding exploitatin: During the 1989 3-year moratorium
period, DMR was to assess trochus stocks and taatgaexisting laws with regards to conservation of
trochus. Heslingat. al. 1984 review past management practises and recodnthein re-establishment
including:

[0 a one-month harvest season (June);

O a size limit of 3 inches (7.62 cm) basal diametemiposed,

O reef areas with good reef habitats and close entuble easily monitored and policed be declared
trochus sanctuaries, especially where customaoures management practises can be enforced by
the people;

[0 voluntary moratoriums on shell collection for orrentore years be initiated by individual states or
villages

Further measures for consideration include:

O establishment of regulations ensuring that detdilsochus purchases and exports are available to
DMR,;
O develop markets for trochus meat both locally apekibly for export.
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In addition, a maximum size limit could be consetkrin addition to the minimum size limit, in order
protect the older more fecund animals, which oftawe a lower commercial value anyway because of
worm holes in the shell. Other Pacific Island caesthave a minimum size limit of 8cms (3.15 inghes
diameter and a maximum of 12 cm (4.72 inches) dian{@our, 1988; 1990). Curren (1988) suggests
similar management options for trochus managenmmeRbhnpei State, Federated States of Micronesia.
Current size limits in force in the Pacific for¢has are summarised in Table 2.7.6.

Table 2.7.6 Summary of size limits for trochus currently arde in the Pacific.

Country Minimum Maximum  Comments

Marshall Islands 3ins 5ins survey result recondagons
(FFA Rep. 89/20)

Pohnpei 3in none

Kosrae 3in 4in

Palau 3ins none

Solomon Islands 8cm none

Western Australia, Queensland 6.5 cm 10 cm

Australia 8cm 12.5cm

Papua New Guinea 8cm 13cm under consideration

Vanuatu 9cm none

Fiji 3.5ins none

Cook Islands 8cm 11cm

French Polynesia 8cm 11 cm

Okinawa, Japan 6 cm none

Trochus exploitation is not covered under the Mafnotection Act of 1994.

Asano (1991) recommends a minimum size limit ofn@® basal diameter, closed seasons timed to
occur around the months of peak spawning, banhimgse of SCUBA for harvesting and establishment
of sanctuaries.

There are currently no plans to establish valuedglocessing of trochus (eg. button blank prodocti
etc) in Palau.
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2.8 Other shellfish species

2.8.1 The Resource

Species present Various other shellfish species ai ¢ :
collected in Palau for food, and include the foliogr

Gastropods

Cypraea tigris(tiger cowry-buich);

Lambis lambigspider shell sang);

Nerita maxima(snail -delsange), N. undata(delsangel;
Charonia tritonis(giant triton or Pacific trumpet sheltebusechy
Conusspp. (cone etotl);

Cassis cornutghorned helmet emuu);

Bivalves

Atactodeastriata (nut clam chesechd), andA. striataf. glabrata(sand clam ehesechd;
Nucula rugosa(delebeka)

Gafrarium tumidur? (venus shell delebekaj;

Codakia interruptainterrupted lucina Hekum);

Trachycardium flavunfclam -chesechuy;

Tapes literata(lettered venusebau);

Pitar citrina (yellow pitar venus edalngobel.

Distribution : Most shellfish are habitat specific but are foumélmost every type of marine habitat,
from coral reefs and sand to silt and mud (Smi®82). They occur throughout the world but the
centre of distribution and maximum diversity is geaily considered to be the area of ocean bordered
by Indonesia, Papua New Guinea and the Philippines.

Most of the species included here are harvestéaatide from the intertidal and subtidal zones in
the tidal flats.

In Palau, Rochers and Matthews (1992) repl@kum as one of the important invertebrates in
Kayangel and is one of the most important mariwverntebrates north of Babeldaob (Maragos, 1994).
The nut clam ¢hesechdl is also an important marine invertebrate resouirteMelekeok,
Ngarchelong, andelbekaiis important in Ngchesar (Rochers and Matthew82)1.9

Matthews and Oiterong (1991) list habitats in Pdtaithe following shellfish species:

A. striataandA. striata f. glabrata(chesechdl- found in the surf zone along the shoreline. leos
and Matthews (1992) noted that they are colleateoh fsandy beaches;

Trachycardium flavunf?? -esechuj:- found between mangroves and reef in sandy avbase there
is seagrasHnhalussp.) and is sometimes collected withadarasp.

C. tigris (buich):- live under rocks on barrier reef flat and fiiimg reef.

N. (Amphineritg maximaandN. undata(delsange):- collected from Rock Islands and Peleliu. They
are found attached to rocks at low tide.

Conussp. (cone shelletotl):- found in sandy areas.

L. lambis(spider shell sang:- often collected from sandy areas near rocks.

Biology and ecology The C. tritonis shell can reach 40 cm or more in length and isllsfound
among corals on coral reefs. It feeds mainly omfista including Culcita novaeguingathe blue
starfish Linckia laevigataand the crown-of-thornsicanthaster plancibut also occasionally on
holothurians (Wellset al, 1983). Maximum size is attained in up to sixrgedhe female lays
clumps of sausage-shaped egg capsules under preteotks. Larvae are long-lived and have
considerable dispersal abilities. Very little bigical information is available on other species.
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2.8.2 The Fishery

Utilization : During rough weather, lucindgkum) is collected from the beaches for subsistence use
in Kayangel (Rochers and Matthews, 1992). In Meb&kdhe nut clamdhesechdl are collected
from sandy beaches about once every two monthssaomie of the important invertebrates there. It is
one of the most important invertebrates reportedNigarchelong.Delbekai is an important
invertebrate in Ngchesar and is collected aboue @amonthChesechols collected from the beach

in bad weather as needed source of protein whesdghes too rough to fish. It is sometimes sold by
the bag of about 100 animals per bag and are ysoadlked in their shells in soup (Matthews and
Oiterong, 1991).

Mollucs typically collected and those collectedgieatest numbers by Palauan women are presented
in Table 2.8.1 as recorded in Matthews and Oite(@3§1) for seven states surveyed in 1991. Those
covered under this particular profile are in baerall, 65 per cent indicated thaich andsang

are typically collected. Only women in Ngaraardritiiged chesechol42 per cent) andelebekai(25

per cent) as species collected in greatest numiite only those in Koror (8 per cent) indicated
delsangelas that collected in greatest numbers. All werestsistence only.

Table 2.8.1 Molluscs typically collected and those collectedgreatest numbers by Palauan women. Figures seprepercentages of
responses and those in brackets representepéro€ those collected for subsistence purposeg ¢8burce: Matthews and Oiterong,
1991).

Aimelii Airai Koror Ngaraar | Ngardmau Ngatparlg Ngeremlenguiotal

k
Mollusc  species typically n=7 n=8 n=12 n=12 n=7 n=3 n=5 n=54
collected
Tridacna crocea 100 100 92 67 71 67 80 83
Anadara sp& Barbatia 71 88 83 92 86 100 60 83
reeveana
Anodonita edulata 100 88 50 83 71 100 100 80
Tridacnasp. 86 88 67 92 71 33 80 78
Cypraea tigris(buich) 57 100 67 67 43 67 40 65
Lambis lambis (sang) 57 100 67 67 43 67 40 65
Mollusc species collected in
greatest numbers
Anodonita edulenta 86 (67) 88 50 (50)[ 83 (20) 86 100 (33 100 80 (23)
Tridacnasp. 71 (60) 88 50 (33)] 75(22 57 (25) 0 60 (33) 3 (®)
Tridacna crocea 86 (17) 88 (14)[ 92(18)] O 14 33 60 54 (14)
Atactodea striata& A. striata | O 0 0 42 0 0 0 8 (100)
f. glabrata (chesechol) (100)
Anadarasp. &Barbatia 0 0 17 0 0 0 40 7 (50)
reeveana (100)
Nucula rugosa (delebekai) 0 0 0 25 0 0 0 6 (100)

(100)

Nerita maxima& N. undata 0 0 8(100) | O 0 0 0 2 (100
(delsangel)

Matthews and Oiterong (1991) listed cowrniich), spider shellfang and venus sheldelebeka)
as species collected for subsistence use only.

Production and marketing: There is no data available on production of diséllspecies included in
this profile. This is mostly due to the nature lo¢ fishery they are involved in, i.e. subsistefde
nut clam ¢hesechdl has been reported as sometimes sold by the bagooft 100 animals per bag
(Matthews and Oiterong, 1991)
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2.8.3 Stocks Status

Results from interviews in the 1991 Matthews/Oitgysurvey indicated only women in Ngaraar (8
per cent in that state) notice that it was harddimtd Conusspp. 6totl). No other information exists
on stocks of shellfish species included in thidifgdor Palau.

2.8.4 Management

One of the important shellfish species includedhis profile, concerning ecology on coral reefs, is
the giant triton or Pacific trumpet she@, tritonis (debusech It is a predator of the coral eating
starfish, crown-of-thornsicanthaster planciThe species has been a target of the shell aades
listed as threatened in the IUCN Red Data Book.

Current legislation/policy regarding exploitation: There are no regulations that specifically
address the exploitation of shellfish includedhis fprofile.

Recommended legislation/policy regarding exploitatin: Due to the absence of commercial fishery

that specifically targets these species, regulatdmnot seem to be necessary at this stage. Howeve
a potential threat to these resources is the degtruof habitat from other activities, such as

destructive fishing methods and land-based devetopm

In countries where shell trade (both local and etjjpgakes place, a minimum size limit of 20 cm in
length, when measured along the outside of thd Bbeh one end to the other of the giant (trumpet)
triton, C. tritonis (debusech, is applied for harvesting this species. The {iitbn of the export of

C. tritonis for commercial purposes has also been appliedlidgtipn of minimum size limits to
other shellfish species, especially those in thisaaral fishery, is a possible management strategy.
However, biological research into the appropriatasa concerning those species would be required
first. In addition, minimum size limits seem to baly practical when applied to the selling and
buying, but not on subsistence harvesting.

Regulations that have been suggested in other Gesinivhere shell trade of these species is
important, include; restriction on harvesting araad annual rotation together with the banning of
the use of SCUBA or dredging in the collecting gss: For the Federated States of Micronesia
(FSM), Smith (1992) recommended prohibition of dodlection of shells listed as threatened in the
IUCN Red Data Book especially the giant tritad, tritonis This is presumably directed at the
collection of shells for the shell trade, not irdihg the subsistence fishery.
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2.9 Octopus, squid and cuttlefish bukitang, luut and milengoll

2.9.1 The Resource

Species presentOne species of each of octopus, squ
and two cuttlefish species have been reported
occuring in Palau and contributing to the local kma
scale commercial and subsistence fisheries. Thaespe
are:

bukitang - Octopu: SP
Octopuses: Octopus  sp. pukitang);

Octopus cyanedthe big blue octopus) was reported by Birkelamdl a
Richmond (1992) in two sites during surveys of #@&ssfrom Velasco Reef

to Anguar,;
Squids: Loligo sp. (squid tuut);
Cuttlefishes: Sepialatimanus (the broadclub cuttlefish milengoll). Richmond (1991,

cited in Maragos, 1992) report&l esculentdthe golden cuttlefish) in one
site in a survey on coral reefs offshore from Ngerduu and sites in eastern
Babeldaob and the Rock Islands. However, the latarld be a mis-
identification as the known geographical distribotof S. esculentds in the
South China Sea (north of central Philippines) &adt China Sea (Japan,
excluding Hokkaido).

Roperet al. (1984) presented known geographical distributiohsephalopod species of the world
giving some indication that the following specieaynoccur in Palau waters:

Cuttlefishes Sepia pharaonigPharaoh cuttlefish);

Squids Loligo duvauceli(Indian squid);Sepioteuthis lessoniar(@igfin reef squid);Onychoteuthis
(Loligo) banksi (common clubhook squidfPmmastrephegLoligo) bartrami (neon flying
squid); SymplectoteuthigLoligo) oualaniensis(purpleback flying squid)Thysanoteuthis
rhombus(nuchalig (diamondback squid);

OctopusesOctopus cyaneuig blue octopus)). embranaceu@vebfoot octopus);
Argonaut(paper nautilus)Argonautaargo (greater argonaut).

Distribution : Geographical distribution of cuttlefishes of flaeily Sepiidae is restricted to the Old
World, thus it is absent from the Americas (Rogeral, 1984). They are primarily demersal
inhabitants of nearshore and continental shelf zonevarm and temperate waters. Their habitats
range from rocky, sandy and muddy bottoms to giassfsaweed beds and coral re&slatimanus

is distributed in the Indo-Pacific region from soertn Mozambique, throughout the periphery of the
Indian Ocean, Coral Sea, Melanesian Islands, Sohiha Sea, Philippine Sea and East China Sea to
southern Japan (Ropetal., 1984).

Squids of the family Loliginidae (inshore squidshabit all shelf and upper slope areas of the
world’s oceans except the polar seas and are dalmerssemipelagic inhabitants of coastal and
continental shelf areas to a maximum depth of ad@0M (Roperet al, 1984). Some species are

restricted to extremely shallow waters with somagpeating into brackish waters. They aggregate
near the bottom during the day and disperse i@avidter column at night.

Roperet al (1984) noted that most octopuses are benthicrapoesentatives of the family are
usually encountered throughout the world from tbast down to at least 1,000 m depth. “Many have
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cryptic habits hiding in crevices, empty mollusekh and seagrass beds during the day and hunting
at night, while others occur over open trawlablétdros”. O. cyaneusoccurs throughout the Indo-
Pacific region, from East Africa to Hawaiian Islanith tropical and warm waters including the Red
Sea, India and Australia. It is a benthic speceEsiing in shallow waters on coral reefs, andkenli
other octopuses, it hunts during daylight hoursp@tet al, 1984).

Rochers and Matthews (1992) report that octopukifang) is abundant and are most easily caught
in May and June in Peleliu.

Biology and ecology As in all cephalopods, sexes in octopuses araratg exhibiting external
sexual dimorphism, either in structure or size. &es are generally larger than males. Prior to
mating there is often an elaborate mating rituabiving colour changes and touching of tentacles.
One of the male's tentacles is modified to cargrispto the mantle cavity of the female, and eggs ar
usually brooded while they develop directly intaytadult form (Smith, 1992). They actively prey on
crustaceans, fish and molluscs and are usuallyaspl{Roperet al, 1984). Octopuses are preyed
upon by tunas, billfishes, sharks, rays and moedy.®. cyaneusas a maximum total length of 120
cm and weight of 4 kg.

Most inshore squids have extended spawning seaslbpaks in spring or early summer and in fall.
Eggs are encapsuled in gelatinous, fingerlike g#rirand are attached to various substrates.
Hatchlings resemble adults (Ropatral, 1984). Inshore squids are short-lived, reachiagurity in
about one year and having a life span ranging betwleand 3 years. They predate on crustaceans
and small and juvenile fishes.

In cuttlefishes, spawning takes place with an iasecof water temperature. During mating, males use
their modifid arm to transfer spermatophores to fdmmales (Roper et al., cited above). Females
spawn few but large eggs which they attach in dilepelusters to plants, debris, gravel and other
substrates. Sexual maturity is often reached wighfaw months after hatching and longevity rangs
from between 1 and 3 years. Post-spawning mortalitysually high. Cuttlefishes are opportunistic,
subdominant predators, preying on crabs, shrimgsarall fishes.

2.9.2 The Fishery

Utilization : Octopus is one of the important reef invertebegtecies in Peleliu (Maragos, 1994). A

limited amount has been recorded in the local sswdle commercial fishery. No data is available
that suggests the level of utilization of theseoueses in the subsistence level. Limited amounts of
octopus, cuttlefish and squid have been recordexbimmercial purchases of fishery products at the
local markets.

Production and marketing: There is no available data on the level of proiduc(consumption) of
octopus, squid and cuttlefish in the subsistenatosePerronet al (1983) recorded commercial
marine animal landings at PFFA for the 1976-1984r yweriod and recorded only 15 lbs (worth $3)
of bukitang in 1977. Data obtained from the commercial fistrkats by DMR for the 1991-1993
period is given in Table 2.9.1.
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Table 2.9.1 Invetebrates purchased at PFFA, Oh’s, PMCI or k& Cooperative from 1991 to 1993. (Source: 1991-
DMR Data; 1992-DMR Annual Report for 1992;199BHR data).

1991+ 1992* 1993¥

Species Wit (Ibs) Value (US$ Wit (Ibs]  Value (US$) Wibs) | Value (US$)
Octopus pukitang) 141.50 176.88 274.00 341.00 12.p0 1p.5
Cuttlefish (milengoll) 85.00 107.75 149.00 187.40 0 0
Squid (luut) 47.00 58.75 122.0 153.90 28.80 35)94
Crab kmai) 3.25 13.00 14.0( 28.0D D 0
Coconut crabKetaf) 138.25 623.63 75.0 305.790 11.00 ha4
Giant clamsKim) 178.50 89.25 91.0 158.00 124.00 62
Stingray (rull) 874.00 719.23 670.00 517.90 93.p0 74
Trochus meatsgemun) ? ? 323.00 323.00 1,037.90 1,087

*1 PEFA, PMCI, and Oh’s (10 months);
*2 PEFA, PMCI (excluding May) and Oh’s (excluding Jary October and November);
*3 PFFA (January-September), PMCI (January-SepteraberDh’s (January-May).

Total commercial fisheries landings as reportethenUN Report, Agriculture, Marine Resources and
Conservation/Entomology Divisions for the 1992 &isgear (Oct 1, 1991-Sept. 30, 1992) is given in
Table 2.9.2 for molluscs for the three major conuiaroutlets ( PFFA, PMCI and Oh’s market).
There is a vast difference between these data laogk trecorded by DMR for the same year as
presented in Table 2.9.1 above.

Table 2.9.2 Mollusc landings for three major outlets, PFFA’'©and PMCI for the
1992 fiscal year (Oct. 1, 1991 - Sept. 30,1992).

Mollusc species Weight (Ibs) Value (US!
Squids, Octopus and cuttlefish 1,121 1,33p
Crab 20,387 81,214
Lobster 8,717 34,356
Shellfish 414 481
Stingray 798 626

Note: Oh’s market data excludes Jan., 1992 andetfreen PMCI excludes May, 1992.
(Source: UN Report. Agriculture, Marine Resourcesl &£onservation/Entomology
Divisions, October, 1992).

The only export figures of these resources areeth@zorded on Continental Air Micronesia
manifests. However, these exports were made whbrdbodstuff and weights recorded included
those of packaging (Source: DMR 1992 Annual Repod Kitalong and Oiterong, 1991):

1990 1991 1992

Declared item Counf Grosswt (lbg) Count Gross vEount [ Gross wt (Ibs
(Ibs)

Frozen squid 1 39
Squid /Others 1 151
Fish (frozen)/Octopug 1 111
Fish/Squid/Others 2 220 1 45
Octopus 1 42
Octopus/Bats 1 34
Squid/Other 1 90

2.9.3 Stocks Status

There is no information available on the stocksooffopuses, squids and cuttlefishes in Palau. In
surveys of 26 sites on coral reefs offshore fromemdgieduu, eastern Babeldaob and the Rocks
Islands, Richmond (1991, quoted in Maragos, 1998eoved onlyS. esculatain only 1 site.
Birkeland and Richmond (1992) observed oBlycyanean only 2 sites of the 47 surveyed between
Velasco Reef and Anguar.
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2.9.4 Management

Current legislation/policy regarding exploitation: There is no existing legislation that deals with
the exploitation of octopus, squid and cuttlefisbaurces in Palau.

Recommended legislation/policy regarding exploitatin: Due to the apparent absence of a large
scale or commercial fishery based on the cephalapsdurce in Palau, no policy seems to be
required. Their habitats are indirectly includedhe consideration on habitat destruction from othe
activities and destructive fishing methods.
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3. FIN-FISHES

3.1 Aquarium fish

3.1.1 The Resource

Species present A comprehensive listing of
individual species is given in Appendix 3.1. Speci
targeted for this enterprise involve those whicé ¢
small in size and have bright or ornate colouratic
Other important species' features that are coreside
include non-restrictive diets and overall adaptgpbil
to a captive environment (Pyle, 1993). Records
exports indicate that some of the species, somstil
at juvenile stage, are those that form a portiothef -
catch in the local artisanal and subsistence fisber Pterois volitan

Due to the numerous species involved, speciesatetlefor aquarium purposes can be categorized
under their families. The more important ones idellf Acanthuridae (surgeonfishes and tangs),
Balistidae and Monacanthidae (triggerfishes arefifhes), Blenniidae and Gobiidae (blennies and
gobies), Chaetodontidae (butterflyfishes), Cirrkbida(hawkfishes), Labridae (wrasses),
Pomacanthidae (angelfishes), Pomacentridae (dasisedj and Serranidae (groupers and basslets).

Export data avaiable also indicate that the nofistinmarine species (hard corals, soft corals, and
shellfish) are important in this trade. In partaylincreases in species composition have beeml note
for corals (including soft corals), giant clams amemones. However, discussion in this section is
limited to fin-fish, as the other organisms arexteel separately in their respective profiles, ekéap

a comparative composition made in the productiatice.

Donaldson (1992) notes that the Palauan faunarigicky the most diverse in all of Micronesia but
has the least number of endemic species compar&tiéo Micronesian localities.

Distribution : Fish exploited for the aquarium trade in Palasi,isa done in other South Pacific
islands, are all wild-caught marine species mdstgn the shallow-water coral reefs surrounding the
islands. However, in some countries and for cerspiecies, depths where collection take place can
be very deep. For example, in Cook Islands, haliégths for most of the commercially valuable
aquarium fish species on Rarotongan reefs range d&wout 8 to 30 m (Richards, 1993).

Aquarium fish collecting operations occur mostlyshmallow water, but specimens are collected from
as deep as 120 feet (40 m) of water. Fish speciscted from deeper waters include the Anthias
and pygmy angeldentropyge flavicauda

It was not possible to obtain catch data from dmesites where collections have taken place in
Palau. However, the company currently operating lltasises to collect from the States of Airai,
Koror and Ngechesar. Licence fees have been US$50@per annum or conditional).

Rochers and Matthews (1992) report aquarium fisteweeing collected off Melekeok’s shores.
Amesbury (1991) recorded 277 fish species fromeygvn 26 sites in the Ngeremeduu study area.
But it was noted that additional species occur withe bay but were not seen during the surveys.

Large shoals of snappers (especiéllyjanus gibbusand fusiliers (Caesionidae) were observed. The
number
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of species counted, as belonging to particularféshilies, are as follows:

Family No. of Family No. of Family No. of
species species species

Acanthuridae 8 Lethrinidae 5 Pomacentridae 21
Blenniidae 4 Lutjanidae 3 Scaridae 9
Caesionidae 3 Microdesmidae 1 Serranidae 2
Chaetodontidae 12 Monacanthidae 1 Siganidae 3
Haemulidae 2 Mullidae 2 Synodontidae 1
Holocentridae 4 Nemipteridae 2 Tetraodontidae 1
Labridae 24 Pomacanthidae 5 Zanclidae 1

Donaldson (1992) reported results of the distrioupatterns of the marine fishes in Palau durirg th
the Rapid Ecological Assessment of 1992. The figsliare summarised in Table 3.1.1. The highest
number of species observed were recorded from Kdsagangel and Peleliu-south/west.

Table 3.1.1 Distribution pattern of marine fishes in Palasogrce: Donaldson, 1992).

No. fish species| Per cent fish
Area observed species known | Wide-ranging species observed
Kayangel 467 60.5 Hippsocarus longiceps, Scarus sordidus, Ctenoclsaesiriatus, Cephalopholis, urodetg
Paracirrhites arcatus, Chromis margaritifer, Haliohres hortulanus, Labroides dimidiatus a
Balistapus undulatus.

Kossol 495 64.1 Zanclus cornutus, Pygoplites diacanthus, Scaruslidas, Ctenochaetus striatus, Scarus schleg
Balistapus undulatus, Chaetodon trifasciatus, Cepyge bicolor, C. vrolicki, Chromis
margaritifer, Pomacentrus vaiuli, Cheilinus unduwlat Halichoeres hortulanus, Thalassoma
amblycephalum, Labroides dimidiatus and Acanthunigsofuscus

o -

[

Eastern 337 43.7 Acanthurus nigrofuscus, Parupeneus barberinus, ba@les dimidiatus, Zanclus cornutug,

Babeldoab Chaetodon vagabundus, Henichus chrysostomus, Heiels hortulanus and Thalassoma harwicli.

Western 374 48.5 Chaetodon ephippium, Hemigymnus melapterus, Labsoidimidiatus, Scarus sordidus and

Babeldoab Zebrasoma scopas.

Koror-Rock 343 44.4 Parapeneus barberinus, Chaetodon ephippium, Chslifasciatus, Epibulus insidiator, Scargs

Islands dimidiatus, Acanthurus pyroferus, Zanclus cornwnd Balistapus undulatus.

Peleliu- 423 54.8 Acanthurus nigrofuscus, Parapeneus bifasciatuse@don ephippium, C. kleini, C. trifasciatuf,

South/West Chromis margaritifer, Pomacentrus vaiuli, Hippsoses longiceps, Ctenochaetus striatus, Ngso
lituratus, Balistapus undulatus and Sufflamen cbpysra.

Angaur 346 44.8 Ctenochaetus striatus, Chaetodon citrinellus, Lates dimidiatus, Acanthurus nigricans, A.

olivaceus and A. pyroferus.

Biology and ecology Pyle (1993) gives the following table of some lbgical and ecological
characteristics of the main fish families in therima aquarium trade from the South Pacific:

Family Feeding Strategy Reproductive Strategy Habiit
Angel fishes herbivore/omnivore harem-forming/pair-forming; sospecies shallow to deep reef; rubble/coral
(Pomacanthidae) protogynous; spawn at dusk; pelagic eggs
Butterfly fishes omnivore/plantivore/ pair-forming/school-forming; pelagic eggs shallandeep reef; coral and ledges
(Chaetodontidae) corrallivore
Surgeonfishes and Tangs herbivore school-forming; spawn at dusk in largeugss; | all habitats, depending on species
(Acanthuridae) pelagic eggs
Wrasses omnivore harem-forming/school-forming; protogynous; all habitats, depending on species
(Labridae) spawn at all time of day (depending on

species); pelagic eggs
Groupers and Basslets carnivore/herbivore/ harem-forming/pair-forming/aggregate all habitats, depending on species;
(Serranidae) planktivore forming; protogynous; spawn at dusk; pelagi¢ Anthiinae form aggregation

eggs
Damselfishes herbivore/plantivore/ harem-forming/aggregate-forming; spawn in | shallow reef coral/rubbleédAmphiprion
(Pomacentridae) omnivore morning; demersal eggs inhabit sea anemones
Triggerfishes and omnivore harem-forming/aggregate-forming; demersal| all habitats, depending on species;
Filefishes sometimes pelagic eggs; some species build refuge in holes on reef
(Balistidae and Monacanthidae nests
Hawkfishes carnivore harem-forming; spawn at dusk; pelagic shallow reef often in association with
(Cirrhitidae) or demersal eggs coral
Blennies and Gobies omnivore wide variety of reproductive strategies, all habitats, depending on species
(Blenniidae and Gobiidae) depending on species

No specific study has been conducted in Palau pecés of the fin-fish species exported in the
aquarium fish trade.
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3.1.2 The Fishery

Utilization: The Economic Development Plan (Fiscal Years 1B389, Volume 1) reports that
export of ornamental aquarium organisms by theapeigector began in 1991. Apart from exports of
giant clams by MMDC, there has only been one peicampany exporting aquarium fish at any one
time in Palau. Operation of the original compaRglau Aquatics, was taken over by Palau Biotech
Inc., in September, 1993.

Rochers and Matthews (1992) report that peoplevieeed in Melekeok in 1992 claimed that a boat
with about 20 men were collecting aquarium fishrggay from Melekeok waters. No indication on
the types of fish and the amount collected werdabla.

The sole aquarium fish exporter from Palau has etarln both USA and Japan. About 85-90 per
cent of the exports are to the US market. All cevgdorts were to the US market and not to Japan
because of CITES regulations. Palau exports ttyBevere treated as shipments within the US.

The owner and president of Palau Biotech., In®akuan. He employs two expatriates as sales and
operation managers, working under contracts. Thepemy normally employs 6-8 divers during a
normal collection operation with 2 using the hogkahfree divers and 1-2 invertebrate divers. In
total, during normal operation, the whole setup leygpabout 20 people. In the past, the company
used to contract about 6 outside collectors whiecband sell to the company.

The main method of collecting fish involves the usie barrier nets, which can be operated
individually or by two divers. Fish are herded todsthe net and are either hand-picked or scooped.

The land-based operation utilizes two water systembolding marine animals. The open system is
for corals in which the water is pumped directlgrfr the sea and flows back to the sea. Seawater is
not treated. The closed water system is used flolifgfinfish and is treated with nitrofurazoneas
antibiotic (at 0.027 grams/gallon) and copper satphlevel maintained at < 2 ppm) as a parasite
treatment. The water is re-circulated and mainthisiethe specific gravity of 1.018-1.09. The closed
system has three separate pumps which all feedighrthree separate biological filters and move
approximately 12,000 gallons of water. Water in ¢hased system is normally changed about once a
week. Water used for shipping animals is ultratitleated.

The company buys its giant clams from MMDC and etgpthem to their overseas markets.

Production and marketing: The first company, Palau Aquatic, started opemais-4 years ago
(1990). The current company, Palau Biotech In@pktover in September, 1993 and is the only
company in operation. The company management cthithat 30-40 per cent of their weekly
requests for aquarium animals are turned down aseveral factors. One of the problems currently
faced is the competition with the tuna exporterssijgace on the commercial airline. There is only
one airline (Continental Air Micronesia) servingtRepublic of Palau. The 1993-94 levels of export
were limited by space availability on the airline.

Mortality in the holding tanks is about 2-5 per tefny sick fish is put back to the sea. Mortality
during shipment to the overseas market is alsotabéuper cent. However, mortality to the Japanese
market is almost nil.

Air cargo export for January-November 1990, exalgdbeptember, from Continental Air Micronesia
manifests recorded only 202 Ibs (91 kg) of live adum fish export for that year. This weight
includes packaging material.

DMR 1991 Annual Report recorded the following asifdtental Air Micronesia cargo in 1991:
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Type Count Gross wt (Ibs)  Destination
Agquarium fish 2,280 91,952 California
Aquarium fish/Inshore fish/ Crab/Lobster 27 2,001 avaii
Agquarium fish 371 15,466 Los Angeles
Agquarium fish 45 1,831 San Francisco
Agquarium fish/Swordfish 1,066 33,129 USA

Table 3.1.2 gives export records of aquarium priglfrom air freight cargo declared on manifest for

the Continental Air Micronesia, for 1991 and 1992.

Table 3.1.2 Export records of aquarium products as recoradedContinental Air Micronesia manifests for 199 &r992.

(Source: DMR Annual Report for 1992).

1990 1991 1992
Count Gross wt (Ibs)]  Count Gross wt (Ibs) Count ogSmwt (Ibs)
Live fish 3 3,412
Live clam 3 158 209 7,304
Live fish (aquarium) 3,894 147,408 5,738 230,328
Fish(live)/fish eggs 2 66
Fish/Clam (live) 2 177

Table 3.1.3 gives details of aquarium fish speeigsorted in 1992 and 1993. Only one “normal”
shipment was made in 1994 (April). Of the finfishediromis dominated exports during 1992,
accounting for almost 70 per cent of the total nembf fishes exported. Other fishfishes of
importance in terms of numbers exported in the sgea include, damselfishes, butterflyfishes,
wrasses and surgeonfishes. In 1993, damselfishramdted finfish exports accounting for almost 60
per cent of the number of pieces. Other importésties exported during 1993 include, chromis,
wrasses, butterflyfishes and triggerfishes. Mollesports for both years were dominated by giant
clams both in numbers and value. Crustacean expoft892 were mostly hermit crabs but in 1993,
there were more crabs exported. Exports of echimaglén 1992 were dominated by sea urchins but
in 1993, Sinularis dominated this category. Othgpdrtant echinoderms include, soft and hard corals

and starfish.
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Table 3.1.3 Export of aquarium marine products during 1998 4893. The 1993 exports were only for the periedt&mber-December.
(Source: DMR data).

1992 1993 1992 1993 |
Nos. | US$ Nos.| US$ Nos| USss$ Nob. us

FINFISH CRUSTACEANS
Angelfish 721 1,167.25 969 2,787.20 Hermit crab 723 752.50 501 554.90
Anglerfish 11 32.00 Crab 367 416.45 774 830.20
Basslet 612 1,112.55 417 970.20] Shrimp 164 313.40 71 153.30]
Batfish 4 3.20 Crustacean Total 1,254 1,482.35 1,346 1,538.40
Blenny 401 401.00 454 544.80]
Birdfish 173 503.00 ECHINODERM
Boxfish 6 9.00 5 9.00 Anemone 16 67.00 40 134.60
Butterfly 2,635 4,247.20 1,088 1,886.20 Coral 474  1,185.80
Cardinalfish 278 139.00 457 277.20 Polyrock 48  1,440.00
Catfish 290 43.50 Sea cucumber 54 81.00 22 37.40
Chromis 32,264 8,146.65 6,039 1,690.92 Sea squirts 10 6.00
Clownfish 358 482.25 230 210.30] Sinularis 1,114  8,247.00
Cowfish 1 1.00 Soft Coral 669 2,647.50
Dameselfish 2,705 502.65 17,953 6,918.44 Starfish 253 268.85 702 850.40
Dottyback 1 1.50 1 0.60 Sea urchin 330 286.00 346 621.90
Dragonet 88  220.00 Worms 164 101.50 2 3.60
Eel 7 35.00 9 22.60 Echinoderm Total 817 804.35 3,427 15,174.2(
Filefish 37 28.10 20 24.10
Flatfish 1 15.00 MOLLUSC
Flounder 2 6.00 1 3.60 Abalone 206 309.00 135 243.00
Frogfish 4 9.60 Cowry 155 214.80
Fussilier 75 150.00 14 33.60 Cuttlefish 42 73.50 3 18.00
Goatfish 23 20.70 27 20.15 Giant clam 1,823 4,405.00 1,500 7,845.20
Goby 716 622.00 73 112.20] Nudibranch 62 89.50 98 200.10
Grouper 7 9.00 20 31.80 Octopus 2 9.60
Hawkfish 136 92.80 26 24.70 Scallop 6 15.60
Hodfish 47 94.00 Sea hare 173  259.50 33 79.80
Lionfish 16 12.00 Sea slug 211  283.30
Moorish Idol 157 188.40 89 129.05 Sea snall 5 6.80
Parrotfish 17 51.00 211 391.60 Sea squirts 3 1.50
Pipefish 1 0.50 1 0.60 Turbo 399 239.40 565 406.80
Pompano 6 18.00 Mollusc Total 2,924 5,667.50 2,497 9,032.90
Puffer 74 96.30 66 95.60
Rabbitfish 8 16.00 60 405.20 OTHER
Remora 2 3.00 Algae 4 2.00
Sandperch 4 4.00 10 25.80 Jellyfish 125 125.00 8 9.60
Scorpionfish 40 88.25 119 524.70 Other Total 125 125.00 12 11.60
Shark 2 100.00 8 480.00
Snapper 10 42.00 4 7.20
Spinecheek 1 1.00
Squirrelfish 14 14.00 10 12.00
Stingray 1 10.00
Stonefish 8 4.80 11 7.70
Surgeonfish 1,296 3,421.50 346 908.50
Swallow 18 62.00
Sweetlips 4 6.00 21 50.40
Trevally 1 3.60
Triggerfish 1,100 2,760.50 1,038 1,752.10
Trumpetfish 11 66.00
Unicornfish 41 41.00 306 626.40
Wrasse 2,287 3,314.95 1,162 1,853.60
Finfish Total 46,716 28,390.55 31,271 22,866.24

Species composition details are attached as Appéntli

According to the Economic Development Plan (Fisealrs 1995-1999 Volume 1) 38,553 live fish,
worth US$48,600, were exported as ornamental agumaarganisms by the private sector in 1993
and that 220,000 organisms, mainly cultures clamisied at $220,000, were shipped during 1992.

Attempts by the aquarium fish company and MMDC hbegen initiated in the propagation of corals
(both hard and soft) by cutting and replanting radths described under the Corals Profiles.
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3.1.3 Stocks Status

Fish fauna in Palau is the most diverse in all a€vhesia but has the least number of endemic
species compared to other localities in MicronéBianaldson, 1992). Myers (1989) lists 892 species
of Micronesian fishes found in Palau. Five inshfisb species were identified as endemic to Palau.
A recent rapid survey resulted in the observatibatdeast 733 fish species from 61 families (dut o
98 reported for Palau) on transects in the maimalPdslands, at Kayangel, Kossol, Eastern
Babeldoab, Western Balbeldoab, Koror-Rock Islamideliu-South/West and Angaur (Donaldson,
1992). Of these, approximately 136 were new recdffise ten most speciose in the main Palauan
islands were the Gobiidae (95), Labridae (87), Rmmntaidae (80), Serranidae (45), Acanthuridae
(36), Scaridae (34 + 2 hybrids), Chaetodontidag, B¥enniidae (28), Apogonidae (27), Lethrinidae
(18) and Holocentridae (18). Kossol area was fotmcave the most diverse fish assemblage
compared to other areas of the main Palau isldtalgangel was found to have the second highest
diversity followed by Angaur, Eastern Babeldoadehe Southwest, Western Babeldoab and Koror-
Rock Islands (Donaldson, cited above). Howevesdtmirveys did not record species densities.

Amesbury (1991) noted that fish diversity in Ngeegluu Bay is quite high. Quantitative estimates of
fish in two survey sites indicated fish densitiasging from 96 to 405.5 fish per 100.rThe wide
range in densities was attributed to the patchiaeslsaggregating behaviour of some fish, e.g. huge
schools of snappers and fusiliers were observeidgltinese quantitative surveys.

Comparing fish populations in the main Palau istaadd those of unfished populations of the south-
west islands, Donaldson (1992) noted that commilefighing in the main Palau islands has an
impact on fish population there, where grouperskgatrevallies, snappers, emperors and parrotfish
were either absent or present in very low numbderagos (1994) presumed that this was also the
case in isolated areas such as the northern artdrwéagoon where species richness and abundance
were far below those of the average reefs in tihseest Palau islands.

3.1.4 Management

Pyle (1993) gives a comprehensive review of litgn@ton the different views on the effects and
management strategies of the aquarium fish tradertekings in different countries. In small
countries like those in the South Pacific, wherenmost cases, only one or two operators (exporters)
are involved, exploitation guidelines seem to biéigant. Apart from the removal of fishes, damage
to habitats is perhaps a major concern. This caunltrdrom the breaking up of corals either
incidentally in the process (anchorage, divers fan walking on them) or deliberately to extract a
valuable fish specimen hidden in a coral-head. Hewethe greatest concern involves the use of
destructive collecting methods such as sodium cani

Current legislation/policy regarding exploitation: TheMarine Protection Act of 1994

Section 4 (1) prohibits commercial fishing f®tectropomus areolatysP. laevis P. leopardus
Epinephelus microdoandE. fuscoguttatugrom April 1 to July 31.

Section 4 (2) prohibits commercial fishing for juve (less than 25 inches in length) parrotfish,
Bolbometopon muricatuiend juvenile wrass&heilinus undulatus

Section 4 (3) prohibits commercial export or fighiselling or buying for commercial export of adult
parrotfish B. muricatun) and wrasse(. undulatu

Section 4 (4) prohibits the fishing for commercilirposes, sell or buy rabbitfistSiganus
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canaliculatug from March 1 to May 31.

Section 4 (6) prohibits the use of any form of umdser breathing apparatus other than a snorkel to
fish.

Section 4 (7) prohibits the commercial export @idil teatfish lolothuria nobilig, white teatfish .

fuscogilvg, prickly redfish Thelenota anangs surf redfish Actinopygamauritiang, sandfish If.

scabrg, humphead parrotfistB( muricatun), coconut crab, mangroce crab, rock lobsBanulirus
longipes fermoristrigaP. versicolor P. penicillatu3 and wrasseQ. undulatu}, except cultured
species thereof.

Section 4 (11) prohibits commercial export of giela@ms or part thereof except cultured species.

Section 4 (13) prohibits fishing with a gill net surround net having a mesh size of less than three
inches measured diagonally.

Section 5 of the Act deals with permits and aquarfish. The taking of fish for local aquarium use
and for scientific research, mariculture reseanchmedical research is allowed only with a valid and
current permit from the Minister or his designee.

Section 6 enpowers the Minister to promulgate sedulations regarding as he deems necessary to
protect the species identified in Section 4 fromrbarvesting, or to otherwise carry out the purpose
of the Act.

Regulations on the Collection of Marine ResourcesAfjuaria and Research

Section 3 requires that any person taking or attexgpo take more than five specimens or pieces of
aquarium species, except cultured specimens, foaragqn purposes, local aquarium use, or for
scientific, maricultural or medical research in iagke day, must have an Aquarium Collecting
Permit.

Section 4 limits the number of Aquarium Collectidgrmits to twenty a year.

Section 5 makes only Palauan citizens eligibleAquarium Collecting Permits starting January 1,
1997.

Section 9 prohibits the use of poisons to catch, f;d the use of any other collecting gear, except
hand nets, barriers nets, drop nets, wads, andelsick prohibited unless permitted by a Marine
Research Permit.

Section 10 prohibits collection from an area offitis to such collecting or fishing as stated in any
National or State law or regulations or traditiobal.

Section 11 prohibits the export of corals, marineky sponges and giant clams except cultured
speciemens. Specimens of corals or marine rocktagdentally in dredging can be exported.

Recommended legislation/policy regarding exploitatin: Collection of accurate and consistent data
is important. A consideration here is the inclusidra regulation for anyone engaged in fishingd fis
processing, fish marketing or the export of fisHish products to provide to the Chief (DMR) such
information relating to such fishing, processingrketing or export activities and in such form as
may be prescribed.

A policy statement could be developed giving guitelas to the harvesting of marine animals for
aguarium purposes. Some areas that can be cowesth a statement include:
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submission of detailed catch statistics per siteafliection prior to a shipment is made. Summary
of species to be shipped (including numbers anienattd value) each time an application for
export is made. For ease of databasing by DMR rdéng of statistics by species on packing list
forms should be made under separate headings sudm-ish, corals, soft corals, crustacean,
bivalves, echinoderms etc. Fin-fish can be brokenrdto further subheadings to account for the
different families.

establishing means for ease identification and tanig of collection vessels. Non-authorisation
of shipments by the Bureau shall be the penaltypédrcomplying.

standing requirement for operator to notify DMR itspect packaging of animals for each
shipment to be made.

requirement for operator to notify DMR of all cateon expeditions before they take place
detailing areas and dates so that if necessary, DR will accompany such collecting
expeditions.

advocate increased Palauan participation and diageufactors that hinder the transfer of
technology to Palauans. In order to increase theasipof the benefits to local people and improve
the chance for local operators in this industriraining component in all aspects of the industry
would be necessary.

In the absence of biological information on whiohbase decision, it would be beneficial to limig th
number of aquarium fish operators until proper sssent of the resource is completed.

Lewis (1985) listed Exploitation Guidelines used-iji for the aquarium fish trade as follows:

1.

Operators exporting live fish should be licensed hmited to a single operator giving the sole
operator a 12-month period of grace.

. Future operators should be of a high internatiogglite with a proven record in the trade.

Involvement of resource custodians in the colleciwocess should be to the maximum extent
practicable. There should be a training comporettiis process

The use of chemicals or poisons for collectiongglohibited.
Export permits required for each shipment, withrgiiees and species to be noted.
Conservation guidelines to be formulated by theh&ies Division in consultation with the

operator. A ceiling on the total number of fish expd per year to be set, taking into account the
area to be fished.

. Efforts should be made to ensure that collectiotiviies do not conflict with other uses e.g.

tourist diving, subsistence/artisanal fishing.

With a single moderate-level operator ihist necessary at this stage to consider reseneessd:
seasons and other conservation measures. The iEsBavision should however closely monitor
the development of this trade.

A sample form for the recording of fishing statistby the operators is attached as Appendix 3.1.2.
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Appendix 3.1.2: Suggested form used for the catbecdf aquarium fish catch data.

AQUARIUM FISH CATCH DETAILS FOR EACH SITE

Operator (company):

License number:

Collection (dive) date:

Number of collectors (disker

Catching method used:

SCUBA used?:

Hookah used?:

Area of collection (dive):

Specific area withinesit

*!Time collection (dive) start:

Time collection (dive) finish:

Collection (dive) duration (in hours and minutes):

CATCH DETAILS OF THE ABOVE OPERATION

FIN-FISH

INVERTEBRATES

INVERTEBRATES

Species Total #

Species

Totalj# Species Totd

Name of person filling the form (signature and jtate

Fisheries Officer receiving the form (signature datk):

*1 —yse separate forms for different dives, eveni# within the same area.



3.2 Groupers -temekaiand tiau

3.2.1 The Resource

Species presentThe Division of Marine &z 58
Resources, 1992 Annual Report lis
grouper species in Palau as follows:

§
R

tiau - Plectropomus areolatus

Temekai Epinephelus
morrhua (comet grouperk. septemfasciatysonvict grouper),
E. chlorostigmabrownspotted groupert:,. fasciatugblacktip grouper),
E. macrospilogsnubnose or bigspot groupdg), maculatughighfin grouper)

and Cephalopholis sonneratiomato hind).

Ksau E. polyphekadion, formerly microdon (camouflage grouper)E. fuscus
miliaris? (netfin or honeyfin grouper).

Remochel E. fuscoguttatugbrown-marbled grouper).

or hludel

Tiau: Plectropomus areolatusquaretail coraltrout)

Katuu ‘l tiau: P. laevis(blacksaddled coraltrout).

Mokas P. maculatugspotted coraltroutl. leopardugleopard coraltrout).

Baslokil: Variola louti (yellow-edged lyretail or moontail seabass).

MengardecheluchebC. argus(peacock hind).

All Serranids of value as food fish are memberghef subfamily Epinephelinae, of which at least 33
species have been reported for Palau (Myers, 18ijng the rapid ecological assessment of 1992
where data were collected from 76 visual transants supplemental observations made at Kayangel,
Kossol, Eastern Babeldaob, Western Babeldaob, Kook Islands, Peleliu-South/West and Angaur,
Donaldson (1992) recorded 45 species of SerranlBeganidae was the fourth most speciose, after
Gobiidae, Labridae and Pomacentridae. Palau'spgrocatch has been dominated by two genera,
Epinephelusand Plectropomus Palauans refer to mod&pinephelusspecies agemekai and to
Plectropomusspecies atiau. Although Palauans have one or more specific ndorawost species of
these two genera, many people are not familiar thighn and commercial catches are typically reported
using the two generic Palauan names. Grouper lgadiave been dominated By fuscoguttatus
(remoche), E. polyphekadionformerly E. microdon (ksau and P. areolatus (tiau) (Kitalong and
Dalzell, 1994). Other harvested species inclidenorrhua,E. septemfasciatus, P. leopardusokas,

P. laevis(katuu 'l tiau or mokag, P. maculatunandVariola louti (baslokil).

Distribution : Geographical distribution of the grouper speaes given in Heemstra and Randall
(1993). Worldwide distributions of species impottao Palau were taken directly from that
reference, and are as follows:

E. morrhua this species is distributed from the Red Sea\mestern Indian Ocean to the central
Pacific Ocean (as far east as Cook Islands).

E. septemfasciatushis species is closely relatedEo octofasciatusThus most distribution records
for E. septemfasciatuare probably based da. octofasciatusk. septemfasciatus known with
certainty only from Japan, Korea and China whilgorés of this species from other areas appear to
be based on misidentifications $f octofasciatus

E. fuscoguttatusthis species is widely distributed in the Inda:#ia region but is not known to
occur in the Persian Gulf, Hawaii and French Pdiaelt probably occurs in all of the tropical
islands of the Indian and west-central Pacific @sef@ast to Samoa and the Phoenix Islands) along
the east coast of Africa to Mozambique, and has lveported from Madagascar, India, Thailand,
Indonesia, tropical coast of Australia, Japan,ipbiihes, New Guinea and New Caledonia.
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E. polyphekadionthis species is widely distributed in the tropiaad subtropical Indo-West Pacific
region from the Red Sea and east coast of Afridaéoch Polynesia in the east.

P. areolatus this coral trout species occurs in the Indo-RaciVith the exception of the Red Sea
and Australia, records of this species are limitedinsular localities which include; Chagos,

Maldives, Cocos-Keeling Islands, Rowley Shoals (i&es Australia), Indonesia, Philippines,

Taiwan, Ryukyu Islands, Paracel Islands (South &€Hiea), Palau Islands, Great Barrier Reef,
Caroline Islands, Marshall Islands, Samoa Islamdisthe Phoenix Islands.

P. leopardus this species occurs in the Western Pacific, fremathern Japan to Australia and
eastward to the Caroline Islands and Fiji. It his® d&een confirmed to occur in Hong Kong, Viet
Nam, Philippines, Indonesia, Palau, Papua New Guéamel New Caledonia.

P. laevis this species occurs in the Indo-Pacific, fromteetn Mozambique to the Tuamotus,
Austral Islands and Rapa but not in the Red Sdeasian Gulf. It is known from most of the islands
in the central and western Pacific between Japdrl@southern Great Barrier Reef. It has not been
recorded from the Asian coast or Indonesia.

Most grouper species inhabit coral rich areas andalau, the two dominalpinepheluspecies are
found on seaward reefs, in channels, and somevdsst dn lagoon reefs. The three dominant
Plectropomusspecies inhabit a variety of reef types, althoBfgrtropomus leoparduappears to be
largely confined to the lagoon while the other @apear to be more common on seaward reefs and in
channels.

Although these species of grouper are found througlthe archipelago, many species experience
dramatic changes in distribution by season andibgriphase. Fishermen have long been aware of and
taken advantage of the seasonal aggregatioriSpifephelus fuscoguttatuk. polyphekadionand
Plectropomus areolatuat several sites, particularly channels, includigerumekaol, Denges pass,
Ngeremlengui channel, and Ebiil channel. Adults endraditionally been known to aggregate in
channels around the full moon during May and Jongpawn (Johannes, 1981). Figure 3.2 (a) shows
areas with concentrations.

In a survey of marine fishes in 26 sites in the Wgluu Bay area, Amesbury (1991) recorded the
following Serranidae species occurrences:

Species No. of sites in which species was obgerve _ Other information

C. argus 2 out of 26

C. miniatus 3 out of 26

C. sonnerati 1 out of 26

C. urodeta 6 out of 26

Epinephelus fuscoguttatus 6 out of 26 High abundance in one of the site
E. merra 3 out of 26

E. microdon 2 out of 26

Gracila albomarginata 1 out of 26

Plectropomus areolatus3 out of 26 High abundance in one of the sites
P. leopardus 11 out of 26

Pseudanthias dispar 1 out of 26

P. squammnipinnis 1 out of 26

Variola louti 2 out of 26

Groupers temeka) and coral troutt{au) are reported by Rochers and Matthews (1992) asrspg
in the Ngarchelong channel in July. Several typglegroupers have been reported to spawn in sites
near Ngchesar. Groupers spawn in Ngetbaet, IdimidNagetngod.

Maragoset al (1994) reported groupers and coral trout spawmnipe nearby channel, Ngamegai

Passage, of Ngerchelong. The pass (Toachel Nggdbeat Melekeok is an important spawning

ground. Several groupers spawn in Ngchesar, IdmisNgetngod reefs. Spawning aggregations of
groupers, parrotfish, coral trout, and humpheadssgaare found off Toachel Mlengui Pass, all of
commercial significance.
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Biology and ecology Groupers are moderate to large sized fish whielpsedominantly shallow-water
species, at or near the top of the food chain opidal and sub-tropical marine habitats. All are
carnivorous feeding mainly on fishes, larger crestaand occasionally cephalopods. They are highly
esteemed as food fishes (Randall, 1987). Grougad telatively sedentary lives and are strongly
habitat-dependent with regards feeding, often fegedy ambush at all times of the day.

Some species, being protogynous hermaphroditesytakd sex changes, resulting in adult populations
generally containing a greater proportion of fermaléowever, there is preliminary evidence thatstre
ratio of at least one of Palau's aggregatiorB.&reolatusis weighted in favor of the larger proportion
of males, possibly as a result of fishery targetintatively small fishes (Johannes$ al, 1994).
Spawning is characteristically concentrated atiqder times of the year over 1 or 2 months, ofién
sites used regularly each year, a fact used bgrfiskn to catch large quantities of grouper whew the
are very vulnerable to fishing. Size at maturit@isund 250 mm total length B fuscoguttatuys340
mm total length foE. microdon and 300 mm total length f&. leopardusFecundity falls generally in
the range of 100,000-5,000,000 eggs per femalep{®hd 987). The groupers are typically long-lived
and slow growing, with maximum ages generally iness of 10 years, and growth coefficients usually
within the range 0.1-0.25/year (Manooch, 1987).rAge weights of groupers caught in Ngerumekaol
and Ebil Channel during the 1990-1991 period wa®rded by Kitalong and Oiterong (1992), as
extracted from FitzGerald et al. (1991), as follows

Species Area Date Numbers and sex Average wt (kg)
E. microdin Ngerumekaol May 14, 1990 3 females 0.99
E. fuscoguttatus Ngerumekaol May 14, 1990 1 female 25
June 5, 1991 2 females 7.3
June 6, 1991 1 female 4.5
P. areolatus Ebil Channel May 1, 1991 18 females 2.3
May 1, 1991 18 males 2.2
Ngerumekaol May 14 1990 2 males 2.2
May 15, 1990 5 males 2.3
May 13, 1991 7 females 1.5
June, 51991 1 male 1.9

The strong ties of many groupers' spawning cyddsoth the seasons and to the lunar cycle arelyeadi
observed in the dramatic aggregation&pinephelusandPolyphekadiorat several sites around Palau.
Palau's aggregations Bfpinephelus fuscoguttatug. polyphekadionandPlectropomus areolatuare
believed to typically occur during two or more lurmaonths between March and July, with peak
numbers present just before the new moons, wheratteebelieved to spawn. Catch records reflect the
increased catchability of these species during thegregations, with average monthly commercial
landings from 1983 through 1990 Bpinephelusspecies peaking in June and July, Biettropomus
catches peaking from March through June (Kitalamd@iterong, 1991).

Habitat and general biology of the following specweere taken directly from Heemstra and Randall
(1993):

E. morrhua this species is a deep-water dweller and is lsdialnd in depths of 80 to 370 m.
Individuals can attain at least 61 cm standardtker{3 cm total length) and weights of 5 kg.
Fourmanoir and Laboute (1976, cited in HeemstraRandall, 1993) estimated the maximum total
length for this species to be 90 cm.

E. fuscoguttatusthis species is found in shallow coral reefs ayaky bottoms to depths of 60 m and
feeds on fishes, crabs and cephalopods as indidgtestomach contents of specimen examined.
Juveniles are normally found in seagrass areasnih@mum size that can be attained is at least 95
cm total length and a weight of 11 kg. Schroed&8(Q1 cited in Heemstra and Randall, 1993)
reported the total length of this species to b€ d# in the Philippines.

E. polyphekadionthis species is almost always found in clear watecoral reefs, either in lagoons
or on the outer reef and is most abundant at islaparticularly atolls. It feeds mainly on
cruataceans, especially portunid crabs and alse smyllarid and panularid lobsters, and fishes.
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Gastropods and cephalopods are also eaten bulesser extent. Morgan (1959, cited in Heemstra
and Randall, 1993) reported that in Kenya, femabesure at 38 cm standard length while males
mature at about 42 cm. Individuals can attain asti€1 cm standard length (75 cm total length) and
weights of 4 kg. This grouper species is probalyleast wary of divers thus uncommon at localities
with heavy spearfishing.

P. areolatusthis species is found in lagoons and on the aetefrat depths of 2 to 20 m. It is shy and
difficult for a diver to approach. In Palau, Myd€d®989) reported that large humbers of this species
gather in the seaward end of Ulong Channel forva days before new moon in May to spawn.
Recently, Johannext al. (1994) reported that peak numbers during theseolations were greater in
June than in May. During this time males may digpight bodies with about five irregular dark
saddles and dark dorsal and anal fins. Attainseastl 60 cm standard length (1 m according to
Katayama, 1988, cited in Heemstra and Randall, 1993

P. laevis this species is conspicuous and quitecommon cal oeefs at depths of 4 to at least 90 m.
The pale black-saddled form is usually smaller {88 standard length) than the dark reddish brown
phase (15-100 cm standard length). Maturity seenogc¢ur at 50-52 cm standard length (2.8-3.2 kg).
It has been reported to feed exclusively on fishéh its prey comprising a variety of large reef
fishes, including groupers. This diet of large &shis responsible for the high concentrations of
ciguatera toxins found in this species. Individuattsin 100 cm standard length (125 cm total length
and weights of 18 kg.

