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Executive Summary
The Fishery Conservation and Management Act of 1976 (Public Law

94=-265) provides for United States exclusive management authority over
the fishery resources ag§ fi;herie{;within a Fishery Conservation Zomne
k(FCZ) extending‘from the seaward boundary of the territorial sea (3
miles from shore) to a distance of 200 nautical miles from shore. The
responsibilirty for developing management plans for the fisheries in the
FCZ is vested by the Act in eight Regional Fishery Management Counﬁils.
The Westerm Pacific Fishery Management Council is responsible for the
fisheries off the coasts of Hawaii, Guam and American Samoa. The Coun-
cil may also recommend_measures to be implemented in the FCZ beyond the
area of concern in the Northern Mariana Islands. Implementation and
enforcement of any regulations pertinent to fishery management witnin
the FCZ are the responsibility of the Secretary of Commerce. This Pre-
cious Corals Fishery Management Plan has been developed by the Western
Pacific Fishery Management Council and will be submitted to the Secre-
tary of Commerce for aﬁproval and implementation. The major objectives_
of the Plan are to obtain Optimum Yields of precious‘corals in the ¥CZ
and maximize the benefits of the precious coral fisheries to the nation.
Precious corals are known or believed to occur in the FCZ seaward of
Hawaii, American Samoa, Guam, the Commonwealth of the Northern Mariana
Islands and off Other United States island possessions in the cenmtral
and western Pacific Ocean. |

In the Manhgement Plan, precious coral beds are treated as separate
management units. The beds are classified as Established; Conditional
or Exploratory. Established Beds are those which have a hisﬁory of har-
vest and for which firm Optimum Yields have been determined on the basis
of scientific data. Conditioﬁal Beds are those for which locatioms and

approximate area are known and for which estimates of Optimum Yield can
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be derived by analogy with Established Beds but which require addi-
tional data €or determination of firm Optimum Yields. Exploratory Areas
comprise all other area in the FCZ of the Western Pacific Region. Ouly
one coral bed has been studied adequately enough to be classified as
Established. It is off Makapuu, Oahu, Hawaii. Five other peds are
classified as Conditional, all of them off the Hawaiian Islands
(See Figures 1 and2). )

Management measures are prescribed for commercial harvest from
all three bed categories, otherwise referred to as permit areas. There
is no recreational fishery. The prescribed measures are summarized as
follows: 1) Optimum Yields have been determined for pink (Corallium
secundum), gold (Gerardia sp.) and babboo (Lepidisis olapa) coral popu-
lationﬁ in the Makapuu Bed. These Optimm Yields are based on estimates
of Maximum Sustained Yield (MSY). Rounded estimates of MSY for the three
species in the Makapug_Bed are 1,000 kg/year for pink coral, 300 kg/year
for gold coral and 250 kg/year for bamboo coral. Optimum Yields have
been set at double these values for twice the time, i.e. for 2 years.
The adjustment to 2 year periods is proposed because of socio-economic
considerations; 2) Optimum Yields for Conditiocnal Beds are determined
by their areas in relation to the area of the Makapuu Bed, assuming
the same MSY per unit area, and reducing the OY to 20%Z of the MSY if
non-selective harvesting methods are used; 3) U.S. harvesting and
processing capacity and expected annual harvest and processing levels
from the Makapuu Bed and all Conditional Beds are equal to the levels
proposed for Optimm Yield, and therefore no surplus exists in these
areas which can be allocated to foreign fisherman or to joint venture
operations. Domentic processing capacity is sufficient to process

expected domestic harvest; 4) Until the definitive Optimum Yields of
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beds in Exploratory Areas can be determined, an initial Optimum Yield
and Total Allowable Level of Foreign Fishiﬁg (TALFF) for each of those
Areas (Hawaii, Samoa, Guma, and the Northern Marianas and other U.S.
island possessions) is set at 1,000 kg total of all species, of which
500 kg are to be set aside as a reserve for potential domentic fishing
and 500 kg are available as TALFF; 5) Other species of precious corals
and associated non-precious corals which are known or-are believed to
occur in the FCZ are included in the plan. No specific conservation

and Management measures are proposed at this time and Optimm Yields
have not been determined. This plan may be amended to manage these
species as more data becomé available and as the need arises;

6) A prohibition on the use of dredging techniques is recommended for
all permit areas where selective harvesting methods are currenﬁ practice
and for the FCZ seaward of the main Hawaiian Islands; 7) A quota for
dredging iﬁ provided in all other permit areas under specified conditions;
8) Taking of precious coral in the FCZ incidental to other fisheries is
allowed for both domestic and foreign fishermen, subject to reporting
requifements and return of the coral to the sea; 9) A recommendation is
made to provide for closing certain coral beds to commercial or explora-
tory fishing~as refugia or preserves, and to designate as the first such
preserverthe WesPac Bed, situated becweeg Nihoa and Necker Islands, off
the Northwestern Hawaiian Islands. Other refugia may be designated by
amendment to this plam; 10) Permits are required for domestic and
foreign fishermen, subject to extensive reporting requirements and con-
ditions which embody the above provisions. Vessels may be required to
carry obserQers. The proposed management measures are designed to maxi-
mize overall bemefits to the nation and are comsistent with the Natiomal

Standards of the FCMA.
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I. INTRODUCTION

This is a Fishery Management Plan (FMP) for :hé.precious coral and
-associated non-precious coral fisheries within the United States
Fishery Conservation Zome of the central and western Pacific regiom.

It has been prepared by the Western Pacific Regional Fishery Management
Council under the authority of the Fishery Conservation.and Management
Act of 1976 (FCMA) (P.L. 94-265).

The FCMA provides for the conservation and management of fishery
resources of the United States by establishing aAFishery Conservation
Zone of 200 nautical miles, within which the United States has exclusive
management authority over allAfishery resources except highly migratory
species which are defined as tuna. The Act calls for the preparation
and implementation of Fishery lManagement Plans, through which the ob-
jectives of a nationmal fishery managemedt program may be accomplished.

The Fishery Management Plans provide the basis for the determina-
tion of annual harvest predicated on scientific information and involv-
ing the needs of the States, the fishing industry, recreation groups,
consumers, eanvironmental organizations and other interested parties.

In essence, the allowable catch of any fishery resource will be based on
the Optimum Yield from that resource.

The fishery management unit in this case comprises a number of dis- -
crete populations or beds of precious corals and associated non-precious
corals within the FCZ off the shores of U.S. islands in the central and
western tropical and subtropical Pacific. At present only omne such bed
is the object of cogsistent'exploiﬁatian by a doméstic fishery. Othe:s
are or may have been subject to poorly documented harvesting by foreign
fishefmen; while others have been located by exploratory surveys but

are not yet under exploitationm.
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There are undoubtedly other precious co:;l_bgds in the region which
will eventually be prospected and exploited, and it is prudent to make
some preliminary provisioan for their comservation, in view of the ease
with which this resource can be depleted.

In this FMP, precious coral beds which have a history of exploitation
nd for which a Maximum Sustainable Yield (MSY) cam be estimated based
on scientific data, are designated Established Beds. Others for which
only the locations and approximate area are known are called Conditional
Beds, while those which are yet to be located are referred to as Explo-
ratory Areas. (See Section IV.F.2, for fuller,dgfinition of these cate-
gories.) Under this plan, five portioms of the FCZ - the portions around
Hawaii, Guam, American Samoa, U.S. Possessions ;nd the Northern Mariana
Islands - are designated Exploratory Areas for purposes of setting quotés
for identification of and harvests.from Exploratory Beds.

Ihe.major objective of the Plan is to achieve the optimum yield of
precious corals which occur within the Fishery Conservation Zone (FCZ)
of the United States in the Central and Western Pacific Ocean. The term
optimm yield is defined in the Act as that amount of "fish" which will
provide the greatest overall benefit to the Natiom, and which is pregcribed
as such on the basis of the maximum sustained yield (MSY) as modified
by any relevant economic, social or ecological f;ctor. Species of pre-
cious corals which are comsidered in this document include the precious pink
coral, Coralliwm secundum, the gold coral, Gerardia (formerly.Pafazo-

anthus) sp., and the bamboo coral, Lepidisis Olapa. (formally Keratoisis nuda

Other species of precious coral and.othér corals on the contimental shelf

or in the FCZ are also included in the plan although no specific Comser=
vation and Management Measures are limited at this time o a permit and

data collection requirements. Further management measures for these

corais will be included in the plan sequentially on an as needed basis.



-3 -

Areas comnsidered in this document include the Hawatian Islandé, Ameri-
can Samoa, Guam, the Commonwealth of the Northern Marianas and other
U.S. island possessions in the Central and Westerm Pacific OceAn.*

Included in the management ﬁlan are estimates of optimum yield

for gpecies of greatest commercial importance and recommendations for

measures that are deemed necessary in order to achieve op:imﬁn yield.

II. Description of the Fishery

A. Stocks
Within the FCZ of the United States in the Pacific (Figures

1-4) the only fishery for precious corals is in the Bawaiian Islands.

The fishery {3 based on two groups of species; one in deep wafer near

400 meters and another in much shallower between 40 and about 80 meters.

