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PREFACE
The South Pacific Forum Fisheries Agency (FFA) was approached in April 1991 by the Division of Marine Resource (DMR), Bureau of Resources and Development in Palau to provide technical assistance in the compilation of a set of marine resource profiles. The Terms of Reference called for the following:

1.
With the assistance of Marine Resources staff, examine all closed and current files pertaining to the fisheries resources of Palau;

2.
Assess, collate and compile all written matter and data which provides information relating to resource abundance, distribution and exploitation in the Republic;

3.
Review existing legislation controlling the exploitation of living marine resources in Palau and advise on appropriate regulations for controlling the existing fisheries for those resources not currently protected; and 

4.
Based on the information examined, produce a document which provides a comprehensive profile of the marine resources of Palau.

This report was prepared during a two week visit to Palau. The report provides general information on marine resource of Palau that are important in the industrial, small-scale commercial and subsistence fisheries, and which may assist in the assessment of current exploitation and formulation of management options for future developments. 

In most cases, information is presented for each resource under four basic headings: a brief description of the resource (species present, distribution, brief life history and major biological characteristics);  the fishery for the resource (utilisation, marketing and production history); current status of the stocks; and management matters (current legislation/policy regarding exploitation and recommendations for possible future management options). 

In addition to the references cites, Izumi (1988) provides a comprehensive list of additional material relating to the marine resources of Palau.

The information is presented in a brief, non-technical, standard format, which it is hoped will be easily understandable by those with limited technical background in fisheries matters. The layout of the report is intended to facilitate easy periodic updating of the report's scope and content.

The guidance and helpful advice of Mr. Noah Idechong, Acting Chief of Marine Resource Division, Bureau of Resource Development, is gratefully acknowledged. Special thanks are due to Mrs. Ann H. Kitalong for expert assistance on technical matters relating to the marine resource of Palau, and Mr. G. Heslinga, Manager of MMDC for helpful comments and providing sources of information.  
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SUMMARY
To date, few quantitative assessments of the marine resources of Palau have been conducted. For the off-shore tuna fishery, reasonable data time-series are available for the foreign access tuna fishery, but data for domestically based tuna operations are incomplete. For the near-shore fishery, reef resources are exploited by subsistence, commercial and recreational fishermen. Very few data are available that document trends in production for most reef-resident and reef-associated fisheries resources in Palau, except for the trochus fishery. Commercial landings data for the reef fishery are generally available only for the Palau Federation of Fishing Associations (PFFA) and information regarding subsistence catches is extremely scant, but anecdotal information gathered by Johannes (1991) and others indicates a general decline in fishing success for the main species in the inshore fishery. There is general agreement that the inshore fishery needs to be more effectively managed, for which an improvement to the type and quality of available fisheries information is required. Preston (1990), Ianelli (1987), Crossland (1990) and FFA (1987) all provide plans for improvements for data collection and analysis and management of the in-shore and offshore fisheries in Palau. 

Potential for future development of fisheries in Palau, however, appears good. Unlike many other Pacific island nations, marketing of reef products is not a problem. The local market in Koror can absorb much of the reef production, and excess catches can find a ready and under-supplied market in Guam. Good air connections to Guam and South-east Asia facilitate the export of high value products, on ice, which fetch high prices. Inshore fishermen in Palau enjoy high buying prices and fishing offers a good opportunity for a full-time income. However, if exploitation rates continue to increase, a rational and enforceable fisheries management plan will be required in order to sustain catches and livelihoods. 

Further expansion of small-scale commercial and industrial tuna fisheries is also likely, but socio-economic benefits to the country from foreign access and domestically based operations need to be quantified. Two longline fishing companies are already based in Koror. Knowledge of tuna fishing grounds has been built up, cold storage facilities and freight connections are in place. Palau is closer to the Japanese sashimi market than any other FFA member country; the opportunities are there for local enterprises to take advantage of this. The expanding tourist industry offers the potential for development of big-game fishing enterprises.

Appropriate legislative controls are needed in order to facilitate rational exploitation of Palau's marine resources. Historically, customary law was sufficient in order to provide for conservation of reef resources (Johannes, 1981). Although State and National Government laws exist for some resources, increasing commercialisation of fishing, improved technologies and the basing in Koror of foreign commercial fishing interests has resulted in the need for legislative controls at the National and State levels to be tightened up and enforcement ability improved. 

A review and consolidation of the existing fisheries legislature would be beneficial. Crossland (1990), working on policy formulation for fisheries development planning in Palau, points out that the formulation of a comprehensive marine resource legislation plan for Palau is difficult but needed; an umbrella marine resources act is suggested, which would consolidate all existing marine resource regulations, and would provide the legal basis for the control and conservation of fisheries. A number of legislative considerations are included for most resources covered in the document. Existing national laws in the Palau National Code are summarised for each resource to which they relate, but there may be state laws in force that have not been reviewed here, and more legislation is pending. In general, however, both traditional, state and national laws have not been strongly enforced in the country.

Johannes (1991) provides useful background to what marine resource management and conservation measures are necessary from the point of view of Palauan fishermen. Better design and enforcement of marine conservation laws, dynamite fishing, and uncontrolled inshore fishing by foreigners, were identified as major issues in questionnaires. National law and a number of states legislate against the use of explosives, chemicals and poisons for reef fishing. 

Concern over falling catch rates in Palau for some inshore resources have led to fears of over-fishing. It is clear that several specific fish populations have declined over the years as a result of high fishing pressure, and may warrant special consideration for conservation. According to Johannes (1981, 1991), these include Bolbometopan muricatus (Humphead parrot fish) and Cheilinurus undulatus (humphead wrasse, both speared at night in large numbers; nine species are also heavily fished during spawning aggregations, including Herklotsicthys quadrimaculatus (gold-spot herring), Crenimugil crenilabus (warty-lipped mullet), Plectropomus areolatus (squaretail grouper), Epinephelus merra (honeycomb grouper), Lethrinus miniatus (porgy), Siganus canaliculatus (rabbit fish), Siganus lineatus (rabbit fish), Naso unicornis (long snout unicornfish) and Symphorichthys spilurus (blue lined sea bream).

As fish from the reef fishery in Palau are landed round, information can be obtained on reproductive timing by monitoring the gonad index of fish brought to markets in Koror, as well as length frequency and length weight correlations.

Ideally, better assessments of coastal (reef, lagoon and deep bottom) and oceanic resources is needed, but limited manpower and other resources are realities against which the value of estimating stock sizes and sustainable yields must be weighed.


BACKGROUND
The Country

The Republic of Palau (Belau) comprises a group of approximately 340 islands in the western Caroline islands, some 500 miles (805 km) East of the Philippines lying between 6 degrees 50 minutes and 8 degrees 15 minutes North latitudes, and 133 degrees 50 minutes and 134 degrees 45 minutes East longitudes. Total land area is about 193 square miles (500 sq.km). The Palau archipelago consists of numerous central islands, geologically of volcanic or uplifted limestone origin, and these are encircled by an extensive barrier reef system, some 246 miles (400 km) in length, and encloses a large lagoon with an area of some 560 sq.miles (1,455 sq.km.) (Perron et. al., 1983). To the North are two small coral atolls and the extensive Valsco Bank system. To the South are the islands of Anguar and Peleliu, and further South are the remote six outer South-west Islands. The Rock Islands, a large group of very small islands, lie between Koror and Peleliu. A map of the Republic is given in Figure 1, which also marks many of the reefs and reef channels mentioned throughout the text. 

A 12 mile Territorial Sea has been established around the main island group. The 200 mile exclusive economic zone encloses an area of approximately 243,380 square miles (630,400 sq. km), making it one of the smallest EEZ's in the Western Pacific.

The larger islands are high and densely forested, usually with extensive fringing reefs and some barrier reefs. Babelthuap, Arakabesan, Koror and Malakal are volcanic. Northeast trade winds dominate from October to May. During the rest of the year calms with weak westerly winds occur. Climate is maritime tropical with little seasonal and daily variation. Mean annual temperature is 82 degrees fahrenheit. May-January is the wet season, June and July are usually the wettest months. Rainfall is around 150 inches (381 cm) per annum. 

The Republic is divided into 16 states. Babelthuap, the largest island, comprises 10 states. Koror, just South of Babelthuap, is the most populous island. Koror State is the country's administrative centre.

The People  

A census conducted in 1990 estimated the population (living in-country) at 14,291, around 70 percent of which live on the island of Koror, although at least 5,000 Palauans live outside the country, especially on Guam. The Palauan people are basically of Micronesian stock with strong ethnic affinity with the people of the Federated States of Micronesia.  However, there are apparent ethnic and certainly linguistic distinctions within the Republic itself; the people of the extreme Southern islands (Tobi State) speak a different language, Sonsorolese-Tobian, to that spoken by the rest of the population. Only 8 islands are permanently inhabited, and the Southern islands are very sparsely populated. The main indigenous language is one of the Malayo-Polynesian family of languages, with dialectical differences between islands. Religion is predominantly christian, with a large percentage of 'traditional' beliefs.

Figure 1. Map of the Republic of Palau, with names of main islands, reefs, channels and lagoons.

THE FISHERIES SECTOR

The marine resources of Palau are diverse and generally abundant. Table 1 summarises the estimated area by habitat type in each of the 16 states.

Table 1.  Estimated area (km2) by marine habitat type, by state.  

_________________________________________________________________

                                                              Total

State            Mangrove  Inner Reef  Outer Reef   Lagoon     Area

__________________________________________________________________

Angaur             0         2.6        0             0         2.6

Peleliu           4.9       35.5        0             0        40.4

Koror             1.6       19.2      100.0         500.0     620.8

Airai             7.9       22.7        4.0          30.0      64.6

Aimeliik          2.8        8.2       27.0          55.0      93.0

Ngatpang          6.3        2.7        7.1          15.0      31.1

Ngeremlengui      4.0        7.5       12.3          15.0      38.8

Ngardmau          7.2       13.8       11.0          22.5      54.5

Ngaraard          3.4       23.2       17.3          23.8      67.7

Ngerchelong       2.1       23.0       81.3         325.0     499.1

Ngiwal            1.3        5.8        0            12.1      19.2

Melekeok          1.7        8.4        0             0        10.1

Ngchesar          1.8        6.9        4.7          23.0      36.4

Kayangel           0         7.1        0            12.1      19.2

_________________________________________________________________

                   45.0      186.6      264.7       1,033.5   1,597.5

_________________________________________________________________

Although subsistence fishing remains a major activity, the economic growth of Koror, tourism development and the increasing availability of non-fisheries related jobs, has resulted in a cash economy for fresh fish and shellfish. Improvements in shipping and especially air communications in the past decade have facilitated the development of profitable fish export activities. The offshore fishery is dominated by tuna fishing. Distant water fishing nations are active beyond the 12 mile Territorial Sea under bi-lateral and multilateral access arrangements, and a domestic tuna fishery involving joint ventures has developed in recent times.

The inshore fishery
The people of Palau have traditionally depended on fish and other marine resources for a major part of their diet. Most villages actively engaged in artisanal reef fishing are within 30 miles of Koror. A range of fishing techniques are employed in the reef fishery including set nets, spearguns, droplines and trolling (Johannes, 1981). Many fishermens' cooperatives have been formed in the rural areas to reduce transportation, cold storage and handling costs. Coastal fisheries in the Republic are generally considered to be concentrated between the barrier reef and the shore (see Figure 1). Extensive reef systems are also present on the islands of Peleliu, the South-west reefs and Angaur where significant fisheries targeting reef resources have developed.

Palauan villagers have traditionally held exclusive rights to harvest marine resources in their own traditional fishing areas under a system of customary marine tenure (Johannes, 1981; 1991), where boundaries are well known and conservation enforced by village chiefs. Although this system remains valid at the village level today, poaching is widespread and enforcement of traditional conservation regimes is weak. This has led to chiefs and fishermen recommending the establishment and enforcement of laws to protect their traditional areas, especially from outsiders; both foreigners and people from other states.

The essential features of Palau's inshore fisheries today are described by Johannes (1991):

.
many reef and lagoon species and a few near-shore pelagics are involved;

.
many different low technology methods are used;

.
catches are marketed through innumerable rural outlets throughout Palau, or commercial or subsistence channels in Koror. Buyers or receivers range from families, individual restaurants and private fish merchants to the Government supported Palau Federation of Fishing Associations. 

Reef collection of sedentary species of clam, sea-cucumber, sea urchins, and molluscs is mostly carried out by women and children. A survey of these activities is in progress.

Preston (1990) estimates total annual seafood catch in Palau at 1,700 metric tonnes (mt), including the subsistence fishery, and makes specific recommendations for the management of the inshore fishery. Shimada (1987) estimated the per caput fish consumption for Koror at (26.1 kg). Preston (1990) estimates total subsistence production in 1988 at 1,294 tons (1,315 mt), with a per capita fish consumption of 0.5 lbs (0.23 kg) per person per day. 

Marketing of inshore marine products is conducted by a number of private and government owned concerns. The Palau Fishing Authority (PFA) is the commercial arm of the Government's fisheries service, which owns a fish market wharf at Koror, including a 4 ton ice machine, 2 cold stores, workshop, retail shop, offices and stores. PFA sells fishing equipment, ice, fuel and bait to local fishermen. The Authority buys fish from local fishing groups, also reject export fish from local joint venture tuna companies. Most fish landings are sold locally to hotels and restaurants except during February and April when significant exports are made to Guam during lent. PFA also supplies fish to schools and hospitals.

The PFA complex on Koror was run by the Palau Federation of Fishing Associations (PFFA) up until 1983, when it went into receivership. Currently, PFA continues to operate the complex, and will do so until PFFA can show that it can do profitably. PFFA is a group of artisanal and semi-commercial fishermen who fish near their villages and transport fish to Koror. Fish supply varies; 3 groups utilise three 32 ft (10 m) fibreglass boats supplied under a Japanese fisheries aid package to transport fish from rural areas, and these vessels provide a regular input to the market. Approximately 20 other small private boats land fish each week ie. 5-6 landings per day. Brisk trading occurs for all fish landed.

Marine products are also landed at 5 other sites besides the PFA facility, but landings data are very scant. However, PFA sold 70 percent of all fish caught locally in 1975, but by 1990 this is estimated to have reduced to around 39%. Four fish landing centres have been built in the States of Angaur, Ngatpang, Melekeok and Ngerchelong.

Although data for total marine production are incomplete, around 250 mt of reef fish, mangrove crab and lobster were landed and sold locally or exported from Palau during 1990.

The offshore fishery

From 1964-1983 Van Camp Seafoods operated a shore base at Malakal, with locally based pole-and-line vessels. The base was sold in 1986 and is now operated by a local joint venture between Singaporean and local investors, Palau International Traders Inc. (PITI), which is engaged in using up to 70 longline vessels and Taiwanese and PRC fishermen for the Japanese sashimi market. The company has its own aircraft for freighting sashimi to Japan, and second grade is shipped to Taiwan for canning (Williams, 1991).

The other locally based joint venture is Palau Marine Industries Company (PMIC), a joint venture Taiwanese financiers and local citizens. It is licensed to fish with up to 243 longliners manned by Taiwanese and mainland China fishermen. The company originally trans-shipped at sea, but now land catches to a cold store ashore.  

During 1990, five fishing agreements were in effect.  These agreements were with:

1) Fisheries Associations of Japan;

2) the United States (Multilateral Treaty on Fishing); 

3) Palau International Traders Incorporated (PITI);

4) Palau Marine Industries Corporation (PMIC); and 

5) Tae Young Fisheries Company.

During 1990, the Fisheries Associations of Japan was issued 135 permits for longliners of which 42 fished in Palau waters and 32 permits were issued by PMA for 14 purse seiners that all fished in Palau waters. The United States was issued 35 permits for purse seiners. 

During 1990, PITI registered 245 Taiwanese and Chinese tuna longline vessels ranging between 20 GRT and 50 GRT to base their operations at Koror. In addition, PMIC established an effective operation in Palau during the year and by the end of 1990, 70 longliners from Taiwan were licensed to base their operations in Palau through PMIC. The Tae Young Fisheries Company is no longer operating.

Basic production figures are available for foreign access fisheries. Data for domestic companies, although available, are incomplete, primarily because neither DMR or PMA have the technical staff to collect and analyse data available. An analysis of Air Micronesia flight manifest records would provide very useful data on fish exports. 

Mariculture
Mariculture is playing a major development role in Palau, primarily because of the Micronesian Mariculture Demonstration Centre (MMDC) based at Malakal, Koror State. MMDC is currently part of DMR. The Centre's main achievement has been the development of commercial farming systems for giant clams. Other species investigated viz. turtles and trochus, have not shown economic viability, more enhancement of natural stocks.

Commercial sales of clams were around $120,000 in 1990, the money being put back into costs and developments. Further markets for clams and clam products are actively being being sought. Future plans include the preparation of a business plan for MMDC (separation of the hatchery from commercial on-growing side of activities is planned), obtaining CITES exemption for cultured clam exports, and privatisation of the commercial operations, which may take place in 1992.

Management of marine resources
Palau has several offices carrying out functions which are usually included in one government department, but close relations have reduced coordination problems. These are:

Division of Marine Resources (DMR) - administration, resource assessment, development and management of coastal fisheries;

Palau Fishing Authority (PFA) - commercial arm of the National Government's fisheries service; responsible for marketing and development of the inshore fishery; 

Palau Maritime Authority (PMA) - a semi-autonomous government agency, mandated under Title 27 of the Palau National Code to negotiate foreign fishing agreements, licensing and management of off-shore fisheries in the EEZ that targets oceanic species, principally tuna and billfish; and

Attorney-Generals office - enforcement of regulations and surveillance. PFA and PMA are legal bodies. Boards are appointed by the President.

Preston (1990), in reviewing inshore management concerns and options, recommends an inventory (mapping/area) of fishing grounds be carried out, and potential yields calculated. 

No data currently exists on recreational fishing in Palau, although this activity is certainly placing increasing pressure on near-shore stocks. Tourist arrivals in Palau have grown from 4,500 in 1983 to 19,400 in 1989. Approximately 18 tour operators are currently involved in marine activities, especially diving and fishing. In view of the planned expansion of the tourist industry, assessment of the potential impact on marine resources would be valuable, however Johannes (1991) suggests that for such a small fishery, monitoring and management costs should not outweigh social benefits to the country; prevention of overfishing, insurance of reasonably satisfactory allocation of resources and minimisation of conflicts are priority objectives for Palau.

The current strategy for marine resource management and development in the Republic is based on the recognition that the ocean is the nation's most valuable natural resource and that it offers the best opportunities for long term economic development and attainment of economic self-sufficiency. A formal fisheries development plan is presently being prepared. The Government's current informal strategy for marine resource management and development includes:

.
initiatives to increase private sector employment and income generating opportunities in commercial fishing, post-harvest matters, mariculture and related activities;

.
the development of socially and environmentally sensitive resource management policies that are realistic in regard to sustainability of resources and enforcement capabilities;

.
the diversion of fishing effort from inshore to offshore activities such as tuna and deep-water resources;

.
broadening of the export base to include under-utilised species;

.
resource survey and product development to expand the export base;

.
the development of marine conservation awareness programmes;

.
improved methods of product handling, processing and marketing;

.
encouraging active participation by state governments in marine resource development, management and conservation;

.
encourage full-use of existing shore-based infrastructure;

.
maximisation of export revenue within the limits defined by sustainable yields and domestic consumption requirements;

.
import substitution of marine products; and

.
increase local manpower training opportunities in fisheries matters.
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A1. CRABS


A1.1 MANGROVE (MUD) CRAB

THE RESOURCE
Species present: The common mudcrab, Scylla serrata.

Distribution: The species is present throughout an estimated 45 sq.km. of mangrove habitat in Palau, especially around the large island of Babelthuap.

Life History: Mudcrabs spend their lives in mangrove estuaries and rivers. They become sexually mature at around age 2-3 years, whereupon mated females move out to sea. Each female will produce around 5 million eggs per spawning. These hatch to produce planktonic larvae, which flow back on the tide and are recruited to the mangroves near the parental biomass. Juveniles (20-80 mm carapace width) remain in the mangroves at low tide. Sub-adults (80-150 mm) and adults (>150 mm) migrate to intertidal habitats at high tide, retreating again at low tide. 

Tagging studies in Australia indicate that adults of the species are fairly resident at specific areas, moving less than 4 km per month. They are opportunistic carnivores.

THE FISHERY
Utilisation: The mudcrab is preferred to rock lobster in Palau for traditional custom feasts, and is in high demand in local restaurants and hotels catering for the tourist trade. In Palau, crabs are caught day or night either in holes on mud flats in mangrove areas by hand or spear, or by using baited traps; one commercial operation currently employs 23 traps.

Marketing: Landings are made at state fishing centres, three major markets in Koror, and by direct sales to restaurants, resorts and hotels. The crab is also consumed during custom feasts.

Production: Data available represent an unknown proportion of total production.

Commercial landings data for the PFFA market are available for 1976-1990, and two other major markets for 1990. Table A1.1.1 presents available purchase data and catch value compiled by DMR. Data for the years prior to 1990 for markets other than PFFA are not available. At least 6.8 tonnes were landed at PFFA, Oh's Market and Etpison Cold Storage in 1990 (equal to about 6,800 adult crabs), indicating that exploitation may be increasing. 

Table A1.1.2 presents preliminary data on effort and catch per effort for the fishery. A preliminary indication is that catch per trip is fairly constant, although effort (number of fishermen and number of trips made) has increased considerably in 1990, but this is probably due to a better data set for 1990 than preceding years.

DMR began undertaking size sampling of the commercial catch in 1990, and collation of other available historical data for the fishery. Preliminary size distribution data indicates males range from 112-190 mm carapace width, and females 120-200 mm. The majority of females landed are between 150-180 mm.

Table A1.1.3 indicates seasonal variation in landings; available information suggests that catches are greatest around late summer and autumn, but with good residual catches throughout the year. Production data by state is presented in Table A1.1.4.

STATUS OF THE STOCKS
McHugh (1980) considered that the mangrove crab population had undergone "an alarming reduction" in abundance during the seventies in Palau, and suggested a management regime to conserve the species. This author estimated that Palau had around 2,100 crabs accessible for harvest in 1980, and up to 4,000 harvestable crabs that were inaccessible to fishermen, totalling 6,100 crabs. 

Kitalong et. al. (1991) calculate that the harvestable population of crabs in 1990 was around 7,400, thus the fishery would appear to be at or approaching sustainable yields. However, they note that available historical catch data are inadequate to draw hard conclusions regarding changes in the fishery; careful monitoring of landings at all major markets and direct sales to restaurants is required for a better understanding of the fishery.

MANAGEMENT
Current Legislation/Policy regarding exploitation: No national legislation currently exists. The State Government of Ngatpang bans the collection of mangrove crabs between April and August each year in order to protect spawning stocks (Ngatpang NSPL No. 13-85). Open season is from September until February. Hunters are required to purchase a $50 annual permit from the Office of the Governor of Ngatpang State. Net mesh size must not be less than 4 inches. This State accounts for around 40 percent of annual catches, but other states are under-exploited.

Recommended Legislation/Policy regarding exploitation: Kitalong et. al. (1991) suggest the initiation of surveys to determine population status in the states with largest mangrove resources, viz. Ngatpang and Ngeremlengui, but conclude that the mudcrab resource as a whole is not severely stressed at present, although landed prices have quadrupled and landings have probably increased 10 fold since the 1970's. 

It is suggested that if high exploitation continues, these management laws be re-evaluated, and if necessary implemented in appropriate states. Closed seasons are supported by Palauan fishermen active in the fishery (Johannes, 1991).

A minimum size limit of 150 mm (6 inches) would appear appropriate for Palau mudcrabs. However, indications are that the size of crabs in Peleliu and North Ngerchelong tend to be substantially smaller than crabs elsewhere in the country. DMR wish to determine whether these are a separate species of crab before setting size limits. 