P. leopardus this species occurs on coral reefs of the Inddffearegion at depths of 3-100m.
Results of a study reported by Goeden (1978) irctteat Barrier Reef suggested that the largest fish
(modal standard length of 50 cm) was 5 years olie $pecies was found to be a protogynous
hermaphrodite with the smallest mature female nréag21 cm standard length (age 2 years) with
the largest 47 cm (age 4 years). The smallest matle was 30 cm (3 years old) and the largest
male was 54 cm. Spawning occurred in late Noveraberearly December. A 4-year old fish was
estimated to contain 457,900 eggs. The study algod that this species feeds throughout the day
with 96 per cent of the prey comprising of fishinmarily atherinids and scarids. It is inactive .
Individuals attain a standard length of 57 cm (i#Ototal length).

3.2.2 The Fishery

Utilization : At least since 1976, when records of commereiatlings were first kept, groupers have
been an important component of the commercial fiebesector. While groupers are also caught for
subsistence use, they probably do not make uprges #gaproportion of the subsistence catch as of the
commercial catch, much of which is destined forregas markets, particularly Guam and Saipan.
Between 1976 and 1992, Serranids as a group cadpus average, nine per cent of the reef fish
landings at Palau Federation of Fishing Associati(i?FFA), the only commercial buyer monitored
regularly and probably the biggest single buyerrdyihis period (MRD, no date). With the passabe o
the Marine Protection Act of 1994, which prohililie commercial harvest of five of the most impartan
species from April 1 through July 31, the proportaf groupers in the commercial catch is likely to
decrease substantially (although their value gegiam may consequently increase).

In addition to the subsistence catch and the cogialaratch, Palau has exported a substantial amount
of live grouper over the last decade to the Asiamket, particularly between 1984 and 1988, when a
Hong Kong-based company captured or purchasectiamags=d 54 tonnes of live grouper (Kitalong and
Oiterong, 1991). Most of these fish were taken fiarawn aggregation areas, including Denges pass,
Ngeremlengui channel, and in the vicinity of Ngeelawl. The company was eventually denied access
to the reefs of individual states, and exportsw& grouper are believed to have virtually ceasades
then. In 1990, however, at least one foreign vesasl caught poaching live grouper in Palau's waters
(Kitalong and Oiterong, 1991). As of mid-1994, eddt one state was in the process of negotiatithg wi

a foreign company over access to its grouper ressur
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Based on observations of landings in 1990 and 1®@ldominant groupers purchased by PFFA were
reported to bé. polyphekadionE. fuscoguttatysandP. areolatus(Kitalong and Dalzell, 1993). The
composition of the catch of the live fishery washably dominated by the same three species, althoug
the relatively large size dpinephelus fuscoguttatusay make it less desirable for the live fisherlf. A
three species will readily take a baited hook,aalth they are reported to stop biting shortly betbe
new moon while aggregating (Kitalong and Oiterat291). Spearfishing is also a common method for
capturing most species of grouper, especially §gregating fishes, which tend to become less wary a
the new moon approaches. Groupeaemgka) were noted as one of the species important in
Kayangel (Rochers and Matthews (1992).

Production and marketing: Like other species of reef fish, groupers ar&ibisted both domestically,
through subsistence and commercial channels, agrdeas, primarily for commercial purposes but also
to families and friends. Excepting the live groufishery, no export figures for grouper are avddab
Estimates on the distribution of all reef fish, lewer, might be indicative for groupers. It wasraated
that roughly 20 per cent of all harvested reef figls exported in 1992, 60 per cent was for sulgiste
use, and about 20 per cent went through local coniateutlets and consumed in Palau (MRD, no
date).

Several of the main commercial buyers are monitoegdlarly, and purchase data for PFFA have been
collected since 1976. Because these data repréisenpurchases of only one buyer, year-to-year
variations shown here should be interpreted vewjiaasly (live grouper catches, for example, which
averaged about 11 mt from 1984 through 1988, arehawn).

Groupers landed at commercial centres are soltl fsasice either to local restaurants, hotels efic.,
exported on ice to Guam and South-east Asia déistisa \Wholesale prices f&. fuscoguttatuandP.
areolatuswere around $0.67 and $0.87 per pound respectineh990. Prices average to almost a
US$/Ib in 1992-1993.

Export of live groupers commenced in 1984 througjoiat local-Taiwanese commercail venture.
During the operation from 1984 to 1988, over 54aftive groupers were exported (Kitalong and
Oiterong, 1992). However, one dealer in Koror eatéd that between 1986-88, between 10-15 tons of
live grouper were exported every 3 months.

Table 3.2.1 gives detail commercial landings aridevaf catches at PFFA for the 1976-1993 period for
Epinephelusspp. andPlectropomusspp. separately. There was a general increadepimephelus
landings from 1976 until the peak around 20 mt985Land start declining to around 4 mt a yearén th
1991-1993 period. No similar significant trend jparent forPlectropomudandings which generally
increased from 1977 until 1981, and then decreastld1986, followed by an increase to a maximum
in 1991, and decrease again in the following yeline combined annual grouper landings at PFFA
increased from about 1.5 mt in 1976 to a peak mwibat 22 mt in 1985 and 21 mt in 1986. It then
gradually decreased to about 10 mt in each of 1989, and 1991, and continued decreasing to
approximately 6 mt in 1992 and less than 5 mt @319

Total temekaiandtiau landings and effort information as recorded byakihg and Oiterong (1992)
for the 1987-1992 period are given in Table 3.ZRere was a general decrease in landings from
1987 to 1991 fotemekaiexcept that the 1992 landing was a little aboeelt®87-1989 average. The
total grouper landing recorded at the commerciaketa in 1993 totalled to only 14,061 Ibs which is
very low compared to the previous years.
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Table 3.2.1 Total purchase landings data Epinepheluspp. andPlectropomuspp. at PFFA for the 1976-1993 year period.

Epinephelusp. Plectropomusp. Combined
Per cent of Percentage
Weigh | Weigh|  Unit Value Total Weigh | Weigh | Value of Total Total Wt Total
Year | t(lbs) | t(kg) price | (US$) | Annual Fish t(lbs) | t(kg) ($) | Annual Fish (kg) Value ($)
(US$/Ib) Landing Landing
1976 1,899 860| 0.30 581 0.8 1,402 635 412 0.6 1,495 993
1977 | 16,724 7,576 0.23 3,913 5.3 3,429 1,553| 1,156 1.1 9,129 5,069
1978 | 14,453 6,547 0.26 3,686 4.8 864 392 185 0.3 6,939 3,871
1979 | 21,764 9,859 0.28 6,234 4.6 6,254 2,833| 2,115 1.0 12,692 8,349
1980 | 18,261 8,272 0.29 5,370 4.0 9,274 4,200 3,673 2.1 12,472 9,043
1981 9,127 4,135 0.37 3,394 4.2 11,874 5,381 5,085 5.5 9,516 8,479
1982 - - - - - - - - -
1983 | 27,674 12,536 0.38 | 10,739 - 5,982 2,710{ 2,800 - 15,246 13,539
1984 | 37,453 16,966 0.43 16,067 - 4,745 2,149 - - 19,115
1985 | 45,249 20,496 - - - 3,062 1,383] - - 21,879
1986 | 42,655 19,323 0.53 22,654 5.8 3,280 1,486| 1,862 0.4 20,809 24,518
1987 | 27,951 12,662 0.61 [ 17,07C 5.9 8,409 3,805| 5,463 - 16,467 22,533
1988 | 22,964 10,403[ 0.65 15,007 5.3 12,327 5,584| 10,074 2.8 15,987 25,076
1989 | 9,454 4,282 1.00 9,452 2.2 13,044 5,909 11,742 2.7 10,191 21,194
1990 | 10,781 4,849 0.74 7,163 2.8 7,307 3,165| 6,108 1.8 8,014 13,271
(6,986
)
1991 3,857 1,753| 0.91 3,510 1.4 21,551 9,796 7.9 11,549
(3,752
1992 4,263 1,938/ 0.96 4,093 1.6 9,324 4,238 3.5 6,176
(5,019 (8,390
) )
1993 | 5,359 2,434 1.8 7,048 2,304 2.4 4,738

Figures in brackets are those as reported by Kiggdmd Oiterong (1992).

Table 3.2.2: Details of temekai and tiau landimgsn 1987 to 1992. (Source: Kitalong and Oiterorgf2).

1987-1989 1990-1992
average average 1990 1991 1992

Temekai
Total landings (Ibs) 20,152 14,591 13,468 8,426 878,
Number of men selling 44 62 71 44 70
Number of sales 169 165 189 90 217
Average CPUE (Ib/trip) 119 90 62 94 115
Tiau
Total landings (Ibs) 11,257 15,760 8,170 23,343 745,
Number of men selling 33 39 42 33 41
Number of sales 122 108 95 139 90
Average CPUE (Ib/sale) 114 135 86 168 151

Monthly landings (Ibs) of groupers taken from pwasé receipts at PFFA between 1983 and 1992
and at PFFA, PMCI and Oh’s Market (Jan-May) in 1,22@ given in Tables 3.2.3(a) and 3.2.3(b) for
EpinephelusaandPlectropomugespectively. (Source: DMR Annual Reports for 189t 1992, and
DMR database). From mean monthly landing datahibleest landings foEpinepheluss during the
March-August period peaking in July while that flectropomusseems to be between March and

June with a peak in May.

Table 3.2.3(a) Monthly landings oEpinepheluspp. at PFFA, from 1983 to 1993. (na=not avaijable

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov ¢ De
1983 n.a. n.a. na. 1,185 3,754 3,331 6,994 3,326 2,581 2316 2,193 1,994
1984 1,225 690 2,091 2543 1,364 1,408 16,841 4,749 1599 1,333 2,088 1,522
1985 1971 1564 2,652 3932 4594 4458 11,675 3,105 1,908 3,667 4,226 1,355
1986 424 866 1,920 2,760 3,857 9,559 13,188 2,720 1,306 1,280 2,499 2,273
1987 1,900 130 127 174 0 15,404 8,122 0511, 1,043 n.a. n.a. n.a.
1988 249 492 1,096 1,395 1,044 7,598 10,473 348 196 0 66 51
1989 194 340 574 794 483 2,538 2,707 511 622 0 602 86
1990 79 29 331 393 596 3,808 3,016 305 878 950 215 103
1991 69 59 41 876 501 358 663 581 114 596
1992 150 159 134 1,146 2,205 317 80
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1993 168 225 224 15 265 3,185 566 64 155 468
XD?:T:TA) 774 483 1,008 1,375 1,346 4,681 6,899 1,815 910 984 1,116 807
(PMCI) 1,415 70
(Oh's) 103

Table 3.2.3(b) Monthly landings oPlectropomuspp. for Palau Federation of Fishing Associatid883 to 1993.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov ¢ De
1983 n.a. n.a. n.a. 19 1461 3,310 0 791 191 68 0 142
1984 0 59 732 1,431 765 727 14 99 64 41 313 500
1985 0 321 260 352 1,033 60 167 506 8 289 220 96
1986 0 78 298 617 477 31 227 96 406 380 665 0
1987 1,206 640 643 982 40 789 1,268 1,387 1,445 n.a. n.a. n.a.
1988 100 418 3481 1520 1,057 2,620 566 902 1,203 88 323 0
1989 506 458 3,468 2,533 1,524 453 65 189 303 921 1,586 1,035
1990 2,678 475 114 649 948 224 497 336 182 114 175 564
1991 789 362 488 931 7,194 2,758 1,898 753  3,0615931, 1,101 622
1992 62 2,520 1,458 1,651 731 173 609 649 1,366 05 1
1993 249 1,526 858 810 258 631 853 435 354 886 188
Mean 799 686 1,180 1,045 1,408 1,071 590 591 722 428 737 407

Commercial monthly landings at main markets by mgjoups of groupers as is known in Palau are

presented in Table 3.2.4 for the 1991-1993 pefRiek-A data for the three years indicate it
dominates (more than 50 per cent) grouper landiiajswed bytemekai However, proportionally,
tiau purchased at PFFA has decreased from about &epem 1991 to 56 per cent in 1993. In 1993,
thetemekailanding at PMCI was close to thau landing at PFFA.

Table 3.2.4 Comparative monthly landings of groupers, by @ategroup, as purchased at PFFA from 1991to 198Bpther commercial markets in 1993.

Year/ Group % of
Group Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total grouper landing
1991

Plectropomusspp. 789 362 489 93] 7,19k 2,798  1,8p8 7153 3,p61  1{5931011 622 21,550 84.8
(tiau)

Epinepheluspp. femeka) 69 59 41 876 50. 258 643 581 114 996 3,§52 8 14.
Epinepheluspp. ksau) 105 105 0.4
TOTAL 789 431 547 931 7,233 3,630 2399 1,111 3,722,174| 1,215 121 25,408 100.0
1992

Plectropomusspp. 62| 2520 1,454 1,651 73 113 6p9 g49 1,866 [105 3249 68.6
(tiau)

Epinepheluspp. femeka) 150 159 134 1,14 2,205 317 BO 4,363 31.4
TOTAL 212| 2,520] 1,454 1,81 865 1,319 24814 66 ,448 13,587 100.0
1993

Plectropomusspp. fiau)

PFFA 249| 1,526 858 810 258 | 631 853 435 354 795 188 6,957 49.7
Plectropomuspp. (nokag 91 91 0.7
Epinepheluspp. emeka)

PFFA 168 225 244 15 265| 3,185 566 64 155 468 5,355 38.3

PMCI 1,340 70 1,410 10.1

Oh's 103 103 0.7
Epinepheluspp. ksau)

PMCI 75 75 0.5
TOTAL 352 1,694 1,089 1,054 2598 2,061 3B5 4,038 01Lp 418] 1,04] 654 13,990 100.0

Table 3.2.5 gives relative composition of commériish landings, by family, at PFFA for the period
1976-1990 and individual years from 1990 to1993iré8adae (groupers) showed a decrease in
composition in the reef fish landings from aboyted cent in the 1976-1990 period and in 1991, to
5.1 percent in 1992 and 4.3 per cent in 1993.

Of the most common fish families in the total réieh landings in Palau between 1976 and 1990,
Serranidae was ranked fifth (9 per cent) of all i@l reef fish purchases at PFFA. Except for the
increase to 9.3 per cent in 1991 from the 1976-1®&0age, relative composition of Serranidae has
been decreasing down to 4.1 per cent recorded98.1Bhe per cent composition is even lower for
1992-1993 when combining data from other commeroilkets as indicated in Table 3.2.6.
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Table 3.2.5 Relative composition of reef finfish landed atFAFMarket for the 1976-1990 period and for 19901893. Percentage composition figures are
shaded. (Source: DMR Annual Report 1990; DMR Database).

% Wt 1990 1991 1992 1993
1976- Weight % Weight % Weight % Weight Value %Wt | %
1990 (Ibs) Wt (Ibs) Wt (Ibs) Wt (Ibs) (US$) Value
Scaridae 17.88 53,186] 16.98 13,368 4.90 21,380 8.04 56,710 65,944 19.8 19.6
Acanthuridae
Surgeonfish 467 489 0.2 0.1
Unicornfish 46,777 55,965 16.3 16.7
Total 13.66 43,810 | 13.99 25,000 9.17 14,779 5.56 47,244 56,454 16.5 16.8
Assorted reef fish 4,074 5,412 14 1.6
Lethrinidae 13.52 57,099| 18.23 25,939 9.52 22,357 8.41 30,795 34,194 10.7 10.2
Lutjanidae 11.99 29,123] 9.30 74,405| 27.30 56,456 21.23 47,676 54,829 16.6 16.3
Siganidae 10.35 69,331] 22.13 37,814| 13.87 33,599 12.63 29,560 37,181 10.3 11.1
Serranidae 9.05 21,361 6.82 25,408 9.32 13,586 5.11 12,403 13,625 4.3 4.1
Carangidae
Trevally 3.57 11,711 3.74 3,801 1.39 12,861 4.84 10,063 10,564 35 3.1
Scad 5,834 7,332 2.0 2.2
Mullidae 1.09 5,746 1.83 875 0.32 1,436 0.54 3,900 4,489 14 1.3
Mugilidae 1.06 1,647 0.53 841 0.31 1,463 0.55 1,465 1,845 0.5 0.5
Labridae 0.92 1,397 0.45 608 0.22 928 0.35 1,462 1,615 0.5 0.5
Gerreidae 0.44 648 0.21 2,407 0.88 1,508 0.57 714 854 0.2 0.3
Holocentridae 0.21 280 0.09 343 0.13 454 0.17 73 99 0.0 0.0
Haemulidae 0.20 58 0.02 207 166 0.1 0.0
Kyphosidae 2,452 3,072 0.9 0.9
Sphyraenidae 2,963 2,877 1.0 0.9
Mackerel 14,525 17,544 5.1 5.2
Clupeidae 29 39 0.0 0.0
Chandidae 364 371 0.1 0.1
Scombridae
R. kanagurta 14,525 17,544 5.1 5.2
Wahoo* 4,156 4,189
Marlin* 1,056 840
King mackerel* 2,770 3,050
Tuna* 4,081 3,055
Other oceanic 456 185
pelagics*
Others 16.05 17,904 5.72 61,733| 22.65 85,078 31.99
TOTAL 313,243 272,542 265,94 287,038 336,042

*fish not counted as reef fish in the percentadeutations.

Table 3.2.8 Composition of commercial reef fish for all matkéPFFA, Oh’s, PMCI and Melekeok Cooperative) dgri992
and PFFA, PMCI and Oh’s Market (Jan-May93.9Percentage figures are shaded.

1992 1993 I
Finfish category Common name Total Wt (p) Perd&fht| Total Wt Percent Wt[ Total Value ($; Percent Vallle
(Ib)

Acanthuridae Surgeonfish (467) (0.06) (489) (0.06)

Unicornfish (51300) (7.08) (61566) (7.18)
Acanthuridae Total 33,81 4.68 51,767 7.14 62,055 7.24
Assorted reef fish Assorted reef fish 423,358 58.39 509,524 59.43
Carangidae Trevally (10063) (2.39) (10564) (1.23)

Herring (927) (0.13) (622) (0.07)

Mackerel (14525) (2.00) (17544) (2.05)

Scad (5834) (0.80) (7332) (0.86)
Carangidae Total 16,25 2.25 31,349 4.32 36,062 4.21
Clupeidae Sardine 227 0.03 121 0.01
Chandidae Milkfish 749 0.10 756 0.09
Gerridae Silverfish 1,55 0.21 714 0.10 854 0.10
Haemulidae Sweetlips 5 0.01 207 0.03 166 0.02
Holocentidae Squirrelfish 51 0.07 73 0.01 99 0.01
Kyphosidae Ruddefish 2,452 0.34 3,072 0.36
Labridae Wrasses 2,7 0.38 1,504 0.21 1,668 0.19
Lethrinidae Emperors 29,01 4.02 31,100 4.29 34,512 4.03
Lutjanidae Snappers 71,03 9.83 48,371 6.67 55,604 6.49
Mugilidae Mullet 2,003 0.28 1,613 0.22 2,008 0.23
Mullidae Goatfish 2,788 0.39 4,094 0.56 4,676 0.55
Congridae Moray eel 51 0.01 63 0.01
Rays stingrays 93 0.01 74 0.01
Scaridae Parrotfish 61,82 8.56 78,740 10.86 88,470 10.32
Serranidae Groupers 38,134 5.28 14,061 1.94 15,211 1.77
Siganidae Rabbitfish 44,54 6.16 31,589 4.36 39,468 4.60
Sphyreanidae Barracuda 2,963 0.41 2,877 0.34
Others 418,301 57.89
Total Reef Fish 722,531 100.00 725,075 100.00 857,340 100.00
Scombridae King mackerel 2,850 3,138

Marlin 1,056 840

Tuna 4,081 3,055
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| | wahoo | | | 4,516 | | 4,588 |
| other oceanic | Other oceanic pelagics | | 456 | | 185 |

Purchase records of groupers at the commercialetsark 1993 indicate that most of ttiau and
temekaicame from Koror and Ngerchelong. Purchasdgaafandtemekaifrom these states account
for more than 80 per cent and 60 per cent of tiskdandings respectively.

Table 3.2.7 Monthly 1993 market purchases of groupers byesiaPFFA, PMCI and Oh'’s (Jan-May). Weights arpaonds
and value in US$.

Species State Jan Feb Mar | Apr May| Jun Ju Aug Se Totgl Percémbtal
Tiau Koror Wt 319| 308 567| 202 76| 631 162 413| 2,678 47.1
Value 396 400] 765 263 84| 694 197 507| 3,306 46.4
Ngaraard Wt 161 161 2.8
Value 209 209 2.9
Ngerchelong Wt 978| 252 322 691 2,243 39.4
Value 1,271] 340 410 864 2,885 40.5
Ngeremlengui Wt 28 39| 241 22 330 5.8
Value 36 53 303 22 414 5.8
Peleliu Wt 51 51 0.9
Value 66 66 0.9
Ngchesar Wt 45 45 0.8
Value 50 50 0.7
Kayangel Wt 182 182 3.2
Value 200 200 2.8
Ksau Ngatpang Wt 75 75 100
Value 64 64 100
Temekai | Ngeremlengui Wt 10 95 20 27 245 4.0
Value 113 81 17 23 234 4.2
Koror Wt 86 61| 117 345| 170 99 308| 1,186 19.2
Value 104 71 129 297 130 84 262 1,077 19.2
Peleliu Wt 82 22 105 19 228 3.7
Value 98 24 129 16 267 4.7
Ngerchelong Wt 142 51 255 70 2,215 212| 2,945 47.6
Value 156 56 289 88 1,883 180|f 2,652 47.2
Ngchesar Wt 76 76 1.2
Value 84 84 1.5
Angaur Wt 40 619 659 10.7
Value 34 526 560 10.0
Ngatpang Wt 715 127 842 13.6
Value 641 108 749 13.3

The only export data on grouper are those recoodedontinental Air Micronesia cargo manifest for
1991, where grouper was reported on 6 counts withnebined (including other food and packaging)
weight of 847 Ibs.

3.2.3 Hatchery spawning and culture of groupers ifPalau

Two species of groupers that were caught by hareldiere successfully induced to spawn at
MMDC in 1991 using human chorionic gonadotropin (B)CP. areolatusspawned on the week of
May 6, 1991 and specimens of the same speciek aiudcoguttatuspawned on the week of June 3,
1991 (FitzGerald, 1991). Fertilized eggs were shibpo Guam Aquaculture Development and
Training Center (GADTC), Guam for larval culture.nfdrtunately, larval cultures were not
successful. [A final report was written on the Bnghary Spawning and Larval Culture Trials for
Groupers from Guam and Palau, July 2-24, and Aufst, 1993. It was not possible to obtain a
copy of this report and thus it was not possiblérd out whether there were more and better result
obtained in grouper culture.]

3.2.3 Stocks Status

Interviews with fishermen indicate concern overeglithe in the abundance of groupers in recent years
in Ngerumkaol Channel (Kitalong and Oiterong, 199licanding data supports concern for the
resource. As a result, DMR initiated in 1991 anamdter survey in the principal grouper areas, and
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commenced the collection of grouper fishery siastUnderwater visual assessments were also @arrie
out on the main fishing grounds during 1990. Undeew visual survey data details for 1990 are

presented in Table 3.2.8(a) as recorded by twosliseimming at a 15-35 m depth from the inner to

outer end, toward the mouth of each channel dulsginute dive. Encounter rates appear to be fairly
high, but indicated a decline in numbers of grosi@ggregating to spawn from numbers reported in the
early 1980s by fishermen. Table 3.2.8(b) presevesage counts for 1990-1992 period as recorded in
Kitalong and Oiterong (1992).

Table 3.2.8(a) Summary of grouper survey results, May-June, 18@@rumkaol Channel is
a reserve, Denges Pass is a hdelibd area.

Time Epin. Plectr. Epin.
Area Date (mins) Divers fusco. areol. microdon.
Ngerumkaol May 22 45 1 19 26 5
Channel May 22 15 1 20 54 0
e dunel2 0. 1 0 62 . 0 __
Total 90 3 89 142 5
Counts/diver/hr 19.8 31.6 11
Denges June 12 15 2 1 1 0
Pass 1 2 0
e June23 60 __ 1 ___...&6 14 0__.
Total 75 3 8 17 0
Counts/diver/hr 2.0 4.5 0.0

Table 3.2.8(b) Average counts by two divers during 45-minutesdiat Ngerumekaol and Denges Passes. (Sourdeniitnd Oiterong, 1992).

Species Site | Dates [ 1900 [ 1901 | 1992
Tiau Ngerumekaol May, 22, 1428 73 21 104
June 12, 09, 24 72 150 48
July 10, (1) 115 )
Average  May-July 72 95 83
Denges May 27 1
June 12 14
July 11, 24 7 1
Average 10 1
Temekai Ngerumekaol May 22, 1428 39 15 104
June 12, 09, 24 50 150 46
July 10 (1) 113 (10)
Average 44 93 75
Denges May 27 4
June 12 6
July 11, 24 5 4
Average
Ksau Ngerumekaol May 0
June 09, 24 20 361
July 10 (1) 55 (30)
Average 38 196
Denges May 27 0
June 12 0
July 11, 24 0 40

Preliminary length frequency analysis indicates wadedE. fuscoguttatubave a modal fork length of
between 66-73 cm, and between 31-46 cniPfareolatusindicating ages of 2-5 years.

Kitalong and Oiterong (1992) recorded grouper catiott effort data as extracted from FitzGeretld
al. (1991) as follows. Time used in CPUE calculatimnactual time of fishing.

1990 1991
Area 1990 Date 1991 Date CPUE (Ibs/hk/hr) CPUFEI{ikér)
Ngerumekaol  May 14 May 7 1.7 2.8
May 15 May 8 2.4 34
May 13 18.1
June 5 13.6
June 6 16.2
June 7 16.6
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Denges Pass April 30 0.03
Ebil Pass May 01 10.0

During the surveys of marine fishes in 26 siteshin Ngermeduu Bay area by Amesbury (1991), as
reported under the “distribution” section of theofge, fish counts were made at 2 sitds.
fuscoguttatuswas observed in the vicinity of one site and oafhe specimen oE. merra was
observed in the other site.

During the 1992 Palau rapid ecological assessnigahaldson (1992) notes that the surveys
indicated the apparent effects of commercial fighom populations of species in important families
such as groupers (Serranidae), jacks and trevélgsangidae), snappers (Lutjanidae), emperors
(Lethrinidae) and parrotfishes (Scaridae), in trEmPalau islands. These fish groups were either
absent from the stations or present in very low lens1. Furthermore, serranidae was one of the taxa
with the most narrow-ranging species. It was fotmbe narrow-ranging in all areas surveyed, i.e. in
Kayangel, Kossol, Eastern Babeldaob, Western BabbldKoror-Rock Islands, Peleliu-South/West
and Angaur.

Numbers of three grouper species monitored onphessing grounds at Ngerumekaol between May
8 and June 10, 1994 by Johane¢sal (1994) are presented in Table 3.2.9. The numbersot
represent the whole population that aggregategdws.

Table 3.2.9 Three grouper species monitored on the spawnimgnga at Ngerumekaol, May 8-June 10, 1994.
(Sources: Johannesal, 1994).

P. areolatus E. fuscoguttatus E. polyphekadio
Sex ratio

Date Numbers (M:F) Numbers Numbers
May 08 72
May 09 119 50 16
May 10 120
May 11 38
May 15 8
May 17 5
May 20 0 6 0
May 23 17 16:1 45 11
May 24 33 14:1 44 15
May 25 36 no females 32 6
May 26 40 no females 44 4
May 27 53 (mean) 25:1 43 8
May 30 94 no females 24 33
June 02 108 25:1 44 56
June 03 125 18:1 89 7
June 05 195 10:1 74 78
June 07 177 7:1 65 66
June 08 154 9:1 73 72
June 09 65 12:1 104 56

PFFA's purchase records of grouper, which showirigsdyenerally decreasing since a peak in the mid-
1980s, may not be indicative of the entire fishétgwever, it is interesting that PFFA's purchades o
Plectropomusspecies increased in the late 1980s while purshaBEpinephelusspecies decreased.
This may suggest that stockskginephelusave decreased relative to thos@lactropomus

Kitalong and Oiterong (1991) reported that fishemmeere concerned about dwindling numbers of
groupers at Ngerumekaol. The aggregatioi oareolatusat Denges pass was described by Johannes
(1991) as having been eliminated. Fishermen irder@d in the mid-1970s mentionEginephelusand
Plectropomusspecies among nine species groups that had deaiaekedly (Johannes, 1981). In
subsequent interviews in 1991, both groupers wegerted again as having declined and were part of a
group of fishes being of "greatest concern” tofisteermen (Johannes, 1991).

In 1994 the MRD commissioned a project aimed atlbging a more rigorous underwater monitoring
protocol, probably to be limited to two or threeolum aggregating sites (Johanrgtsal, 1994).
Preliminary evidence from the 1994 data suggestiieasex ratio of at least one of Palau's aggmauat
of P. areolatusis weighted in favor of males, possibly as a ltesfufishery targeting relatively small
fishes (Johannegt al, 1994). The lowest male to females ratio obserf@dP. areolatusat
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Ngerumekaol during aggregations in May 8-June 994lwas 7.4:1. Data collection initiated in 1994
will probably start to reveal seasonal and lunaasehvariations, but any annual trends will not be
known for several years.

3.2.4 Management

Current legislation/policy regarding exploitation: National law prohibits the taking of any fish from
Ngerumekaol, a grouper aggregation area, from Aptiirough July 31 (24 PNC 3101). Koror State,
which has an active marine enforcement team, isidering extending the Ngerumekaol restriction to
the entire year and expanding the size of theicestr area through either State legislation or a
traditionalbul. Koror State is also considering closing parthef Ngemelis area of the Rock Islands,
Palau's the most popular diving area, to somd typs of fishing.

As a result of concern for grouper stocks, the Bigdengui State government, in its Fishing
Conservation Act of 1987 (PL 13-87), prohibited ooencial grouper fishing in the area known as
Tewachel Mlengui between June 1 and August 31lattics face fines of up to $150.00. Ollei State has
also banned fishing on certain grouper aggregatan has marked the areas with buoys.

The National government recently passed the Mdrnogection Act of 1994, which places restrictions
on the use of a variety of marine resources. Rreeiss of groupek. fuscoguttatus€. polyphekadion

P. areolatusP. laevis andP. leopardusmay not be bought, sold, or captured for commeptigposes
from April 1 through July 31. Another restrictiamat may affect groupers is the Act's prohibitiortios
use of SCUBA or "hookah.". The Act also gives te Ministry of Resources and Development the
authority to promulgate additional marine resousdated regulations.

While this list of grouper-related restrictions magpear formidable, there have been problems with
enforcement. The Ngerumekaol area, for example, beyoo small to enforce effectively. The
Tewachel Mlengui restriction has had problems bseathe spawning ground is shared with a
neighboring state (Johannes, 1991).

Recommended legislation/policy regarding exploitatin: Grouper species in general are widely
recognized as being particularly susceptible tafmlreng and even local extinction, in part becaoke
their vulnerability to capture while aggregatingsfpawn. Johannes al (1994) provide examples of
grouper aggregations being overfished or disappgarithe Pacific and the Caribbean.

Previous recommendations have focussed on closiogirk grouper spawning sites to harvest during
aggregation periods (e.g., Kitalong and Oiteror#911 Johannes, 1991), and indeed, this strategy has
largely been realized in the recent passage dfitirene Protection Act of 1994. Kitalong and Oitegon
(1991) further recommended that Denges pass, washharvested so intensely in the 1980s, be closed
year-round. These closures, if effectively enforeeitl provide substantial protection to Palau'sugrer
stocks and help ensure that they persist. Howaweal concern is the intensive fishing involvedhe
live-fish exploitation for export. This is partieuly difficult to control on the national level \witthe
authority given to states.

Kitalong and Oiterong (1991) suggest that the geodjshery in Palau is in need of management, at
least at existing commercial fishing sites. Thegoremend:

O Ulong, Denges and Ngeremlengui channels be madersalaeserves, to protect groupers during the
spawning season;

O fishing permits should be a requirement for fularge scale export operations, and quotas should be
set.

Application of minimum size limits is also a coresidtion for each species.
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Figure 3.2.1: Five of the well known grouper agatew sites in Palau. (Source: Joharetes,, 1994).
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Table 3.2.11: Number of fishermen, trips and lagsliper trip oEpinepheluspp.from PFFA landings data
(1984-1990). 1990 data also includes Oh's Markamtsén Cold Storage and several restaurants.

No. of No. of Landed Value Ave. Ave. Ave.
Year boats trips (Ibs) (%) Ibs/trip Kgftrip $itrip
1984 n.a. 294 37,453 16,062 127 58 54.63
1985 n.a. 485 45,245 n.a. 93 42 n.a.
1986 50 328 42,655 22,656 130 59 69.07
1987 34 155 27,951 17,070 180 82 110.13
1988 55 203 22,964 15,002 113 51 73.90
1989 44 150 9,452 9,452 63 29 63.01
1990 40 142 10,704 7,163 75 34 50.44

Table 3.2.12: Number of fishermen, trips and lagsliper trip oPlectropomuspp.from PFFA landings data
(1984-1990). 1990 data also includes Oh's Markatsén Cold Storage and several restaurants.

Year No. of No. of Landed Value Ave. Wt. Ave.wt  Ave.
boats trips (Ibs) (US$) (Ibsitrip)  (kgftrip)  (US$/trip)

1984 n.a. 49 4,745 n.a. 97 44 n.a.
1985 n.a. 51 3,052 n.a. 60 27 n.a.
1986 18 42 3,280 1,862 78 35 44.33
1987 21 46 8,400 5,463 183 83 118.76
1988 43 158 12,327 10,074 78 35 63.76
1989 36 162 13,045 11,742 81 36 72.48

1990 29 82 6,986 6,108 85 39 74.49
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3.3 Parrotfish

3.3.1 The Resource

Species presentA variety of parrot fish
are taken in Palau, including:

Bolbometopon  muricatum (humphead
parrotfish - kemedukl for adult
and berdebedfor juvenile). This
species is of major importanc
and is among the top ten reef fis
landed for the past ten years at commercial fistkets;

Hipposcarus longicep@acific longnose parrotfismgyaocl);

Cetoscarus bicolo¢bicolor parrotfish beyadeffor female anshgesngisfor male);

Scarus ovicep&dark-capped parrotfish. bleeker{Bleeker's parrotfish)S. flaviplectoralia(yelowfin
parrotfish), S. sordidas(bullethead parrotfish) mellemay S. spinus(pygmy parrotfish -
butiliang), S. ghobbarfblue-barred parrotfishelebdechuK), S. frontalis(tan-faced parrotfish),
S. rubroviolaceusgredlip parrotfish) otord, S. gibbus udoudungelei

kemedukl- Bolbometopon muricatt

Distribution : Parrotfishes are generally widespread througtioaitPacific, favouring exposed and
sheltered reefs with lush coral growth. Myers ()9&ported thakemeduklusually occur in schools in
clear outer lagoons and on seaward reefs at depth$o at least 30 m and may enter outer reed #at
low tides in unfished areas.

In surveys of marine fishes in 26 sites in the Kysduu Bay area in 1991, Amesbury (1991) reported
the following scaridae species and the numberte$ $n which they were observed:

Species No. of sites in which species was observed _Other information
B. muricatum
C. bicolor

H. longiceps

S. bleekeri

S. bowseri

S. dimidiatus

S. flavipectoralis
S. ghobban

S. gibbus

S. globiceps

S. niger
S
S
S
S
S
S
S
S
S

high abundance in two of these sites

. oviceps

. psittacus

. prasiognathos
. pyrrhurus

. quoyi

. rubroviolaceus
. schlegeli

. sordidus

. spinus

P B -
oRRorkrnvkRrELO MNOrONMORON

Rochers and Matthews (1992) reported spawning sitefNgatpang formelemau Spawning
aggregations are known to occur near the inneaecerof the barrier reef channel near Ngeremlengui
starting on the eighth day of the lunar month. Redsterviews with fishermen substantiate these
accounts (Johannes, 1981).

During the 1992 Rapid Ecological Assessment in lRalonaldson (1992) recorded parrotfish
species that were observed as wide-ranging in atgasyed as follows:

Site Wide-ranging Scaridae Species
Kayangel Hippsoscarus longicepScarus sordidus
Kossol Scarus sordidysScarus schlegeli

Eastern Babeldaob  Scarus sordidus

Koror-Rock Isands ~ Scarus dimidiatus

Peleliu-South/West  Hippsoscarus longiceps

Angaur Scaridae reported as one of the most naraoging families
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Johannest al (1994) reporteds. schlegeliS. ovicepsS. dimidiatus S. sordidusS. frenatusS.
microrhinos S. bleekeriandCetoscarus bicolgrspawning at their grouper aggregating study aite
Ngerumekaol.

Biology and ecology Biological data on the species are given in My&e89) and Johannes (1981). In
Palau, adults occur along steep outer reef slagesnel slopes and occasionally on lagoon reefs at
depths of 2 to at least 60 m. They feed mainlyamldMyers 1989), but also apparently feed on goun
TrochusandTurboshells. Anecdotal information indicates that lairgdividuals were commonly fished

by spear on the reef flat at night where they ctorseep in past years, but fishermen report tiede

fish now tend to sleep in deeper waters (Johar®@k) 1

Palauan fishermen interviewed by Johannes (198b)tréhat females are full of ripe eggs from thistfi

to the ninth day of the lunar month and appeamptws on the eighth and ninth days, probably after
sunset. Johanned al (1994) reported the following parrotfish specgeswning at their study area at
Ngerumekaol on May 27,1994, from 10:30 to 10:45 &nschlegeliS. ovicepsS. dimidiatus S.
sordidus S. frenatusS. microrhinos S. bleekerandCetoscarus bicolor

The humphead parrotfistkgmeduk) is the second largest reef fish in Palau growohd00 cm in
length and weighing over 100 Ibs (Kitalong and @itey, 1991). Kitalong and Dalzell (1994) listed
growth and mortality parameters of ten reef specagyht by commercial fishing in Palau. Two of
the parrotfish species were included, for whichftilewing parameters were estimated:

Species Loo K Z M F E
Bolbometopon muricatum 106.4 0.100 0.398 0.278 0.120 0.302
Hipposcarus longiceps 43.9 0.500 1.667 1.020 0.647 0.388

The optimum minimum first-capture lengths were astimated from yield-per-recruit analysis for
the same species and were as follows for parretish

Species Optimum minimum first-capture length (cm) bs€&rved minimum first-capture length (cm)
B. muricatum 53.2 69.9
H. longiceps 26.3 25.5

3.3.2 The Fishery

Utilization : The large average size of the species make thdya popular for a range of fish dishes in
local restaurants, or as a speciality dish for igp@ccasions. The main gear type used is the gpear
and hand held spear. Night time spearfishing wiéishlights results in high catches, as parrotfish
become torpid in crevices, enveloped in a mucoushr@ne secreted from the gills. They can be easily
located and speared at such times.

Rochers and Matthews (1992) reported that the heagbhparrotfish Kemeduk) and Pacific
longnose parrotfishngiaoch) are important fish species in Kayangel and thatlatter is important
for use in custom in Melekeok. In Ngatpang, bo#sthspecies are important with food prepared for
special occasions and customs.

The highest production okemedukl (humphead parrotfish) in Palau has been reporteth f
Ngeremlengui.

In terms of volumes landed, the humphead parrotfistne of the top ten commercial reef fishes in
Palau. It is usually filletted and sold to the lbesstaurants (Kitalong and Oiterong, 1991).

Production and marketing: No estimate has been made on the level of consompn the

subsistence sector, and commercial landings akerenbrded from the main markets. However, data
from these sources are not complete. PFFA is otleeainajor commercial fish landing sites in Palau.
Table 3.3.1 presents reef fish purchases, by farathPFFA for the 1976-1993 period. The figures
indicate that Scaridae comprised between 4.9 pe(t®mest in 1984) and 26.9 per cent (highest in
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1991) of the reef fish landing at this market. Frb®91 to 1993, the Scaridae percentage increased fr
4.9 to 21.0 per cent of the total reef fish landimegye.

Table 3.3.1 Reef fish purchase at PFFA from 1976 to 1993akhyjly. Figures are in pounds.

Family 1974 1977 197§ 1979 1980 1981 1983] 1984 1985 1986| 1987 1988 1989 1990 1991} 1992 199

Acanthuridae 18,922 19,696 17,391 32,15 79,569 33,917 44,357 32,905 87,924 74,567 23,727 37,150 61,139 43,817 25,004 14,779 47,244
Assorted reef fish 4,074
Carangidae 6,619 2,815 2,144 10,249 9,944 3,502 10,609 19,684 28,557 20,014 11,180 10,201 11,491 11,711 3,801 12,861 30,45
Gerridae 4,43p 1,935 208 2,673 1,585 950 213 639 3,835 853 170 463 1,008 648 2,407 1,508 714
Haemulidae 95 335 903| 1,307 325 1,224 1,214 3,234 132 0 0 0 0 0 58 207]
Holocentridae 7 257 20 584 287| 3,470 863 1,454 1,169 848 48 0 71 280 343| 4,543 73
Labridae 1,25! 918] 957] 3,83¢ 3,366 2,579 4,645 3,712 7,604 6,048 1,742 1,994 910 1,397 608] 928| 1,462
Lethrinidae 25,00p 13,461 4,104 37,569 72,884 23,817 42,259 56,669 94,491 61,859 19,07Q 44,895 48,09] 57,099 25,939 22,357 30,795
Lutjanidae 18,32f 10,044 3,899 18,83 40,840 18,321 41,444 41,960 98,951 82,479 15,570 62,6872 50,810 29,123 74,4094 56,456 47,674
Mugilidae 7,12 4,434 1,75 5,833 6,944 4,349 1,332] 1,308 5,545 2,017 643 1,355 3,064 1,647 841 1,463 1,469
Mullidae 2,224 1,631 943 2,273 5,110 2,667 2,441 43527 5692 5889 2572 5266 1,464 5,749 875 1,436 3,900
Scaridae 25,09% 25,667 12,07qQ 54,117 68,600 46,514 47,977 92,426 95,947 113,549 55,719 42,137 62,127 53,184 13,369 21,380 56,719
Serranidae 3,391 20,153 15,319 28,334 27,796 21,104 34,087 42,314 48,364 46,004 36,351 35,352 22,497 21,361] 254094 13,584 12,403
Siganidae 25,371 19,062 26,204 36,513 46,260 17,069 15,893 36,619 49,864 33,444 15,659 25,790 43,217 69,331 37,814 33,599 29,56(
Sphyraenidae 2,963
Others 65,28B137,441 50,114 30,8474 12,327 1,370 14,359 8,071 100,414 17,933 188,013 36,173 33,144 17,904 61,733 85,078

Total 203,111 257,609 135,467 264,704 376,821 179,947 261,70q 343,329 631,584 465,640 370,469 303,45d 339,031 313,244 272,544 270,034 269,697
% Scaridae 12.4 10.0 8.9 20.4] 18.2 25.8 18.3 26.9| 15.2 24.4 15.0) 13.9 18.3 17.0 4.9 7.9 21.0

The breakdown of Scaridae (parrotfish) categoryspgcies per month as combined in Table 3.3.1
above, is given in Table 3.3.2 for the 1990-1998Ak&nd 1993 Oh’s and PMCI reef fish purchases.
Figures indicate thatgyaoch(Pacific longnose parrotfisih]. longicep$ has been the major parrotfish
species, comprising more than 50 per cent of tlagide landings at PFFA in 1990 and 1993 and about
47 per cent in 1992. The next most important pastospecies arkemeduklandmellemau Kemedukl
dominates landings at PMCI and Oh’s markets.

Table 3.3.2 Parrotfish (Scaridae) composition by Palauan nflon@990-1993 purchases at PFFA. 1993 purchas@&Mi and Oh’s (Jan-

May) are also given separately. Total valuesiU& each species are given for 1993 landingghi®three markets.

Jan | Feb| Mar][ Apr[ May] Jun]  oul Au§  sep  oft Npv  DEc ammgis) | Total ($)] Per cent w
1990
Berdebed
Kemedukl 196 1,319] 4,392 303 836| 1,408 802 1,693 166 11,115 31.6
Mellemau 231 217 407 794 392| 1,704 884 519 151 5,299 15.1
Ngyaoch 256| 1,067 889| 6,038 2,912 1,865| 1,194| 1,725 1,013 494 1,141 134 18,728 53.3
Otord
Total 256| 1,298] 1,302| 6,445 5,025| 6,257| 1,889 4,265| 3,305| 1,815 2,834 451 35,142 100.0
1991
Berdebed
Kemedukl 107| 1,131 165 738 637 192 115 49 315 3,449 25.8
Mellemau 1,336 864 304 179 1,869] 1,106 5,658 42.3
Ngyaoch 645 30 468 957 366 424 352 448 571 4,261 31.9
Otord
Total 107 3,112] 1,029 1,072 1,284 1,149 366 424 467| 2,366[ 1,992 13,368 100.0]
1992
Berdebed 14 14 0.1
Kemedukl 1,299 737| 2,212] 2,082 723 243 695 178 211 8,380 39.2
Mellemau 55 447 825 47 469 318 146 378 347 3,032 14.2
Ngyaoch 649 406( 1,096 219( 1,323 2,619 935 433 400{ 1,851 9,931 46.5
Otord
Total 1,948| 1,198| 3,308] 2,748| 2,871 47| 3,331 1,948 757 14 778] 2,409 21,357 100.0
1993 PFFA
Berdebed 35 201 9 245 249 0.4
Kemedukl 242 184| 1,346| 5,316 999 796 950 826 455 883| 1,081 13,078 13,818 23.1
Mellemau 476 850 180 153 582| 1,063| 1,131 1,152 959 958 1,197 1,182 9,883| 12,105 17.4
Ngyaoch 1,193 352 1,863] 3,925| 4,593| 4,726 6,949| 2,088| 2,800 849 1,629] 2,506 33,473 39,731 59.0
Otord 31 31 42 0.1
Total 1,669| 1,444| 2,293] 5,424/ 10,491] 6,788| 8,876] 4,391] 4,585 2,262| 3,718] 4,769 56,710] 65,945 100.0]
1993 Oh'’s
Kemedukl 40 10 50 44 5.7
Ngyaoch 152 260 421 833 979 94.3
Total 193 260 10 421 883 1,023 100.0]
1993 PMCI
Berdebed 1,308 1,308 1,308 6.2
Kemedukl 2,221 2,736| 1,143 575 1,972| 3,359 987 840( 2,130 129] 1,170 17,262 17,617 81.6
Mellemau 2,577 2,577 2,577 12.2
Total 2,221| 2,736| 1,143 575 2,577] 3,280] 3,359 987 840| 2,130 129] 1,170 21,147 21,502 100.0
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Kemedukllandings from PFFA, Oh's Market, data from Perbral.(1983) and PMCI are presented in
Table 3.3.3. Total landings for 1976-1989 represamily PFFA landings; no other records are
available. The 1990 data set is the most comgletkiding Oh's market. Data for 1993 include PFFA,
PMCI and Oh’s (Jan-May only). Several restaurangshbalying directly from fishermen but data on
these receipts are not available. Unit price haslglly increased from $0.40 in 1976 to a littleov
$1.00 per pound recorded in 1993.

Table 3.3.3 Total landings oB. muricatumkemeduk) at PFFA (1976-1981, compiled by Peregral 1983) and Oh's Market
(1990) and PFFA (1983-1990) compiled by DMRfsTde 1983 data includes Apr.-Dec. only. The 19992 data
are from the 3 commercial markets while th@3Lare also from PFFA, PMCI and Oh’s but Oh’s d@ateer only
Jan- May, 1993.

Year Weight (Ibs) Value (US$) Ave. Unit Price
1976 8,850 3,569 0.40
1977 20,738 7,734 0.37
1978 5,388 2,360 0.44
1979 33,335 14,444 0.43
1980 24,788 16,186 0.65
1981 23,699 15,719 0.66
1983 22,554 11,926 0.53
1984 74,026 35,494 0.48
1985 55,501 29,836 0.53
1986 63,642 36,592 0.57
1987 31,379 19,736 0.62
1988 12,260 8,204 0.67
1989 19,117 14,352 0.75
1990 15,262 12,752 0.82
1991 27,520 25,941 0.94
1992 34,915 35,585 1.02
1993 30,390 31,479 1.04

Table 3.3.4 shows effort for thkemeduklfishery (total number of fishermen and trips). tisys were
highest during 1985 and 1986, however the avegag#rig per trip is similar between 1985 and 1990.

Table 3.3.4. Number of fishermen, trips and langliper trip forB. muricatunfrom PFFA landings data (1985-1990).
1990 data also includes Oh's Market, Eptison CtodaBe and several restaurants.

# of Landed Ave. Ave.

Year # fishermen  trips (Ibs) Value ($) Ibs/trip kgltrip Ave. $/trip

1984 n.a. 107 74,026 35,494 692 313 331.72
1985 15 173 55,501 29,836 321 145 172.46
1986 24 164 63,642 36,592 388 176 223.12
1987 19 58 31,379 19,736 541 245 340.28
1988 20 54 12,260 8,204 227 103 151.93
1989 25 67 19,117 14,352 285 129 214.21
1990 25 53 15,262 12,752 288 130 240.60

Source: fish market sales receipts.

Monthly landing data okemeduklfor the years 1985-1993 are presented in Tablé.3[Bere tends to
be high landings in the first five months of theypeaking in April-May and then decreasing for the
rest of the year.

Catch, effort and production figures on a statestaye basis are given in Table 3.3.6 during 199@. T
highest landing was recorded for Ngerchelong fodldvey Koror then Ngaraard and Ngeremlengui. In
terms of production per unit area of lagoon and, relgeremlengui has the highest followed by
Ngaraard.

124



Table 3.3.5 Monthly landings oB. muricatunfor PFFA from 1984 to 1990 and Oh's market (1990).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov ¢ De
1983 n.a. n.a. n.a. 4,603 4,851 2,018 264 618 3,209 2,160 3,008 1,375
1984 17,321 10,275 7,629 9,096 10,109 4,351 1,205 158 7,837 1,750 759 3,536
1985 6,185 951 6,821 8,314 8,257 4,077 3,608 4,742 4485 1296 3,533 3,236
1986 55 2,214 1,770 8610 1,328 7,148 2,193 3,819 5138 11,900 3,705 3,804
1987 896 1,210 2,777 4225 1592 3879 3,840 4,920 8,040 n.a. n.a. n.a.
1988 1,146 2,846 3,510 5438 1,475 263 52 308 1,074 153 523 952
1989 198 3,652 1,705 2,811 854 2,206 993 310 4,022 954 898 732
1990 0 0 200 1,319 6,057 537 836 1,408 802 1,693 16 0
Mean 3,686 3,021 3487 5552 4315 3,060 1,623 2,035 4326 2,844 1,777 1,948
1991 107 1,131 165 738 637 192 115 49 315
1992 1,299 737 2,212 2,082 723 243 695 178 211
1993 242 184 1,346 5,316 999 796 950 826 455 883,0811
PMCI 2,221 2,736 1,143 575 1,972 3,359 987 840 3@,1 129 1,170
Mean 1760 956 1168 1042 2259 1203 1148 877 615 900 354 694

Table 3.3.6 The lagoon and reef area, fishermen, numbeips, ttotal landings (Ibs), average landings (llvg) endings/sq km

for each state during 1990.

Lagoon & reef Number of Total number of Total Average Production
State (km?) fishermen trips landing landing Ibs/sq.km
Ngardmau 47.3 1 3 334 113 7.1
Pelelui 355 3 6 592 99 16.7
Ngeremlengui 34.8 6 6 1,794 299 51.6
Ngaraard 64.3 5 9 2,239 248 34.8
Aimeliik 90.2 1 1 96 96 11
Ngerchelong 497.0 2 11 4,058 369 8.2
Koror 619.2 7 10 2,626 263 4.2

Source: fish market sales receipts.

Commercial landings, by species and state, as giv@iable 3.3.7, indicate that in 1993, the highest
total landings ofberdebedwas from Kayangelkemedukl from Ngaraard, Koror, Kayangel and
Ngeremlenguiimellemaufrom Koror and Kayangel; andgyaochfrom Koror and Ngeremlengui.
High catches were mainly around the first halfref year.

Table 3.3.7 Monthly parrotfish landings, by species and statehe commercial markets (PFFA, PMCI and Otem{May) in Palau

during 1993.
Species State Jan Fe Mar A Mgy  Jupe Jul Aug $epOct Nov Dec Total
BERDEBED Kayangel 1,308 1,308
Ngaraard 35 60 95
Peleliu 141 141
KEMEDUKL Aimeliik 390 390
Airai 40 35 85 160
Angaur 352 352
Kayangel 1,203 91 472] 1,303 999 405 210 4,683
Koror 181 351 184 105[ 3,695 754 696 365 388 6,719
Ngaraard 1,84 969| 1,052 103 391| 2,803 912 780 8,858
Ngardmau 73 72
Ngchesar 119 119
Ngerchelong 61 498 559
Ngeremlengui 1,241 199 190 420 2,050
Ngiwal 120 291 411
Peleliu 129 30 159
MELLEMAU Kayangel 1,651 189 541 2,381
Koror 85 850 153 420 454 120 927 544 3,553
Ngaraard 856 856
Ngardmau 145 145
Ngchesar 18 87 420 97 622
Ngerchelong 39 391
Ngeremlengui 373 373
Peleliu 162 225 415 802
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NGYAOCH Aimeliik 505 505
Airai 303 158 421 882
Kayangel 79 79
Koror 124| 1,362 1,361] 1,073] 2,016/ 3,640 669 1,303 11,548
Melekeok 52 52
Ngatpang 174 95 68 337
Ngchesar 271 585 856
Ngerchelong 754 168 1,148 504 367 2,941
Ngeremlengui 109 850| 1,132 1,263| 2,710{ 1,120 852 8,036
Peleliu 439 76 343 770 1,629 220 299 210 3,986
Unlisted States 10D 100
OTORD Koror 31 31

3.3.3 Stocks Status

The situation with parrotfish stocks remains thexesas last reported, i.e. no assessment of stasks h
been carried out. However, anecdotal evidence atelithat stocks may be declining in the face of
increased fishing pressure. Field assessment® im#jor fishing areas appear to be urgently reduire
In addition, developing a system of obtaining aateiand detail time series data from fishermenhweill
an important component in efforts to assess trantife fisheries.

Kitalong and Oiterong (June, 1991) noted that m plast, schools of up to one thous&rdcedukl
could be seen on the reefs. In 1990 DMR staff alegbnot more than 1kemeduklin a school.
Fishermen noted them to now be sleeping in deemdera: Men interviewed by Rochers and
Matthews (1992) in Kayangel in 1992 noted thatais hecome harder to fikdkmedukl(humphead
parrotfish) in recent years. It is believed tha tise of more sophisticated gear and spear fislmerme
who use SCUBA gear are the main causes of declines.

Quantitative marine fishes surveys conducted iite3 $n the Ngereduu Bay area in 1992, Amesbury
(1991) recorded the following for scaridae:

Site 24
2-m
point
count

Site 25
2-m
point
count

50x2-m
transect
count

5-m
point
count

50x2-m
transect
count

2-m
point
count

5-m
point
count

5-m
point
count

2-m
point
count

5-m
point
Species count
Cetoscarus bicolor
Scarus bowseri

S. dimidiatus

S. gibbus

S. oviceps

S. rubroviolaceus

S

S

X
X
X

X

. schlegeli
. sordidus
S. spinus X

juvenile parrotfish 7 3

(Note: x denotes that the species was observie imicinity but was not counted within the cenatsas).