Both fisheries are entirely commercial, i.e. non-recreational. At the
present time the bulk of the catch of deep species comsists of pink
(Corcllium secuncdum) and gold coral (Gerardia sp., = Parazoanthus sp.).
A third species, bamboo cor#l (Lepidisis olcp@) co-occurs with pink
and gold coral and is considered to be of immediate economic poten-
tial. Other potential species of precious coral including the

shallow water black corals are listed in Table I.

*Pending amendment of the Fishery Conservation and Management Act, the
Western Pacific Fishery Management Council has no statutory authority

to prescribe management measures for fisheries in the Fishery Conser-
vation Zome off the Northern Marianas or minor United States Pacific
island possessions. References to management measures for precious
coral fishing in those areas in this Plan are in the nature of recoumen-
dations which may be implemented by the Secretary of Commerce by actions
pursuant to Sec. 201 (g) or Sec. 304 (c) of the Act.
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immediate economic potential.

The shallow water fishery consists of three species of
black corai Antipathes dichotoma, Antipathes grandis and Antipathes
ulex. About 90Z of the catch consists of the first species, 9%
the second and 1% the third. Approximately 85% of all black corals
harvested in the state of Hawaii are taken within the Territorial Sea.

The FMP contains specific management measures for Coralli&m secundu
Gerardia sp. and Lepidisis olapa. Measures for black corals
are currently being developed jointly by the State of Hawaii
and the WPRFMC, and will be added to the plan on a sequential basis.
As it appears likely that other species of precious coral and other
corals in the FCZ will be subject to harvést, addttional measures for these
species will also be added to the plan on a sequential basis.

| C. secundwum and the bamboo coral Zepidiais oZépa belong to

the Order Gorgonacea in the Subclass Octocorallia of the class An-
thozoa in the Phylum Coelenterata. Gerardia sp. and Antipathes spp.
belong to separate Orders, Zoanthidea and Antipatharia, in the Sub-
class ngacorallia, also in the class Anthozoa and the Phylum Coe-
lenterata. | |

.Precious corals are known to exist in Hawaii, Samoa, Guam
and the Commonwealth of the Northerm Marianas and other U.S. possessiouns,
but little is known of their distribution and abundance. What little
knowledge is available of the distribution anﬁ abundance of precious
corals -in the Western Pacific can be summarized as follows:

: AmericanTSamoa — One or more species of black coral of com—~

mercial quantity and quality are known to exist at depths of 40 meters

and deeper, but these stocks are within the jurisdictiom of American Samoa.



Table I Actual and potential precious corals in the Western Pacfic.

Scientific name . Common name harvest status
Corallium secundum Pink coral harvested
Corallium regale Pink coral not harvested
Corallium lacuense Pink coral not harvested
Gerardia sSp. Gold coral harvested
Caliogorgia gilberti Gold coral not harvested
Narella sp. Gold coral not harvested
Calyptrophora sp. Gold coral not harvested
Lepidisis olapa* Bamboo coral not harvested
Acanelia sp. Bamboo coral not harvested
Antipathes dichotoma Black coral harvested
Antipathes grandis Black coral harvested
Antipathes ulex Black coral harvested

*éreviously known as Keratoisis nuda
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' The only information available on deeper water precious
corals comes from reports by fishermen. Pink coral has been reported
off Cape Taputapu, but there are no data on quantity, quality and
depth (Ian Swan, personal communication). Unidentified precious
corals have also been reported off Fanuatapu Island at a depth of 90
n (possibly bamboo coral) and on the sides of an uncharted seamount
three-fourths of a mile off the northwest tip of Falealupo at a
depth of about 300 meters (Bill Travis, personal communicatiom).

Guam and the Commonwealth qf the Northérn Marianas - No

commercially important quantities of precious coral have been found
on U.S. surveys in the Nothernm Mariamas (Grigg and Eldredge 1975),
However, Japanese fishermen (personal comnnnica:ion) claim to have
taken some Corcllzum off Rota, Saipan and north of Pagan Island.

Other U.S. island possessions — Japanese fishermen report

that in 1975 alone, a harvest of 100 metric toms of red corals
(Corallium spp.) was taken from grounds within 200 miles of Midway,

- Wake, Yap and Saipan (EIS/PMP Precious Corals, DOC, 1977). How-
ever, the magnitude of this estimate (approximately the world pro-
duction in 1970) casts some doubt on its validity. On che other
hand, none of the deep precious coral beds off Wake or Yap have been
surveyed by U.S.vscientists and only the most preliminary U.S. data
are available for the Saipan and Midway areas.

Hawaii -- Beds of pink, gold and/or bamboo coral have been
found at six locations off the Hawaiian Archipelago (Grigg 1974)

(Figures 1 & 2). These are as follows:



1.
2.
3.
4.

Description

0ff Ke-ahole Point, Hawaii
0ff Makapuu, Oahu (Fig. 5)
0ff Kaena Point, Oahu

WesPac Bed, between Nihoa
and Necker Islands

Brooks Bank

180 Fathom Bank, north of
Kure Is.

Lat. N.

19%46.0"
21°18.0'
21°35.4"

23918
24°06.0°

28%50.2"

Long. W,

156°06.0"
157°35.5°*
158°22.9°

162°35*
166°48.0"

178°53.4"

Area in km

2

0.24
3.60
0.24

0.8
1.6

0.8

With the exceptionof the Makapuu Bed and those beds (if any)
harvested by Japanese fishermen, all other precious coral beds within

the U.S. fishery comservation zone are believed to be in an unexploited

or

"virgin" state.

The Makapuu Bed has been harvested off and on since

1966 (see Table II, page 10). The area and the pre-fishery standing
crop of pink coral in the bed are estimated to be 4.5 lm~ and 43,500

kg, respectively.

Over a lO-year period only about 16Z of the ori-

ginal standing crop of pink coral has been harvested; this averages 1..6%

per vear, and is below estimates of MSY (see section III-F).

However,

in three of four years the estimate of MSY has been exceeded (see Table II).
0f the other five areas, WesPac Bed, Brooks Bank and 180 Fathom Bank

are considered to hold the most promise for domestic harvesters.

There

are undoubtedly mény other undiscovered beds, especially off the North-

western Hawaiian Islands, where few surveys have been conducted. The

large yields (see following section) are reported to have been taken by
foreign fishermen from the Milwaukee Banks (Lat. 32.5°N, Long. 173.0°%), "
which are outside the U.S. Fishery Conservation Zone, are indications

of the potential in the Northwesiern Hawaiian Isalnds. Because of the
segsile habit of precious cor;ls and the large distances which separate

the known beds, it is a reasonable assumption'to treat each bed as a

separate management unit, even though nothing is known of the relation-

ship between stock and recruitment.
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There are no known Indian or native Hawaiian traditional
uses or fights associated with precious corals. If any rights or
ceremonial valugs are identified, this plan can be amended as neces-
ey, ' o e o

B. History of Exploitation

Although a precious coral fishery has existed in the Mediter-
ranean Sea since about 3000 B.C., precious coral was not discovered in
the Pacific until the early 1l9th century off Japan. Historically, the
primary method of fishing in both the Mediterranean Sea and off Japan
has been dredging. Initially little fishing occurred off Japan until
1868, the year of the Meiji Reform. Prior to 1868, coral was confis-
cated from fishermen by the Shoguns, therefore little incentive existed
for.commercial fishing. After 1868, however, this custom was abolished
and the fishermen were allowed to market coral products freely. Short-
ly after 1868, about 100 boats began harvesting coral, soon exhausting
local grounds near Japan. Subsequent catch and effort depended on the
discovery of new grounds and has been extremely variable up to the pre-
sent time. The pattern of the coral fishery in Japan has been one of
exploration, discovery, exploitation and depletion. In spite ofithe
obvious need to control fishing effort, there has been no effective
management of the fishery.

The extrémely variable nature of the fishery 1is demonstrated
by data for catch and effort collected in Taiwan between the yéars 1925
and 1940 (Anon. 1956) (Figure 6 and 7). These data show that catch and
effort corre;ate fairly well and indicate the boom or bust nature of the

fishery.



-9 -

Until recent years, the precious coral fishery in the Paci-
fic was centered off Japan, Okinawa and Taiwan (Grigg, 1971). Deple-
tion of the beds in these areas, however, led to wide ranging explo-
ratory efforts primarily on the part of Japanese fishermen. In 1965,
Japanese coral fishermen discovered a very large bed of pink coral
contiguous with the Hawaiian Archipelago oﬁ the Milwaukee Banks about
500 miles northwest of Midway Island. Milwaukee Banks including Kin-
mei Seamount have an area slightly greater than 300 kmz. Little data
_are available concerning the amount of pink coral Japanese fishermen
harvested from Milwaukee Banks. However in 1969 alonme, they reportedly
took about 113,000 kg (H. Ozawa*, personal communication, 1970).

Prompted by the discovery of pink coral om the Milwaukee Banks,
U.S. scientists in 1966 discovered a commercial bed of Corallium secundum
between 350 and 450 m depth in the Molokai Channel off Makapuu Oahu. Shortl
thereafter, a small group of fishermen began dredging this Makapuu bed
on 2 limited scale. This activity continued omn and off for about 3
years until high costs of operation and bad weather led to its discon-
timuation. About 1,800 kg (4,000 1b) were harvested during this period.
.After an abortive attempt in 1969 at harvesting with a remote T.V. camera
assembly by a Seattle firm (Jacobéen Brothers), research at the Univer-
sity of Hawaii by the Sea Grant Program led to the development of a
selective harvesting system utilizing a submersible. Maui Divers
of Hawaii, Ltd. incorporated this system and began harvesting the
Makapuu Bed in 1973. Total annualblandings of pink and gold coral

1
from the Makapuu Bed between 1966 and 1977 are given in Table II.