A ban on the taking of females, as in Australia, could also be considered.

Table A1.1.1. Total mangrove crab landings recorded by PFFA, 1976‑1990, Eptison Cold Storage (1990) and Oh's Market (1990) and several smaller markets and restaurants (1990).

Year
Weight

Value
Average price


(Lbs)
(Kg)
($)
per lb.
per kg.

‑‑‑‑‑‑‑‑‑--‑‑‑-----------------------------------------‑‑‑‑‑‑‑‑

1990
15,186 
6,879 
50,828 
3.35 
7.39 

1989
 2,375 
1,076 
 7,590 
3.20 
7.05 

1988
   154 
   70 
   385 
2.50 
5.52 

1987
   286 
  130 
   691 
2.42 
5.33 

1986
 1,028 
  466 
 1,707 
1.66 
3.67 

1985
 3,169 
1,436 
 7,573 
2.39 
5.28 

1984
 1,222 
  554 
 2,934 
2.40 
5.30 

1983
   528 
  239 
 1,197 
2.27 
5.00 

1982
n.a.
n.a.
n.a.
n.a.
n.a.

1981
   846 
  383 
 1,197 
1.41 
3.12 

1980
 2,614 
1,184 
 3,040 
1.16 
2.57 

1979
 1,625 
  736 
 1,625 
1.00 
2.21 

1978
   465 
  211 
   425 
0.91 
2.02 

1977
   906 
  410 
   753 
0.83 
1.83 

1976
 1,502 
  680 
 1,136 
0.76 
1.67 

Table A1.1.2. Number of fishermen, trips and landings per trip for from PFFA landings data (1985‑1990). 1990 data also includes Oh's Market, Eptison Cold Storage and several restaurants.



Year
No. of

No. of
Landed
Value
Ave
Ave
Ave


fishermen
trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip

‑‑‑‑‑‑‑-------------------------------------------------------------------------------------‑

1990
138 

578 
15,186 
6,879 
26 
12 
11.90 

1989
 12 

 49 
 2,375 
1,076 
48 
22 
21.96 

1988
  6 

  9 
   154 
   70 
17 
 8 
 7.75 

1987
  4 

 12 
   286 
  130 
24 
11 
10.80 

1986
 10 

 29 
 1,028 
  466 
35 
16 
16.06 

1985
 10 

102 
 3,169 
1,436 
31 
14 
14.07 

1984
n.a.

 35 
 1,222 
  554 
35 
16 
15.82 

Source: from market fish sales receipts.





Table A1.1.3. Seasonal landings of mangrove crab. Data from PFFA, Eptison Cold Storage and Oh's Market.











Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

‑‑‑‑‑‑‑‑‑--------------------------------------------------------------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-----

a. PFFA landings:











1990
  266 
  41 
 38 
  0 
    5 
    0 
  136 
   15 
    4   
   62 
    8  
    0 

1989
    0 
  10 
  0 
  0 
   44 
   34 
   76 
  486 
  996 
  166 
  170 
  395 

1988
  109 
   0 
 29 
 16 
    0  
    0 
    0 
    0 
    0 
    0 
    0  
    0 

1987
  123 
   7 
116 
  8 
   14 
    0 
   18 
    0 
    0 
  n.a.
 n.a. 
 n.a. 

1986
  127 
   6 
 87 
 21 
   96 
    0 
   42 
  397 
    2 
  135 
   88 
   36 

1985
   62 
  24 
 94 
 61 
   69 
  268 
  325 
  541 
  663 
  353 
  526 
  111 

1984
   20 
  48 
 71 
  0 
  138 
  285 
  142 
    1 
   59 
  117 
  124 
  217 

1983
  n.a.
 n.a.
n.a.
  0 
    0 
   11 
    0 
  477 
    0 
    0 
   36 
    4 

b. Eptison Cold Storage:










1990
  670 
 n.a.
388 
562 
  471 
  383 
  446 
  633 
  504 
  608 
  539  
  636 

c. Oh's Market:











1990
  n.a.
 n.a.
n.a.
n.a.
1,016 
  686 
1,325 
  264 
  786 
1,553 
1,156 
1,168 

-----------------------------------------------------------------------------------------------------------------------‑‑‑‑‑‑‑‑---------

Totals:
1,374 
 245 
722 
674 
1,839 
1,685 
2,492 
2,814 
3,019 
2,994 
2,647 
2,567 


Table A1.1.4. Mangrove crab fishery parameters during 1990, by state.





Mangrove
No. crab
No. of
Total

Average
Productivity


State

area (sq.km.)
fishermen
trips
landings
landings
lbs/sq.km.

------------------------------------------------------------------------------------------------------------------------------------

Airai

7.9 

12 

 38 
  643 

   17 

   81

Ngardmau
7.2 

 3 

 16 
  365 

   23 

   51

Ngatpang
6.3 

 7 

237 
6,675 

   29 

1,060

Pelelui

4.9 

 3 

 11 
  361 

   33

   74

Ngeremlengui
4.0 

16 

 46 
1,456 

   32 

  364

Ngaraard
3.4 

23 

 75 
1,774 

   24 

  522

Aimeliik
2.8 

12 

 29 
  617 

   21 

  220

Ngerchelong
2.1 

13 

 38 
1,212 

   32 

  577

Ngchesar
1.8 

11 

 18 
  313 

   17

  174

Melekeok
1.7 

 6 

  9 
  142 

   16 

   84

Koror

1.6 

22 

 51 
  998 

   20 

  624

Ngiwal

1.3 

10 

 22 
  628 

   28 

  483

Source: from market fish sales receipts.








A1.2 COCONUT CRAB

THE RESOURCE
Species present: The common coconut crab, Birgus latro.

Distribution: The species is widely dispersed over the Indo-Pacific region, from the Seychelles to Tuamotu Archipelago in the Eastern Pacific. Brown and Fielder (1988), working on Pacific crab populations, report that although habitats vary, they are most commonly found in the interiors of high mountainous islands, usually within 5 km of the sea. Distribution data for the Palau population is scant.

Life History: Coconut crabs are omnivorous scavengers, usually nocturnal in their feeding activities (Fletcher, 1988). The species is the largest and least marine dependent of the land crabs. Growth is very slow and heavily influenced by environmental factors, which is cited as a primary reason that the species can not be commercially cultured. Large adults may attain 4 kg weight (Brown and Fielder, 1988). Reese (1971) estimated that size at maturity is around 3-5 inches carapace width for crabs on Eniwetok, at an age of 4-8 years. Fletcher (1988), working on the species in Vanuatu, estimated a 600 g crab to be 12-15 years old, and it takes more than 30 years to attain a weight of 2 kg. Moulting takes about a month and is carried out in a shallow hole plugged with earth which forms a visible hump on the surface. 

According to Reese (1971), mating occurs in summer months in Palau, especially May-September, with a peak in July-August. The female carries eggs under her abdomen attached to hairs. About 1 month after egg liberation, the female moves to the shore and releases the eggs to the sea. After hatching, larvae remain planktonic for around 4-5 weeks before settling. Juveniles live in a shell and become amphibious. The young crab will carry a shell for around 9 months, becoming increasingly terrigenous.

Fletcher (1988) found recruitment to be low and highly variable in Vanuatu. Replenishment of heavily exploited populations is therefore slow.

THE FISHERY
Utilisation: Coconut crabs are collected and eaten as a delicacy throughout Micronesia (Reese, 1971). It is highly regarded as a food item throughout the Pacific, and is a main tourist attraction in many island countries. In Saipan and Guam it is also exploited for use as a souvenir. Its popularity has lead to heavy exploitation over its range. Crabs are caught at night in the bush when they are active, by laying coconut baits (half shells supported on a stick in the ground), or by searching for burrows with pointed sticks. The adults will remain alive, bound with vines, for days if undamaged and kept cool. Reese (1971) reports low population levels on Ngeruebtang Island during a survey carried out in 1971, 3 men collecting only 12 small crabs (all below reproductive size) in 2 hours after heavy rain when crabs should have been out.

Marketing: An unknown quantity of crabs enter the domestic market at Koror. The amount bought by local restaurants from villagers and local fishermen is unknown. Export markets exist in Taiwan, Hongkong and other South-east Asian countries.

Production: Annual production is unknown, although PFFA recorded a high landing of 3,169 pounds (1,440 kg) in 1985. The subsistence catch in Palau is unknown, but thought to be substantial.

STATUS OF THE STOCKS
Current stock status in unknown.

MANAGEMENT
Current Legislation/Policy regarding exploitation: No National legislation is currently in force.

Recommended Legislation/Policy regarding exploitation: Reese (1977) suggested a 3 step plan to manage and control coconut crab exploitation in Palau, Yap, Saipan and Guam, noting that enforcement of steps 1 and 2 would be a major problem:

Step 1:

.
prohibition of collection of crabs with a carapace width less than 3 inches at any time;

.
no collection of egg carrying females at any time;

.
no collection of crabs during the breeding season (June 1-August 31).

Step 2:

.
setting up of protected conservation areas where harvesting is initially prohibited, with controlled harvesting at a later time as populations build up;

.
establish nature trails in such reserves for education of local people and tourists.

Step 3:

.
establishment of a hatchery to enhance recruitment to natural populations.


A1.3 LAND CRAB

THE RESOURCE
Species present: Principal species are Cardiosoma hirtipes and Cardisoma carnifex, the former being the most important.

Distribution: Generally widespread in the forests of Palau.

Life History: The adult, about the size of a fist, lives in the forest floor, and comes out at night to feed. This routine is interrupted several days before the full moon, especially during the months of the South-west monsoon (May-June). Egg bearing females leave their holes and undertake mass migrations to the sea. The crabs emerge at dusk, around 2 days before full moon and make their way to the waters edge. Larvae are released into the waves by vigorous flapping of the abdomen from the eggs carried underneath. Release of larvae at spring tides presumably maximises dispersal along the coast.  

THE FISHERY
Utilisation: At the time of mass migrations to the sea, women and children collect the crabs by hand and place them in sacks, especially as they cross the roads on Angaur and Peleliu (Johannes, 1981). 

Marketing: Mostly a subsistence activity, but some may be sold in times of very high harvests. Oh's Market in Koror sometimes sells land crabs. No data on sale volumes have been collected. Simple boiling is the usual method of cooking for subsistence consumption. Alternatively the meat is extracted, cooked in coconut cream, put back into the shell and sold to local restaurants.

Production: No data are available, but crab collecting is both widespread and very popular, as it offers an easy, free source of protein, with virtually no production costs.

STATUS OF THE STOCKS
No data are available, but as elsewhere in Oceania, the natural habitat of these crabs is very extensive in Palau. 

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

Recommended Legislation/Policy regarding exploitation: None required.

A2. LOBSTER

THE RESOURCE
Species present: Two species of rock lobster are of commercial importance in Palau, Panulirus penicillatus and P. versicolor, which currently account for over 98 percent of commercial landings. A third species, P. longipes femoristriga is also present, but is of little economic importance, contributing less than 2 percent to commercial landings. P. ornatus and the slipper lobster, Scylarides neocaledonicus occur in very small numbers. 

Distribution: MacDonald (1971; 1979) presents a comprehensive study of the rock lobster species in Palau. P. penicillatus is found between the high water mark down to 5 m, especially in exposed situations in surge channels on the seaward side of exposed reefs. The species often congregates under branching coral (Acropora sp.). 

P. versicolor is generally more widespread and inhabits both exposed and sheltered reef areas, sometimes inside the lagoon, to depths of 20-30 m. The species is often associated with Porites sp. coral heads. 

Life History: Sexual dimorphism is apparent in P. penicillatus, with females tending to be somewhat smaller than males on average. Males tend to be more common in commercial catches. MacDonald (1971) calculated carapace length at first spawning for this species is 10 cm in Palau. Prescott (1988) states that for most localities in the Pacific, carapace length at first spawning for this species is around 75-80 mm. 

Average carapace lengths for P. versicolor are similar for both sexes  at 9.3 cm and 9.8 cm for females and males respectively. The sex ratio is close to 1:1 for this species. Carapace length at first spawning is around 8.2 cm (MacDonald, 1982).

P. longipes femoristriga is found in a wide variety of habitats, ranging down to 30 m in both sheltered and exposed reef areas. The West coast of the Palau archipelago has large stocks of the species. The small average carapace length (around 7.0 cm for both sexes) detracts from the commercial value of this species. Carapace length at first spawning  has been calculated at around 7 cm for the Palau stock.

Growth is faster than cold water spiny lobsters. Spawning appears to be continuous for P. penicillatus and P. versicolor, at the same level throughout the year. About 40 percent of females of both species are ovigerous (bearing eggs) in any one month (MacDonald 1979). Fecundity in most tropical lobster species increases linearly with size. The larvae of tropical lobsters remain planktonic for many months, thus recruitment may occur from adult spawners many miles away. Natural mortality coefficient (M) has been calculated for a standing stock of 5,500 P. penicillatus at Enewetak Atoll, Marshall Islands as 0.284 /year for males and 0.244 /year for females, ie. around 25 percent natural mortality per year (Ebert and Ford, 1979). 

THE FISHERY:
Utilisation: Spear fishing is the most common form of capturing lobsters in Palau, which often results in berried or undersized lobsters being killed. However, a ban on spearfishing would be difficult to enforce. Fishermen catch  P. penicillatus mostly at night using flashlights when they move out of their holes and crevices to feed, but spearfishing by day is also common. Calm weather on a low tide is favoured by most lobster fishermen. P. versicolor are caught night and day in deeper waters by spearfishing.  

MacDonald (1979) found that the North-eastern reefs produced a large proportion of the total landings in past years.  Trap fishing is unsuccessful, due to the rough habitat in which P. penicillatus  occurs, and the fact that P. versicolor does not appear to enter traps.

Kitalong and Oiterong (1991a) estimate that there are currently 6-12 full-time lobster fishermen in Palau, some of which can land up to 200 pounds (91 kg) of lobster in one trip (the average is 16 pounds per trip). Most lobsters are, however, taken by spearfishing as an incidental catch. Lobsters are usually sold to existing fish markets for cash income, or consumed by local communities at the village level. The growing tourist industry and the increasing dollar value of lobster (in the past decade tourist numbers have increased four-fold and dollar value of landed lobster has increased three-fold) ensures that this fishery will continue to thrive, as long as stocks are not depleted.

Marketing: Despite favourable international demand for lobster, there are few examples of sustained lobster fisheries in the FFA region, primarily due to a limited resource base (Prescott, 1988). In Palau, PFFA at Koror is a major landing site. Other important buyers during 1991 included Oh's Market and PMIC. These markets act as wholesale outlets to local restaurants, hoteliers and buyers from overseas. Data are not available for other landing sites. Prices paid in 1991 averaged around $3.50/pound, but have recently increased sharply to around $5.00 /pound (whole weight). On an annual basis, P. penicillatus accounts for around 63 percent by number of commercial catches, and 36 percent for P. versicolor.

Production: MacDonald (1982) states that commercial fishing for spiny lobsters began in 1966 in Palau. Lobsters are second only to mangrove crabs in economic importance to the commercial crustacean fishery in Palau (Kitalong and Oiterong, 1991a). The area of suitable habitat for lobster is large, with over 1,500 sq.km. of lagoon and reef in Palau. Total landings data for the major landing sites in Koror are incomplete.  The extent of the subsistence catch and consumption of lobsters is unknown. 

Table A2.1 indicates landings to the PFFA market for the years 1967-1990; the 1990 figures include receipts taken at Oh's Market. Landings appear to have declined since the late 1960's, but without a more complete data set it is hard to infer that stocks are declining. Prices paid at Koror have increased four-fold since 1970. Overall, available data indicate little significant change in average landings per trip, number of trips and number of fishermen over the past six years (Table A2.2). Seasonal variation in landings to PFFA is apparent in Table A2.3. Landings to PFFA tend to peak around mid-summer (June-August). Peak production in any month occurs around the time of new moon.

Table A2.4 provides estimates of available lobster habitat by State, effort landings and yield per sq.km. of reef. Most effort is expended in Koror State, which has the largest habitat available for lobster.    

Length frequency data for the commercial catch landed at PFFA is now being collected. Some historical length frequency data is presented in MacDonald (1982). 

STATUS OF THE STOCKS
There may be little requirement at present for management measures to conserve stocks as mean size at maturity is less than the size at which they are recruited to the fishery; local extinctions are unlikely because recruits are supplied by distant populations and the individuals in isolated populations become very wary of fishermen and lights at night once the stock is substantially reduced. MacDonald (1982) reports that the Palau stock of P. versicolor was lightly fished in the late 1970's-early 1980's, and much of the catch taken for subsistence. Lobster harvesting is made difficult for six months of the year because of rough weather (October-March).

DMR plans to initiate a summer monitoring programme of local markets to obtain better biological data on the fishery. 

MANAGEMENT
Current Legislation/Policy regarding exploitation: There is no existing legislation concerning the exploitation of lobsters in Palau. 

Recommended Legislation/Policy regarding exploitation: Kitalong and Oiterong (1991a) suggest that the following management considerations:

.
presentation of available data be made to lobster fishermen;

.
survey lobster fishing areas to estimate standing stocks;

.
conduct a market survey for live and unspeared lobster, with presentation to fishermen of market and standing stock survey results;

.
discuss appropriate lobster management and conservation strategies with all concerned in the fishery;

.
if justified, include lobsters as a protected species in existing trochus sanctuaries.

Johannes (1991) strongly recommends banning spearfishing as a method to catch lobster, and banning the sale of speared lobsters at commercial markets. However, this would be difficult to enforce also because lobsters are difficult to catch any other way in Palau, as the nature of the reefs does not allow easy movement along the reef flats. A higher price paid at market for live, unspeared lobsters would probably help reduce spearing activity.

MacDonald (1971) argues against the viability of regulations designed to protect egg-bearing female lobsters. Johannes (1991) reports that many rural fishermen in Palau are supportive of size limits and closed seasons for lobster. 

Prescott (1988) suggests there may be little requirement for management to conserve stocks because of the small size of maturity, large size at recruitment to the fishery and the fact that many adults are always inaccessible to fishermen due to the nature of the habitat which continue to produce recruits. However, management may be considered necessary in order to maximise returns to fishermen and to allow a profitable collection and marketing infrastructure. However there is no evidence at present to suggest that lobster stocks in Palau are unable to support existing levels of effort.

Table A2.1  Total lobster landings at PFFA (1967‑1990). 




Year

Weight

Value

Ave.



(lbs)
(kg)
($)

price/lb

----------------------------------------------------------------------------------

1990

3,322 
1,804 
11,239 

3.38 

1989

1,983 
1,077 
 6,363 

3.21

1988

1,109 
  602 
 3,998 

3.61

1987

1,622 
  881 
 2,864 

1.77

1986

2,257 
1,226 
 3,998 

1.77

1985

1,788 
  971 
 4,177 

2.34

1984

  634 
  344 
 1,532 

2.42

1983

  750 
  407 
 1,190 

1.59

1982

  n.a.
 n.a.
  n.a.

 n.a.

1981

  545 
  296 
   807 

1.48

1980

1,414 
  768 
 1,857 

1.31

1979

  970 
  527 
 1,113 

1.15

1978

1,483 
  805 
   847 

0.57

1977

2,081 
1,130 
 2,567 

1.23

1976

  512 
  278 
   545 

1.06

1975

 n.a.
 n.a.
  n.a.

 n.a.

1974

 n.a.
 n.a.
  n.a.

 n.a.

1973

 n.a.
 n.a.
  n.a.

 n.a.

1972

 n.a.
 n.a.
  n.a.

 n.a.

1971

 n.a.
 n.a.
  n.a.

 n.a.

1970

7,000 
3,801 
  n.a.

 n.a.

1969

3,000 
1,629 
  n.a.

 n.a.

1968

4,900 
2,661 
  n.a.

 n.a.

1967

7,000 
3,801 
  n.a.

 n.a.

Source: PFFA data (1967‑70) from MacDonald, 1971,




PFFA data (1976‑1981) from Perron et. al., 1983,





PFFA data (1985‑1990) and Oh's Market (1990), from DMR reports.



Note: 1990 data ‑ PFFA (574 lbs, $1,688), Oh's Market (2,707 lbs, $9,183)


Table A2.2. Number of fishermen, trips and landings per trip for rock lobster

from PFFA landings data (1984‑1990). 1990 data also includes


Oh's Market.







Year
No. of

No. of
Landed
Value
Ave
Ave
Ave


fishermen
trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip

------------------------------------------------------------------------------------------------

1990
87 

191 
3,322 
11,239 
17 
 8 
58.84 

1989
27 

 90 
1,983 
 6,363 
22 
10 
70.70 

1988
18 

 96 
1,109 
 3,998 
12 
 5 
41.65 

1987
19 

139 
1,622 
 2,864 
12 
 5 
20.60 

1986
31 

132 
2,257 
 3,998 
17 
 8 
30.29 

1985
10 

109 
1,788 
 4,177 
16 
 7 
38.32 

1984
n.a.

 45 
  634 
 1,532 
14 
 6 
34.04 

Source: data from market fish sales receipts.




Table A2.3. Monthly landings of rock lobster at PFFA, 1983‑1990, and





Oh's Market, 1990.











Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

‑-------------------------------------------------------------------------------------------------------------------------------------

1990
 5 
 62 
 24 
 40 
 90 
 71 
 13 
268 
  6 
 68 
  0 
 9

1989
25 
 73 
 77 
 94 
 73 
530 
425 
442 
172 
 36 
 24 
14

1988
 3 
  0 
 61 
 39 
 76 
141 
222 
214 
256 
 52 
  5 
40

1987
67 
114 
239 
196 
288 
350 
 33 
177 
158 
n.a.
n.a.
n.a.

1986
 0 
 11 
 51 
 96 
328 
354 
554 
 65 
471 
266 
 46 
18

1985 
32 
 24 
  8 
 65 
179 
 47 
387 
463 
 87 
164 
227 
96

1984 
21 
n.a.
 52 
 73 
 20 
 35 
317 
 40 
 18 
 21 
 14 
23

1983
n.a.
n.a.
n.a.
 20 
 27 
204 
208 
106 
126 
 26 
 36 
 4 

--------------------------------------------------------------------------------------------------------------------------------------

Ave:
22 
 47 
 73 
 78 
135 
217 
270 
222 
162 
 90 
 50 
29 

Oh's Market












1990
n.a.
n.a.
n.a.
n.a.
970 
381 
689 
24 
261 
403 
250 
143 

Table A2.4. Rock lobster fishery parameters for 1990, by state.





Lagoon

No.

No.
Tot.











and

lobster

of
Tot.

Ave.

Productivity


State
reef (sq.km.)
fishermen
trips
landings
landings
lbs/sq.km.


------------------------------------------------------------------------------------------------------------------------‑‑‑‑‑‑‑


Airai

 56.7 
 3 

 6 
 62 

10.3 

 1.1

Angaur

  2.6 
 0 

 0 
  0 

 0.0 

 0.0

Ngardmau
 47.3 
 6 

 7 
 44 

 6.3 

 0.9

Ngatpang
 24.8 
 5 

 7 
106 

15.1 

 4.3

Pelelui

 35.5 
 3 

 4 
 28 

 7.0 

 0.8

Ngeremlengui
 34.8 
15 

45 
441 

 9.8 

12.7

Ngaraard
 64.3 
 8 

13 
204 

15.7 

 3.2

Aimeliik
 90.2 
 4 

 5 
 57 

11.4 

 0.6

Ngerchelong
497.0 
16 

29 
972 

33.5 

 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

Source: from market fish sales receipts.







A3. DEEP-WATER SHRIMPS AND DEEP-WATER CRABS
THE RESOURCE
Species present: Two species of caridean shrimp, Heterocarpus ensifer and H. laevigatus, and the deep-water crab Geryon granulatus are known to exist in Palauan waters in significant quantities. 