X
3

During the 1992 REA in Palau, Scaridae was fountigmne of the fish families having the most
narrow-ranging species in Angaur. However, a fearflae species were found to be wide-ranging
in other areas surveyed, as indicated in the fofiguable, summarised from Donaldson (1992):

Site Wide-ranging Scaridae Species
Kayangel Hippsoscarus longicepScarus sordidus
Kossol Scarus sordidysScarus schlegeli

Eastern Babeldaob
Koror-Rock Isands
Peleliu-South/West
Angaur

Scarus sordidus

Scarus dimidiatus

Hippsoscarus longiceps

Scaridae reported as one of the most naraoging families

Kemedukllandings at the commercial markets fluctuate fygrar to year, but without detailed and

126



accurate catch and effort data, analysis for tsteefy trend is limited. Donaldson (1992) noted #hat
number of species in important families includingupers, jacks andtrevally, snappers, emperors
and parrotfishes were either absent or presergrynlew numbers in stations surveyed. The situation
was especially true in Kossol and Western Babeldoblth are seemingly isolated areas. This
situation was attributed as apparent effects ofreemial fishing.

3.3.4 Management

Current legislation/policy regarding exploitation: Section 4 (2) of the new Marine Protection Act
of 1994 prohibits the fishing for commercial purpssselling or buying of:

= juvenile parrotfish of the speci&olbometopon muricatur(berdebedl i.e. a parrotfish
less than 25 inches in length.

Section 4 (3) (a) of the same Act also prohibitenceercial export, or fish for, sell, or buy for
commercial purposes adult parrotfigh,muricatumkemeduk).

Section 4 (6) prohibits fishing while using anyrfoof underwater breathing apparatus other than a
snorkel.

Section 4 (7) prohibits the commercial export & btumphead parrotfisB ( muricatun).

Recommended legislation/policy regarding exploitatin: Kitalong and Oiterong (1991) recommend
the following additional management measures it kg reduced landings of this species:

° continued surveillance for illegal foreign fishiagssel on Palau's reef;
° document the timing and location of spawning schiool
° parrotfish should be included as protected spedibén state trochus sanctuaries.

Kitalong and Dalzell (1994) calculated the optimmimimum first capture length fd8. muricatum

to be 53.2 cm and 26.3 cm filr longiceps Predicted optimum net mesh size for each species
10.0 and 4.7 inches respectively.
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3.4 Rabbitfish -meyas klsebuul beduut
reked

3.4.1 The Resource

Species present The Palauan rabbitfisk
fishery is based mainly on five specie
namely: Siganus canaliculatugseagrass
rabbitfish - meya3, S. lineatus (lined <
rabbitfish - klsebuub, S. argenteus meva: - Siaaniis canalictilat

(forktail rabbitfish -beduu), S. punctatus

(peppered rabbitfish bebae), andS. doliatus(pencil-streaked rabbitfishreked, with meyasand
kilsebuul dominating landings. Commercial landings of thése species cause rabbitfish to be
ranked among the top ten commercial reef fishéZalau.

Distribution : Rabbitfish is found throughout Palau and is alaumdn the west coast and southeast
coast of Babeldaob and around Koror and Peleliveresithe mangroves and eelgrass beds are
common. In Melekeok, the important finfish resogréeclude three species of rabbitfish; seagrass,
lined and blackspot rabbitfishes, which are foundshallow sandy lagoon areas or seagrass beds
(Maragos, 1994). Spawning sites have been reptotettiree species of rabbitfish in Ngetpang with
some spawning in the nearby Toachel Mlengui pasbbRfish spawnings were also reported to
occur in areas at Ngeremlengui, Ngerebokel, UsasNmgemolei. Lined rabbitfish is known to spawn
at Omruchel in Peleliu. Both the lined and seagradbitfishes were reported by Rochers and
Matthews (1992) to spawn near Ngchesar. Johaginak (1994) observe®iganus vulpinugreked
andsS. argenteugbeduu) spawning in May, 1994 at their study site at Ngeekaol.

In surveys of marine fishes in 26 sites in the Ngesduu Bay area, Amesbury (1991) reported the
occurrences of rabbitfish species, summarised| sV

Species No. of sites in which species was obderve
Siganus argenteus 4 out of 21 sites

S. corallinus 12 out of 21 sites

S. doliatus 7 out of 21 sites

S. lineatus 1 out of 21 sites

S. puellus 16 out of 21 sites

S. punctatissimus 8 out of 21 sites

S. punctatus 1 out of 21 sites

S. vulpinus 14 out of 21 sites

The 1992 rapid ecological assessment surveys tiibdison patterns of the marine fishes of Palau in
Kayangel, Kossol, Eastern Babeldaob, Western BabeldKoror-Rock Islands, Peleliu-South/West
and Angaur, did not record any rabbitfish species.

Biology and ecology Siganids are a schooling species usually fourahthnear the seagrass besls.
canaliculatusand S. lineatusare usually observed in schools in inshore watéravid individuals
form large schools among the mangroves, then neigr@award to the mouth of channels where they
aggregate to spawn. Spawning occurs throughoutehe with peaks from March to June and in
November especially around Airai and Ngatpang (Myéd989). Adults migrate down the east and
west coasts of Babelthuap Island and aggregatehioots of up to 500 fish at spawning grounds at
Ngatpang, Aimeliik, Koror and Airai (Kitalong andit€rong, 1991). Spawning sites are characterised
by access to the open ocean via channels. Spawotgs on the outer reef edge in the area of high
wave activity, four or five days after the new mogtasseet al., 1977). Johannest al (1994)
observed the following rabbitfish
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species spawning at their study site at Ngerumekao

Species Spawning date Time
Siganus vulpinugreked May 11 17:45
S. argenteugbeduu) May 17 17:50 - 18:05

S. canaliculatugength frequency data indicates size at first spagvat around 7-9 inches (18-23 cm),
at an age of less than 1 year (Hasse, 1973). Schbgliveniles appear on reef flats 2-3 weeks after
spawning. This species is believed to spawn setierak a year. Longevity is thought to be arour 2-
years, with females living longer than males. Mdfwd items are eelgrasses; schools of adults move
onto the beds at high tide to graze and retredeéper water with the ebbing tide.

S. canaliculatushas a high growth rate and early age at maturaitiolicating that large harvests are
probably sustainable even with low spawning biomBEmeering work was conducted on the culture of
rabbitfish during the mid-1980s at MMDC, but thienk was not sustained.

Kitalong and Dalzell (1994) estimated growth parters of ten reef fish species of commercial
importance in Palau. Those estimated for rabbitisécies are as follows:

Rabbitfish species 2} K Z M F E

Siganus argenteus 31.0 0.750 3.077 1.466 1.611 0.524
S. canaliculatus 28.1 1.950 5.717 2.816 2.901 0.507
S. lineatus 33.6 0.600 2.739 1.239 1.500 0.548

Optimum and observed minimum first capture lengirevalso given by the same authors for the
same rabbitfish species as follows:

Optimum minimum Observed minimum
Rabbitfish species first capture length (cm) faapture length (cm)
S. argenteus 18.6 16.7
S. canaliculatus 21.8 24.1
S. lineatus 20.1 24.4

3.4.2 The Fishery

Utilization: The rabbitfishesS. canaliculatusand S. lineatus play a very important role on the
Palauan diet. Traditionallys. canaliculatusre prized for its eggs and are usually distriu#mong
the Palauan communities in the villages duringrgptime. Rabbitfish form about 10 per cent of the
reef fish species landed at the commercial markatauan fishermen catch rabbitfish using cast
nets, gill nets and set nets. It is also caughigitt with spear and torch/flashlights at low sprtide
during the spawning season. Lined and forktalil itishes are two of the most important fishes in
Peleliu (Maragos, 1994). In Ngcheshkisebuul (lined rabbitfish) anadneyas(seagrass rabbitfish) are
considered important fish species with spawningsdior both species nearby.

Production and Marketing: The are no data available on the subsistencezaitdn level for
rabbitfish in Palau. The only data available amh fpurchase records by the commercial market
operators. Purchase records from the commerciaketsaibetween 1990 and 1993 indicate that
rabbitfish is the 3rd to 4th most important reehfi(in terms of quantity purchased). PFFA records
shows rabbitfish as the most important reef fiskcgs in 1990.

The major fishing area fd8. canaliculatusvas in Airai in the 1970s. Ngatpang is nhow thalieg
supplier of this species to Koror markets due tetidps taken. In Palau regular rabbitfish fishenm
are well known from the state where rabbitfish rogsur. In recent years catches from Airai State
have declined while those from Ngatpang and Koead|due to increasing fishing efforts there.
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Rabbitfish are sold directly to fish outlets thrbogt Koror and to some restaurants. Some are sold
directly to buyers from Guam where rabbitfish iscah delicacy.

Table 3.4.1 records reef fish purchases at PFFAdsst 1976 and 1993. It indicates that rabbitfish
constitutes about 10 per cent of all reef fish ggepurchased at that market annually. Figure 3.4.1
shows annual rabbitfish purchases at PFFA graphjcahich seem to show a production cycle
peaking every 4-5 years. The peaks between 1976 29®iwere recorded in 1980, 1985 and 1990.

Table 3.4.1 Reef fish purchase at PFFA from 1976 to 1993akyily. Figures are in pounds.

Family 197 197 197 197! 198 198, 198, 198 198! 198 198 198 198! 1991 199, 199, 199,
Acanthuridae 18,912 19,69 17,391 32,156 79,569 33,917 44,357 32,909 87,924 74,567 23,727 37,150 61,139 43,810 25,000 14,779 47,244
Assorted reef fish 4,074
Carangidae 6,619 2,815 2,146 10,240 9,944 3,502 10,609 19,682 28,552 20,01§ 11,180 10,20Y§ 11,491 11,711 3,801 12,861 30,451
Gerridae 4,43p 1,935 208 2,673 1,585 950 213 639 3,835 853 170] 463 1,008 648 2,407 1,508 714]
Haemulidae 95 335 903 1,307 325 1,224 1,214 3,236 132 0 0 0 0 0 58 207
Holocentridae 7 257| 20 584 287| 3,470 863 1,454 1,169 848| 48 0 71 280 343 4,543 73
Labridae 1,25 918 957| 3,836 3,366 2,578 4,645 3,712] 7,604 6,048 1,742 1,994 910 1,397 608 928 1,462
Lethrinidae 25,00p 13,461] 4,104] 37,569 72,886 23,817 42,259 56,669 94,491 61,859 19,070 44,895 48,091 57,099 25,939 22,357 30,79§
Lutjanidae 18,32y 10,044 3,898 18,830 40,840 18,321 41,444 41,960 98,951 82,479 15,570 62,682 50,810 29,123 74,409 56,45 47,674
Mugilidae 7,123 4,434 1,756 5833 6,944 4,349 1,332 1,308 5,545 2,017 643 1,355 3,062 1,647 841| 1,463 1,465
Mullidae 2,224 1,631 943 2,273 5,110, 2,667 2,441 4,352 5,692 5,889 2,572 5,266 1,464 5,746 875 1,436 3,900
Scaridae 25,096 25,667 12,070 54,117 68,600 46,510 47,977 92,42 95,942 113,549 55,71 42,137 62,127 53,18¢ 13,369 21,380 56,710
Serranidae 3,391 20,1520 15,319 28,334 27,7964 21,104 34,082 42,315 48,364 46,004 36,351 35,353 22,497 21,361] 25,408 13,584 12,403
Siganidae 25,371 19,062 26,206 36,513 46,260 17,069 15,893 36,618 49,864 33,444 15,659 25,790 43,217 69,331 37,814 33,599 29,560
Sphyraenidae 2,963
Others 65,288137,441] 50,114 30,842 12,327 1,370 14,359 8,071 100,417 17,933 188,013 36,173 33,149 17,904 61,733 85,078

Total 203,111] 257,609 135,467 264,704 376,821 179,947 261,70Q 343,325 631,58 465,64( 370,463 303,459 339,031 313,249 272,547 270,037 269,694
% Siganidae 12.5 7.4 19.3 13.8 12.3 9.5 6.1 10.7 7.9 7.2 4.2 8.5 12.7 22.1 13.9 12.4 11.0

Table 3.4.2 presents commercial landings and vafuabbitfish recorded from forms supplied by
MRD to PMCI, PFFA and Ohs for years 1991-1993. Tigares indicate thameyasandklsebuul
make up more than 90 per cent of the commercidditfegh landings at these markets with each
species comprising about 50 per cent of that ptapor

Table 3.4.2 Number of fishermen, trips, landings and valuerébbitfish recorded from PFFA, PMCI and Ohs meskie91-1993.
(Oh’s 1993 data covers only January to May).KkRan(in terms of quantity purchased) from theta@ommercial
catch of reef fishes recorded is also given.

No. of No. of | Weight | Per cent Value Per cent
Year Species fisherfolks trips (Ibs) Wit Uss$ Value
1991 Meyas S. canaliculatus 40 157 | 20,423 41.¢ 23,15b 4142
Klsebuut S. lineatus 31 165| 25,698 51.9 29,057 5117
Beduut S. argenteus 2 13 2,967 6.0) 3,151 5.6
Bebael S. punctatus 8 10 774 1.6 875 1.4
Total 81 345| 49,862 100.0 56,244 100.0
Rank 3
1992 Meyas S. canaliculatus 30 138 18,026 41.9 21,074 408
Klsebuut S. lineatus 39 160 | 21,347 49.9 25,93P 50|3
Beduut S. argenteus 5 14 3,081 7.1 3,79 7.8
Bebael S. punctatus 8 13 548 1.3 615 1.
Reked S. doliatus 2 2 165 0.4 182 0.4
Total 84 327| 43,167 100.0 51,600 100.0
Rank 3
1993 Meyas S. canaliculatus 19 109 | 16,602 52.9 20,97p 53|11
Klsebuut S. lineatus 22 112 | 13,776 43.4 17,094 43{3
Beduut S. argenteus 1 4 1,171 3.7 1,344 3.4
Bebael S. punctatus 2 3 80 0.3 106 0.3
Total 44 228| 31,629 100.0 39,518 100.0
Rank 4

Rabbitfish purchase records in 1993 at the threenoercial markets, PFFA, PMCI and Oh’s (Jan-
May), as recorded in Table 3.4.3, indicate thanhateugh fairly distributed throughout the yeake th
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overall commercial landing of rabbitfish is highé@stlanuary and February. Higheyaslandings are
from January to April while those féisebuul are from September to February.

Table 3.4.3 Monthly rabbitfish purchses at PFFA, PMCI and ©fJan-May) during 1993.

Total Valug

Market Palauan nanje Jan Feb Mar Apr May Jun Jul Aug Sep O¢t Nov Dgc W $
Ohs Klsebuul 362 150] 196 250 958 1,083
Meyas 41] 45 86 108]
Total 362 of 101 241 250 1,044 1,191
PFFA Bebael 10 57 13.0 80[ 106
Beduut 281 808 27.0 55.00 1,171 1,344
Klsebuul 3089 1,413 200 119 45]  623] 660 1,667 1,962.d 1,085.d 1,018.d 11,874 14,969
Meyas 1,749 5799 25599 2,454 633 oee] 482 715 673 118.d 84.0 180.d 16,433 20,759
Total 4839 7,209 2,849 2,854 633 1,001 1,919 1,379 2,340 2,107 1,169 1,266 29,560 37,181
PMCI Klsebuul 608.d 293.d 901] 991
Meyas 84 84 105]
Total 0 84 0 0 0 0 0 0 of 608 293 0 985 1,096
GRAND [TOTAL | 5200] 7,289 3,04d 3,004 883 1,011 1,913 1379 2,340 2,715 1,464 1,266 31,589 39,469

Table 3.4.4(a) represents catch and effort, qualaitded and value f@. canaliculatugmeya$ by
state. With the exception of Ngatpang, there isrzegal decrease in the number of trips taken Igadin
to a decrease in landing for all states. Markeda#exes are apparent for Koror, Ngchesar and Airai
states. For the three years, Ngatpang suppliethtst, with landings ranging from about 50 per cent
of the totalS. canaliculatusin 1991 and 1992 to more than 60 per cent in 1993.

Table 3.4.4(a): Rabbitfistg. canaliculatudishery information by state selling fish to PM®FFA and Ohs in the 1991-

1993 period.

State 1991 1992 1993

Trips Weight Value Tripg Weight Valup Trigs Weight Value
Ngatpang 59 10,046 11,329 48 8,781 10,427 59 10{0702,496
Koror 28 3,041 3,529 14 1,834 2,141 7 636 810
Ngchesar 21 2,764 2,985 13 2,066 2,454 10 1112 7815
Ngeremlengui 23 2,109 2,430 87 487 5,466 12 1,3811,780
Airai 15 1,572 1,851 1 1038 118 2 242 284
Peleliu 2 223 279 ( D i 46 46
Ngerchelong 3 20( 204 il 36 45 1 164 200
Melekeok 2 160 173 [t D D 3 305 408
Ngardmau 1 144 188 D D 0 0 0 0
Ngiwal 1 78 98 0 0 0 ( [t D
Aimeliik 1 53 66 0 0 0 12 2,470 3,250
Unknown 1 30 30 4 330 42 2 g6 108
Total 157 20,422 23,15} 138 18,0127 21,473 109 15/0918,991

3.4.3 Stocks Status

Rabbitfish have been subjected to constant heapipigation in Palau. Local fishermen interviewed
have indicated a decline in rabbitfish populatiofs.canaliculatusare particularly vulnerable to
overfishing during February to June when they agmpesto spawn.

According to two surveys conducted by MRD in 1988l 4990, almost all fisherfolks interviewed
commented thaheyas S. canaliculatushas greatly decreased within the last five yéalisen asked
what causes the decline they pointed out overfishimd infrastructure development as the leading
factors.

In quantitative surveys of marine fishes in 2 siteblgermeduu Bay area, Amesbury (1991) reported
threeS. punctatissimuand twoS. vulpinusduring a 5-m point count survey in one of thessif
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vulpinuswas also observed in the vicinity but not countedhe second siteS. corallinuswas
observed in the vicinity, but not counted, of of¢he two sites.

The 1992 rapid ecological assessment surveys tnibdison patterns of the marine fishes of Palau in
Kayangel, Kossol, Eastern Babeldaob, Western BabbldKoror-Rock Islands, Peleliu-South/West
and Angaur, did not record any rabbitfish sped@n@ldson, 1992).

3.4.4 Management

Current legislation/policy regarding exploitation: Airai State has a state ordinance to ban set nets
during the spawning season. While this is not fehforced, some elderly fishermen are banning

fishermen from other states fishing on theyasspawning ground during the season. Commercial

fishing is prohibited.

Palau National Congress 4th OEK passed a bill (MaRrotection Act of 1994) on February 1994
banning fishing ofS. canaliculatusor commercial purposes from March 1 to May 31e il also
bans fishing with gill net and surround net havinghesh size of less than three inches diagonally,
and set net or kesokes net with no bag portionitir thhe bag portion having a mesh size of less than
three inches measured diagonally.

Recommended Legislation/Policy regarding exploitatin: According to fishermen and field
observationsmeyasandklsebuul are overly exploited. Most fishermen interviewed aell aware of
the decrease in the population of rabbitfshesténd to fish for more. Traditional and national
management regulations are required to protect fisis from extinction. Public education
programmes will assist in this process.

Kitalong and Dalzell (1994) estimated optimum miam first-capture length fos. argenteusS.
canaliculatusandS. lineatugo be 18.6, 21.8 and 20.1 cm respectively. Themesi minimum first-
capture length folS. argenteug16.7 cm) was lower than the optimum first-captleegth. The
predicted optimum mesh sizes were estimated to. ber, 3.9 cm and 3.6 cm f@. argenteusS.
canaliculatusandS. lineatusrespectively. The minimum size mesh allowed inNfaine Protection
Act of 1994 is 3 inches, which is smaller than @fllthe predicted optimum mesh size for the
rabbitfish species.

Introduction of a minimum size limit of 7 inches8(&m) for commercial sales 8f canaliculatuas

been suggested. An additional consideration isee®ing the mesh size for nets used in catching
rabbitfish to accommodate optimum mesh sizes etguirfar the rabbitfish species.
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Figure 3.4.1 Siganidae commercial landings at PFFA from 1276393.
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3.5 Wrasse maml (adult), mgimer (juvenile)

3.5.1 The Resource

Species present The humphead or
Napoleon wrasseCheilinus undulatus
(maml (adult), ngimer (juvenile), is
regarded highly in the Palauan fisher
especially when in the adult stag
because of its large size and preferer
of taste. The other species of minc.
importance in the wrasse fisheryGsoerodoranchorago(budech). In a rapid ecological assessment
in 1992, Donaldson (1992) reported Labridae asajnde ten most speciose families in the main
Palauan islands having 87 species after Gobiiddle 96 species. Amesbury (1991) recorded 39
wrasse species in 26 sites surveyed in the NgemnnBdy area.

maml - Chelinus undulatt

Distribution : Adults occur along steep outer reef slopes, cblasiopes, and occasionally on lagoon
reef slopes, at depths of 2 to at least 60 cm. nli@g occur in coral-rich areas of lagoon reefs,
particularly among thickets of staghoscropora corals (Myers 1989)C. undulatusis found
throughout Palau reefs in small numbers. It hasbeported as abundant and of importance for
special occasions in Ngatpang.

Amesbury (1991) recorded the occurrences of wrapseies in surveys of 26 sites within the
Ngermeduu Bat area as follows:

No. of sites in which No. of sites in which

Species species was observed Species species was observed
Anampses meleagrides 3 out of 21 sites H. prosopeion 7 out of 21 sites
A. twisti 3 out of 21 sites H. melanurus 10 out of 21 sites
Bodianus axillaris 5 out of 21 sites H. richmondi 3 out of 21 sites
B. diana 4 out of 21 sites H. trimaculatus 4 out of 21 sites
B. mesothorax 5 out of 21 sites Hemigymnus fasciatus 5 out of 21 sites
Cheilinus celebicus 5 out of 21 sites H. melapterus 11 out of 21 sites
C. fasciatus 15 out of 21 sites Labrichthys unilineata 6 out of 21 sites
C. trilobatus 1 out of 21 sites Labroides bicolor 8 out of 21 sites
C. undulatus 12 out of 21 sites L. dimidiatus 16 out of 21 sites
Cheilio inermis 1 out of 21 sites Macropharyngodon meleagris 7 out of 21 sites
Choerodon anchorago 6 out of 21 sites Psedocheilinus hexataenia 4 out of 21 sites
Cirrhilabrus cyanopleura 9 out of 21 sites Stethojulis bandanensis 5 out of 21 sites
C. exquisitus 1 out of 21 sites S. strigiventor 1 out of 21 sites
Coris gaimard 5 out of 21 sites Thalassoma amblycephala 11 out of 21 sites
C. variegatus 11 out of 21 sites T. hardwicki 12 out of 21 sites
Diproctacanthus xanthurus 4 out of 21 sites T. janseni 1 out of 21 sites
Epibulus insidiator 11 out of 21 sites T. lunare 6 out of 21 sites
Gomphosus varius 10 out of 21 sites T. lutescens 5 out of 21 sites
Halichoeres chrysus 2 out of 21 sites T. quinquevittatum 4 out of 21 sites
H. hortulanus 13 out of 21 sites Juvenile wrasse 2 owtlosites

Labroides dimidiatuswas found to be one of the wide ranging fish sgedaluring surveys at
Kayangel, Eastern Babeldoad, Western BabeldoabAagdar (Donaldson, 1992F. undulatusvas
found to be wide ranging in Kossol but narrow-rauggin Kayangel. With the exception of one
species, Labridae in general were low-ranging irs36b, Eastern Babeldoab, Western Babeldoab,
Koror-Rock Islands, Peleliu-south/west and Anguwaither Labridae species found as wide-ranging
includeC. fasciatusandEpibulus insidiatorin Koror-Rock Islands.

Biology and ecology Wrasses, family Labridae, comprise of fishes ety enormously in size
from the tiny Pseudocheilinops ataenia scant 5 cm long, to the giant humphead Maodassg
(Randallet al, 1990). They also vary greatly in form and “juites are frequently of different colour
than adults, and adult males and females arergtikdifferent”. Many labrids undergo sex reversal
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commencing their adult life as females and are &blalter their sex to females at which time they
take on a different, often gaudier, colour patteBwme species are both mature males and females in
the initial phase and tend to spawn in aggregatiafereas terminal males reproduce with single
females. Thus, both group spawning and pair spayvaie possible within a single species (Randall
et. al, cited above). All wrasses are carnivorous botfbabits vary a great de&irrhilabrus and
someThalassomaspecies often feed in aggregations mainly on zodqon, Labroides and young of
Labropsis and Bodianus feed mainly on the crustassaoparasites of other fishes. Adults of
Labropsis LabrichthysandDiprotacanthusfeed on coral polyps. Most labrids feed on benttand-
shelled invertebrates such as molluscs, sea uremdsrabs which they crush with their pharyngeal
teeth.C. undulatudgs among the largest of reef fishes and feedsariaty of crustaceans, molluscs,
fishes, sea urchins and other invertebrates. Tpesiaes reaches immense size with the largest
recorded at 229 cm, weighing 190.5 kg (Randbdl cited above).

Johannes (1991) relates that the fishermen hevieteed have not witnessed spawningrdml in
Palau. However, fishermen from Tuamotu have witeéss March, pairs ahaml"swim" like fools
and "play" and rise spirally from the depths to theface (Ottino and Plessis 19??, quoted in
Johannes, 1981).

Kitalong and Oiterong (1991) stated that diversehespeatedly observed "families" with two large
mamlsfollowed by two small ones at specific dive site$alau. One fishermen stated that at certain
times of the year, schools mfaml pass through certain channels and are easily taygipeargun.

Kitalong and Dalzell (1994) estimated growth andrtady parameters for ten reef fish species
caught by commercial fishing in Palau. Only thoseG. undulatuswvere calculated for wrasses and
are as follows:

Species bo K Z M F E
Cheilinus undulatus 137.5 0.100 0.479 0.259 0.220 0.459

The calculated optimum first-capture and observedmum first-capture lengths were given for the
same species as 68.8 and 48.9 cm respectively.

3.5.2 The Fishery

Utilization: Maml is the most highly regarded fish in Palau. Thgdagize and distinguishable taste
of this fish makes it very important in local cusi® and feasts. The large white meat is a delicacy
among most restaurants, served as sashimi or festks and other dishes. Maragos (1994) and
Rochers and Matthews (1992) reported that humpheadse is one of the fish species that are
especially important in customary uses in Ngchesdégeremlengui, Peleliu, Kayangel, and
Ngarchelong. It has been reported as abundant faimgportance for special occasions in Ngatpang.
Maml is an important fish species in the local comnaneiarket.

Maml was also targeted for export during the 1985-8kué live grouper export from Palau.

A lot of the small wrasse species are exportetienaiguarium fish trade and are discussed under that
profile.

Production and marketing: Production at the subsistence level in Palauoiskmown and data
available from commercial markets are often incatglMaml is often sold directly to markets,
restaurants and individuals and that only datardembare those from the three commercial markets
(PFFA, PMCI and Oh’s). Filletesthamlis also being exported. In 1990, 1.5 tons of $iscies was
confiscated from a foreign vessel operating at KglReef. The smaller wrasse species are expanted f
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the aquarium fish trade. Aquarium finfish expogsarded in 1992 and 1993 indicated the following
information
concerning wrasses:

1992 1993
# pieces  value ($)  # pieces value ($)
Finfish Total 46,716 28,390.55 31,271 22,866.28
Wrasse 2,287 3,314.95 1,162 1,853.60
% Wrasse 4.9 11.7 3.7 8.1

These indicate that in 1992, wrasse specimens maded per cent (2,287 specimens worth $3,315)
of the total number of finfishes (pieces) exportedhe aquarium trade for that year, decreasing to
3.7 per cent (1,162 specimens worth $1,854) recbild 993. However, in terms of value, wrasses
made up 11.7 per cent in 1992 and 8.1 per cen®93.1Details are discussed under the “aquarium
fish” profile.

Data collected from PFFA for the 1976-1993 per@mslshown in Table 3.5.1, indicate that Labridae
comprises between 0.2 and 1.8 per cent of all dmeed fish landed at that market. The highest
landings of 7,604 and 6,049 Ibs were recorded 85Xhd 1986 respectively.

Table 3.5.1 Reef fish purchase at PFFA from 1976 to 1993ahyily. Figures are in pounds. (Source: DMR AnrRRaports for 1991 and 1992 and DMR data).

Family 1974 1977 1978 1979 198Q) 1981 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 199
Acanthuridae 18,912 19,694 17,391 32,156 79,569 33,917 44,357 32,904 87,924 74,567 23,727 37,150 61,139 43,810 25,0090 14,779 47,244
Assorted reef fish 4,074
Carangidae 6,619 2,815 2,146 10,24Q 9,944 3,502 10,609 19,684 28,554 20,014 11,18¢ 10,20) 11,491 11,71] 3,801 12,861 30,45]
Gerridae 4,43p 1,939 208 2,673 1,589 950 213 639 3,835 853] 170] 463| 1,008 648 2,407 1,508 714
Haemulidae 95 335) 903] 1,307 325 1,224 1,214 3,234 132 0 0 0 0 0 58 207
Holocentridae 7 257 20 584 287 3,470 863 1,454 1,169 848 48 0 71 280 343] 4,543 73
Labridae 1,255 918 957] 3,839 3,36 2,578 4,645 3,712 7,604 6,048 1,742 1,994 910 1,397 608 928] 1,462
Lethrinidae 25,00p 13,461 4,104 37,569 72,884 23,817 42,259 56,669 94,491 61,859 19,07q 44,895 48,091 57,099 25,939 22,359 30,799
Lutjanidae 18,32 10,044 3,898 18,83Q 40,84Q 18,321 41,444 41,960 98,951 82,479 1557 62,684 50,814 29,123 74,404 56,45 47,674
Mugilidae 7,12 4,434 1,756 5,833 6,944 4,349 1,332 1,308 5,545 2,017 643] 1,355 3,062 1,647 841 1,463 1,46Y
Mullidae 2,229 1,631 943 2,273 5110 2,667 2,441 4,352 5692 5889 2,574 5,266 1464 5,744 875 1,439 3,900
Scaridae 25,095 25,6674 12,074 54,117 68,604 46,514 47,977 92,424 95,944 113,549 55,714 42,137 62,127 53,184 13,364 21,380 56,71(
Serranidae 3,391 20,152 15,319 28,335 27,799 21,107 34,087 42,319 48,364 46,004 36,351 35,354 22,497 21,361 25409 13,584 12,403
Siganidae 25,371 19,064 26,204 36,513 46,264 17,069 15,893 36,619 49,864 33,444 15,659 25,790 43,217 69,331 37,814 33,599 29,56
Sphyraenidae 2,963
Others 65,28137,441 50,114 30,8434 12,327 1,370 14,359 8,071 100,414 17,933 188,013 36,173 33,145 17,904 61,733 85,074

Total 203,111 257,604 135,467 264,704 376,821 179,947 261,70( 343,324 631,586 465,640 370,463 303,459 339,031 313,244 272,544 270,037 269,697
% Labridae 0.6 0.4] 0.7] 1.4 0.9 1.4 1.8 1.1 1.2 1.3 0.5] 0.7] 0.3 0.4] 0.2 0.3] 0.5]

Monthly C. undulatudandings, as recorded in Table 3.5.2, shows thahe average, this species is
generally harvested throughout the year with peaidihgs between March and July. In terms of
guantity landed, 1985/1986 showed the highest. Akethdecrease from more than 6,000 pounds a
year in the 1985/86 period to about 2,000 poungiea in 1987/88. After a decline to 900 Ibs in
1989, a marked increase to about 4,000 lbs wagdedadn 1990, followed by a decrease in the
following two years. Landings recorded at PFFA 8M\iCl in 1993 totalled only 1,400 Ibs valued at
USD1,500. Overall, a general decrease in landisglean observed from 1985/86.

Table 3.5.2 Seasonal landings @heilinus undulatusData from PFFA (1983-1990, 1991-1992), Oh's M&a¢ke90), and PFFA and PMCI
(1993). (Source: Kitalong and Oiterong, 1991; DKifhual reports for 1991 and 1992; and DMR data).

Year Jan Feb Mar Apr May Ju Jul Au Sep O¢t Ngv c D¢ Total Wt | Total Value
1983 na na na 9P 606 546 b2 3p0 396 b37 0 338 2,927

1984 177 86 474 299 256 2Q0 303 228 491 B30 131 444 3,620

1985 463| 434 75 1,59p 1,229 681 0 459 25 B26 593 8| 6 6,570

1986 0 0 391 974 829 910 945 158 302 $48 583 294 0484,

1987 102 0| 199 23 337 38 3 7p0 0 0 0 1,736

1988 329| 201 621 28p D 26 123 2p6 108 76 0 0 1[993

1989 38 27 62 27 16D 0 314 0 0 0 22 10

1990 86 58 127 194 6b 31 3,0%8 0 157 77 0 LO8 3[962

1991 61 0 43 [0 [t 35 D 215 5 0 2 561

1992 15 41 59 ¢ 148 83 g0 4 4p4

Ave: 141 94 334 401 299 321 470 186 273 232 145 146

1993

Maml 70 230 207 7( 146 2B 344 153 13 106 1,417 5581
Ngimr 41 64 104 118
1993 70 271 207 70 146 28 364 153 43 170 1,522 1,668
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The number of fishermen involved in the commerhevesting of wrasses fluctuated between 7 and
24 per year as recorded at the commercial marketthé 1984-1993 period. However, there was a
decline in the number of recorded trips taken wigeherally reflects the amount of fish landed. The
average unit price has increased from US$0.64 8118 US$1.14 in 1994. The average fish weight
landed and value per trip have generally increased.

Table 3.5.3 Number of fishermen, trips and landings perfrgon PFFA landings data (1985-1993). 1990 dataiatdodes Oh's Market,
Eptison Cold Storage and several restaurante wioke for 1991 to 1993 include PMCI and Oh’s-NJiay of 1993).

No. of Landed Value  Ave. price Ave. Ave.
Year fishermen No. of trips (Ibs) $) $/lb Ibs/trip $/trip
1984 n.a. n.a. 3,620 2,304 0.64 n.a. n.a.
1985 15 127 7,501 5,231 0.70 59 41
1986 24 115 6,048 4,165 0.69 53 36
1987 14 17 1,742 1,101 0.63 102 65
1988 12 27 1,994 1,553 0.78 74 58
1989 14 17 910 845 0.93 54 50
1990 7 16 907 806 0.89 57 50
1991 11 14 961 1,054 1.08 69 75
1992 16 21 2,670 2,898 1.08 127 138
1993 12 17 1,504 1,667 1.14 88 98

Commercial landings of. undulatusn Table 3.5.3 are given by state for the 19913188riod and
presented in Table 3.5.4, indicating Koror, Ngelshg, Ngchesar and Ngeremlengui as the main
sources ofC. undulatus All of these states showed increase€otindulatudandings from 1991 to
1992, but decreases from 1992 to 1993.

Table 3.5.4 CommercialC. undulatusandings by state for the 1991-1993 year perioBREA, PMCI and Oh’s market
(January-May).

1991 1992 1993

State Weight Value Weight Value Weight Valug
Ngerchelong 414 439 700 764 106 106
Ngaraard 217 251 D D 0
Koror 146 157 717 784 55p 655
Ngeremlengui 99 101 258 284 201 2B3
Ngchesar 68 84 632 695 61 67
Ngatpang 15 15 6 7P D 0
Airai 0 0 53 58 0 0
Angaur 0 0 56 60 224 22)
Kayangel 0 0 80 8( 19p 211
Peleliu 0 0 0 0 164 168
Unlisted 0 0 100 10d (0] D
Total 961 1,054 2,670 2,898 1,5d4 1,667

No accurate data is available on any exports ofsas for food from Palau.

3.5.3 Stocks Status

There have not been any studies conducted in RBalecifically assessing the stocks of the wrasses
and their fishery. According to data collected frdi76 to 1993, Labridae contribute a low
proportion (about 1 per cent) of the total reefi ftdmmercial catch recorded. Indications are thet o
the past few years the landings have steadily mistliAccording to some fishermed, undulatusis
perhaps overfished due to some unregulated fisl8oge local fishermen claimed that a fexaml
fishers have been using SCUBA gear at nights ferléist three years. In some states, the use of
muud (damselfish) traditional fishing method has alsmidished the population of wrasses by
destroying its juvenile habitats of staghorn carals
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The value of this species as a live or chilledogkpas led to illegal fishing by foreign fishinand
local fishing operations in partnership with foreigompanies. These operations provide the most
damaging impact on this fishery. Kitalong and Qitgy (1991) indicate that a combination of
poisoning and excessive line fishing has resultedbcalised extinctions in Palau, for example at
Helen's Reef.

Anecdotal information from interviews with fishermandicate that this species was commonly seen in
groups of up to 75 individuals near channels arahedbarrier reef 5 years ago, especially arouad th
time of full moon. Such large aggregations are ey not now seen.

Maml is a prized fish in Palau and is often not solhie@rcially but rather used for important customs.
Fishermen are asked specifically to catch largwiithgials for special occasions. The traditionalieabf

the species justifies better management. Immatusese fjgimer) are regularly sold at the markets and
considered good eating, but these immature fisluldhioe protected as a safeguard against growth
overfishing.

Fishermen have indicated that at certain timehefyear, schools df. undulatuspass along certain
channels in the reefs, presumably travelling tocifigelocations to spawn. When and where these
schools pass should be documented and the schrotdsted. Fishermen have stated in interviews that
the banning of SCUBA fishing would help protect species in their "home" caves, as only very gkille
spearfishermen can lure the fish out of its catbot the use of SCUBA gear.

Fish counts in two sites in Ngermeduu Bay is regzbtty Amesbury (1991) and those the labridae
species are as follows:

Site 24 Site 25
50x2-m 5-m 2-m 5-m 2-m 50x2-m 5-m 2-m 5-m 2-m point
transect point point point point transect point point point count
Species count count count count count count count count count
Anapmpses meleagrides 1
A. twisti 1
Bodianus axillaris 1 2 1
Cheilinus celebicus X
C. fasciatus 1 2
C. undulatus X
Coris gaimard 1
C. variegata 7 2
Epibulus insidiator 1
Gomphosus varius 1
Halichoeres chrysus 2
H. hortulanus 1 4 1
H. melanurus 1 5
H. prosopeion 1
Hemigymnus fasciatus 1
H. melapterus X X
Labroides bicolor 1
L. dimidiatus 6 1 1 1
Macropharyngodon 3
meleagris
Stehojulis bandanensis 1
S. strigiventor X
Thalassoma amblycephela 5
T. hardwicki 1
T. lunare 1 2 1
wrasse juveniles 2 10 4

x denotes those observed in the vicinity of theegubut were not counted.
Almost all of these species are those utilizedheragquarium trade.

During the 1992 rapid ecological assessment inuP&ame wrasse species were found to be wide-
ranging, within certain areas survey as presentéuki following table:

Area Wide-ranging Labridae species

Kayangel Labroides dimidiatus

Kossol Cheilinus undulatus, Halichoeres hortulanus, Thstaesa amblycephalum, Labroides
dimidiatus

Eastern Babeldoab Labroides dimidiatus

Western Babeldoab Labroides dimidiatus

Koror-Rock Islands Cheilinus fasciiatus, Epibulus insidiator
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Peleliu-South/West Labridaeclassified as one family most narrow-ranging is tirea
Angaur Labridaeclassified as one family most narrow-ranging is trea

3.5.4 Management

Current legislation/policy regarding exploitation: Some states in Palau issue permits in all type of
fishery taking place in their territorial watera.Ngeremlengui State, where schoolsmzml used to

be seen in the channels as reported by some figherfishing is limited to residents only. Permits
from the state government have to be issued todmuts

The Fourth Olbiil Era Kelulau, Palau National Coegg passed a bill in February 1994 (Marine
Protection Act of 1994) banning the use of SCUBAishing. In addition, Section 4 (2) (b) prohibits
the commercial harvesting of juvenil® undulatugngimer) less than 25 inches in length. Section 4
(3) (b) prohibits the export of adu@@. undulatus Section 4(6) prohibits the use of any form of
underwater breathing apparatus other than a sndsketion 4 (12) prohibits the use of gill net or
surround net having a mesh size less than 3 inmhe#th a bag portion having a mesh size less than
3 inches.

Penalties for violation of these laws are as folow

upon the first conviction, a fine not less than G26pon the second conviction, a fine not
less than $500 and a sentence to serve up to thasty in jail; upon the third conviction, a
fine not less than $1,000 and a sentence to s@rte six months in jail; any conviction after
the third is a fine of $5,000 and a sentence dabumne year in jail.

Regulations concerning the taking of aquarium igstiiscussed under that particular profile.

Recommended legislation/policy regarding exploitatin: Nichols (1991) recommends the
following options:

= existing trochus sanctuaries should incl@eindulatusas a protected species;

= closed seasons to be set up at known spawningditesy the peak spawning months: location
and timing of spawning aggregations should be decued,;

= continue surveillance of foreign fishing vesselsiiegal catches of the species; and

= ban the sale of immature specimens at commercigatsa

Kitalong and Dalzell (1994) estimated the optimumimum first-capture length of. undulatugo

be 53.2 cm (20.9 inches). The predicted optimumhnsg&ze was 13.5 inches. Appropriate research,
involving detail and accurate time series dataectibn from fishermen are necessary to confirm
introduced laws concerning the exploitation 6f undulatusand to assess its potential for
development.
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3.6 Other shallow-water reef fish species

3.6.1 The Resource

Species present Fish species
listed in this profile include those
of commercial value from shallow
water reefs, mangroves an
lagoons but exclude those, e.
small pelagic fishes (smal
mackerels, scads, sardines
mullet,  parrotfish,  rabbitfish,
groupers and wrasses, which a
discussed under their respecti
profiles. Those discussed in thi
profile include:

um - Naso unicorni

Acanthuridae surgeonfish species of importance in the comraéreef fish fishery in Palau include;
Naso unicornis (bluespine unicornfish um), N. lituratus (orangespine unicornfish -
erange), Acanthurusxanthopterugyellowfin surgeonfish mesekuul andA. olivaceusand
A. thompsoni(orangespine surgeonfish and Thompson's surgdonfiesengéel. Other
species of lesser importance @elineatus(bluebanded surgeonfistbelai), A. sandviscens
(elag, A. nigrofuscus(brown surgeonnfish eremuuch, A. mata(elongate surgeonfish -
mesekuuk bayl N. vlamingii (bignose or Vlaming's unicornfishderbaksouy N. tuberosus
(humpnose unicornfishongchute), andN. annulatugwhitemargin unicornfish sechoy

Carangidae trevallies and jacks [excluding scads, whichiggdssed under “small pelagics” profile,
and rainbow runner and amberjack, discussed undeeahic pelagics”] of importance
include: Caranxignobilis (giant trevally -eropK), C. sexfasciatugbigeye trevally -esuch),
C. lugubris (black jack - omektutay, C. melampygus(bluefin trevally - orwidel),
Carangoidesfulvoguttatus(yellow-dotted trevally -yab), Gnathanodon speciosygolden
trevally -wii) andTrachinotus bloch{snub-nosed dartiiuchbuil ).

Lethrinidae emperor species of importance in the commeraaf fish fishery includet_ethrinus
ramak (yellowstripe emperor udech), L. obsoletus(orange-striped emperorudech, L.
elongatus(longnose emperormelangmud, L. haematopterugmetengu), L. mahsenoides
(yellowbrow emperor metengu), L. harak (blackspot or thumpprint emperoitetech), L.
kallopterus (orangefin emperor menge$, L. amboinensigambon emperor rekruk), L.
xanthochilus(yellowlip emperor -mechur, andMonotaxis grandoculugbigeye emperor -
besechamgl

Kyphosidae rudderfish (sometimes called drummers or sea $hugpecies of importance are:
Kyphosus cinerascen#ighfin rudderfish or topsail drummerkomud) and K. vaigiensis
(longfin rudderfish or drummerkomud).

Gerreidae silverfish (more commonly known as silver biddmsmojarras) species of importance
include; Gerres filamentosugfilamentous mojarra kotikou), G. oyena(oyena mojarra or
oceanic silver biddy esall), andG. abbreviatugdeep-bodied mojarraedochedl.

Mullidae: goatfish species of importance includdulloides flavolineatuqyellowstripe goatfish -
dech, Parupeneus barberinug¢dash-dot goatfish bang), P. indicus (Indian goatfish -
eldebsungelandMulloides vanicolensigyellowfin goatfish -emisech.

Haemulidae sweetlip and grunt species of importance inclugkctorhinchus obscuruggiant
sweetlips -bikl), P. flavomaculatugnetted sweetlips debeliicH, P. celebecugCelebes
sweetlips merar) andP. goldmani(Goldman’s sweetlipsyaus.
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Holocentridae- soldierfish and squirrelfish species incluliyripristis berndti(bigscale soldierfish -
bsuke), M. melanostictug bsukl), Sargocentron caudimaculatuiftailspot squirrelfish -
desaché), S. spiniferun(long-jawed squirrelfish desaché), S. tiere(blue-lined squirrelfish
- desachél andNeoniphon sammargloodspot squirrelfishkedao).

Chanidae Chanos chanofmilkfish - mesekelat

Distribution : Shallow-water coral reefs, lagoons and mangraeasaare the main habitats for the
fish species discussed in this section. As sushirfg activities for these fishes are normally aued
within or near these habitats. Palau's reefs giyepmssess abundant and diverse reef fish
communities, upon which considerable small-scalenrgercial and subsistence fisheries have
developed. Most species live on relatively shalleater reefs. Donaldson (1992) noted that the Palau
Islands are a remarkable assemblage of tropicél iBlgnds, low coral islands, atolls and submerged
offshore reefs which support a highly diverse fetma and easily the richest in all of MicroneMast

of the islands are surrounded by a complex of iingpgnd barrier reefs with species diversity reedrd
as highest in the lagoon environments of the malatPislands. Survey results of marine fish species
occurrences in the Ngermeduu Bay is reported in ghmey (1991). Distribution patterns of the
marine fishes as recorded during 76 visual trassectd supplemental observations made at
Kayangel, Kossol, Eastern Babeldaob, Western BabeldKoror-Rock Islands, Peleliu-South/West
and Angaur, are reported in Donaldson (1993).

Johannegt al (1994) observed spawing Bfaso unicornisN. literatus Acanthurus xanthopterys.
nigricauda Ctenochaetus striatusandParupeneus multifasciatue their Ngerumekaol study site.

Biology and ecology Sexes are separate in most shallow-water reet@ded fishes including
holocentrids, mugilids, mullids, gerrids, siganidsyangids (Wright, 1993). Protogynous (change
from female to male) fishes include serranids, rlatdls, nemipterids and labrids while
platycephalids, sparids, gobiids and muraenids gdaex from male to female (protandrous). Most
species produce pelagic eggs except for the mgjofissiganids, tetradontids and balistids which
nest. Spawning migration, to a reef location camdigs to oceanic water, vertically in the water
column or inshore, is common (Wright, 1993).

Acanthuridae Ecological characteristics of Acanthuridae anegiin Pyle (1993) as follows:

Family ] Feeding Strategy . Reproductive Strategy ... itelab
Acanthuridae herbivorous school-forming; spawn at all habitats depending
(surgeonfishes and tangs) dusk in large growglagr eggs on species

Most of the surgeonfishes graze on benthic algaddur species of the Acanthurus and many of
Naso feed mainly on zooplankton while those ofgarusCtenochaetuare detritus-feeders (Randall
et al, 1990). They sleep at night in small caves ovices in the reef. The acanthurids typically have
a long life larval lifespan and settle out at ayéasize resulting in widespread distribution forstno
species. They are among the most conspicuous amadabt inhabitants of shallow coral reefs
(Myers, 1989). Some reproduction activities océuptighout the year but typically takes place on a
lunar cycle with peak activity during winter or Baspring. Johannest al (1994) recorded the
following information concerning surgeonfish spamgbbserved at Ngerumekaol in 1994:

Species Date of spawning Time spawning tookeplac
Naso unicornis June 6, 1994 18:20

N. literatus May 8 to 11 17:45 to 18:20
Acanthurus xanthopterus May 9 and 11 18:00 to 18:10

A. nigricauda May 9, 10 18:00 to 18:10
Ctenochaetus striatus May 9 17:55

Kitalong and Dalzell (1994) calculated growth andrtality parameters for ten reef fish species
caught
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by commercial fishing in Palau which included tiwasospp. as follows:

Species bo K YA M F E
Naso lituratus 35.1 0.350 1.683 0.860 0.823 0.489
N. unicornis 57.0 0.140 0.683 0.413 0.270 0.395

The same authors calculated the optimum minimust-fiapture length for both species in Palau to
be 19.0 and 19.3 cm ft\. lituratusandN. unicornisrespectively.

Carangidae species in the family Carangidae exhibit a wide sange from scads that attain 30 cm
to the great trevally that grows to 170 cm and meigh over 35 kg (Randakt al, 1990). “They are
voracious predators that feed on a variety of fislwéth some species such@sspeciosuseeding
mainly on molluscs and crustaceans while scads riegdly on palnktonic invertebrates. Trevallies
are pelagic spawners that release large numbed$ tifiy, buoyant eggs, and larvae may lead a
pelagic existence for extended periods. Juvenifesegeral species, e.@. sexfasciatysare often
found in brackish estuaries or in fresh water”. yHeequently occur in large schools and are
common on edges of reefs especially along steeyy cegf dropoffs.

Lethrinidae most species of emperors occur on the sandydraigeefs where they actively forage
on sand-dwelling invertebrates such as gastrogmulgchaetes, crabs, prawns and chitons with larger
species being fish predators also (Randalal, 1990). Most species feed primarily at night. Sex
reversal from female to male (protogynous hermagitismn) has been demonstrated in several
species (Myers, 1989). Kitalong and Dalzell (1984)imated growth and mortality parameters for
one emperor species as follows:

Species bo K Z M F E
L. ramak 345 0.380 1.486 0.912 0.574 0.386

Kyphosidae rudderfishes (drummers or sea chubs) are omrsvoue feed mainly on benthic algae.
They sometimes occur in small aggregations (Raredadl, 1990). Juveniles often occur far out at
sea beneath floating debris (Myers, 1989).

Gerreidae Silver biddies occur on sand or mud bottoms, desdly in brackish environments
(Randallet al, 1990). They feed on small benthic invertebratesluding polychaete worms and
small crustaceans for which they root in the saigefs, 1989; Randa#it al, 1989).

Mullidae: goatfishes are characterised by the pair of loaudpels under the chin which are used to
probe the sand, mud or holes in the reef for f@mine goatfish species are active primarily at night
while others are most active by day, or active by dr night (Myers, 1989). All goatfishes are
carnivores feeding mainly on worms, crustaceant/ebstars, small mollusks and heart urchins that
live in sediment, while some species feed in parsmall fishes (Randadt al, 1990). Johannest

al. (1994) observeBarupeneus multifasciatispawning at Ngerumekaol on May 20 at 17:30 hour.

3.6.2 The Fishery

Utilization: The shallow-water reefs and lagoons surroundhmg islands have always been an
integral part of the Palauan way of life. The reses from these areas have been a vital source of
protein at the subsistence level, and with the ghdrom a barter to a cash economy, these resources
have become important in the artisanal, and recém#l commercial fisheries. Smaller specimens and
juveniles of some of the species included hereakse utilized in the aquarium fish trade. Detaifs o
these are discussed under the “aquarium fish” lprofi
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Most reef fishing is carried out around Koror, fais is the most populous state, and activity isegally
concentrated between the barrier reef and thedslah Babelthuap and Koror. Reef systems around
Peleliu, the islands to the North-west and aroundaiur also support rich reef fish stocks.

The fishery is conducted with multi-gear types)udag dropline, trolling, hand spears, spear ggiiks,
nets, set nets (kesokes), portable fish traps,nedstand to a lesser extent custom methods (Jesiann
1981). lllegal methods such as dynamite and ingdigtoisons (bleach) have caused concerns in some
areas (Johannes, 1991). Most fishing is done froatsbof 5-8 m length, powered by 50-120 hp
outboards. GRP or wooden inboard powered vessédl2-@0 hp are also important. The introduction of
spearguns in the 1940s has changed traditionakrgpeaethods (Donaldson, 1992). Most of the
traditional fishing methods have been replaced bgleam gear of catching fish. The use of SCUBA has
enabled fishermen to exploit habitats and hangstsies that were previously underutilised. Even th
traditional poisons, made from leaves and rootst®y of Barringtonia asiaticaand the roots dDerris
elliptica have been replaced with liquid bleach, gasolireedymamite (Donaldson, cited above). Over
20 types of traditional nets, which require higtigveloped and specialised skills to operate, heea b
replaced by monfilament cast ndtgdgkill), stationary barrier netk€sokeyand surround nets.

Year-round trolling tends to be for strongly res$aciated species (trevallies, dogtooth tuna, bade
etc.).

Production and marketing: Species included in this profile are importarghfispecies in the
subsistence fishery and now, due to the changecohamy base, they have become targets of
increasing pressure for the commercial fishery kgeor food. A limited amount is exported for the
aquarium fish trade.

The 1992-1993 exports of finfish via the aquariuateé is summarised in the following table for fish
included in this profile (details are discussedarmitie “aquarium fish” profile”). Only surgeonfishe
of those species in this profile contribute a digant number to the trade.

1992 1993

Aquarium fish Nos. USs$ Nos. USs$
This profile species

Goatfish 23 20.70 27 20.15
Squirrelfish 14 14.00 10 12.00
Surgeonfish 1,296 3,421.50 346 908.50
Sweetlips 4 6.00 21 50.40
Trevally 1 3.60
Unicornfish 41 41.00 306 626.40
All Finfish Total 46,716 28,390.55 31,271 22,866.28

Rochers and Matthews (1992) reported that portafredmost all commercial fish catches are kept
for family use. However, fishing for subsistencaisevery day activity in most communities. From
household surveys conducted in 1975, Peabal (1983) estimated that the annual per capita fish
consumption in Palau was 141 kg. Using this figto&l fish production was estimated to be 2,015
t/year in 1990. Kitalong and Dalzell (1994) suggédsthat the subsistence fisheries production for
Palau may lie between 500 and 1,100 t/year, whiclude tuna and other pelagic fish species.

An estimated 305,447 pounds (138.5 mt) of reef fighe landed in Koror for 1990. Shimada (1987)
estimated total annual reef fish production at @,@Ms for the coastal fisheries in Palau, 30014608
were estimated to be marketed through domestietsudhd exports, and 1,200-1,300 mt. consumed by
the fishermen and villagers for subsistence. I§¢hfigures are correct, then a significant proportf

fish is marketed through avenues other than maskets as PFFA.

Annual reef fish landings at PFFA between 1976 39@3, by family, are given in Table 3.6.1(a).

Table 3.6.1(b) is the same but figures are congiedepercentages of the total reef fish landing for
each particular year. Figures show that two offible families discussed in this particular profile,
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Acanthuridae and Lethrinidae, contribute signifttarto the reef fish landings at PFFA. Each
contribute between 10 and 20 per cent of the tetd fish landing each year. Fish in this particula
profile are in bold. A substantial amount has besmorded as “other” and in 1993, this category was
called “assorted fish”.

Table 3.6.1(a) Reef fish purchase at PFFA from 1976 to 1993fanyily. Figures are in pounds and those for speiaelsded in this particular profile are in
bold.
(Source: DMR Annual Reports for 1991 and 1992 MR data).