*H. Ozawa was the Managing Director of the All Nippon Coral Fishery
Union in 1970.
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TABLE II
Annual harvest of pink and gold
coral from the Makapuu'Bedl' -

Harvest (kg)

~ Year Gear Pink ' Qg;g. Knockdown*

1966-69 Dredge 1,800 0 2700
1970-72 No harvesting-

1973 Submersible 538 0

1974 " 2,209 734

1975 " 1,385 621

1976 " 400 363

1977 " 1,421 329

1978 (Jan-June) " 47450

*During 1966 to 1969 when dredges were used in the Makapuu Bed the
amount of coral dislodged from the bottom an& not recovered must also
be considered. Simulated harvesting trials in shallow water indicate
that tangle dredges are about 40Z efficient for one drag. Therefore
‘for evervy kilogram harvested, 1.5 kg is assumed to have been
knocked down and lost.

1. 1In 1977, 2.7 kg of pink coral and 106 kg of gold coral were har-
vested from the Kea-hole Point Bed off the island of Hawaii.
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in the past, there has been no documented foreign harvest
of precious\coral within the U.S. conservation zome. However, in
1975 Japanese vessels reportedly harvested about 100 MT of precious
corals within 200 miles of Midway, Wake, Yap and Saipan Islands
(EIS/PMP Precious Corals, DOC, 1977). However, because the world
landings in 1970 were only about 85 MT (H. Ozawa, personal communi-
cation), this report is somewhat doubtful. 1In 1976‘and 1977, Tai-
wanese dredgers were reportedly operating on the Milwaukee Banks
and may also have harvested precious corals within the U.S. Fishery
Conservation Zonme. Omn June 8, 1977, the U.S. Coast Guard reported

entry of a Taiwanese coral fishing vessel, C/B Hai Tien No. 2, to

Midway Island, which informed the Coast Guard that about 30 other
vessels would soon be dredging in the Milwaukee Banks area. The
Milwaukee Banks are approximately 280 miles northwest of the U.S.

200 mile limit. Japanese and Taiwanese vessels are pregently allowed
to fish on seamounts west of 180° longitude and north of 28° latitude
in the FCZ for pelagic armorheads and alfonsins. Some incidental catch
of precious corals may result from this activity, but retention of

the incidentally caught coral is prohibited. Catches must be reported.

I1.C.l Vessels and Gear

Historically, both in the Mediterranean Sea and in the far
western Pacific, the primary method used to harvest precious coral
has Been dredging‘vith tangle nets. Over the long history of the
fishery, gear design has varied, but it has always centered around
the basic idea of a dredge (weighted tangles) (Figure 8). The
weights serve to keep the dredge on the bottom as well as dislodge

the coral while the nets entangle it.
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0ff Hawaii the first attempt to selectively harvest precious
coral was by the Jacobsen Brothers in 1969 using a remotely controlled
manipulator guided by a television camera. This techmology proved to
be uneconamical,bu:_vasvthe_first_g:ep which led to the development of
a successful system of selective harvest utilizing a manned submersible.
Remotely controlled vehicles for the harvest of precious coral are cur-
rently being developed by separate‘companies in Hawaii and Taiwan.

The vessels utilized in the coral fishery differ largely as a
function of the method of collection. Foreign dredge haulers range
between 40 and 100 feet in length and employ crews which vary between
3 and 20 men. Typically, the dredges are lowered and raised by line
haulers which are located amidships and operated over the side of the.
vessel. Dredging usually is accomplished without power. The‘ship is
simply allowed to drift positioned at right angles to the current.
Japanese fishermen usually deploy from 4 to 8 dredges simultaneously.
Some larger vessels are able to handle up to 16 lines at omce. Given
good weather, Japanese coral fishermen continue dredging 24 hours a
day, rotating the crew. The same grounds are often redredged.

In 1975, about 90 Japanese vessels (bf which 26 were specia-
lized) were engaged in harvesting precioﬁs corals off Midway, Wake, Yap
and Saipan (Akira Matsura®, personal communication). Most likely the
entire Japanese coral fleet is considerably larger. In Taiwaa, about
30 coral dredgers operate'seasonally (summer) out of the Peng-hu
(Pescadores) Islands.

The vessels émployed by the domestic fishery off Hawaii in-
clude a two-man submersible, a towing barge (the LRTS and a 70-foot

.sutface.support and towing vessel.




-13 -

The submersible, Star II, is launched and recovered from the LRT
below the surface at a depth of about 60 feet. Three SCUBA divers
are required for this operatiom. The coral harvesting gear on
Star II consists of a coral cutter, wire basket and hydraulic claw
(Figure 9). Coral which is harvesﬁed selectively is packed in the
basket. Maximum payload is about 200 pounds, but the average is
about 60 pounds.

1I.C.2 Evaluation of Gear Performance and Efficiency

Off Hawaii in 1972, experimental trials using dredging
and selective harvesting methods were conducted in the Makapuu Bed.

The dredge consisted of a concrete-filled cylinder (80 lbs.) with 6~
foot hanks of nylon netting attached to eyebolts (Figure 8). The
selective method was Star II. Data were coﬁpared in order to evaluate
the écological and economic efficiency of both techniques (Grigg, B&rtko
and Brancart, 1973). The results favored the selective method, However,
this was in part due to the method of dredging employed. Only one
‘dredge was used in the test whereas Japanese fishermen may drag up

to 16 dredges simultaneously.

The size frequency distribution of coral collected with the
submersible was characterized by larger pieces of higher quality than fragm
collected by dredging (Figure 10). On the average, one day of effort |
with the submersible produced a catch abbut 10 times the value of an
equal day;s effort dredging with onme coral mnet. However, if 10 nets
were deployed simultaneously, the value of the coral produced shcuid
be about the same. Hence the major advantage of’utilizing a submer-

sible was not gross production but rather selectivity.
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The advantages and disadvantages of the two methods are outlined in
Table III.

There are several advantages of a submersible over a dredge.
First, the use of a submersible permits selective harvesc, {mmature
colonies can be avoided and other benthic species are not disturbed.
Second, the capacity for selectivity allows the use of a size limit
as a management tool. The advantage of this is that the maximum sus-
:ainéd yield at an optimum size is theoretically about twice what it
is if no size limit is impoéed (dredging) (see Section III-F). This
is becausé dredging leads to growth-dverfishing, that is young colonies
are harvested before reaching their maximum pqtential for growth.
Thirdly, with a submersible, nearly all the coral dislodged from the
botrom is brought to the surface. Dredges, on the other hand, only
recover abouﬁ 40% of what is initially "knocked down"% Dredges, of
course, can be dragged repeatedly over the same area. Hence overall
recovery with a dredge could be significantly greater than 402. For
example, three replicate hauls should theoretically collect 78Z of
the coral, four hauls, 87Z recovery. Catch per unit effort, of course,
would be progressively less and at some point, depending‘on costs, the
operation would cease to be profitable. Exactly where this point lies
oo doubt varies with the quality and quantity of coral in each bed.
A fourth advantage of a submersible over dredging is that a larger per-

centage of high quality coral may be collected.

1‘rhe estimate of efficiency for tangle nets is based on simulated
trails in shallow waters in Kaneohe Bay, Hawaii. Recovery of planted
coral on the bottom for the five trails was 35, 39, 44, 40, 42 percent
producing an average recovery of 40%.
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TABLE III

Advantages and disadvantages of two coral-harvesting systems

Submersible

Dredging

Advantages

Permits selective harvesting, .
i.e. little or no damage to
other components of the ecosystem

Permits the use of a size limit .
as an aid to comservation, how-

ever breakage makes enforcement

difficult

Practically no waste .

lLarger percentage of high quality .
coral

Disadvantages
High capital and operating costs ' .
Requires preparation, maintenance : .

and repairs of expensive, special-
ized equipment

Need for support vessels .
Shutdown idles high capital .
investment

May have limited depth capability
and not fqlly utilize the resource

Relatively inexpensive, low
capital and operating costs

May be more productive per
24 hour day, if multiple
dredges employed

Able to harvest continuously

Major equipment readily adapt-
able for other uses

Nonselective harvesting,
immature colonies unprotected

Ecologically more destructive,
other species and habitats
disturbed

More wasteful, some coral
dislodged from the bottom
may not be recovered

Larger percentage of lower-
valued coral
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 Advantages of dredging over a submersible include the
following. First, dredging is considerably less costly than opera-
ting a submersible. In some cases, dredging may also be actually
more economical since more than one dredge can be employed and be-
cause the operation may be contiﬁuous on a 24 hour basis. The
equipment is also readily adaptable to other fishing technologies,
which may have economic advantages in areas‘where diversified fishing
is profitable. A submersible requires several support vessels and
service and maintenance, both qui:e costly. A major breakdown of a
submersible system or a closed season would both result in idling a
significant amount of capital investment. Also, dredges have no
depth limits per se while submersibles do. In Hawaii, Star II has
an operational depth limit of 1200 feet (365 m) which curtails full
utilization of precious corals (see Table IV). Finally, in the event
that distant or deepér coral beds are discovered, selective hérvesting
may be economically prohibitive or simply not possible, in which case
dredging may be the only feasible alter;ative. Exploration for beds
might also be best accomplished by dredging techniques.