Distribution: Heterocarpus spp. have at least an Indo-Pacific distribution (King, 1986). These shrimps have been found in virtually all trapping surveys attempted in the Pacific. Saunders and Hastie (1989) trapped significant quantities of deep-water shrimp and crab on the foreshore reefs at five sites in Palau: Mutremdiu Bay, Augulpelu Reef, Ngaremediu Reef, Aulong Bay, and Toagel Mlungui (Western passage) ie. generally around the main island archipelago. 103 traps were set between 170m and 900m, and indicated significant stocks of deep water shrimp and crab exist in Palauan waters.

Life History: H. ensifer and H. laevigatus (smooth and armoured nylon shrimps, respectively) typically inhabit deep fore-reef slopes of the archipelagoes and islands in the West Pacific region. H. ensifer is a medium sized shrimp, ranging from 20-45 g weight and normally inhabiting depths between 150-500 m (81-271 fathoms). H. laevigatus is larger and can exceed 90 g weight, and in Palau has a maximum abundance at depths of between  600-800 m, with a temperature preference of 6-7 degrees celsius. The prawns appear to be most active feeding at night, but below 270 m there is no correlation between feeding and time of day. Bottom type appears to be important, with hard bottoms generally producing higher yields than soft or muddy substrates. The biology of these deep water species in Palau has not been determined.

Little is known about the trophic biology of deep-water shrimps (King, 1988). Brood sizes may exceed 30,000 eggs carried on the underside of the tail of larger Heterocarpus species (King and Butler, 1985). Length at first spawning in H. laevigatus is reported to be 40-43 mm carapace length, at an age of 4-4.6 years (King, 1986).

THE FISHERY
Utilisation: No fishery currently exists, however Saunders and Hastie (1989) considered small-scale combined shrimp/crab fishing as being potentially profitable in Palau if operated as a secondary fishing activity. These researchers developed a combined crab/shrimp trap. Soak times of 48-72 hours were most productive, producing on average 1.74 kg of shrimp and 6.1 kg of the large crab G. granulatus. Most productive depths were 200-400 m for H. ensifer and 400-800 m for H. laevigatus, and 300-900m for Geryon, with yields for the latter increasing with depth. The yield rate for the crab in Palau was the highest recorded in the Pacific. Table A4.1 summarises the survey data obtained.

Deep water shrimps and crabs may offer the potential for speciality food items in the restaurants and hotels of Koror.

Marketing: A market study of the catch taken during research surveys was carried out. A typical operation suggested involved 2-4 traps set for 24-48 hours at suitable sites. A conservative yield was estimated at 1 kg/trap for shrimps and 5 kg/trap for crabs. Local sales to restaurants and hotels should realise $17.00/kg for shrimps and $6.60/kg for crabs, generating a combined $50.00/trap yield. The possibility of marketing live Geryon crabs seems likely as a high priced ($20 each) speciality item.

Production: No local fishery currently targets these resources. Saunders and Hastie (1989) conclude that if a trap fishery were to develop, existing stocks could be depleted rapidly, due to the limited number of suitable sites for this activity. They recommend only 4 traps operating at each site per year, with close monitoring of yields. The potential for this fishery appears to be limited. 

Table A3.1. Summary data on depth range, number of specimens, carapace 

size and weight range for deep water shrimps and prawns.





Depth
No. of
Carapace (mm)

Weight (g)

Species


Range 
animals
Ave.:
Range:

Ave.:
Range:




(m)






-----------------------------------------------------------------------------------------------------------

H. laevigatus

320‑850
693 
44.1 
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. edwardsianus
320‑900
 44 
27.2 
15.0‑81.2
16 
 2‑118

G. granulatus

300‑900
184 
150.4 
114‑179

1,115 
500‑2,020

Note:
H = Heterocarpus







P = Plesionika







Pl = Plesiopenaeus






Source: from Saunders and Hastie, 1989.





B. MOLLUSCS
B1. GIANT CLAMS

THE RESOURCE
Species present: Heslinga et.al. (1990) list seven species of wild giant clam in Palau: Tridacna gigas, T. derasa, T. squamosa,  T. maxima, T. crocea, Hippopus hippopus and H. porcellanus.

Distribution: Giant clams are restricted in their global distribution to the Indo-Pacific region. They are generally in a state of decline throughout most of their range, especially the larger species (Munro, 1983). The species have differing habitat preferences but all are generally found in relatively shallow (<15m), clean high salinity water.

In Palau, surveys of wild giant clam stocks have been conducted on the Northern reefs and Helen Reef to the South in mid-1970's  (Hirschberger, 1977; Bryan and McConnell, 1976; Hester and Jones, 1974), and at Aulong Channel on the West side of the main archipelago (Heslinga and Perron, 1984). Heslinga and Peron (1984) cite instances throughout Palau where giant clam numbers have noticeably decreased over time. No surveys have been done in recent years. Past surveys indicated widespread distribution of most species.  The current distribution of wild giant clams is not accurately known. 

Life History: The Tridacnid clams include the largest bivalve molluscs in the world. A unique feature is the possession of a thick fleshy mantle containing colourful symbiotic algae, called zooanthellae, which provide the animal tissue with by-products of photosynthesis (sugars, oxygen and proteins). The contribution of the zooanthellae to the energy budget of the clam is considerable. Sunlight required for the zooanthellae to photosynthesise restricts the tridacnid clams to shallow, clear water environments.

Growth and reproductive biology are well known for the larger species. Growth is rapid at up to 10 cm/year for T. gigas. Giant clams are hermaphrodites, producing large quantities of sperm and eggs, one after the other, at each spawning. Natural mortality rates are low for clams above 10 cm. Recovery of overfished areas is slow, indicating low recruitment rates.

THE FISHERY:
Utilisation: Tridacnid clams are an important traditional food source on Indo-Pacific reefs. Over-exploitation through commercial and subsistence fishing has lead to most species becoming uncommon throughout their range, with many cases of local extinctions. T. gigas and T. derasa are listed as vulnerable by the IUCN, and may become endangered if over-exploitation of wild stocks is not reduced, or numbers enhanced through reseeding with cultured material.  

With the exception of the kidney, the meat of the whole clam is edible. The shell is valuable as a tourist curio, and in the customs and cultures of many Pacific Island countries. Commercial exploitation of wild stocks has been solely for the adductor muscle, which fetches high prices on markets in South-east asia. The mantle can be made into clam chowder, and research into product development is continuing especially by Australian research institutes.

Marketing: Large markets for giant clam adductor muscle exist in South-east Asia. Taiwan is estimated to import between 200-300 tons of adductor muscle annually, worth $20-25 million retail. The existence of large markets in Singapore, Hong Kong and Japan indicate the annual value of the industry may exceed $100 million (Heslinga and Perron, 1983). Marketing of 1 year old clams for sashimi or the aquarium trade also looks promising.

Production: Production figures for exploitation of wild clams in Palau for domestic consumption are very patchy. Commercial export of clam meat is prohibited in Palau, thus all landings are supposedly for subsistence and the domestic market. [SEE ANREP90]

A major aquaculture activity in Palau is the production of cultured clams at the Micronesian Mariculture Demonstration Centre (MMDC), which was established in 1973.  The facility serves the Republic of Palau and the U.S.-affiliated Pacific islands by developing, demonstrating and promoting appropriate sea farming technology.  MMDC also serves as a regional sea farming training centre, a marine science research laboratory and a popular tourist attraction.

A summary of MMDC giant clam hatchery production for the past five years is given below:





1990

1989

1988

1987

1986

No. of 5-ms. old seed clams produced
 1,353,296

375,913

80,400

272,617

116,503

No. of international shipments

       199

     45

    21

     14

     14

No. of local (Palau) shipments

        29

      7

     0

      1

      8

Revenues from clam hatchery sales ($)
   122,097

 60,170

49,958

 20,560

  2,325

MMDC is presently collaborating with each of the 14 coastal states of Palau in establishing small giant clam demonstration farms and sanctuaries. MMDC also makes seed clams available at low cost or no cost to individuals in the  private sector in Palau for commercial farming. Hatchery sales reached a total of over $122,000 in the year ending September 30, 1990, more than twice the previous year's figure.

Compliance with permitting requirements of the US Fish and wildlife Service (which is responsible for enforcing CITES restrictions on trade in threatened and endangered species) is required before cultured clams can be exported from Palau.  There is an urgent need to establish a locally-based wildlife inspector in the Republic of Palau, who should have the authority to inspect and certify Palau's wildlife export shipments covered by CITES agreement.

STATUS OF THE STOCKS
Stock status was estimated by Hirschberger (1977) in North Palau. By towing divers along transects, population estimates were obtained for wild clams on Ngaruangl, Kayangel, Ngerael (North-west) reefs and Ngebard reef.  A total of 51,750 sq.m. were covered in this survey. Standing stock estimates were estimated (Table B1.1. Hirschberger (1980) provides standing stock estimates for giant clams surveyed on the isolated Helen's Reef, in the South of the Palau archipelago (Table B1.2). T. gigas and T. derasa showed considerable decline in standing stock between surveys conducted in 1972 (Hester and Jones, 1974) for this area.

T. crocea were reported to be present in large numbers on most transects but were not counted, while T. squamosa were not noticeable. Dead clam shells were seen on all reefs, their incidence reflecting different levels of fishing; the largest species being more affected. There was evidence that commercial clam poaching had occurred recently. Concern was expressed on the effects of commercial poaching and heavy subsistence exploitation by villagers. 

Many incidences of commercial poaching of clams in Palau have been reported. Two Taiwanese clam boats arrested in 1977 had a combined harvest of 11,500 pounds of clam meat, mostly muscle, representing 30,000 clams. Clam stocks on the remote Helen Reef were severely depleted by poaching in the 1970's (Bryan and McConnell, 1976). Prior to the activity of Taiwanese poachers, this reef supported abundant stocks of giant clams (Hester and Jones, 1974).

More recently, Heslinga and Perron (1984) surveyed 100 hectares of the reef North and South of Aulong Channel in the main barrier reef, an area known to support abundant numbers of giant clam which were exploited by small-scale commercial and subsistence fishermen. Standing stock estimates are given in Table B1.3.

T. crocea was ubiquitous and T. maxima was common on seaward transects. These authors concluded that T. derasa, T. gigas, T. squamosa and H. hippopus were in a clear state of decline in the area, and that continued wild harvesting would threaten these species in the area. A ban on clam fishing was recommended, at least for this popular fishing area, where sustained exploitation was high. 

MANAGEMENT
Current Legislation/Policy regarding exploitation: The exploitation of wild giant clams is controlled under Title 24: Environmental Protection, Chapter 12: Protected Sea Life, subchapter VI of the Palau National Code:

.
no commercial exporting of clam meat is permitted for the species  Tridacna gigas, T. squamosa, T. derasa, T. maxima, T. crocea and Hippopus hippopus.

.
violators face fines of between $500 - 2,000 and/or up to 12 months in jail. 

Under section 1008 of the Endangered Species Act, an exemption is made for species for which ministerial permission to harvest is granted, and those raised in commercial quantities under controlled conditions of aquaculture, mariculture, etc. This important exemption facilitates the legal export of commercially cultured clams from Palau. 

Recommended Legislation/Policy regarding exploitation: Regulation of the subsistence fishery for giant clams would be very difficult to legislate and enforce, except through the system of traditional marine tenure. Where traditional ownership rights are still recognised and traditional conservation regulations (or 'buul') can be enforced, village chiefs can play an important role in conserving wild clam stocks. 

Despite the above legislation, quantities of clam meat continue to be exported from Palau, especially to Taiwan. In addition, clam meat is sent to relations overseas, especially Guam, for home consumption. Such exports violate national law. Illegal exports of clam meat totalled around 2 tons in 1990, and 888 pounds during the first half of 1991. Better enforcement of existing law protecting wild clam stocks would help to deter such illegal activities. 

Table B1.1. Giant clam population survey of four Northern reefs (from Hirschberger, 1977).

Species

Standing stock by reef (x 1,000):



Ngaruangl
Kayangel
Ngerael
Ngebard

-------------------------------------------------------------------------------------------------

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 B1.2. Giant clam population survey of Helen's Reef (after Hirschberger, 1980).

Species


Estimated standing stock:





1972 estimate
1975 estimate
1976 estimate


 
 



(range)

------------------------------------------------------------------------------------------------------

T. gigas
49.8 x 10 ^3
 8.6 x 10 ^3
13.8 x 10^3 (4.7‑22.9 x 10^3)


T. derasa
32.8 x 10 ^3
12.9 x 10 ^3
24.2 x 10^3 (8.1‑40.3 x 10^3)


T. squamosa
 1.2 x 10 ^3
 4.3 x 10 ^3
10.4 x 10^3 (3.8‑17.0 x 10^3)


H. hippopus
44.6 x 10 ^3
47.4 x 10 ^3
217.5 x 10^3 (89.1‑345.9 x 10^3)

T. maxima
 1.7 x 10 ^6
 1.4 x 10 ^6
1.1 x 10^6 (0.7‑1.4 x 10^6)


T. crocea
 3.7 x 10 ^6
ubiquitous
ubiquitous



Table B1.3. Giant clam population survey results of Aulong Channel,

after Heslinga and Perron, 1983. Survey area: 10,000 sq.m.




Standing 
Mean no. live
Mean % dead




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%

B2. TROCHUS
THE RESOURCE
Species present: The trochus shell, Trochus niloticus. 
Distribution: Tropical reefs between Andaman Islands in the Indian Ocean to Fiji and Wallis Islands in the Pacific (Bour, 1990).  T. niloticus is generally spread throughout reefs with suitable habitats in Palau. According to Heslinga et. al. (1984), trochus distribution is dependent on reef orientation. South and South-east facing reefs generally support less shells than nearby East or North-east facing sections. Generally, trochus distribution in Palau is virtually restricted to hard substrates on seaward reefs. The species occurs from low water mark down to 14 fathoms depth. The favoured depth in Palau is around 2-4 fathoms (Asano, 1991). 

Life History: Trochus generally inhabit the reef slope area seaward of the reef flat. Sexual maturity for the Palauan population is reached at around 55-65 mm basal diameter, at approximately 2 years of age (Bour, 1990). The sexes are separate, with fertilisation occurring externally after spawning of the eggs and sperm. In Palau, peak spawning occurs between June-December, when water temperature increases to 29 deg. celsius, and a few days before new moon (Bour, 1990). Residual spawning occurs throughout the year.  Fertilised eggs become planktonic larvae after 9-10 hours, and settle out as juveniles on the reef flat after 2-3 days. The short planktonic phase indicates that recruitment on the reef is dependent on the parental biomass of that reef, with little immigration from surrounding areas. Spawning is generally year-round and fecundity is very high, increasing with size. Trochus grow rapidly in the first 3-4 years, growth rates being strongly determined by environmental conditions.

The presence of well developed coral, good tidal flow, high dissolved oxygen levels and flourishing growths of filamentous algae are habitat requirements for good growth and reproduction. A principal component of the diet of the species are filamentous algal species such as are found on hard rocky substrates, in particular Oscillatoria spp. and Sphacelaria spp.

THE FISHERY:
Utilisation: Asano (1962) states that trochus harvesting began in Palau around 1899, under the German occupation. Trochus (Trochus niloticus) is a major inshore resource in Palau, generating considerable incomes for rural populations. The major use of the shell is in the production of buttons, shell jewellery and other artifacts. Exports of shell are mainly to Asia and European button producers of buttons and other artifacts. 

Shells are collected by hand on the reef by rural fishermen diving with goggles or face masks from canoes. Meat is extracted either by par-boiling or through use of a steel hook (K. Kenichi, pers. comm.) and usually discarded, although smoking of trochus meat is becoming popular in Palau. Shells are stored in sacks and sold either to commercial buyers (Kitalong and Orak (1989) cite nine trochus dealers) or exported by the fishermen directly. Prices paid for shell have ranged from $0.65 - $1.40 per pound, differing between states and shell size and condition. The effectiveness of enforcement of conservation laws, especially regarding size limits, has varied between states in the past (Orak and Naruo, 1988). 

Marketing: Japan, Korea and Europe are dominant market outlets for the shell and button blanks. Palau has exported almost exclusively to Japan in the past. 

Production: McGowan (1958) first described the development of a commercial fishery for trochus in Palau. Heslinga (1981) presents data indicating a commercial catch of around 325 short tons live weight in 1918 declining to around 55 short tons in 1979. Asano (1991) presents data of Palau trochus production declining steadily from around 353 tonnes in 1923 to around 50 tonnes in 1939. 

In recent years, trochus has become a major income earner for Palauan rural communities. Production figures are, however, not comprehensive: a moratorium on the harvesting of trochus for a period of three years from all States except Tobi State was imposed in 1989. Prior to this, annual exports of trochus shell over a 5-year period (1985-1989) averaged 130 tonnes. Palau's 1989 revenue from trochus of around US$676,400 makes it one of the most important revenue generating resources in the Republic. Table B2.1 summarises trochus production by year, 1983-90. Historical production data is presented in Figure B2.1 (1915-1957). 

In the years prior to 1981, trochus harvests were regulated by the national government and confined to June of each year. In 1981, responsibility for management and regulation of the trochus fishery was given to the States. During this period, it was difficult to obtain information concerning the total trochus harvest. Concerns about the ability of the resource to sustain itself arose as the fishing pressure increased throughout the 1980's, leading to the introduction of the moratorium.

STATUS OF THE STOCKS
It is clear that trochus harvesting over the years has resulted in depletion of stocks in Palau. A three-year moratorium went into effect as of August 1989, which is due to be lifted in 1992. Surveys are currently underway by DMR staff to assess the present status of stocks and the level of exploitation that they can sustain.

Asano (1991) presents data from trochus population density studies in Palau carried out between 1936-1940. Densities varied between years, but West coast reefs had greater stock density than East reefs. Density was highest in water depths less than 6 feet (2 m) on West coast reefs, and in less than 4 fathoms on the East coast. Trochus in deeper waters tended to be bigger, especially on the West coast. Higher stock densities were found to have smaller individuals on average.   

Monitoring trochus populations involves visual observation of the trochus on reefs that have been subject to fishing, and keeping track of the level of annual export. Orak and Nauro (1990) surveyed approximately 1,200 sq.m. of the Western reef in Ngaraard State, an area considered an optimum habitat for trochus. Population density was calculated at 0.04 trochus per sq.m. Sizes ranged from 59-95 mm basal diameter (mean 77.8 mm). A recent survey (Ngiramolau et. al., 1991) conducted on Koror and Babelthuap reefs indicated a mean population density of 155 live trochus per hectare (0.0155 m2), with the reefs around Babelthuap having higher densities than those around Koror. The total trochus habitat was calculated at 40.9 sq. km. for both outer and inner reefs at the areas surveyed. The standing stock of T. niloticus in Palau was calculated at 160 tonnes, indicating a possible sustainable yield of 64 tonnes per year, if 40 percent of standing stock is considered sustainable. It is apparent that the production levels in recent years prior to the moratorium were not sustainable.

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

MANAGEMENT

An adequate management regime of the resource in Palau is necessary in view of its economic importance and the application of better fishing equipment and techniques for harvesting which has placed trochus populations under threat of over-exploitation (Heslinga and Hillmann, 1981). 

Heslinga et. al. 1984 describe the establishment of seven trochus sanctuaries in Koror, the most populous state, as a result of recommendations by McGowan (1958). Sites were chosen by Palauan nationals with a good knowledge of the local environment. These were surveyed in 1982. Densities of T. niloticus ranged from 0-750 shells per hectare (0-0.075 m2), with an overall mean of 119 (0.0119 m2). Sanctuary sites were found to have lower densities than non-sanctuary sites, probably because the sanctuary sites offer sub-optimal habitat areas for trochus.

DMR plans to undertake satellite imagery along the same lines as that done in New Caledonia of reefs to refine trochus habitat values, and estimates of standing stock and sustainable yields. Further resource surveys on more sites and to estimate the effects of cyclone Mike are also planned.

DMR currently has two activities focusing on trochus. The first relates to assessing the status of trochus stocks on the reefs and to monitor fisheries targeting them.  The second, coordinated through the Marine and Aquaculture Research Project concentrates on culturing trochus for reef re-seeding trials. Trochus was successfully introduced into Ulithi and Ngulu from Yap by the Japanese, but similar attempts on Woleai, Ifalick and Sorol have been unsuccessful.  

An important objective of the Trochus Project is to determine the feasibility and cost-effectiveness of trochus mariculture as one of several potential management options for the local trochus fishery (Kitalong et. al. 1989).  Any assessment of trochus mariculture will depend first on the reliable hatchery production of seed.  Once this goal is achieved, a systematic study of the survival of trochus seed released on natural reefs may be undertaken.  The information gained from the seed release program can then be combined with data on the economics of trochus hatchery production to determine whether seeding in an economical management method.

Efforts in 1991 on the Trochus Project will focus on achieving consistent seed output. The seed production goal for 1991 is to maintain larval production at 1 million per month, producing 120,000 seed trochus for re-seeding programmes (Kikutani, 1990).

Current Legislation/Policy regarding exploitation: Trochus is protected under Title 24: Environmental Protection, Subchapter IV:trochus of the Palau National Code. Section 1243 of the Title 24 was repealed by the Third Olbiil Era Kelulau (OEK) in 1989. Current legislation in force as at 2nd August, 1989 is summarised below:

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

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

.
State governments can impose closed seasons or areas for trochus harvesting regardless of national declarations;

.
Palauan nationals may harvest trochus within state laws providing no trochus of less than 3 inches basal diameter is taken: violators face $100 fine for each undersized trochus taken;

New legislation under the Act covers commercial processing and storage of trochus, inspection of facilities by inspectors and requires that commercial processors first obtain a permit from the Sanitation Office of the Bureau of Health Services. Violators of these new rules face a fine of at least $5,000 and loss of licence for at least thirty days.

Ngaraard State Government has 3 designated trochus sanctuaries (NSPL No.2-27), in which no harvesting may take place at any time. Violators face fines of $50-200. This State also has declared the waters of the State to constitute a marine life conservation area (NSPL No.3-4), empowering the Governor to make rules regarding commercial fishing within the State.

Koror State has 6 permanent trochus breeding sanctuaries in which collection of trochus is prohibited, unless specifically approved. Violators face a $25 fine and/or 30 days prison.

Recommended Legislation/Policy regarding exploitation: During the current moratorium period, DMR is assessing trochus stocks and re-evaluating existing laws with regards conservation of trochus. Heslinga et. al. 1984 review past management practises and recommend their re-establishment including:

.
a one-month harvest season (June);

.
a size limit of 3 inches (7.62 cm) basal diameter be imposed;

.
reef areas with good reef habitats and close enough to be easily monitored and policed be declared trochus sanctuaries, especially where customary resource management practises can be enforced by the people; 

.
voluntary moratoriums on shell collection for one or more years be initiated by individual states or villages 

Further measures for consideration include:

.
establishment of regulations ensuring that details of trochus purchases and exports are available to DMR;

.
determine export market possibilities for trochus meat, which is currently discarded.

In addition, a maximum size limit could be considered, in addition to the minimum size limit, in order to protect the older more fecund animals, which often have a lower commercial value anyway because of worm holes in the shell.  Other Pacific Island countries have a minimum size limit of 8cms (3.15 inches) diameter and a maximum of 12 cm (4.72 inches) diameter (Bour, 1988; 1990). Curren (1988) suggests similar management options for trochus management in Pohnpei State, Federated States of Micronesia. Current size limits in force in the Pacific for trochus are summarised in Table B2.2. 