Family 1976 1977 1978 1979 1980 1981 1983 1984 1985] 1986 1987 1988 1989 1990 1991 1992 199
Acanthuridae 18,9174 19,694 17,391 32,159 79,569 33,917 44,357 32,909 87,924 74,567 23,727 37,150 61,139 43,81J 25,000 14,779 47,244
Assorted reef fish 4,074
Carangidae 6,619 2,815 2,146 10,249 9,944 3,502 10,609 19,684 28,554 20,014 11,180 10,201 11,491 11,71) 3,801 12,861 30,451
Gerridae 4,430 1,935 208 2,673 1,585 950 213 639| 3,835 853 170 463 1,008 648 2,407 1,508 714
Haemulidae q 95, 335 903| 1,307 325 1,224 1,214 3,234 132] 0 0 0 0 0 58 207
Holocentridae 70 257 20 584 287 3,470 863 1,454 1,169 848 48 0 71 280 343 4,543 73
Lethrinidae 25,005 13,461 4,104 37,569 72,88¢ 23,817 42,259 56,669 94,491 61,859 19,07q 44,895 48,09) 57,099 25,939 22,357 30,799
Mullidae 2,225 1,63 943 2,273 5,1100 2,667 2,441 4,352 5,692 5,889 2,572 5,266 1,464 5,749 875 1,43 3,900
Sphyraenidae - - - - - - - - - - - - - - - - 2,943
Others 65,284 137,441 50,114 30,844 12,327 1,370 14,359 8,071 100,414 17,933 188,013 36,173 33,145 17,904 61,733 85,07§
Labridae 1,25 918 957 3,83 3,366 2,578 4,645 3,712 7,604 6,048 1,742 1,994 910] 1,397 608 928 1,462
Lutjanidae 18,32F 10,044 3,898 18,830 40,840 18,321 41,44 41,960 98,951 82,479 15,57Q 62,684 50,81Q 29,129 74,405 56,459 47,676
Mugilidae 7,12 4,434 1,756 5,833 6,944 4,349 1,332 1,308 5,545 2,017 643 1,355 3,062 1,647 841 1,463 1,465
Scaridae 25,095 25,667 12,079 54,117 68,60q 46,510 47,977 92,424 95,942 113,549 55,719 42,137 62,127 53,189 13,369 21,380 56,710
Serranidae 3,391 20,153 15,319 28,339 27,799 21,103 34,087 42,315 48,364 46,009 36,35] 35,353 22,4971 21,361 25,409 13,584 12,403
Siganidae 25,371 19,064 26,206 36,513 46,260 17,069 15,893 36,614 49,864 33,449 15,659 25,790 43,217 69,331 37,814 33,599 29,560
Total 203,111] 257,604 135,467 264,704 376,821 179,947 261,70( 343,324 631,58¢ 465,64Q 370,464 303,459 339,031 313,249 272,544 270,034 269,697

Table 3.6.1(b) Reef fish purchase at PFFA from 1976 to 1993 ahyily. Figures are in percentages and those fecisp included in this particular profile are
in bold. (Source: DMR Annual Reports for 1991 4892 and DMR data).

Family 1976 1977| 1978 1979| 1980 1981| 1983| 1984| 1985| 1986| 1987 1988| 1989 1990| 1991] 1992 1993
Acanthuridae 9.3 7.6 12.8 12.1 21.1 18.8 16.9 9.6 13.9 16.0 6.4 12.2 18.0 14.0 9.2 5.5 17.5
Assorted reef fish 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15
Carangidae 3.3 11 1.6 3.9 2.6 19 4.1 5.7 4.5 4.3 3.0 3.4 3.4 3.7 1.4 4.8 11.3
Gerridae 22 0.8 0.2 1.0 0.4 0.5 0.1 0.2 0.6 0.2 0.0 0.2 0.3 0.2 0.9 0.6 0.3
Haemulidae 0.0 0.0 0.2 0.3 0.3 0.2 0.5 0.4 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Holocentridae 0.0 0.1 0.0 0.2 0.1 19 0.3 0.4 0.2 0.2 0.0 0.0 0.0 0.1 0.1 17 0.0
Lethrinidae 12.3 5.2 3.0 14.2 19.3 13.2 16.1 16.5 15.0 13.3 5.1 14.8 14.2 18.2 9.5 8.3 11.4
Mullidae 11 0.6 0.7 0.9 14 15 0.9 13 0.9 13 0.7 17 0.4 18 0.3 0.5 14
Sphyraenidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11
Others 32.1 53.4 37.0 117 3.3 0.8 55 2.4 159 3.9 50.8 119 9.8 57 22.7 315 0.0
Labridae 0.9 0.4 0.7 14 0.9 14 1.8 11 12 13 0.5 0.7 0.3 0.4 0.2 0.3 0.5
Lutjanidae 9d 3.9 2.9 7.1 10.8 10.2 15.8 12.2 15.7 17.7 4.2 20.7 15.0 9.3 27.3 20.9 17.7
Mugilidae 3.5 17 13 2.2 1.8 2.4 0.5 0.4 0.9 0.4 0.2 0.4 0.9 0.5 0.3 0.5 0.5
Scaridae 12. 10.0 8.9 20.4 18.2 25.8 18.3 26.9 15.2 24.4 15.0 13.9 18.3 17.0 4.9 7.9 21.0
Serranidae 1. 7.8 11.3 10.7 7.4 117 13.0 12.3 7.7 9.9 9.8 116 6.6 6.8 9.3 5.0 4.6
Siganidae 12. 7.4 19.3 13.8 12.3 9.5 6.1 10.7 7.9 7.2 4.2 8.5 12.7 22.1 13.9 12.4 11.0
Total 100.0f 100.0] 100.0] 100.0f 100.0f 100.0] 100.0] 100.0| 100.0] 100.0f 100.0 100.0f 100.0] 100.0f 100.0] 100.0f 100.0

Annual monthly reef fish family landing compositidwy species at PFFA for those included in this
profile, for the 1990-1993 period, is presentedTable 3.6.2. With the exception of 1990, the
Acanthuridae commercial landings at PFFA for th&t f@ur years have been predominaniiy,
making up more than 60 per cent. Of the Carangmaehasesprwidel have consistently made up
more than 50 per cent of the trevally and jackslilags. Mechur, melangmud udechandmetengui
have contributed the most significant portions,vafying degree, to the annual emperor landings.
However, metengui data could include those foPristipomoides as some Lethrinus and
Pristipomoidesspp. have only one Palauan wondetengui Of the four leading emperor species,
mechur, udechandmetenguishow decreases in purchases at PFFA by aboutrs@&epefrom 1990

to 1993. Howevemnelangmudpurchases have increased about ten times foathe periodAii has
been the main barracuda species except that in, E®®st about the same amountlabu was
purchased at PFFA.
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Table 3.6.2 Annual reef fish landing at PFFA (weights in Ibg)species (of those included in this
profile) after their corresponding familieSdurce: DMR Annual Reports for 1990,1991
and 1992; DMR Data].

Family Species 1990 1991 1997 199
Acanthuridae Um 15,352| 22,026| 13,412 40,490
Erangel 15,566 2,788 1,097 6,287
Mesekuuk 186 270 467
Carangidae Oruidel 2,620| 3,076 3,256 9,211
Omektutau 369 307
Esuch 239
Eropk 356 359 852
Gerridae Kotigo? 756 1,508 714
Haemulidae Yaus 58 207
Holocentridae Desachel 73
Bsukl 454
Lethrinidae Besechamel 23 100 28
Itotech 993 434 568
Mechur 9,439| 3,187 1,793 3,318
Melangmud 1,817 6,743 9,599 11,795
Menges 14
Metengui 9,212] 11,928 5,756 5,728
Rekruk 180 1,246 667
Udech 20,177| 14,836 9,215 8,677
Mullidae Bang 376 1,153 1,967
Dech 499 284 1,933
Sphyraenidae Aii 1,008 1,413 1,496
Lolou 865 340 1,208
Meai 135 113 259
Others or Assorted Reef Fish 4,376 11,870 4,074

Table 3.6.3 presents the 1993 fish purchases, wetght and value, at PFFA (Jan-Sept.), PMCI
(Jan.-Sept.) and Oh’s (Jan.-May) by fish family amdte. Koror and Peleliu seem to be the main
sources of surgeonfishes. The high value for “aedareef fish” is due to data collected from PMCI
and Oh’s markets which tend to classify more fisbar this category. Koror is again the main source
of fish in this category, with substantial conttioms from Aimeliik, Anguar, Kayangel, Ngaraard,
Ngardmau, Ngarchelong and Ngaremlengui. Barracuda kanded mainly from Peleliu,
Ngaremlengui and Koror while trevallies and jac&adings are made up mainly of catches from
Koror, Ngaremlengui and Peleliu. Most of the rudidér landings originate from Peleliu while
emperors are landed mainly from Koror, Ngarchelamg] Ngaremlengui with fair portions from
Peleliu and Ngchesar. Koror and Peleliu are thenrsaurces of goatfishes.
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Table 3.6.3 Reef fish purchases at the commercial marketsSég 1993 [PFFA, PMCI, Oh's (Jan-May)] byfish fgnaind state.

Fish family State Wt (Ibs) [ Value (USH) Fish family [ State Wt (Ibs) | Value (US$)
Acanthuridae Aimeliik 97.00 121.25 Barracuda Angaur 21.04 23.10
Angaur 2,880.0 3,408.15 Koror 112.00 117.60]
Kayangel 1,013.00 1,114.30 Ngchesar 57.0D 62.70
Koror 22,699.00 27,597.7Q Ngerchelong 60.0D 66.00
Ngatpang 794.0D 886.95) Ngeremlengui 167.00 177.60
i
Ngchesar 191.0D 210.10 Peleliu 184.0( 202.40
Ngerchelong 956.0p 1,240.85
Ngeremlengui 526.0p 572.80 Gymnophorax | Aimeliik | 50.50] 63.13
Peleliu 14,362.00 17,654.55
Unlisted States 869.J0 1,086.25 Gerridae Koror 190.00 190.00
Peleliu 524.0( 663.85
Assorted reef fish| Aimeliik 11,871.50 14,523.29
Airai 9,299.20  11,294.84 Haemulidae | Koror | 207.0d 165.60
Angaur 16,700.00 20,845.50
Kayangel 23,009.0D 28,498.25 Holocentridae | Koror [ 73.00 98.55
Koror 99,735.79 123,903.06
Melekeok 3,505.00  4,257.95 Kyphosidae Koror 184.00 241.00
Ngaraard 36,922.75 45,959.69 Peleliu 1,129.0 1,390.05
Ngardmau 24,151.00 30,105.55
Ngatpang 6,280.00 7,827.50 Lethrinidae Aimeliik 591.00 694.70]
Ngchesar 2,543.00 3,162.85 Airai 103.00 134.50
Ngerchelong 56,983.00 70,975.25 Angaur 89.0( 96.60
Ngeremlengui 10,066.245 11,886.0] Koror 4,387.00 4,766.95
Ngiwal 2,135.00 2,668.75 Ngaraard 344.0D 377.30
Peleliu 3,248.5 4,041.35 Ngatpang 851.0D 932.70
Unlisted States 8,174.75 10,071.44 Ngchesar 1,411.00 1,702.55
Ngerchelong| 4,551.00 5,011.55
Carangidae Aimeliik 118.00 129.80 Ngeremlengu] 4,951.00 5,871.00
i
Airai 57.00 61.30 Peleliu 2,929.0 3,081.72
Angaur 189.0( 207.90]
Koror 3,356.00 3,656.70 Mullidae Koror 1,003.0d 1,194.00
Melekeok 8.0( 8.80 Ngatpang 232.0D 258.20
Ngaraard 42.00 46.20 Peleliu 1,832.0 2,052.35
Ngatpang 597.0D 640.60|
Ngchesar 411.0D 452.10)
Ngerchelong 12.0p 13.20
Ngeremlengui 2,252.00 2,417.10
Peleliu 1,141.0 1,191.40

Some fishes are exported together with other foehs in coolers as recorded on Continental Air
Micronesia manifests. However, species could natitferentiated.

3.6.3 Stocks Status

Donaldson (1993) reported that commercial fishmthe main Palau islands is having an impact dn fis
populations compared to unfished populations of3beth West islands. In particular, groupers, jacks
trevallies, snappers, emperors and parrotfish wigher absent, or present in very low numbers é th
main islands compared to South West islands. Hgestigd overfishing of some species was occurring
in the main islands because of the very low speaibaess and abundance levels there, as commared t
those of the average reefs in the SW Palau islands.

Quantitative surveys of marine fishes in two swéhin the Ngermeduu Bay area, Amesbury reported
the
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following for species discussed in this profile:

Site 24 Site 25
50x2-m 5-m 2-m 5-m 2-m 50x2-m 5-m 2-m 5-m 2-m point
transect  point point point point transect point point point count
Species count count count count count count count count count
Acanthuridae
A.canthurus nigricans 1
A. nigrofuscus 1 X
A. pyroferus 1 2
A. thompsoni 5 1
A. xanthopterus 6
Ctenochaetus striatus 10 3 4 17 9 4
Zebrasoma scopas 6 3
Z. veliferum
Haemulidae
Plectorhynchus chaetodonoides 3
P. gaterinoides 1 4
Holocentridae
Myripristis adusta 1
M. murdjan 6 X
M. violacea 1 2
Neoniphon sammara 1
Mullidae
Parupeneus barberinus 1
P. cyclostomus X

Donaldson (1993) reported the results of the Pialands rapid ecological assessment in 1992. Specie
included in this profile that were recorded as wigging within some areas visited include:

Kayangel ‘Ctenochaetus striatys

Kosol :C. striatus Acanthurus nigrofuscus

Eastern Babeldoab A. nigrofuscusParupeneus barberinus

Western Babeldoab Zebrasoma scopas

Rock Islands P. barberinusA. pyroferus

Peleliu-South/West A. nigrofuscangP. bifasciatusC. striatus Naso lituratus
Angaur :C. striatus A. nigricans A. olivaceusandA. pyroferus

In Palau's multi-species, multi-gear fishery, dif@ species are being exploited at different kvel
Given the varying biological characteristics of thmany species involved, it is possible that some
species are being overexploited (Preston, 1983%h&se and Matthews (1992) reported that interviews
with fishermen from certain villages indicate ttia¢ use of modern sophisticated fishing methodsés

of the main causes of the declines in fish poputeti In addition, decrease in fish sizes has asm b
noticed. DMR staff are attempting to assess theentrlevels of exploitation of marine inshore
resources in Palau. This is being achieved thralmge liaison with PFFA and major local markets to
monitor landings and to estimate the current catclil marine resources harvested. Until catchl&eve
are more accurately known, it is not possible tmaga the fishery to achieve biological or economic
optimum yields.

The data presently available for the fishery istkth Some landing and biological data for a raoige
species has been collected from PFFA by DMR. Uaf@ately records maintained by PFFA for the last
decade are not adequate to document developmaithdkie taken place in Palauan reef fisheries
throughout that period. Even though fish purchasgéissics from the commercial markets indicate
fluctuations in landings of certain species, it Wobe inaccurate to use these to assess the sfatus
stocks. This is due to several factors, such ds da@ccuracy of data, absence of vital information
incomplete recording, and changes in marketingesji@s by the fishermen.
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3.6.4 Management

Current legislation/policy regarding exploitation: Ngeremlengui State, in its Fishing Conservation
Act of 1987 (Public Law No.13-87), prohibits fisgiof any kind all year round in the inner reef area
known as Usas, and the outer reef area known asévimrg. Violators face fines of up to $150.00.
Ngatpang State requires fishermen to obtain ana$30 fishing license from the Governor (NSC Bill
No. 03-87). Ngardmau State Preservation Act of 198&uires fishermen to obtain an annual
commercial fishing licence ($100) from the StateaBury Office (NSL No. 1-008, KN Bill No.1-0011).
Only residents of the state are entitled to applyd fishing license. Koror State is also repotted
require a fishing licence for fishermen exploitthg reef fishery.

Palau National Code, Title 24, Division 2, Chapi&; subchapter I, § 1302 prohibits the use of
dynamite, poisons or chemicals to catch fish. H®we§1303 of the same law lists exceptions to the
prohibitions as where:

» the President has granted a written permission;

» the President has determined that the purposetainatg the fish or other marine life is to avoid
the waste or loss of such fish or marine life; &mat the consumption or sale of fish or other
marine life caught by any means the use of whicprahibited,is not harmful or hazardous to
health and human life.

§ 1304 permit the use of local roots, nuts andtglavhich have have the effect of stupefying kit n
killing fish, to catch fish.

Section 4 (6) of the Marine Protection Act of 19@¢bhibits fishing while using any form of
underwater breathing apparatus other than a sndketion 4 (12) prohibits fishing using a gill net
or surround net having a mesh size of less thaetimches.

Recommended Legislation/Policy regarding exploitatin: Baseline data for the reef fishery are
lacking. Data collection needs to be improved, &adic biological parameters collected for the
dominant species (say, the top 20). lanelli (198W) Preston (1990) provide guidelines for monitprin
the fishery and providing data on which managerdenisions can be based. Restrictions on the export
of reef fish could be considered in view of the @guof information regarding the status of reehfi
stocks and the importance of the fishery to bothsistence needs and in-country demand from
commercial retailers and restaurants. Kitalong Badrell (1994) observed minimum first-captured
length, estimated the optimum minimum first-captigregth and predicted optimum net mesh size for
the following species in this profile:

Observed minimum Optimumu minimum Predicted
first-capture length first-capture length opim mesh size
(cm) (cm) (inches)

Lethrinus ramak 17.3 18.3 3.3

Naso lituratus 21.3 19.3 3.9

Naso unicornis 42.3 28.5 5.0

The application of minimum size limits for the salef certain fish species is a mechanism for the
management of resources. However, it would reqgo@&sic research to ascertain these parameters.
Enforcement of existing laws that directly invole exploitation of the reef fish resoures, espigcia
fishing methods, is of utmost importance. Some ictemation might be given to prohibit fishing
using “local poisons” as their effects on marirfe lare not limited to the target species. They are
lethal to corals, fish and other marine organismda as well as marine life in general. An addiion
consideration is the total banning of the use gfl@ives, poisons and chemicals to catch fish,
without any exceptions, for the same reasons andiw prohibit “local poisons”.
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3.7 Mullet - kelat, uluu

3.7.1 The Resource

Species present: Crenimugil crenilabis(warty ;
lipped or fringelip mullet kelat) is well-known kelat - Crenimugil crenilabi

among most Palauan fishermen due to its

aggression and strength. Because of this aggrelsshavior, fishermen require special skill to spear
it, and only skilled and experienced fishermenleddcge numbers. A smaller specieiga vaigiensis
(yellowtail, squaretail or diamond-scale mulletiluu), is commonly seen in the mullet fishery.

Distribution : C. crenilabisoccurs in the Indo-Pacific from the Red Sea tolthee and Tuamotu
Islands, north to south of Japan, south to Lord &ldsiands; Ifaluk, Marianas and Marshall Islands
in Micronesia (Myers, 1989). It is commonly found sandy lagoons and on shallow seaward reef
flats (Randalkt al, 1990).

L. vaigiensisoccurs in East Africa to the Tuamotus, north tatsalapan, south to the south Great
Barrier Reef and New Caledonia. It is found thraughMicronesia in lagoons and on reef flats
where it is most common along protected sandy $hesz(Myers, 1989). This species forms large
schools frequently in mangrove areas (Ranetadil, 1990).

Sea mulletM. cephalusinhabits coastal waters and estuaries in trogindl temperate waters of all
seas of the world, and are distributed mainly betwthe latitudes 42° N and 42° S. It has a strong
tendency to school as juveniles, and during thewvspay season, as adults. Juvenile schools
commonly disperse over sand and mud flats of essiarhen feeding during high tide, but re-form
on the ebb tide (Kailolat al, 1993). Myers (1989) reported that even thokflcephalushas been
mentioned in reports, no verifiable literature i@cls the presence of this species in Micronesia.

Mullet is found all around the waters of Palau, ros@nd flats inside lagoons and near the mangrove
line during hightides. Peliliu State produce modtllats to the fishery landings. Rochers and
Matthews (1992) reported spawning site ketat near Ngchesar and Johannes (1981) reported that
this species gather in schools near Peleliu befodergoing their spawning migration.

Biology and Ecology: Mullet feed on detritus, diatoms, algae and micopsc invertebrates in
estuarine waters, which they filter from mud anddsthrough their mouth and gills (Kailo& al,
1993). Fish eggs may also be consumed (Rarmdal, 1990). Most mullet species can tolerate a
wide range of salinities, with some ranging intoghy fresh-water, and are important in aquaculture.
A few species are most at home on coral reefs (8y991).

Johannes (1981) reported that rimdat individuals gather in schools near Peleliu overdsiats in

the lagoon, then migrate out to the edge of theemedringing reef using pathways well known to
fishermen, who intercept them with nets. This sgagmigration usually begins three days before
the full moon. Spawning takes place at the suréaees the outer reef slope and begins in the evening
Seasonal clockwise migrations of schools of thecegs are also widely known in Palau. Schools of
kelat move from the reef flats north of Peleliu northdvaip the west coast of Babeldaob. The first
schools arrive at Ngermlengui usually in Novemltfehools continue to move past Ngeremlengui
travelling north for about six months. When thénfisach the northern tip of Babeldaob they turn and
move southward down the east coast. Today the kcho® said to be much smaller and fewer than
there were ten years ago because of net and dynéisfitng. The best fishing for this species (with
nets) is during the spawning migration.
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3.7.2 The Fishery

Utilisation: Kelat is favoured among Palauans for its white soft naeak easy cooking. It is often
smoked or cooked as fish soup. A favourite muikgt Eoup is when it is cooked wittiml leaves
(amra treeSpondias pinnaja

Traditionally, only skilled and experienced fishemmcatch good numbers of mullet. A communal
traditional method that was usually used to catalignis calledmettilab This involved setting up a
fence, where upon a group of people make splasdmagdashing noises on the water driving fish
into the corner end where they are trapped. Sonmestaad behind the fence, equipped with wooden
clubs or sticks ready to strike any fish that afiesnto escape by jumping over the fence.

Rochers and Matthews (1992) reported that mulletimportant to resource users in Melekeok and
Ngchesar. Mullet has been important in the subsistefishery and forms a relatively small
percentage of the local commercial landings.

Production and Marketing: As is the case for other fisheries, there areigurés available on the
subsistence utilisation of mullet in Palau. Todkslat, is ranked amongst fishes with the lowest
catches and sales. This is due to the declinipgilation. During the 1960s and the 1970s, dynamite
was widely used to catch mullet.

Large set-nets have also been utilised and theie wse is believed to have contributed greathé¢o t
decline ofkelat populations around Palau. Greater demands irotted tommercial markets, and the
export of mullet to other parts of Micronesia, haoeelerated the declining trend in mullet numbers
in Palau.

Table 3.7.1 presents reef fish purchases by PF&A 976 to 1993 by main fish family. It indicates
that mullet landings form a minor portion (0.2 t® Per cent) of the catches landed there. A steady
decline in composition is noticed between 19763871from 3.5 to 0.2 per cent. For the last six gear
(1988 to 1993), mullet per cent composition seem$idave stabalised around 0.5 per cent. The
percentage trend is also generally reflective efdhantity landed and for the last six years, mulle
landing seems to stand around 1,400 Ibs. The higha#et landing (7,123 Ibs) at PFFA for the
period was recorded in 1976. High landings were edsorded in 1977 (4,434 Ibs), 1979 (5,833 Ibs),
1980 (6,944 Ibs) and 1985 (5,545) with the lowdst3(1lbs) recorded in 1987. Generally, mullet
landings at PFFA have been declining since 1976.

Table 3.7.1 Reef fish purchase at PFFA from 1976 to 1993faloyily. Figures are in pounds and those for speiaiglsded in this particular profile are in
bold.
(Source: DMR Annual Reports for 1991 and 1992 MR data).

Family 1976 1977 1978 1979 1980 1981 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 199
Acanthuridae 18,912 19,694 17,391 32,1549 79,569 33,917 44,357 32,909 87,924 74,567 23,727 37,150 61,138 43,814 25,000 14,779 47,244
Assorted reef fish - - - - - - - - - - - - - - - -| 4,074
Carangidae 6,619 2,815 2,146 10,240 9,944 3,5020 10,609 19,6824 28,557 20,014 11,180 10,204 11,491 11,711 3,801 12,861 30,45
Gerridae 4,43p 1,934 208 2,673 1,585 950 213 639| 3,834 853 170] 463 1,008 648 2,407 1,508 714]
Haemulidae 95 335 903] 1,307 325 1,224 1,214 3,239 132 0 0 0 0 0 58 207
Holocentridae 7 257| 20, 584] 287| 3,470 863 1,454 1,169 848| 48 0 71 280 343| 4,543 73
Lethrinidae 25,00p 13,461 4,104 37,569 72,88 23,817 42,259 56,669 94,491 61,859 19,074 44,895 48,091 57,099 25,939 22,357 30,79
Mullidae 2,224 1,631 943 2,273 5110 2,667 2,441 4352 5692 5889 2572 5,266 1,464 5,744 875 1,439 3,900
Sphyraenidae - - - - - - - - - - - - - - - -1 2,963
Others 65,288137,44] 50,114 30,842 12,327 1,370 14,359 8,071 100,417 17,933 188,01 36,173 33,14 17,904 61,733 85,079 -
Labridae 1,25! 918 957] 3,839 3,366 2,578 4,645 3,712 7,604 6,048 1,742 1,994 910] 1,397 608 928] 1,462
Lutjanidae 18,32y 10,044 3,898 18,830 40,840 18,321 41,44 41,960 98,951 82,479 15,57Q 62,684 50,81Q 29,129 74,405 56,459 47,676
Mugilidae 7,123 4434 1,756 5833 6,944 4349 1,332 130§ 5545 2,017 643] 1,355 3,062 1,647 841 1,463 1,465
Scaridae 25,095 25,667 12,079 54,117 68,60q 46,510 47,977 92,424 95,942 113,549 55,719 42,137 62,127 53,189 13,369 21,380 56,710
Serranidae 3,391 20,152 15,319 28,339 27,79 21,104 34,082 42,315 48,364 46,005 36,351 35,352 22,497 21,361 25,4094 13,589 12,403
Siganidae 25,371 19,067 26,204 36,513 46,260 17,069 15,893 36,619 49,864 33,44 15,659 25,790 43,217 69,33]] 37,814 33,599 29,560
Total 203,111] 257,604 135,467 264,704 376,821 179,947 261,700 343,329 631,58( 465,640 370,464 303,459 339,031 313,243 272,544 270,034 269,697
Per cent mullet 3.9 1.7] 1.3] 2.2 1.8] 2.4] 0.5 0.4 0.9 0.4 0.2 0.4 0.9 0.5] 0.3 0.5 0.5

Some indications of catch and effort statisticatoa mullet fishery, involving the two main species,
C. crenilabisandL. vaigiensis are given in Table 3.7.2 as recorded at the mammercial markets.
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The landings seem to be closely distributed betviieertwo species during the three-year period with
no significant variation except for the approxiniatoubling inL. vaigiensidandings from 1991 to
1992. Unit price has increased from an average df0#lb in 1991 to $1.25/Ib in 1993.

Table 3.7.2 Mullet, Crenimugil crenilabisand Liza vaigensiscatch and effort statistics as recorded by thargercial

markets.
No. of No. of [ Weight | Catch rate| Value Avg. unit price
Year | Species fisherfolks | trips (Ibs) (Ibsf/trip) (%) ($/Ib)
1991  C. crenilabis 4 5 848 169.6 945 1.07
L. vaigensis 3 5 463 92.6 521 1.13
Total 7 10 1,311 1466
1992  C. crenilabis 7 8 638 79.8 770 1.53
L.vaigensis 7 9 1,327 147.4 1,644 1.22
Total 14 17 1,965 2,414
1993  C. crenilabis 8 11 879 79.9 1,092 1.25
L. vaigiensis 5 6 734 122.3 916 1.25
Total 13 17 1,613 2,008

Commerial mullet landing distribution by state fitve 1991-1993 period is given in Table 7.2.3.
Peleliu is clearly the main and consistent suppifemullet and having annual landings showing an
increase for consecutive years during this period.

Table 7.2.3 Mullet purchases at the commercial markets imPaby state for the 1991-1993 period.

1991 1992 1993 |
State Weight| Valug Weight Value  Weight Vallie
Peleliu 545 611 66 826 867 1,062
Ngaraard 355 444 11p 123 0 0
Ngerchelong 294 29¢ D D 289 390
Airai 0 0 364 476 0 g
Aimeliik 0 0 265 353 285 341
Koror 0 0 656 799 134 164
Ngchesar 0 Q ¢ ( 38 49
Total 1,196 1,351 2,058 2,577 1,613 2,0p7

3.7.3 Stocks Status

All fishermen in Palau share similar views regagdiapid decline in numbers and sizes of mullet in
Palau. Fifty to sixty years ago, mullet was coastdl abundant throughout the entire Palau waters.
Today, their diminishing average sizes and numbbmild be a cause of concern, otherwise, they
may be overfished to extinction. Possible localinetions of mullet species in other areas in the
Pacific have been documented, e.g. Belal (1994) reported possible extinctionMf cephalusin
Tonga.

3.7.4 Management

Current Legislation/Policy Regarding Exploitation: There is currently no national or state law that
specifically deals with the exploitation of muliatPalau.

The Palau National Code, Title 24, Division 2, Cleafd 3, subchapter I, § 1302 prohibits the use of

dynamite, poisons or chemicals to catch fish. H®weg§1303 of the same law lists exceptions to the
prohibitions as where:
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» the President has granted a written permission;

» the President has determined that the purposetainitg the fish or other marine life is to avoid
the waste or loss of such fish or marine life; &mat the consumption or sale of fish or other
marine life caught by any means the use of whicprahibited,is not harmful or hazardous to
health and human life.

§ 1304 permits the use of local roots, nuts amaatpl which have have the effect of stupefying but
not killing fish, to catch fish.

Section 4 (12) of the Marine Protection Act of 1984hibits fishing using a gill net or surround net
having a mesh size of less than 3 inches measiagdrally. Section 4 (13) prohibits fishing with a
kesokesnet with no bag portion or with a bag portion mava mesh size of less than 3 inches, one
year after the Act’s effective date. Section 6w same Act authorises the Minister to promulgate
regulations to protect species from overharvesiag

Recommended Legislation/Policy Regarding Exploitatin: The same prohibition that protects the
rabbit fish fishery from being overfished should dygplied tokelat fishery as well, e.g. banning
commercial fishing for, selling and buying mulleirothg spawning season. This fish has been part of
Palauan's diet for many years, and it would besatdoss if it is not protected immediately.

Rigorous enforcement of the existing laws, (e.gnagite fishing), is necessary. Additional
considerations could include:

banning or licensing of the use of fish fences fishang method;

imposing a minimum size limit for mullet offeredrfeale;

controlling the use of cast nets, by limiting numshe

prohibiting commercial fishing in Marine Reserves;

banning or limiting fishing during spawning seasorduring migration to spawn;

prohibiting fishing using “local poisons” as theaiffects on marine life are not limited to the

target species. They are lethal to corals, fish attétr marine organism larvae as well as
marine life in general;

total banning of the use of explosives, poisons ahemicals to catch fish, without any

exceptions, for the same reasons as given to ptdluibal poisons”.

R R

U
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3.8 Small pelagics (baitfish)

4
3.8.1 The Resource

Species present Small pelagic species o \ '\\
commercial importance include Selar \“L

crumenophthalmuébig eye scad terekrik or mams
for juvenile),S. boopgyellowband scad terekrik),
Rastrelliger kanagurta (striped mackerel smach, Herklotsichthys quadrimaculatugold spot
herring -mekebud, Hemiramphus faspotted halfbeak bolobe), Tylosurus crododilugrododilus
(crocodile needlefish seko$, and aDecapterusspp. (scad agi€). The ten most common baitfish
species caught with bouki-ami gear in Palau duting 1978-1980 SPC skipjack and baitfish
assessment project in Micronesia include, in deingaorder of quantity landedstolephorus
heterolobus (blue anchovy), Spratelloides delicatulus(blue sprat), Hypoatherina temmincki
(silverside), Dussumieria sp. (sharp-nosed sprathpogon (Rhabdamia) cypseluruguminous
cardinalfish), Spratelloides gracilis (silver sprat), Leiognhatus bindus (slipmouth), H.
guadrimaculatusSpratelloidesp. andSardinellaclupeoides

k.
smacl - Rastrelliger kanaguri

Distribution : Dalzell (1993) gives some details of the distti of the small pelagics in the South
Pacific. The smaller gracile stolephorid anchovigiticularlyE. heterolobaandE. devisiand the
sprats,S. gracilisandS. delicatulugandsS. lewisiin the waters of PNG and Solomon Islands) are
found in the coastal lagoons of the coralline argéag larger anchovies, includifidgpryssa balaema

T. setirostrisand the larger stolephorids suchSasndicusandS. waitei,are often found in lagoons
and passages that are bordered by mangroves. SitierBl (Caesioand related genera) distribution
is determined largely by the extent of coral cowehjch is associated with shallow coastal water
(<30 m depth). The mackerelR4gstrelliger spp) occur further offshore whereas the roundscads
(Decapterusspp.) are found between the neritic and oceamiasawith flying fishes inhabiting both
inshore waters and open ocean (Dalzell and Levdi89)L Kovalevskaya (1982, quoted in Gillett and
lanelli, 1993) notes that flyingfish species comnionhe tropical Pacific have limits of distributio
bounded by 40S and 40 N. Gillett and lanelli (1993) note that depth atieh flyingfish occurs
affect the catchability in night surface fisheriBairing the night, flyingfish is distributed as geas

18 m with about 86 per cent found in the first @idayer (Nesterov and Bazanov, 1986, quoted in
Gillet and lanelli, 1993).

During the 1978-1980 skipjack and baitfish resosiressessment project in Northern Marianas,
Guam, Palau, Federated States of Micronesia andshdbrislands, baitfish species caught in
specified areas in Palauan waters are presenfeabie 3.8.1 as given in Tuna Programme (1984).

Table 3.8.1 Baitfish species caught during the 1978-1980 jakipand baitfish resources assessment survey caiby the SPC Tuna Popgramme in four
locations in Palau. (Source: Tuna Prograni@84).

Locality | Dominant Species | Other Common Species aliyc | Dominant Species | Other Common Species
Rock Islands  Stolephorus heterolobus Selar crumenophthalmus Urukthapel Hbr  Stolephorus heterolobus Spratelloides delicatulus
Archamia lineolata Rsatrelliger brachysoma Sardinell clupeoides Leiognathus bindus
Spratelloides delicatulus Herklotsichthys quadrinlatus Hypoatherina temmincki Rastrelliger kanagurta
Malakai Hbr  Stolephorus heterolobus Leiognathus bindus Urukthapel Hbr  Stolephorus heterolobus Selar crumenophthalmus
Spratelloides delicatulus Herklotsichthys quadrindatus Herklotsichthys quadrimaculatus Hypoatherina tenekin
Hypoatherina temmincki Apogon (Rhabdamia) cypsslur Mullidae sp. Spratelloides delicatulus
Malakai Hbr  Stolephorus heterolobus Herklotsichthys quadrimeaitisi Helen Reef Spratelloides delicatulus Archamia zosterophora
Hypoatherina temmincki Atherinomorous lacunosa Hypoatherina temmincki Apogonidae sp.
Spratelloides delicatulus Leiognathus bindus Spratelloides gracilis Synodontidae sp.
Helen Reef Dussumieria sp. Spratelloides gracilis Helen Reef Spratelloides delicatulus Apogon (Rhabdamia) cypsel
Spratelloides delicatulus Hypoatherina temmincki Hypoatherina temmincki Spratelloides gracilis
Apogon (Rhabdamia) cypselurus Archamia lineolata Spratelloides sp. Crustacea sp.
Helen Reef Spratelloides delicatulus Spratelloides gracilis
Dussumieria sp. Apogon (Rhabdamia) cypselurds
Hypoatherina temmincki Spratelloides sp.

In surveys of marine fishes in 26 sites in the Ng=duu Bay area, Amesbury (1991) obseriRed
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kanagurtain one site and S. japonicus? in two. Joharated. (1994) reported observing spawning
of aDecapterussp. @gi€?) at their study site at Ngerumekaol.

Rochers and Matthews (1992) reported from intersigith fishermen of Kayangel that thousands of
fry of mekebud(gold-spot herring)teber (hardyhead) antherau (sardine) have been seen there but
did not know where actual spawning occurs.

Biology and ecology Most studies on the small pelagic fishes in theifit have concentrated on the
species that are important to the pole-and-lineefig, which include anchovies, sprats and clupeids.
However, "the biology of the small mackerels, ftyifishes, scads and halfbeaks has tended to be
neglected in the region” (Dalzell, 1993). But ongortant study was conducted by Conand (1986)
on the biology and ecology of the larger small gieldishes and the smaller clupeoid species in the
lagoon of New Caledonia (quoted in Dalzell, 1998 sed on their life history parameters, Conand
(1986), Lewis (1990) and Dalzell (1993) separatedttopical small pelagic fishes into three groups
as follows:

Group || Life cycle || size [ Growth || Age sexual Maturity || Spwning period |[ Batch fecundity

1 | < 1year 7-10 cm max rapid 3-4 months extendeidghe 500-1500 oocytes/grm of fish

Species: Stolephorid anchovids feterolobaE. devisisE. punctifej, Sprats §. gracilis S. delicatulusS. lewis) and SilversideHypoatherina ovalau

2 | 1to 2 years 10-24 cm max - towards end firarye restricted seasonal  300-500 oocytes/grm of fish

Species: Herring and sardinétetklotsichthysspp.,Amblygsterspp.,Sardinellaspp.), Larger anchovie3frissinaspp. Stolephoruspp), Sharp nosed
spratDussumierispp.).

3 2-5 years 20-35cmmax - - restricted seasonal 0-600 oocytes/grm of fish (50|
100 for flying fish)
Species: Round scad3€capterusspp), Big eye scadSélarspp), Small mackerelfR@strelligerspp), Flying fish (Exocoetidae), Half beaks
(Hemiramphidae).

Tropical flyingfishes grow rapidly with many spegispawning several times per year. Small species
spawn between 400 and 1,100 eggs at a time, wathatiger forms in certain species in the genera
Cheilopogon Cyselurus and Hirundichthys having fecundity ranging between 16,000 and 23,00
eggs (Gillett and lanelli, 1993; Kovalevskaya, 1982oted in Gillett and lanelli, 1993).

Dalzell (1993) gave a summary table for the growtbrtality and maturity parameters for a number
of small pelagic fish species in the South Pacéit] is reproduced in Table 3.8.2.

Table 3.8.2 Biological parameters for some small pelagic glecies in the South Pacific.

Species || Location [ Looem) || Koyr™ JE Myr™® || tmax(vear) || Lm(em) |[ La/Leo || Ref
Encrasicholina heteroloba  PNG 7.9 2.6 4.9 1.0 5.1 0.65 Dalzell (1984)
Stolephorus waitei PNG 10.9 1.7 3.4 1.5 7.3 0.67 Dalzell (1987, 198P)
Spratelloies delicatulus Fiji 7.3 4.6 6.9 0.4 4.0 0.55 Dalzeit al (1987)
Atherinomorus lacunosus New Caledonia 11.4 2.5 4.1 1.2 8.5 0.75 Conandg)198
Herklotsichthysp. Vava'u, Tonga 14.7 1.30 2.0 16.0 Kiagal (1994)
H. quadrimaculatus Fiji 12.6 2.0 3.5 1.6 9.5 0.75 Dalzell al (1987)
Amblygaster sirm New Caledonia 22.9 15 2.4 2.0 15.0 0.66 Conanég)L9
Vava'u, Tonga 23.2 0.97 15 270 Kiagal (1994)
Decapterus russelli New Caledonia 24.9 1.3 2.1 3.0 18.0 0.72 Conan8g)L9
Selar crumenophthalmus Hawaii 27.0 2.57 3.4 2.0 23.0 0.85 Kawamoto (1973)
Rastrelliger kanagurta New Caledonia 23.7 3.0 3.7 1.0 20.0 0.87 Conanég)L9

Gillett and lanelli (1993) note that flyingfish the tropics generally live to about 2 years of agd
are mature after 10-14 months. In addition, manyhef commercially important flyingfish species
from the generdlirundichthys Cypselurus and Cheilopogongrow to about 20-25 cm and attain
weights of 300-450 g.
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Muller (1976, cited in Dalzell, 1993) presented fpawning season for one of the baitfish species in
Palau, as follows (+ = month when spawning obser{gokak spawning):

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovDec
Encrasicholina heteroloba + + X X + X X + + + + +

Most of the small pelagics are considered planktive, though scads, mackerel and the larger
anchovies feed on small fishes. For flyingfishégjrt food consists mainly of large zooplankton and
small fish (Gillett and lanelli, 1993). Flyingfidiall prey to skipjack tuna and large pelagics ia th
Pacific islands as well as yellowfin tuna as reedrdn the eastern Pacific (South Pacific
Commission, 1980-1985 and Olson and Boggs, 1988gedun Gillett and lanelli, cited above).

3.8.2 The Fishery

Utilization : Species included in this profile as small peldgib species do seem to be an important
resource both on the subsistence and artisanalslei#wever the level of utilisation in the
subsistence is not known. Scadsrékrik have been reported as one of the most imporfaht f
species in Ngatpang, along with humpback snapgenperors and rabbitfish (Maragos, 1994). In
Melekeok, mangroves support schools of sardiS@sach and terekrik form fair portions of the
commercial reef fish landings.

Rochers and Matthews (1992) note that fish spetiest often caught by spearing, are sardines,
jacks, sharks and rays. (Spears traditionally ebnsi a long bamboo shaft with either a single
hardwood point or several barbed points clustevgdther).

Crocodile needle fish is often sold cooked in ohthe food places in Koror.

Johannes (1981) reported that scoop nets aretaseapture flying fish which are attracted by a
kerosene pressure lamp mounted on a canoe in nssonights. Cast nets are used to capklre
guadrimaculatusvhen they aggregate to spawn while the big eydssaee caught by gill nets.

Production and marketing: There is no available information on the levelutfization of small
pelagic species in the subsistence level.

The baitfish resource in Palau was able to suppoldrge commercial fishery from the 1930s.
Between 1964 and 1972 (Muller, 1977 cited in TuragRamme, 1984) estimated that the Palau fleet
of about 12 pole-and-line vessels caught and aeend§4 kg of bait per vessel per night which was
dominated by the anchovg, heterolobusThis species was estimated to sustain an ananae$t of
about 160 tonnes in Palau waters, but occasioialfycatch exceeded 200 tonnes. The baitfishery
operation for pole-and-line ceased in 1982 butaswot due to the lack of bait (Tuna Programme,
1984).

Perronet al (1983) recorded commercial marine animals landedPFFA from 1976 to 1981.

Landing data for small pelagics are recorded inl§&t8.3 as recorded for that periderekrik and
mekebuddominate small pelagic landings for this period.
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Table 3.8.3 Small pelagic fish species purchases at PFFAdmivi976 and 1981.
(Source: Perroet al, 1983).

Year | | Terekrik | Mekebud|  Smach]| Total
1976 Weight (Ibs) 2,609 805 3,414
% wt of total reef fish 1.16 0.36 1.52
Value ($) 633.82 233.25 867.07
1977 Weight (Ibs) 1,414 585 31 2,030
% wt of total reef fish 0.45 0.18 0.01 0.64
Value ($) 454,90 204.75 7.75 6674
1978 Weight (Ibs) 215 1,164 1,37p
% wt of total reef fish 0.07 0.39 0.46
Value ($) 49.75 407.40 457.15
1979 Weight (Ibs) 1,834 3,155 4,98Pp
% wt of total reef fish 0.39 0.66 1.05
Value ($) 642.65 993.14 1,635.19
1980 Weight (Ibs) 958 1,815 583 3,356
% wt of total reef fish 0.21 0.40 0.13 0.74
Value ($) 381.95 502.23 262.35 1,146.63
1981 Weight (Ibs) 678 91 76¢
% wt of total reef fish 0.31 0.04 0.35
Value ($) 305.10 36.40 341p
Mean % wt of 0.43 0.41 0.14 0.74
total reef fish
Mean annual wi 1,285 1,120 252 2,656
(Ibs): 1976-1981

The SPC skipjack and baitfish resources assessmmrktconducted during the 1978-1980 period in
Northern Mariana Islands, Guam, Palau, FSM and MdlIréslands recorded the following bouki-ami
gear catch details of operations in Palau, for tdr'e most common baitfish species, listed in
decreasing order (Tuna Programme, 1984):

Species Total (kg)  Kg per haul Per cent per
haul

Stolephorus heterolobus 1,807 53 55

Spratelloides delicatulus 682 20 21

Hypoatherina temmincki 244 7 7

Dussumieriasp. 241 7 7

Apogon cypselurus 68 2 2

Spratelloides gracilis 55 2 2

Leiognathus bindus 48 1 1

Herklotsichthys 36 1 1

quadrimaculatus

Spratelloidessp. 32 1 1

Sardinella clupeoides 4 <1 <1

Total caught 3,314 97 | 97 |

Hauls 34

Nights 18

Total catch per night 184

The SPC project concluded that the size of theuPlalands lagoon, the availability of good baitfish
habitat and the presence of stolephorid anchowesirmed that Palau Islands have a substantial
baitfish resource (Tuna Programme, 1984). In 19@@sanori Kuniyoshi’'s pole and line vessel
reported monthly catches of small pelagic specdslbows for that year:

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowec Total
Agie 1,400 1,400 700 200 400 900 0 900 400 400 700 07,40
Terekrik 200 200

Reef fish species landings at PFFA for the 199189iod is recorded in Table 3.8.4. Small pelagic
species as included in this profile comprise betweand 10 per cent of the total reef fish landiags
PFFA during the 1991-1993 year period. The highesding (and percentage of reef fish landing)
was in 1992. Species composition of the 1993 spellgic landing at PFFA is presented in Table
3.8.5 which clearly shows thaimachis the main small pelagic species sold, makingnope than 70
per cent of the total small pelagics for all theethyears.
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Table 3.8.4 Reef fish landings at PFFA during the 1990-1988nyperiod. Figures are in Ibs.

Family 1990 1991 1997 199
Acanthuridae 43,81 25,000 14,779 47,344
Assorted reef fish 4,074
Carangidae 11,711 3,801 12,851 10,063
Chanidae 364
Gerridae 648 2,401 1,508 714
Haemulidae 0 q 5 20y
Holocentridae 28( 34 4,543 13
Kyphosidae 2,452
Lethrinidae 57,099 25,93D 22,337 30,795
Mullidae 5,746 875 1,43 3,900
Sphyraenidae 2,96]3
Others 17,904 61,738 85,018 0
Labridae 1,397 604 928 1,442
Lutjanidae 29,123 74,406 56,456 47,676
Mugilidae 1,647 841 1,46 1,465
Scaridae 53,184 13,368 21,380 56,110
Serranidae 21,361 25,408 13,5B6 12,403
Siganidae 69,33 37,814 33,599 29,960
Small pelagics 14,944 29,541 20,388
Total Reef Fish 313,243 287,48p 299,513 272,913
Percentage Small Pelagics 5.p 9f9 715

Table 3.8.5 Species composition of the small pelagic fistaegled at PFFA during the 1991-1993 period.

1991 1992 1993
Category Species Wt (Ibg) Percen] Wt (Ibs) Per cent] Wt (Ibs) Per cent
Small Pelagic Fish Species Smach 12,738 85.2 22,489 76.1 14,525 71.3
Terekrik 2,206 14.8 7,052 23.9 5,834 28.6
Mekebud 29 0.1
Total 14,944 100 29,541 100 20,388 100

Monthly small pelagic landings at PFFA for the 19%9B3 period is presented in Table 3.8.6.
Monthly totals indicate that these species are mgdigelanded throughout the year with peaks
between December and April. Means of species mpidnding for the three-year period indicate
thatsmachis landed throughout the year but highest in Ddmmwith relatively high landings also
from October to MarchTerekrik is also landed throughout the year with the higleegch also
recorded in December. High catches were also redoim March to May, and Augud¥lekebud
was only recorded in December.

Table 3.8.68 Monthly landings of small pelagic species at PFFi§ures in Ibs.

Jan | Feb | Mar[ Apr| May| Jun] Jul | Augd Sep odt Ndv Ddc  all
1991
S crumenophthalmus 237 925 257 230 91 149 42 275 2,206
(terekrik)
R. ganagurta 1,559 592 523 297 1,306 513 1,738 1,892 4,318] 12,738
(smach
Total 1,559 592 523 237 1,222 257 230 1,397 662 1,780] 2,167| 4,318 14,944
1992
S crumenophthalmus 342 528 239 418| 1,127 312 305 437 286 352 2,706] 7,052
(terekrik)
R. ganagurta 1,646 2,609| 2,146 721 518 851| 1,519 1,886 2,036 2,270 1,221 5,066| 22,489
(smach
Total 1,988| 3,137| 2,385 1,139] 1,645 1,163] 1,824| 2,323 2,322| 2,622 1,221| 7,772 29,541
1993
H. quadrimaculatus 29 29
(mekebud)
R. ganagurta 3,111 3,502 2,084| 2,152 1,195 984 392 849 195 61| 14,525
(smach
S crumenophthalmus 429 523 1,713 1,134 125 100 1,551 56 203 5,834
(terekrik)
Total 3,540] 4,025 3,797| 3,286] 1,320] 1,084 392| 2,400 251 0 0 293| 20,388
Means

terekrik 257| 350.3| 650.7( 596.3| 725.7 223| 1783 693| 163.7| 131.3( 91.67| 969.7
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smach 2,105| 2,234 1,584 958 670 612 637 | 1,347 915| 1,336| 1,038 3,148
mekebud 0 0 0 0 0 0 0 0 0 0 0 29

The following table records estimated landings oBE pelagics with their respective value at the
commercial markets (PMCI, PFFA and Oh’s) during 1882-1993 period as recorded in the DMR
“species 91-93” database. The 1993 data from Ohiket covers only January-May.

1991 1992 1993
Species Wt (Ibs) Value (US$) Wt (Ibs) Value (US$) Wt (Ibs) Value (US$)
Mekebud 1,041 558 927 622
Sardines 669 398 403 202 227 121
Smach 12,738 14,198 22,842 28,057 13,899 17,231
Terekrik 3,299 3,572 7,120 8,690 5,834 7,332
Total 16,706 18,168 31,406 37,507 20,887 25,306

Table 3.8.7 records monthly small pelagic spedgsstate, landed at PFFA and PMCI from January
to September, and Oh'’s (Jan-May) 1993. Koror isntlaén source of these species, especsaiiach
Koror and Ngeremlengui supplied about the sametgyant terekrik during the year.

Table 3.8.7: Small pelagic species landings, biestat PFFA and PMCI (Jan.-Sept.) and Oh’s (Jag}ih 1993. States were not specified for landitigsng
Oct.- Dec.

Species State Jan  Feb] Mar[  Apr| May| = Jun] Jull  Aug] sep| Oct] Nov[ Dec| Total
Mekebud Aimeliik 129 129
Airai 182 182
Kayangel 78 78
Koror 79 106 185
Ngeremlengy| 86 86
i
Unlisted 58 180 238
Total 483 106 129 0 180 0 0 0 0 898
Sardine Airai 22 153 175
Unlisted 52 52
Total 74 153 0 0 0 0 0 0 0 227
Smach Aimeliik 225 225
Anguar 115 115
Koror 2,996 3,502 1,859 2,025 1,195 984 392 884 160 13,997
Ngatpang 127 127
Total 3,111 3,502 2,084 2,152 1,195 984 392 884 160 14,464
Terekrik Koror 351 102 769 333 100 1,001 56 2,712
Ngatpang 103 103
Ngeremlengy| 78 421 944 698 125 550 2,816
i
Total 429 523 1,713 1,134 125 100 0 1,551 56 5,631
TOTAL | | 4,007] 4,284] 3926] 3.286] 1,500 1,084 392] 2,435]  216] [ 21,220

3.8.3 Stocks Status

Tuna Programme (1984) estimated that the baitfissource (for pole-and-line) in Palau, is
substantial considering the size of the Palau #i§dagoon, availability of good baitfish habitadan
the presence of stolephorid anchovies No recemrnmdtin exists on the status of the resource
especially for those species which are importarthéodomestic commercial market and subsistence.
Johannes (1981) reported that quadrimaculatugmekebud stocks in Palau have been reduced
through a combination of legal fishing and illeglghamite fishing. However, Dalzell (1993) noted
that although evidence for this decline is conviggiit is based on subjective reports of declimes i
seasonal abundance rather than accurate time ségatch and fishing effort records and supporting
biological data. Small pelagic species landed aEAPHKuring the 1976-1981 year period was
dominated byerekrik andmekebudaveraging 1,285 and 1,120 Ib per year respectieelthe 6-year
period. There were nmekebudlandings at PFFA in 1991 and 1992, and only 29bee recorded

in 1993. However, about 1,000 Ibs per year of fhecies were landed at other markets for 1992 and
1993. The 1991-1993 PFFA data indicate #machcommercial landing has increased tremendously
from an annual average of about 1,500 Ibs per iyetire late 1970s/early 1980s to about 13,000 lbs
in 1991, 22,000 Ibs in 1992, and about 15,000 hb$993. It currently dominates the small pelagic
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local commercial fisheryTerekrik has also shown an increase in annual commeraidings at
PFFA, from about 1,200 Ibs per year in the 1976119&iod, to 2,200 Ibs in 1991, 7,000 Ibs in 1992
and 5,800 Ibs in 1993.

3.8.4 Management

Current legislation/policy regarding exploitation: There is currently no legislation that is
specifically directed at managing the small pelagsources.

Palau National Code, Title 24, Division 2, Chapi&; subchapter |, § 1302 prohibits the use of
dynamite, poisons or chemicals to catch fish. Hewe§1303 of the same law lists exceptions to the
prohibitions as where:

» the President has granted a written permission;

» the President has determined that the purposetainitg the fish or other marine life is to avoid
the waste or loss of such fish or marine life; &mat the consumption or sale of fish or other
marine life caught by any means the use of whicpr@hibited,is not harmful or hazardous to
health and human life.

§ 1304 permit the use of local roots, nuts andtglavhich have have the effect of stupefying kit n
killing fish, to catch fish.

Section 4 (6) of the Marine Protection Act of 19@bhibits fishing while using any form of
underwater breathing apparatus other than a sndketion 4 (12) prohibits fishing using a gill net
or surround net having a mesh size of less thaetimches.

Recommended legislation/policy regarding exploitatin: Managing this resource seems best
addressed through controlling the fishing methosisduto catch them, such as minimum net mesh
size and prohibiting destructive fishing methodshsas explosives. Rigorous enforcement of existing
legislation is necessary.
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3.9 Bottomfish® (deep-water snappers and

groupers)

3.9.1 The Resource

Species present The bottomfish (deep-
water) resource in Palau is dominated .,
snappers (f. Lutjanidae), emperors (f.
Lethrinidae) and groupers (f. Serranidae). Domisaeties in the bottomfish catch include:

sebui?%%telis coruscar

Lutjanus gibbugpaddle-tail or humpback snappeteremlal), L. bohar(red bass (snapperkedesai,
L. kasmira(blue-lined snapper);

Pristipomoides flavipinnigpink opakapaka metengu), P. filamentosugcrimson jobfish imetengu),
P. filamentosugcrimson jobfish -metengu), P. argyrogrammicugornate jobfish -
dudul), P. auricilla (goldflag jobfish - dudul), P. sieboldii (lavender jobfish -
metengu), P. zonatugoblique-banded snapper);

Aphareus furcatuéA. rutilans(rusty jobfish metengui ra tmolech

Etelis carbunculugruby snappersebu$, E. coruscanglongtail snappersebu3;

Lethrinus miniatus(elongatu$ (longnose emperor melangmud, L. variegatus L. kalopterus
(orangefin emperormenges, L. reticulatus Wattsia mossambicykarge-eyebream);

Aprion virescenggreen jobfish udel);

Epinephelus miliarighoneycomb grouperl. morrhua(curve-banded groupetemeka), E. fasciatus
(red-banded groupetemeka), Variola louti (lunar-tailed cod baslokil);

Promethichthys promethe(snake mackerel);

Ruvettus pretiosu®il fish);

Caranx lugubrigblack trevally -omektutay), Seriola rivoliana(amberjack mekeen.

A total of 102 deep-water reef fish species havenbecorded from dropline catches in Palau (Dalzell
and Preston, 1992). Comparison of the number g deef fish species recorded from dropline catches
and lengths of the 100-fm isobath in different tawss in the South Pacific, is given in the same
reference as summarised in Table 3.9.1. Even thBatu has a relative short 100-fm isobath, itthas
second highest deep reef fish diversity, after Fiji

Table 3.9.1 Number of deep reef fish species recorded fropplohe catches and 100-fm isobath. (Source: Dared Preston, 1992).