Depending on desired goals and varying circumstances, such as
the abundance of the resource, either system might be a more “efficieﬁt"
or desirable alternative. It may be more profitable for industry to
utilize a submersible so as to more fully urilize the resource, OT if
quotas are not overly restrictive, dredging may offer clearcut economic
advantages.

Hence, the benefits of gelective harvest vis-a-vis dredging
must be considered on a case by case basis. Clearly there are economic
and sociél tradeoffs which may not be the same for all locations in

the Pacific.
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II1.D.1 Global Economics of the Precious Coral Industry

. Worldwide, the precious coral jewelry industry is valued
at about $500 million/year (retail sales). This arises from a world
production of raw coral worth between $S = $10 million (H. Ozawa,
personal commmication). In 1976, about 95% of the world's production
was harvested from the Pacific Ocean. Most of this coral is sold to
international buyers through a system of closed auctions in Japan that
are operated by coral fishing associations. World jewelry production
today is dominated by Japaﬁese and Italian manufacturers.

In Hawaii most precious coral sold in the market place
is purchased by local retailers who buy polished but unset ''stones"
from markets in the Orient. These stones are mounted in Hawaii in
order to save import taxes on finished jewélry. A survey in 1971
showed at least 15 manufacturers producing jewelry and 150 to 100 re-
cail outlets (Poh, 1971). Since then, there has been little or no in-
crease in the number of major manufacturers. however, the number of
retail outlets has increased by a factor of about two or three.

Retail sales in 1978 in Hawaii for both imported and
locally produced coral jewelry were about $20 million (Clifford Slater,
pe:sonal commmication). This total représents a sevenfold increase
since 1969 (see Thompsdn, 1975). This is based on pink, black and gold
coral sales. Of the pink coral, about 80Z is imported from the orient
in a polished but uncut state. Almost 1002 of the black and gold coral

sales are of locally harvested coral.



II.D.2 Domestic Commercial Harvest

The domestic fishery for pink and gold coral in Hawaii
is carried out by one submersible, two support craft, and about 12
personnel. The annual harvest capacity of the fishery is at least
3000 kg of pink and gold coral combined. The actual annual harvest
in the 1974-77 period averaged less than 2000 kg (Table II).

Estimates of the ex—§esse1 value of raw pink and gold
coral are given in Table IV. Also, for purposes of mana;emeﬁt analysis,
an estimate of the ei-ve#sel price may be determined from: the price
of imported polished-unset coral, the retail priée differential
becrween pink and gold coral jewelry, the relative value of the coral
gem in a jewelry setting, and the costs of production at the harvesting
and processing stages. The total ex-vessel vaiue of pink and gold

coral for 1977 was $262,000 (Table IV).

Table IV — Estimated ex-vessel value of pink and gold raw precious coral

harvested in Hawaii, by year, 1975-77.

Year Pink per/kg Gold per/kg Total

1975 $190,000 $137 $71,000 $114 $261,000
1976 94,000 136 42,000 114 136,000
1977 215,000 150 47,000 147 262,000

*Projection based on the actual in the first three quarters of the year.
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The value of raw coral is determined by coigr, size and
condition (liﬁing or dead and solid versus wormy). For pink coral,
the most valuable pieces are light pink or "angelskin." Lighter pink
or darker fed shades are lower priced. For gold coral, the most valuable

shades are dark golden-brown. No dollar value can be estimated for
bamboo coral at this time.
II.D.3 Domestic Commercial Processing

The processed commercial product relevant to the fishery
Management Plan is polished-unset precious coral. The primary supply
of this product is imports to Hawaii. The domestic harvest of precious
coral from the Maiapuu bed and other potential exploitable beds pro-
vides the domestic industry with the raw material to produce an alter-
nate source of polighed—unse: precious coral. About 35 jobs are
directly related to ﬁrécessing raw coral harvested locally.

Value added at the processing stage of producing polished-
unset coral from landed raw coral is approximately 100Z. That is, $100
of value is added to every $100 of raw coral processed to produce $200
wqrth of polished-unset precious coral. These estimates are based an.
the cos? of imported polished-unset coral and average costs of different
stagesrof production repo:ted confidentially from industry sources.

 The estimated value of pink and gold polished-unset coral
produced in 1976 was about $423,000. This in;luded some raw coral from
previous years' {nventories. In the same year the coral jewelry manu-
facturefs imported polished-unset coral at a cost of about $1,538,000

(see Table IV).
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_ Table V — Value of polished-unset precious coral imports to Hawaii; percent

of total coral imports, by country of orgin and year, 1973-76.

1973 1974 1975 1976
Country $ y4 $ z $ z $ z
Hong Kong 59,192 11.3 66,770 13.2 17,633 3.3 64,226
Japan - 241,862 46.4 226,109 44,7 153,929 28.4 277,592 18.
Philippines 0 0 73,450 13.6 42,005 2.
Taiwan 220,496 42.3 203,354 40.8 247,167 45.7 1,130,382 73.
Others 264 0.05 7,020 1.4 49,025 9.1 23,442 1.
TOTAL 521,814 100.0 506,253 100.0 541,204 100.0 1,537,737

100.

Source -~ Hawaii Custom District, Report Number IA-253, 1973-76.
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II.E. Employment
While the number of people directly employed in the
harvesting (12) and processing (35) of locally produced precious coral in
Hawaii is not great, about 800 persons are engaged to some extent
in the precious coral business there. Most jobs are in wholesale
and retail sales.

II.F. State and Federal Tax Revenues and Multiplier Effects

Considering the excise tax on all retail precious coral
products sold in Hawaii, revenues to the State (4%) amounted to about
$800,000 in 1978 (Clifford Slater, Personal communication). About
20% of this can be attributed to local production of pink and gold coral
in 1978. 1If wholesale taxes, State and Federal income taxes and opera-
tional taxes associated with the entire industry are taken into account,
State and Federal tax revenues combined are about 2.5 million annually.
About $500,000 of this is based omn local production.

| If a multiplier effect of two (Anderson et al.. 1975) is
used to show the impact of the total retail sales of the industry based
on local production (4 million) on the ecomomy of the Stace, a figure
of about $8 million annually is produced. Eigonr million dollars is about
one tenth of one percent of the Gross State Product of $6.6 billion
(Bank of Hawaii, 1976). 1If the total industry is considered with the
same multiplier, the value is 40 million or 0.6 percent of the Gross
State Producr i 1976.

The relevance of economic data for the total precious
coral trade of Hawaii to the management of the doméstic pink coral fish-
ery has been questioned, in view of the small contribution of domesti-

cally harvested coral to the overall business.
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Some persons in the business believé that the existence of even this
small fishery tends to enhance the acceptance of all precious coral
products in the market by Lending a background of local color to the
jewelry, particularly when it is offered as souvenir 1te§s for visitors.
This contention is of course,difficult to evaluate or, if valid, to
quantify the effect. It is deemed, however, sufficient reason to in-
clude some data on the larger trade within which the-domestic coral
business operates.

II.G. Jurisdiction

The Departménts of Interior and Commerce share juris-
diction over precious corals in the FCZ. Until a Fishery Management
Plan is prepared and implemented to goverm fishing for corals in spe-
cific areas of the FCZ, the Department. of the Interior's Bureau of
Land Management (BLM) maintains control overball activities including
fishing which may affect viable coral commnities on the outer conti-

nental shelf. The BLM has established a permit system to exercise this

control. When an FMP is implemented, the jurisdiction over fishing for
the corals covered in the FMP is assumed by the Department of Commerce.
The BLM, however, will retain authority to control certain non-fishing
ac:i#ities which would affect the cbrals involved. These agencies are
considering a Memorandum of Understanding to assure coordination of
efforts and achieve sound management of corals throughout the FCZ.
Feder#l jurisdiction over natural resources on the Conti-
nental Shelf outside of 3 miles was established in 1953 by the passage
of the Outer Continental Shelf Lands Act. This Act delegated to the
Secretary of Interior the respdnsibilify for managing natural resources

of the seabed and subsoil of the outer shelf.
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In the 1958 Convention on the Continental Shelf, natural resources
were defined as "mineral and other non-mineral resources of the sea-
bed and subsoil together with living organisms belonging to sedentary

' Had there been a need to manage precious coral fisheries

species.’
in 1958, this definition would have probably been used to establish
jurisdiction within the Depi::nen: of Interior. )