Asano (1991) recommends a minimum size limit of 80 mm basal diameter, closed seasons timed to occur around the months of peak spawning, banning the use of SCUBA for harvesting and establishment of sanctuaries. However, regulatory measures and the cost of their enforcement needs to be kept in line with the relatively low value of this fishery.

There are currently no plans to establish value-added processing of trochus (eg. button blank production, etc) in Palau.

Table B2.1. Trochus purchases by local buyers, by year.

Year

Tonnes
Value ($)

--------------------------------------------------------

1989

257.0 

676,487 

1988

163.0 

n/a

1987

 87.0 

n/a

1986

 32.0 

n/a

1985

104.0 

n/a

1984

108.1 

173,000 

1983

 54.5 

 65,000 

Source: DMR unpublished data.

Table B2.2. Summary of size limits for trochus currently in force in the Pacific.

Country

Minimum

Maximum

Comments

-----------------------------------------------------------------------------------------------------------------

Marshall Islands
3 ins


5 ins


survey result recommendations (FFA Rep. 89/20)

Fed. States Micro.:

Pohnpei

3 ins


none

Kosrae

3 ins


4 ins

Palau


3 ins


none

Solomon Islands
8 cm


none

Western Australia
6.5 cm

10 cm

Queensland,

 Australia

8 cm


12.5 cm

Papua New Guinea
8 cm


13 cm


size limits under consideration

Vanuatu

9 cm


none

Fiji


3.5 ins

none

Cook Islands

8 cm


11 cm

French Polynesia
8 cm


11 cm

Okinawa, Japan
6 cm


none



Figure B2.1. Trochus exports by year.


B3. NAUTILUS
THE RESOURCE
Species present: The nautiloids Nautilus belauensis and N. pompilius are present in Palauan waters. Although these deep-water molluscs do not form the basis of any commercial or subsistence fishery, it is briefly mentioned here because a considerable amount of research into the biology and ecology of these poorly known animals has been conducted in Palau since 1977 by DMR staff in collaboration with research scientists from overseas, which has resulted in a significant contribution to the knowledge of this animal (Saunders, 1979). 

Distribution: This species typically inhabits the relatively inaccessible deep fore-reef slopes of scattered Indo-Pacific island groups. Saunders (undated) presents the first direct study of Nautilus in its deep water habitat in Palau using time lapse photo sequences taken by remote cameras at baited sites. Surveys were carried out at Mutremediu Point at depths of 73-538 m. Nautilus appeared to be most abundant at depths of 150-300m, at ambient water temperatures of 17-19 degrees celsius. Water temperature appears to be an important factor in distribution and migrational movements.

Life History: The Palau studies showed for the first time that Nautilus is an active feeder both during the day as well as at night; it was previously believed the species was nocturnal. Visual senses appear to be weak, with chemosensory ability of greater importance. The role of Nautilus in the marine ecosystem of Palau is that of a highly mobile, hovering, epibenthic scavenging generalist and opportunistic predator. Tagging studies have indicated that Nautilus sp. undertake considerable migratory movements of 150 km in 332 days, an average of 0.45 km/day (Saunders and Spinosa, 1979). Considerable sexual dimorphism exists in shell size and shape in Palauan nautiloids, with males tending towards larger sizes and broader apertures (Saunders and Spinosa, 1978).

From the work of Saunders (1979), data indicates a male dominated sex ratio, which is peculiar to Palau, Philippines and Fiji Nautilus populations. Very little is known of the early life cycle in Nautilus. Maturity is reached at around 180 mm shell diameter. Longevity is estimated at 5-10 years. No data is available on growth rates for the Palau stock.

STATUS OF THE STOCKS
Nautilus stocks in Palau are currently unexploited, except for occasional permitted collection for overseas aquariums. Saunders (1979) points out that if substantial exploitation were to begin for either shells or export of live animals, depletion could proceed rapidly, as the population does not appear to be large, as indicated by the high rates of return for tagged animals. Monitoring of any trapping activities by DMR was stressed.

B4. MANGROVE CLAMS

THE RESOURCE
Species present: Major species include Anodonita edulenta and its larger relative A. alba. Other mangrove molluscs gathered include Polymeseda luhuana and Terebralia semestriata. A survey of the subsistence and small-scale commercial fisheries for mangrove clams and other molluscs is currently underway, and only preliminary information is presented here.

Distribution: The species are distributed throughout the mangrove areas of the Palau archipelago. A. edulenta is known to be particularly abundant in the mangroves around Babeldaob and Koror. Ngardmau and Ngeremlengui States produce the largest harvests.

Life History: These bivalves live buried 2-3 feet below the surface of mud flats within and on the periphery of mangroves. Biological and life history details are lacking.

THE FISHERY
Utilisation: Harvesting is a traditional activity of women and children. Collection is carried out mostly by older village women since they stay in one area close to the shore for the day to collect mangrove clams. Generally, groups of between 2-5 women work together in collecting. Collection occurs on the ebbing or flooding tide when the water is low, but not full low-water. The women wade in the mud up to their waists around mangroves, and feel for the clams with their feet, lifting them deftly with their toes. Hand collection may also occur with scoops used to dig into the mud. Harvested areas are generally left for 3-6 months to rejuvenate.

A comprehensive survey of the role of women in small-scale fishing activities is currently being undertaken by DMR. Preliminary figures indicate that approximately 30 percent of the clams harvested are for subsistence use.

Marketing: Live mangrove clams larger than 1.5 inches are sold in local markets and several Koror restaurants. Production of clam chowder is the major use. Production areas are generally in the less inhabited areas on Babeldaob Island and brought by boat or car to markets in the main town of Koror.

Production: Annual production figures are not yet available for either small-scale commercial or subsistence fishing.  

STATUS OF THE STOCKS
Stock status is presently unknown, but is believed to be considerable, given the relative importance of this fishery to the income earning potential of village women, and the large amount of mangrove habitat available. The use of low-technology, labour intensive catching methods suggests that fishing pressure on stocks is probably light. However, there are indications that clams in some areas are not as abundant as they were 5 years ago. Habitat destruction due to increased development of coastal areas may be responsible.

MANAGEMENT
Current Legislation/Policy regarding exploitation: None exists at present. Traditional conservation guidelines may be in force at the state level in some areas. Women tend to collect clams only from around their home state. Other areas are not harvested, eg. those near industrial waste or sewerage outlet.

Recommended Legislation/Policy regarding exploitation: None needed until basic data on the fishery are collected. Lewis (1988), summarising the existing subsistence fisheries for miscellaneous molluscs in the Pacific islands, notes that few data are available for these fisheries, but that they are often of considerable importance to rural communities; a fact that needs to be recognised in fisheries development and coastal management plans. 

B5. MOTHER OF PEARL SHELL

THE RESOURCE
Species present: The blacklip pearl shell, Pinctada margaritifera, occurs naturally in Palau. The goldlip pearl shell (commonly called the silverlip pearl shell in Palau) P. maxima does not occur naturally, but has been introduced for pearl mariculture (G. Heslinga, pers. comm.). The brownlip pearl shell, Peria penguin, is abundant and commonly associated with black coral on reef drop-offs and deep water lagoon areas, also on the many ship wrecks in Palau, but it is apparently not collected. 

Distribution: Blacklip is widespread throughout Oceania, with goldlip having the most restricted distribution; it is not found in commercial quantities East of Solomon Islands.

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

Life History: Pearl shell species generally exhibit fast initial growth rates; blacklip can reach 10-12 cm shell diameter in 2 years. Maximum sizes have been calculated for blacklip and goldlip as 14-17 cm and 20-25 cm diameter respectively. Like many bivalves, Pinctada species are hermaphrodites, reaching maturity in the second year of growth, but with uneven sex ratios until the fourth or fifth years, with greater numbers of males up to that time. Spawning is often not limited to distinct seasons, and a larval stage occurs lasting 2-4 weeks prior to settlement (Sims, 1988). 

THE FISHERY
Utilisation: It is thought that collection of pearl shell by free diving for export of the shell probably occurred intensively in Palau during the Japanese occupation before the war, resulting in severe depletion of wild stocks (G. Heslinga, pers. comm.). There is no small-scale commercial fishery of pearl shell today, primarily because wild stocks are very small (G. Heslinga, pers. comm.).

Pearl culture operations were established in Palau and Marshall Islands by the Japanese prior to the outbreak of the second world war. Experimental pearl farming in Palau commenced in 1935 off Koror using Pinctada maxima. Between 1937 and 1941, 8.23 lbs of pearls were produced (Anonymous, 1989). 

Marketing: No export figures for past pearl shell production are available. Currently, no shell export is undertaken. Cultured pearls produced by a Japanese joint venture pearl culture facility are marketed through Japanese pearl buyers. 

Production: No shell production occurs today. Cultured pearl production figures are confidential.

STATUS OF THE STOCKS
No data are available at DMR concerning the history of Pinctada shell production. 

An experimental pearl farming joint venture between a Japanese company, the Palau National and Koror State Governments is currently in operation, culturing pearls from P. matencie fucata and P. maxima shells. In the mid-1980's P. maxima shells were imported from Japan and Indonesia for use in pearl culture, due to the lack of wild shells available. 25,000 shells were imported in 1985, 150,000 in 1986 and 110,000 in 1987. Mortalities of these transplanted shells was reported to be high (Anonymous, 1989). Because of the lack of suitable wild shells, culture of parent stock with which to culture pearls has been a major developmental area. Since 1982, cultured shells have been used for pearl production by the company. Production of pearls for 1993 is forecast at 7,075 monme (= 933.9 ounces - 1 monme = 0.132 ounce), valued at 212.25 million yen.

MANAGEMENT
Current Legislation/Policy regarding exploitation: The exploitation of blacklip mother of pearl shell is controlled under Title 24: Environmental Protection, Chapter 12: Protected Sea Life, subchapter III of the Palau National Code:

.
no shell of Pinctada margaritifera less than 4 inches in diameter may be taken;

.
harvesting is prohibited between 1st August - 31st December;

.
blacklip of any size can be taken at any time for scientific research if approved by the President;

.
violators face fines of not more than $100 or up to 6 months in jail, or both.

No legislation exists for other species of pearl shell.

Recommended Legislation/Policy regarding exploitation: Without base line data on the wild stocks of blacklip and silverlip in the country, it is hard to assess conservation requirements. As no fishery exists for the exploitation of wild shell, management measures are obviously not required at this time. Regulation of pearl culture is the subject of the existing joint venture arrangement. This activity may be assisting to enhance natural spat falls.

Sims (1988) provides a comprehensive review of culture and management issues relating to pearl shell in the Pacific.

B6. OYSTERS
THE RESOURCE
Species present: Oysters native to Palau include Crassostrea echinata and C. glomerata. These species grow to a sufficient size to be commercially valuable, but C. glomerata is not present in sufficient abundance to sustain a commercial yield (MMDC, 1975). Trial culture of imported Crassostrea gigas, in 1975, showed disappointing results.

Using off-bottom techniques, 2 lots grown at Ngatpang Bay reached 61.5 and 50.8 mm in 10 months, and at a site off MMDC reached 53.3mm. Oysters in Nestier trays at Ngetpang Bay reached 36.5 mm. 

Survival rates poor. Culchless oyster seed in Nestier trays at MMDC farm site had no survival; culchless oysters glued to masonite plates had poor survival due to glue losses and drop-off. Culched oyster seed of two sizes had different mortality rates; 18 percent for the larger spat and 18.2 percent for the smaller spat. Ngetpang Bay was considered to offer the best ecological conditions for culture of C. gigas using off-bottom techniques, but results of this experimental trial indicated culture not economically viable in Palau.

No commercial or small-scale fishery based on oysters currently exists, although the native species form a part of the subsistence diet in areas where they are prevalent.


C. FINFISH

C1. PELAGICS


C1.1 TUNA

THE RESOURCE
Species present: Commercially important species of tuna that occur in the Palau EEZ include albacore (Thunnus alalunga), bigeye (T. obesus), yellowfin (T. albacares), skipjack (Katsuwonus pelamis) and Northern bluefin (T. thynnus). The commercial tuna fleets also take considerable quantities of billfish, such as blue marlin (Makaira mazara), striped marlin (Tetrapterus audax), black marlin (Makaira indica), swordfish (Xiphias gladius), sail fish (Istiophorus platypterus) and shortbill spearfish (Tetrapterus angustirostris). Oceanic sharks form an important incidental by-catch to operations, but only the fins are retained, the carcasses being discarded at sea.

Distribution: Tuna and billfishes inhabit surface oceanic tropical and temperate waters of the Atlantic Pacific and Indian Oceans (Joseph et. al., 1988). Taxonomically, 61 species are grouped together in the sub-order Scombroidei, which is commonly recognised to comprise three families: the Scombridae (true tunas, bonitos, seerfishes and mackerels), Istiophoridae (spearfish, sailfish and marlins) and Xiphiidae (swordfish). These families contain species which support some of the most important commercial fisheries for food and sportfishing in the world. Tuna resources are undoubtedly the single most important renewable resource available to the island nations of the Forum Fisheries Agency for commercial exploitation.

Many species undertake extensive migrations during their life cycle, presenting particular problems for effective management of the resource. International cooperation and harmonisation of management regimes is essential for effective management of most stocks.

Life History: All species produce buoyant eggs, containing an oil droplet. Tuna eggs are around 0.04 mm diameter (billfish eggs tend to be rather larger). Larvae at hatching are around 2.5 mm long, and grow at a rapid rate. All species are highly fecund, producing around 100,000 eggs per kg body weight. All tunas and tuna-like species are apex predators of fish, squid and crustacea. The smallest species, the bullet and frigate tunas, rarely exceed 3 kg weight (6.6 pounds), whereas the Northern bluefin can exceed 700 kg (1,500 pounds), and black marlin in excess of 1,300 kg (2,900 pounds) have been taken by commercial longliners. Yellowfin attain 2.4 kg in 1 year, 15 kg at 2 years, 43 kg at 3 and around 80 kg at 4 years. Detailed information on growth rate, longevity and biology of most species is poor (Joseph et. al., 1988).  

THE FISHERY
Utilisation: Most commercial tuna production in Palau is currently exported, primarily for the Japanese sashimi market. There are no plans to establish value added processing (eg. canning) at present. A single domestic pole-and-line vessel operated by a local company provides fresh tuna to the domestic market. This vessel limits effort according to local demand. A review of the current longline trans-shipment activities in Palau is provided by Williams (1991).

Marketing: Vessels operating under access arrangements do not land their catches in Palau. The two commercial companies based on Koror export catches by air freight for the fresh sashimi market in Japan, and also by reefer vessels. The single domestic pole-and-liner produced 87 mt of fresh tuna in 1990, all sold on the local market.

Production: Commercial fishing for skipjack did not start in Palau until the Japanese gained control of the territory at the beginning of World War I, when live bait and pole-and-line fisheries were developed in Saipan, then Mariana Islands and then Palau. Catches increased rapidly throughout the 1930's in Micronesia, reaching 33,000 mt per year in 1937, over 75 percent of which came from Palau and Truck (now the State of Chuuk) (Rothschild and Uchida, 1968). 

Exploitation ceased during World War II. From 1964 the Van Camp Seafood Company of the United States operated a live bait fishery for surface tunas in Palau, taking around 6,600 mt of skipjack annually between 1978-1981 with 8-15 locally based pole-and-line vessels manned mainly by foreign crews. It ceased in 1982 as a result of depressed tuna markets, increased fuel costs and growth in purse-seine fishing. Palau has substantial baitfish resources, primarily the anchovy Stolephorus heterolobus, which is estimated to be able sustain catches of 160 mt per annum (Muller, 1977). Past research surveys into baitfish by the SPC Skipjack Survey and Assessment Programme averaged 87-131 kg per haul of bait, mostly anchovies and sprats, and concluded that Palau possesses substantial baitfish resources (Tuna Programme, 1984).

Offshore fishing is currently carried out by foreign fishing vessels operating under access agreements, eg. Japanese longliners and pole-and-liners, and US purse-seiners operating under Multilateral Treaty on Fishing, or the two domestic joint ventures: Palau International Traders Incorporated (PITI) and Palau Marine Industries Corporation (PMIC). One privately owned pole-and-line vessel is also active in the fishery. 

Basic production figures are available for foreign access fisheries. Data for domestic joint venture companies and the one private pole-and-line vessel are incomplete, primarily because neither DMR or PMA have the technical staff to collect and analyse data available, and lack of reliable data supplied by these companies. 

The total landings and number of trips for the Japanese longliners and purse seiners in 1989 and 1990 are presented in Tables C1.1.1, C1.1.2 and C1.1.3. Available data on the landings for PITI for 1987-1989 and six months of 1990 are presented in Table C1.1.4 and for PMIC for 1989 and six months of 1990 are presented in Table C1.1.5.  

Williams (1991) estimates current production by locally-based longliners at around 3,000 mt per year. PMIC and PITI operate vessels from Taiwan and mainland China, mostly in the 25-49 GRT category. Yellowfin and bigeye contribute over 95 per cent of tuna air freighted to Japan, with billfish making up less than 4 per cent of the total. In 1990, Williams (1991) estimated that around 2,500 mt of fish was trans-shipped on Palau and airfreighted fresh to Japan for sale on the sashimi market. Trans-shipments for air freighting in the first half of 1991 was approximately 1,400-1,500 mt. Reject tuna and lesser species are frozen and stockpiled in Palau prior to shipment to Taiwan where it is canned, but amounts utilised in this way are not accurately known; a realistic figure would appear to be 0.5-1.0 mt per vessel departure.

Table C1.1.6 presents a summary of longline data for PITI and PMIC. Information on shipments of other low grade tuna is not available at this time. Williams (1991) estimates the current level of longline production from PITI and PMIC to be around 3,000 mt per year, worth around US$25 million once trans-shipped to Japan.

STATUS OF THE STOCKS
Tuna Programme (1984) provides details of the only stock assessment carried out so far of the potential sustainable yield of Palau's skipjack tuna resources. Surveys conducted in October 1978 and August 1980 indicated a throughput of 14,000 mt/month. The general conclusion was formed that Palau has large skipjack resources that constitute the single most important renewable resource in the country. Stock assessments are lacking for all other species, but indications of catches by existing commercial operations is that they too are substantial.

MANAGEMENT
Current Legislation/Policy regarding exploitation: Controls for the off-shore tuna fishery, such as number of vessels permitted, gear restrictions, catch quotas, etc., are presumably part of the individual access arrangements with the foreign fishing interests active in the fishery. These agreements were not available for study at the time of writing.

Recommended Legislation/Policy regarding exploitation: Informal government policy is to: 

.
encourage on-shore infrastructure development to service the tuna fleet;

.
maximisation of economic benefits through access fees and associated financial returns;

.
increased employment opportunities for Palauans in the tuna industry;

.
diversification of fishing effort from inshore to offshore activities.

Williams (1991) suggests that the two domestic tuna companies could produce around 5,000 mt per year with their existing shore facilities, and suggests separate assessment to determine whether tuna stocks could support such a level of effort.

Table C1.1.1. Total landings (mt) by Japanese longliners operating under foreign access arrangements, 1985-1990.

Year
Alb
B/E
Y/F
Strp
Blue
Black
Sword
Sail 
Other
Total





marl
marl
marl
fish
fish

---------------------------------------------------------------------------------------------------------------------------

1990
1.16 
580.49 
660.90 
0.30 
31.00 
2.57 
17.66 
0.23 
 2.44 
1,296.75 

1989
5.24 
772.86 
547.89 
1.00 
41.70 
2.38 
13.22 
0.25 
 1.70 
1,386.24 

1988
5.39 
 19.82 
 46.96 
0.04 
 1.81 
0.09 
 0.68 
0.00 
 0.03 
   74.82 

1987
0.05 
 27.31 
 25.94 
0.04 
 0.77 
0.16 
 0.73 
0.06 
 0.00 
   55.06 

1986
0.69 
 54.84 
 92.49 
1.37 
 4.33 
0.84 
 2.71 
0.08 
 0.00 
  157.35 

1985
1.67 
270.02 
559.09 
2.53 
32.66 
3.94 
17.6 
0.10 
57.43 
  945.04 

Table C1.1.2. Total landings (mt) by Japanese purse‑seiners operating under foreign access arrangements, 1985-1990.

Year
SKIPJACK

Y/FIN

B/EYE
OTHERS
TOTAL

------------------------------------------------------------------------------------------------------------------------

1990
   746.00 

1,058.00 
 6.00 

0.00 

 1,810.00

1989
10,204.00 

3,104.00 
50.00 

0.00 

13,358.00

1988
 3,247.00 

  809.00 
 9.00 

0.00 

 4,065.00

1987
 1,985.00 

  979.00 
 0.00 

0.00 

 2,964.00

1986
 1,402.00 

  428.00 
11.00 

0.00 

 1,841.00

1985
 5,777.00 

3,136.00 
42.00 

0.00 

 8,955.00

Table C1.1.3. Fishery parameters for Japanese access longliners and purse‑seiners, 1985-1990.

Year
No.
Logsheet
EEZ
Fishing


vessels
Days

Days
days

---------------------------------------------------------------------------------

Longliners:










1990
47 
1,609 

1,609 
1,308

1989
54 
1,879 

1,879 
1,524

1988
 8 
  145 

  145 
  115

1987
 4 
   98 
  
   98 
   84

1986
20 
  291 

  291 
  230

1985
51 
1,450 

1,450 
1,220

Purse‑seiners:










1990
12 

 
   75 
   75

1989
28 


  600 
  600

1988
14 


  141 
  141

1987
17 


  161 
  161

1986
14 


   78 
   78

1985
27 

 
  277 
  277

Source: FFA database










Table C1.1.4. Total landings by PITI longliners, 1987‑1990.






Value = metric tonnes (mt).

Year
BE

YF
BUM
BLM
BBS
SWF
SLF
SHK
OTH
Total

--------------------------------------------------------------------------------------------------------------------------------

1990
1,671.00 
 65.70 
0.00 
 0.00 
23.10 
18.40 
0.00 
 0.80 
0.00 
1,779.00

1989
   48.50 
 42.00 
0.00 
 1.50 
 0.00 
 2.30 
2.30 
27.00 
0.00 
  123.60

1988
  590.60 
659.70 
5.70 
19.10 
 0.00 
 9.70 
0.00 
 0.00 
0.00 
1,284.80

1987
   99.60 
 39.40 
2.50 
 2.50 
 0.00 
15.00 
0.50 
16.00 
0.00 
  175.50

Note: 1990 data Jan‑Jun only.

Table C1.1.5. Total landings by PMIC longliners, 1989‑1990.

Value = metric tonnes (mt).

Year
No. vessels
No. trips
BE
YF
Others
Total





----------------------------------------------------------------------------------------------------------

1990
18 

3 

1,034 
2,510 
1,830 
5,374 
pieces


 
 


42.57 
86.80 
76.25 
205.62 
tonnes

1989
5 

9 

400 
307 
735 
1,442 
pieces


 
 


14.29 
10.92 
25.11 
50.32 
tonnes

Table C1.1.6. Tuna exports to Japanese sashimi market by PITI  and PMIC, 1990.




Value = metric tonnes (mt).

Month
PITI

PMIC

------------------------------------------

Jan
15.311 












Feb
20.400 












Mar
23.449 












Apr
80.286 

11.615 











May
186.413 
46.852 










Jun
399.912 
38.087 










Jul
323.586 
79.482 










Aug
177.260 











Totals:
1,226.617 
176.036 










C1.2 OTHER PELAGICS [including sharks]

THE RESOURCE
Species present: According to Perron et.al. (1983), important pelagic species taken by artisanal and subsistence fishermen in Palau include skipjack tuna, Katsuwonus pelamis, yellowfin tuna, Thunnus albacares, dogtooth tuna Gymnosarda unicolor, the double-lined mackerel, Grammatorcynus bicarinatus and mahi mahi or dolphin-fish, Coryphaena hippurus. Other less important species are rainbow runner, Elegatis bipinnulatus and numerous inshore trevallies (Selar sp., Decapturus sp., Caranx sp.) barracudas, island bonito, Euthynnus affinis, spanish mackerel, Scomberomorus commerson, and wahoo Acanthocybium solandri. A number of small pelagic species, including herrings, anchovies and sprats, are also taken.