Counrty/Territory Land Area | Linear distance eadt Isobath length| No. of deep reef slope
(km?) from Palau (km) (n.mi.) species
Palau 460.0 0 232.0 102
Yap 100.2 500 69
Truk 99.9 2,000 88
Papua New Guinea 462,243|0 2,2p0 7,306.0 94
Kosrae 109.6) 3,25 63
Solomon Islands 27,556.p 3,315 2,444.3 23
Marshall Islands 4,00 1,420)0 44
Kiribati 4,500 708.7 78
Vanuatu 11,880.0 4,500 1,400]0 51
New Caledonia 19,103.0 4,750 1,5564.0 65
Tuvalu 5,250 128.7 51
Fiji 18,272.0 5,625 3,000. 107
Wallis and Futuna 265. 5,875 69(9 61
Tokelau 6,250 56.4 49
Western Samoa 2,482.0 6,250 307.8 45
Tonga 646.0 6,374 893.D 68
American Samoa 200.0 6,500 143.3 41
Niue 259.0 6,750 53.] 42
Kiritimati 363.4 7,655 26
Penrhyn 1.0 7,90( 37

3 All landings (weights) for species in this profilge also included in family categories (e.g.
Lutjanidae, Lethrinidae) under “Other Reef Fishdfile.
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Rarotonga 64.0 8,170 29
French Polynesia 9,65p 2,97019 47

Distribution : Deep water species are distributed throughoutrdpcal Indo-Pacific. Throughout the
South Pacific, the most important fish catch congmds of the deep-water fishery, in terms of total
landing and value, comprise snappers and groupdost of the species in these two families are
"widely distributed throughout the central, westand South Pacific although species richness tends
to decline with distance from the Indo-Pacific falioentre, leaving areas like Hawaii with somewhat
fewer species" (Moffitt, 1993). Allen (1985) givem overall general distribution pattern by
subfamilies in the family Lutjanidae as well as Km®wn distribution and identification of individua
species. He also writes that "the family is divisiinto four discrete geographical faunas: eastern
Pacific, Indo-West Pacific, eastern Atlantic andsteen Atlantic” with no species found in more than
a single region. Furthermore, "many species, pddity members ofAphareus, Aprion, Etelis,
Lutjanus, Macolor, Paracaesio, PinjalandPristipomoideshave broad distributions encompassing
wide areas of the Indo-West Pacific region. Somthe$e species such lagtjanus bohar, L. gibbus,

L. kasmira, L. monostigmaand L. rivulatus as well as species dttelis Paracaesio and
Pristipomoidesare frequently associated with oceanic insulaalites. Relatively few species have
greatly restricted distribution and some of thessy e more widespread, but because of their
relatively deep habitat, they are seldom collected"

Moffitt (1993) notes that even though most of theseecies are wide ranging, their relative
composition in catches varies considerably wittatmn.

“The 100-fm (or 200-m) isobath in Palau extendsZ82 n.mi., although there seems to be two sea-
mounts within Palau’s EEZ where bottom fishing hessto be carried out” (Dalzell and Preston, 1992).
Palau has a number of areas of suitable habitaseanounts for deep water fishing, with 75 percent
of the 250 m depth contour lying within 70 m of thearier reef (Taumaia and Crossland, 1980). Best
areas lie off the north, north-east and south-wnesfis. Details of species abundance in differezhsr
are not available. Deep water snappers are genévald between 80-400 m depth in waters adjacent
to the reef edge or on sea mounts and deep waitterapk. Taumaia and Cusack (1989) reported good
catches of the valuable deep-water snagpesarbunculusin depths as shallow as 150 m (80 fathoms).

Surveys in 26 sites in the Ngrmeduu Bay area, Ammgs{i991) reported the occurrences of some of
the species included in this profiles as follows:

Species No. of sites in which species was observe®ther information

Aphareus furcatus 11 out of 21 sites notably high abundance in hefdites
Aprion virescens 3 out of 21 sites

Lutjanus bohar 11 out of 21 sites notably high abundance in hefdites
L. gibbus 14 out of 21 sites notably high abundance in Ghefdites
L. kasmira 1 out of the 21 sites

L. monostigma 8 out of the 21 sites

Macolor niger 12 out of the 21 sites notably high abundanceafithe sites

Johannest al. (1994) reported.. boharspawning at their Ngerumekaol study site.

Biology and ecology For most deep-water species, growth tends tddve and recruitment may be
low, resulting in most stocks being highly susdaptto overfishing if high fishing pressure is stised.

All species are top level carnivores, usually wiighl-5 kg, although some species of serranid
(groupers) reach 30-40 kg.

It has been established that benthic fish and @cesins form an important dietary component for
deep-water snappers and groupers, and that pelegibordates are important prey items for many
Pristipomoidesspecies (Moffitt, 1993). Deep-water snappers anéalk spawners, able to spawn

several times over a prolonged breeding seasomoBegtion takes place in the summer, May to
September in the North Pacific and November to Mathe South Pacific. In Palau, Johaneésl.
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(1994) observed.. boharspawning at Ngerumekaol on May 15 between theOl&rsl 18:25 hour.
Fecundity increases with size and for some speéthess been estimated to be between 300,000 and
2,000,000 eggs. Groupers on the other hand aregymbdus hermaphrodites with an abbreviated
breeding season peaking for 1-2 months. Groupegseggte in large numbers during spawning and
they usually become susceptible to fishing durimg period. Fecundity has not been determined.
Both snappers and groupers are long lived and gimwing. For natural mortality (M), Ralston
(quoted in Moffitt, 1993) found the relationship B18189+2.06K for snappers and groupers.

Kitalong and Dalzell (1994) estimated growth andrtaldy parameters foL. gibbusin Palau as
follows:

Species bo K YA M F E
L. gibbus 39.8 0.400 1.144 0.906 0.238 0.208

3.9.2 The Fishery

Utilization : During the 1980s, Palauan fishermen active inbtbidomfish fishery generally fished in
depths of less than 80 m, using weighted monofitdrandlines of 45-80 Ibs (20-36 kg) breaking strai
wound on pieces of bamboo for storage, with wiaeds and a single hook as terminal gear (Taumaia
and Crossland, 1981). A number of 10.6 m (35 Hefglass displacement hull diesel vessels, donated
under Japanese grant-aid, operated by fishing emtipes and managed by PFFA, are active in this
fishery. Many of the private and PFFA-run boatadlag their catches at PFFA and at other markets in
Koror, utilise hydraulic or hand operated drop-ligear. However, species composition of the catch
landings at PFFA indicates that these vessels ttenarget shallower water reef fish (Annex 2). The
extent of the deep water fishery in Palau todayidear from available data, but species compuosiifo

the landed catch indicates that little effort iscfically directed at the deep water fish resource

Production and marketing: Deep-water species, when caught, are storedspoaied and marketed in
much the same way as reef fish. PFFA paid an asguege of $1.65 per kg for deep water species
during 1991.

Production figures for deep-water fishes are scafemilable commercial landings data at PFFA
indicate few true deep-water species are landedoiExtigures are not broken down to species or
species groupings, and therefore it is not cledrei$e snappers are exported via another market.

Catch details, including weights by species, dutimg SPC dropline fishing assessment in Palau
between 1979 and 1987 are given in Dalzell andtémngd.992). The overall results are summarised
in Table 3.9.2 as given by the same authors.

Table 3.9.2 Summaries of catches by the SPC deep-water distisessment in Palau between 1979 and 1988. ¢S@atzell and Preston, 1992).

Total Total D-B Total catch without | Average | Average per
Area Date #trips | reel-hours | catch (kg) sharks (kg) per trip reel-hour
Nothern and central Palau 13 Nov 79-21 Jan 40 1 660 2,136.0 1,972.0 179.0 3.0
Ngardmau, Koror, Peleliu] 17 May 83-20 Oct 83 42 1,500 8,560.0 6,937.0 165{2 4.6
Kayangel, Melekeok,
Ngchesar, Ngiwal, Ngaraard,
Angaur, Ngecherlong
Koror 14 Oct 87-27 Apr 88 13 287 565.8 500.8 38. 71
Southern area 14 Oct 87-27 Apr 8§ 3 76 225.3 25. 75.1 3.0
Northen area 14 Oct 87-27 Apr 88 7 164 512.9 471.4 67.3 2.9

Perronet al (1983) compiled commercial marine animals puredast PFFA for the 1976-1981

period. The major bottomfish species recorded arengin Table 3.9.3 with corresponding weights
and value. The data shows vast increases in catitireyy the 1979-1981 period. This is probably
due to the SPC bottomfish assessment prdfesemlaldominated landings for all the years. Species
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breakdown was not possible on 1983-1989 catch data.

Table 3.9.3 Bottomfish landings recorded at PFFA for the 19981 period. (Source: Perrehal, 1983).

Species | | 1976 1977] 1978| 1979 1980 1981
Keremlal Weight (Ibs) 15,574 7,043 2,801 15,169 28,504 23,699
Value ($) 4,684 2,465 1,133 6,839 16,773 15,719
Kedesau Weight (Ibs) 2,071 2,760 992 2,702 5,148 4,112
Value ($) 593 953 217 744 1,563 1,515
Metengui Weight (Ibs) 535 35 165 2,972 21,799 3,044
Value ($) 136 12 58 1,402 10,687 1,499
Dudul Weight (Ibs) 443 884
Value ($) 214 514
Sebus Weight (Ibs) 682 190 105 341 5,523 263
Value ($) 212 67 47 133 3,056 124
Melangmud Weight (Ibs) 2,713 148 35 4,873 3,908 5,135
Value ($) 872 51.8 12 2,065 2,190 3,065
Menges Weight (Ibs) 34 126 14
Value ($) 13 63 8
Udel Weight (Ibs) 502 487
Value ($) 235 292

DMR Annual Report for 1990 lists the 22 most impattcommercial finfish landed at PFFA during
1990 on a monthly basis. Those listed and whictehmen classified as bottomfishes are presented
in Table 3.9.4. Fish species have been categosisaarding to estimated fishery. Of thekeremlal
dominates the fishery, followed lbyetengui

Table 3.9.4: Monthly estimates of commercial boftsmlanding at PFFA during 1990. Figures are is. IiKeremlal was reported as being caught both by
speargun  and handline).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ttal
Lutjanus gibbus 596 904 284 280 1,72 2,038 725 2,2B0 1,437 25109 1| 902 13,788
(keremla)
L. bohar 62 21 122 194 103 6 229 609 536 51 1,938
(kedesal
Pristipomoidessp. 126 497 98 96 421 1,37p 2,26 2,452 108 1,909 12,2
(metengu)
Lethrinus elongatus 261 22 554 199 127 654 1,817
(melangmud

Landings at PFFA for 1991, 1992 and 1993 of spediassified here as bottomfishes are given in
Table 3.9.5. The 1993 landings at PMCI and Oh's-day) are added separately. Of the species
considered here as bottomfidderemlal (L. gibbug forms about 50 per cent of the annual landing
each year.

Table 3.9.5 Bottomfish commercial landings at PFFA for 19910992, and PFFA, PMCI and Oh'’s (Jan-May) durie3L Figures in Ibs. (Source: DMR
Annual Report for 1992 and database).

1991 1992 1993

Palauan Species PFFA PFFA PFFA PMCI OH's
Keremlal Lutjanus gibbus 48,061 39,420 36,118 1,760 584
Metengui* Pristipomoidessp. &Lethrinussp. 11,928 5,756 5,728 140
Kedesau Lutjanus bohar 10,658 8,107 7,574
Melangmud Lethrinus elongatus 6,743 9,599 11,794 6P
Sebus Etelissp. & somd_utjanusspp. 2,474 1,544 2,15p
Dudul Pristipomoides argyrogrammicug P. 1,136 828 1,322

auricila.
Besechamel Monotaxis grandoculis 23 100 28
Udel Aprion virescens 486 682 349
Total 81,509 66,036 65,069 1,760 826

* Lethrinus haematopteruk. mahsenoidessymonocranius japonicy®ristipomoides sieboldéndP. filamentosus roseus
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The 1993 total monthly landings at PFFA for specielected as bottomfish is given in Table 3.9.6
with their respective values. All of the specieg apold at more than $1/Ib. One of the species
included in this profile, nameli. gibbus(keremla) forms a major component in the commercial
landings of finfish in the whole Palau fisherieswhs estimated to make up 10 per cent of the ten
most common species in the commercial reef fisditags in Palau between 1976 and 1990 (DMR
Annual Report for 1992). The 1993 bottomfish lamdirat PFFA indicate thaeremlal make up
about 57 per cent of the bottomfish catch, folloveganelangmud(19 per cent) ankedesau12 per
cent). The fishery is generally spread throughbatytear with higher catches in the earlier months
peaking around March/April, as indicated by the388ta, especiallgeremlal

Table 3.9.8 Monthly PFFA 1993 Market Landings of bottomfighesies.

% %

Item Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Total Wt $
Besechamel (lbs 28| 28 0.0

$ 28| 28 0.0
Melangmud [lbs 261 1,252 1,979 397 623 282 1,554 1,982 1,707 502 368 889 11,795 18.5

$ 287 1,364 2,158 437 685 3100 1,674 1,987 1,707 437 313 756| 12,113 16.7]
Metengui lbs 99 148 729 65| 406 192 1,163 227 2,467 232 5,728 9.0

$ 112 192 984 75 464 240 1,454 284 3,067 307 7,179 9.9
Udel lbs 13| 28 145 113 50 349 0.5

$ 14 28 129 96 43 309 0.4
Dudul lbs 182 123 147 870 1,322 2.1

$ 237 151 162 957 1,506 2.1
Edui lbs 158 158 0.2

$ 134 134 0.2
Kedesau lbs 364 754 1,603 1,609 159 632 203 433 1,294 5200 7,574 11.9

$ 384 859 1,763 1,770 159 632 203 363 1,110 442 7,685 10.6
Keremlal lbs 1,766 2,961 6,444 6,099 2,213 2,150 1,160 4,107 3,259 1,184 2,753 2,039 36,11 56.5

$ 2,079 3,849 8,697 7,727 2,434 2,365 1,319 5,128 3,269 1,184 2,744 1,758 42,544 58.6
Sebus lbs 112 90| 457 19 424 889 164 2,155 3.4

$ 151 122] 503 21 5300 1,111 205 2,643 3.6
Total (Ibs) 2,501 5,125 10,887 8,261 2,84 2,899 3,304 6,974 6,765 3,390 7,329 3,740 63,914 100.9
Total ($) 2,869 6,274 13,779 10,144 3,129 3,189 3,651 8,044 7,173 3,519 7,677 3,314 72,641 100.9

Bottomfish species landings by state at PFFA dutimggfirst nine months of 1993 are presented in
Table 3.9.7Kedesauy keremlal andmelangmudinvolve eight or more states wikkeremlal having
the highest number of states. During the nine ngrite highest quantity dferemlal was landed
from Ngeremlengui and Ngerlong followed by Koroorkedesau the highest amount was landed
from Koror followed by Ngerchelong and Ngeremlenddgerchelong and Ngeremlengui landed the
highest amount ofmelangmudfollowed by Koror and Peliliu while Anguar landéte mostdudul,
metenguiandsebus
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Table 3.9.7 Bottomfish landings at PFFA in 1993 by state.

Species State Jan Feb Mar Apr May Jun| Jul Ajyg  Sg¢potal T
Dudul Angaur 182 61 147 870 1,260
Peleliu 62 62
Kedesau Aimeliik 17 17
Airai 27 27
Angaur 10 96 106
Koror 333 387 430 674 159| 485 83| 2,551
Ngaraard 18 18
Ngerchelong 332 115 459 309 257 1,172
Ngeremlengui 178 508 608 120 1,414
Peleliu 20 110 67 197
Keremlal Airai 30 30
Angaur 106 267 276 41 77 117 259| 1,143
Kayangel 920 82 1,002
Koror 1,139 1,008[ 1416 486 58 929| 802| 888 6,726
Melekeok 133 133
Ngaraard 189 335 116 60 20 720
Ngardmau 35 35
Ngatpang 221 94 58 379
Ngerchelong 15! 710 1,628| 1,800 293 91| 3,052| 1,882] 9,615
Ngeremlengui 9] 775| 2,508 3,517| 1,785 1078 212 20| 9,992
Peleliu 153 498 186 16 209 1,062
Melangmud Aimeliik 41 41
Angaur 45 31 76
Koror 62 326 159 39 423| 331| 488 1,828
Ngaraard 32 5 52 15 104
Ngatpang 24 77 67 172
Ngchesar 120 36 156
Ngerchelong 15 512 915 301 99 1,340 386[ 3,706
Ngeremlengui 4 144 195 105 322 70| 1,131 45 84| 2,136
Peleliu 40, 193 673 92 147| 734 1,879
Metengui Angaur 55 56 202 819 1,132
Koror 99 31 243 65 106 192 67 803
Ngaraard 28 41 98 53 220
Ngchesar 15 158
Ngerchelong 34 22 224 280
Ngeremlengui 22 267 289
Sebus Angaur 60 218 19 424 721
Koror 100 100
Ngerchelong 69 69
Peleliu 52 90 70 212
Udel Angaur 13 13
Koror 28 28

3.9.3 Stocks Status

Taumaia and Crossland (1980) undertook a survedeep snapper fishing potential on reefs around
Babelthuap Island, using deep-water Samoan-typel-tesmts with standard 3 hook terminal gear.
Eleven trips resulted in 2,210 kg fish consistifigh® species representing 9 families. 16 species of
snhapper (Lutjanidae) made up 53 per cent of thehcatith serranids (13.6 percent) and carangid<. (13
percent). Catch rates were considered poor, aodfjsh prices at that time made the development of
the fishery not economic. In contrast, Taumaia @udack (1989), following on from Taumaia and
Crossland's (1980) earlier visit, conclude thatéagive deep-bottom grounds holding substantiaksto
of valuable species of snapper" exist in Palau khit 1983, were "unexploited or under-exploited".
These authors state that the existence of wellhsgd fishermen's co-operatives, adequately eqdippe
catching platforms, shore facilities and a largealanarket indicate viable development of fishing f
deep-water snappers.

The most recent bottomfish assessment is a sixhsosurvey conducted by the SPC's Deep Sea
Fisheries Development Project in 1987-88 (Chaprh@88). Droplining was conducted on seamounts
and deep hard-bottom up to 200 m deep. The avexagh rate obtained was 1.84 kg/reel hour for
droplining (2.0 kg/reel hour for trolling), as coarpd to 3.0-4.5 kg/reel hour on previous visitse Th
best catch rates were obtained in the north anth smeas of the barrier reef, with poorest catches
around Koror. Again, these rates were consideneddad it was concluded that the deep-water snapper
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resources of Palau are limited. One significardifig was that deep-water species were caught it muc
shallower depths (down to 180 m) than is genetbh#ycase elsewhere in the Pacific. This could lee du
to bottom definition or temperature profiles, whitéive been assumed to limit the available hatotat f
deep-water species in Palau. The catdhtefis spp. was far less off the east coast comparedtidte

in the west. A sunken reef between Angaur and iBej@lded the highest catch rate of 2.94 kg/reel
hour and offers good potential, but currents indiea are strong. Overall, the survey assessatbde
water snapper resources to be habitat-limited,taekfore of low development potential. Deep water
fishing using droplining and vertical longline wast considered economic in Palau by the Project.

Amesbury (1991) reported the results of quantiasiurveys in two sites in the Ngermeduu Bay area as
follows, for species discussed in this profile:

Site 24 Site 25
50x2-m 5-m 2-m 5-m 2-m 50x2-m 5-m 2-m 5-m 2-m point
transect  point point point point transect point point point count
Species count count count count count count count count count
L. gibbus 100 200
Macolor niger 3 3

Dalzell and Preston (1992) noted that the MSY fottdmfish in Palau would be expected to lie
between 16.2 and 48.7 t/yr and estimated thatisherfy was approaching MSY by 1988.

Apart from the visits of the SPC Deep Sea Fishddegelopment Project, which have helped identify
fishing grounds, demonstrate techniques to locgiefimen, identified species composition of the
resource and tested market acceptability of theabd# species, no formal assessments of the
sustainability of deep-water resources have bedartaken.

3.9.4 Management

Current legislation/policy regarding exploitation: There is no existing legislation that specifigall
adresses the management of the deep-water bogbemyfi Current government policy to increase off-
shore fishing in order to reduce pressure on raates shallow water stocks may increase pressure in
future, resulting in necessary management inputs.

Recommended Legislation/Policy regarding exploitatin: None appears to be required at present. An
initial assessment of available fishing area, aotdmial yield using length frequency and catch-per
unit-effort data to estimate fishery parameterkwahg calculation of equilibrium yields from total
biomass models, such as those proposed by Pol¢{8&v) would be useful in planning for the
exploitation of this resource.

Chapman (1988) recommends further fishing surveyketermine deep-water snapper fishing potential
in Palau.

Efforts should be invested to separate data fatit@s at the commercial markets according to their
specific fishery, e.g. bottomfish, shallow-wateefrésh etc. Because of the problem of having more
than one species with the same Palauan name, edimenon English names or scientific names (genus
or even species in most cases) should be usedarrelzording. These two factors made the current
estimation of the landings from this particulahésy very difficult.
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3.10 Tuna
3.10.1 The Resource

Species presentCommercially important species ¢
tuna that occur in the Palau EEZ includéiunnus
albacares(yellowfin tuna -tekuu), T. obesugbigeye :
tuna), T. thynnug(Northern bluefin tuna)T. alalunga tekuu - Thunnus albacar

(albacore) Katsuwonus pelamigkipjack -katsug, Gymnosarda unicolodogtooth tuna)Euthynnus
affinis (kawakawa sodg.

Williams (1991) reports that ninety five per ceftlze airfreight tuna for the sashimi market indap
from Palau is made up df albacaresandT. obesus

Distribution : Tuna and billfishes inhabit surface oceanic tapand temperate waters of the Atlantic
Pacific and Indian Oceans (Josegital, 1988). Taxonomically, 61 species are groupedthagen the
sub-order Scombroidei, which is commonly recognieecbmprise three families: the Scombridae (true
tunas, bonitos, seerfishes and mackerels), Istiigde (spearfish, sailfish and marlins) and Xipdhéd
(swordfish). These families contain species whigphpsrt some of the most important commercial
fisheries for food and sportfishing in the worldunk resources are undoubtedly the single most
important renewable resource available to the dslaations of the Forum Fisheries Agency for
commercial exploitation.

Many species undertake extensive migrations duhaiy life cycle, presenting particular problems fo
effective management of the resource. Internati@oalperation and harmonisation of management
regimes is essential for effective management it istocks.

Collette and Nauen (1983) give the general geoggapHistribution of the scombrids including the

tunas. They provide the following geographical ritisttion information concerning the tuna species,
for those which have been recorded in Palau wafatditional and more specific information from

Hampton (1993) is also included:

Skipjack tuna- cosmopolitan in tropical and warm-temperate vgateut absent in the Black Sea.
"Skipjack are highly mobile and are capable of strieted movement throughout the Pacific Ocean.
Most spawning seems to occur in the western Pagtfiere most of the catch is also taken. Tagging
results show substantial mixing of skipjack fromlippines and eastern Indonesia to at least 150° W.
However movement, at least of adult skipjack, betwthe central and eastern Pacific appears more
limited".

Yellowfin tuna - worldwide in tropical and subtropical seas oé tRacific Ocean, without any
obvious barriers to movement, but absent from tlegliddrranean Sea. "There is some evidence from
fisheries, tagging and biological data that intarde between the eastern and western Pacific
(divided at 150° W) is limited".

Mackerel tuna throughout the warm waters of the Indo-West fRagicluding oceanic islands and
archipelagos. A few stray specimens have beenatellén the eastern tropical Pacific.

Dogtooth tuna- tropical Indo-West Pacific from the Red Sea arabtEAfrica east to Japan, the
Philippines, PNG, and Australia and out into tHarids of Oceania.

Albacore- cosmopolitan in tropical and temperate wateralbbceans, including the Mediterranean

Sea, extending north to 45 to°5énd south to 30 to 4Mut not at the surface betweerfiGand 10
S. "Fishery data and tag returns suggest that @lbaicn the North and South Pacific constitute
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separate stocks. These data, along with gene fnegwata, further suggest that albacore throughout
the South Pacific should be considered as a sstgtk".

Bigeye tuna worldwide in tropical and subtropical waters loé tAtlantic, Indian and Pacific oceans,
but absent from the Mediterranean. There are ctiyriamited data to test stock structure hypotheses

Frigate tuna- probably cosmopolitan in warm waters but there anly a few documented
occurrences in the Atlantic Ocean.

Southern bluefin tunaprobably found throughout the Southern Ocearhsoi30° S.

Northern bluefin tuna at least two subspecies with one in the Atlaand the other in the Pacific.
The Pacific subspecies occurs in the Gulf of Alaskaouthern California and Baja California in the
eastern Pacific, and in the western Pacific itnewn from Sakhalin Island in the southern Sea of
Okhotsk south to the northern Philippines.

Biology and ecology All species produce buoyant eggs, containing iardroplet. Tuna eggs are
around 0.04 mm diameter (billfish eggs tend todiber larger). Larvae at hatching are around 2.5 mm
long, and grow at a rapid rate. All species arenlliidecund, producing around 100,000 eggs per
kilogram of body weight. All tunas and tuna-likeesges are apex predators of fish, squid and crestac
The smallest species, the bullet and frigate turaaiely exceed 3 kg weight (6.6 pounds), whereas th
Northern bluefin can exceed 700 kg (1,500 poundsljowfin attain 2.4 kg in 1 year, 15 kg at 2 years
43 kg at 3 years and around 80 kg at 4 years. [Bétaformation on growth rate, longevity and bmo

of most tuna species is poor (Josephl, 1988).

Smith (1992) notes that even though the tunas tbherbasis of one of the world's largest fishéries
many of the parameters regarding their life histarg still unknown. Many tuna species migrate
considerable distances, swimming continuously. Téagysubstantial amounts of food and have rapid
growth. Many species maintain core body temperatgseyeral degrees above the surrounding sea
temperature. Open sea species feed largely onlagipdishes, squids, and crustaceans. Near-reef
species also utilize the larval and early juvestiages of reef fish and crustaceans as prey. Reef-
associated species prey on large zooplankton brdtzupying the water above the reef (Myers,
1989).

3.10.2 The Fishery

Utilization : Most commercial tuna production in Palau is auityeexported, primarily for the Japanese
sashimi market. There are no plans to establisievadided processing (eg. canning) at present.glesin
domestic pole-and-line vessel operated by a lamapany provides fresh tuna to the domestic market.
This vessel limits effort according to local demafAdeview of the longline trans-shipment actigtie
Palau is provided by Williams (1991). Fifty Japaméngliners and thirty purse seiners were licensed
by PMA to fish in Palau’s EEZ. Three companiesehagcess agreements: 1) Palau Marine Industries
Corp. (PMIC) has an access agreement for maximut2@fessels, but only 93 were active in 1993; 2)
Palau International Traders Inc. (PITI) has an s€@greement for a maximum of 250 longliners but
only 145 were active in 1993; 3) Kuniyoshi Fishidigmpany (KFC) has an agreement for a maximum
of 70 vessels with only 11 in operation in 1993;dgomic Development Plan, Vol. 1, 1994). All PITI
fishing vessels are Mainland Chinese while PMICrafeel 52 Chinese and 41 Taiwanese vessels.

4Stamatopoulus (1993) ranks the production, in taeifle Ocean, of tunas, bonitos and billfishes
fourth on the list of ISSCAAP species groups faxdilomous and marine fish and crustaceans and
molluscs for 1990, after 1). herrings, sardineshamies 2). cods, hakes, haddocks and 3). mi&t. fi
species
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Palau signed the Multilateral Treaty on Fisheriesngen the Governments of Certain Pacific Islands
States and the Government of the United Statesnofrfca on 16 October, 1987. The treaty allows
US purse seiners to fish in EEZs of those Pacifenid States that sign the treaty for a set fee.

Production and marketing: Vessels operating under access arrangementstdandatheir catches in
Palau. The three commercial companies based onr Kqmort catches by air freight for the fresh
sashimi market in Japan, and also by reefer veseassingle domestic pole-and-liner produced 87 mt
of fresh tuna in 1990, all sold on the local market

Commercial fishing for skipjack did not start inl®auntil the Japanese gained control of the teyriat

the beginning of World War |, when live bait andgpand-line fisheries were developed in Saipam the

Mariana Islands and then Palau. Catches increapdly throughout the 1930s in Micronesia, reaching
33,000 mt per year in 1937, over 75 per cent ofchvltiame from Palau and Truck (now the State of
Chuuk) (Rothschild and Uchida, 1968).

Exploitation ceased during World War 1l. From 1964 Van Camp Seafood Company of the United
States operated a live bait fishery for surfacasun Palau, taking around 6,600 mt of skipjackuafin
between 1978-1981 with 8-15 locally based polelar@vessels manned mainly by foreign crews. It
ceased in 1982 as a result of depressed tuna marketeased fuel costs and growth in purse-seine
fishing.

Catch statistics derived from published recorddagfanese and Taiwanese longliners catches within
the estimated EEZs of the South Pacific Commisar@a between 1962 and 1977 are summarized in
Table 3.10.1(a) for Palau as reported in SkipjagdgfRamme (1981). Catches are in humbers of fish
and effort in 1,000 hooks and includes other cacheh as billfishes, marlins and sailfishes, which
are discussed under the "Other Pelagics" profiléhia document. Klawe (1978) converted the
numbers of fish to weights but unfortunately, théseGuam, FSM, Northern Marianas and Palau
were pooled together. Skipjack Programme (198®)rted Japanese skipjack fishing effort and catch
within the estimated EEZ's of the SPC area for 18&2-1978 period. Table 3.10.1(b) records the
estimated landings by the Japanese pole-and-be¢ifi Palau waters for this period.

Table 3.10.1(a} Longliners catch in Palau waters from 1962 t@d71@atches are in numbers of fish. (Source: SkfipRrogramme , 1981).

Year Country Hks/1000 B/firr Alba | Bleye| Y/fin | Broadbill| Str. mar| Blu. mar| Bla. mar| Sailfish| S/jack Small
tuna
1962 Japan 2,718 2 220 10,217 46,948 299 185 2,807 270 1,968 33
1963 Japan 1,182 0 1,126 4,917 23,295 297 59 715 9 21 665 1 0]
1964 Japan 1151 14 749 3,466 21,007 177 88 1,443 1 12 817 90
1965 Japan 4,796 61 12,626 13,673 74,169 968 743 1983, 501 2,387 489 D
1966 Japan 2,634 23 4,516 9,502 38,492 416 111 31,92 263 991 88 [¢
1967 Japan 1,849 38 532 6,733 23,425 348 59 1,031 53 2 688 94 q
Taiwan 2 0 5 6 39 0 0 2 1 0 0 0
1968 Japan 2,358 21 570 10,746 29,979 541 64 1,404 270 353 325 ¢
Taiwan 17 0 1 124 630 2 0 8 0 0 0 4
1969 Japan 1,258 2 1,051 3,943 19,084 176 43 588 87161 111 0
1970 Japan 1,099 2 1,083 3,776 15214 110 11 1,091 77 190 112
1971 Japan 934 0 732 3,252 14,152 149 21 646 104 59 12 0
Taiwan 10 0 0 19 113 0 0 9 1 1 0 0
1972 Japan 855 3 643 4,615 8,726 311 41 664 49 36 4 1 0
Taiwan 73 0 10 619 1,551 0 0 8 0 0 0 0
1973 Japan 2,007 2 1002 7,836 37,186 271 97 2,108 199 796 186 [«
Taiwan 98 0 0 242 2,782 7 6 39 1 0 0 0
1974 Japan 4,067 7 1,908 15621 79,271 466 122 12,58 255 397 350
Taiwan 283 0 66 417 8,892 12 0 127 8 31 0 0
1975 Japan 2,995 5 1,249 9,429 50,041 374 33 1,798 161 128 58 [0
Taiwan 94 0 3 229 1,788 15 0 4 0 0 0 0
1976 Japan 3,441 0 753 12,270 61,146 513 117 1,195 195 357 44 o
1977 Japan 1,542 1 255 9,105 25,202 196 14 584 44 2 9 25 0
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Table 3.10.1(b): Estimated pole-and-line catches by the Japdiestenithin Palau waters, 1972-1978.

Catches in tonnes. (Source: Skipjack Rrogne, 1980).

Year Boat days S/jack Alba. Y/fin B/fin Bleye Frig. Other
tuna
1972 396 1,446 0 16 0 4 0 5
1973 982 5542 0 89 0 8 0 16
1974 599 3,255 7 9 50 2 0 1
1975 216 768 0 51 0 7 0 4
1976 654 1,849 0 13 0 0 0 4
1977 341 1,351 O 10 0 0 0 6
1978 308 1,356 1 20 0 1 0 10

Perronet al (1983) recorded the following tuna species pwebdy PFFA for the 1976-1981 period:

Species | Item | 197p 1977] 1978 1979 1980 1981
Katsuo Wt (Ibs) 1,585 25,770 70,666 133,771 24,280 4,320
Value ($) 253 3,966 11,014 26,535 4,447 433
Karengab Wt (Ibs) 75 1304 287
Value ($) 26 569 154
Tekuu Wt (Ibs) 4,235 3,447 13,556 5,605 6,588 7,709
Value ($) 1061 457 3,797 1,205 2,962 4,360
Katsuo-soda W (Ibs) 6,431 3,290 7,072 6,654 1,660
Value ($) 546 305 786 1,088 184

At the request of the Division of Marine Resourceajau, a project was conducted by SPC from
November, 1991 to October, 1992 to assess tun&aledropline in the Republic. The trials were

unsuccessful for catching the target spediea/bacaresandT. obesugWatt, 1992).

Basic production figures are available for foremgress fisheries. Data for domestic joint venture
companies and the one private pole-and-line vesseincomplete, primarily because neither DMR or
PMA have the technical staff to collect and analyas available, and lack of reliable data suppted

these companies.

The total annual landings by the Japanese longlibetween 1985 and 1990 in Palau's EEZ are

presented in Table 3.10.2. The catches were doadiitst yellowfin and bigeye.

Table 3.10.2 Total landings (mt) by Japanese longliners opeyatnder foreign access arrangements, 1985-1990.

Year Alba- Yellow- Strp Blue Black | Sword-
core | Bigeye fin Bluefin marl marl marl fish Sailfish [ Others Total

1985 1.67| 270.02] 559.09 2.53 32.66 3.94 17.6 0.10 57.43 945.04
1986 0.69] 54.84 92.49 1.37 4.33 0.84 2.71 0.08 0.00 157.35
1987 0.05 27.31 25.94 0.04 0.77 0.16 0.73 0.06 0.00 55.06
1988 5.39] 19.82 46.96 0.04 1.81 0.09 0.68 0.00 0.03 74.82
1989 5.24| 772.86[ 547.89 1.00 41.70 2.38 13.22 0.25 1.70| 1,386.24
1990 1.16] 580.49| 660.90 0.30 31.00 2.57 17.66 0.23 2.44| 1,296.75

Fishery parameters for Japanese access longloret885-1990 period in Palau’s waters are as falow

Annual longline catches in Palau’s Exclusive Ecomo#one for the 1990-1993 year period are
presented in Table 3.10.3, by flag. The combingdhes for the period indicated that bigeye and

Year No. vessels Logsheet days  EEZ days Fishing day
1985 51 1,450 1,450 1,220
1986 20 291 291 230
1987 4 98 98 84
1988 8 145 145 115
1989 54 1,879 1,879 1,524
1990 47 1,609 1,609 1,308
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yellowfin consistently dominated the landings. Seswise, bigeye catches predominate although

yellowfin catches are very close.

Table 3.10.3 Longline catches in Palau waters, by flag. Figuree in kg. (Source: FFA database).

Flag Logsht.| Albcore | Yellowfin | Bigeye | Bluefin| Stripe | Black | Blue | Sword- | Sailfish| Shark| Othe
Days marlin | marlin | marlin fish

1990

China 1,540 3,267 90,054 162,816 540 0 70 0| 15,576] 29,941 23,007 5,612
Japan 2,018 6,177| 749,952 747,085 0 534| 3,222| 34,032] 20,760 226 0| 3,439
Taiwan 5,143 3,800, 331,941 309,634 1,385 1,726 35,372 4,612| 38,214 22,347 73,759 60
Total 8,696| 13,244 1,171,947 1,219,53§ 1,925 2,260| 38,664 38,644 74,550 52,514] 96,766 9,111
1991

China 3,481 0f 330,439 367,963 562 0 0 0| 36,378 62,090 21,124 39,498
Japan 1,169 580| 341,660 492,031 0| 1,156] 2,642) 22,375 10,382 435 0| 1,877
Taiwan 1,709 0| 149,246 165,661 0 185 579 142 179 614| 18,108 13,719
US 7 0 525 250 0 0 0 0 0 0 0 0
TOTAL 6,365 580| 821,870 1,025,905 562| 1,341] 3,221 22,517 46,939 63,139 39,232 55,094
1992

China 6,947 0f 851,157 916,982 0 0f 11,515 931| 13,834 8,941]| 11,036 35,245
FSM 6 0 250 360 0 0 0 0 0 0 0 0
Japan 78 300| 144,418 187,828 160 200 463| 6,259] 1,883 0 0 62
Taiwan 3,103 1,370] 379,219 524,331 440 259| 2,536] 9,431 2,786 187| 3,259| 10,913
TOTAL | 10,831] 1,670 1,375,044 1,629,501  600] 459 14,514] 16,621] 18,503 9,128 14,295 46,220
1993

China 2,954 110{ 133,878 218,207 60 427| 16,653 1,911] 16,2400 1,808 9,572| 3,272
Japan 6] 0 12,119 21,280 150 0 0] 1,795 209 0 0 0
Taiwan 216§ 488| 291,851] 322,121 827| 4,031| 6,595| 40,239] 21,207| 3,754| 46,177 615
TOTAL 3,233 598 437,848 561,608 1,037| 4,458 23,248 43,945 37,656 5,562| 55,749 3,887

Table 3.10.4 presents total annual catches madeaiau’'s EEZ for the 1985-1993 year period by the

Japanese purse-seiners together with fishery péeesne

Table 3.10.4(a) Total landings (mt) by Japanese purse-seinensatipg under foreign access

arrangements, 1985-1990.

No. Logsheet| EEZ Fishing
Year Skipjack| Yellowfin | Bigeye Total vessels| days days days
1985 5,777.00  3,136.00] 42.00( 8,955.00 27 277 277
1986 1,402.0d 428.00f 11.00| 1,841.00 14 78 78
1987 1,985.00 979.00 0.00| 2,964.00 17, 161 161
1988 3,247.0(C 809.00 9.00| 4,065.00 14 141 141
1989 10,204.00  3,104.00| 50.00( 13,358.00 28 600 600
1990 746.00 1,058.00 6.00| 1,810.00 12 75 75

Table 3.10.5 presents monthly purse seine catchBslau waters by various fleets for the 1989-1993
year period. With the exception of 1989, catchesmsdo indicate that purse seine operations
concentrate in Palau waters during the first hiathe year. In 1989, skipjack made up about twodhi

of the catch with yellowfin making up one-third.geiye made up a small portion of the total annual
catches. However, catches in 1990 was made upyraigiellowfin. In 1991, skipjack again dominated
purse seine catches, making up about three-fifttiseototal. Not much purse seine fishing operation
were recorded in 1992 and 1993. However, the 188havas dominated by yellowfin making up more
than 50 per cent of the toatl catch.
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Table 3.10.5: Monthly purse-seine catches in Palau watersci@astin mt. (Source: FFA database). Blank spacemtimean absence of
fishing boats.

Year/ Flag Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov c Ddotal
species
1989
Skipjack  Japan 413.0156.0 1,326.0 3,364.0 3,916.0 581.0 235.0 2.0 189.0 20.0 17.0 10,219.0
USA 258.5 342.0 600.5
Total __________. 413.0 156.0 1,326.0 3,364.0_3916.0 8395 2350 _ 2.0 5310 200 170 _0.0 10,819.9
Yellowfin Japan 274.0 32.0 206.0 612.0 1,041.0 269.0 247.0 30.0 331.0 5.0 48.0 3,095.0
USA 47.2 977.3 1,024.5
Total _ _________ 2740 320 _206.0 6120 10410 3162 2470 30.0 1,3083 50 480 0.0 41195
Bigeye Japan 0.0 0.0 1.0 10.0 19.0 10.0 7.0 3.0 0.0 0.0 0.0 50.0
1990
Skipjack  Japan 68.0334.0 14.0 120.0 55.0 155.0 746.0
Taiwan 0.0 6.0 15.0 21.0
Total _ _________ 680 3340 200 1200 _ 550 1550 ________ 10 ______________ 767.0
Yellowfin  Japan 7.0 385.0 6.0 455.0 165.0 60.0 1,078.0
Taiwan 2.0 2.0
Total ___________70 380 80 4550 _1650_ _600 ____________________________ 1,080.0
Bigeye Japan 0.0 6.0 0.0 0.0 0.0 0.0 6.0
1991
Skipjack  Japan 3,639.0 2,056.0 854.0 55.0 6,604.0
Korea 20.0 20.0
Taiwan 28.0 27.0 55.0
USA 8,678.5 170.7 8,849.2
Total 3,639.0 10,782. 1,051.7 55.0 15,528.2
5
Yellowfin Japan 7 739090 24920 1560 250 77T 6,582.0
Taiwan 10.0 6.0 5.0 21.0
USA 0.0 3,684.9 157.0 3,841.9
0@l o iioo.......39190 61829 3180 250 __ ____________________ 10,444.9
Bigeye Japan 5.0 2.0 7.0
USA 0.0 13.6 13.6
Total 5.0 15.6 0.00 20.6
1992
Skipjack  Japan 1,293.0 40.0 53.0 1,386.0
Taiwan 287.0 61.0 6.0 354.0
Total 15800 1010 590 1,740.0
Yellowfin Japan 2,280.0 195.0 687.0 0.0 3,162.0
Taiwan 28.0 0.0 4.0 54.0 86.0
:rgtgl ___________ 2_’ 30_8;0_ _1_9§ '_0_ - 6_9_1_0 _________ 5_4_Q __________________________________ 3 _’2_4_8 '_0
Other Japan 2.0 0.0 0.0 0.0 2.0
1993
Skipjack Japan _ ____ ___________________1940 580 _ L __i_._._ 252.0
Yellowfin Japan 36.0 12.0 48.0

Available data on the landings for PITI for 198 82%re presented in Table 3.10.5(a) and for PMIC fo

1989-1992 are presented in Table 3.10.5(b).

Table 3.10.5(a) Total landings by PITI longliners, 1987-1990. Main mt.

Year BE YF BUM BLM BBS SWF SLH SHK OTH Total

1987 99.60) 39.40 2.50 2.50 0.00 15.00 0.50 16.00 0.00 175.50
1988 590.60[ 659.70 5.70 19.10 0.00 9.70 0.00 0.00 0.00 | 1,284.80
1989 48.50] 42.00 0.00 1.50 0.00 2.30 2.30 27.00 0.00 123.60
1990* 1,671.00 65.70 0.00 0.00 23.10 18.40 0.00 0.80 0.00 | 1,779.00
1992** 757.80 723.7] 2.5( 0.0 0.0 0l4 0.0 .0 D.0 4844

*1990 data January-June only; ** data represemlistbose that were exported for sashimi.
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Table 3.10.5(b): Total landings by PMIC longliners, 1989-1990I0éain mt.

No. No.
Year vessels | trips Unit BE YF Others Total
1989 5 9 pieces 400 307 735 1,442
mt 14.29 10.92 25.11 50.32
1990* 18 3 pieces 1,034 2,510 1,830 5,374
mt 42.57 86.80 76.25 205.62
1991 n/a
1992** pieces 10,251 13,745 44 24,040
mt 566.68 529.39 3.23 1,099{2

Kunioyoshi Fishing Co. landed about 4 mt bigeyeatamd 5 mt yellowfin tuna in the 1993-94
licensing period.

Williams (1991) estimates production by locally-bddongliners at around 3,000 mt per year. PMIC
and PITI operate vessels from Taiwan and mainlahth&; mostly in the 25-49 GRT category.
Yellowfin and bigeye contribute over 95 per centwfa air freighted to Japan, with billfish makimng

less than 4 per cent of the total. In 1990, Wilka(h991) estimated that around 2,500 mt of fish was
trans-shipped on Palau and airfreighted fresh parddor sale on the sashimi market. Trans-shipments
for air freighting in the first half of 1991 was @pximately 1,400-1,500 mt. Reject tuna and lesser
species are frozen and stockpiled in Palau prishtpment to Taiwan where it is canned, but amounts
utilised in this way are not accurately known; aligtic figure would appear to be 0.5-1.0 mt pessed
departure.

Export of tuna in 1990 (Jan-Nov, excluding Sept) rasorded on Continental Air Micronesia
manifests totaled to 1,894,008 Ibs (818,630 kgl&2 shipments (Kitalong and Oiterong, March
1991). Since this figure included packaging matewhich was estimated to be 9 per cent, the actual
tuna weight exported would be 1,723,547 lbs or 983 ,kg (~745 mt). Most of the tuna exported
during the year was to Japan with some to Los Agggéelluna exports via Continental Air Micronesia
air freight cargo during 1991 and 1992 are recotidefiable 3.10.6. Those exported together with
other foodstuff are mostly to relatives. DMR (19%2nual Report) estimated tuna export to Japan for
sashimi via air freight cargo to be 626,174 Ibs @nid,629 Ibs in 1991 and 1992 respectively. Since
these figures include 9 per cent packaging, thea aictual volumes would be 569818 Ibs (~259,008
kg) and 704,002 Ibs (~320,000 kg). [Note: “count'tie number of shipments and “weight” is in Ibs
and includes packaging]

Table 3.10.6 Exports of tuna in 1991 and 1992 as recorded attiG@ental Air Micronesia manifests.
Weights are in Ibs and include packagingdBcent). (Source: DMR Annual Report 1992).

1991 1992

Tuna Category Count  Weight Count Weight
Tuna 0 0 620 134,590
Tuna (fresh fillet) 55 3,203 0 0
Tuna (fresh) 2,769 615,252 3,733 872,572
Tuna (soda fresh) 0 0 8 929
Tuna (frozen) 40 7,511 71 8,011
Tuna (yellowfin frozen) 1 90 0 0
Tuna (soda frozen) 0 0 11 2,566
Tuna (fresh)/Other 0 0 43 4,004
Tuna/Bats 1 23 0 0
Tuna/Other 0 0 9 1,222
Tuna (frozen)/Other 0 0 8 1,390
Tuna (soda)/Other 0 0 2 377
Tuna (fresh)/Crab/Other 1 115 0 0
Tuna/Bats/Other 0 0 11 626
Tuna/Clam/Trochus meat/bats 0 0 7 1,312

Tables 3.10.7(a) and (b) present a summary of egata for PITI and PMIC. Information on shipments
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of other low grade tuna is not available at thmseti Tuna export for sashimi were 1,500 mt in 1990.
Williams (1991) estimates the level of longline gwotion from PITI and PMIC to be around 3,000 mt
per year, worth around US$25 million once trangséd to Japan. Table 3.10.7(b) shows that 3,000 mt
of sashimi fish (mostly tuna) were exported in 1981 3,400 mt in 1992 by the two companies.
Figures for 1993 were not available yet.

Table 3.10.7(a) Tuna exports to Japanese sashimi market
by PITI and PMIC, 1990. Value in mt.

Month PITI PMIC Total
January 15.311 15.31
February 20.400 20.40
March 23.449 23.45
April 80.286 11.615 91.90
May 186.413 46.852 233.27
June 399.912 38.087 438.00
July 323.586 79.482 403.07
August 177.260 177.26
September 226.00
October 89.90
November 71.60
December 26.20
Total 1816.36

Table 3.10.7(b) Export of fish for sashimi for the 1991-1993 peki Figures are in mt. (Source: Maritime Authodbta).

Bigeye Tuna Yellowfin Tuna Blue Marlin Swordfish Buefin Tuna
PITI | PmIC PTI  [Pmic [P [PMCl  [PITI  PMCI BITI  BMCI Total

1991

Jan 12.97 1.04 10.7p 0.16 0.90 0o oloo d.00 .00 0.00 24.96
Feb 0.00 1.06 0.0 3.78 0.do 0.00 0Joo oloo 400 006¢. 4.80
Mar 1.17 1.78 21.23 17.6D 0.do 0.32 0.po oloo  d.oo 0.00 42.19
Apr 46.93 44.85]  110.14 45.7 3.42 3.p8 of12 0oo 00d. 0.00] 254.30
May 688.17 80.34 19547  103.48 8.89 2149 0/52 (.000.00 0.00| 1,079.36
Jun 74.41 10.94 60.3B 16.49 1.53 ol5 ?? .00 ?? 00 [0. 163.97
Jul 139.38 2730 195.3p 18.do 1.63 oji2 0|57 0.58 659  059| 386.12
Aug 94.22 30.62] 106.1 42.94 0.42 1.53 oloo doo 000. 0.00] 275.92
Sep 160.73 18.4 134.01 12.21 019 oloo d.00 00.00p 0.00] 32558
Oct 62.06 9.88 58.64 25.4p 0.4o 2.8 0joo 0oo .00 0.00 158.78
Nov 43.50 22.68 38.2" 12.1p 0.4o 0.10 0joo 000 009.0 0.00] 116.63
Dec 51.16 45.00 0.0 0.00 0.00 96.16
Total 1374.7 248.95 97537  297.97  15.88 1107 121 058] 265 059 2,928.7
1992

Jan 4.68 3.85 5.54 5.51 0.0D 0.do 0.00 opo  ofoo q.00 9.58
Feb 24.92 5.37 3.61 2.3 0.1p 0.48 0.10 ojoo  oloo 0.00 36.76
Mar 23.00 5.04 6.43 2.6 0.2 0.4o 0.00 0joo  oloo 0.00 37.3
Apr 26.82 25.17 16.37 20.2b 0.do 0.54 0o oloo  doo 00f. 89.11
May 71.30 76.00 69.71 50.3} 0.80 142 0.po o[22 400 000. 269.49
Jun 95.73 88.90]  105.81 69.41L 0.4o 0.51 0Joo oloo  4.00 .00p 360.36
Jul 87.10 81.55 35.04 67.0B 0.40 0.48 0.po oloo 400 000. 27156
Aug 51.14 112.35) 51.1 96.2L 0.4o 0.46 0Joo oloo  4.00 .00p 311.30
Sep 151.99 161.62] 187.4 157.35 0.28 09 0[29 d.00 00.0 0.00 659.52
Oct 119.07 165.08] 136.81  188.76 0.00 op6 0loo d.oo 0.0 0.00 609.98
Nov 93.80 220.08 89.6( 199.5f7 0.40 0.h7 0Joo 0.00 .00 0.00 603.92
Dec 8.26 64.75 16.29 60.01 0.25 0.34 0.bo ofopo  doo 00.0 1499
Total 757.81| 1,009.7  723.66  919.39 2.50 505 0.39 0.22 0.0 0.00  3,418.f8

For the domestic commercial markets, Masanori Kestiys local pole-and-line vessel landed the
following tuna in 1990 (weights in Ibs) of which p8r cent was sold to PFFA (DMR Annual Report
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for 1990):

Tuna species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Soda 1,500 1,600 1,700 2,700 1,300 3,000 600 400 2,000 7,200 5,000 1,000 28,000
Tekuu 0 0 0 0 0 0 0 0 2,000 2,500 1,000 5,500
Katsuo 3,900 4,800 15,200 13,100 16,200 22,500 21,200 15,100 12,100 7,500 18,00 131,618
Total 1,500 5,500 6,500 17,900 14,400 19,200 23,100 21,600 17,100 21,300 15,000 2,018 165,118

Tuna purchases at the domestic market, PFFA, asepted in Table 3.10.8. No tuna purchases were
shown in fish purchase records for PMCI and Oh’'$983. The “tuna” category in the 1993 landing
is probably all skipjack.

Table 3.10.8Tuna purchases in the domestic commerial marlsA, PMCI and Oh;s) during the 1991-1993 periddufes are in Ibs.
(Source: DMR Annual Reports for 1990, 1991 48682 and DMR database).

Jan | Feb| Mar| Apr[ May] Jun| Jul[  Aug| Seqd ocl No}/ Dkc Total

1991

Y/fin 2,092 671 647| 3,469 30 207| 1,133 2,344 2,955 1,906 1,283 16,737
Soda 500 207| 1,206 119 2,412 1,552 46 1,972 2,666 10,680
Katsuo 335 612| 3,319 1,047| 2,585 493 493 8,883
Total 2,592| 1,213] 1,853] 4,200 3,349| 1,254| 3,718 5,249 5,000 1,952 3,255 2,666 36,300
1992

Y/fin 1,266 539 80 1,884
Soda 200 2,261 1,319 1,469 5,249
Kerengab 3 768 81 884
Katsuo 4,417 447 3,821 1,208 928| 4,241 2,682 2,524 547 2,310 35 23,160
Total 31,177,
1993

Soda 626
(Value) (313)
Y/fin 87 175 299.2 884.0 43.0 1,488
(Value) (1,396)
Tuna 208 1,104] 125 47 1,108.8 2,593
(Value) (1,659)
Total

Wit 4,707
Value 3,367

The 1993 tuna landing for the first nine months(lay-September) at PFFA by state is as follows:

Tuna State Weight (Ibs) Value ($)
Yellowfin Peleliu 87 44

Koror 175 126
Sub-total 262 170
Tuna Koror 1,359 507

Peleliu 125 44
Sub-total 1,484 551

3.10.3 Stocks Status

Tuna Programme (1984) provides details of the etdgk assessment carried out so far of the potentia
sustainable yield of Palau's skipjack tuna res@urBeirveys conducted in October 1978 and August
1980 indicated a throughput of 14,000 mt/month. @beeral conclusion was formed that Palau has
large skipjack resources that constitute the singbst important renewable resource in the country.
Stock assessments are lacking for all other spdoigsndications of catches by existing commercial
operations is that they too are substantial. Basedeturns from October 1978 tag releases, it was
estimated that skipjack fom Palau have contribatealt 9 per cent to throughput in FSM and about 2
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per cent to throughput in Marshall Islands. Tagg&bjack released in Palau were captured in
Philippines, Indonesia, PNG, Solomon Islands, NarttMarianas, FSM, Marshall Islands and Kiribati.
From interaction analysis,Tuna Programme (1984)gestgd that migrants from the Palau area
contributed most recruits to fisheries in FSM andrdhall Islands. It was also suggested that purse-
seiners operating in PNG waters north of Bismares, Southern waters of FSM, and in international
waters between these countries could be harvestage fraction of the skipjack migrants from Rala

Due to their migratory behaviour beyond any coustBEZ, stocks of tunas are always considered on
a regional basis rather than in a single EEZ. Adhsuaatch per unit effort (CPUE) on a local level
may not be reflective of the status of the tunaueses and may be useful only in assessing economic
viability of a particular fishery type (eg. polegafine) in a local situation.

On the status of tuna stocks in the SPC Area, Ham(it993) provides the following conclusions
concerning those in the western Pacific (west @ \):

Yellowfin tuna- catches have doubled in the past decade wigntemnual level being of the order
of 370,000 mt. However, CPUE in the purse seineefig, which is responsible for half of the total
catch, has not declined. Longline CPUE has shovdedining trend since the late 1970s, when
CPUE was at all time high, but the current levelGHUE is about the same as it was in the mid-
1970s. Analysis of tagging results indicate that itihpact of fishing on the yellowfin stock is mild
currently and that using a conservative criteridatine "maximum safe" catches, further increases i
annual catch to 600,000-800,000 mt could be accaiated.

Skipjack tuna even though skipjack catches has trebled inasiedecade, with recent catches being
of the order of 1 million mt, CPUE by purse seinansl pole-and-line remains high and has shown a
tendency to increase since the early 1980s. Therena currently known indicators that would
suggest the stock as being heavily exploited. Retegging experiments suggests that the impact of
fishing remains modest despite the increase inhcater the past decade and that maximum safe
skipjack harvest of the order of 1.5-2.0 million could be sustained.

Bigeye- the current levels of catch, up to 150,000 mtdmgline and 60,000 mt by surface fisheries,
are sustainable as indicated by the stability efldmgline CPUE time series and related abundance
indices. However analysis of one age-structurecetds that this level represents moderate to high
exploitation of age classes vulnerable to longlifagging results of surface fishery catch suggest
that the current average exploitation rate of juleelbigeye by the surface fisheries is no highanth
those of yellowfin and skipjack which is believedde modest.

Albacore- longline CPUE for the South Pacific albacoréigh relative to CPUE in tropical tuna
longline fisheries. However the longline CPUE tiseries has been fairly stable although recent
levels have been the lowest on record. In the fisilery, time series CPUE, although short, hasibee
generally declining since the start of the fisheny the mid-1980s. Preliminary results from
assessments using age-structured models, as welhgisig results, suggest that the surface fishery
exploitation rates are low. It is also possibletth@her catches of juvenile albacore could be
sustainable. This however requires confirmation.