In 1964, legislation was passed which prohibited foreign
fishermen from har#esting Continental Shelf fishery resources within
the contiguous zonme of the United States (12 miles) except as provided
by international treaty or Federal permit. Known as the Bartlett aAct
(PL 88-308), this legislation was amended in 1971 to specifically in-
clude six species of precious coral, which thereby defined them as
creatures of the Continental Shelf. Since the Bartlett Act referred
to all creatures of the Continental Shelf, other species of precious
coral which are sedentary and occur on the shelf, even though not spe-
cifically listed in the Act by name, were covered by the legislation.
The Ba::le:: Act reserved harvesting rights to U.S. natiomals but did
not contain any provisions for'management. On March 1, 1977, the Bart-
lett Act was replaced by P.L. 94-265, the FQMA. In 1977, policies for
foreign harvest of precious corals within the Fishery Conservation Zone .
were gstablished by the Secretary of Commerce and are contained in a
draft Preliminary Management Plan (PMP) for precious corals and a PMP
for seamount fisheries. These policies would prohibit all foreign har-
vest everywhere in the Cemntral and Westerm Pacific FCZ except inciden-
tal to trawling on seamounts west of 180° lougtitute and north or 28°¥

latitude. Such incidental cacches of precious coral must be recorded

and returned to sea.
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The PMP for precious corals has not been implemented, as it provided
a zero TALFF, and no foreign fishing applications were received. The
seamount fishery, however, is controlled by a PMP with prohibition
on retention of corals taken by trawl. N
With regard to domestic fisheries, most functions within
the Department pf Interior having to do with marine species were trans-
ferred to the Department of Commerce (DOC) in 1970 under Reorganiza-
tion Plan No. 4 prepared by President Richard M. Nixon. However,
the Department of Interior (DOI) retained authority to manage natural
resources, including coral communities, of the Outer Continental shelf,
and will continue to do so under the previously referred to draft
memorandum of unde:stgnding between DOI and DOC until the FMP is imple—
mented. After the Secretary of Imnterior (Secretarial Order 2978,
40 FR 42039) placed a moratorium on the taking pf any viable corals in
Federal waters on September 10, 1975, the Department of Interior devel-
oped a set of regulations which presently allow U.S. comhercial coral
harvesters’to éperate in Federal waters under permits issued by the
Outer Continental Shelf offices of the Bureau of Land Management of the
D.0.I. (Federal Register Document-76-27063; Federal Register, Vol. 41,
No. 181, September 16, 1976). See Section IV-I and Appendix IV for
details on provisions of the DOI permits. Present DOI regulations con- '
cerning fishing for corals in the FCZ will be replaced by the provisions
in this plan on the date that implementing regulations for this plan
take effect.
'In Hawaii, the State also exercises some authority under
S306 of the FCMA over the harvesting of pfecious corals outside of 3
miles. The State adopted Regulation 41 of the Division of Fish and

Game, Department of Land and Natural Resources, in July, 1977.
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This Regulation establishes a quota and br permit system for the
management éf pink and gold coral in the Makapuu Bed, which lies

about 6 miles off the island of Oahu. The quota applies only to pink coral.
The state of Hawaii's jurisdiction over the Makapuu bed as well as other
interisland waters remains an unsettled issue between the State

of Hawaii and the Federal Government, but the management approach

in this plan is consistent in most respects with the State of Hawaii

regulations.

III. Biology
V A. Life History

Precious corals are characterized by great longevity, slow
growth, agd.relatively low rates of mortality and recruitment (Grigg,
1976). As a result, unfished coral populations should be relatively
stable from year to year, and moderate changes in vital rates should
have comparatively small effects on total abundance. Not unexpectedly,
precious coral populations recover very slowly from'overharves:ing, and
must be exploited with caution. Evidence that precious corals do re-
cover comes from the history of the fishery in the Mediterranean Sea,
where in the 19th century beds were rotated every 9 years (Tesciome,
1965). Japanese fishermen claim that more like 50 years are required
for recovery in the Pacific (Japanese fishermen, persomal communication).

Pink, gold, and bamboo corals and other corals covered
by this plan all have larval planktonic and sessile adult stages.
Larvae settle on solid substrata, where they form colonial branching
colonies. The length of the larval stage for all deep species is un-
known. In the species of primary commercial importance, Coralliwn

secundum, the sexes are separate and the reproductive cycles are
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annual with spawning occurring during summer months in Hawaii
(Grigg, 1976). Very 1ittle is known about predator-prey and
other ecological relationships between the sessile stages of pre-
cious corals and other plants and apnimals. The sparse research that
has'been done suggests‘that microzooplankton and particulate organic
matter are important in the diet of gorgonians (Grigg, 1970). There
are no known predators om precious corals.

A large number of commensals are known generally (Hywman,
1940) to be associated with anthozoans. Many other species of gorgomian
corals as well as invertebrates and fish are known to occur within the
habitat of pink, gold and bamboo corals inv:he Hawaiian Island;. At
least 37 species in the Order Gorgonacea alone have been described
froﬁ the Makapuu Bed (Grigg and Bayer,i976). Ten species of black
coral (Order Antipatharia) are also known to occur in the depth zone
of precious corals (300-475 m) in the Hawaiian Islands (Grigg and
Opresko, 1977). None of these black corals are of commercial impor-
tance. Species of possible commercial importance although they are
rarely observed in the Makapuu Bed, include the shrimp Heterocarpus
ensifer and the fishes,'SbrioZa dumerilii, (kahala) and Etealis
carbunculus (onaga). No species of either threatened or endangered
wildlife are known to occur at depths where precious corals are
found in the Westerm Pacific_(see Appendix IV).

At least two species are known to be epizoic commensals
of Corallium secundwn. These are an anemone Palythoa sp. and a poly-
chaete worm, Palynoe sp. The anemone attaches to the skeleton but

causes no injury to the coral tissue or skelton, rarely more than 2 oT
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3 anemones occur on the same colony. The polychaete worms live in
burrows or ﬁbrm runs of their own making in the coral tissue or coe-
nenchym. They cause mo injury to the skeleton or the living tissue.

III.B. Distribution and Abundance and Habitat

The distribution of precious coral beds in the Hawaiian
Archipelago, Sa:_noa, Guam, the Commonwealth of the Northern Marianas
and other: U.S. Pacific island possessions is described in Section
I1.A. of this report. The vertical or depth zdna_tion of precious

corals in Hawaiian waters is given 'in Table vIT.

TABLE VI

Vertical zonation of species of precious corals in Hawaii

Common Name Scientific Name Depth range (m)
Black coral Antipathes dichotoma 30 - 100%

" " Antipathes grandis 40 - 100*
Pink coral Coralliwm secundum 350 - 67Sb‘
Gold Coral Gerardia sp. 300 - 400°
Bamboo Coral Lepidisis olapa 330 - 475°

3pased on submersible observations.

: bBased on sutmersible observations and data collected with a re-

' motely operated television camera.
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In the Hawaiian Archipelago; stocks of precious corals
may be more abundant in the northﬁescern end of the island chain,
where large areas of potential habitat exist on seamounts and banks
near 400 m depth. The combined area of theluilwﬁukee ﬁ#nks and
Kinmei Seamount (400 - 500 miles northwest of Midway Island),.for

‘example, is over 300 kmz. In contrast, the area of the major bed

off Oahu (Makapuu) is estimared to be 3.6 kmz. The dimensions of
the Makapuu Bed actually cover about 4.5 kmz (F;gure 5) . However,
observations from the submersible Star II have shown that about
20% of this area includes barren patches and irregular lemses of
thin sand deposits. Therefore the area used for the purpose of
extrapolating density is taken as 80Z of 4.5 km? or 3.6 kmz.

Annual harvest of quallium in 1969 by the Japanese
on the Milwaukee Banks was reported to be 113,000'kg (H. Ozawa,
persounal communication).. This compares to a range of annual ha;-
vest of Corallium of Makapuu of 438 to 2209 kg in the years 1966
to 1976. 1f the highest yields for both areas are expressed on a
per kmz basis (Milwaukee = 376 kg/kmz, Makapuu = 611 kg/kmz), Makapuu
actually has a higher yield. However, since comparative data on fish-
ing effort are lacking, interpretation gf these figures is difficult.
Neve:theless, the habitat area and yields at the Milwaukee Banks are
far greater in absolute terms than off the high islands at the south-
eastern end of the Archipelago.

In the high islands, beds of precious corals have been

found only within island channels and off promontories such as Ke-ahole

Point on the Big Island of BHawaii.
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Precious corals are only found on solid substrata, which in deep
water invariably occurs only where bottom currents are freqqently
strong (>25 cm/sec).