Palau has an abundant and diverse population of sharks. No commercial catch data are available. A shark fishing survey was carried out by the South Korean Fisheries Research and Development Agency between May 12-21st 1975 around Angaur Island, Ngeremlengui Channel, Ngeremdui Reef and Ngkesol Reef, using baited longlines. The survey resulted in a catch of 136 sharks, mostly hammerheads, milk sharks, white tip reef sharks and sand sharks. Average size ranged from 1-3 m with an average of 1.4 m (DMR unpublished data). However, no commercial fishery targeting on sharks has developed.

Distribution: FFA member states commonly possess considerable numbers of coastal pelagics, especially Scombrids, Carangids, Sphyraenids and Clupeids. These species are widely distributed throughout the Palau islands, and form an important part of the catch taken by trolling. Habitat preference appears to be depths less than 100m from the continental (or outer reef) slope inshore to shallow coastal waters, and water temperatures warmer than 25 degrees celsius. Adults are commonly associated with coral reefs, shoals and current interfaces. Wahoo and dolphinfish tend to be more oceanic and only move close to the reef when favourable conditions prevail. Scads and juvenile yellowfin and skipjack are often associated with coral bommies.

Life History: The larger coastal pelagics are usually opportunistic second level predators (with the exception of the sharks, which are mostly apex predators). Spawning is seasonal in many species, the timing varying between areas throughout the region (McPherson, 1988). Johannes (1981) considered that the double-lined mackerel, Grammatorcynus bicarinatus, spawns during full moon periods in Palau, over an eight month period. The biology of the coastal pelagic species in Palau has not been studied, but McPherson (1988) provides and overview for other areas in the Pacific and Lewis et. al. (1983) provides data on pelagics studied in Fiji. Dalzell and Lewis (1988) review Pacific fisheries for small inshore pelagics in the Pacific.

THE FISHERY
Utilisation: Palauan fishermen are traditionally reef fishers, but pelagics are taken by artisanal fishermen by trolling and incidentally to reef fishing. Consumed as fresh fish, with tuna used mostly to supply the high demand for sashimi in local restaurants.

Marketing: Most pelagics are landed at commercial markets in Koror, usually on ice, in round form.

Production: Available data on landings of pelagic species by year are presented in Annex 2. Estimated production of pelagic species for 1990 was 116,138 pounds.

STATUS OF THE STOCKS
No assessments of important pelagic species has been undertaken. Preliminary indications are that the resource could sustain a considerable increase in fishing pressure. 
MANAGEMENT
Current Legislation/Policy regarding exploitation: No legislation is in place for the species mentioned above. Government policy to diversify fishing effort from inshore to offshore species may increase pressure on these species in future. 

Recommended Legislation/Policy regarding exploitation: None is considered necessary at this time.


C2. REEF FISHES

THE RESOURCE
Species present: As is the case with other island countries in the region, the reef fishery of Palau is a multi-species, multi-gear fishery. Some of the dominant individual species which support substantial fisheries are dealt with separately. Landings of around 80 species of reef fish representing 13 families at commercial markets in Koror are given in Annex 2 for the years 1976-1990. No data are available for landings in 1982. Dominant fish types in the fishery include snappers (f. Lutjanidae), emperors (f. Lethrinidae) groupers (f. Serranidae), parrot fishes (f. Scaridae), wrasses (f. Labridae), rabbit fish (f. Siganidae), surgeon fish (f. Acanthuridae), trevallies (f. Carangidae) and herrings (f. Clupeidae). 

Distribution: Palau's reefs generally possess abundant and diverse reef fish communities, upon which considerable small-scale commercial and subsistence fisheries have developed. Most species live on relatively shallow-water reefs.

Life History: The multitude of species upon which the fishery is based have very divergent life histories and biological parameters. Most species are demersal and remain in the same general area of the reef to which they are recruited all their adult life. A number of species aggregate during spawning, at which times they are particularly vulnerable. 

THE FISHERY
Utilisation: Most reef fishing is carried out around Koror, as this is the most populous state, and activity is generally concentrated between the barrier reef and the islands of Babelthuap and Koror. Reef systems around Peleliu, the islands to the North-west and around Angaur also support rich reef fish stocks.

The fishery is conducted with multi-gear types, including dropline, trolling, hand spears, spear guns, gill nets, set nets (kesokes), portable fish traps, cast nets and to a lesser extent custom methods (Johannes, 1981). Illegal methods such as dynamite and industrial poisons (bleach) have caused concerns in some areas (Johannes, 1991). Most fishing is done from boats of 5-8 m length, powered by 50-120 hp outboards. GRP or wooden inboard powered vessels of 12-70 hp are also important. 

Year-round trolling tends to be for strongly reef-associated species (trevallies, dogtooth tuna, barracuda, etc.). Seasonal trolling, mainly May-July, is carried out for tuna, and local knowledge of localities and timing of tuna runs often result in very high catch rates.

Catch rate data for different gear types employed in the fishery are presented in the table below.

Table C2.1. Catch per unit effort (CPUE) data recorded for different methods used in the Palau reef fishery.

Method

No. Trips
Species



CPUE

----------------------------------------------------------------------------------------------------------------------

Trolling:

Year-round -
 
 2

barracuda, wahoo, mackerel
 4.0 lbs/line/hr

(reef associated)
 8

tuna, trevallies


 1.8 pcs/line/hr

Seasonal -

 4

skipjack, yellowfin, mackerel tuna,






frigate mackerel

39.0 lbs/line/hr










26.3 pcs/line/hr

Trolling

2-day derby

13

various reef species

 4.4 lbs/line/hr

Speargun:
 
 7

wrasse, surgeonfish, parrotfish
16.3 lbs/gun/hr

Handline
 
 6

keremlal, temekai, kedesau
16.1 lbs/line/hr



 
 5

melangmud, tiau

 3.9 pcs/line/hr

Source: DMR unpublished data.

Marketing: Fishermen may sell their catch to several fish markets or cooperatives that are currently operational in some states. Fish are kept in ice-brine slurry on board the vessels during transportation to market, and held on ice for display to the public. Freezing is generally not carried out. Value-added processing of the reef catch is very basic in Palau (Roberts, 1987). It is hoped that under the Palau Fishing Community Project, the current fragmented nature of fish handling and distribution at the State level will be streamlined. The State markets either retail locally or ship their catch to Koror for distribution there. In addition to PFFA, nine fish marketing operations of varying sizes were active in marketing reef fish in Koror in 1982. This expanded to 17 in 1986 and 9 were operational at the end of 1990.

DMR's relations market operators improved during 1990. DMR has adopted a collaborative approach in developing its relations with local markets by providing summaries of information collected to the collaborating markets on a monthly basis. The resulting summaries provide DMR with useful information and at the same time provide the markets with a review of their recent operations.

Continental Air Micronesia Airlines provides DMR with manifest forms for all marine product exports, including tuna exported by the joint-venture tuna companies operating in Palau. 

Some small-scale value-added processing, such as wood smoking of larger species, is carried out. Smoked fish retails at around $1.75-2.50 per pound.

Production: Available landings data for reef fish are summarised in Annex 2. Data for 1990 is most complete. An estimated 305,447 pounds (138.5 tonnes) of reef fish were landed in Koror for the year. Shimada (1987) estimated total annual reef fish production at 2,000 tons for the coastal fisheries in Palau, 300-400 tons are estimated to be marketed through domestic outlets and exports, and 1,200-1,300 tons consumed by the fishermen and villagers for subsistence. If these figures are correct, then a significant proportion of fish is marketed through avenues other than markets such as PFFA. The number of fishermen currently active in the fishery was estimated at 400-500, of which around 195 are full-time.

It is estimated that at least 250 mt reef-fish, mangrove crab and lobster were landed locally or exported from Palau in 1990 (Anonymous, 1991). The three major fish outlets for that year were as follows:

1) PFFA landed 121 mt of inshore and pelagic fish and invertebrates and exported 46.9 mt of their landings.

2) Oh's Market (May-Dec 1990) landed 66 mt of inshore fish and invertebrates and exported 14.5mt of their landings

3) Eptison Cold storage landed 14 mt of inshore fish and mangrove crab that was locally sold; no exports were made.

These three outlets landed 201 mt or 80% of the total landings purchased locally or exported. An additional 50 mt were landed and sold by other outlets and restaurants.  One additional market, Yano's Market, purchased an estimated 5.4 mt of reef-fish. 

STATUS OF THE STOCKS
In Palau's multi-species multi-gear fishery, different species are being exploited at different levels. Given the varying biological characteristics of the many species involved, it is possible that some species are being overexploited (Preston, 1989); concern for declining catch rates for some major reef fish species (eg. groupers, rabbitfish, wrasse) are considered in other chapters. DMR staff are currently attempting to assess the current levels of exploitation of marine inshore resources in Palau through close liaison with PFFA and major local markets to monitor landings and to estimate the current catch of all marine resources harvested. Until catch levels are more accurately known, it is not possible to manage the fishery to achieve biological or economic optimum yields.

The data presently available for the fishery is limited. Some landing and biological data for a range of species has been collected from PFFA by DMR. Unfortunately records maintained by PFFA for the last decade are not adequate to document developments that have taken place in Palauan reef fisheries throughout that period. 

Preston (1989) provides an excellent outline for monitoring the Palau reef fishery.

MANAGEMENT
Current Legislation/Policy regarding exploitation: Specific legislation for some species are dealt with elsewhere. Current policy regarding exploitation aims to encourage off-shore fishing activities in order to reduce pressure on in-shore stocks. This is being carried out through various grant-aid projects and by increasing national involvement in commercial tuna fisheries. 

Ngeremlengui State, in its Fishing Conservation Act of 1987 (Public Law No.13-87), prohibits fishing of any kind all year round in the inner reef area known as Usas, and the outer reef area known as Mecherong. Violators face fines of up to $150.00. Ngatpang State requires fishermen to obtain an annual $30 fishing license from the Governor ((NSC Bill No. 03-87). Ngardmau State Preservation Act of 1985 requires fishermen to obtain and annual commercial fishing licence ($100) from the State Treasury Office (NSL No. 1-008, KN Bill No.1-0011).  Only residents of the state are entitled to apply for a fishing license. Koror State is also reported to require a fishing licence for fishermen exploiting the reef fishery.

Recommended Legislation/Policy regarding exploitation: Baseline data for the reef fishery are very lacking. Data collection needs to be improved, and basic biological parameters collected for the dominant species (say, the top 20). Ianelli (1987) and Preston (1990) provide guidelines for monitoring the fishery and providing data on which management decisions can be based. Restriction of exported reef fish could be considered in view of the paucity of information regarding the status of reef fish stocks and the importance of the fishery to both subsistence needs and in-country demand from commercial retailers and restaurants. 



C2.1 RABBIT FISH

THE RESOURCE
Species present: The rabbitfish, Siganus canaliculatus, is a dominant species in landings of reef fish in Palau.

Distribution: This species is one of the most common siganids of Pacific Island reef. In Palau, it is found throughout the Archipelago, especially in areas with substantial beds of eelgrass and other macrophyic marine plants.

Life History: Spawning occurs around March-April, especially around Airai and Ngatpang (see Figure C2.1.1). Adults migrate down the East and West coasts of Babelthuap Island and aggregate in schools of up to 500 fish at spawning grounds at Ngatpang, Aimeliik, Koror and Airai. Spawning sites are characterised by access to the open ocean via channels. Spawning occurs on the outer reef edge in the area of high wave activity, four or five days after the new moon (Hasse et. al. 1977). Length frequency data indicates size at first spawning at around 7-9 inches (18-23 cm), at an age of less than 1 year (Hasse, 1973).  Schools of juveniles appear on reef flats 2-3 weeks after spawning. This species is believed to spawn several times a year. Longevity is thought to be around 2-3 years, with females living longer than males. Major food items are eelgrasses; schools of adults move onto the beds at high tide to graze and retreat to deeper water with the ebbing tide. 

The species has a high growth rate and early age at maturation, indicating that large harvests are probably sustainable even with low spawning biomass. Pioneering work was conducted on the culture of rabbitfish during the mid-1980's at MMDC, but this work was not sustained.

THE FISHERY
Utilisation: The species is culturally an important component of the Palauan diet in Spring time, subsistence catches being shared in village communities. It accounts for a dominant proportion of total commercial catches on an annual basis. Catches are made using gill-nets or set-nets (known as kesokes).

Marketing: Rabbit fish are marketed in the same way as other reef fish.

Production: The major fishing area was Airai in the 1970's. In recent years, Ngatpang State reefs have produced the majority of catches, possibly due to the lack of restrictions in using kesokes in Ngatpang, which are not allowed in Airai State. 

Table C2.1.1 presents landings and value at PFFA for the years 1976-1990. Average yearly landings at PFFA have been 4-11 tonnes, with an average of7 tonnes.  Table C2.1.2 indicates available data relating to catch and effort for the siganid fishery for the years 1985-1990.

Seasonal peak landings occur with the early spring spawning season (Table C2.1.3).

STATUS OF THE STOCKS
Spring spawning aggregations used to be the cause of considerable festivity and immigration of people from all over Palau, but overfishing of the species has markedly reduced the siganid run in recent years (Johannes, 1981). According to Hasse et. al., (1977) spawning schools covering 100 sq.m. were common before 1930; but were as small as 10 sq.m. or less by the early 1970's. Questionnaire interviews with local fishermen carried out by Johannes (1981) and DMR staff (Kitalong and Oiterong, 1991b) indicate a steady decline in population numbers over the years.

Habitat destruction may also have lead to a decline in Siganus stocks; anecdotal information indicates that the construction of the airport runway in the late 1970's led to run-off and siltation of eelgrass beds on which the stock feeds.

MANAGEMENT
Current Legislation/Policy regarding exploitation: Airai State previously had a municipal ordinance that prohibited the use of set nets during the spawning season, but this is apparently no longer in force. No National legislation exists.

Recommended Legislation/Policy regarding exploitation: Each State has particular areas where S. canaliculatus aggregate to spawn in March/April each year. Management regulations could be put into force in order to protect adults during the spring aggregations. Kitalong and Oiterong (1991) recommend consideration of the following:

.
appropriate consultations be held with fishermen engaged in the fishery to gain input on appropriate and necessary management measures;

.
prohibition of set-nets in at least one known spawning area in each State;

.
commercial sales of siganids be prohibited during March/April;

.
a minimum size limit of 18 cm (7 inches) be introduced for commercial sales of the species.

Johannes (1991) reports that local fishermen are in favour of these recommendations, and many fishermen suggest a minium mesh size of 1.5 inches for kesokes, and 3 inches for gill nets, and recommends banning fishing for, selling or buying of this species between February and March. 

Figure C2.1.1. Two major spawning areas for S. canaliculatus.

Table C2.1.1. Total landings data for S. canaliculatus
recorded by PFFA, 1976‑1990. Ranking of the species

landings with respect to total landings is indicated.

Year
Weight

Value
% total



(Lbs)
(Kg)
($)
catch
Rank

---------------------------------------------------------------

1990
25,759 
11,669 
24,559 
1.0 
 2 

1989
17,085 
 7,740 
15,924 
0.9 
 9 

1988
 9,571 
 4,336 
 8,748 
0.9 
16 

1987
 8,644 
 3,916 
 6,023 
0.7 
12 

1986
14,972 
 6,782 
10,122 
0.7 
12 

1985
18,935 
 8,578 
11,729 
0.6 
16 

1984
12,987 
 5,883 
 9,320 
n.a.
n.a.

1983
 2,818 
 1,277 
 1,097 
n.a.
n.a.

1982
n.a.
n.a.
n.a.
n.a.
n.a.

1981
 9,447 
 4,279 
 5,669 
0.6 
 5 

1980
19,718 
 8,932 
10,772 
0.6 
 7 

1979
20,772 
 9,410 
 9,051 
0.4 
 3 

1978
19,917 
 9,022 
 8,403 
0.4 
 1 

1977
 8,593 
 3,893 
 3,365 
0.4 
 4 

1976
14,380 
 6,514 
 4,683 
0.3 
 4 

Table C2.1.2. Number of fishermen, trips and landings per trip for S. canaliculatus
from PFFA landings data (1985‑1990). 1990 data also includes

Oh's Market, Eptison Cold Storage and several restaurants.


No. of













Year
fisher-
No. of
Landed
Value
Ave.
Ave.
Ave.




men
trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip





-----------------------------------------------------------------------------------‑

1990
19 
172 
25,759 
24,559 
150 
68 
142.78

1989
19 
106 
17,085 
15,924 
161 
73 
150.23

1988
21 
103 
 9,571 
 8,748 
 93 
42 
 84.93

1987
11 
 52 
 8,644 
 6,023 
166 
75 
115.83

1986
18 
143 
14,972 
10,122 
105 
47 
 70.78

1985
13 
122 
18,935 
11,729 
155 
70 
 96.14

1984
n.a.
 85 
12,987 
 9,320 
153 
69 
109.65

Table C2.1.3 Monthly landings of S. canaliculatus for Palau Federation of Fishing




Associations, 1984 to 1990.










Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

--------------------------------------------------------------------------------------------------------------------------------------

1990
  422 
4,843 
8,742 
2,536 
2,398 
1,915 
3,787 
1,026 
  372 
  120 
 0 
  0 

1989
    0 
  482 
2,525 
2,140 
3,330 
1,511 
5,040 
1,317 
  247 
  143 
83 
268 

1988
1,016 
2,386 
2,182 
1,200 
  559 
  137 
1,222 
  676 
  163 
   29 
 0 
  0 

1987
2,445
1,760
1,591
  160
  405
  113
  748
1,146
  276
n.a.
n.a.
n.a.

1986
  382 
1,639 
4,172 
2,366 
  795 
1,254 
1,936 
  880 
1,189 
1,535 
20 
526 

1985 
  748 
1,296 
3,003 
3,481 
3,593 
1,946 
2,865 
1,345 
  261 
  224 
34 
 24 

1984 
   49 
  254 
2,544 
2,894 
2,014 
1,120 
1,347 
1,453 
  709 
  276 
 0 
327 

1983
n.a.
n.a.
n.a.
  112 
  738 
  186 
  796 
  182 
  226 
  319 
 0 
259 

---------------------------------------------------------------------------------------------------------------------------------------

Mean
  723 
1,809 
3,537 
1,861 
1,729 
1,023 
2,218 
1,003 
  430 
  378 
20 
201 

C2.2 GROUPERS

THE RESOURCE
Species present: The Palauan grouper (and coral trout) fishery is based two genera: Epinephelus and Plectropomus. Epinephelus  landings are dominated by Epinephelus fuscoguttatus and E. microdon; landings of coral trout  are dominated by Plectropomus areolatus and P. leopardus. Other important species include E. septemfasciatus, P. maculatum, P. laevis and Variola louti.

Distribution: Ngerumkaol Channel is known to be a major spawning area for groupers. Adults have traditionally been known to aggregate in channels around the full moon during May and June to spawn (Johannes, 1981). The species appear to be well distributed throughout the archipelago, with concentrations at the sites indicated in Figure C2.2.1. 

Life History: These moderate to large sized fish are predominantly shallow-water species, at or near the top of the food chain on tropical and sub-tropical marine habitats. All are carnivorous feeding mainly on fishes, larger crustacea and occasionally cephalopods. They are highly esteemed as food fishes (Randall, 1987). Groupers lead relatively sedentary lives and are strongly habitat-dependent with regards feeding, often feeding by ambush at all times of the day.

Some species, being protogynous hermaphrodites, undertake sex changes, resulting in adult populations generally containing a greater proportion of females. Spawning is characteristically concentrated at particular times of the year over 1 or 2 months, often at sites used regularly each year, a fact used by fishermen to catch large quantities of grouper when they are very vulnerable to fishing. Size at maturity is around 250 mm total length in E. fuscoguttatus, 340 mm total length for E. microdon, and 300 mm total length for P. leopardus. Fecundity falls generally in the range of 100,000-5,000,000 eggs per female (Shapiro, 1987). The groupers are typically long-lived and slow growing, with maximum ages generally in excess of 10 years, and growth coefficients usually within the range 0.1-0.25/year (Manooch, 1987).

THE FISHERY
Utilisation: Groupers are highly prized in Palau, and a substantial export market exists. High prices are paid, especially for live fish. Main fishing areas are North and South of Ngerumkaol Channel, Denges Pass and Ngeremlengui Channel (Figure C2.2.1). Hook and line fishing is the dominant method of capture. Speargun fishing is employed during spawning aggregations.

Marketing: Groupers landed at commercial centres are sold fresh on ice either to local restaurants, hotels etc., or exported on ice to Guam and South-east Asia destinations. A considerable amount of grouper has been exported live in recent years. Wholesale prices for E. fuscoguttatus and P. areolatus were around $0.67 and $0.87 per pound respectively in 1990. 

Production: Export of live groupers commenced in 1984, when at least 23 tons were exported. One dealer in Koror estimates that between 1986-88, between 10-15 tons of live grouper were exported every 3 months. Production data are available from purchase receipts from PFFA and from Perron et. al. (1983) for the years 1984-1990. Purchase data for groupers is assumed to be primarily for E. fuscoguttatus and P. areolatus. Collection of length frequency data for these species at fish markets was initiated during 1990. Table C2.2.1 and Table C2.2.2 detail commercial landings and value of catch at PFFA for 1976-1990 for Epinephelus spp. and Plectropomus spp., respectively. Landings of Epinephelus have declined from 17.6 tons/year in 1984-88 to around 5.0 tons/year in 1989-90. No similar significant decline is apparent for Plectropomus.

Tables C2.2.3 and C2.2.4 detail fishing effort (number of fishermen, total trips and average weight per landing) for the period 1984-1990. Monthly landings are given in Tables C2.2.5 and C2.2.6. For Epinephelus spp., peak landings occur around June-July, which coincides with peak spawning activity.

STATUS OF THE STOCKS
Interviews with fishermen indicate concern over a decline in the abundance of groupers in recent years in Ngerumkaol Channel (Kitalong and Oiterong, 1991c). Landings data supports concern for the resource. As a result, DMR initiated in 1991 an underwater survey of principal grouper areas, and commenced the collection of grouper fishery statistics. Underwater visual assessments were also carried out on the main fishing grounds during 1990. 

Preliminary length frequency analysis indicates that landed E. fuscoguttatus have a modal fork length of between 66-73 cm, and between 31-46 cm for P. areolatus, indicating an age of 2-5 years.  

Underwater visual survey data are presented in Table C2.2.7. Encounter rates appear to be fairly high, but indicated a decline in numbers of groupers aggregating to spawn from numbers reported in the early 1980's by fishermen.

MANAGEMENT
Current Legislation/Policy regarding exploitation: As a result of concern for grouper stocks, Ngeremlengui State Government, in its Fishing Conservation Act of 1987 (Public Law No.13-87), prohibits commercial grouper fishing in the area known as Tewachel Mlengui between 1st June - 31 August. Violators face fines of up to $150.00.

No new permits have been issued in recent years for live grouper export. Several foreign vessels were arrested in 1990 by the National Government patrol vessel for illegally taking live groupers. The national government declared Ngerumkaol Channel as a seasonal reserve in the mid-1980's, due to its importance as a major breeding ground for these species, and is considering making the area a year-round reserve.

Recommended Legislation/Policy regarding exploitation: The slow growth of groupers (in relation to other reef fish species) and large size at first spawning, combined with the ease at which they can be caught on baited lines and speared, especially when they aggregate to spawn, makes them particularly susceptible to overfishing. Overfishing or extinction of local populations when they gather to spawn have been documented by Johannes (1991).