3.10.4 Management

As is obvious from the distribution and structufduma stocks in the Pacific region, management of
these resources requires a regional approach. Mareag can be in the form of prohibition of certain
fishing techniques employed, such as drift net, amiting the number of fishing vessels in a
particular fishery within a defined area. Howeues tevel of exploitation, especially that of skigga
currently seems to be sustainable with some alloesifor increase. At present the existing control

183



of fishing for tunas within the region is gearedvémds maximizing benefits to the South Pacific
countries from the utilization of the tuna resosgrbg distant water fishing nations (DWFN) fishing
in their EEZ's through bi-lateral and multi-lateagireements. The SPC Tuna and Billfish Assessment
Programme is geared towards obtaining sufficiesistical and biological information on which to
base management of the South Pacific tuna fisheries

Current legislation/policy regarding exploitation: Controls for the off-shore tuna fishery, such as
number of vessels permitted, gear restrictionghcqtiotas, etc., are presumably part of the indalid
access arrangements with the foreign fishing isteractive in the fishery. Three companies havesscc
agreements: 1) Palau Marine Industries Corp. (PNMi& an access agreement for maximum of 120
vessels, but only 93 were active in 1993; 2) Pahernational Traders Inc. (PITI) has an access
agreement for a maximum of 250 longliners but dif$ were active in 1993; 3) Kuniyoshi Fishing
Company (KFC) has an agreement for a maximum o¥e&3els with only 11 in operation in 1993,
(Economic Development Plan, Vol. 1, 1994). The &&faritime Authority is mandated under Title 27
of the PNC to:

= develop and manage offshore fisheries in the Extgathd Exclusive Economic Zone;

= adopt regulations for the conservation, managemedtexploitation of all living resources of the
Extended and Exclusive Economic Zone;

= negotiate and conclude foreign fishing agreements;

= issue foreign fishing permits.

Recommended legislation/policy regarding exploitatin: Informal government policy is to:

[0 encourage on-shore infrastructure developmentriaceethe tuna fleet;

[0 maximisation of economic benefits through access &nd associated financial returns;
[ increased employment opportunities for Palauatisariuna industry;

O diversification of fishing effort from inshore tdfshore activities.

Williams (1991) suggests that the two domestic torapanies could produce around 5,000 mt per year
with their existing shore facilities, and suggestparate assessment to determine whether tuna stock
could support such a level of effort. Diplock (199®ted that PMA has not estimated the total
allowable level of foreign fishing defined under ®N64 as “that portion of the optimum yield of such
fishery which will not be harvested by vesselshaf Republic”. And without a knowledge of the staite

the tuna stocks it is impossible to determine thigmaum effort level to be applied or how this skibbk
achieved. With the growing development in this areaearch is necessary to define parameters and
extent to be used to manage the tuna resourcsustainable manner.
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3.11 Other oceanic pelagic fishes

3.11.1 The Resource

Species presentSpecies included
in this profile are those which arc ____.
oceanic and pelagic in nature
excluding tuna species. Th
commercial tuna fleets also tak
considerable quantities of billfish,
such asMakaira mazara(blue marlin -meluis), Tetrapterus audaXstriped marlin),Makaira indica
(black marlin),Xiphias gladiugswordfish),Istiophorus platypterugsail fish -tekrar) andTetrapterus
angustirostris (shortbill spearfish). According to Perrcet al. (1983) and data collected from
commercial markets, other important oceanic peleagecies taken by artisanal and subsistence
fishermen in Palau includ&;oryphaena hippurugmahi mahi or dolphin-fish ersuuch, Elegatis
bipinnulatus (rainbow runner -desu), Scomberomorus commers@marrow-barred king mackerel -
ngelngal) andAcanthocybium solandfivahoo keska3.

meluis - Makaira mazar N

Distribution : These species are normally distributed througltbatoceans in varying abundance,
determined mostly by food availability, but theyeadocumented as being associated with Fish
Aggregating Devices (FADSs).

Geographical distributions of the billfish specag given in Nakamura (1985). Generally, they are
primarily oceanic and epipelagic, inhabiting tra@iand temperate waters, and seasonally, also the
cold waters of all oceans. They are usually confiteethe water layers above the thermocline but
some may occur at greater depths.

These species are widely distributed throughoutPlkau islands, and form an important part of the
catch taken by trolling. Habitat preference appé&atse depths less than 100 m from the continéotal
outer reef) slope inshore to shallow coastal watard water temperatures warmer thahC25Adults
are commonly associated with coral reefs, shoalscarrent interfaces. Wahoo and dolphinfish tend to
be more oceanic and only move close to the reehvidsurable conditions prevail. Scads and juvenile
yellowfin and skipjack are often associated withatbommies.

Biology and ecology Smith (1992) notes that all of these fish speaiespredators, mostly on fish
and squid. The larger coastal pelagics are usoagibortunistic second level predators. Spawning is
seasonal in many species, the timing varying betvegeas throughout the region (McPherson, 1988).
Johannes (1981) considered that the double-lineckenal, Grammatorcynus bicarinatusspawns
during full moon periods in Palau, over an eightnthoperiod. The biology of the coastal pelagic
species in Palau has not been studied, but McRhét888) provides and overview for other areas in
the Pacific and Lewist al. (1983) provides data on pelagics studied in Fiji.

Some biological information for the billfishes isvgn Nakamura (1985). Sexes are separate and they
are active and voracious predators but are occadfopreyed on by large oceanic fishes such as
tunas, wahoo and dolphinfish particularly duringittyounger stages. The young are sometimes also
taken by adult billfishes. Smith (cited above) aistes that billfishes are solitary while othercpe

tend to form small to medium sized schools. Mignasi associated with spawning are known for
billfish and dolphinfish.

3.11.2 The Fishery

Utilization : Palauan fishermen are traditionally reef fisherg, pelagic species are taken by artisanal
fishermen by trolling and incidentally to reef fis. These fishes are consumed as fresh fish,tuiité
used mostly to supply the high demand for sashirtogal restaurants. Thus oceanic pelagic spetées a
important in the subsistence and artisanal fiseegith some species playing an important component
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in the export market for sashimi.

In-house surveys conducted by DMR in 1990 and 189ZXatch per unit effort for the different
methods used are as follows (Source: DMR AnnuabRefor 1990 and 1991):

Method # Trips Species caught CPUE

1990

Trolling 5 ngelngal, wahoo, aii, 27.7 Ibs/line/hr
10 tuna,eropk 4.1 pcsllinefhr

Trolling 13 4.4 Ibs/line/hr

2-day derby

Speargun 7 ngyaoch, udech, mellemau, 16.3 Ibs/gun/hr

(night) keremlal, meyas, erangel

Handline 6 keremlal, temekai, kedesau 16.1/Ibs/line/hr
5 melangmud, tiau 3.9 pcs/line/hr

1991

Trolling 7 ngelngal, wahoo, aii 8.1 Ibs/line/hr

Handline 7 keremlal, temekai, kedesau, melangniel, t 6.2 Ibs/line/hr

Speargun (night) 7 ngyaoch, udech, mellemau, katemkyas, erangel 21.0 Ibs/gun/hr

Rochers and Matthews (1992) reported that the imgxirtant fish species to the commercial fishery
in Anguar includedesui (rainbow runner)keskas(wahoo),keremlal (humpback snapperghudel
(jobfish), sebus(deep-water snapperatsuo (skipkack tuna)tekuu (yellowfin tuna) andkerengab
(dogtooth tuna).Desui and keremlal are important for use during traditional custonhs.
Ngarchelong, three species were reported as impoifaese includemeluis (broadbill swordfish),
maml (humphead wrasse), aretium (bluespine unicornfish), all of which are conseteof “high
status” because of their importance in customaeg ws are unusually difficult and exciting to catch
(Rochers and Matthews, cited above).

Production and marketing: Most pelagic species are landed at commerciaketain Koror, usually
on ice, in round form. Some of the species areddray industrial operations and form an important
component of the exports for the sashimi markdajpan.

Catch statistics derived from published recorddagfanese and Taiwanese longliners catches within
the estimated EEZs of the South Pacific Commisarea between 1962 and 1977 are summarized in
Table 3.11.1 for Palau as reported in Skipjack Ruogne (1981). Catches are in numbers of fish and
effort in 1,000 hooks and includes “other speciestthes such as billfishes, marlins and sailfishes,
which are discussed in this profile. Klawe (1978nwerted the numbers of fish to weights but
unfortunately, those for Guam, FSM, Northern Maasmand Palau were pooled together.

Table 3.11.1 Longliners catch in Palau waters from 1962 to7l%7atches are in numbers of fish. (Source: SkipRrogramme, 1981).

Year Blue- | Alba- | Bigeye | Yellow| Broad- [ Str. Blu. Bla. Skip- | Small
Country | Hks/1000| fin core fin bill mar mar mar Sailfish jack tuna
1962 Japan 2718 2 220 10217 46948 299 185 2807 270 1968 33 0
1963 Japan 1182 0 1126 4917 23295 297 59 715 219 665 1 0
1964 Japan 1151 14 749 3466 21007 177 88 1443 121 817 90 0
1965 Japan 4796 61 12626 13673 74169 968 743 3198 501 2387 489 0
1966 Japan 2634 23 4516 9502 38492 416 111 1923 263 991 88 0
1967 Japan 1849 38 532 6733 23425 348 59 1031 253 688 94 0
Taiwan 2 0 5 6 39 0 0 2 1 0 0 0
1968 Japan 2358 21 570 10746 29979 541 64 1404 270 353 325 0
Taiwan 17 0 1 124 630 2 0 8 0 0 0 4
1969 Japan 1258 2 1051 3943 19084 176 43 588 87 161 111 0
1970 Japan 1099 2 1083 3776 15214 110 11 1091 77 190 112 0
1971 Japan 934 0 732 3252 14152 149 21 646 104 59 12 0
Taiwan 10 0 0 19 113 0 0 9 1 1 0 0
1972 Japan 855 3 643 4615 8726 311 41 664 49 36 14 0
Taiwan 73 0 10 619 1551 0 0 8 0 0 0 0
1973 Japan 2007 2 1002 7836 37186 271 97 2108 199 796 186 0
Taiwan 98 0 0 242 2782 7 6 39 1 0 0 0
1974 Japan 4067 7 1908 15621 79271 466 122 2581 255 397 350 0)
Taiwan 283 0 66 417 8892 12 0 127 8 31 0 0
1975 Japan 2995 5 1249 9429 50041 374 33 1798 161 128 58 0
Taiwan 94 0 3 229 1788 15 0 4 0 0 0 0
1976 Japan 3441 0 753 12270 61146 513 117 1195 195 357 44 0
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[1977 Japan 1542 1 255 9105 25202 196 14 584 44 92 25 0]

Other oceanic pelagic species recorded by Pat@h (1983) as PFFA purchases during the 1976-
1981 period is present inTable 3.112esui and ersuuch dominated landings at this market for

species included in this profile, during the sixagge with both peaking in 1978. Both species,
together witmgelngal were landed at the market every year.

Table 3.11.2 Commercial purchases of other oceanic pelagiciepat PFFA for the 1976-1981 period. (SourcerdPegtal., 1983).

Species | Item [ 1976 1977 1978] 1979 1980 1981
Meluis Wt (Ibs) 265 211
Value ($) 44 56
Tekrar Wt (Ibs) 214 90
Value ($) 91 54
Desui Wt (Ibs) 2,432 11,399 27,850 13,477 5,545 2,471
Value ($) 459 1,901 4,275 2,422 1,374 541
Keskas Wt (Ibs) 120 105 533 1,803 548
Value ($) 42 37 192 904 261
Ersuuch Wt (Ibs) 2,060 7,383 43,417 37,022 13,168 3,524
Value ($) 286 791 6,658 5,873 2,810 1,222
Ngelngal Wt (Ibs) 1,540 400 158 1,173 4,640 5,8p5
Value ($) 377 110 55 376 2,337 2,5p7
Adinges Wt (Ibs) 4,168 195
value ($) 917 39
TOTAL Wt (Ibs) 10,585 19,393 71,530 52,205 25,565 2,418
Value ($) 2,125 2,858 11,025 8,863 7,555 4,635

Landings of oceanic pelagic fish species by theadage longliners operating under foreign access
arrangement in Palau’s EEZ from 1985 to 1989 avergin Table 3.11.3. The category “others”
includes fosh species such as wahoo, barracudamaiahetc. With the exception of 1985, other
oceanic pelagic species make up about 5 per cetiedfindings by the Japanese longliners during
the period.

Table 3.11.3 Total landings (mt) by Japanese longliners opegamnder foreign access arrangements, 1985-
1989.

Strp- Blue- | Black- | Sword- Per cent Other Oceanic

Year | Alb B/E Y/F marl marl marl fish Sailfish | Others Total Pelagic Species
1985( 1.67| 270.02| 559.09 2.53 32.66 3.94 17.6 0.1 57.43( 945.04 12.1

% | 0.18 28.57 59.16 0.27 3.46 0.42 1.86 0.01 6.08 100.00
1986( 0.69 54.84 92.49 1.37 4.33 0.84 2.71 0.08 0 157.35 5.9

% | 0.44 34.85 58.78 0.87 2.75 0.53 1.72 0.05 0.00 100.00
1987( 0.05 27.31 25.94 0.04 0.77 0.16 0.73 0.06 0 55.06 3.2

% | 0.09 49.60 47.11 0.07 1.40 0.29 1.33 0.11 0.00 100.00
1988 5.39 19.82 46.96 0.04 1.81 0.09 0.68 0 0.03 74.82 3.5

%| 7.20 26.49 62.76 0.05 2.42 0.12 0.91 0.00 0.04 100.00
1989 5.24( 772.86| 547.89 1 41.7 2.38 13.22 0.25 1.7| 1,386.24 4.3

% | 0.38 55.75 39.52 0.07 3.01 0.17 0.95 0.02 0.12 100.00

Longline catches in Palau waters during the 1998B1@ar period are given in Table 3.11.4. Fish
species discussed in this profile are in bold. gl amounts of marlin, swordfish and sailfisk a
caught by the longliners. The “other” column alsemstitutes fish species discussed in this prosle a
it normally comprises of mahimahi, wahoo, barracet@ The non-tuna oceanic pelagic species
comprise between 3 to 10 per cent of the total ahlmmgline catches. The non-tuna species catches
are dominated by swordfish, sailfish, blue mariid &lack marlin.
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Table 3.11.4 Longline catches in Palau waters, by flag. Figuree in kg. (Source: FFA database).

Logsht. Blue- | Stripe | Black | Blue | Sword
Flag Days | Albcore| Yellow- Bigeye fin | marlin | marlin | marlin | -fish | Sailfish| Other | Shark Total
fin
1990
China 1,540 3,267 90,054 162,816 540 0 70 0| 15,576 29,941 5,612 23,007 332,423
Japan 2,018 6,177 749,952 747,085 0 534| 3,222| 34,032 20,760 226| 3,439 0] 1,567,440

Taiwan 5,143 3,800] 331,941f 309,634 1,385 1,726| 35,372 4,612| 38,214 22,347 60| 73,759 827,993
Total 8,699 13,244] 1,171,947 1,219,53§ 1,925] 2,260| 38,664| 38,644 74,550, 52,514 9,111| 96,766 2,727,854

% 049  42.96| 44.71] 007 008 1.42] 142 273 1.93] 033] 3.55/ 100.09
1991
China | 3,481 0] 330439 367,963 562 0 0 0] 36,378] 62,000] 39,498] 21,124] 861,534
Japan 1,160 580] 341,660 492,031 0| 1,156 2,642 22,375 10,382 435 1,877 0| 874,307
Taiwan| 1,708 0| 149,246 165,661 o] 185 579 142[ 179] 614| 13,719 18,108] 350,141
us 7 0 525 250 0 0 0 0 0 0 0 0 782
Total | 6,365 580 821,870 1,025,905 562| 1,341| 3,221 22,517] 46,939 63,139 55,094 39,232| 2,086,765
% 0.03| 3938 49.16| 003/ 006/ 015 1.08 225 303 264 1.88 100.00
1992
China_| 6,94 0] 851,157 916,982 0 o[ 11,515 931 13,834 8,941] 35,245] 11,036] 1,856,583
FSM 6 0 250 360 0 0 0 0 0 0 0 0 616
Japan 780 300| 144,418 187,828 160] 200|  463| 6,259 1,883 0 62 0| 342,353

Taiwan 3,103 1,370 379,219 524,331] 440 259 2,536 9,431 2,786 187( 10,913 3,259 937,834
Total | 10,831 1,670 1,375,044 1,629,501 600 459| 14,514 16,621 18,503 9,128| 46,220 14,295 3,137,384

% 0.05 43.83 51.94] 0.02] 0.01 0.46 0.53] 0.59 0.29 1.47 0.46 100.00
1993
China 2,954 110{ 133,878 218,207 60 427] 16,6531 1,911) 16,240, 1,808 3,272| 9,572| 405,094
Japan 6] 0 12,119 21,280 150 0 0| 1,795 209 0 0 0 35,614

Taiwan 216 488| 291,851 322,121 827| 4,031 6,595 40,239 21,207] 3,754 615( 46,177 738,121

Total 3,233 598| 437,848 561,608 1,037| 4,458| 23,248 43,945| 37,656/ 5,562| 3,887| 55,749 1,178,829
% 0.05 37.14 47.64 0.09( 0.38 1.97 3.73] 3.19 0.47 0.33 4.73 100.00

Oceanic pelagic species landed at PFFA from 199P83 are presented in Table 3.11.5. Rainbow
runner, king mackerel and wahoo were recorded amgrthe 22 most important finfish landed in
1990 at PFFA.

Table 3.11.5 Monthly landings of oceanic pelagic fish speae$FFA from 1990 to 1993. (Source: DMR Annual Reptor 1990, 1991 and 1992, and DMR
data).

Jan | Feb | Mar[ Apr[ May|] Jun] Jul | Aug| Sed od Nov Ddc  tallq
1990
Desui 388 985 2,695 1,519 403 164 96 81 6,331
Ngelngal 201 451 71 1,001 1,724
Keskas 224 1,493 1,866 195 213 0 0 37 1,110 1,446 416 1,358 8,359
Total 224 2,082 3,302 2,890 1,732 403 164 133 1,191 1,517 416 2,359 16,414
1991 |
Keskas 834 2,766 3,776 570 133 42 51 20 1,113 1,446 805 11,558
Ersuuch 56 3,078 4,219 3,001 38 63 666 26 11,147
Ngelngal 372 287 26 1,932 1,325 414 4,356
Meluis 30 111 141
Tekrar 71 67 138
Desui 28 56 84
Total 1,206 3,180 7,005 4,900 3,190 80 114 666 20 3,045 2,771 1245 27,424
1992 |
Ersuuch 72 87 472 6 637
Keskas 439 250 1,662 2,592 287 390 439 75 6,573
Ngelngal 299 163 358 1,704 40 82 382 901 1,360 654 362 6,305
Meluis 165 0 0 0 0 0 165
Tekrar 58 0 0 0 0 58
Desui 600 251 61 106 73 1,091
Total 810 665 3,150 4,547 287 430 143 488 974 1,360 1093 437 14,829
1993 |
Ersuuch 16 19 147 160 33 375
Ngelngal 266 567 1,151 145 58 22 179.0 133.0 249.0 2,770
Meluis 0 0 0 0 0 1,056.4 0 1,056
Desui 0 81 0 0 0 0 0 81
Keskas 101 185 261 556 403 302.0 1,453.0 895.0 4,156
Total 383 586 1,564 566 647 22 403 481 2,642.4 1144 8,438
PFFA 1993 ($) |
Ersuuch 6 7 51 56 12 131
Ngelngal 266 624 1,266 160 58 28 223.75 166 260 3,050
Meluis 0 0 0 0 0 840 0 840
Desui 0 54 0 0 0 0 0 54
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Keskas 108 204 287 556 403 296.75 1,440 895.00 4,189
Total 380 631 1,575 503 626 28 403 5,20.5 2,446 1,155 8,264
Rrsuuch=mahimahiNgelgakking mackerekmeluis=blue marlin,desurrainbow runnerkeskaswahoo tekrar=sailfish.

The following oceanic pelagic species were lande@®fds market during January-May,1993. Only
49 Ibs (worth US$49.00) were recorded in the PM&33Lrecords.

Ohs Market
Palauan Common Jan Feb Mar Apr
Ngelngal king mackerel (Ibs) 80
(USS$) 88
Keskas wahoo (Ibs) 47 178 86
(Uss) 47 196 108

The export of fish for sashimi by the two locallgded companies, PITI and PMIC, for the 1991-1992
year period is presented in Table 3.11.6, by yeemth, and species as recorded in the Maritime
Authority database. A little less than 1 per cemtgbout 20 mt) of “other oceanic pelagic species”
made up the total export by PITI in 1991 whiletddiover 1 per cent (or about 17 mt) of the PMCI
export was made of the same for the same yearl1982 PITI fish export for sashimi indicated that
“other oceanic pelagic species” made up only Or2cpat (or about 12 mt) for that year. PMCI data
for the same year shows that the same fish categade up about 0.3 per cent (or about 3 mt) of its
total export for sashimi. Thus a decrease bothoimposition and quantity was observed for other
oceanic pelagic species for both years at both eoiep. However, there was a decrease in overall
export for PITI from 1991 to 1992 while an increagas observed in the PMCI fish exports for
sashimi during the same period.

Table 3.11.6 Fish exported for sashimi by the PITI and PMCiinfy the 1991-1992 period. (Source: Maritime Auityodata). Figures in mt.

Jan | Feb| Mar| Apr] May] Jun[  Ju]  Au§d  sep ot Ndv  DEc Tt %

1991 [ PITI
Bigeye tuna 12.9F 0.00] 1.17] 46.93] 688.17] 74.41] 139.38] 94.22] 160.73] 62.06] 43.50] 51.16] 1,374.70 58.01
Yellowfin tuna 10.7d  0.00] 21.23] 110.16] 195.47] 60.33] 195.30] 106.19] 134.01] 58.64] 38.25] 45.00] 975.37] 41.16
Bluefin tuna 004 o0.00] 0.0 o0.00] 0.00] o0.00] 265 o0.00] 0.00] o0.00] 0.00] 0.00 265 0.11
Blue marlin 0.00 0.00] o0.00] 322 889 153 1.63] 0.42] o0.19] 0.00] 0.00] 0.00] 15.88] 0.67
Swordfish 0.00] 0.00] o0.00] 0.12] o052 0.57] 0.00[ 0.00] 0.00] 0.00] 0.00 1.21] 0.05
2,369.81] 100.00

PMCI
Bigeye tuna 1.04 1.06] 1.78] 44.85] 80.34] 10.96] 27.30] 30.62] 18.44] 9.88] 22.68 248.95] 44.54
Yellowfin tuna 0.1 3.74] 17.69] 45.74] 103.48] 16.29] 18.00] 42.94] 12.21| 25.42| 12.10 297.77| 53.27
Bluefin tuna 0.04 0.00] 0.00] 0.00] 0.00] 0.00] 0.59] 0.00] 0.00] 0.00] 0.00 0.59] 0.11
Blue marlin 0.00] 0.00] 0.32] 328 249 0.45] o0.12] 153 o0.00] 278 0.0 11.07] 1.98
Swordfish 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.59] o0.00] 0.00] 0.00] 0.00 059 0.11
558.97| 100.00]

1992 | PITI
Bigeye tuna 468 24.92] 23.00] 26.82] 71.30] 95.73] 87.10] 51.14] 151.99] 119.07] 93.80] 8.26] 757.81] 51.05
Yellowfin tuna 554 3.61] 6.43] 16.32] 69.71] 105.81] 35.00] 51.14| 187.40] 136.81] 89.60] 16.29] 723.66| 48.75
Blue marlin 0.00] 0.16] 0.21] 0.00] 0.80] 0.00] 0.40] 0.00] 0.28] 0.00] 0.40] 0.25 250 0.17
Swordfish 0.00] 0.10] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.29] 0.00] 0.00] 0.00 0.39] 0.03
1,484.36 100.00|

PMCI
Bigeye tuna 3.85 5.37| 5.04] 25.17] 76.00] 88.90] 81.55| 112.35| 161.62] 165.08] 220.08] 64.75| 1,009.76] 52.20
Yellowfin tuna 551 2.32] 2.62] 20.26] 50.34] 69.41] 67.03] 96.21] 157.35] 188.76] 199.57] 60.01] 919.39] 47.53
Blue marlin 0.00] 0.28] 0.00] 054] 1.12] o051] 048] 0.46] o059 0.26] 0.47] 0.34 5.05] 0.26
Swordfish 0.00] 0.00] 0.00] 0.00] 0.22] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00 0.22] 0.01
1,934.42 100.00|

BLZ=blue marlin, SWF=swordfish which include alllfish.

The South Pacific Commission conducted a FAD Dgwalent and Vertical Dropline Fishing Project
in Palau from November, 1991 to October, 1992. ICd&tails reported were as follows:

No of sets No. of droplines No. of hooks Total batc Shark catch ka/set kg/dropline
12 33 495 755.5 745.0 62.3 22.8

The project concluded that the vertical longlinetiod for catching the targeted pelagic species
Thunnus albacareand Thunnus obesugroved to be unproductive; only sharks were caugtith
have no commercial value. Trolling around the FAIs a more productive method but only small
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yellowfin tuna and skipjack were caught. Trollingpand the FADs during the project yielded 268
yellowfin tuna, 105 skipjack and 4 dolphinfish (Wdi992).

3.11.3 Stocks Status

There has been no research conducted in Palaueostdtus of the oceanic pelagic fish species.
However, preliminary indications are that the reselcould sustain a considerable increase in fishin
pressure, and no major concern is apparent as #reseot targeted specifically for any current
industrial fishery. Further development of fisheribased on these species, e.g. gamefishing, is
unlikely to have any detrimental effect on the kfodNevertheless, collection of catch data fronhsuc
undertakings would be desirable.

3.11.4 Management

Current legislation/policy regarding exploitation: There is no legislation in place which specifical
addresses the species included in this profilee@wuent policy to diversify fishing effort from ingre
to offshore species may increase pressure on $pesees in future.

Recommended legislation/policy regarding exploitatin: None is considered necessary at this time.
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4. CARTILAGINOUS FISHES

4.1 Sharks €hedend and rays ull)

4.1.1 The Resource

Species presentShark species reported to hay
been caught in Palau waters include
Carcharhinus albimarginatugsilvertip shark -
besachel, C. amblyrhynchoggrey reef shark -
mederart teong), C. melanopterugblacktip reef -matukeyol), Galeocerdo cuvieltiger shark -
mochela$, Negaprion acutidengsicklefin lemon shark metal), Triaenodonobesus(whitetip reef
shark -ulupscuch) (Helfman and Randall, 1973phyrnasp. (hammerhead sharklachlchedeng,
Rhizoprionodorsp. (milk shark), and sand sha@inglymostoma ferrugineumNebrius ferrugineus
(tawny nurse shark metmu), and Stegostoma fasciatynsyn. Stegostoma variunfzebra shark -
biall). Perronet al (1983) also listedC. spallanzani= C. wheeleri(blacktail reef shark) andr.
apicalis which is now known adr. obesus Dalzell and Preston (1992) reported an unidetifi
species caught during the deep-water bottomfislangund Palau. Compagno (1984) reported
Hexanchus griseubluntnose sixgill sharkEchinorhinus cookgjprickly shark) as present in Palau.

besachel
Carcharhinus albimarainatt

Rays reported in Palau includéaeniura melanospilogblack-blotched stingray rull ), Dasyatus
kuhlii (blue spotted or Kuhl’s stingraydudek? andD. bennetti(rrull ), Aetobatus narinar{spotted
eagle ray -chochaig, Manta sp. (manta rays ehouklemedadl and Mobula sp. (devil ray -
chouklemedadl.

Distribution : Smith (1992) notes that sharks occur from thé aeel inshore areas through to the
open oceans, at all depths. Nichols (1993) notes thn a global basis, 55 per cent of the
chondrichthyians inhabit the continental shelf dreen the inter-tidal zone to a depth of 200 m"eTh
same author also adds that the most common sharksefs and lagoons belong to the family
Carcharhinus (the requiem sharks) including thekstep reef shark and white-tip shark. Grey reef
sharks as well as the larger species, includingr tgharks and hammerhead sharks, are found in
deeper waters off coral reefs (Nichols, cited above

Stingrays occur in all tropical and subtropical ssedith most species found in coastal waters,
estuaries, off beaches and river mouths, and arbisoms on sand or mud (Randatlal, 1990).
Relatively few species occur in the vicinity of abreefs. Eagle rays are found worldwide in tropica
and warm temperate sea and are usually found restear reefs. Manta rays occur in all warm seas
and are often seen far out to sea but are alsaiatered in the vicinity of coral reefs.

In 1993,rull was reported only 3 times as being purchased & @arket. These were from Koror,
Airai and Ngatpang.

Biology and ecology Compagno (1984 (a) and (b) gives some informatiorhabitat, distribution,
biology and ecology of the known species of shankshe world. For reproduction, a variety of
modes are utilized but fertilization is internalifwmost species bearing their young alive in bsood
ranging from a few individuals to nearly one humti@mith, 1992). Sharks are generally slow
growing with the majority of the commercially impant species in the South Pacific having a long
gestation period and low fecundity (Nichols, 1993)rthermore, some species display sex and size
segregation and females of some species may mebheri to give birth in selected nursery areas
(Nichols, cited above).

“Stingrays feed on a variety of sand and mud-dweglibrganisms, including crabs, prawns, worms,
molluscs and fishes” (Randadt al, 1990). They give birth to fully developed yourgsembling
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miniature adults. A few species of eagle rays, fik@ntas, can leap high into the air from the water.
Young manta rays are born alive. Manta rays arengntloe largest fishes with some growing to a
width of nearly 7 m weighing more than 1,300 kg riBall et al, 1990). Manta rays use their
cephalic flaps to direct planktonic food items itite mounth and can leap above the water surface.

There is no available information concerning wookducted in Palau on the biology and ecology of
any shark or stingray species.

4.1.2 The Fishery

Utilization : As was generally practised in Polynesian cultshark noosing was a tradition in Palau,
which was considered a means of proving onesdbeta “real man”. Shark noosing does not exist
anymore in Palau. Sharks and rays were also norwaalight by hand-thrown spears. Sharks and rays
were considered the most prestigious, partly bexafsthe danger involved in capturing them
(Rochers and Matthews, 1992). Now spear guns,wtoosisted of a long shaft with either a single
hardwood point or several barbed points clustevgdther, have replaced the traditional spears. The
eagle ray is considered taboo in Palau “as kilihg will place a curse on the fisher”.

Of the few landing data reported by Pergiral (1983) from 1976 to 198thedengandrrull were
two of the commercial marine animals with lowestdimgs and value at PFFA. No shark were
reported in the commercial markets between 19901£2&8. Howeverrull was reported as being
sold in the same years but quantity is of no sigaifce. In 1993, the three occasions in whidh
were purchased had different sources, Koror, Asiral Ngatpang.

Oceanic sharks form an incidental by-catch of tmgline operations, but only the fins are retairled,
carcasses being discarded at sea.

Production and marketing: No data is available on the current utilisatiéistoark and ray resource on
any level in Palau.

A shark fishing survey was carried out by the Sdktiean Fisheries Research and Development
Agency between May 12-21st 1975 around Angaur dsiBigeremlengui Channel, Ngeremdui Reef and
Ngkesol Reef, using baited longlines. The survegulted in a catch of 136 sharks, mostly
hammerheads, milk sharks, white tip reef sharkssamd sharks. Average size ranged from 1-3 m with
an average of 1.4 m (DMR unpublished data). Howewveicommercial fishery targeting on sharks has
developed.

Perronet al (1983) recorded the followinghedengandrrull landings at PFFA during the 1976-
1981 period as recorded with each year’s totalabl& 4.1.1.

Tabel 4.1.1 Rull (ray) andchedeng(shark) purchases recorded at PFFA for the 193-p@riod. (Source: Perrat al, 1983).

[ 1976 [ 1977 | 1978 | 1979 | 1980 | 1981

Rrull Weight (Ibs) 0 0 0 0 0 40.00

Value ($) 0 0 0 0 0 24.00
Chedeng Weight (Ibs) 0 0 35 124 0 181

Value ($) 0 0 8.75 12.35 0 0.00
Total sharks & rayd Weight (Ibs) 35 124 221

Value ($) 8.75 12.35 (24)
Total Marine Animals Landing Weight225,647.458 317,158.5Q0 298,198.64 476,325.75§ 452,946.74 217,442.0(
(Ibs)
Total Marine Animals Landing Value ($) 74,436)0498,868.14 78,677.79 149,799.26 225,599.29 116,668.84

Shark landings as by-catches of the SPC deep-bdistiing surveys in Palau waters from 1979 to
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1988 are presented in Table 4.1.2. Of the totapaesger fish landing in the northern and central
Palau, shark comprised about 8 per cent. Duringvithg 17 - October 20, 1983 fishing expeditions
around several states, shark made up 19 per ceéné obtal deep-water fish landing. About 12 and 8
per cent of the catch were recorded around Kordr raorthern area respectively. No sharks were
caught during deep-water fishing in the southeeaar

Table 4.1.2 Shark landings as by-catches during the SPC degr fishing trials in Palau. (Source: Dalzell &éston, 1992).

Total deep-bottom Shark Shark
Reel fish landed landing | Shark % wt of| landing| Shark| Ave.
Fishing trial No. trips | hours (kg) Shark species (Wt) Total Landing [ Nos. | % nos| weight
Date: 13 Nov 79 - 21 Jan 80.
Area: Northern & central Belau
11 660 2,136 Unidentified 164.0 7.7 8 1.1 20.5
Total 164.0 7.7 8 1.1 20.5
Date: 17 May - 20 Oct 83
Area: Ngardmau, Koror, Peleliu, Kayangel, Melekelgchersar, Ngiwal, Ngaraard, Anguar, Ngcherlong
42 1,500 2,136.0 C. albimarginatus 767.0 9.0 20 0.8 38.4
C. amblyrhynchos 77.0 0.9 3 0.1 25.7
Unidentified 779.0 9.1 5 0.2 155.9
Total 1,623.0 19.0 28 1.1 58.0
Date: 14 Oct 87 - 27 Apr 88
Area: Koror
13 287 565.8 C. albimarginatus 45.0 8.0 1 0.4 45.0
C. amblyrhynchos 15.0 2.7 1 0.4 15.0
Unidentified 5.0 0.9 2 0.8 25
Total 65.0 11.5 4 1.6 16.3
Date: 14 Oct 87 - 27 Apr 88
Area: Southern area
3 76 225.3 0 0 0 0 0
Date: 14 Oct 87 - 27 Apr 88
Area: Northern area
7 164 512.9 C. albimarginatus 5.0 1.0 1 0.5 5.0
Unidentified 36.5 7.1 2 1.0 18.3
Total 41.5 8.1 3 1.5 13.8

Shark landings data available from longline operatiin Palau are recorded in Table 4.1.3 for the
PITI longliners during the 1987-1990 period, andrable 4.1.4 for all longliners operating in Palau
water for the 1990-1993 year period. A very highrkhcomposition (21.8 per cent or 27 mt) of the
total longline catch was recorded in 1989. A highark catch (16 mt or 9 per cent of the total catch
for that year) was also recorded in 1987.

Table 4.1.3:Total landings by PITI longliners, 1987-1990. \@ala mt.

Yellow- Blue Black Broad- | Sword-
Year Bigeye fin marlin marlin bill fish Sailfish | Shark Other Total % Shark
1987 99.6( 39.40 2.50 2.50 0.00 15.00 0.50 16.00 0.00 175.50 9.12
1988 590.60 659.70 5.70 19.10 0.00 9.70 0.00 0.00 0.00| 1,284.80 0.00
1989 48.50 42.00 0.00 1.50 0.00 2.30 2.30 27.00 0.00 123.60 21.84
1990* 1,671.00 65.7 0.00 0.00 23.10 18.40 0.00 0.80 0.00| 1,779.00 0.04

*1990 data January-June only; ** data represenitstbose that were exported for sashimi.

Longline catches in Palau waters during the 199B1®eriod, as presented in Table 4.1.4, indicate
that sharks comprise between about 0.5 and 5 pe¥ratethe total landings. In terms of weight,
combined shark landings for all longliners rangefrabout 14 mt to 97 mt per year. It is noted that
no sharks were recorded in catches of the Japémegieers in Palau waters from 1990-1993 (this is
probably because only fins are taken).
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Table 4.1.4: Longline catches in Palau watersJdxy. fFigures are in kg. (Source: FFA database).

Year/ | Logsht. Blue- | Stripe | Black | Blue | Sword-

Flag Days | Albcore| Yellow- Bigeye fin marlin | marlin | marlin | fish | Sailfish| Other | Shark Total
fin

1990

China 1,540 3,267 90,054 162,816 540 0 70 0| 15,576 29,941 5,612 23,007 332,423

Japan 2,018 6,177 749,952 747,085 0 534| 3,222 34,032 20,760 226[ 3,439 0| 1,567,440

Taiwan 5,143 3,800[ 331,941 309,634 1,385 1,726] 35,372 4,612| 38,214 22,347 60| 73,759 827,993
Total 8,699 13,244 1,171,947 1,219,535 1,925| 2,260| 38,664| 38,644 74,550| 52,514 9,111 96,766| 2,727,854

% 0.49 42.96 44.71f 0.07{ 0.08 1.42 1.42) 2.73 1.93 0.33 3.55 100.00
1991
China 3,481 0f 330,439 367,963 562 0 0 0| 36,378 62,090 39,498| 21,124] 861,535
Japan 1,169 580 341,660 492,031 0| 1,156| 2,642| 22,375 10,382 435| 1,877 0| 874,307
Taiwan 1,704 0f 149,246 165,661 0 185 579 142 179 614( 13,719 18,108 350,141
usS 7 0 525 250 0 0 0 0 0 0 0 0 782
Total 6,365 580| 821,870 1,025,904 562| 1,341 3,221] 22,517| 46,939 63,139 55,094| 39,232 2,086,764
% 0.03 39.38 49.16| 0.03[ 0.06 0.15 1.08] 2.25 3.03 2.64 1.88 100.00
1992
China 6,947 0f 851,157 916,982 0 0f 11,515 031| 13,834 8,941| 35,245 11,036| 1,856,583
FSM 6 0 250 360 0 0 0 0 0 0 0 0 616
Japan 78 300{ 144,418 187,828 160 200 463| 6,259| 1,883 0 62 0 342,353

Taiwan 3,103 1,370[ 379,219 524,331 440 259| 2,536] 9,431 2,786 187] 10,913 3,259| 937,834
Total | 10,831 1,670 1,375,044 1,629,501 600 459( 14,514 16,621 18,503 9,128 46,220 14,295| 3,137,386

% 0.05 43.83 51.94] 0.02] 0.01 0.46 0.53| 0.59 0.29 1.47 0.46 100.00
1993
China 2,954 110{ 133,878 218,207 60 427] 16,653 1,911) 16,240, 1,808| 3,272| 9,572| 405,094
Japan 6] 0 12,119 21,280, 150 0 0| 1,795 209 0 0 0 35,614

Taiwan 216 488| 291,851] 322,121 827| 4,031 6,595 40,239 21,207] 3,754 615( 46,177 738,121

Total 3,233 508| 437,848 561,608 1,037| 4,458| 23,248 43,945| 37,656/ 5,562| 3,887| 55,749 1,178,829
% 0.05 37.14 47.64) 0.09] 0.38 1.97 3.73] 3.19 0.47 0.33 4.73 100.00

No shark was recorded at PFFA, PMCI and Oh’s marleting the 1990-1993 period. However,
rull purchases were recorded at each market as follows:

1991 1992 1993
Rull (Weight Ibs) 874.00 669.75 92.50
Value ($) 719.23 517.29 73.93

The 1993 rull purchase was recorded at Oh’s maakkbugh its records cover only January-May
and were from Koror, Airai and Ngatpang states.

The South Pacific Commission conducted a FAD Dgweknt and Vertical Dropline Fishing in
Palau from November, 1991 to October, 1992. Figtigg targetted were bigeye and yellowfin tuna.
However, only sharks were caught as indicated below

No of sets No. of droplines No. of hooks Total batc (kq) Shark catch (kq) kg/set kg/dropline
12 33 495 755.5 745.0 62.3 22.8

The project concluded that the vertical longlinetiod for catching the targeted pelagic species
Thunnus albacareand Thunnus obesugroved to be unproductive; only sharks were caugtith
have no commercial value.

4.1.3 Stocks Status
There is no data available on the shark and rayurese in Palau. Landing data is also incomplete.

4.1.4 Management

Current legislation/policy regarding exploitation: There is no legislation that deals with the
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utilisation of the shark and ray resources.
Recommended legislation/policy regarding exploitatin: Since there is no fishery that specifically

targets this resource, there does not seem to texErement for a policy with regards to its
exploitation.
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5. REPTILES
5.1 Turtles

5.1.1 The Resource

Species presentFive sea turtle species have be
reported to occur in Palau. These incluc o
Eretmochelys imbricatghawksbill turtle -ngasch, ngascl - Eretmochelys imbrica
Chelonia mydagqgreen turtle -mlob), Lepidochelys

olivacea (Olive ridley turtle), Dermochelys coriacea(leatherback turtle) andCaretta caretta
(loggerhead turtle bekuu). However, only the first two, hawksbill and gremmtles, occur in any
significant numbers, and have established feedi reesting populations (Milliken and Tokunaga,
1987; Maragos, 1994).

Rochers and Matthews (1992) report loggerheacetadl|a rare visitor together with olive ripley, and
leatherback as being occasionally sighted (Maragat, 1994).

Distribution: Sea turtles are marine reptiles which have inkdbihe earth for over 100 million
years. Eight species of turtles exist worldwidehwatl but one occurring in the Pacific region. The
most frequently seen species in the Pacific are hheksbill and green turtles, although the
leatherback D. coriaceg, loggerhead . carettg and olive or Pacific RidleyL( olivaceg turtles
also occur. Details of the geographical distributad all sea turtles are reported in Marquez (1990)
as summarised below for the two most importantisggound in Palau:

Hawksbill turtle this species, together with green turtle, isriest tropical of all sea turtle species
and is distributed throughout the central Atlardind Indo-Pacific regions. Nesting is widespread
with very few major nesting places and is confitetween the 25N and 358 S, mostly within the
tropical region. It is more common in the vicinity reefs and is also seen in shallow waters which
has seagrass or algal meadows, including coagtabies and bays.

Green turtle this species is widely distributed in tropicaldasubtropical waters, near continental

coasts and around islands. It is rare in tempevaters and together with hawkbill, is also the most
tropical of the marine turtles. The normal latituali range is within the northern and southern Bmit

of the 20 C isotherms.

Groombridge (1982) states that in Palau, hawksbdtsuir in relative abundance, with nesting reported
on many islands, but notes that predation probabtyurs for 80 per cent of the nests. Diffuse year-
round nesting is reported on Ngaruangl, Kayangefui®ru, and the Ngarekeklau Islands, North of the
main island of Babelthuap, and also on many ofrtek islands South of Koror, including Ulong,
Ngemelis, Eil Malk, Peleliu and Angaur Islands.

The major nesting area for hawksbill in Palau i Myerukewid Islands (or Seventy Islands), which
constitutes Palau's only protected area for tyrdesl near-by small islets. The two most important
beaches are Eomogan and Ngerugelbtang. Occasiasings occur on Aulong, Ngeangas,
Ngobadangel, Unkaseri and Abappaomogan (PritcHH&®]). The most important nesting sites for
green turtles are Merir and Helen Islands in thetl8@est group, with some nesting occuring on
Tobi,Sonsorol and Pulo, Anna Islands in the Southwand Kayangel, Ngaruangl and Peleliu
(Pritchard, 1981). In a survey conducted in Aud@82 on Peleliu and Ngemelis, and beaches along the
east coast of Babeldoab, Geermans and Honigmag)(1@ed no signs of recent nesting of hawkshill
and green turtles. They concluded that the sitediwere not significant turtle nesting areas.

“The Rock Islands of Palau are an important nestingund for possibly the largest nesting
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population of endangered hawksbill turtle in Ocaamirth of the equator” (Atkinson and Guilbeaux,
1992).

Rochers and Matthews (1992) provided the followimfgrmation concerning turtles in Palau as a
result of an interview-survey conducted in eighPafau’s states in August-September, 1992:

Anguar hawksbill turtle is the most commonly sighted @pe off Anguar although green sea turtles
are also seen. The hawksbills are often seen iar@ani Cove and are believed to feed outside the
reef around the entire island while the greens fadtie areanedal a iwai® Loggerheads are only
rare visitors to the island. Turtle nesting ocauNigerbelau and Ngeruchei.

Kayangel green and hawksbill turtles are the most commaighted species with occasional
sightings of loggerhead. Turtles nest on Ngajafgetan side away from the inhabited and disturbed
areas of the lagoon), Ngariung (lagoon-side beadres Ngarapalas (northeast and south west side).
Important turtle feeding areas were reported tasteom the lagoon side of Ngajangel and Ngariyung
islands.

Melekeok green and hawksbill turtles are found in the ludfe waters and are not frequently caught.

Ngarchelong green and hawksbill turtles feed in the vicina§ Itechel and known to nest on
Ngerchur and Ngerkeklau islands north of Ngerchgldrurtles are caught when the adults come to
shore to nest but are also caught with speargurigat when sleeping. During daytime, they are
chased by power boats. Eggs are collected.

Ngatpang in 1992, residents estimated that resident geseh hawksbill turtles in Ngeremlengui,
Ngatpang and Aimeliik area number about 50.

Ngchesargreen and hawksbill turtles are mainly near Bdebi

Ngeremlenguigreens and hawksbill are common with occasioiggitings of loggerhead and rarely,
leatherback. Turtle resting areas were reportedbaofound in Luksuriubl, Ngetbengul and
Ngermarsch while Ngesbokkel and Usas as nestingsaféeeding areas for turtles known here
inlcude, Bkullengriil, Usas, Ngemolei, Ngesbokl afldholech.

Peleliu green and hawksbill turtle species are most contyrgighted.

Maragos (1994) reported that current hawksbill ingsdf any significance is limited to only several
small groups of islands in the southern lagoon ¢Nkmeuid, Kmekumer, Ulong, Ngkesiil and
Omekang), and a few islands around Babeldaob (Mg&sd Ngerechur, Ngerkeklau and a few
islands off the west coast. Green turtle nestingighificance is limited to Merir Island, which
probably is still Micronesia’s most important nesgtiarea for this species. Minor nesting occurs at
Ngeruangl Island and probably also Ngerebelas agetibihgs Islands at Kayangel atoll in the north
and Anguar Island in the south. Feeding areasdtr bawksbill and green turtles are concentrated at
Helen Atoll, Anguar Island, Peleliu Island, and gwithern lagoon, and off the major seagrass beds
off east, north and west Babeldaob, south of OaeprSar Passage (Maragos, 1994).

Biology and ecology Many life history details are lacking for all tier species. Main biological
characteristics include slow growth, high naturattality of the young, and an apparent compulsion t
return to well established nesting sites. Nestingeported to occur throughout the year in Palaln, w
peaks between July-August for greens and May-Sdptefor hawksbills. Gestation period is around
60-70 days, with mean clutch sizes of around 1@8.eg

The primary nesting sites f@. mydasare Merir and Helen's Reef. Some nesting alsorsamu Tobi,
Sonsorol and Pulo Anna. Nesting is sporadic andyeand. No recent data regarding nesting numbers
are availableE. imbricatanests on small beaches in the Seventy Islandsoatbe Rock Islands and
occasionally on Ulong, Nelangas, Ngebedangel, Unkamnd Bablomekang. Few data on nesting
numbers are available, but Maragos (1991) repbedalau population of nesting hawksbills to be the
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largest in Oceania North of the equator. Peakmgsitcurs July-August, and sporadically all yede T
extensive Palau lagoon appears to be a major fyagea.

In the Pacific, hawksbills are considered the leagjratory species, whereas greens are highly
migratory (Vaugh, 1980).

The hawksbill turtle feeds on a diet of invertebstsponges and soft corals. The green turtle, by
contrast, is mainly herbivorous, feeding on seagra®nd algae. Because the seagrass beds often do
not occur close to suitable breeding beaches, dgugttes may have to migrate from a resident habita

to breeding beaches and back at intervals. Loggdehand olive Ridleys are also carnivorous and,
with the hawksbill, do not appear to migrate to shene extent as the green turtle, though some long
distance movement has been recorded (Pickering3)198ovements of the olive Ridley are
particularly poorly known. The loggerhead nestsniyaputside the tropics, on subtropical and warm
temperate coasts.

While green turtles often nest together in largsbers at sites called “rookeries”, the nestinghef t
hawksbill is diffused, with no great concentratiasfsnests. The single largest known green turtle
rookery is Raine Island, on the northern Great iBarReef in Queensland, with 80,000 nesting
females per year (Pickering, 1989). Other majokeoi@s occur around Australia, on the Caribbean
coast of Costa Rica (Tortuguero), the Pacific cod#flexico, Ascension Island, the coasts of Oman
and Pakistan and islands in the Mozambique Chgrietering, 1989). Hawksbill nesting density is
low throughout its range, with moderate conceruaretiin a few localities such as the Torres Straits
islands of Queensland, the southern Red Sea anGulieof Aden and the Arnavon Islands near
Santa Ysabel in Solomon Islands.

There is evidence that 7-14 months after hatchiagng green and hawksbill turtles spend their time
drifting passively in beds of floating seaweed,sas Sargassunspp., in the deep ocean. Green
turtles are then thought to spend a developmeetadghin inshore estuarine, coastal and reef higbita
before moving to their main resident areas (Picigri989).

Age at first sexual maturity in green turtles hagib estimated to be between 8 and 13 or more years
(Marquez, 1990). The same author reported thataptidaty (Cayman Turtle Farm), green turtles
reach 35 kg in about three years and start to deygein less than 10 years.

5.1.2 The Fishery

Utilization : Turtles are caught using spears from a canopearguns, often with SCUBA gear. Some
fall prey to gill nets. Sea turtles were importantraditional Palauan culture as sources of fondat

and eggs). Marriage bowls, known as ‘womens' mooeydluk are made out of turtle shell and
represent the private property and wealth of thenam The production dbluk was an important
traditional use of hawksbill, but turtles seem ®tbo small in size for this anymore. Some local
craftsmen still produceoluk; small ones for the tourist trade and larger arsesrved for custom use.
However, the main exploitation of sea turtles todagnains the collection of eggs. Commercial
exploitation and export of shell occurred during therman and Japanese periods of occupation. The
meat ofC. mydasds particularly popular in Palau. The meatofimbricatawas once considered taboo

to all except old women to eat. Prior to 1971, ghell of hawksbill formed the basis of an important
traditional carving industry for fish hooks, comispoons, cups and ornaments. Today this trade has
largely died out, only a few artisans produce aufaw sale to tourists.

It was estimated in the late 1980s that 90 per okt nests were raided by illegal egg collectors
(Milliken and Tokunaga, 1987).

Hawksbill turtle are still illegally harvested iraRu. This include intense egg poaching. Turtles ar
infrequently caught using either a spear or speafgusubsistence use (Rochers and Matthews, 1992).
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The same authors wrote that in Anguar and Kayanggles are not frequently caught but are only
caught for subsistence. Turtles were used to bghtdar special occasions in Ngarchelong but now
it seems it is for sport. The capture of about turtles per six months for subsistence in Ngatpang
was reported by Rochers and Matthews (1992) andttinte hunters claim that the best time for
catching ismengeaiwhich is during the first and third quarters o tmoon, the period of little tidal
variations. In Ngchesar, turtle is caught as aidamal of other fisheries while in Ngeremlenguisit
caught mainly for special occasions and customstwn pork is not available. Nets, hooks and
spearguns are used. From interviews by the ababe residents of Peleliu claimed that the local
population catch adult turtles mainly for speciatasions such as birth ceremonies or marriages.
However, they claimed that people from Koror cofmeré to collect turtle eggs. The best time for
catching turles is during the breeding season (Bamtember) when they are also caught while
laying eggs. Hunting for turtles is not common niout when they are, the large ones (more than 3
feet) are especially sought.

Perronet al (1983) includeashgaschandmlobin their list of commercial marine animals of Rala

Production and marketing: The level of exploitation of the adult turtle skdfor food is not known,
although poaching of nests and meat consumptiokremen to be high. Palau had been covered by the
USA ratification of CITES since 14 January 1974wdwger, Palau status now is different since it has
become independent. CITES Annual Reports recordfeer illegal imports of turtle shell from Palau.

The main market for turtle shell has traditiondlen Japan, where hawksbill shédekko) is in high
demand. Japan holds a reservation on hawksbillrl@eES, and imports around 30 tonnes per year
from sources world-wide.

In Palau, turtle meat continues to be consumetieastibsistence level, but few data on volume are
available. Perroret al (1983) listedngasch and mlob as commercial marine animals of Palau.

However, landing data at PFFA for the 1976-1981opledid not include any purchase records of any
sea turtles.

Green turtle is listed as threatened and can irereinly be harvested for subsistence or custom use
Maragos (1994) reported that for over 20 years,stee turtle hatchery and head-start program that
operated out of MMDC, and which ceased in 1991ect#d about 25 per cent of the turtle eggs from
the Rock Islands with most of the remaining 75qaat illegally poached. During June and July, 1992,
a survey to assess the feasibility of a long tdudysof hawksbill sea turtle nesting was condudigd
the University of Georgia Sea Turtle AssistancegRnm in cooperation with the Palau Division of
Marine Resources. The survey involved 303 individoeach checks on seven beaches in the
Ngerukewid Islands, four in the Kmekumer Island @rand 3 in the Omekang Island Group. Of the 13
nests identified, 9 were intact and 4 poached. festing turtle was encountered and 1 poaching
attempt interrupted (Atkinson and Guilbeaux, 1992).

Although illegal under the US Endangered Species #xauggling of turtle products from Palau does
occur by US, Japanese and other tourists.

5.1.3 Stocks Status

Sea turtles are generally declining throughoutwogld, primarily due to over-exploitation for food,
habitat destruction, and entanglement with fishiegs and other debris (Groombridge, 1982). The
IUCN lists five of the seven species of sea tuaieendangered (including the hawksbill) and anabker
‘vulnerable'. All species are on Appendix | of tBenvention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES), which fidhany commercial trade.

Available information indicates that hawksbill nuend are declining in Palau. Maragos (1991) reports
that nesting activity has declined to half its ferntevel due to chronic egg poaching (over 75 pet c
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nests destroyed), hunting of adults, tourism accesgion activities in the Rock Islands disturbtimes
sites, and all remaining eggs were taken by thadtstart” programme. The Sea Turtle Project, set up
in 1982 within the MMDC, aimed to supplement theulagbopulation of hawksbills by increasing
hatchling survival rates through the 'head-staag@mmme, whereby hawksbill eggs were transplanted
from nesting sites to MMDC for incubation. The Hitags were kept in water tanks for 6-12 months,
then tagged and released to the wild. Facilitaéingable ranching capability for hawksbills witttime
country was a long-term goal. MMDC turtle projettfshad estimated the total number of nests fer th
whole archipelago at between 120-180 nests per, yeiln over 50 per cent occurring in the
Ngerukewid Island Reserve.

Table 5.1.1 presents nesting information for havllesim the Rock Islands. According to Sone (1989),
an average 71 per cent of nests were raided byhpoabetween 1982 and 1988. Nesting periodicity
data are given in Table 5.1.2. No seasonal trerelsapparent. Table 5.1.3 provides information on
hawksbill nesting sites by area. The Seventy Islafwl the Rock Islands Group), Kmekumel and
Omekang are the three most important nesting areas.

Table 5.1.1 Yearly hawkshill turtle nest site survey resuRsck Islands. (Source: Sone, 1989).