The onlj bed that has been accurately surveyed in
the Hawaiian chain is off Makapuu, Oahu. In.197l, densities of
commercial species were determined in an anexploited section of
the bed and the size frequency distribution of pink coral was de-
termined (Grigg, 1976). The average density of pink coral in the
Makapuu Bed is 0.022 colonies/mz. Extrapolation of this figure to
the entire bed (3.6 million mz) gives a standing crop of 79,200
colonies. The 95% confidence limits of the standing crop are 47,200
to 111,700 colonies. Conversion of standing crop of colonies to bio-
mass (ZN1W1)~ produced an estimate of 43,500 kg for C. secundum in
the Makapuu Bed. |
| The estimates of demsity for gold coral (Gerardia sp.)
and bamboo coral (Lepidisis olapa) in the Makapuu ﬁedbare 0.003
colonies/m2 and 0.0l colonies/mz, respectively (Grigg, 1974). How-
ever, the distributional patterns of both of these species are very
patchy, much more so than Coralliwm secund#m, and the area where
they occur is only about half that for pink coral or 1.8 kmz. The
corresponding estimates of unfished abundance for gold and bamboo
coral are 5,400 and 18,000 calonies, respectively. Data for the
mean weight of colonies in the populations of gold and bamboo coral
in the Makapuu Bed are lacking, but rough estimates are 2.2 kg for gold
coral and 0.6 kg for bamboo coral. Multiplying mean weights by den-

sities led to rough estimates of standing crop of about 11,880 kg for

Gerardic sp. and 10,800 kg for Leptdisis sp.
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I11.C. Growth and Mortality Rates

An analysis of growth rings in the cross sections of pink
coral branches suggésts that colony height increases about 0.9 cm/yr,
at least to an age of about 30 years (Grigg, 1976). The eqdation for

the regression of height against time is as follows:

H=ga2+e 5T

where H = height (cm)

T = Time (yr)

a = 2.63
B = 0.89
A similar relation for weight 1/ as a function of height is

given by the equation:

W= aEb

=
]

where weight (gm) (landed weight)
a=0.8
b =2.27

1/ landed weights approximately 24 hours air dry.

The largest colonies of pink coral found at Makapuu are
rarely more than 60 cm in height. Gold coral colonies may reach a
height of 250 cm, while Lepidisis olapa grows co‘about 300 cm.

The natural mortality rate for pink coral was calculated by
first converting the size-frequency distribution of the unfished stock
to an age frequenéy distriﬁution and then determining the rate of dimi-
nution in progressively older age classes (Grigg, 1976). The best es-

timate of. the annual instantaneous natural mortality rate of C. secundum
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in the Makapuu Bed turned out to be 0.066. This is equivalent to an
annual survival rate of about 93% in the absence of fishing. Morta-
lity rates for gold and bamboo coral are not available because their

growth rates and age structures are unknown.

III1.D. Reproduction and Recruitment

Pink corals reach sexual maturity at a height of about 12 cm
(13 years), however, the data are not very precise (Grigg, 1976).. The
reproductive cycle is annual with spawning taking place during June
and July.

The relationship between parent stock and recruitment in pink
coral is unknown. However, because pink coral is long lived, and the
population is composed of many year-classes, the standing stock should
be relatively stable even with moderate year-to-year fluctuatioms in
recruitnment.

An estimate of steady state recruitment of the unexploited Makapuu
stock was obtained by multiplying the virgin stock size (79,200 colonies)
by the best estimate of annual instan:anéous natural mortality (0.066).
Given steady state, the instantaneous rate of recruitment should equal
the instantaneous rate of natural mortality. This gives an estimate of
annual recruitment to the Makapuu Bed of 5,277 colonies.

II1I1.E. Biomass per recruit

Biomass per recruit as a function of age was calculated in the
absence of fishing using a cohort production model (Wetherall and Yong,
1977). In the model, the cohort gains weight until an age is reached

where growth gains are overtaken by natural mortality losses.
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This is the "critical age" at which the cohort reaches its maximum bio-

mass in the absence of fishing. The formula for critical age is
b a
T=(g - 50 — -

where b = exponential coefficient in the deight-height relationship (p.30)
M = instantaneous natural mortality rate
a = intercept of linear growth in height equation (p.30)
3 = slope of linear growth in height e@uation (p.30)
The numerical result for pink cofal is T = 31.4 years.
The corresponding maximum biomass per recruit is given by
the formula

MBPR = ¢ ~(P -2

where the new symbols are

e = base of natural logarithms
= 2,71828

a = coefficient in weight-height relationship (p. 30)
For pink coral the maximum biomass per recruit, attained by a cohort
at age 3l.4 years, is MBPR = 237 gm. This is shown as the peak in the
top curve of Figure II. Other curves in Figure II show the relation-
ship between biomass per recruit and age when fishing takes place at
constant rates (F>0) and there is no minimum age limit for harvested
coral. Corresponding biomass per recruit curves for the case of a

25-year minimum harvest age are shown in Figure 12.
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III.§. Yield per Recruit
When fishing is donme in such a way that all colonies of a

cohort are removed at once, then the yield per recruit is identical

to the biomass per recruit at the harvest age. Therefore the maximum
yield per recruit is achieved by harvesting all survivors in a cohort

of pink coral exactly at the critical age of 31.4 years, and in this
case the maximum yigld per recruit (HYPR) is = 237 gm. In practice this
would require applying an infinite instantaneous fishing mortality rate
exactly at age 31.4 years. ' Since this is not feasible, the 237 gm/re-
cruit is a cheore;ical upper limit to the harvest that may actually be
obtained.

More realistic figures of yield per recruit are obtained by
considering a fisher§ which applies a steady finite fishing mortality
rate to all ages in the cohoft above a specified minimum harvest age.

. The results in this case are displayed in Figure 13. The effect of an
age limit of maximum yield per recruit is easily seen. For example,
with a minimm harvest age of 30 years the maximum yield per recruit is
essentially equal to the upper limit of 237 gm, whereas with a minimum
harvest age of zero years the greatest yield per recruit possible is
only 119 gm. Hence if non-selective methods of harvest (e.g., dredging)
are employed, the highest yield per recruit that can be expected is
only half of the maximum yield per recruit theoretically possible under
selective harvesting.

11I.G. Sustainable Yield and MSY

The analysis above reflects a biological management approach
in which the main consideration is achieving the highest possible effi-

ciency in utilizing biological production for a cohort.
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As long as recruitment is constant or independent of stock size, a
fishing policy which maximizes the yield per recruit will also maxi-
mize the total yield on a sustained basis, i.e., it will also produce
the maximum sue:aineble yield (MSY). However, in many fisheries the
level of recruitment may be strongly affected by the abundance of re-
productive individuals in the stock, which is in tum determined partly
by the fishing policy (such as minimum harvest age and fishing morta-
licy rate). |

| Even though no specific information is available on the actual
stock-recruitment relationship in pink coral, it is important to see
pov various hypothetical relationships would alter the analysis of best
fishing policy. If recru}gmen: is not constant, but is instead some

decreasing function of spawming stock, then MSY will be reduced ac-
cordingly. Several hypothetical stock-recruitment curves are diagrammed
in Figure l4. The diagonal line (curve 1) shows a proportional decline
in recruitment as a direct function of spawning stock. The curves above
the diagonal also show recruitment declining as a function of spawning
stock, but at lesser rates, such that when the spawning stock (S) is 50%
of its original level (SMAX), recruitment (R) 1is either 60Z (curve 2),
70Z (curve 3), 802 (curve 4), or 90Z (curve 5) of itsmaximum level (RMAX).
Curve 6 shows the model of constant recruitment.

Possible combinations of sustainable yield and minimum harvest

age are shown in Figure 15, as computed in Wetherall and Yong (1977).
The outer boundary (curve 6) gives the combination of sustainable yield
and minimum harvest age for the constant recruitment case, assuming a

steady recruitment of 5,000 colonies per year.



The maximm sustainable yield under this constant recruitment rate is

MSY = MYPR x R
- 237 gm/recruit x 5,000 recruits/yr
= 1185 kg/yr
This assumes a minimum harvest age of about 30 yearsvand a very high
ingtantaneous fishing mortality rate. When selective hafvesting is not
possible, then the maximum possible sustainable yield is less than 600
kg/yr.

The other curves (5, 4, 3, and 2) show the outer limits of
the policy space (combinations of annual sustainable yield and minimum
harvest age) corresponding to the other stock- recruitment models. As:
the stock-recruitment curves get steeper (i.e., progressively lower
rate of recruitment for a gziven spawning stock), the minimum age limit
necessary to maintain a specified sustainable yield increases. Further,
the MSY is significantly less than 1185 kg/yr when recruitment is not
constanc; This analysis suggests a range of conservative altermative
policies which might be adopted in the absence of any understanding
of the true stock-recruitment relationship.

Maximum sustainable yield for the constant recruitment case

was computed above analytically using the expression

-(b = aM)
b.
MSY = A -D - M- e B a(%)

= R - MYPR
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where the new»symbols are

>
]

area of Makapuu bed

D = average density of pink coral colonies on the
bed before exploitation

M = instantaneous natural mortality rate

R

AxDx M

A rougher but quicker approach to estimating MSY is the approximation

of Gulland (1970), viz.

MSY* = 0.4 M Bo
where B° = AxDx W= total biomass of unfished stock

and W = weighted average weight of a colony in the
unexploited stock.