Kitalong and Oiterong (1991c) suggest that the grouper fishery in Palau is in need of management, at least at existing commercial fishing sites. They recommend:

.
Ulong, Denges and Ngeremlengui channels be made seasonal reserves, to protect groupers during the spawning season;

.
Fishing permits should be a requirement for future large scale export operations, and quotas should be set; and

.
fork length size limits could be set for commercial landings at 66 cm and 30 cm for E. fuscoguttatus and P. areolatus respectively. 

Johannes (1991) reports that local fishermen are in favour of these recommendations. This author makes a strong case for banning fishing for, selling or buying all grouper species that aggregate at known spawning areas in Palau during the months of April-July. 

Figure C2.2.1. Three major spawning areas for groupers.

Table C2.2.1. Total landings data for Epinephelus spp. recorded by PFFA, 1976‑1990.

Year
Weight


Value
Percentage of


(Lbs)

(Kg)

($)
yearly catch

-----------------------------------------------------------------------------------

1990
10,704 
 4,849 
 7,163 
2.8 

1989
 9,452 
 4,282 
 9,452 
2.2 

1988
22,964 
10,403 
15,002 
5.3 

1987
27,951 
12,662 
17,070 
5.9 

1986
42,655 
19,323 
22,656 
5.8 

1985
45,245 
20,496 
   n.a.

n.a.

1984
37,453 
16,966 
16,062 
n.a.

1983
27,674 
12,536 
10,739 
n.a.

1982
   n.a.

   n.a.

   n.a.

n.a.

1981
 9,127 
 4,135 
 3,394 
4.2 

1980
18,261 
 8,272 
 5,370 
4.0 

1979
21,764 
 9,859 
 6,234 
4.6 

1978
14,453 
 6,547 
 3,686 
4.8 

1977
16,724 
 7,576 
 3,913 
5.3 

1976
 1,899 
   860 
   581 
0.8 

Table C2.2.2. Total landings data for Plectropomus spp. recorded by PFFA, 1976‑1990.

Year
Weight

Value

Percentage of


(Lbs)

(Kg)
($)

yearly catch

------------------------------------------------------------------------------------

1990
 6,986 
3,165 
 6,108 
1.8 

1989
13,045 
5,909 
11,742 
2.7 

1988
12,327 
5,584 
10,074 
2.8 

1987
 8,400 
3,805 
 5,463 
n.a.

1986
 3,280 
1,486 
 1,862 
0.4 

1985
 3,052 
1,383 
   n.a.

n.a.

1984
 4,745 
2,149 
   n.a.

n.a.

1983
 5,982 
2,710 
 2,800 
n.a.

1982
   n.a.

 n.a.
   n.a.
 
n.a.

1981
11,878 
5,381 
 5,085 
5.5 

1980
 9,272 
4,200 
 3,673 
2.1 

1979
 6,254 
2,833 
 2,115 
1.0 

1978
   866 
  392 
   185 
0.3 

1977
 3,428 
1,553 
 1,156 
1.1 

1976
 1,402 
  635 
   412 
0.6 

Table C2.2.3. Number of fishermen, trips and landings per trip of Epinephelus spp.

from PFFA landings data (1984‑1990). 1990 data also includes Oh's Market, Eptison Cold Storage and several restaurants.



Year
No. of

No. of
Landed
Value
Ave.
Ave.
Ave.


boats

trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip

---------------------------------------------------------------------------------------------

1990
40 

142 
10,704 
 7,163 
 75 
34 
 50.44 

1989
44 

150 
 9,452 
 9,452 
 63 
29 
 63.01 

1988
55 

203 
22,964 
15,002 
113 
51 
 73.90 

1987
34 

155 
27,951 
17,070 
180 
82 
110.13 

1986
50 

328 
42,655 
22,656 
130 
59 
 69.07 

1985
n.a.

485 
45,245 
n.a.
 93 
42 
n.a.

1984
n.a.

294 
37,453 
16,062 
127 
58 
 54.63 

Table C2.2.4. Number of fishermen, trips and landings per trip of Plectropomus spp.

from PFFA landings data (1984‑1990). 1990 data also includes Oh's Market, Eptison Cold Storage and several restaurants.

Year
No. of

No. of
Landed
Value
Ave.
Ave.
Ave.


boats

trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip

-----------------------------------------------------------------------------------------------

1990
29 
 
 82 
 6,986 
 6,108 
 85 
39 
 74.49 

1989
36 

162 
13,045 
11,742 
 81 
36 
 72.48 

1988
43 

158 
12,327 
10,074 
 78 
35 
 63.76 

1987
21 

 46 
 8,400 
 5,463 
183 
83 
118.76 

1986
18 

 42 
 3,280 
 1,862 
 78 
35 
 44.33 

1985
n.a.

 51 
 3,052 
  n.a.
 60 
27 
  n.a.

1984
n.a.

 49 
 4,745 
  n.a.
 97 
44 
  n.a.

Table C2.2.5 Monthly landings of Epinephelus spp. for Palau Federation of Fishing Associations, 1983 to 1990.

Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

-----------------------------------------------------------------------------------------------------------------------------------------

1990
   79 
   29 
  331 
  393 
  596 
 3,808 
 3,016 
  305 
  878 
  950 
  215 
 103 

1989
  194 
  340 
  574 
  794 
  483 
 2,538 
 2,707 
  511 
  622 
0 
  602 
  86 

1988
  249 
  492 
1,096 
1,395 
1,044 
 7,598 
10,473 
  348 
  196 
0 
   66 
  51 

1987
1,900
  130
  127
  174
    0
15,404
 8,122
1,051
1,043
n.a.
n.a.
n.a.

1986
  424 
  866 
1,920 
2,760 
3,857 
 9,559 
13,188 
2,720 
1,306 
1,280 
2,499 
2,273 

1985 
1,971 
1,564 
2,652 
3,932 
4,594 
 4,458 
11,675 
3,105 
1,908 
3,667 
4,226 
1,355 

1984 
1,225 
  690 
2,091 
2,543 
1,364 
 1,408 
16,841 
4,749 
1,599 
1,333 
2,088 
1,522 

1983
n.a.
n.a.
n.a.
1,185 
3,754 
 3,331 
 6,994 
3,326 
2,581 
2,316 
2,193 
1,994 

---------------------------------------------------------------------------------------------------------------------------------------

Mean
  863 
  587 
1,256 
1,647
1,962 
 6,013 
9,127 
2,014 
1,267 
1,364 
1,698 
1,055 

Table C2.2.6 Monthly landings of Plectropomus spp. for Palau Federation of Fishing Associations, 1983 to  1990.

Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

---------------------------------------------------------------------------------------------------------------------------------------

1990
2,678 
475 
  114 
  649 
  948 
  224 
  497 
  336 
  182 
114 
  175 
  564 

1989
  506 
458 
3,468 
2,533 
1,524 
  453 
   65 
  189 
  303 
921 
1,586 
1,035 

1988
  100 
418 
3,481 
1,520 
1,057 
2,620 
  566 
  902 
1,203 
 88 
  323 
    0 

1987
1,206
640 
  643
  982
   40
  789
1,268
1,387
1,445
n.a.
n.a.
n.a.

1986
    0 
 78 
  298 
  617 
  477 
   31 
  227 
   96 
  406 
380 
  665 
    0 

1985 
    0 
321 
  260 
  352 
1,033 
   60 
  167 
  506 
    8 
289 
  220 
   96 

1984 
    0 
 59 
  732 
1,431 
  765 
  727 
   14 
   99 
   64 
 41 
  313 
  500 

1983
n.a.
n.a.
n.a.
   19 
1,461 
3,310 
    0 
  791 
  191 
 68 
    0 
  142 

----------------------------------------------------------------------------------------------------------------------------------------

Mean
  641 
350 
1,285 
1,013 
  913 
1,027 
  351 
  538 
  475 
272 
  468 
  334 

Table C2.2.7. Summary of grouper survey results, May and June 1990. Ngerumkaol Channel is a reserve, Denges Pass is a heavily fished area.

Area

Date
Time
Divers
Epin.
Plectr.
Epin.





(mins)

fusco.
areol.   microdon


--------------------------------------------------------------------------------------

Ngerumkaol
May 22
45 
1 
19 
 26 
5

 Channel
May 22
15 
1 
20 
 54 
0



June 12
30 
1 
50 
 62 
0

--------------------------------------------------------------------------------------

Total


90 
3 
89 
142 
5 

Counts/diver/hr


19.8 
 31.6 
1.1

--------------------------------------------------------------------------------------

Denges

June 12
15 
2 
1 
1 
0

 Pass



 
1 
2 
0



June 23
60 
1 
6 
14 
0

--------------------------------------------------------------------------------------

Total


75 
3 
8 
17 
0

Counts/diver/hr


2.0 
 4.5 
0.0 

--------------------------------------------------------------------------------------

C2.3 PARROT FISH

THE RESOURCE
Species present:  A varied of parrot fish are taken in Palau, including Cetoscarus bicolor, Hipposcarus longiceps, Scarus spinus and Scarus ghobban.  A species of major importance is the humphead parrotfish, Bolbometopon muricatum. This species is among the top ten reef fish landed for the past ten years at commercial fish markets.

Distribution: Generally widespread throughout the Pacific, favouring exposed and sheltered reefs with lush coral growth.

Life History: Biological data on the species are given in Myers (1989) and Johannes (1981).  In Palau, adults occur along steep outer reef slopes, channel slopes and occasionally on lagoon reefs at depths of 2 to at least 60 m. They feed mainly on coral (Myers 1989), but also apparently feed on young Trochus and Turbo shells. Anecdotal information indicates that large individuals were commonly fished by spear on the reef flat at night where they came to sleep in past years, but fishermen report that these fish now tend to sleep in deeper waters (Johannes 1981).  

Palauan fishermen interviewed by Johannes (1981) report that females are full of ripe eggs from the first to the ninth day of the lunar month and appear to spawn on the eighth and ninth days, probably after sunset.  Spawning aggregations are known to occur near the inner entrance of the barrier reef channel near Ngeremlengui starting on the eighth day of the lunar month. Recent interviews with fishermen substantiate these accounts. 

THE FISHERY
Utilisation: The large average size of the species causes them to be popular for a range of fish dishes in local restaurants, or as a speciality dish for special occasions. The main gear type used is the speargun and hand held spear. Night time spearfishing with flashlights results in high catches, as parrotfish become torpid in crevices, enveloped in a mucous membrane secreted from the gills. They can be easily located and speared at such times.

Marketing: PFFA is a major landing site. The fish are handled in the same way as other reef fish species. 

Production: Data from PFFA, Oh's Market and data from Perron et. al. are presented in Table C2.3.1. Total landings for 1976-1989 represents only PFFA landings; no other records are available. The 1990 data set is the most complete, including Oh's market. Several restaurants are buying directly from fishermen but data on these receipts are not available.  

Table C2.3.2 shows effort for the fishery (total number of fishermen and trips) and landings were highest during 1985 and 1986, however the average landing per trip is similar between 1985 and 1990.

Monthly landings data for the years 1985-1990 are presented in Table C2.3.3. There tends to be an increase in landings between the months of April and May. Catch, effort and production figures on a state by state basis are given in Table C2.3.4. 

STATUS OF THE STOCKS
No assessment of stocks has been carried out, but anecdotal evidence indicated that stocks may be declining in the face of increased fishing pressure. Field assessments in the major fishing areas appear to be urgently required.

MANAGEMENT
Current Legislation/Policy regarding exploitation: No legislation is in force for this species at present. Perceived declines in catches in recent years may necessitate management measures.

Recommended Legislation/Policy regarding exploitation:
Kitalong and Oiterong (1991) recommend the following management measures in light of reduced landings of this species:

.
continued surveillance for illegal foreign fishing vessel on Palau's reef;

.
ban the use of scuba fishing for parrotfish;

.
document the timing and location of spawning schools;

.
discontinue the commercial sale of immature specimens; and

.
parrotfish should be included as protected species within state trochus sanctuaries.

Table C2.3.1  Total landings of B. muricatum at PFFA (1976‑1981, compiled by Perron et al. 1983) and Oh's Market (1990) and PFFA (1983‑1990) compiled by DMR staff. 1983 data includes Apr.‑Dec. only.

Year
Weight(lbs)

US$Dollar

Ave Unit Price



------------------------------------------------------------------------------------------------

1990
15,262 

12,752 

0.82 




1989
19,117 

14,352 

0.75 




1988
12,260 

 8,204 

0.67 




1987
31,379 

19,736 

0.62 




1986
63,642 

36,592 

0.57 




1985
55,501 

29,836 

0.53 




1984
74,026 

35,494 

0.48 




1983
22,554 

11,926 

0.53 




1982
n.a.


n.a.


n.a.




1981
23,699 

15,719 

0.66 




1980
24,788 

16,186 

0.65 


     

1979
33,335 

14,444 

0.43 




1978
 5,388 

 2,360 

0.44 




1977
20,738 

 7,734 

0.37 




1976
 8,850 

 3,569 

0.40 




Table C2.3.2. Number of fishermen, trips and landings per trip for B. muricatum from PFFA landings data (1985‑1990). 1990 data also includes Oh's Market, Eptison Cold Storage and several restaurants.

Year
No. of

No. of
Landed
Value
Ave.
Ave.
Ave.


fishermen
trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip

---------------------------------------------------------------------------------------------

1990
25 

 53 
15,262 
12,752 
288 
130 
240.60 

1989
25 

 67 
19,117 
14,352 
285 
129 
214.21 

1988
20 

 54 
12,260 
 8,204 
227 
103 
151.93 

1987
19 

 58 
31,379 
19,736 
541 
245 
340.28 

1986
24 

164 
63,642 
36,592 
388 
176 
223.12 

1985
15 

173 
55,501 
29,836 
321 
145 
172.46 

1984 
n.a.

107 
74,026 
35,494 
692 
313 
331.72 

Source: fish market sales receipts.





Table C2.3.3 Monthly landings of B. muricatum for PFFA from 1984 to 1990 and Oh's market (1990).

Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

-----------------------------------------------------------------------------------------------------------------------------------------

1990
     0 
     0 
  200 
1,319 
 6,057 
  537 
  836 
1,408 
  802 
 1,693 
   16 
    0 

1989
   198 
 3,652 
1,705 
2,811 
   854 
2,206 
  993 
  310 
4,022 
   954 
  898 
  732 

1988
 1,146 
 2,846 
3,510 
5,438 
 1,475 
  263  
   52 
  308 
1,074 
   153 
  523 
  952 

1987
   896 
 1,210 
2,777 
4,225 
 1,592 
3,879 
3,840 
4,920 
8,040 
  n.a. 
 n.a. 
 n.a. 

1986
    55 
 2,214 
1,770 
8,610 
 1,328 
7,148 
2,193 
3,819 
5,138 
11,900 
3,705 
3,804 

1985 
 6,185 
   951 
6,821 
8,314 
 8,257 
4,077 
3,608 
4,742 
4,485 
 1,296 
3,533 
3,236 

1984 
17,321 
10,275 
7,629 
9,096 
10,109 
4,351 
1,205 
  158 
7,837 
 1,750 
  759 
3,536 

1983
  n.a.
  n.a.
 n.a.
4,603
 4,851
2,018
  264
  618
3,209
 2,160
3,008
1,375

----------------------------------------------------------------------------------------------------------------------------------------

Mean
 3,686 
 3,021 
3,487 
5,552 
 4,315 
3,060 
1,623 
2,035 
4,326 
 2,844 
1,777 
1,948 

Table C2.3.4 The lagoon and reef area, fishermen, number of trips, total landings (lbs), average landings (lbs) and landings/sq km for each state during 1990.

State

Lagoon
Number
Total
Total

Average
lbs/sq.km.



& Reef
of

Trips
Landings
Landings





sq.km.
Fishermen






----------------------------------------------------------------------------------------------------------------------------

Ngardmau
 47.3 
1

 3
  334 

113 

 7.1 


Pelelui

 35.5 
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 

 1.1 


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.





C2.4 WRASSE

THE RESOURCE
Species present: The humphead wrasse, Cheilinus undulatus is an important species in the Palauan reef fishery due to its relatively large size, and high price when sold live.

Distribution: Adults occur along steep outer reef slopes, channel slopes and to a lesser extent on lagoon reefs to a depths of from 2 to at least 60 m (Myers, 1989). They appear to be territorial, often occupying a favourite crevice or cave. 

Life History: Little information exists on growth and reproduction. Johannes (1981) reports that fishermen in Palau are not knowledgeable of the spawning habits of the species, although Tuamotua fishermen indicate that March may be a peak spawning time. Juveniles are associated with Acropora sp. coral thickets on reefs rich in corals. Adults tend to be solitary, or move in pairs. Main food items include crustacea, echinoderms (including the crown of thorns starfish), molluscs (Trochus sp., Turbo sp.) and reef fish. The large adults tend to be wary of spearfishermen. 

THE FISHERY
Utilisation: C. undulatus is a prized fish in Palau, important in local custom feasts and as a speciality dish in restaurants. It also has a high export value.

Marketing: At the peak of the live grouper export fishery, C. undulatus was also targeted for export (Kitalong and Oiterong, 1991e).

Production: In 1990, 1.5 tons of this species was confiscated from a foreign vessel operating at Helen's Reef. Table C2.4.1 presents available landings and prices data for the years 1985-1990 for landings at major fish markets on Koror. The data set for commercial landings by year is incomplete; purchase receipts for other fish markets have not been collected, and the amount of direct sales by fishermen to restaurants is not known.

Table C2.4.2 presents data available for the number of fishermen, effort (trips) and catch per trip for the fishery. Seasonal variation in catches is indicated in Table C2.4.3. April-August appear to be peak catching months. Production by state data is presented in Table C2.4.4. 

STATUS OF THE STOCKS

Kitalong and Oiterong (1991e) indicate that a combination of poisoning and excessive line fishing has resulted in localised extinctions in Palau, for example at Helen's Reef. SCUBA equipment has also been used in recent years by Palauan spearfishermen to increase their catch of the species, with great effect. The high export value of the species has resulted in considerable poaching by foreign vessels in the past, but case studies are poorly documented.

Anecdotal information from interviews with fishermen indicate that this species was commonly seen in groups of up to 75 individuals near channels around the barrier reef 5 years ago, especially around the time of full moon. Such large aggregations are reportedly not now seen.

Indications are that over the past 3 years the landings have steadily declined. The value of this species as an export that has led to illegal foreign fishing has the most damaging impact on this fishery.

The commercial landings of wrasse are low, however this prized fish is often not sold commercially but rather used for important customs in Palau.  Fishermen are asked specifically to catch large individuals for special occasions. The traditional value of the species justifies better management. Immature wrasse (Palauan = ngimer)  are regularly sold at the markets and considered good eating, but these immature fish should be protected as a safeguard against growth overfishing.

Fishermen have indicated that at certain times of the year, schools of C. undulatus pass along certain channels in the reefs, presumably travelling to specific locations to spawn.  When and where these schools pass should be documented and the schools protected. Fishermen have stated in interviews that the banning of scuba fishing would help protect the species in their "home" caves, as only very skilled spearfishermen can lure the fish

out of its cave without the use of scuba gear.

MANAGEMENT
Current Legislation/Policy regarding exploitation: No national or state laws exist regarding exploitation of this species.

Recommended Legislation/Policy regarding exploitation: The species is often targeted by fishermen for special custom feasts. There appears to be considerable benefit in customary control of the fishery. Small, immature fish often are sold at fish markets in Koror next to other reef fish. Possible management options include:

.
existing trochus sanctuaries should include C. undulatus as a protected species;

.
closed seasons to be set up at known spawning sites during the peak spawning months: location and timing of spawning aggregations should be documented;

.
banning the use of spearguns with SCUBA equipment;

.
continue surveillance of foreign fishing vessels for illegal catches of the species; and

.
ban the sale of immature specimens at commercial markets.

Table C2.4.1. Total Cheilinus undulatus landings by year. 

Year
Weight

Value
Average price:


(Lbs)

(Kg)
($)
per lb.
per kg.

-------------------------------------------------------------------------------------

1990
3,962 
a/
1,795 
2,639 
0.67 

1.47 

1989
  910 

  412 
  845 
0.93 

2.05 

1988
1,994 

  903 
1,553 
0.78 

1.72 

1987
1,742 

  789 
1,101 
0.63 

1.40 

1986
6,048 

2,740 
4,165 
0.69 

1.52 

1985
7,501 

3,398 
5,231 
0.70 

1.54 

1984
3,620 

1,640 
2,304 
0.64 

1.40 

1983
2,927 

1,326 
1,780 
0.61 

1.34 

1982
n.a.

n.a.
n.a.
n.a.

n.a.

1981
2,578 

1,168 
1,545 
0.60 

1.32 

1980
3,302 

1,496 
1,807 
0.55 

1.21 

1979
3,638 

1,648 
1,592 
0.44 

0.97 

1978
  957 

  434 
  335 
0.35 

0.77 

1977
  918 

  416 
  334 
0.36 

0.80 

1976
  817 

  370 
  260 
0.32 

0.70 

Source: PFFA landings 1976‑81, from Perron et.al., 1983. Oh's Market data for 1990, PFFA (1985‑1990) compiled by DMR.

a/ 1990 represents PFFA (907 lbs, valued at $806, =$0.89/lb) and confiscated foreign vessel catch from Helen's reef (3,055 lbs valued at $1,833 = $0.66/lb).




Table C2.4.2. Number of fishermen, trips and landings per trip for from PFFA landings data (1985‑1990). 1990 data also includes Oh's Market, Eptison Cold Storage and several restaurants.

Year
No. of

No. of
Landed
Value
Ave.
Ave.
Ave.


fishermen
trips
(lbs)
($)
lbs/trip
Kg/trip
$/trip

---------------------------------------------------------------------------------------------

1990
 7 

 16 
  907 
  806 
 57 
26 
50 

1989
14 

 17 
  910 
  845 
 54 
24 
50 

1988
12 

 27 
1,994 
1,553 
 74 
33 
58 

1987
14 

 17 
1,742 
1,101 
102 
46 
65 

1986
24 

115 
6,048 
4,165 
 53 
24 
36 

1985
15 

127 
7,501 
5,231 
 59 
27 
41 

1984
n.a.

n.a.
3,620 
2,304 
n.a.
56 
n.a.

Table C2.4.3. Seasonal landings of Cheilinus undulatus. Data from PFFA (1983‑1990) and Oh's Market (1990).

Year
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

-------------------------------------------------------------------------------------------------------------------------

1990
 86 
 58 
127 
  194 
   66 
 31 
3,058 
  0 
157 
 77 
  0 
108 

1989
 38 
 27 
 62 
  278 
    0 
169 
    0 
314 
  0 
  0 
  0 
 22 

1988
329 
201 
622 
  282 
    0 
 26 
  123 
226 
108 
 76 
  0 
  0 

1987
102 
  0 
199 
  237 
    0 
337 
   38 
 63 
760 
n.a.
n.a.
n.a.

1986
  0 
  0 
391 
  978 
  829 
910 
  945 
168 
302 
648 
583 
294 

1985
463 
434 
750 
1,592 
1,229 
631 
    0 
459 
 25 
326 
593 
 68 

1984
177 
 86 
476 
  299 
  255 
200 
  303 
228 
691 
330 
131 
444 

1983
n.a.
n.a.
n.a.
   92 
  606 
586 
   52 
320 
396 
537 
  0 
338 

Ave:
171 
115 
375 
  494 
  373 
361 
  565 
222 
305 
285 
187 
182 

Table C2.4.4. Fishery dynamics for Cheilinus undulatus fishery during 1990, by state.



Lagoon and
No. of

No. of
Total

Ave.

Productivity

State

reef (sq.km.)
fishermen
trips
landings
landings
lbs/sq.km.