No. boat No. nests No. nests % lost to No. eggs

Year trips found with eggs  poachers  collected

1982 23 56 23 59 1,491
1983 32 81 21 74 1,840
1984 25 71 17 76 2,031
1985 74 57 10 82 994
1986 39 54 17 69 2,189
1987 53 76 28 63 3,461
1988 52 56 14 75 1,858
Total 298 451 130 71 13,864

Table 5.1.2 Monthly number of hawksbill turtle nests foun882-1988. (Source: Sone, 1989).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Declot

1982 - 3 6 9 3 10 1 7 9 3 3 2 56

1983 12 1 7 6 4 5 10 11 3 9 7 6 81

1984 5 8 3 6 7 9 6 6 4 4 7 6 71

1985 9 6 2 1 8 9 6 7 2 5 - 2 57

1986 1 3 1 3 10 12 6 3 3 1 3 8 54

1987 4 7 6 10 3 2 5 1 12 2 3 21 76

1988 8 3 2 6 4 15 8 9 0 1 - - 56

Total 39 31 27 41 39 62 42 44 33 25 23 5 4 451
Table 5.1.3 Yearly number of nests found, by location, 198848. (Data from Sone, 1989).

Location 1982 1983 1984 1985 1986 1987 1988 Mean

Ngebedangel 3 2 1 5 0 2 0 1.86

Biduul 0 1 0 0 1 4 0 0.86

Ulong 0 5 5 0 0 4 0 2.00

Kmekumel 10 13 8 8 11 30 17 13.86

'70" Islands 23 22 18 14 15 15 18 17.86

lyuuch 0 0 0 0 0 3 7 1.43

Omekang 8 9 7 15 9 1 5 7.71

Kisaks 0 0 0 0 0 0 0 0.0

Ngeremdiu 0 0 1 4 0 2 0 1.00

Breu 0 7 0 0 6 4 0 2.43

Ngkesiil 3 6 3 2 5 6 6 4.43

Ngeremeyaus 0 0 0 1 2 1 2 0.86

Moir 0 0 0 3 0 0 0 0.43

Ngeruwauch 2 0 0 1 2 2 0 1.00

Oiyars 0 0 0 0 3 0 0 0.43

Suuch 1 1 0 4 0 1 0 1.00

Others - 1 - - - 1 1

Not recorded 6 14 28 - - - -

Total 56 81 71 57 54 76 56 64.43
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A survey (involving 24 survey days) conducted dgrithe June-July period in 1992 visited 14

previously identified nesting beaches which inclul@reas in the Ngerukewid Islands, 4 in the
Kmekumer Island Group, and 3 in the Omekang Islarmlip. A total of 303 individual beach checks

and 10 patrol nights were made. Thirteen nests vemeatified with 9 intact and 4 poached. Four

false crawls were sighted, 1 nesting turtle enceneat, 1 poaching attempt interrupted and 7 turtles
sighted in the water (2 hawksbill, 1 green and #lemtified) and reamains of 1 speared hawksbill
was found within Ngerukewid (Atkinson and Guilbeali292).

Maragos (1994) notes that harvesting and poachingumles and eggs is exceeding natural
sustainable rates at all of the islands, and tpdjgulations everywhere are declining.

5.1.4 Management

Current legislation/policy regarding exploitation: Sea turtles are protected under Title 24
(Environmental protection) of the Palau Nationad€oChapter 12 (protected sea life), subchapter I:
Turtles, are summarised as follows:

= no hawksbill shall be killed or taken on shorethair eggs taken;

= turtles caught and killed at sea must be greager #7 inches carapace length in the case of
hawksbills, and 34 inches carapace length for ghaties;

= no sea turtle of any size may be taken or killetwben June 1st and August 31st, nor
between 1st December and 31st January, inclusive;

= notwithstanding the above, taking of sea turtle #mair eggs is only allowed for scientific
purposes when authorised by the President;

= violators of these provisions face six months ihgafines not more than $100, or both.

One major nesting site, the Ngerukewid Islands, designated nature reserve. The USA Endangered
Species Act apparently used to apply to Palaumydass listed as threatened and may be taken by
residents only, and "if such taking is customargditional and necessary for sustenance of such
resident and his family".

Recommended legislation/policy regarding exploitatin: Currently, enforcement of the existing law
is weak. The advent of powered boats in recentsyleas facilitated wide-spread raids on nesting site
by egg collectors throughout the archipelago, idiclg the Ngerukewid islands, where technically no
unauthorised boat is allowed entry.

Maragos (1991) reports that the turtle headstajeptr has not demonstrated any success in enhancing
wild populations, as despite 2,400 juveniles reddasetween 1982-1990, only 2 tagged turtles have
been reported re-captured.

Maragos (1991) suggests the following measuresverse the current trend towards extinction of the
Palauan hawksbill population:

O immediate curtailment of the head-start prograntime (vas done in July, 1991);

establish resident enforcement presence on ndstaghes;

disguise or hide nests to reduce poaching;

institute data collection and tagging studies ating sites;

regulate construction, recreation and tourist @gtiear nesting sites;

incorporate the above in a reserve programme ®Ribck Islands, with increased public education
of turtles and training of national staff in turdenservation.

I I A
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Continuation of existing turtle conservation pragraes and expansion of protected nested areas, plus
improved protection of the existing protected meggtsites and enforcement of laws protecting wild
adults, is highly recommended.

Maragoset al (1994) report that “concerted conservation astiare needed to prevent the virtual

extirpation of nesting sea turtles from Palau. Bhexlude resurrection of traditional controls,

enforcement and surveillance by the National gavemt, and in support of state government efforts,
designation of new protected areas, and rehamiitatf nesting sites”.
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5.2 Crocodiles 4us

5.2.1 The Resource

Species presentA single species of crocodil€rocodylus porosuésalt-water crocodile ius), occurs
in Palau (Messel and King, 1991), although Kimur@6g8) reports two other species from the islands,
but these were likely to be mis-identification.

Distribution : The saltwater crocodile occurs from the Southtgyrof India eastward to the Banks
Islands in Vanuatu and is the widest ranging sgeaé crocodilian. The current distribution
encompasses 18 countries, including Australia, Baegh, Brunei, Myanmar, Cambodia, China, India,
Indonesia, Malaysia, Palau, Papua New Guinea,pphiks, Singapore, Sri Lanka, Solomon Islands,
Thailand, Vanuatu and Vietnam (U.S. Fish and W#d8ervice, 1993).

As a result of heavy and sustained hunting througRalau since the post-war years, the eradication
and excessive hunting in the late 1970s and e&®04, the number of crocodiles in Palau has been
severely reduced. During a recent survey, Messaglking (1991) surveyed 112 km of waterways
throughout the Republic that were considered tovigeo suitable habitat fo€. porosus Only 42
animals were sighted, 17 of which were spotted eliidsi Island, and 17 in Ngerdok Lake. It is evitlen
that the crocodile population, although widely dited over the islands, is at an acutely low dens

Crocodiles in Palau seem to concentrate in threpoms; mangrove and coastal waterways,

freshwater ponds and swamps of Peleliu Islandjakes, ponds, and drainages of Ngerdok Lake as
well as its associated downstream estuaries on Balgldaob island; and the rivers, streams and
estuary of Ngermeduu Bay on west Babeldaob island.(Fish and Wildlife Service, 1993).

Rochers and Matthews (1992) reported residentsngfadr as occasionally seen crocodiles in the
various abandoned phosphate mining pits aroundidlaed. Maragos (1994) reported excellent
mangrove habitat off eastern Babeldaob for saltwatecodile with Lake Ngerdok, upslope from
Melekeok Village as one of Palau’s premier nestiapitats for crocodiles. According to residents,
crocodiles inhabit nearby streams and mangrove.edew only one animal was reported in Airai
Bay during extensive surveys by Messel and Kin@{19In 1992, residents in Melekeok estimated
60-100 crocodiles living in the area while only &saestimated in Ngchesar. A few crocodiles were
found by Messel and King (1991) off the river mauth Ngeremeduu Bay and further north off the
Irur River and off the coastal fringe from the Ivagoto lwekei Rivers. The authors estimated that
mangrove habitat off western Babeldaob is extensiveugh to support several hundreds or more
crocodiles. Crocodiles have been reported in séweéithe lakes in the southern lagoon area. One of
the largest populations of crocodiles in Palau vegmorted by Messel and King (1991) within the
mangrove and seagrass embayment to the northeRsfediu, mostly on the northern estuary and
tidal creek. The other being in Lake Ngerdok offtean Babeldaob.

Biology and ecology The following information was taken directly from.S. Fish and Wildlife
Service (1993).The saltwater crocodile is the lsrgef the 23 living species of crocodilians. A
female deposits 40 to 60 eggs during the wet se&rsom May through July. Hatching has been
reported to occur in Palau in August and Septerafter an incubation period of about 90 days. They
have fast growth particularly in its early yearshavild females reaching more than 5 feet (1.3m) i
five years. Males reach sexual maturity at abouyddyrs of age and females at 10 years. No growth
data are available for Palau but could be comparaiith these. Vertebrates are the principal food
source. Sub-adults and juveniles prey heavily arsteceans, crabs and shrimp and insects where
crabs are not common. Slow-moving fish may alsecdygured. Movement is restricted in four years
old or younger to within 10 km while older animakn move up to 21 km.

5.2.2 The Fishery
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Utilization : Messel and King (1991) give an account of théohysof crocodile exploitation in Palau.
First reports of crocodile capture date from betw®#898 and 1905. Individuals were between 2 and 3
feet in length (Motoda, 1937; 1938). Fifty four codliles were caught between 1915 and 1936.
Information on crocodile exploitation is lackingfn 1947 (when Palau became a Trust Territory of the
US) and 1958. In 1965, a local fisherman was kibgch 12 feet 7 inch (3.83 m) crocodile on Koror,
which resulted in public hatred for the wild crodegopulation, and concerted hunting and systemati
eradication of the resource commenced. In 1968|l avBs introduced in the Congress of Micronesia
providing a bounty for the killing of crocodileshigh were considered as a public menace. Between
1967 and 1968 a survey was carried out by commer@eodile shooters to determine the viabilityaof
crocodile fishery, but only 23 crocodiles were $égh which did not indicate a viable fishery.

In 1969, the Government of Palau, under US Adnitiisin, granted exclusive rights for three years t
an Australian big-game association to hunt croesdénd sell the skins and remains. This enterprise
failed after only two months, having shot only 8bnaals, presumably due to the very low numbers of
crocodiles available for exploitation. A local hentactive in 1972 reportedly shot almost 200 arsmal
but this enterprise also ceased. Other commereiatuves exploiting wild crocodiles in Palau have al
failed.

Animals continue to be taken from the remainingdvgbpulation for sale of skins and meat although

large scale commercial operation can not be suppdy the low population. “On request for meat or

skin, the animals are slaughtered and frozen alabtsdourists and possibly local restaurants. Meat
and skins sold to tourists are packed in insulateal boxes and placed in personal luggage where
they remain undetected on export (US Fish and Viéldtited above).

A ranching venture for tourist attraction startedHalau in about 1990, near Koror. This venture
currently holds 43 animals (24 big ones of 4-14 &aal 19 small ones) which were all collected from

the wild. The animals are fenced in a small mangranea with concrete walls about 4 feet high and
wire on top. The pond is divided into two units @egting the big crocodiles from the small ones.

Feeding is only done once a fortnight using livickéns, as crocodiles would not take dead ones.
One big crocodile may take about 5 chickens duoing feeding. Entrance fee to the ranch is $3.00
for adult and $2.50 for children.

Production and marketing: Crocodile skin is in demand for high value leatheoducts. East asian
markets, particularly Japan, are major buyers. @tibe skin can not be sold in Europe because of
CITES regulationsC. porosushas the most valuable hide of any crocodile omibeket, which is why
Japan and Singapore took reservations on the spaatker CITES. Lobbying by conservation groups
resulted in Japan removing its reservation in Ndem1989, and Singapore is reportedly going to
follow suit. However, many lucrative markets cuthgexist for wild caught skins.

Other than the anecdotal figures given above utlgeiUtilisation section, no production figures are
available for Palau except those presented inTaBld. DMR (1991) reports that 212 Ibs of crocodile
were exported during 1990 (from the flight manifestthe commercial air carrier, Continental Air
Micronesia Airlines).

Perronet al (1983) listedus as one of the commercial marine animals of Pdlata collected of
marine animals purchased by PFFA market from 1976981 recordedus only twice within the
period as given in Table 5.2.1.

Table 5.2.1: Crocodildys) purchases recorded at PFFA for the 1976-198bgefSource: Perroet al, 1983).

Percent Annual All Value Per cent Annual All Price
Year Weight (Ibs) Species Landing Weight| (US$) Species Value $/lb
1978 jus* 995.00 0.33 303.24 0.39 0.31
1979 jus* 140.00 0.03 49.0( 0.03 0.35

*|t is very likely thatius reported was crocodile meat.
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5.2.3 Stocks Status

The saltwater crocodiles were once widespread ¢imout the main islands of Palau but have
suffered from a poor image leading to eradicatiod excessive hunting in the late 1970s and early
1980s. According to Messel and King (1991),porosuss nearing extinction in Palau due to the past
policy of the US Administration, supported by Palawonservation officials, to eradicate crocodiles
which have been traditionally viewed by the genpogdulace as vermin and a threat to humans. A total
of only 42 individual crocodiles were sighted in214 km of waterways surveyed. The authors
considered that around 75 per cent of all inlantemaays that provide a habitat suitable for crolesdi
and around 50 per cent of the coast, were covergdgdthe survey. The largest remaining populations
(but very small) of crocodile in Palau, occur inkeaNgerdok off eastern Babeldaob and in the
mangrove swamps off northeast Peleliu, each comgragound 17 animals. No other viable crocodile
populations are believed to exist in Palau. Marg@994) reports that Ngemeduu Bay once supported
large populations of crocodiles but many were takem the area for the menagarie, leaving a small
residual population. On the basis of this survhg, authors calculate that the total crocodile nesou
numbers less than 150 individuals.

There is no reliable data concerning crocodile rensiin previous years. No population studies have
been undertaken prior to 1991, and crocodiles skport statistics have not been maintained over the
years, but anecdotal information indicates thafpibygulation may have been in excess of 1,500 asimal
in all size classes in past years.

U.S. Fish and Wildlife Service (1993) notes thdtiaugh the taking of animals for meat and skins is
primary hunting threat, there is some vengenanitieciby local people. In addition, crocodiles are
cited as competing with humans for food (mangraabds and fish) in Palau. It is also believed that
crocodiles’ presence is detrimental to the develapnof the tourist/sport diving business” and
“while population numbers are probably very lowglaser estimation of real numbers can only be
determined by more complete surveys of inland aradial habitats”.

Crocodile populations are also affected in Palathélyitat loss as is evident where road building,
housing and commercial development are resultingnaroachment of freshwater and mangrove
wetland habitat vital to crocodiles. Also, the ¢xig laws are inadequate. It is believed that aaus
feral cats feed on eggs and hatchling crocodileagh not confirmed (US Fish and Wildlife Service,
1993).

5.2.4 Management

Current legislation/policy regarding exploitation: Since Palau has become independent, protection
of local crocodile population under ESA no longpplées. However, efforts have been attempted to
modify the Palauan Code to protect endangered epegiPalauan Endangered Species Act has been
prepared and exists in the form of proposed lefjsiaHouse Bill No. 4-5-2S, (US Fish and Wildlife
Service, 1993).

Recommended legislation/policy regarding exploitatin: Messel and King (1991) conclude that
unless urgent measures are put in place to prittectpeciesC. porosuswill soon become extinct in
the wild in Palau, and its range will be furthemdiished. Ranching is not viable, due to the alyead
very low numbers of wild crocodiles.

Recommended management options for the protectithe @rocodile resource in Palau include:

O retention of wild crocodiles status on Appendix G6TES,;
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an immediate total export ban on skins until wildpplations recover, and/or crocodile farms
become productive and registered with CITES Seutagta

national and state governments consider banningsilireg and taking of wild crocodiles, except
where they present a danger;

the government to institute setting up of crocodéserves for on-growing young animals, and
licensing trappers to take large animals for bregdn farms;

US Fish and Wildlife Service and Palau Bureau o$dreces and Development work together to
seize crocodiles currently held in small farms pladte in a single, large licensed one;

licence the only existing large, private farm toaige crocodiles from licensed trappers in order to
expand the 'gene bank' of captive crocodiles ialRdbr commercial and conservation propagation.
A single large farm would have more potential tacteeconomic viability;

US Fish and Wildlife Service should assist wittiagtup additional captive breeding farms, stocked
with animals procured overseas;

Palauan authorities should encourage wildlife toarbased on boat tours of scenic waterways with
small and large crocodiles;

O establishment of crocodile reserves on Babelthagst coast and Southern waterways;

[0 government should increase public awareness amwdite conservation material to schools, rural

O

areas, etc.; and

status ofC. porosugo be monitored and evaluated once every threm.yea

US Fish and Wildlife Service (1993) recommendsusitin of crocodiles in the list of threatened or
endangered species in the regulations promulgateédrihe Palauan Endangered Species Act. Under
the recovery plan recommended in the same docummenfollowing actions were mentioned:

[0 stabilize current populations by establishing arhaging at least three protected areas;
O secure illegally held captive crocodiles and reidtrce them into the wild,;

[0 protect the crocodiles under Palauan law and isereaforcement of wildlife laws;

[ increase public awareness.
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6. FLORA

6.1 Mangroves

6.1.1 The Resource

Because of the important role the mangroves cargilbo the coastal fisheries resources, they are
treated as a resource for these profiles.

Species presentThe following mangrove species have been recotdextcur in PalauBruguiera
gymnorhiza(oriental mangrove denge, Bruguierasp. kodengey Lumnitzera littorea(mekekad,
Rhizophora mucronatéiebeche), Sonnerratis albgwhite mangrove wrur). In addition, Canfielabt
al. (1992, quoted in Maragos, 1992) also recorddzophora apiculatgthe red mangrove) in the
Ngeremeduu Bays. albaandR. apiculataare the dominant trees within the bay.

Distribution : Mangrove area in Palau has been estimated tor @ovetal area of 45 kin Their
distribution by State, together with estimated cages by other habitat types and land area is given
in Table 6.1.1, arranged in descending area of noaegrea.

Table 6.1.1 Estimated fishing area habitats by state. (Soub&4R 1990 Annual Report).

Mangrove | Fringing reef | Barrier reef Lagoon | Atoll reef
State (km?) (km?) (km?) (km?) (km?)
Airai 7.9 22.7 4.0 30.0 0
Ngardmau 7.2 13.§ 11. 22.pb 0
Ngetpang 6.3 2.7 7.1 15.0 D
Peleliu 4.9 35.5 0 0 g
Ngeremlengui 4.0 7.5 12.3 15.p 0
Ngaraard 3.4 23.2 17.3 23.B 0
Aimeliik 2.8 8.2 27.0 55.0 0
Ngerchelong 2.1 23.0 81.8 3250 0
Ngchesar 1.8 6.9 4.3 23.D 0
Melekeok 1.7 8.4 0 0 q
Koror 1.6 19.2 100.0 500.( D
Ngiwal 1.3 5.8 0 12.1 0
Anguar 0.0 2.6 0 0 0
Sonsorol 0.0 8.3 0 C (
Tobi 0.0 7.0 0 103.0 57.9
Kayangel 0.0 0 0 12.1 7.1
TOTAL 45.0 194.8 264.7 1,136.5 65.

Bright (1991) estimated 700 hectares of mangrowvdhe Ngermeduu Bay watershed, making up 44
per cent of the total Babeldaob mangrove area.

Maragos (1993) reported the following informaticoncerning the occurrence of mangroves on the
main Palau islands:

Northern Barrier Reef Areamangrove forests are well developed as small gtschkvithin
embayments around the Ngerchelong peninsula.

Eastern Babeldaabmangroves are well developed and extensive alomgast coast of Babeldaob,
and are concentrated in shallow embayments. Theymeas fringe along the entire coast is almost
continuous except for parts of Ngaraard, Ngerchgland Melekeok coast. The most extensive
mangrove stands are in Airai and Ngaraard but fogmit stands are found on sites such as; Lukes,
Ngatmel, Bischerad, Ngriil, Kekerelel Dormechol, Kdglau-Ogiil, Ngiwal, Ngeriungs, Ngchesar,
Ngerngesang, Ngerdorch, Ngchesechang, Oikull, Ngasd Ngerduais, Ngrikill (Airai Bay), Yelch,
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Ngerusar, Ngetkib, Ngchesechang.

Western Babeldaolwestern Babelboad contains the most extensivegrogae swamps in Palau with
the largest stand in the Ngeremeduu Bay and th&éncmus fringe along the coast from Aimeliik to
Airai. Mangrove forests in this area consist of Bmpackets in the north which become larger
towards the south and cover an area of 32.2 sqThke.largest stands are found in Urrung Telong,
Telong to luellang, Ngeremasech, Ngerdesiur to hgedNgeremeduu Bay, Ngerasech, Turangel,
Bad, Ngereklmadel, llabis, Ngerulaol, Medorm, Ngauiangel, Ngerkeai, Ngerdeiar to Imiul and
Airal.

Southern Lagoanmangroves are concentrated around the island@bdr@Koror) with major stands
at Ngesaol, Ngerbeched-Ikelau-Ngerkeseuaol, MaeMdieketi, and Ngerbobe. Small patches are
found at Ngerekebesang. Mangroves are absent irRtuk Islands outside of Peleliu with the
exception of only very small clusters in a few marlakes and protected coves.

Peleliu Outside of Babelbaod, Peleliu contains the largemgrove swamp in Palau which provides
critical habitat for one of only two remaining bde®g populations of saltwater crocodiles. It has
three major stands; Mocheingel, Ngermelt, and aa aff Blood Nose Ridge.

6.1.2 Resource Importance and Uses

Utilization : The importance of mangroves and mangrove halitateastal fisheries have been well
documented throughout the world. Apart from theviion of a buffering zone, preventing erosion
and protecting land from wave action etc. mangm@eas are extremely productive areas supporting
various fisheries, providing nursery and feedinguagids for a host of brackish and marine animals.
Maragos (1994) noted that in Palau, mangrove caalbdsmangrove clams are confined to mangrove
habitats. They currently provide an essential laabior the endangered saltwater crocodile and
several sea birds as well as supporting a varfetyaiive shellfish and finfish resources.

Maragos (1994) mentioned excessive woodchippingsamanill industries as potentially destructive
to mangroves. (It is not clear whether this reféne “story-board” production or any other existing
undertaking locally). In Palau, mangrove wood iasidered a valuable building material. The wood
is used mainly for the construction (for posts dhne top frame) of traditional “summer houses”
which are used as resting houses. A lot of thessd®exist in Babeldaob. Sometimes the mangrove
wood is used for building outdoor cooking house®od/(diameter 2-3") are used to make fences to
keep pigs in. Poles of a few feet in height ardeddo the ground at a few inches apart in theeshap
of the fence. Mangrove root outcrops are used o filames for traditional fish traps. During the
Japanese time, the bark of mangroves was usee iprtfduction of dye. However, this practise does
not seem to exist anymore. Palauans do not spaityficut mangroves for firewood as the resources
is considered a valuable building material. Onlyhgrave from rotting “summer houses” are used for
firewood. Wood oBruguierasp. andS. albaare used for the production of storyboards.

Rochers and Matthews (1992) report the uses of maagdn Palau as follows:

B. gymnorhiza building
Bruguierasp. - building, storyboards
L. littorea - building

R. mucronata building

S. alba- building and storyboards.

Mangrove areas are, in a few cases, used for aljuscuMangrove trees have been cleared for the

construction of ponds (e.g. milkfish farm in Kowhich is probably the only surviving farm from a
few attempted). The crocodile ranching for tougistaction in Koror is in a mangrove area but anly
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very small area is used.

Production and marketing: There is no information available on level ofimétion.

6.1.3 Stocks Status

Maragos (1994) notes that mangroves are still iveligt intact and healthy in Palau except in the

vicinity of some poorly planned dock, road, and rofed projects (Melekeok, Ngetpang) where

mangroves have been filled in or walled in caudimgm to die. The same author also notes that
excessive harvesting for woodchipping and sawmmtlustries is potentially destructive. Road

construction along the Ngetpang river has smothanetkilled large stands of freshwater swamps in
Ngeremeduu Bay.

6.1.4 Management

Current legislation/policy regarding exploitation: There does not seem to be any legislation that
specifically protect mangroves in Palau.

Recommended legislation/policy regarding exploitatin: Mangroves need to be protected under
specific legislation.

Maragoset al (1994) made the following recommendations:

[0 some mangrove areas need to be established asveeses part of a larger protected areas
especially Ngeremeduu Bay, northeast Peleliu, thetmof the Ngerdorch River, and Airai Bay.

O national Government to assist in the enforcementstate laws to discourage unauthorised
harvesting and cutting by “outsiders”.

O upland soil erosion control especially for roadfieid, and land clearing to avoid destruction of
coastal ecosystems including mangroves.

There is a need to introduce legislation, under appropriate ministry, for the conservation of
mangroves and for their protection from the effeftether developments.
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6.2 Seaweeds

6.2.1 The Resource

Species presentPalau has a relatively rich and
diverse marine flora. Seaweeds collected b
DMR staff during 1990 and 1991 included the
following major species:

Halimeda discoidea Halimeda lacunalis

H. simulans Cladophoropsis
vaucheriaeformis Caulerpa sg

H. opuntia Tydemania expeditionis

H. discoidea Dictyota bartayresii

H. incrassata Padina minor

H. micronesica Galaxaura fasciculata

H. tuna Actinotrichia fragilis

H. macrophysa Amphiroa foliacea

Boodlea coacta Hypnea pannosa

Caulerpa racemosa Gracilaria crassa

Caulerpa sp Valonia ventricosa

Avrainvillea lacerata  Peyssonnelia obscura

Rhipilia orientalis Cholorodesmis fastigiata

Gelidiopsis sp. Dictyosphaeria versluysii

Gelidium pusillum Amphiroa fragilissima

Liagora clavata Ceramium mazatlanense

Champia sp. Polysiphonia scopulorum

Caulacanthus okamurae

Distribution: Presumably generally widespread. The above spe@es collected from Ngerngesang
reef flats, Ngchesar Passage, Ngetngod inner Teefai reef and Jellyfish Lake (DMR unpublished
data).

Biology and ecology Some seaweed species have been intensively groaguaculture enterprises
since they require only sunlight and nutrients he water. Predation by rabbitfisBjganussp.,
cyclones, diseases, and inconsistent and unreliabt&et and value, have contributed to the failure
of some of these mariculture undertakings in thetls Pacific.

6.2.2 The Fishery

Utilisation: Subsistence and small scale artisanal fisheriiss iexsome of the South Pacific countries
based on the use Glaulerpasp. andGracilaria sp. for food. The major commercial use of seaweed
the region is for phycocolloids for the productiginagar and carrageenin, which are used in the, food
cosmetic, medicinal and other industries. Majortwrel areas are Taiwan, Philippines and Kiribati.
Harvested weed is sun-dried, compressed and baietlthen shipped for processing overseas. A
number of FFA member countries (eg. Fiji, Tonga &vestern Samoa) have attempted to develop
small-scale commercial seaweed farms, with mixedess.

The seaweeds, e.Gaulerpa racemosatc, found in Palau, are not consumed by the lpopulation.
However, the resource is known to be collecteddod by the Philippino population based in Palau.
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Marketing: Prices paid for food-grade agar to Japan from 11986 were $10-21 per kg (Armisen and
Galatas (1987).

Production and marketing: No commercial fishery currently exists for seavgerdPalau. Subsistence
uses are not documented.
6.2.3 Stocks Status

No information is available.

6.2.3 Management

Current legislation/policy regarding exploitation: There is no existing legislation that specificaly
addresses the exploitation of seaweeds in Palau.

Recommended legislation/policy regarding exploitatin: Current utilisation by the local

population is limited and seems only for subsistenthe level of exploitation by the Philippino
community is not known. It would be necessary tdawb data on the resource and level of
exploitation.
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7. OTHER RESOURCES

7.1 Sea cucumber

7.1.1 The Resource

Species presentllek (1991) noted that at least five of th
commercially important sea cucumber species araddn

. bakelunaga - Holothuria fuscoaqilv
Palau, and include: d g

Holothuria (Microthele) nobilis - black teatfishifakelunga)
Holothuria fuscogilva - white teatfishifakelunga)
Thelenota ananas - prickly redfish femetamel
Actinopyga mauritiania - surf redfish ljadelelig

H. scabra - sandfish holech

Actinopygamiliaris, A. echinites(cheremrun) andStichopusrariegatus(ngemi9 were identified by

the same author as of high value in the local stdisce and commercial levels. Other sea cucumber
species known to be edible or of commercial valudPalau, as reported in DMR (1992 Annual
Report) and Matthews and Oiterong (1991), include:difficilis (ederngo), H. flavomaculata
(sengill), H. verrucosa(sekesakgl H. fuscopunctatgdelal a molecl, Stichopussp. {rimd), and
Bohadschia argugmeremarech. [Matthews and Oiterong, 1991, labeliedhd asHolothuriasp.].

Richmond (1991) and Birkeland and Richmond (1982gdl the following additional sea cucumber
species found in Palau, although their use in &hnefy is not known:

Bohadschia graeffeB. marmorataB. vitiensis B. bivittata Holothuria (Halodeimg atra, H. edulis H. hilla, H. impatiens
H. leucospilotaStichopus chloronotu3 helenota anaxActinopygapalauensisSynapta maculatandSynaptula media

Distribution: Sea cucumbers are found throughout the world ahdedpom shallow coastal seas to

the abyssal plain (Preston, 1993). Species of coniateralue tend to predominate tropical coastal
waters. Because bacteria constitutes the majoitiontrl component for most holothuroids, "the

complex relationship between bacterial populati@amsl sediment structure may have a major
influence on the distribution of holothuroids" (Btren, cited above).

Sea cucumbers are found throughout Palauan reké&y. dre most abundant in areas from the west
coast, south-east coast of Babeldaob to Koror dimnPeleliu. Reefs at Kayangel were reported by
Rochers and Matthews (1992) as an important aredahf collection of sea cucumbers for the
production of béche-de-mer. Sea sucumber is the sigsificant invertebrate fishery in Melekeok
with molech ngimesandirimd as the main species which are also collectecbémhe-de-mer
production. Sea cucumbers are common off the MelelReef flats (Maragos, 1994). At Ngchesar,
many types of sea cucumbers are present and arsamron reef flats. In Ngatpanggimes
cheremrum irimd and molech are four species that are collected for commeama subsistence
purposes.

Mattews and Oiterong (1991) reported that miliaris and A. echinites(cheremrun) occur
throughout Palau and are normally found under racki® seagrass beds during daytitde scabra
(molech is found in silty sand often near estuaries andeagrass beds. This species is believed to
emerge from the sand in rising tides and is eadyntbin seagrass beds and soft sandy bottom near
mangroves.S. variegatugngimeg is also found in seagrass beds within the instaoeas while
Holothuria sp. {rimd) is normally collected from seagrass beds witerealussp. andHalimedasp.
plants are common.
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In a survey in 26 sites in 1991 within the NgermedRay area on the west coast of Babeldoab,
Richmond (1991) reported several sea cucumber epeticommercial value present in quantity on
the sandflats at the inner mouth of the channed. déturrences of each sea cucumber species for the
26 sites surveyed were recorded as follows:

# Sites species| # Sites # Sites specieq
Species occurred in Species species Species occurred in
occurred in

Actinopyga echinites 2 B. vitiensis 1 H. scabra 5

A. mauritiana 2 Holothuria atra 10 Synapta maculata 1

A. miliaris 2 H. edulis 10 Synaptula media 1

A. palauensis 3 H. fuscogilva 1 Stichopus 3

chloronotus

Bohadschia argus 10 H. hilla 1 S. variegatus 9

B. bivittata 1 H. impatiens 1 Thelenota ananas 9

B. graeffei 5 H. leucospilota 1 T. anax 4

B. marmorata 2 H. nobilis 4

In an invertebrate survey in 47 sites from VelaBe®f in the north to Angaur in the south in 1992,
Birkeland and Richmond (1992) reported that commd#ycvaluable sea cucumber species were less
abundant than expected in several sites. Occurm@nitese sea cucumber species observed were as
follows:

# Sites Species # Sites Species

Species Observed in Species Observed in
Bohadschia argus 6 H. edulis 5
B. graeffei 5 H. nobilis 1
B. marmorata 1 S. chloronotus 3
B. vitiensis 2 Stichopus variegatus var hermanii 1
Holothuria (Halodeima) atra 9 Thelenota ananas 13

T. anax 2

Biology and ecology Conand (1989) reviews what is known of the biglad the main species of
holothurian exploited commercially in the South iRec Additional information is provided in
Preston (1993). Summaries of information from betilurces on certain species of commercial
interest are given in Appendix 7.1.1.

It is known that most aspidochirote holothuriane @eposit-feeders, swallowing the upper few
millimetres of sediment on which they live. The iseeht consists of inorganic compounds, organic
detritus, micro-organisms and their own or othemats' faecal material, with bacteria making up the
major nutritional component for most species. Tlgeyerally feed continuously or have a daily
rhythm in their feeding frequency, often relatedlight levels. Species that live in reef flat areas
"vacuum" the surfaces of their habitat, cleanirfgloé film of sediment that settles there.

The study of Conand (1988) on sea-cucumbers in Meledonia shows that sexes are separate and
spawning is seasonal, occurring in the cooler n®hkthnobilis attains sexual maturity at around 600 g
wet weight for 50 percent of the population. Sizérat maturity for other species is apparentlghty
variable.

7.1.2 The Fishery

Utilisation: Sea cucumbers have always been an important compohéhe subsistence fishery in
Palau. However, additional pressure has been placed an rdgource with the introduction of
commercial production of béche-de-mer. Commergsiiig for sea-cucumbers has been active since
the 1930's (llek, 1991). During 1991, the commérishery was carried out by relatively few small-
scale artisanal fishermen. Interviews indicated th&ea cucumber fisherman, with a crew of 2-3
men, worked on average 25 days per month, deperuingeather conditions, during which time
between 1-2.5 tons of sea cucumber were collechetwéen 400-500 animals per day). The
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following reefs were major collection sites: Tkubchelochel, Ngeremdiu, Ngederrak, Ngeskesau,
Ngerchong, Ngerecheu, Uchelbeluu, Ngiwal, MelekeNkierchelong and Kayangel reefs. The

fishermen usually process the catch themselvede@imn methods have not been documented, but
are presumably free diving, wading on reef flatd #me use of weighted spears on lines in deep
lagoon areas. No commercial export of béche-dewasrreported for 1992 and 1993.

A. miliaris (cheremrunj is a popular species in Palau; animals are ckshnsut transversely and
pickled for subsistence consumption, or sold omllocarkets by the bag, mostly by women for extra
income. B. argus (meremarech is also important for subsistence use; only tbeagls, polian
vesicles and the yellow 'noodles' (extruded orgersuvieri) are eatert.scabra(molech is also a
popular subsistence food, and occasionally appedocal markets. It is preferred when cooked by
boiling, although the young ones are consumed fésv eemoving the skin by scraping or peeling.
They are sold in the market cooked (Matthews an@r@ng, 1991)H. verrucosa(sekesakgl is
collected mainly for subsistence and is consumedatier the viscera are removesl. variegatus
(ngimeg is collected both for subsistence and domestimmsercial markets. Collection of this
species is calledlengimes It is the intestines of this species that areldse consumption. They are
thus collected in the morning while the intestiaes clean and free of sand (i.e. before the animals
commence feeding). The animal is cut open, visegteacted and the rest thrown back to the sea to
regenerate. The intestines are sold at the mairkgéss or in plastic bagdtimd (Holothuria sp.) is
collected at low tide from within seagrass bedshifig for this species is known easatairimd The
animals are kept in seawater during collectioneAtollecting, the animals are placed in a basket o
sack, salt is added and the sack shaken and r#gaedst a rock to clean and remove the outer skin
layer. The process is stopped when the outer lafarse animals turns white. They are then rinsed i
seawater and put in a bucket of freshwater mixed amra fruits tjtimel) or vinegar (Matthews and
Oiterong, cited above).

In a survey conducted in 1991 in seven states lewRa women's role in fisheries, 91 per cent @f th
women interviewed indicated participating in seauwuber collection as a method of seafood
collection (Matthews and Oiterong, 1991). On sezuotber species typically collectesl, variegatus
was named by 94 per cei, miliaris by 85 per centH. scabraby 72 per centdolothuria sp. by 54

per cent, andd. verrucosaby 41 per cent. Table 7.1.1 gives sea cucumbeiespas indicated by the
survey as those collected in greatest numberstédessin which interviews took place. The figures
represent percentages of responses. Percentagkesef who collect for subsistence use are also
given for each species and state.

Table 7.1.1: Sea cucumber collection and subsistese by Palauan women. Figures are in percentdgesponses. (Source: Matthews
and Oiterong, 1991).

Species | Aimeliik | Airai] Koror| Ngaraard Ngardmali  Nwmig [ Ngeremlengu| Tot
S. variegatugngimes) 100 88 100 92 100 100 80 9n
subsistence 29 43 75 36 43 33 25 45
A. miliaris & echinites 100 100 58 83 86 100 80 85|
(cheremrum)
subsistence 14 13 100 30 17 33 25 33
Holothuria sp. (irimd) 71 100 67 17 29 67 40 54
subsistence 40 25 75 50 50 50 b
H. scabra(molech) 43 38 8 0 0 33 20 17
subsistence 67 100 33
B. argus(meremarech) 0 0 8 0 0 0 0
subsistence 100 10
H. verrucosa(sekesakel) 0 13 0 0 0 0 0 2
subsistence
H. fuscopunctatddelal a molech) 0 13 0 0 0 0 0 2
subsistence

Production and marketing: Detailed production figures for this fishery hawat been collected on a
regular basis. llek (1991) recorded fisheries ftia from Micronesia for the 1922-1938 year peraid
which estimated landings for Palau sea cucmber ree@ded (Table 7.1.2). The weight figures for the
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years 1922 to 1935 were estimated from value figusing the approximation of 30 ¥/kg, by M. lzumi
of South Pacific Commission.

Table 7.1.2: 1922-1938 estimates of sea cucumbdinigs in Palau. (Source: llek, 1991).

1922 1923 1924 1925 1924 192y 1928 19p9 1930 1931932
Weight (kg) 98,726 168,674 90,950| 96,449[139,980| 61,732 139,007 201,523 61,203| 34,524 7,123

1933 | 1934 | 1935] 1936 1937 19
Weight (kg) 9,050 83,712] 80,840 61,705] 30,229] 65,646

Sea cucumber production for 1986 was estimatedtab 6,522 Ibs (2,935 kg) of dried product, made
up principally ofH. scabraand T. ananas Air cargo export data for Continental Air Micrasie for
January-November (excluding September) 1990 inglicttiat around 4,680 pounds (2,106 kg) of sea
cucumber were exported. Preliminary results frobMR questionnaire survey of fishermen active in
this fishery indicate that during 1991, an averag®00 animals (equivalent to 5,000 Ibs of finished
product) were being collected every 25 days. Téleeliy was therefore considered considerable. Two
export shipments of béche-de-mer were recordedig0d; one weighing 1,620 kg (3,600 Ibs) and the
other 235 kg (522 lbs) making a total of 1,855 &gLR2) for the year. Species composition of the
1,620 kg shipment is given in Table 7.1.3, in dasieg order of quantity. The data indicates that
nobilis (black teatfish bakelunga) made up 60 per cent of the shipment.

Table 7.1.3: Species composition of one of theghipments recorded in 1991.
(Source: DMR 1991 Annual Report).

Species | # piecgswi (kg) | Wt (Ibs)| % total weight
Holothuria nobilis(bakelunga) 6,706 991 2,202 61.3
Thelenota ananagemtame) 1,042 227 504 14.0
H. fuscigilva(bakelunga) 822 184 409 11.4
Stichopus variegatu@mgimes 1,948 141 313 8.7
Actinopygasp. eremrum) 263 35 78 2.2
H. scabra(molech 130 21 47 1.3
Unidentified 93 13 29 0.8
A. mauritiana(bad el elejl 81 5 11 0.3
Total 11,085 1,617 3,593 100.0

llek (1991) presents price range data for the 5 nadsable species present in Palau, as detailed/be

Species Common name Palauan name Price range ($/Kg)
Holothuria (Microthele) nobilis black teatfish bakelungal 11.44-28.84
Holothuria (Microthele) fuscogilva  white teatfish bakelungal 19.27-37.71
Thelenota ananus prickly redfish temtaml n.a.

Actinopyga mauritiania surf redfish bad el eled 7.76-21.69
Holothuria scraba sandfish - n.a.

No export of beche-de-mer were recorded for 199P1893.

From surveys and interviews conducted in 1991 byttiMavs and Oiterong (1991), some
informations were obtained concerning sea cucumbaduction by women on the subsistence and
artisanal levels as presented in Tables 7.1.4djagpken directly from the same reference.

Table 7.1.4(a) Catch and effort information faheremrum(A. miliaris andA. echinitey as collected by women. Figures represent
state averages. (Source: Matthews anddigerl 991).

Aimelii Airai Koror Ngaraard Ngardma Ngatpang Ngeremlengui Average
K u
Average catch (pieces) 236 51 37 179 131 218 198 0 15
Time spent (hr) 2 2 2 2 2 3 2 2
Trips per month 3 3 2 2 3 3 3 3
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Per cent sold 90 78 0 82 20 88 92 74

CPUE (pieces/hr) 118 24 19 81 66 73 86 68
Production per month 708 153 74 358 393 654 594 450
(pieces)

Table 7.1.4(b): Catch and effort information foolech(H. scabrg as collected by women. Figures represent stamges.
(Source: Matthews and Oiterong, 1991).

Aimeliik Airai Koror Ngatpang Ngeremlengui Average
Average catch (pieces) 93 37 30 100 100 72
Time spent (hr) 2 1 1 1 1 1
Trips per month 5 2 2 2 1 2
Per cent sold 84 36 0 90 0 42
CPUE (pieces/hr) 43 37 30 100 100 66
Production per month 465 74 60 200 100 144

(pieces)

Table 7.1.4(c): Catch and effort information fimes(S. variegatupas collected by women. Figures represent stamges.
(Source: Matthews and Oiterong, 1991).

Aimeliik Airai  Koror Ngaraard  Ngardmau Ngatpang  éMgmlengui Average
Average catch (pieces) 78 100 83 116 114 133 190 6 11
Time spent (hr) 2 1 2 2 2 2 3 2
Trips per month 4 3 2 3 2 2 2 3
Per cent sold 70 72 29 75 88 84 87 72
CPUE (pieces/hr) 49 71 46 53 71 78 63 62
Production per month 312 300 166 348 228 266 380 348

(pieces)

Table 7.1.4(d): Catch and effort information fomd (Holothuria sp.) as collected by women. Figures represent starges.
(Source: Matthews and Oiterong, 1991).

Aimeliik Airai  Koror Ngaraard  Ngardmau Ngatpang éMgmlengui Average
Average catch (pieces) 98 99 136 105 125 125 92 111
Time spent (hr) 2 2 2 3 3 2 5 3
Trips per month 1 2 1 1 2 2 7 2
Per cent sold 70 51 13 48 100 40 45 52
CPUE (pieces/hr) 54 50 68 35 42 63 18 47
Production per month 98 198 136 105 250 250 644 222

(pieces)

Table 7.1.5 presents prices for sea cucumber spsold at the local markets by women. Because of
the differences in sizes of species, no attempbkas made to compare prices per piece between the
different species. However, of the five specie®réed, selling obekesakekarns more income per
sale and specimens are sold individually.

Table 7.1.5: Market prices of sea cucumber spexgilesby women.. (Source: Matthews and Oiterongd119

Species Unit price Average amount sold Income aler s
Cheremrum $1.00-1.50 per 3 pieces 20 pieces $7.00-11.00
Molech $1.00 per 10 pieces 100 pieces $10.00
Ngimes $1.00-1.50 per 20 pieces 200 pieces $10.00-15.00
Irimd $1.00-1.50 per 10 pieces 100 pieces $10.00-15.00
Sekesakel $0.25 per piece 75 pieces $18.75

7.1.3 Stocks Status

According to llek (1991), fishing pressure on saattnber stocks had increased considerably over the
past decade as fishermen enter the fishery to peodtied product for export, resulting in a general
decline in abundance of the commercially valuapbcis. Subsistence fishing, especially on Kordr an
Airai reefs, is also considerable.
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A two day transect survey conducted in May 197 Helen Reef resulted in 337 sea-cucumbers,
principally Holothuria sp.(71 per cent), and. ananug28 per cent), found in 15.8 km of transects. The
total standing population based on this survey essnated to be 11,500-31,500 animals (Patris and
McHugh, 1977).

A recent survey into sea-cucumber stock abundasogg quadrat techniques along transect lines
indicated generally low resource abundance in Karat Airai, but this work was carried out on the
main collection areas mentioned above, and washaoit ©luration (llek, 1991). Highest population
densities were recorded fohelenota ananas a protected reserve (Ulong Channel). Interviewh
local fishermen active in the fishery in 1991 iradecthat the relative abundance of sea-cucumbers is
follows, in decreasing order of abundant¢olothuria nobilis, Thelenota ananas, H. fuscogilva
Actinopyga miliaris, Holothuria scraba and Acting@aymauritiana.

The University of Guam Marine Laboratory and Palddarine Resource Division were reportedly
conducting a collaborative study on the abundandedsstribution of the more important species @f se
cucumber in the Republic. However, details or tssafl that study could not be found.

Future prospects for viable small-scale commefishéries based on sea-cucumbers exported to South-
east Asia from Pacific Island states are promigmag Eys, 1990).]

During the survey by Matthews and Oiterong (19943ponses by women on sea cucumber species
that are harder to find were as follows (figuregresent percentages of the total number of women
interviewed who indicated that they are hardeirtd)t

Aimeliik Airai Koror  Ngaraard Ngardmau Ngatpang edgmlengui  Average

S. variegatus 0 25 33 0 0 33 0 13
A. miliaris& A. echinites 0 13 42 8 0 0 0 13
Holothuria sp. 0 0 0 33 0 0 0 7
H. verrucosa 0 0 0 25 0 0 20 7
H. scabra 14 0 8 0 0 0 0 4

The results of the survey conducted in 26 siteg9@l1 within the Ngermeduu Bay area on the west
coast of Babeldoab by Richmond (1991) are repantatkr the “Distribution” section. The author
reported several sea cucumber species of commesdisd were present in quantity on the sandflats
at the inner mouth of the channel. The survey didracord numbers of sea cucumbers observed per
site. Birkeland and Richmond (1992) reported thamnmercial sea cucumber species were less
abundant than expected in several sites of theid/éged from Velasco Reef in the north to Angaur
in the south.

7.1.4 Management

Current legislation/policy regarding exploitation: Section 4 (7) of the Marine Protection Act of
1994 prohibits the commercial export of black tisatf(Holothuria nobilis - bakelunga), white
teatfish H. fusgogilva- bakelunga), sandfish . scabra- molech delal a molech, prickly redfish
(Thelenotaananas- temetamé), and surf redfish Actinopyga mauritiana badelchelid, except
those cultured.

Section 4 (6) of the same Act prohibits fishing Mhusing any form of underwater breathing
apparatus other than a snorkel.

Section 6 of the Act authorises the Minister of ®eses and Development to promulgate such
regulationsas deemed necessary to protect theespdeintified in Section 4 from overharvesting.
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Recommended legislation/policy regarding exploitatin: The exploitation of sea cucumber
resources in many Pacific island countries forghauction of béche-de-mer for export has almadst al
been characterised by “boom-and-bust” cycles. Thase been mainly caused, not by the export nature
of the development but rather it is by the absesfamanagement strategies guiding the exploitation.
Béche-de-mer production has contributed not onlg &sreign exchange earner but it has offered an
alternative means of income generation for locahmonities. It is a potential resource for export
development provided guidelines are in place toensustainable utilisation.

However, the lack of available information on thapplation dynamics and existing fishery makes it

difficult to establish management requirements.eBas data on catch rates, areas of production,
species and size composition of the catch, andh{jskffort are required, especially for the arefs o

known high exploitation.

In Vanuatu, Chambers (1990) recommended the fotigwi

“the correct strategy with regard to béche-de-mmvésting (in Vanuatu) is to collect
intermittently from sites which are both large eglouand support sufficient densities of
commercial species to be economic. Stocks shoetld ble left for however long it takes them
to recover to economic levels."

Conand (1989) and Preston (1993) describe sevetans available for the management of sea
cucumber resources for sustainable utilisation. €ueh means is the application of minimum size
limits regulations. Conand (1989) notes:

"the seasonal fishing ban can hinder exports, sitheebuyers on the Hong Kong and
Singapore markets have always insisted that suppéieould be regular. A longer closed
season can be considered where yields drop drfstiltas difficult to enforce closures of
fishing zones and their boundaries must respedl loastoms, when these non-mobile
resources are exploited under a system of tra@tiownership. Limiting fishable sizes tends
to favour recruitment. When applied to catcheshgestrictions are hard to verify but when
applied to the processed product, they are reabstd can be checked through exports. The
limits should be set out on the basis of scientiBsults relating to size at first sexual
maturity".

Length and weight values for processed béche-deantiercorresponding total wet length and weight
at first sexual maturity have been calculated fane species with commercial value. These can be
used as a basis for setting legal size on the pseceproduct (Conand, 1989). However, the author
notes "that these are minima and that better krdiyeleabout growth remains essential so as to be
able to leave individuals undisturbed for one orertareeding seasons before harvesting them®.
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Appendix 7.1.1:Biological Information on some spesoof sea-cucumbers exploited commercially in
the Pacific (Conand 1989; and Preston, 1993).

H. scabraandH. scabravarietyversicolor(the "sandfish"): Sexes are separate and sexda#e not
significantly diverge from 1:1, with individuals @Wwing a single annual sexual cycle. Reproduction
is sexually and takes place mainly during the warmenths, peaking in October-December, with

absolute fecundity ranging from 9-12 XGLOocytes per gram of ovary weight. Sizes at fiestusil
maturity for H. scabraandH. scabravar. versicolorwere found to be 140 g and 320 g drained
weight respectively with corresponding lengths éf dm (total weight 184 g) and 22 cm (total
weight=490 g). Growth is difficult to measure, hawg Shelley (1985) studied the species length-
frequency and concluded that in the size rangeOe25L.cmH. scabrawere growing at 0.5 cm per
month, equivalent to an average monthly whole weighrease of 14 g. Juveniles (recruits) are
rarely seen and Shelly (1981 - quoted in Prestea3)1Ldid not find any juveniles ¢i. scabraless
than 60 mm in length. Length-weight relationship . scabrahas been calculated by Conand
(1989) to be Log W = 2.28 Log L-6.35 (correlatiareticient=0.78) and Shelly (1981) W = 3.06t1
(correlation coeficient=0.75) while that fét. scabravar versicoloris Log W=2.26 Log L-5.97
(correlation coefficient 0.76) (Conand, 1989). fL.cm and W in g).

H. nobilis (the "black teatfish") anél. fuscogilva(the "white teatfish"): Sexes are separate with a
ratio of about 1:1. Reproduction is sexual. A fatage maturity scale has been identified which is
typical for the family Holothuriidae and detailseagiven in Conand (1989). Male and females
develop synchronously and féf. nobilis spawning occurs during the cold months (June-At)gu
while H. fuscogilvaspawns in the warmer months, peaking in Novemaeudry. Spawning periods
for these two species do not overlap. (Fissionbmimduced irH. nobilis).. Absolute fecundity foH.
nobilis was estimated to be between 13 and 78 million tescwithH. fuscogilvarecording lower
fecundity of between 8 and 14 million oocytes peang of ovary weight. Total weights at first sexual
maturity were estimated to be 800 g and 1,175 gHomnobilis and H. fuscogilvarespectively.
Juveniles are only rarely seen. Length-weight i@hship was calculated by Conand (1989) br
nobilis to be Log W=2.34 Log L-6.39 (correlation coefficei0.80) and foH. fuscogilvaWw=11.94
L-2712 (correlation coefficient=0.70). (L in cm awdin g).

A. echiniteqthe "deep-water redfish”): Sexes are separate avitatio of about 1:1. Spawning takes
place during the warmer months, peaking in Jan&abyuary, with absolute fecundity ranging from
4 to 25 million oocytes. Drained weight at firskgal maturity is 75 g corresponding to total weight
of 90 g and total length of 12 cm. Shelly (1985)reated the growth parameters of this species in
PNG to be; |,= 23 cm, K=0.78 with a monthly length increase @00to 0.9 cm corresponding to a
monthly weight increase of 1 to 5 g. Conand (19&fueted in Preston, 1993) gave estimates for
growth and mortality parameters to bg;729.5 cm, K=0.09 and M=0.64. Length-frequency data
this species in New Caledonia showed the absenemiofals less than 40 mm in length (Conand
1986, quoted in Preston, 1993). Length-weight i@tship was calculated as W=0.68-Q0
(correlation coefficient =0.61) (Shelley, 1982, trabin Preston, 1993).

A. miliaris (the "blackfish"): Little is known about this spes. Some observations on spawning in
natural environment during February and early Maoththe Great Barrier Reef suggests that
reproduction takes place in the hot season. Meamms of small specimens, in July 1982, weighing
5to 30 g (3 to 9 cm) indicated their growth ratese approximately 1 cm (5 g) per month assuming
these were spawned in February of the same year.L€hgth-weight relationship for this species
was calculated by Conand (1989) to be W=0.8243£a*41(correlation coefficient=0.96).

T. ananaqthe "prickly redfish"): Spawning occurs duringtivarmer months, probably from January
to March. Fecundity is not high with absolute fediiynranging from 2 to 7 million oocytes per gram
of ovary weight. First sexual maturity is reacheédosal length of 30 cm (total weight of 1,230 gdan
drained weight of 1,150 g). Conand (1988, quoteBreston, 1993) gave growth parameters for this



species as; ,=66.3 cm, K=0.20, M=0.63 and Length interval=16@64he species is long-lived,
with a low mortality and high asymptotic length. Mew Caledonia no animals were recorded with
lengths less than 180 mm. Using growth and moytalstimates, Conand (1988, quoted in Preston,
1993) estimated the biomass of theoretical cohafrthis species as it aged which enabled her to
estimate the average length at which the biomaskeotohort is greatest and fishing will give the
highest yields (“"critical length"). The criticalngth was found to be 28 cm, slightly lower than the

length at first sexual maturity. The length-weigalationship was calculated to be W=1.27 x310
| 2.441

H. atra (the "lollyfish"): The lollyfish is the most commoand abundant species on the tropical
shore. Asexually reproduction through fission isught to be very important in this species and the
products of fission may comprise up to 70 percehtthe population. Growth and mortality
parameters were estimated in Conand (1988-quotdéreston, 1993) as: = 324 mm, K=0.11,
M=1.02 and Length interval=130-220. The length-wgigelationship has been calculated to be Log
W=2.13 Log - 5.64 (correlation coefficient=0.90).

A. mauritiana(the "surf redfish"): This species is widespreadhe tropical Indo-Pacific region and
its habitat is restricted to outer reef flats sabj@ strong waves and currents. Its diet is maaily
plant debris. Reproduction is sexual but fission ba induced in this species. Absolute fecundity
was estimated to be between 22-33 million oocy&¥sgpam ovary weight. The growth and mortality
parameters have been calculated to Qe= 340, K=0.12, M=1.45, and length interval=70-280
(Conand, 1988, quoted in Preston, 1993).



7.2 Sea urchins
7.2.1 The Resource

Species present Sea urchins are collected for subsister
fishery and rarely reach the market. Species ofomamce
given in DMR (1992) includeTripneustes gratilla(short
spine sea urchin dbuchel), Hemicentrotus pulcherrinus
(ibuchel), Strongylocentrotus pileolugibuchel), Diadema
setosum(choalech) and Toxopneustes pileolugluduome).

They are collected every time large numbers aradand are

a popular food item. ,
ibuchel - Tripneustes gratilla

Distribution : Ibuchel are usually found in areas of eelgrass
beds and corals where the water is clearer vdhitealechare usually found in the reef around Palau
and prefer areas of ample currents.

Matthews and Oiterong (1991) reported tibaichel is one of the invertebrates typically collected by
women in the seven states they surveyed i.e. Ailknélirai, Koror, Ngaraard, Ngardmau, Ngatpang,
and Ngeremlengui. It was indicated as one of therbebrates collected in greatest numbers by
women in Ngeremlenguibuchel is one of the most important marine invertebrate&nguar while
bothibuchel andchoalechare important in Ngeremlengui (Rochers and Mattheh892).