In the case of pink coral on the Makapuu bed

MSY* = (0.4) (.066) (43,500)

= 1148 kg/yr

The Gulland methodris usgful especially for gold and bamboo coral
. where details of population dynamics are relatively unkown. Using the
guesses of unfished biomass (Bo) and substituting the pink coral natu-

tal mortality rate (M = 0.066) in place of the unkown values, rough
estimates of MSY for gold and bamboo coral were computed to be 313 kg/yr
and 285 kg/yr. All estimates of MSY are summarized in Table VII. MSY

cannot be estimated for other corals at this time.
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TABLE VII

Estimates of MSY of precious corals in the Makaﬁun Bed

Species

Common name MSY* Rounded Method of Calculation
downward

Coralliwm secundwnm Pink Coral 1185 kg/yr 1000 kg/yr Cohort ProductionMode

" " " " 1148 kg/yr 1000 kg/yr Gulland
Gerardia sp. Gold Coral 313 kg/yr 300 kg/yr Gulland

Lepidisis olapa Bamboo Coral 285 kg/yr 250 kg/yr Gulland

* landed dry weight
IV. Management

A. History of Research and Management

The precious coral fishery can be traced back to the Sumerian
and Minoan cultures around 3000 B.C. in the Mediterranean Sea. Through
this long history, occasional efforts to manage the fishery have been
made. Periods of prohibition have been attempted more than once in
several places, but invariably they were unsuccessful. The pattern
of fishing usually was onme of exploration, discbvery, exploitation and
depletion. When recovery occurred, it usually was brought about unin-
tentionally by interruption of fishing by war. Between 1879 and 1890,
off the Barbary Coast in Africa, fishing grounds were rotated (closed)
for 9 or 10 year periods. However, lack of enforcement eventually led
to severe depletion of the beds. The selection of a 9-10-year period
for recovery was based on observations of fishermen and the early re-
search of Lacaze-Duthier (1864), who first investigated the life history

of Coralliwm rubrum in the Mediterranean Sea.
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Until 1970, research on precious coral in the Pacific was
limited to thé early work of Kishinouye (190l) on reproductive behavior
and studies by Kitahara (1904), who described the coral fishery in Ja-
pan in the late 19th century. Béfore 1868, coral fishing in Japan was in~
advertently maﬁaged by virtue of the societal customs of the Shoguas,
who confiscated coral thereby eliminat;ng incentive for a commercial
fishery. After 1868, no management of the stocks was azémpced in Ja-
pan,.probably beéause fishing activity ranged far beyond local waters.

In 1963, ' rich beds of Coralliwm were discovered about 100
miles south of Okinawa, and the Govermment in Okinawa attempted to re-
gulate the harvest by requiring permits and limiting entry into the
fishery. Unfortunately, too many permits were issued and the beds were
rapidly depleted. Furthermore, enforcement was lacking to prevent un-
licensed fishermen from entering the fishery and this accelerated the
decline.

In 1970, a Sea Grant research program was started at the Umi-
versity of Hawaii to investigate the ecology of precious coral and to
determine the economic feasibility of developigg a fishery in Hawaii.
This research led to the development of a selective harvesting system
which is currently in use in Hawaii (the Star II submersible and sup-
port craft). This research also generated data concerning distribu-
tion, abundance, growth, natural mortality, recruitment, and maximum
sustained yield of precious corals in Hawaii and is the basis of the
analysis presented in this report. A detailed accouﬁt can be found in
 a Sea Grant Technical Report entitled "Fishery Management of Precious

and Stony Corals in Hawaii" (Grigg, 1976).
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The Makapuu Bed has b;en exploited periodically since 1966.
Estimates of\the harvest of pink and gold coral during this period
are given in Table I. The first attempt to manage the precious coral
fishery in Hawaii was by the State Division of Fish and Game. 1In 1977,
the Division of Fish and Game passed Regulatiom 41, which contains
provisions concerning permits, annual quotas and size limits (see
Appendix II). The history of efforts to manage precious cofal re-
sources by the Federal govermment is given in Section II.G on Juris-
diction. The regulations of the Department of Interior which are now
in effect are describ;a in Section IV.I and Appendix III.

IV.B.l - Mapagement Objectives and Philosophy

The major objectives of this managémen: plan are to obtain
optimum yields of precious corals in the U.S. 200-mile fishery conser-
vation zone, and to maximize the benefits of the resource to the nation.
Optimum Yield is defined in the Act as the amount of "fish" which will
provide the greatest overall benefit to the nation and is prescribed
on the basis of MSY as modified by socio-econmomic and ecological fac-
tors. Given this definition, estimates of MSY have béen calculated
for pink, gold and bamboo corals in the Makapuu Bed and modified accor--
ding to the definition given above.

In order to obtain maximum sustained yields of precious co-
rals, several of their biological properties must be considered.
Precious coral populations are relatively stable in nature because
many year classes are usually present. Annual differences in recruit-
-ment and age specific mortaliﬁy rates therefore tend to be offsetting.
This pattern of life history has two importént consequences with res-

pect to exploitation. First, the response of the population to exploitation
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or changes-in the exploitation rate is drawn out over many years (see Figs.
16 & 17). The data presented in Figures 16 and 17 were produced by
simulating the past history and future condition of a fishery for

c. secundum in the Makapuu bed between 1964 and 2014 (SO years). In
1978, six different rates of exploitation were applied to a model of
population for one yeaf after which it was assumed that the fishery was
closed and monitored for 37 years. In the model, recruitmenc was assumed
to be constant until a level of two-thirds the spawning biomass was
reached, after which recruitment was calculated as a direct function of
spawning biomass. Examination of Figures 16 and 17 reveals that about
25 years are required beforg the population biomass and the spawning

iomass recover within 95% of original values. Thus, age structure may
be in a transitional state for many years.

The second important consequence of great longevity, and

the associated slow rates of turnover in the populatioms, is that if a
stock has been overexploited for several years, a long period of
reduced fishing effort iszrequired to restore the ability of the stock
to produce a maximum sustained yield (Figures 16 and 17). Because of
the long recovery time of precious corals, the most prudent policy for
the management of newly discovered beds would be to permit commercial
exploitation in Exploratory Areas only after assessments of the virgin
stocks are made. The assessment should at least include total area

of the bed and estimates of density of various épecies present. The
most economical method of obtaining this information would be fisher-
meﬁ operating under exploratory fishing permits with detailed reporting

requirements.
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IV.B.2 Specific Management Objectives
fhe specific objectives to be achieved by management mea-

sures adopted under this fishery management plan are as follows:
1) to allow a fishery for precious coral in the fishery comservation
zone in the westerm Pacific but to limit the fishery so as to achieve
the Optimum Yield on a continuing basis
2) to prevent overfishing and wastage of the resource
3) to encourage the use of selective harvesting methods

4) to minimize the harvest of colonies of coral which are immature

5) to minimize the harvest of colomies of coral which havernot reached
tkeir full potential for growth

6) to preserve an opportunity for low-investment equipment in the
fishery (dredges)

7 to encourage the discovery and exploration of new beds

8) ﬁo provide for the establishment of refugia, i.e., beds completely
protected from exploitation

9) to encourage the development of new information concerning the dis-
tribution, abuﬁdance and ecology of precious corals.

Iv.C. Optimum Yield

A stated purpose of the_ Fishery Conservation and Management
Act of 1976 is to provide for preparation and implementationm, in accor-
dance with national standards, of Fishery Management Plans which will
achieve and maintain, on a continuing basis, ‘the Optimum Yield (OY)
from each fishery. Calcuiation of OY in this management plan involves

several steps. First, MSY is estimated. OY is then derived by adjusting
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MSY lower or higher for ecological reasons, for example, to rebuild
overfished stocks. OY may also be adjusted upward or downward depend-
ing on socio-economic consideratioms or information received via the
public heafing»proéesé:um R

" In the case of pink coral in the Makapuu Bed, the {downward
'rounded) agtimate of MSY is 1,000 kg. On the basis of past harvest
records, the Makapuu Bed does not appear to be in an overfished condition.
Therefore, it is reasomable to base OY on MSY, with appropriate_moéi—
fication to include economic and social factors. | See Appendix I for
an economic analysis of various management optionms.

This analysis shows that pulse fishing is more economically
efficient than fishing continuously, if there are alternative uses for
the fixed factors of production. Otherwise, continuous fishing is more
efficient at annual quotas of about 1,000 kg for pink coral and 300 kg
for gold coral for the single firm now harvesting the Makapuu bed.

The most likely situation is that the firm now harvesting
coral with a submersible in the Makapuu bed will find alternative uses-
for the submersible and its support vessels during zero harvest years
of a pulse fishing strategy. Without adequate information on the world
coral market, projections of coral prices are not available. Projec-
tions on cost changes are not available either. Therefore, assuming

prices and costs change at the same rate and the fixed costs are de-

frayed during zero production years by alternative employment, pulse

fishing is deemed the most efficient policy.
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If the Optimum Yield is to be based on pulse fishing, the
biological implications of different catch levels must also be examined.
Although setting a 2-year quota of 2,000 kg. would concentrate fishing
effort in the first year and slightly reduce MSY over the long term, the
decrease is negligible (Figure 18). When pulse fishing is simulated
for 3- and 4-year periods (again with the eatire catch in the first
year), the biomass of the exploited population gradually decreases.

The biological consequences of harvesting more than an average of 1,000
kg in one year are described in Sectiom IV.F.1.B. Eight such optioms
were tested, and in all cases the rates were not sustainable. Thus, a
strategy of 2-year pulse fishing appears to be the best combination in
terms of minimizing the biological risks and maximizing economic bene-
fits. For this reason, Optimum Yields for precious corals in the Maka-
puu Bed have been set on the basis of 2-year quotas. Applying this cri-
terion to pink, gold and bamboo coral gives (downward rounded) Optimum
Yields of 2,000 kg, 600 kg, and 500 kg respectively for 2 years for
the Makapuu Bed. |

Optimum Yields are established for the Conditional Beds by
assuming ﬁhe same densities and population dynamics as for the Makapuu
Bed, takiﬁg into account the areas of the beds rela:;ve to that of the
Makapuu Bed, and teduciné the resulting figure by 80%, if harvesting is
to be sy non-selective coral dredges. Thus the annual quotas om each
of these beds will be fractions or multiples of 200 kg of pink coral, 60 kg
of gold coral and 50 kg of bamboo coral proportional to the area of the
bed. If fishing on a bed is by nonselective methods, the bed will be

closed when the quota is filled for any one of the three species, to

prevent overharvesting.