---------------------------------------------------------------------------------------------------------------------------------

Ngatpang
 24.8 

1 

2 
   97 

48.5 

3.9

Pelelui

 35.5 

1 

2 
  105 

52.5 

3.0

Ngerchelong
497.0 

2 

3 
  245 

81.5 

0.5

Koror

619.2 

2 

6 
  383 

63.8 

0.6

Helen's Reef


>10

?
3,055 

?

C3. DEEP WATER FISHES (SNAPPERS)
THE RESOURCE
Species present: The deep-water fish resource in Palau is dominated by snappers (f. Lutjanidae), emperors (f. Lethrinidae) and Groupers (f. Serranidae). Dominant species in the Palau deep-water catch include Pristipomoides flavipinnis, P. auricilla, P zonatus, Aphareus furcatus, A. rutilans, Gnathodentex mossambicus, Etelis carbunculus, E. coruscans,  Lethrinus miniatus, L. variegatus, and various Epinephelus species.

Distribution: Deep water species are distributed throughout the tropical Indo-Pacific. Palau has a number of areas of suitable habitat and sea-mounts for deep water fishing, with 75 percent of the 250m depth contour lying within 70 m of the barrier reef (Taumaia and Crossland, 1980). Best areas lie off the North and North-east and South-West reefs. Details of species abundance in different areas are not available. Deep water snappers are to be found generally between 80-400 m depth in waters adjacent to the reef edge or on sea mounts and deep water plateau's. Taumaia and Cussack (1989) reported good catches of the valuable deep-water snapper E. carbunculus in depths as shallow as 150 m (80 fathoms). 

Life History: For most deep-water species, growth tends to be slow, and recruitment may be low, resulting in most stocks being highly susceptible to overfishing if high fishing pressure is sustained. All species are top level carnivores, usually 1-5 kg weight, although some species of serranid (groupers) reach 30-40 kg.

THE FISHERY
Utilisation: During the 1980's, Palauan fishermen active in this fishery generally fished in depths of less than 80m, using weighted monofilament handlines of 45-80 lbs (20-36 kg) breaking strain wound on pieces of bamboo for storage, with wire traces and a single hook as terminal gear (Taumaia and Crossland, 1981). A number of 10.6 m (35 ft) fibreglass displacement hull diesel vessels donated under Japanese grant-aid, operated by fishing co-operatives and managed by PFFA, are active in this fishery.  Many of the private and PFFA run boats landing their catch at PFFA and other markets in Koror utilise hydraulic or hand operated drop-line gear, but species composition of the catch landings at PFFA indicates that these vessels tend to target shallower water reef fish (Annex 2). The extent of the deep water fishery in Palau today is unclear from available data, but species composition of the landed catch indicates that little effort is specifically directed at the deep water fish resource. 

Marketing: Deep-water species, when caught, are stored, transported and marketed in much the same way as reef fish. PFFA paid an average $1.65 per kg for deep water species during 1991.

Production: Production figures for deep-water fishes are scarce. Available commercial landings data at PFFA indicate few true deep-water species are landed. Export data are not broken down to species or species groupings, and therefore it is not clear if these snappers are exported via another market.

STATUS OF THE STOCKS
Taumaia and Crossland (1980) undertook a survey of deep snapper fishing potential on reefs around Babelthuap Island, using deep-water Samoan-type hand-reels with standard 3 hook terminal gear. 11 trips resulted in 2,210 kg fish consisting of 50 species representing 9 families. 16 species of snapper (Lutjanidae) made up 53 per cent of the catch, with serranids (13.6 percent) and carangids (13.1 percent). Catch rates  were considered poor, and poor fish prices at that time made the development of the fishery not economic. In contrast, Taumaia and Cussack (1989), following on from Taumaia and Crossland's (1980) earlier visit, conclude that "extensive deep-bottom grounds holding substantial stocks of valuable species of snapper" exist in Palau which, in 1983, were "unexploited or under-exploited". These authors state that the existence of well organised fishermen's co-operatives, adequately equipped catching platforms, shore facilities and a large local market indicate viable development of fishing for deep-water snappers.

More recently, however, a six months survey was conducted by the SPC's Deep Sea Fisheries Development Project in 1987-88 (Chapman, 1988). Droplining was conducted on seamounts and deep hard-bottom up to 200 m deep. Catch rates were on average 1.84 kg/reel hour for droplining (2.0 kg/reel hour for trolling) for this survey, and 3.0-4.5 kg/reel hour on previous visits, with best catch rates occurring in the North and South areas of the barrier reef, with poorest catches around Koror. Again, these rates were considered low, and it was concluded that the deep-water snapper resources of Palau are limited. One significant finding was that deep-water species were caught in much shallower depths (down to 180 m) than is generally the case elsewhere in the Pacific, possibly due to bottom definition or temperature profiles, and it was thought that this may limit the available habitat for deep-water species in Palau. The catch of Etelis spp. was far less off the East coast compared with the West. A sunken reef between Angaur and Peleliu yielded the highest catch rate of 2.94 kg/reel hour and offers good potential, but currents in the area are strong. Overall, the survey assessed the deep-water snapper resources to be habitat-limited, and therefore of low development potential. Deep water fishing using droplining and vertical longline was not considered economic in Palau by the Project.

Apart from the visits of the SPC Deep Sea Fisheries Development Project, which have helped identify fishing grounds, demonstrate techniques to local fishermen, identified species composition of the resource and tested market acceptability of the saleable species, no formal assessment of the sustainability of deep-water resources have been undertaken. 

MANAGEMENT

Current Legislation/Policy regarding exploitation: No legislation exists specifically in regard to the deep-water bottom fishery. Current government policy to increase off-shore fishing in order to reduce pressure on near-shore, shallow water stocks may increase pressure in future, resulting in necessary management inputs.  

Recommended Legislation/Policy regarding exploitation: None appears required at present. An initial assessment of available fishing area, and potential yield using length frequency and catch-per-unit-effort data to estimate fishery parameters, allowing calculation of equilibrium yields from total biomass models, such as those proposed by Polovina (1987) would be useful in planning for the exploitation of this resource.

Chapman (1988) recommends further fishing surveys to determine deep-water snapper fishing potential in Palau.


D. REPTILES

D1. TURTLES

THE RESOURCE
Species present: Hawksbill, Eretmochelys imbricata, green Chelonia mydas, olive ridley Lepidochelys olivacea, and possibly, but much more rarely, leatherback, Dermochelys coriacea sea turtles are found in the waters of Palau, but only the first two occur in any significant numbers, and only hawksbill are known to regularly nest North of Anguar Island (Milliken and Tokunaga, 1987; Maragos, in press). Most material published on Palauan turtles concerns the hawksbill turtle.

Distribution: Groombridge (1982) states that in Palau, hawksbills occur in relative abundance, with nesting reported on many islands, but notes that predation probably occurs for 80 percent of the nests. Diffuse year-round nesting is reported on Ngaruangl, Kayangel, Garukoru, and the Ngarekeklau Islands, North of the main island of Babelthuap, and also on many of the rock islands South of Koror, including Ulong, Ngemelis, Eil Malk, Peleliu and Angaur Islands.

The major nesting area is the Ngerukewid Islands (or Seventy Islands), which constitutes Palau's only protected area for turtles, and near-by small islets.   

Life History: Many life history details are lacking for all turtle species. Main biological characteristics include slow growth, high natural mortality of the young, and an apparent compulsion to return to well established nesting sites. Nesting is reported to occur throughout the year in Palau, with peaks between July-August for greens and May-September for hawksbills. Gestation period is around 60-70 days, with mean clutch sizes of around 100 eggs.

The primary nesting sites for C. mydas are Merir and Helen's Reef. Some nesting also occurs on Tobi, Sonsorol and Pulo Anna. Nesting is sporadic and year-round. No recent data regarding nesting numbers are available. E. imbricata nests on small beaches in the Seventy Islands area of the Rock Islands and occasionally on Ulong, Nelangas, Ngebedangel, Unkaseri and Bablomekang. Few data on nesting numbers are available, but Maragos (1991) reports the Palau population of nesting hawksbills to be the largest in Oceania North of the equator. Peak nesting occurs July-August, and sporadically all year. The extensive Palau lagoon appears to be a major foraging area.

In the Pacific, hawksbills are considered the least migratory species, whereas greens are highly migratory (Vaughn, 1980).

THE FISHERY:
Utilisation: Turtles are caught using spears from a canoe or spearguns, often with SCUBA gear. Some fall prey to gill nets. Sea turtles were important in traditional Palauan culture as sources of food (meat and eggs). Marriage bowls, known as 'womens' money' or 'toluk' are made out of turtle shell and represent the private property and wealth of the woman. Commercial exploitation and export of shell occurred during the German and Japanese periods of occupation. Some local craftsmen still produce toluk; small ones for the tourist trade and larger ones for custom use. However, the main exploitation of sea turtles today remains the collection of eggs. The meat of C. mydas is particularly popular in Palau. The meat of E. imbricata was once considered taboo to all except old women to eat. Prior to 1971, the shell of hawksbill formed the basis of an important traditional carving industry for fish hooks, combs, spoons, cups and ornaments. Today this trade has largely died out, only a few artisans produce curios for sale to tourists.

It is estimated that 90 percent of all nests are currently raided by illegal egg collectors (Milliken and Tokunaga, 1987). 

Marketing: The main market for turtle shell has traditionally been Japan, where hawksbill shell ('bekko') is in high demand. Japan holds a reservation on hawksbill under CITES, and imports around 30 tonnes per year from sources word-wide.

In Palau, turtle meat continues to be consumed at the subsistence level, but few data on volume are available. Hawksbill and green turtle products cannot be legally sold; hawksbill turtle is listed as endangered under the Endangered Species Act and cannot be legally harvested at all. Green turtle is listed as threatened and can therefore only be harvested for subsistence or custom use. 

Although illegal under the US Endangered Species Act, smuggling of turtle products from Palau does occur by US, Japanese and other tourists.

Production: The level of exploitation of the adult turtle stock for food is unknown, although poaching of nests and meat consumption are known to be high. Palau has been covered by the USA ratification of CITES since 14 January 1974. CITES Annual Reports record very few illegal imports of turtle shell from Palau.

STATUS OF THE STOCKS
Sea turtles are generally declining throughout the world, primarily due to over-exploitation for food, habitat destruction, and entanglement with fishing nets and other debris (Groombridge, 1982). The IUCN lists five of the seven species of sea turtle as endangered (including the hawksbill) and another as 'vulnerable'. All species are on Appendix I of the Convention on International Trade in Endangered Species of wild fauna and flora (CITES), which prohibits any commercial trade.

Available information indicates that hawksbills are declining in Palau. Maragos (1991) reports that nesting activity has declined to half its former level due to chronic egg poaching (over 75% nests destroyed), hunting of adults, tourism and recreation activities in the rock islands disturbs nesting sites,and all remaining eggs are taken by the head-start programme.  MMDC turtle project staff have estimated the total number of nests for the whole archipelago at between 120-180 nests per year, with over 50 percent occurring in the Ngerukewid Island Reserve.

Table D1.1 presents nesting information for hawksbills in the Rock Islands. According to Sone (1989), on average 71 percent of nests were raided by poachers between 1982 and 1988. Nesting periodicity data are given in Table D1.2. No seasonal trends are apparent. Table D1.3 provides information on hawksbill nesting sites by area. The Seventies Islands (in the Rock Islands Group), Kmekumel and Omekang are the three most important nesting areas.

Current Legislation/Policy regarding exploitation: Sea turtles are protected under Title 24 (Environmental protection), chapter 12 (protected sea life) subchapter I: Turtles, of the Palau National Code, which are summarised below:

.
No hawksbill shall be killed on shore, or their eggs taken;

.
turtles caught and killed at sea must be greater than 27 inches carapace length in the case of hawksbills, and 34 inches carapace length for green turtles;

.
no sea turtle of any size may be taken or killed between June 1st and August 31st, nor between 1st December and 31st January, inclusive;

.
notwithstanding the above, taking of sea turtle and their eggs is only allowed for scientific purposes when authorised by the President;

.
violators of these provisions face six months in jail or fines not more than $100, or both.    

One major nesting site, the Ngerukewid Islands, is a designated nature reserve. The USA Endangered Species Act apparently applies to Palau, but a special exemption allows subsistence take of C. mydas. E. imbricata is totally protected, being listed as endangered. C. mydas is listed as threatened and may be taken by residents only, and "if such taking is customary, traditional and necessary for sustenance of such resident and his family". The sale of all turtle products is prohibited under the Act.

Recommended Legislation/Policy regarding exploitation: Currently, enforcement of the existing law is weak. The advent of powered boats in recent years has facilitated wide-spread raids on nesting sites by egg collectors throughout the archipelago, including the Ngerukewid islands, where technically no unauthorised boat is allowed entry. 

The Sea Turtle Project, set up in 1982 within the MMDC, aims to supplement the adult population of hawksbills by increasing hatchling survival rates through a 'head-start' programme, whereby hawksbill eggs are transplanted from nesting sites to MMDC and incubated, the hatchlings kept in water tanks for 6-12 months, then tagged and released to the wild. Facilitating a viable ranching capability for hawksbills within the country is a long-term goal. Maragos (1991) however reports that headstarting has not demonstrated any success in enhancing wild populations, despite 2,400 juveniles released between 1982-1990, only 2 tagged turtles have been reported re-captured.

Maragos (1991) suggests the following measures to reverse the current trend towards extinction of the Palauan hawksbill population:

.
immediate curtailment of the head-start programme (this was done in July, 1991);

.
establish resident enforcement presence on nesting beaches;

.
disguise or hide nests to reduce poaching;

.
institute data collection and tagging studies at nesting sites;

.
regulate construction, recreation and tourist activity near nesting sites;

.
incorporate the above in a reserve programme for the Rock Islands, with increased public education of turtles and training of national staff in turtle conservation.

Continuation of existing turtle conservation programmes and expansion of protected nested areas, plus improved protection of the existing protected nesting sites and enforcement of laws protecting wild adults, is highly recommended.

Table D1.1. Yearly hawksbill turtle nest site survey results, Rock Islands.

Year
No. boat
No. nests
No. nests
% lost to
No. eggs


trips

found

with eggs
poachers
collected

----------------------------------------------------------------------------------------------------------

1988
 52 

 56 

 14 

75 

 1,858 

1987
 53 

 76 

 28 

63 

 3,461 

1986
 39 

 54 

 17 

69 

 2,189 

1985
 74 

 57 

 10 

82 

   994 

1984
 25 

 71 

 17 

76 

 2,031 

1983
 32 

 81 

 21 

74 

 1,840 

1982
 23 

 56 

 23 

59 

 1,491 

----------------------------------------------------------------------------------------------------------

Tot:
298 

451 

130 

71 

13,864 

Source: Sone (1989).




Table D1.2. Monthly number of hawksbill turtle nests found, 1982‑1988.


Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Tot

----------------------------------------------------------------------------------------------------------------------------------------------------

1988
 8 
 3 
 2 
 6 
 4 
15 
 8 
 9 
 0 
 1 
 ‑
 ‑    
 56 

1987
 4 
 7 
 6 
10 
 3 
 2 
 5 
 1 
12 
 2 
 3 
21    
 76 

1986
 1 
 3 
 1 
 3 
10 
12 
 6 
 3 
 3 
 1 
 3 
 8    
 54 

1985
 9 
 6 
 2 
 1 
 8 
 9 
 6 
 7 
 2 
 5 
 ‑
 2    
 57 

1984
 5 
 8 
 3 
 6 
 7 
 9 
 6 
 6 
 4 
 4 
 7 
 6    
 71 

1983
12 
 1 
 7 
 6 
 4 
 5 
10 
11 
 3 
 9 
 7 
 6    
 81 

1982
‑
 3 
 6 
 9 
 3 
10 
 1 
 7 
 9 
 3 
 3 
 2    
 56 

--------------------------------------------------------------------------------------------------------------------------------------------------

Tot:
39 
31 
27 
41 
39 
62 
42 
44 
33 
25 
23 
45   
451 

--------------------------------------------------------------------------------------------------------------------------------------------------

Source: Sone (1989).

Table D1.3. Yearly number of nests found, by location, 1982‑1988.

Location
'82
'83
'84
'85
'86
'87
'88
Total

------------------------------------------------------------------------------------------------------------------------

Ngebedangel
 3 
 2 
 1 
 5 
 0 
 2 
 0 
 13 

Biduul

 0 
 1 
 0 
 0 
 1 
 4 
 0 
  6 

Ulong

 0 
 5 
 5 
 0 
 0 
 4 
 0 
 14 

Kmekumel
10 
13 
 8 
 8 
11 
30 
17 
 97 

'70' Islands
23 
22 
18 
14 
15 
15 
18 
125 

Iyuuch

 0 
 0 
 0 
 0 
 0 
 3 
 7 
 10 

Omekang
 8 
 9 
 7 
15 
 9 
 1 
 5 
 54 

Kisaks

 0 
 0 
 0 
 0 
 0 
 0 
 0 
  0 

Ngeremdiu
 0 
 0 
 1 
 4 
 0 
 2 
 0 
  7 

Breu

 0 
 7 
 0 
 0 
 6 
 4 
 0 
 17 

Ngkesiil
 3 
 6 
 3 
 2 
 5 
 6 
 6 
 31 

Ngeremeyaus
 0 
 0 
 0 
 1 
 2 
 1 
 2 
  6 

Moir

 0 
 0 
 0 
 3 
 0 
 0 
 0 
  3 

Ngeruwauch
 2 
 0 
 0 
 1 
 2 
 2 
 0 
  7 

Oiyars

 0 
 0 
 0 
 0 
 3 
 0 
 0 
  3 

Suuch

 1 
 1 
 0 
 4 
 0 
 1 
 0 
  7 

Others

 ‑
 1 
 ‑
 ‑
 ‑
 1 
 1 
  3 

Not recorded
 6 
14 
28 
 ‑
 ‑
 ‑
 ‑
 48 

---------------------------------------------------------------------------------------------------------------

Total:

56 
81 
71 
57 
54 
76 
56 
451 

---------------------------------------------------------------------------------------------------------------

Data from Sone, 1989.








D2. CROCODILES
THE RESOURCE

Species present: A single species of crocodile, Crocodylus porosus, occurs in Palau (Messel and King, 1991), although Kimura (1968) reports two other species from the islands, but these were likely mis-identified.

Distribution: The saltwater crocodile occurs from the Southern tip of India eastward to the Banks Islands in Vanuatu. As a result of heavy and sustained hunting throughout Palau since the post-war years, the number of crocodiles in Palau has been severely reduced. During a recent survey, Messel and King (1991) surveyed 112 km of waterways throughout the Republic that were considered to provide suitable habitat for C. porosus. Only 42 animals were sighted, 17 of which were spotted on Belilou Island, and 17 in Ngerdok Lake (see Figures D2.1 and D2.2). It is evident that the crocodile population, although widely distributed over the islands, is at an acutely low density.

THE FISHERY:
Utilisation: Messel and King (1991) give an account of the history of crocodile exploitation in Palau. First reports of crocodile capture date from between 1898 and 1905. Individuals were between 2 and 3 feet in length (Motoda, 1937; 1938). 54 crocodiles were caught between 1915 and 1936. Information on crocodile exploitation is lacking from 1947 (when Palau became a Trust Territory of the US) and 1958. In 1965, a local fisherman was killed by a 12 feet 7 inch (3.83 m) crocodile on Koror, which resulted in public hatred for the wild crocodile population, and concerted hunting and systematic eradication of the resource commenced. In 1968, a Bill was introduced in the Congress of Micronesia providing a bounty for the killing of crocodiles, which were considered as a public menace. Between 1967 and 1968 a survey was carried out by commercial crocodile shooters to determine the viability of a crocodile fishery, but only 23 crocodiles were sighted, which did not indicate a viable fishery.

In 1969, the Government of Palau, under US Administration, granted exclusive rights  for three years to an Australian big-game association to hunt crocodiles and sell the skins and remains. This enterprise failed after only two months, having shot only 85 animals, presumably due to the very low numbers of crocodiles available for exploitation. A local hunter active in 1972 reportedly shot almost 200 animals, but this enterprise also ceased. Other commercial ventures exploiting wild crocodiles in Palau have all failed.

Marketing: Crocodile skin is in demand for high value leather products. East asian markets, particularly Japan, are major buyers. Crocodile skin can not be sold in Europe because of CITES regulations. C. porosus has the most valuable hide of any crocodile on the market, which is why Japan and Singapore took reservations on the species under CITES. Lobbying by conservation groups resulted in Japan removing its reservation in November 1989, and Singapore is reportedly going to follow suit. However, many lucrative markets currently exist for wild caught skins.  

Production: Other than the anecdotal figures given above, no production figures are available for Palau. Under US law (Endangered Species Act), it is illegal to sell the skin or remains of wild crocodiles. However, Anonymous (1991) reports that 212 lbs of crocodile was exported during 1990 (from the flight manifest of a commercial air carrier which carries marine exports, Continental Air Micronesia Airlines).

One crocodile farm currently exists on Koror, containing around 41 animals ranging from 3 to 11 feet in length. All these animals were collected in the past few years, and probably represent the largest collection of native C. porosus in the country. However, as the farm does not have a US Fish and Wildlife Service permit, these animals are being held illegally.

One other much smaller farm is operated on Babelthuap Island, and other enclosures containing one or two animals are reported. The use to which these captive animals are put is not clear.

STATUS OF THE STOCKS
According to Messel and King (1991), Crocodylus porosus is nearing extinction in Palau due to the past policy of the US Administration, supported by Palauan conservation officials, to eradicate crocodiles which have been traditionally viewed by the general populace as vermin and a threat to humans. A total of only 42 individual crocodiles were sighted in 112.4 km of waterways surveyed. The authors considered that around 75 percent of all inland waterways that provide a habitat suitable for crocodiles, and around 50 percent of the coast, were covered during the survey. Only two very small populations of crocodile remain in the country, one on Belilou Island, and the other at Ngerdok Lake, each comprising around 17 animals. No other viable crocodile populations are believed to exist in Palau. On the basis of this survey, the authors calculate that the total crocodile resource numbers less than 150 individuals. 

There is no reliable data concerning crocodile numbers in previous years. No population studies have been undertaken prior to 1991, and crocodiles skin export statistics have not been maintained over the years, but anecdotal information indicates that the population may have been in excess of 1,500 animals in all size classes in past years.

MANAGEMENT
Current Legislation/Policy regarding exploitation: During the German administration of Palau (1899-1914) crocodiles were protected in some areas, and were relatively untouched until around the mid-1940's. It is believed that a crocodile attack on Koror in 1965 resulted in a wide-spread hatred of the species, and intense hunting of the resource ensued. US administration of Palau, by the Office of the Territorial and International Affairs, US Department of the Interior, instituted a policy of crocodile eradication during the 1960's and 1970's. The present Palau Government does not operate a programme to remove crocodiles which pose a threat to human life, but at least one local hunter catches such animals when they are reported, and places them alive in the farm on Koror.

Under US law, C. porosus is protected under the US Endangered Species Act of 1973, sections 2(c), 3(12), 6(f) and 7, all of which provide for the protection of endangered species. C. porosus was listed as an endangered species in December 1979. However, there appears to be no strict adherence to US law protecting crocodiles in Palau at present. No specific law exists under the Palau National Code for the protection of crocodiles in Palau.

Recommended Legislation/Policy regarding exploitation: Messel and King (1991) conclude that unless urgent measures are put in place to protect the species, C. porosus will soon become extinct in the wild in Palau, and its range will be further diminished. Ranching is not viable, due to the already very low numbers of wild crocodiles. 