During the rapid ecological assessment of 47 dites Velasco Reef to Angaur, Birkeland and
Richmond (1992) found echinoids to be scarse, éahe&ayangel, where onlfchinostrephusind
evidence ofHeterocentrotuswere recorded and species BEhinometra Diadema Echinothrix
absent. Species recorded and the number of sggotiturred in during the survey are as follows:

Species # Sites species occurred Species # Sites species occurred in
in
Brissus latecarinatus 1 Eucidaris metularia 1
Echinometra mathaei 1 Heterocentrotus mammillatus 1
Echinostrephus aciculatus 14 Hespilia globulus 1
E. molaris 3 Parasolenia gratiosa 1
Tripneustes gratilla ?

The only site with abundant echinoids was Saiparbéla on Angaur. However, in a survey, during
June, 1991, of 26 sites in the Ngermeduu Bay &&dymond (1991) recorded eleven species of sea
urchins and sand dollars. The number of sites iithvhach species were located were given by the
same author as summarised below (those recogresetpartant species are in bold):

# Sites # Sites

Species occurred in Species occurred in
Clypeaster japonicus 2 Echinothrix calamaris 1
Diadema savignyi 2 E. diadema 2

D. setosum 2 Heterocentrotus mammillatus 6
Echinometra mathaei 1 Toxopneustes pileolus 1

E. oblonga 1 Tripneustes gratilla 1
Echinstrephus aciculatus 2

Biology and ecology During the survey conducted by Matthews and Origr (1991) some
collectors indicated that sea urchin tend to aggeegn June and that the gonads are ripe then
especially one or two days before and after thienidon. Few indicated that they also collect large
guantities in November to December.
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7.2.2 The Fishery

Utilization: Sea urchins are collected mostly for subsisteRoehers and Matthews (1992) reported
that ibuchel is one of the the most commercially important meerates in Anguar while both
ibuchel and choalechare important invertebrate species in Ngeremlenpley are also collected
when requested by individuals or restaurants. Tlneey conducted by Matthews and Oiterong
(1991) in seven states showed timichel is one of the invertebrates typically collectedviiymen
during reef gleaning and that it is one of the neferates collected in greatest numbers in
Ngeremlengui but solely for subsistence. Tablel7t8cords the percentages of women interviewed
that indicatedbuchel as an invertebrate typically collected.

Table 7.2.1 Percentages of women indicating thatchel is typically collected during their reef gleaning.
(Source: Matthews and Oiterong, 1991).

Aimellik Airai Koror  Ngaraard Ngardmau Ngatpang Ngeremlengui Total
(n=7) (n=8) (n=12) (n=12) (n=7) (n=3) (n=5) (n=54)
Ibuchel 29 63 17 58 71 67 40 46

Matthews and Oiterong (1991) reported that womdlecibas muchbuchel as they can during June
when these sea urchins are found in large numlmergiaing large ripe gonads. Other sea urchin
species, e.gDiadema setosunfchoalecl) are seldom collected because of their long spihas
taking longer to collect and prepare, which oftevoives a whole day. However, this species seems
to be well liked as a fisherwomen interviewed by #ibove authors claimed that she could not collect
enough to meet demands from buy&hoalechare collected using tongs and up to 1,000 animals
are collected at a time. They are placed in a laggket made of chicken wire with bamboo handles
on two opposite sides. The full basket is shakateumwater until the long spines are broken off. The
gonads are extracted and those from 12 to 18 wehmplaced in a large empty urchin shell and sold
for $2.50.

Production and marketing: No figures are available on the level of sea urgroduction both on
the subsistence and commercial levels. Harvestiogever, is confined to periods when gonads are
ripe. Matthews and Oiterong (1991) recorded mapkieies for species sold by women as presented
in Table 7.2.2. The figures indicate that for aimkedl unit used in the sales of invertebrate species
choalechhas the third highest unit price, afdremangandkelat, although it involves the highest
number of individual animals per unit. However,istthe highest income earner per sale of the
species listed.

Table 7.2.2: Market value of species sold by wonfitatthews and Oiterong, 1991).

Average Income per
Species Unit price amount sold sale
Sea urchin ¢hoalech $2.50 per 15 piecces 750 pieces $125.00
Ark shell kikoi) $1.25 per 10 pieces 500 pieces $62.50
Mangrove crabdhemang $5.00 per Ib 8 lbs $40.00
Coconut crabkelat) $2.75 each 8 pieces $22.00
Sea cucumbesékesakél $0.25 each 75 pieces $18.75
Sea cucumbenfolech $1.00 per 10 pieces 100 pieces $10.00
Sea cucumbecheremrum) $1.00-1.25 per 10 pieces 80 pieces $8.00-10.00
Giant clam kim) $1.00-1.50 per 3 pieces 20 pieces $7.00-11.00
Giant claméruer) $1.00-1.50 per 9 pieces 72 pieces $8.00-12.00
Sea cucumbengimes $1.00-1.50 per 20 pieces 200 pieces $10.00-15.00
Sea cucumbeir{md) $1.00-1.50 per 10 pieces 100 pieces $10.00-15.00
Land crab iekung) $ 0.35-0.50 per Ib 50 Ibs $17.50-25.00
Smoked or fried fish $2.25-2.50 per Ib 40 Ibs $96100.00
Fish $0.85-1.10 per Ib 50 Ibs $42.50-55.00
Mangrove clamrigduul) $0.10-0.25 each 200 pieces $20.00-50.00
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7.2.3 Stocks Status

No information is available on the status of tha sechin resource in Palau. However, interviews
conducted in 1991 by Matthew and Oiterong showed, thverall, about 40 per cent of the women
interviewed in seven states in Palau stated ithathel is harder to find and that 2 per cent (from
Koror only) indicated thaluduomelis harder to find. The interview results are givedable 7.2.3,

by state. The highest percentages indicatiighel as being harder to find were from Ngaraard and
Ngatpang (60 per cent each), followed by NgardnmaliNgeremlengui.

Table 7.2.3: Per cent response indicating spedishvare harder to find. (Source: Matthew and @itgr 1991).

Aimellik Airai Koror Ngaraard Ngardmau Ngatpang Ngeremlengui Total

(n=7) (n=8) (n=12) (n=12) (n=7) (n=3) (n=5) (n=54)

Ibuchel 14 13 42 67 57 67 40 43
Duduomel 0 0 8 0 0 0 0 2

Out of 26 sites surveyed by Richmond (1991) inNigermeduu Bay area, D. setosus was observed in
only 2 sites, whilélo. pileolus(duduome) andTr. gratilla (ibuchel) were each observed in one site.

During the rapid ecological assessment of 47 dite® Velasco Reef to Angaur, Birkeland and
Richmond (1992) found onlichinostrephusand evidence ofeterocentrotusn the area and that
species oEchinometraDiadema Echinothrixwere absent.

Maragos (1994) reported that in Ngchesar in the dral, sea urchins have disappeared, probably as
a result of the dredging which has been operatirige area since 1980.
7.2.4 Management

Current legislation/policy regarding exploitation: There is no specific legislation that deals with
the exploitation of sea urchins.

Recommended legislation/policy regarding exploitatin: There seems to be no need for any
specific legislation with regards to the exploiatiof the sea urchin resource. A major considematio
involves the general conservation of habitat whstiould be dealt with under destructive fishing
methods and management of land-based developments.
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7.3 Sponges

7.3.1 The Resource

Species presentSpecies of the geneHippospongiaand Spongiaare the main commercial species.
Bakus (1990) lists the following species from Palau

Asteropus sarassinorum, Bysidea herbacea, Xestgipgpacifica, Dysidea sp., Cinachyra sp.,
Stylotella urantium, Neofibularia sp., Axinella gdyrtios sp., Jasplakina nux.

In a survey of macroinvertebrates in the Ngermdslay area on the west coast of Babeldoab Island,
Richmond (1991) recorded the following sponge sgeak present there:

Dysidea sp., Heteronema erectaPhyllospongia foliascensPsammaplysilla purpureaStylotella
agminata Spongia officinaliandTerpiossp.

Sponge species identified by Birkeland and Richmd¢@é92) during their rapid ecological
assessment of 47 sites from Velasco Reef to Angalude:

Adocia turquoisia Asteropus sarasinorumCallyspongia sp., Clathria reinwardti Cliona sp.,
Cribrochalina olemda Dysidea herbacea Dysidea spp., Heteronema erectalrcinia spp.,
Phyllospongia foliascensPsammaplysilla purpureaSpirastrella coccinea Spongia officinalis
Stylotella agminataTerpios fugaxT. viridis, Terpiosspp., andestospongia exiqua

The farming of bath sponge initiated in 1935 was$iebed to have used the speci&pongia
officinalis from local stocks (Maragos, 1994).

Distribution : There are more than 5,000 species of sponge wadie, of which only around 15 have
some commercial value (Josupeit, 1990). They grow wide variety of habitats, ranging from sea
depths of 0-30 m. Field sampling of sponges wasiechrout on West and South reefs around
Babelthuap, and Peleliu during 1990, which indidaderich and diverse sponge fauna (Bakus, 1990).
Birkelandet al (1990, cited in Maragos, 1994) reported that gpsrwere common off the Melekeok
Reef flats but thrive in many lagoon environment$alau particularly off Babeldaob. Birkeland and
Richmond (1992) during the 1992 Rapid Ecologicadessment noted that sponges, espedipifidea
and Terpois dominated some of their 47 study sites from \GeReef to Angaur. At one site, the
substratum was dominated by spond@sherbaceaandT. viridis. The authors noted that these species
may have rapidly occupied cleared substrata foligvthe typhoon in November, 1990. The number of
sites in which each species was recorded werdlag/$o

# Sites # Sites # Sites

Species occrred in Species occurred in Species occurred in
Adocia turquoisia 4 Dysideaspp 7 Stylotella agminata 13
Asteropus sarasinorum 12 Heteronema erecta 22 Terpios fugax 9
Callyspongiasp. 1 Ircinia spp 4 T. viridis 5
Clathria reinwardti 12 Phyllospongia foliascens 13 Terpiosspp 6
Clionasp. 3 Psammaplysilla purpurea 9 Xestospongia exiqua 3
Cribrochalina olemda 3 Spirastrella coccinea 2

Dysidea herbacea 35 Spongia officinalis 2

In a survey of macroinvertebrates in 26 areas withe Ngermeduu Bay area in 1991, Richmond (1991)
recorded the following sponge species with theesponding number of sites in which they were
found:

Species # Sites occurred in Species # Sites ectimr
Dysideaspp. 8 Stylotella agminata 5
Heteronema erecta 10 Spongia officinalis 8
Phyllaspongia foliascens 6 Terpiosspp. 7
Psammaplysilla purpurea 7
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The same author noted that the sites closest tontheh of Ngermeduu Bay had an abundance of
suspension feeders including sponges.

Biology and ecology Commercial sponges are slow growing. A cut spopigated in Palau was
reported to take a minimum of 18-24 months tomgamimum commercial size, which is as large as a
fist (Cahn, 1948, cited in Croft, 1989). Work isjuged to refine culture techniques, and growtllist

for varying habitats (Uwatet al, 1984). However, culture techniques and procedsavg been vastly
improved by the Pohnpei (FSM) sponge culture ptoj&ponges are non-motile, filter-feeding
invertebrates with high regenerative capabilityydesthey can be cultured from small cuttings. Speng
are one of the main food items of the hawksbillégr

7.3.2 The Fishery

Utilization : Natural commercial sponges are in high demandaaaedised mainly for bathing and the
application of cosmetics because of their absogband softness (Wilkinson, 1989). They are alsaluse
in hospitals, in industry as lubricant applicatdmgartisans and craftsman and for general houdelsal
(Lindsay, 1994). Sponges are generally collectedlibing, either free or using SCUBA. Collected
sponges are left to die, then returned to seawatander to remove the outer pellicle (skin) easllge
sponge is then beaten, bleached and dried. Theredadct is light in weight, high in value and non-
perishable. The Caribbean and Mediterranean arermpapducing areas of natural sponges. Main
markets are in the US and Europe. Prices paid deperthe diameter of the sponge, large (>15cm)
sponges sold for around $21.20 in 1988 in Franbe.cbmmercial sponge farming in Pohnpei (FSM)
seems to be successful technically.

Sponges are a principal food of hawksbill turtlesagos, 1994). No commercial fishery for sponges
exists in Palau. Subsistence uses, if any, areomimented. Farming of bath spon§epfficinalis in
Palau was initiated by a Japanese in 1935 usirg kiocks. This operation was terminated at the
outbreak of World War Il (Maragos, 1994). A propasare-establish sponge culture was submitted to
Division of Marine Resources in 1990. Objectivesevin locate existing stocks of bath spon§e,
officinalis, in Palau, train Palauans in cutting and cultutexhniques, establish a demonstration farm
on the sea-bed off MMDC, and to determine the Bl#tgi of sponge-clam farming in Palau. No action
has been taken yet. Palau seems ideally placddhvatpresence of considerable in-country expdrtise
mariculture, to undertake sponge culture.

Production and marketing: Japanese scientists initiated the culture of bptinges 50 years ago in
Micronesia, but the advent of the war prevented mernial operations (Smith, 1988). The sponge
culture initiated by Japanese interests in 193%lywed marketable sized sponges in 18-24 months.
However, few records of this work exist (Cahn, 194he enterprise ceased at the outbreak of the
Pacific war, and was not re-vitalised.

Recent disease outbreaks on sponges in the Medi¢éam has lead to a short-fall of supply to the
European market. Japan and the USA appear wellied present (Josupeit, 1990). However, natural

sponges seem to be in high demand. However, logast markets for sponge do exist and can be more
lucrative.

No information on production on any level exist®alau.
7.3.3 Stocks Status

There is no commercial harvesting of sponge inlPdlhe sponge resource can therefore be considered
virgin.
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7.3.4 Management

Current legislation/policy regarding exploitation: The harvesting of sponges is controlled in Palau
under Title 24: Environmental Protection, chapt@r Protected Sea Life, subchapter Il: control of
sponge harvesting, of the Palau National Codeglksfs:

(&) no sponges (unless??) artificially planted or eatéd shall be taken or molested except by
permission of the President;
(b) violators face fines of up to $100 and/or 6 momthigil.

Recommended legislation/policy regarding exploitatin: No additional legislation is required for
the wild stock as it is not exploited at presehtsdems that the word “except” or “unless” is nmgsi
from (a) above under “current legislation/policgaeding exploitation”, between the words ‘sponge’
and ‘artificially’. As the sentence stands, it medmat only the taking of wild sponges is allow&be
sentence should probably read “No sponges EXCE#fiCiafly planted or cultivated shall.......
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7.4 Dugongs ihesekiy

7.4.1 The Resource

Species presentA s_ingle_spe_ciesDugong dugon mesekiu Dugong dugon
(the dugong mesekiy, exists in Palau.

Distribution: “The dugong’s range extends throughout the tro@iod subtropical coastal and island
waters of the Indo-Pacific from East Africa to Sotin Islands and Vanuatu, and between about 26-27
north and south of the equator. The distributicansghe waters of over 40 countries. Over muchisf t
range, dugongs are now believed to be representedlibt populations separated by large areas of
unsuitable habitat or regions where they are dlmsxtinction or extinct” (Nishiwaki and Marsh, 198
guoted in Marstet al, 1992). The species occupies an important pasitichallow-water ecosystems
along the subtropical and tropical coasts of ttdalm and Western Pacific Oceans (Heinsehral,
1977; Nishiwaki and Marsh, 1985). They inhabit &reld shallow bays and channels, and feed
extensively on sea grass growing to a depth ob@®tm below low-water datum. In the Pacific region
they are present in large numbers in some partPapfua New Guinea (Hudson, 1977), New
Caledonia and the Solomon Islands (Nishiwaki andsial985), Yap and Guam (Nishiwaki al,
1979), and Palau (Browneklt al 1981). Large populations of dugongs, perhaps thst memerous
remaining in the world, are found in Australia (Amdon, 1986; Heinsohet al 1978; Marsh, 1986;
Princeet al 1981). The Vanuatu archipelago forms the easteshimit of the dugong's distribution
(Marsh, 1983).

A small, isolated population occurs in Palau. Aesiarveys carried out in 1977, 1978, 1983 and 1991
indicate that the population is small and its distiion has remained constant. Animals were observe
throughout the archipelago, but with relatively fieividuals South of Malakal Harbour.

“Surveys, including that in 1991 by Marsh al. (1992), did not report dugongs in the main lagoon
barrier and ocean reefs north of Babeldoab. Howeliggongs regularly forage from the extensive
seagrass beds off the northern end of Babeldaohs Rgef, the islands of Ngerchur and Ngerkeklau,
and lagoon waters off the island. The highest diessof dugongs is reported along the west side of
Ngerchelong peninsula, just south of the northagobn”. Marshet al (1992) reported dugongs as
regularly visiting the fringing reefs and lagoorf§ @astern Babeldaob with more frequent sightings
where well-developed seagrass beds are presemnicubtaty Ngerchelong, Ngiwal, Ngchesar and
eastern Airai. Large populations have also beearteg off Ngardmau, Aimeliik and particularly in
lagoon and near the western barrier reef, as f#thsas Ngerdiluches.

Maragos (1994) reported that dugongs feed on seadprads in many areas of the south lagoon.
“Many were reported in Ngerderrak Reef-NgemeladHatbour area, and some off Sar Passage,
Denges Pass, Ngermedang Island, Ngeruktal IslaliisEchel Island, and the lagoon near Mutiaur
Point off the southwestern barrier reef’. Grazipgit¢aly occurs in lagoonal areas with relativelwlo
seagrass biomass in waters more than 7 m deepl{diaas, 1992).

Biology and ecology Distantly related to the elephant, the dugoBg dugon is a massive but
inoffensive herbivorous mammal that is restrictedtite sea. It is the only herbivorous mammal
species that is strictly marine. It is the onlystixig member of the family Dugongidae. The onlyeoth
member in the family, Steller's sea cow, was huteelxtinction within 30 years of its discovery in
the 18th century. There are only four remaining tmerm of the mammalian order sirenia (seacows)
which includeD. dugonand three manatee speci€gchechus inunguigthe Amazonian manatedl),
senegalensifthe West African manatee) amdmanatugthe West Indian or Caribbean manatee). Man
is the only major predator, and due to hunting laagitat destruction, the species is rare or endadge
over most of its range. Reproductive and recruitrmates are poorly known for this species in the
Pacific. Marshet al. (1984) estimate that the dugong matures aroungafs of age, and produces one
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calf every three years. Marsh (1992) noted thahermaverage, one female has a calf every five years
However, estimates of the average interval betvosdwes for various Australian populations range
from approximately 3-7 years. The gestation peisoabout one year and a single calf is usually born
Although a calf begins to eat seagrasses soonlaftér it can suckle for up to 2 years and the cow
calf bond seems to be extremely well-developeddi&suin Australia have investigated the trophic
interaction of dugongs as primary herbivores wliirt environment. Analysis of the stomach contents
indicate that they consume a wide variety of trapand subtropical seagrasses preferring to feed on
small delicate seagrasses and dig up the whold pilaluding the rhizomes, making a distinctive
feeding trial. Algae are also eaten. Surveys bydWat al. (1992) in the Koror area near the
lighthouse indicated dugong feeding trails at depdh 7-10 m in a mixed-species seagrass bed
containing Enhalus acoroides Thalassia hemprichii Halodule uninervis Halophila ovata
Cymodocea rotundatandSyringodium isoetofolium

Dugongs are very long-lived having a potential Bfgan of 60-70 years or more (Marsh and Naika,
1983). Because dugongs are such slow breedersalityornust also be very low for a dugong
population to be maintained. By analogy with otwédd mammals, mortality is expected to be higher
in juveniles than in adults. Adult survivorship tefore needs to be very high (of the order of 95%
per year or more) for population maintenance. THugongs are extremely susceptible to over-
exploitation which is obviously why their statusisw so vulnerable.

7.4.2 The Fishery

Utilization: D. dugonis listed by the International Union for the Cansgion of Nature (IUCN) as
vulnerable, and it is severely depleted or extirarth much of its original range (Nishiwaki and Mays
1985). Hunting of dugongs for food in Palau hagtaglace for many years; traditionally hunting was
carried out with heavy spears (Kranher Johannes, 1981). Rathbat al. (1988) cite the use of turtle
spears, firearms and dynamite. Animals killed havesumably been for domestic consumption.
Interviews with local people indicate that poachingually at night during full-moon, is an on-going
problem (Marsletal., 1992).

Dugong meat is consumed at home and carved rilosimgbe production of jewelry.

Production and marketing: Marshet al (1992) conducted interviews with 5 dugong huntard
knowledgeable residents from Koror, Peleliu, Angaad Babelthaup in 1991 with the following
results:

Hunting place Dugongs are poached regularly with 4-7 huntirgne (at least two men
each) operating out of Koror. Hunting is mainlykoror area especially the region close to
the lighthouse. Hunting also takes place alongubst coast of Babelthaup.

Catch methodHunting is performed at night from dinghies poeemwith 35 hp outboard
motors. Most are harpooned after being chased.disiynamite seem to have ceased in
1978. Hunters claimed never used nets but some keénare an effective method.

Catch 11 dugongs were claimed by one informant as bkiled in 1990 near Babelthaup
and 2 near Kayangel. Residents in Peleliu clairastddugong killed there was in 1984.

Use Hunting is for meat but more for sport than eaoinecessasity and that the illegality
of dugong hunting adds to the thrill. Hunting igeof timed to obtain meat for special
occasions. Meat is frozen for home consumptiontiqudarly for festive occasions, rather
than sold. Meat may be served to guests withowtrimihg them. Many people, especially
women disapprove of killing dugongs. Atlas vertebrar jewelry is now of minor relevance
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though one hunter used to give dugong ribs to wecadewelry locally crafted from dugong
ribs is on sale at four stores in Koror.

No actual data is available on level of exploitatio

7.4.3 Stocks Status

Dugong numbers have greatly reduced in the rea@sitgnd in many areas it is now extinct or greatly
reduced in numbers. Declines have been causeddmuaving, accidental mortality from boats and
fishing nets, pollution and loss of the seagrasishehich provide its stable food (Chambetsal
1989).

In Micronesia (Yap, Guam and Palau) dugongs are sard must be considered in danger of
extinction. In Melanesia (PNG, Solomon Islands, Néaledonia and Vanuatu) dugong numbers
have decreased in recent years and the long-teyspgcts of the dugong in Papua New Guinea must
be considered as uncertain unless the hunting isateduced (Chamberst al 1989). In New
Caledonia and Solomon Islands the status of themugs not known, but it is hunted in both
countries.

The first aerial surveys of dugongs in Palau wengied out by Brownelkt. al. (1981) in 1977 and
1978. The population was estimated to total ardfhdnimals, which was considered to be too small to
sustain continued poaching.

Maragos (1994) reported that dugong distributioP@hau used to range as far south as Peleliu and as
far north as Kayangel. However recent surveys atdithat they are restricted to the main islands.

Rathbunet al. (1988) describe the results of an aerial survesfathout in 1983 to assess the dugong's
status and distribution. Suitable dugong habitat estimated at 1,380 sg. km within the countryhwit
very rich sea grass beds; the dugong populaticeftire appears not to be resource limited. The 1983
survey spotted a maximum of 7.5 animals per fllghir over the entire archipelago, with lowest ceunt
recorded over the Southern areas and highest #ilenyyestern side of Babelthuap Island. These fgure
indicate a very low population level in Palau ampared with Australian populations of the species

that the dugong resource in Palau is small, atresofirmed by another survey carried out in 1991.

The aerial survey conducted in August 1991 sigbtdg 26 dugongs (including 4 calves). The rate at
which dugongs were sighted per unit flight-time uaser than that for any other survey (Maksh
al., 1992). Using the annual sustainable level of@tation of 2 per cent females, the same authors
calculated that at least 250 female dugongs (5Q0fbrlys altogether) are required to maintain
harvesting 5 female dugongs a year. The currentlpipn in Palau waters is believed to be unable
to sustain this level of exploitation and that @sléhe poaching is stopped urgently, dugongs will
become extinct in Palau.

7.4.4 Management

Current legislation/policy regarding exploitation: Throughout its range, dugongs are considered an
endangered species (IUCN,1982). In Palau, it isepted under the Palau National Code, Title 24,
Environmental Protection, Division 2: Wildlife Peation, Chapter 12: Protected Sea Life, Subchapter
IV: Dugongs, § 1231 Conservation of dugongs, devid:

(@ No person shall kill, trap, capture, wound, posstagsport, restrain or otherwise have under his
control any dugong or part or product thereof, pkes provided for in subsections (b) and (c).
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(b) The President may, upon cause shown, grant a pemtite capture, restraint, or transportation of
dugong subject to such terms, conditions and cgisins as he may deem fit and proper.

(c) If any dugong is accidentally caught in a fishire,map, wire, or by any other fishing method, it
must be released immediately if still alive. If fmldead in such fishing apparatus, the person who
found it must notify the chief executive officer tfe state where found. The chief executive
officer shall ascertain that the dugong was caughtlvertently and found dead and, after
establishment these facts, shall release the deguhd to the person who found it.

(d) A person found guilty of violating this section 8hapon conviction, be imprisoned for a of not
more than six months, or fined not more than $5®000th for the first offense; for every offence
thereafter, the convicted person shall be impriddoe not more than one year, or fined not more
than $100.00, or both.

The dugong is also listed as endangered on the ISCDF endangered species.

Recommended legislation/policy regarding exploitatin: Small isolated populations of animals such
as the dugong, which has low fecundity and slowaayctive rates are very susceptible to extinction
through over-exploitation. The Palauan dugong padpri is subject to persistent poaching. Members of
the IUCN Sirenia Specialist Group who visited Patai991 believe that unless the law is enfordesl, t
species faces extinction in Palau.

Long-term monitoring of population numbers and st levels in Palau, coupled with a public
education and awareness exercise on dugong cotservand a reduction in the level of human
exploitation are necessary for preservation ofndie/e population (Rathbuet al, 1988). Enforcement
of existing legislation must be a priority.

The most serious threat to dugongs in Palau istpogcMarshet al. (1992) made the following
recommendations:

[0 strengthen and enforce the legislation banninghtirging of dugongs with application of more
severe laws such as confiscating the hunter’s &méimotor;

[0 national conservation law officers should be apfaras soon as possible;

[ the present law allowing a person who finds a dggdead in fishing apparatus to keep it after
reporting the incident to the relevant official slbbbe modified to prevent hunters from using it
to circumvent the ban on poaching;

O the illegal sale of jewelry made from dugong borestopped as soon as possible;

O launch a culturally appropriate public educatioagsam to act as a deterrant against poaching by
making it less socially acceptable. Public awarsresuld be increased through various means
like the media;

[0 incorporate information on dugong conservationcima®!| curriculum;

O map the sub-aquatic vegetation of Palau which canubed to determine, together with
information on the distribution of dugongs, desard siting of marine reserves. Small reserves
set aside specifically for dugongs would not berappate as individual animals move through
much of the archipelago.

Maragos (1994) recommended:

[0 a complete ban on all hunting, increase enforcemeakisting laws, promotion of a widespread
educational program and local (State) governmemiosvarment.

[0 establishment of protected areas for dugongs whigét be large enough to accommodate for the
movement and range of the animals. Two such anmegsnarthwest or western Babeldaob and
southern lagoon of the main islands.
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7.5 Corals (including precious corals)

7.5.1 The Resource

Species presentAn estimate of 425 stony cor

species belonging to 78 genera and 6 subge
have been recorded in Palau since 1938. Mo
these individual species are listed in Mara
(1991). These numbers are comparable to tho
the highest coral diversity areas and the P
archipelago supports more species, genera,
families of corals than any other area
Micronesia or Polynesia (Maragos, 1994). TF
generaAcroporaandPoritesdominate coral occurrence on reefs in Palau. Speeies of soft corals
found in Palau are given under the “Distributiortson of this profile.

Antipathes dichotoméblack coral ngesngay Corallium elatiusandC. monojoi(ngesngaj corals
have been identified as occuring in Palau watensotier black coral species found in Palau
resembles the fern black coral, ulex in Hawaii. Several shallow-water gorgonians, hgJimited
potential for jewelry and artifacts, also occurRalau (Grigg, 1975). Maragos (1991) lists black
corals, Antipathesand Cirrhipathes as occurring in survey sites off Ngeremeduu Begstern
Babeldaob, and the Southern Barrier Reef of Palau.

Distribution : Coral reefs are tropical, shallow water ecosystefargely restricted to the area
between the latitudes 39 and 30S (Sheppard and Wells, 1988). Generally, vertigstridution of
corals is determined by light and the actual ddiptit depends on water transparency and no reefs
develop in areas where annual minimum temperasutgeiow 18C (Achituv and Dubinsky, 1990).

The precious pink coralsCorallium spp., are distributed at depths of 5 to 1,500 mthe
Mediterranean Sea, the eastern Atlantic betweetufalrand Senegal, the northern Philippines to
Japan and along the Hawaiian Archipelago (Carlatmh Philipson, 1987). They grow best on solid
substrata in areas of strong currents. In the ieatibwever, pink corals grow in deeper zone td tha
of black corals, and thus their distribution is mormally contiguous. No commercial beds of pink
coral have been identified in the South Pacific.

Black corals are found throughout the tropical, isiapical and temperate seas, but are harvested
commercially only in tropical regions, the Caribbgshe Indo-Pacific and the Hawaiian chain of
islands, and have been identified in the watemnadt island countries in the South Pacific (Carleto
and Philipson, cited above). They are normally tbimdepths of 10 to 110 m, mostly on sediment-
free hard substrate, and often in areas of stromgeicts (Parrish, 1988). Large samples have been
located attached to solid coral or rock rises, bakridges swept by strong currents and thus oear
silt, sand and rubble.

Most of the islands of Palau are surrounded by rapbex of fringing and barrier reefs. Maragos
(1994) gives summary information on Palau’s coealfs habitat area for each state as given in Table
7.5.1.

Species diversity is highest in the lagoon envirents of the main Palau islands. Maragos (1994)
gives the following coral species diversity for soof these areas as:

O southern lagoon - 181 species and 61 genera atek] s

O western Babeldaob - 166 species and 59 generasiggdtsupplementing 200 species reported off
Ngeremeduu Bay;

0 eastern Babeldaob - 195 species and 59 generas#t&p

O northern barrier reef - 165 species and 62 gerictd sites.

Table 7.5.1 Summary information on Palau’s coral reefs byteStéSource: Maragos, 1994).
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State Islands Lagoon and Passes Fringing regfs ieBegefs Atoll reefs Reef holefs
# patch Ocean sidg

UnitsO | Numbers|  Km? Km | reefs Km? Km Km? km Km?| Km Numberg
Aimeliik 2 55.0( “ 231 8.2|“ 27.0(“ 0 0 40
Ngetpang 17 15.0( “ 14 27| 7.1 0 0 2
Ngeremlengui 15.0( “ 16 75| 12.3] % 0 0 14

79.7 189.9 57.4
Ngardmau 225 16 13.8| “ 11.0| “ 0 0 141
Ngerchelong 4 325.0 141.5 240 23.0 20.8 81.3 62.7 0 0 15
Ngaraard Y 23.8| “ 43 23.2|“ 17.3| “ 0 0 5
Ngiwal 1 12,1 0 5.8]|“ 0| 0 0 0
Melekeok 2 0|« 0 8.4« of*« 22.0 0 0 0
50.9 58.5

Ngchesar 1 23.0| “ 86 6.9]“ 4.7]“ 0 0 7
Airai 41 30.0 20.1 17 22.7 11.6 4.0 6.8 0 0 87
Koror 491| 500.0f 112.8 683| 19.2 - 100.0 86.4 0 0 100
Peleliu 13 0 0 1 35.5 12.7 0 0 0 0 5
Anguar 4 0 0 0 2.6 13.4 0 0 0 0
Sonsorol 2 0 0 0 8.3 25.5 0 0 0 0 0
Tobi 2 103.0 53.8 85 7.0 2.0 0 0| 57.9| 61.7 2
Kayangel 5 12.1 9.6 25 0 0 0 0 7.1| 13.6 0
TOTAL 585| 1,136.5 468.4 1,457 194.8 241.3 264.7 235.3| 65.0| 75.3 418

Coral diversity has been reported as slightly igerse in the more isolated coral islands andsatol
such as:

O Kayangel Atoll - 126 species in 47 genera at $site
0 Ngeruangl and Velasco - 145 species in 52 genéfsibes
O Anguar - 134 species in and 44 genera at 7 sites

Maragos (1994) reported that certain habitatseslf slope, support the highest coral abundance and
diversity in Palau. These are:

O lagoon edge of large deep passes

O lagoon patch reefs or fringing reef fingers remofredh heavily silted areas
0 deeper ocean reef slopes off the western siddwedidrrier reef

O semi-protected ocean walls or drop-offs

In a survey of of stony corals in 21 sites off Ngeduu Bay, eastern Babeldoab and the Southern
Barrier Reef of Palau in 1991, Maragos (1991) réedr a total of 214 species belonging to 67
genera and 6 subgenera within the area. Exceptammal species diversity was observed in lagoon
habitats off Babeldoab Island. The same authordhtitat the combined soft coral and stony coral
fauna in the viscinity of Ngeremeduu Bay was amtrg richest, exceeding 100 species in many
sites. Huge colonies dfubastraea micranthavas reported along the channel walls of Toacheé T
end of Ulong Channel supported a huge mounBadona claveg1l5 m in diameter and 5 m high)
and continuous plates dfurbinaria up to 20 m long and 9 m in vertical relief alorge tslope.
Platforms ofAcropora(lsoporg brueggemannoccurred at depths of 3-10 m on the channel fator
the end of Rebotel Channel. Spectacular bowl shapbxhies ofEchinopora lamellosalternating
with colonies ofTurbinaria peltatawere reported at Itebang Mlengui at a lagoon friggeef north

of the Toachel Mlengui channel. A nearby patch reafl large colonies dPachyseris rugosa
However, extensive fields of staghorn coral thisk@croporaspp.), fingercoral platform®orites
cylindrica, and sheets of the brain cor&jploastrea heliopora were more common in Palau
(Maragos, cited above). Large fields of small mashn coralsFungiaspp., and extensive patches of
the rare bowl coralZoopilus echinatysvere also reported.

A copy of the survey conducted by Maragos and MgiéB3) called, Reefs and Corals of the main
Palau Islands: In Rapid Ecological Assessment @R #®art I, was not available.
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Black and red corals are important invertebratéieced in the waters around Peleliu and Kayangel
(Rochers and Matthews, 1992). A black coral suv@yducted in Palau in late 1973 to June 1974
inside and outside Palau Lagoon had the followesplts as reproduced from Grigg (1975). Large
colonies were located on sunken Japanese vesd8ks survey area.

Inside the Lagoon  Outside the Lagoon

Range of average basal diameter of largest coloni€s74 - 2.12 cm 3.00-6.35cm
Range of average height of largest colonies 1B93 m upto3m
Density, colonies per length reef 0.20-0.25m .0

Depth range 6-36m 35-75m

Those from outside the lagoon were larger, highdraccur in higher densities.

Samples ofC. elatius believed to have been collected between Pelaivfangaur, were confiscated
from a Japanese fishing vessel and were found & bgh quality (Grigg, 1975).

In the 1991 survey of stony corals off Ngeremduy,Bsastern Babeldoab, and the southern Barrier
Reef of Palau, Maragos (1991) reported the followlative abundance of black corals for stations
in which they occurred:

Station  Station 12

11

Station 1 Station 7 Frequency of occurrence (%)

occasional 4

common

Antipathes -

Cirrhipathes occasional common occasiona 16

During surveys of marine macroinvertebrates in #6ssin the Ngermeduu Bay area in 1991,
Richmond (1991) recorded the occurrences of blackls and relatives, pink corals and soft corals
as follows:

# Sites in which
species was
recorded

# Sites in which
species was
recorded
Antipatharia (black corals and relatives)
3 out of 26 sites Cirripathes flagellum
5 out of 26 sites C. spiralis
15 out of 26 sites

Species Species

5 out of 26 sites
9 out of 26 sites

Antipathes fruticosa
Antipathessp.
Cirripathes anguina

Gorgonacea (pink corals)

Anthogorgiasp.
Ellicella plexauroides
E. rubra

Junceella fragilis

J. juncea

Melithaea esperia

M. flabellifera

7 out of 26 sites
10 out of 26 sites
7 out of 26 sites
8 out of 26 sites
2 out of 26 sites
2 out of 26 sites
8 out of 26 sites

Melithaea ocracea
Plexaura flava
Rumphella aggregata
Subergorgia mollis

S. pulchra

S. verriculata
Wrightella tongaensis

Alcyonacea (soft corals)

2 out of 26 sites
9 out of 26 sites
2 out of 26 sites
3 out of 26 sites
3 out of 26 sites
3 out of 26 sites
5 out of 26 sites

Alcyonium gracillimum
Cespitulariasp.
Cladiella digitulata

Dendronepthya gigentea

Dendronepthyap.
Lobophyturnsp.
Nephtheasp.

8 out of 26 sites
1 out of 26 sites
8 out of 26 sites
13 out of 26 sites
10 out of 26 sites
5 out of 26 sites
11 out of 26 sites

Sarcophyton elegans
Sarcophytorsp.
Snularia flexibilis
Snulariasp.
Stereonepthyap.
Xeniasp.
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13 out of 26 sites
14 out of 26 sites
20 out of 26 sites
16 out of 26 sites
7 out of 26 sites
3 out of 26 sites

Birkeland and Richmond (1992), during surveys ins&&s from Velasco Reef to Anguar, observed
Antipathes corals (black corals and relatives),gdoacea (pink corals) and Alcyonacea (soft corals)



as follows:

# Sites in which # Sites in which

Species species was Species species was recorded
recorded
Antipatharia (black coral and relatives)

Antipathessp. 5 out of 47 sites Cirripathes spiralis 12 out of 26 sites

Cirripathes anguina

18 out of 47 sites

Gorgonacea (stony pink corals)

Anthogorgiasp.
Anthoplexaurasp.
Ellicella plexauroides
E. rubra

Ellicella sp.
Euplexaura robusta
Junceella fragilis

J. juncea

Melithaea flabellifera

2 out of 47 sites
3 out of 47 sites
2 out of 47 sites
3 out of 47 sites
1 out of 47 sites
15 out of 47 sites
9 out of 47 sites
15 out of 47 sites
1 out of 47 sites

Melithaea flabellum
Melithaeidspp
Plexaura flava
Rumphella aggregata
Subergorgia mollis

S. pulchra

S. suberosa

S. verriculata
Wrightella tongaensis

Alcyonacea (soft corals)

2 out of 47 sites
8 out of 47 sites
10 out of 47 sites
5 out of 47 sites
1 out of 47 sites
2 out of 47 sites
5 out of 47 sites
5 out of 47 sites
4 out of 47 sites

Alcyomium utinomii
Asteropicularia randalli
Cladiella digitulata
Dendronepthyapp
Lemnaliasp.
Litophytumsp.
Lobophytum crassum
L. crebriplicatum

L. denticulatum

L. pauciflorum

Lobophyturnsp.
Minabea aldersladei

6 out of 47 sites
0 out of 47 sites
15 out of 47 sites
13 out of 47 sites
20 out of 47 sites
13 out of 47 sites
19 out of 47 sites
18 out of 47 sites
8 out of 47 sites
25 out of 47 sites
22 out of 47 sites
16 out of 47 sites
1 out of 47 sites
1 out of 47 sites

Nepthyasp.
Sacophyton birkelandi
S. elegans

S. galucum

S. trocheliophorum
Scleronephthyap.
Sinularia abrupta
S. densa

S. flexibilis

S. frondosa

S. polydactyla
Siphonogorgissp.
Stereonephthysp.
Xeniasp.

27 out of 47 sites
2 out of 47 sites
22 out of 47 sites
32 out of 47 sites
26 out of 47 sites
4 out of 47 sites
7 out of 47 sites
28 out of 47 sites
26 out of 47 sites
1 out of 47 sites
13 out of 47 sites
2 out of 47 sites
8 out of 47 sites
5 out of 47 sites

Biology and ecology Growth in coral is optimal only within a fairlyanrow range of water
temperature and salinities and thus varies coredidiefrom area to area. Someroporagrow fast
(up to 20 cm per year) whileavia andPorites grow very slowly (Lewis, 1985; and Veron, 1986).
Massive corals such &gontastreaandPlatygyramay grow only 0.4-2.0 cm a year (Buddemeier and
Kingzie, 1986, quoted in Wellst al, draft). Achituv and Dubinsky (1990) notes thatxmaal
growth usually occurs only down to 30-40 per cehftsabsurface irradiance (the irradiance
immediately below the water surface) and rarelgng significant reef formation found below 10 per
cent irradiance. Reproduction is both sexual arekwed. Harrison and Wallace (1990) record that
sexual reproduction patterns include hermaphroditigonochronic species with broadcast spawning
or brooding modes of development with hermaphroditioadcast spawners being the dominant
group. Several asexual processes of reproductianresult in the formation of new colonies or
solitary corals. These processes include fragmentabf established colonies, budding and
transverse or longitudinal fission, single polyplHoait, detachment of groups of polyps as drifting
polyp balls and asexually produced planulae. Spagvhas been observed mostly at night between
dusk and mid-night.

In a study conducted in late June 1992 on repramlu@d Palauan corals using Atroporaspecies,

3 Porites species andechinopora lamellosa(representing coral species known to be broadcast
spawners), all specimens had undergone spawningubg 30, 1992. The absence of developing
gonads in any of the sample indicated that spawigngrobably quite synchronized within and
between species rather than occurring over a nroteagted period (Kenyon, 19927?).

Black corals are relatively fast growers, incregsat about 2 inches (5.08 cm) per year. Large
specimens of black tree cor@rtipathesspp.) can grow to several meters in height andaghrwith
main stem diameters of forty to fifty millimetersnd up to 70 mm in the largest specimens. More
commonly, branch and main stem diameters are obtter of 10-20 mm (Carleton and Philipson,
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1987). Black whip coralGirrhipathesspp.) has been known to grow to 5-6 meters intkeagd is
usually unbranched. Base diameters are up to 25vittnrmore common sizes being 10-15 mm.

As with all other corals, gorgonians (including picorals) grow by asexual reproduction within any
one colony. Periodically, single-sex colony devefgmetes (sperm or eggs) in sexual reproduction.
The sperm are released and find their way int@thgps of sedentary female colonies. The fertilized
eggs develop into larvae which are released irgathrent and travel as plankton for a period @& on
to fourteen days then they settle. If the envirominn® conducive for growth, they metamorphose into
an anchored polyp which starts to divide asexuatigt form the base of a new colony (Carleton and
Philipson, 1987). Pink corals are much slower gmewthan black corals, more typical of reef
building corals, growing at about quarter of ari@.64 cm) a year.

7.5.2 The Fishery

Utilization : Maragos (1994) reported that corals that have besshed ashore are collected to make
chaus (lime powder for betel nut chewers) in Kayangedr&ls used fochaushas been reported as
significant in Ngerchelong, Ngeremlengui, Peleliuthe main islandsChaus production is an
“everyday activity” in Angaur. Coral is collectedom all around the island and the crushed and
processed coral is sold in markets in Koror (Roglaerd Matthews, 1992).

Recently, corals have been targeted as one of #renenproducts exported via the aquarium fish
export.

Production and marketing: No figures are available on the exploitation lesecoral for use in the
production ofchaus

No export figures on the export of coral for aquaripurposes were reported for 1992. Between
September and December, 1993, 474 hard coral pigedsed US$1,186), 48 polyrock pieces
(valued US$1,440) and 669 soft coral pieces (valu&$2,648) were exported to the US via the
aquarium trade. Details of species exported arsepted in Table 7.5.2.

Table 7.5.2 Export of coral for aquarium purposes betweernt&aper and December, 1993 from Palau. (Source: DitRbase).

No. of | Pricerate| Total value
Common name Species pieces | ($/piece) $)
Stony corals
Acropora Sp. Acroporasp. 8 20.00 160.00
Acropora Sp. Acroporasp. 24 6.00 144.00
Budding Goniopora Goniporaspp. 263 1.80 473.40
Long Pulse Coral Xenia flongata 1 1.20 1.20
Plant Rock (1.00/Ibs.) Calarius substantrate 1 1.00 1.00
Plate Coral (LongTentacle) Heltofungia actiniformis 109 2.40 261.60
Plate Coral (Short Tentacle) Heltofungia actinifurmis 41 1.80 73.80
Plate Coral Green Heltofungia actinifurmis 17 2.40 40.80
Roductus Giant Mushroom Urvillei spp. 10 3.00 30.00
Total 474 1,185.80
Polyrock
Green/Orange Polyrock (1/STYRO)| Zoanthusspp. 48 30.00 1,440.00
Total 48 1,440.00
Soft coral
Devil's Hand Leather Sarcophyton trocheliophorum| 274 2.50 685.00
Home Grown Leather Sarcopython trocheliophorum 4 2.50 10.00
Leather Coral Brown Sarcophyton trocheliophorum| 189 2.50 472.50
Leather Coral Green Sarcophyton trocheliophorum 88 7.50 660.00
Lime Mushroom Leather Sarcophytorsp. 107 7.50 802.50
Mushroom Soft Coral Sarcophytorsp. 7 2.50 17.50
Total 669 2,647.50
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Limited amounts are collected for jewelry and adts. No production figures are available.

7.5.3 Artificial Propagation of hard and soft corak.

The Palau Biotech Inc. had initiated ranching ahtaard and soft corals for export in the aquarium
trade. Soft coral “branches” are cut from the “nawthorganism and planted in the nursery the
company has set up in a lagoon. These plantinggratected from predators using a mesh wire used
in giant clam nurseries. For hard corals, a “mdtlveral head is brought up and the growing tips
(about 3-4” in length) carefully cut off. Thesep%i’ are placed in tanks to grow. Experiments have
been initiated to “cement” the cut end of the ogsi into small blocks and let the coral grow from
there as a base. The operator reckoned that itdaakie only a few months for the growing coral to
cover the artificial base. This has been succdgsfidmonstrated in the land-based operation. The
“cemented” coral cuttings will be taken out to thesery for grow-out. The operator believes that th
clipped portion of the “mother” corals will be able regrow to its former length within a year,
making clippings from the same mother coral possihl a yearly cycle (it was noted that some
Acroporaspecies grow about 10-15 cm a year). The compateynds to lease a coral bed from the
Government for them to use as “mother” stockstierdlippings.

7.5.4 Resource Status

Maragos (1991) noted that exceptional variety amghdance of corals occur off the southern and
eastern barrier reef of Palau. Maragos (1994) vetle status of coral reefs in Palau as follows:

Barrier reefs “All of the main Palau Islands are surroundediayrier reefs except the northern
atolls of Ngeruangl and Kayaangel, and the south@iged limestones island of Anguar. Threats to
barrier reefs include mechanical and oil spill icggafrom shipwrecks and use of destructive fishing
methods such as dynamite and use of the houselgadh) “Chlorox”.

Fringing reefs “The main Palau Islands are virtually surroundsdfringing reefs. Dredging and
filling operations for channels, docks, and condtan materials and sedimentation from upland soil
erosion caused by land clearing, fires, road canstn and other development activities have made
their effects on this resource. Reef flats off keah Babeldaob (Airai, Aimeliik, Ngchesar) are
covered with reddish soils eroded from previousongoing road and airport construction. Some
dredge and fill operations, e.g. the docks at ON&lekeok and Ngetpang have not been designed to
minimize sedimentation on adjacent reefs”.

The dredging at Tab, Ngchesar has been operatimog si980 and many corals in the area have
turned “brownish” or dead (Maragos, 1994).

The level of collection of coral fathausdoes not seem, at present, to be serious as waphsutal
pieces are mostly used in some areas. Crown ofshisrfound throughout Palau but only in small
numbers. An infestation occurs periodically in Ngederrak Reef region but have not been serious.

Natural disaster, e.g. Typhoon Mike, also brealanals.

In a survey of invertebrates in 47 sites from VeteReef to Angaur in 1991, Birkeland and
Richmond (1992) a large aggregation of the gasttdpaupella sp. eating a colony dkcroporain

one of the sites. Only 6 crown-of-thorns starfisarevobserved although a dense aggregation was
reported earlier at the outer end of Malakal Chamke outbreak occurred in this area in 1979.

No other information could be located on the presiooral resource status in Palau apart from that
reported under the “Distribution” section of thiofile.
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7.5.5 Management

The relationship between people and reefs was si@pt direct prior to industrialized society. On
islands, people used and often depended upon ase$ources of food and materials. If the reefs
deteriorated, the food supply and resource basauorans declined (Kenchington, 1988). As Van't
Hof (1988) puts it, "coral reefs and associatedesys and their resources have always been used as a
source of food and material"* and that " small idlaations, in particular, have been and continue to
be, dependent to a large extent upon their neashwrine environment". Certain traditional
management regimes seem to have existed whichrpadty evolved to avoid damage to reefs and
the subsequent consequences. However, the sante awuiies:

"Growth of human populations in areas where reedsagcessible, the introduction of new

technologies and the development of economies pkaged many pressures on coral reefs.
The likelihood of being able to manage these pressdepends in part on the extent to which
the well-being of coral reefs is important to tli@eomic well-being of the impacting human

society. The management of environments is thusntaeagement of human impacts and
activities".

Actituv and Dubinsky (1990) note that as far as éwelution of coral reefs is concerned, corals
reached their peak in the past, and at the préisemthey are in decline. On the importance of spra
Sheppard and Wells (1988) note that coral reef& mmong the most biological productive and
diverse of all natural ecosystems, their high pobgity stemming from efficient biological
recycling, high retention of nutrients and a stusetwhich provides habitat for a vast array of othe
organisms.

In addition to the value corals and coral reefsefih sustaining all types of marine fisheries
resources and other ecological balances withinntheine environment, corals can also offer an
additional opportunity for "small-scale” developrhemhere the resource is sufficient and that
management guidelines to ensure sustainable tidliizare rigorously adhered to. But as is typidal o
all harvestable resources, sustained utilizatiajuire proper assessment research from which the
results can be transcribed into management appesaénalysis of supply and demand is basic to
management. The supply takes into account infoonain basic biology and estimates of maximum
sustainable yield obtained from research while deh@onsiders the consumer, socio-economics of
the industry and analysis of optimum sustainabéddy{(Grigg, 1976, quoted in Gomez, 1983). In
Phuket Thailand, the most effective strategy fomagang coral reefs is to prevent damage while
allowing sustainable uses to take place with reasiencontrols (Lemay and Chansang, 1989). Corals
are slow growing and damaged reefs have been kimtake many, many years to recover.

In efforts to manage coral and coral reefs, ther@ways a tendency to over-emphasize one cause of
the problem while overlooking others. Integratecanpling and management involving the
cooperation of different government departmentsdifferent aspects of the resources is vital for
success. Initiation of a public education programare the effects and consequences of the
continuing use of certain destructive means ofaeting marine food resources from the reefs, as
well the direct and indirect effects of other lavased development on the resources, is a necessity.

Current legislation/policy regarding exploitation: The Marine Protection Act of 1994 defines fish
to mean any species of animals, other than birdschwlives in the sea. Thus corals, which are
animals living in the sea, are included in this .A8¢ction 4 (6) makes it illegal to fish while ugin
any form of underwater breathing apparatus othan th snorkel. Legislation for aquarium fish is
covered under that profile.

Section 3 of the Regulations on the Collection cdriie Resources for Aquaria and Research,
December 1994, requires any person who takes empts to take more than five specimens or
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pieces of aquarium species, except cultured spesinfier aquarium purposes, local aquarium use, or
for scientific, maricultural or medical research for other purposes in a single, except those
specimens taken incodentally in permitted dredgopgrations, shall have a valid Aquarium
Collecting Permit issued by the Minister of the Miry of Resources and Development. Section 5 of
the regulations makes only Palauans eligible addnslof Aquarium Collection Permits by January
1997. Section 11 of the regulations prohibits tlkpoet of hard corals and marine rocks unless
cultures, or from permitted dredging operationssaallowed under a valid Marine Research Permit.
“Cultured” organism is defined in the regulatiorssta mean a specimen or a group of specimens
certified by the Division of Marine Resources ashsand satisfying the interpretation of the term
“bred in captivity” recommended by CITES.

Recommended legislation/policy regarding exploitatin: Several approaches to the management of
the utilization of corals have been implementedameral countries. Kenchington (1988) lists three
preliminary steps to the establishment of effecinanagement as follow:

0O define the problem;

0 generate awareness of the problem amongst thosewlirsuffer if the problem is not solved or
benefit if it is solved;

0O develop a management approach and a crediblewtianh will persuade those most concerned
that management can and should address the problem.

He concluded that "the immediate challenge in memymunities and countries is to interpret the
scientifically documented threats and to estaliistt the benefits of management to sustain coral
reef areas will outweigh the costs - in this thierstific research community has a key role".

The use of certain gear and some traditional fishmethods needs to be prohibited if persuasion
through educational programmes to abandon theirsussufficient or ineffective.

Approaches in managing coral utilization for thei@gum trade can be broadly summarized under
the three categories summarized below, (after Gp@#83 and Wellgt al, draft). Even though both
reef-corals and precious corals (including blackals) can be accommodated under the same
management approaches, they should be treatechsspar

Total ban: this prohibits the harvesting of corals either éaport or for local domestic uses either
commercially or traditionally. This is probably thaly feasible way of preventing excessive damage
to reefs when sustainable figures are not available

Limited use: several options can be taken into account undsrctitegory. Commercial export as
opposed to commercial domestic use can be disshgd| as well as commercial as opposed to
traditional (non-commercial). This should be apgplia conjunction with “Regulated Harvesting”,
below. Management strategies for the black cosbueces is recommended under this category, in
that harvesting is allowed for the local small ag# industry but exports of unprocessed product be
prohibited.

Regulated harvesting:in the event that sustainable yields are availabid that harvesting is
allowed, management would be necessary for sustainilization. Allowances under “Limited
Use” (above) can be regulated under this categBpme general guidelines for consideration
include:

0O licensing and permitting

quotas

minimum size limits

prohibition of use of certain gear and method
restriction of species collected

zonation of areas for collection

restriction on numbers of operators (if commejcial

Oooooodg
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0O restricted duration if permit given

An important aspect in fisheries resource managene is gaining recognition in some South
Pacific countries is the application of communigsbd resource management. This is of particular
importance where commercial exploitation of shall@sf resources is concerned. One of the
considerations in the Exploitation Guidelines usedhe aquarium fish trade in Fiji is to involve
resource custodians in the collecting processdariaximum extent practicable (Lewis, 1985). This
tends to spread the benefits wider than a few withe operator's circle. The Exploitation Guidetine
used in Fiji for the aquarium fish trade are apmehds Appendices 7.5.1. Additional information as
provided in Wellset al. (draft) are also included.

Maragos (1991) after conducting a survey of stoorgls off Ngeremeduu Bay, eastern Babeldoab,
and southern Barrier Reef of Palau, noted thatitimess of the reef environs makes good sense to
establish a protected area in the region that epasses the embayment, surrounding watersheds and
offshore reef, lagoon and channel habitats.

Convention on International Trade in Endangered Speies of Wild Fauna and Flora (CITES)
This convention was entered into force, by ceruntries, on 1 July 1975 and it now has a
membership of more than 150 nations. The aim ofobevention is to establish world-wide controls
over trade in endangered wildlife and wildlife puatk - in recognition of the fact that unrestricted
commercial exploitation is one of the major thretsthe survival of species. For this purpose,
endangered species of wild animals and plants iasredlin three appendices to the Convention.
Depending on their agreed degree of protectioneipert and import of live specimens, and of parts
or derivatives, is either prohibited or subjecteduniform licensing requirements recognized by all
member countries. Appendix | include all speciegdtened with extinction which are or may be
affected by trade. Trade in specimens of theselespesubject to particularly strict regulatiordas
only authorized in exceptional circumstances. Agiperl include all species which although not
necessarily now threatened with extinction, but rbagome so unless trade in specimens of such
species is subject to strict regulation in ordermtoid utilisation incompatible with their survival
Appendix Il include all species which any Partemdifies as being subject to regulation within its
jurisdiction for the purpose of preventing or raging exploitation, and as needing the cooperation
of other parties in the control of trade.

The provisions of the Convention concerning theédraf certain animals, e.g. corals, are applicable.
Under the convention, the following corals areclisas Appendix Il species (Anon, 1991):

— all species in the order Scleractinia (stony cQrals

— all species in the order Antipatharia (black corals

— all species in the family Milleporida®jillepora spp. (fire corals);

— all species in the order Coenothecatalioporaspp. (blue corals); and
— all species in the family Tubiporidaubiporaspp. (organ-pipe corals).
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