Recommended management options for the protection of the crocodile resource in Palau include:

.
retention of wild crocodiles on Appendix I of CITES and the US Endangered Species Act;

.
an immediate total export ban on skins until wild populations recover, and/or crocodile farms become productive and registered with CITES Secretariat;

.
national and state governments consider banning the killing and taking of wild crocodiles, except where they present a danger;

.
the government to institute setting up of crocodile reserves for on-growing young animals, and licensing trappers to take large animals for breeding on farms;

.
US Fish and Wildlife Service and Palau Bureau of Resources and Development work together to seize crocodiles currently held in small farms and place in a single, large licensed one;

.
licence the only existing large, private farm to receive crocodiles from licensed trappers in order to expand the 'gene bank' of captive crocodiles in Palau, for commercial and conservation propagation. A single large farm would have more potential to reach economic viability;

.
US Fish and Wildlife Service should assist with setting up additional captive breeding farms, stocked with animals procured overseas;

.
Palauan authorities should encourage wildlife tourism based on boat tours of scenic waterways with small and large crocodiles;

.
Establishment of crocodile reserves on Babelthuap, West coast and Southern waterways;

.
government should increase public awareness and crocodile conservation material to schools, rural areas, etc.; and

.
status of C. porosus to be monitored and evaluated once every three years.   

Figure D.2.1. Waterways surveyed for crocodiles in Belilou and the Rock Islands (after Messel and King, 1991).

Figure D.2.2. Waterways surveyed for crocodiles in Babeldaob and the vicinity of Koror (after Messel and King, 1991).


E. OTHER RESOURCES

E1. DUGONGS

THE RESOURCE
Species present: A single species, Dugong dugon, is found in Palau.

Distribution: The species occupies an important position in shallow-water ecosystems along the subtropical and tropical coasts of the Indian and Western Pacific Oceans (Heinsohn et. al., 1977; Nishiwaki and Marsh, 1985). They inhabit sheltered shallow bays and channels, and feed extensively on sea grass growing to a depth of up to 30 m below low-water datum. 

A small, isolated population occurs in Palau. Aerial surveys carried out in 1977, 1978, 1983 and 1991 indicate that the population is small and its distribution has remained constant. Animals were observed throughout the archipelago, but with relatively few individuals South of Malakal Harbour.

Life History: D. dugon is the only herbivorous mammal species that is strictly marine, and the only living representative of a highly specialised group of marine mammals (f. Dugongidae; order Sirenia).  Man is the only major predator, and due to hunting and habitat destruction, the species is rare or endangered over most of its range. Reproductive and recruitment rates are poorly known for this species in the Pacific. Marsh et. al. (1984) estimate that the dugong mature around 10 years of age, and produce one calf every three years. Studies in Australia have investigated the trophic interaction of dugongs as primary herbivores with their environment. 

THE FISHERY:
Utilisation: The species is listed by the International Union for the Conservation of Nature (IUCN) as vulnerable, and it is severely depleted or extinct from much of its original range (Nishiwaki and Marsh, 1985). Hunting of dugongs for food in Palau has taken place for many years; traditionally hunting was carried out with heavy spears (Kramer In: Johannes, 1981). Rathbun et. al. (1988) cite the use of turtle spears, firearms and dynamite. Animals killed have presumably been for domestic consumption. Interviews with local people indicate that poaching, usually at night during full-moon, is an on-going problem.

Production: No detailed production figures for the subsistence fishery are available.

STATUS OF THE STOCKS
The first aerial surveys of dugongs in Palau were carried out by Brownell et. al. (1981) in 1977 and 1978. The population was estimated to total around 50 animals, which was considered to be too small to sustain continued poaching. 

Rathbun et. al. (1988) describe the results of an aerial survey carried out in 1983 to assess the dugong's status and distribution. Suitable dugong habitat was estimated at 1,380 sq.km within the country, with very rich sea grass beds; the dugong population therefore appears not to be resource limited. The 1983 survey spotted a maximum of 7.5 animals per flight hour over the entire archipelago, with lowest counts recorded over the Southern areas and highest along the Western side of Babelthuap Island. These figures indicate a very low population level in Palau as compared with Australian populations of the species where up to 150 animals per flight hour have been recorded under similar survey conditions, indicating that the dugong resource in Palau is small, a result confirmed by another survey carried out in 1991.

Current Legislation/Policy regarding exploitation: The species is protected in Palau under Title 24 (Environmental Protection), chapter 12 (Protected Sea Life), subchapter IV: Conservation of Dugongs in the Palau National Code, and is also listed as endangered on the IUCN list. Current Palauan National Code law is summarised below:

.
No person shall kill, trap, capture, wound, possess, transport, restrain or otherwise have under his control any dugong or part or product thereof, except in the case where special approval is given by the President;

.
Any dugong accidentally caught must be immediately returned alive; if dead, it must be reported to the state chief executive officer, who may then release it to the finder;

.
violators of existing law face imprisonment for not more than 6 months,or a fine of not more than $50, or both. 

Recommended Legislation/Policy regarding exploitation: Small isolated populations of animals such as the dugong, which has low fecundity and slow reproductive rates are very susceptible to extinction through over-exploitation. The Palauan dugong population is subject to persistent poaching. Members of the IUCN Sirenia Specialist Group who visited Palau in 1991 believe that unless the law is enforced, the species faces extinction in Palau.

Long-term monitoring of population numbers and mortality levels in Palau, coupled with a public education and awareness exercise on dugong conservation, and a reduction in the level of human exploitation are necessary for preservation of the native population (Rathbun et. al., 1988). Enforcement of existing legislation must be a priority.

E2. SEA CUCUMBERS (BECHE-DE-MER)
THE RESOURCE
Species present: Of the approximately 1,200 extant species of holothurians (sea-cucumber, beche-de-mer or trepang) distributed word-wide, around 12 are fished for human consumption (Conand, 1988). Ilek (1991) lists the following sea-cucumbers as being commercially important in Palau:

Holothuria (Microthele) nobilis 

- black teatfish

Holothuria (Microthele) fuscogilva 
- white teatfish [check this]

Actinopyga sp. 



- blackfish

A. mauritiania 



- surf redfish

Thelenota ananus 



- prickly redfish

Holothuria scraba 



- sandfish

Distribution: Baseline data on abundance and distribution is very scarce, but sea-cucumbers are generally found throughout Palau's reefs. Figure E2.1 shows reef areas where sea-cucumbers are frequently collected for export. 

Life History: There is a paucity of information regarding growth, mortality and recruitment for all species. Growth is particularly difficult to determine in holothuria. The study of Conand (1988) on sea-cucumbers in New Caledonia shows that sexes are separate and spawning is seasonal, occurring in the cooler months. H. nobilis attains sexual maturity at around 600 g wet weight for 50 percent of the population. Size at first maturity for other species is apparently highly variable.

THE FISHERY
Utilisation: Commercial fishing for sea-cucumbers has been active since the 1930's (Ilek, 1991). The commercial fishery today is carried out by relatively few small-scale artisanal fishermen. Interviews indicate that a cucumber fisherman, with a crew of 2-3 men, works on average 25 days per month, depending on weather conditions, during which time between 1-2.5 tons of sea cucumber are collected (between 400-500 animals per day). The following reefs are major collection sites: Tkulchomelochel, Ngeremdiu, Ngederrak, Ngeskesau, Ngerchong, Ngerecheu, Uchelbeluu, Ngiwal, Melekeok, Ngerchelong and Kayangel reefs. The fishermen usually process the catch themselves. Collection methods have not been documented, but are presumably free diving, wading on reef flats and the use of weighted spears on lines in deep lagoon areas.

Processing involves gutting, boiling and finally drying. Studies in other Pacific countries indicate that final dried weight is around 7 percent of live weight (Crean, 1977). If processed properly, dried sea-cucumber has long storage life, and can be kept in sacks, with adequate ventilation and kept dry and out of direct sunlight.

A. miliaris is a popular species in Palau; animals are cleansed, cut transversely and pickled for subsistence consumption, or sold on local markets by the bag, mostly by women for extra income. Bohadschia argus is also important for subsistence use; only the gonads, polian vesicles and the yellow 'noodles' (extruded organs of cuvieri) are eaten. Holothuria scabra is also a popular subsistence food, and occasionally appears in markets.

1986 total production was 6,522 lbs of dried product, principally Holothuria scraba and Thelenota ananas. Preliminary results from a DMR questionnaire survey of fishermen active in this fishery indicate that during 1991, on average 20,000 animals (equivalent to 5,000 lbs of finished product) are being collected every 25 days. The fishery is therefore considerable at present and comprehensive export figures are urgently needed. 

Marketing: All commercial production is exported to South-east Asian buyers, predominantly Hongkong and Singapore. Taiwan and Malaysia are also important. These countries also re-export to mainland China (van Eys, 1990). The Chinese consider sea-cucumbers as a culinary delicacy; consequently markets exist wherever there are large Chinese populations. Australia and America are increasingly important markets.  Ilek (1991) presents price range data for the 5 most valuable species present in Palau, as detailed below:

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.

Production: Detailed production figures for this fishery have not been collected on a regular basis. Air cargo export data for Continental Air Micronesia for January-November (excluding September) 1990 indicates around 4,680 pounds (2,127 kg) of sea cucumber were exported.

STATUS OF THE STOCKS
According to Ilek (1991), fishing pressure on sea-cucumber stocks has increased considerably over the past decade as fishermen enter the fishery to produce dried product for export, resulting in a general decline in abundance of the commercially valuable species. Subsistence fishing especially on Koror and Airai reefs is also considerable.

A two day transect survey conducted in May 1977 at Helen Reef resulted in 337 sea-cucumbers found in 15.8 km of transects, principally Holothuria sp. (71 percent), and T. ananus (28 percent). The total standing population based on this survey was estimated to be 11,500-31,500 animals (Patris and McHugh, 1977). 

A recent survey into sea-cucumber stock abundance using quadrat techniques along transect lines indicated generally low resource abundance in Koror and Airai, but this work was carried out on the main collection areas mentioned above, and was of short duration (Ilek, 1991). Highest population densities were recorded for Thelenota ananas in a protected reserve (Ulong Channel). Interviews with local fishermen active in the fishery in 1991 indicate that the relative abundance of sea-cucumbers is as follows, in decreasing order of abundance: Holothuria nobilis, Thelenota ananas, H. fuscogilva,   Actinopyga miliaris, Holothuria scraba and Actinopyga mauritiana. 

The University of Guam Marine Laboratory and Palau's Marine Resource Division are currently conducting a collaborative study on the abundance and distribution of the more important species of sea cucumber in the Republic.

Future prospects for viable small-scale commercial fisheries based on sea-cucumbers exported to South-east Asia from Pacific Island states are promising (van Eys, 1990). 

MANAGEMENT
Current Legislation/Policy regarding exploitation: No legislation is currently in force for the sea-cucumber fishery. Anecdotal information indicates that customary practises at the village level may in some areas conserve sea-cucumber stocks. Ilek (1991) suggests management of the sea-cucumber fishery based on marine tenure systems would require support of state or national law in order to be effective. 

Recommended Legislation/Policy regarding exploitation: Lack of available information on the population dynamics and existing fishery makes it difficult to establish management requirements. Baseline data on catch rates, areas of production, species and size composition of the catch, and fishing effort is required, especially for the areas of known high exploitation. The compilation of export statistics for past years by local buyers from shipping and airline company manifests would be a useful starting point.

Figure E2.1. Important reef areas for the collection of sea-cucumber.

E3. SEAWEEDS
THE RESOURCE
Species present: Palau has a relatively rich and diverse marine flora. Seaweeds collected by DMR staff during 1990 and 1991 included the following major species:

Halimeda discoidea,
Halimeda lacunalis

H. simulans

Cladophoropsis vaucheriaeformis

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

Avrainvillea lacerata
Valonia ventricosa

Rhipilia orientalis
Peyssonnelia obscura

Gelidiopsis sp.
Cholorodesmis fastigiata

Gelidium pusillum
Dictyosphaeria versluysii

Liagora clavata
Amphiroa fragilissima

Champia sp.

Ceramium mazatlanense

Caulerpa sp.

Polysiphonia scopulorum

Caulacanthus okamurae
Distribution: Presumably generally widespread. The above species were collected from Ngerngesang reef flats, Ngchesar Passage, Ngetngod inner reef, Todai reef and Jellyfish Lake (DMR unpublished data).

THE FISHERY
Utilisation: The major commercial use of seaweed in the region is for phycocolloids for the production of agar and carrageenin, which are used in the food, cosmetic, medicinal and other industries. Major culture areas are Taiwan, Philippines and Fiji. Harvested weed is sun-dried, compressed and baled, and then shipped for processing overseas. A number of FFA member countries (eg. Kiribati, Solomon Islands) are attempting to develop small-scale commercial seaweed farms, with mixed success.

Marketing: Prices paid for food-grade agar to Japan from 1984-1986 were $10-21 per kg (Armisen and Galatas (1987).

Production: No commercial fishery currently exists for seaweeds in Palau. Subsistence uses are not documented. 

E4. SPONGES
THE RESOURCE
Species present: Species of the genera Hippospongia and Spongia are the main commercial species. Bakus (1990) lists the following species from Palau:

Asteropus sarassinorum
Bysidea herbacea

Xestospongia pacifica
Dysidea sp.

Cinachyra sp.

Stylotella aurantium

Neofibularia sp.

Axinella sp.

Hyrtios sp.


Jasplakina nux

Distribution: There are more than 5,000 species of sponge world-wide, of which only around 15 have some commercial value (Josupeit, 1990). They grow in a wide variety of habitats, from 0-30 m. Field sampling of sponges was carried out on West and South reefs around Babelthuap, and Peleliu during 1990, which indicated a rich and diverse sponge fauna (Bakus, 1990).

Life History: Cultured sponges can grow to marketable size in 18-24 months even under the poorest conditions. Work is requires to refine culture techniques, and growth studies for varying habitats (Uwate et. al., 1984). Sponges are non-motile, filter-feeding invertebrates with high regenerative capability, hence they can be cultured from small cuttings.

THE FISHERY
Utilisation: Sponges are generally collected by diving, either free or using SCUBA. Collected sponges are left to die, then returned to seawater in order to remove the outer pellicle (skin) easily. The sponge is then beaten, bleached and dried. The end product is light in weight, high in value and non-perishable. The Caribbean and Mediterranean are major producing areas of natural sponges. Main markets are in the US and Europe. Prices paid depend on the diameter of the sponge, large (>15cm) sponges sold for around $21.20 in 1988 in France. 

No commercial fishery for sponges exists in Palau. Subsistence uses, if any, are not documented. A proposal to initiate a sponge-clam integrated farming project was submitted to MMDC in 1990. Objectives were to locate existing stocks of bath sponge, Spongia officinalis, in Palau, train Palauans in cutting and culturing techniques, establish a demonstration farm on the sea-bed off MMDC, and to determine the feasibility of sponge-clam farming in Palau. Palau seems ideally placed, with the presence of considerable in-country expertise in mariculture, to undertake sponge culture.

Marketing: Japanese scientists initiated the culture of bath sponges 50 years ago in Micronesia, but the advent of the war prevented commercial operations (Smith, 1988). By 1984, sponge culture was being considered in Pohnpei, Truk, Marshalls and Palau (Uwate et.al., 1984). Japanese interests conducted extensive sponge culture in Palau in 1935 using local stocks of S. officinalis, using a vertical floating line method, which produced marketable sized sponges in 18-24 months. However, few records of this work exist (Cahn, 1948). The enterprise ceased at the outbreak of the Pacific war, and was not re-vitalised.

Recent disease outbreaks in the Mediterranean has lead to a short-fall of supply to the European market. Japan and the USA appear well supplied at present (Josupeit, 1990).

Production: None at the present time.

STATUS OF THE STOCKS
There is no commercial harvesting of sponge in Palau. The sponge resource can therefore be considered virgin.

MANAGEMENT
Current Legislation/Policy regarding exploitation: The harvesting of sponges is controlled in Palau under Title 24: Environmental Protection, chapter 12: Protected Sea Life, subchapter II: control of sponge harvesting in the Palau National Code:

.
no artificially planted or cultivated sponges may be taken except by permission of the President;

.
violators fines of up to $100 and/or 6 months in jail.

Recommended Legislation/Policy regarding exploitation: None is required for the wild stock, as it is not exploited at present.
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ANNEX 1 - list of Palauan, scientific and common names for important marine resources. Further Palauan names are presented in Helfman and Randall (1973). Scientific names are based on Myers (1989).

Palauan Name
Scientific Name


Common name

___________________________________________________________________

ngasch

Eretmochelys imbricata

hawksbill turtle

melob

Chelonia mydas


green turtle

ius


Crocodylus porosus


crocodile

otkang

Tridacna gigas


giant clam

kism


T. derasa



Southern clam

oruer


T. crocea



boring clam

ribkungel

T.squamosa



fluted clam

melibes

T. maxima



small giant clam

duadeb

Hippopus hippopus


strawberry clam

yiud


Crassostrea echinata

oyster

ngduul

Anodontia edulenta


mangrove clam

raiklius

Panulirus longipes 


spiny lobster




femoristriga

bleyached

Panulirus versicolor


spiny lobster

melech

Panulirus penicillatus

spiny lobster

emang

Scylla serrata


mangrove crab

ketat


Birgus latro



coconut crab

rekung kakum
Cardisoma hirtipes


land crab

rekung el daob
Cardisoma carnifex


land crab

semum

Trochus niloticus


trochus

bukitang






octopus

erechur

Macrobrachium rosenbergii
freshwater prawn




M. lar

bakelungal

Holothuria (Microthele) nobilis
black teatfish

bakelungal

H. fuscogilva 


white teatfish

temtaml

Thelenota ananus 


prickly redfish

bad el eled

Actinopyga mauritiania 

surf redfish

Palauan Name
Scientific Name


Common name

___________________________________________________________________

kliklechol

Terapon jarbua


crescent-banded grunter




T. oxyrhynchus

derringel

Lutjanus fulviflamma

kedesau

L. bohar



red snapper

kedesau'l

dodes


L. vitta



one-lined snapper

rreall


L. fulvus

yengel

L. argentimaculatus


river snapper

keremlal

L. gibbus



humpback snapper

kelalk


Macolor niger


black snapper

dudul


Pristipomoides argyrogrammicus




P. auricilla


mechur   

Lethrinus xanthochilus

yellowlip emperor

rekruk

L. amboinensis


ambon emperor

eluikel

L. reticulatus

itotech

L. harak



blackspot emperor

melangmud

L. elongatus                    

menges

L. kallopterus


orangefin emperor

metengui

L. haematopterus               




Gymonocranius japonicus




Pristipomoides sieboldii




P. filamentosus roseus

pink opakapaka




L. mahsenoides


yellowbrow emperor

udech 

L. ramak



yellowstripe emperor

sebus


Lutjanus malabaricus

malabar snapper




L. sebae




L. erythropterus




Etelis carbunculus




E. marshi




E. coruscans



onaga

udel


Aprion virescens


jobfish

beyadel

Cetoscarus bicolor(female)
bicolor parrotfish

mertebtabk

Cetoscarus bicolor(male)

ngesngis

Cetoscarus bicolor(young)




butiliang

Scarus spinus


pygmy parrotfish




S. globiceps



roundhead parrotfish

eleptechukl

Scarus ghobban


blue-barred parrotfish

Palauan Name
Scientific Name


Common name

___________________________________________________________________

kemedukl

Bolbometopon muricatum(adult)
humphead parrotfish

berdebed

B. muricatum(young)

humphead parrotfish

mellemau

Scarus oviceps


dark-capped parrotfish




S. rubroviolaceus


redlip parrotfish

ngyaoch

Hipposcarus longiceps

Pacific longnose

otord


Scarus frontalis


tan-faced parrotfish




S. gibbus



gibbus parrotfish

esengel

Acanthurus thompsoni

Thompson's surgeonfish

elas


A. triostegus

mesekuuk

A. xanthopterus


yellowfin surgeonfish

belai


A. lineatus



bluebanded surgeonfish

erangel 

Naso lituratus


orangesine unicornfish

um

 
N. unicornis



bluespine unicornfish

ongchutel

Cyphomycter tuberous




Naso tuberous

melengesakl

N. vlamingii




Cyphomycter vlamingii

sechou

N. brevirostris

mengai

Naso sp.

meyas


Siganus canaliculatus

seagrass rabbitfish

klsebuul

S. lineatus



lined rabbitfish

beduut

S. argenteus



forktail rabbitfish

bebael

S. punctatus



peppered rabbitfish

reked


S. fuscescens



fuscescens rabbitfish




S. vulpinus




S. virgatus




S. corallinus




S. doliatus




S. puellus

bang


Parupeneus barberinus

half and half goatfish

dech


Mulloides flavolineatus

yellowstripe goatfish

temekai

Epinephelus fuscoguttatus

blotchy grouper




E. microdon



marbled grouper




E. septemfasciatus


seven-banded grouper

tiau


Plectropomus sp.


leopard coral trout

mokas

P. maculatum




P. areolatus




P. leopardus

katuu l'tiau

P. laevis

Palauan Name
Scientific Name


Common name

___________________________________________________________________

basolokiil

Variola louti



coronation trout

merar


Plectoryhnchus celebecus

bikl


P. nigra

iaus


P. diagrammus




P. miniatus




P. goldmanni

bechol

P. chaetodontoides

maml


Cheilinus undulatus


humphead wrasse

budech

Choerodon anchorago

bsukl


Myripristis melanostictus

soldierfish

desachel

Sargocentron caudimaculatum
squirrelfish  

yab


Carangoides fulvoguttatus

yellow-dotted trevally 

eropk


Caranx ignobilis


giant trevally

esuch


C. sexfasciatus


bigeye trevally

omektutau

C. lugubris



black jack

orwidel

C. melampygus


bluefin trevally

mekeem

Seriola purpurascens






S. rivoliana



almaco jack

terekrik

Selar crumenophthalmus

bigeye scad




S. boops



yellowband scad

wii


Gnathanodon speciosus

kelat

kelat


Crenimugil crenilabis

fringelip mullet

uluu


Liza vaigiensis


yellowtail mullet

edoched

Gerres abbreviatus


deep-bodied mojarra

esall


G. oyena



oyena mojarra

kotikou

G. filamentosus


filamentous mojarra




G. macrosoma

dukl


Pseudobalistes flavimarginatus




P. viridescens

edui


Symphorus spilurus

komud

Kyphosus cinerascens

highfin rudderfish




K. vaigiensis



lowfin rudderfish

Palauan Name
Scientific Name


Common name

___________________________________________________________________

korriu


Gymnocranius lethrinoides
stout emperor

mesekelat

Chanos chanos


milkfish

aol


Chanos chanos

riamel

Ostracion cubicus




O. solorensis

suld


Albula vulpes


bonefish




A. neoquinaica

rrull


Dasyatus melanospila

stingray




D. kuhlii




D. bennetti

Pelagic fish

agie


Decapterus spp.


scads




terekrik

Selar crumenophthalmus

bigeye scad




Selar boops



yellowband scad

wii


Gnathanodon speciosus

kelat

aii


Sphyraena barracuda

great barracuda

mekebud

Harengula ovalis

lolou


Sphyraena genie


blackfin barracuda

meai


Sphyraena pinguis


pygmy barracuda

smach

Rastrelliger kanagurta

striped mackerel

desui


Elagatis bipinnulatus

rainbow runner

ersuuch

Coryphaena hippurus

mahi mahi

katsuo

Katsuwonus pelamis

skipjack tuna

soda


Euthynnus affinis


kawakawa

tekuu


Thunnus albacares


yellowfin tuna

melius

Istiompax marlina




Makaira andax

ngelngal

Scomberomorus commerson
spanish mackerel

keskas

Acanthocybium solandri

wahoo

tekrar


Istiophorus orientalis

sailfish

edeng


shark

adinges

Scomber japonicus




S. tapeinocephalus

kerengab

Gymnosarda unicolor

dogtooth tuna