- 44 -

Because of the potential vulnerability of precious corals to
over exploitation, a prudent policy for newly discovered and unsurveyed
beds would be to fix Optimum Yields only #fter a careful assessment of
their ﬁrodﬁctidghhb:ential; However, an assessment of abundance and
productivity can be accomplished only after a bed has beean located, and
as a practical matter, neither Federal nor»S:ate agencies are likely t§
receive funding to search the FCZ to locate coral beds. It must be left
to private interests to conduct this exploratory fishing. This iﬁ turn
poses a serious management problem: there musi be a limit to the amount
of corals allowed to be taken from an Exploratory Area to reduce the
risk of overfishing, but the limit must be large enough to provide the
economic incentive to engage in exploratory fishing.

There is no statistical basis for determining this limit;
rather, the limit must be a judgmental decision. With respect to abun-
dance, it is believed tha; there are coral beds scattered throughout
the FCZ. Reports of past foreign operations and the detection of f1lle-~
galfofeign operations in 1978 provide evidence of foreign‘interest in
(and perhaps knowledge of) coral resources in the FCZ. With respect
to economic incentive, precious coral ex-vessel prices were about $150/
kg. in Hawaii in 1977 (see Tables II and IV). Little is known, however,
about the costs of operation for a submeréible or for dredging, thus,
breakeven harvests for exploratory fishing cannot be estimated.

The Council's judgement is that an optimum yield of 1000 kg
per year per Exploratory Area shbuhiprovide_sufficient incentive for
both domestic and/or foreign exploratory fishing while posing little

risk of overfishing. For this purpose, there are considered to be
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five Exploratory Areas, comprising the FCZ off American Samoa, Guam,
the Northerﬁ Marianas, and the minor U.S. island possessions in the
central and western Pacific Ocean, and those portions of the FCZ off
the Hawaiian Islands that are not included in Established and Condi-
tional Beds, as defined in this Plan. A quota of 1,000 kg of combined
species for each Exploratory Area is considered conservative. In
Hawaii, this figure represents about one-third of the estimated MSY
for these specieé in all Established and Conditional beds.

However, it is large enough to offer an economic incentive for ex-
piora:ion.

IV.D. Domestic Fishing Capacity, Expected Harvest Level, and TALFF
Domestic harvest from the Makapuu bed of all corals in 1974

was nearly 3,000 kg. (see Table II). The industry was operational om a
continuous basis that year. Harvests then declined for two years, but
increased again in 1977. The reasoms for this pattern of harvests are
not known, but it appears that the popularity of coral jewelry may be
increasing such that demand and prices for corals (see Table V) justify
more intensive fishing.

It has been pointed out that ﬁhe maximum payload of the submersible
in the corals fishety is about 200 pounds, or 90 kg. (Sec. II.C.2).
If it is assumed that the average haul om a dive is only one-half the
maximum payload, the submersible would have had to make only 67 dives
" to achieve the 3,000 kg. harvest made in 1974. This aumber of dives
can be accomplished in about 22 weeks. Thus the 3,000 kg. harvest
would seem to Se a minimal measure of domestic capacity. It seems
reasonable to estimate that domestic capacity would be a least one-third

higher (i.e. 4,000 kg.) given the right conditions of
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price, harvest costs, and resource abundance.

Estimating expected domestic harvest is more difficult given
the limited data available. Donestiéally harvested corals constitute
only a‘sﬁali ﬁor;ion of cﬁe entire corals 1n&ustr§, and it appears that
a large volume of low-priced imports could easily drive doﬁn the price
and make the domestic product less competitive. On-the other hand,
cdral jewelry is a popular item in the tourist markets, and producers
may be willing to pay a premimum or engage'in long-term contracts to
insure a stable supply of domestically harvested corals. It also would
geem reasonable to conclude that domestic producers have learned how to
use the submersible more effectively since 1974, and that the same num—
ber of dives would prbduce more coral per dive than in 1974, assuming suf-
ficient availability of corals for harvest. Considering all these fac-
tors, the expected anmual harvest is estimated to be 3,360 kg. per year
(assuming management measures permit). This represents a 107 increase
over the 1974 (peak year) harvest.

The OY for the Makapuu Bed is established to be 3,100 kg. (all
species combined) over a two year period. This is the most fished and
best studied bed in the FCZ and is quite close to the dominant process-
ing and retailing center of Hawaii. It also is reserved for selective
fishing techniques. It appears reasonable to expect':hat the 0Y for

Makapuu will be harvested in the fi:st year of thé ﬁwo year period so
the submersible can be employed during the second year in alternative
areas or usés. Thus, there would be more than 3,000 kg/year of "idle"
selective cap#city available to harvest the OY from the four Conditional

Beds from which corals may be harvested (the fifth Conditional Bed is to
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be a refugiﬁm). 1If selective gear is used, OY for Conditional

Beds (in aggregate) would be not more than 1250 kg. per year, or 2,500
kg over a two year period (all species combined). If non-selective
gear is used, 0Y would be less. Therefore it appears reasonable to
conclude that domestic vessels can and will harvest the 0Y from Esta-
blished and Conditional Beds. Therefore, the TALFF éor these beds is
zero.

There is no evidence to indicate that owners of U.S. vessels have
either the intention or the desire to conduct exploratory fishing in
the FCZ, especially seaward of Guam and American Samoa. Conditions
may be somewhat more favorable off Hawaii, givem the proximity of the
dominant market and the possibility that a véssel fishing a Conditiomal
Bed with dredging gear could conduct some exploratory fishing with
1ittle additional cost. Domestic interests, however,'are unlikely to
make any investments in vessels and gear without some assurance that
corals will be availabie.

The Council proposes, therefore, that 500 kg. per year

in each E#ploratoty Area be reserved for domestic fishing. Unlike
reserves in other fisheries, this reserve would not be released to
foreign fishing even if no domestic fishing were to occur. The re-
serve is sufficiently small that it .could be taken in a very short
time in any month of the year. It is not possible to survey the fish-
ery to determine in advance what the domestic harvest is likely to

be and how much could be released to foreign fishing, hence this re-

serve would not be released to foreign fishing even if no domestic



- 48 -

fishing were to occur. Further, corals are long-lived animals,

and patural mortality rates are quite low, so there is little "waste"
or loss if an amount of corals is not harvested in a given year.
Finally; this permanent reserve is—m;;gt-ﬁo 1§sure’that domestic in-
terests will have the certainty of a quota for their owm exploratory
fishing.

The remainder of the OY for each Exploratory Area will be
available for foreign fishing, i.e., the total allowable level of for-
eign fishing (TALFF) is 500 kg., all species combined per Explora-
tory Area per year.

IV. E. Domestic Processing Capacity and Expected Processing Level

The largest annual domestic harvest since the submersible
entered the fishery has been about 2940 kg. (1974). There are no in-
dications that domes:ic processing capacity was insufficient to process
 this level of harvest. The size qf'the market for polished-umset coral
(Table V) suggests that domestic processing would expand rapidly with
increased domestic harvests. The Council believes that domestic processing
capacity and expected processing levels'will equal the domestic harvest
for the future. There is no known or suspected incerest in joint
ventures involving foreign vessel processing of U.S. harvested corals.

IV. F.l Management Measures-—Og:ionszRecommeudationsand Rationale

In developing a management plan for precious corals in the
Western Pacific, a number of options were considered for each manage-
ment provision. All optioms for each provision are listed below.

The policies recommended by the Western Pacific Council and the ra-

tionale for these decisions are also described.
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Where appropriate, reference is made to previous sections of the plan
which contain more complete documentation and support for the recosmen-
dations of the Council. A draft set of suggested conservation and man-
agemen:’measures which implement the recommendations is presented in
Section IV.F.2 of the plan. |
A. Gear
With regard to gear restrictions, six options were considered
by the Council. They are as follows
1) To prohibit all forms of non-selective harvest (dredging)
in the FCZ |
2) vTo allow unconditional dredging everywhere in the FCZ
3) To allow conditional dredging everywhere in the FCZ
_&) To allow conditional dredging in some areas where selective
'methods are not in current use
5) To allow unconditional selective harvest everywhere in the FCZ
6) To allow conditional selective harvest everywhere in the FCZ
Policies 4) and 6) are recommended: to allow conditional
dredging in Expleratory Areas and on some Conditional Beds, excluding the
FCZ seaward of the main Hawaitan Islands, i.e. south and east of a line
midway between Niihau and Nihoa Islands; and to allow conditional se-
lective harvest everywhérel in the FCZ. This would prohibit dredging
in areas such as Makapuu, where selective harvesting methods are es-
tablished and capable of taking the Optimum Yield; or Ke=ahole Point
or Kaena Point, which are such small beds that dredging poses too

great a risk of damage in view of the low economic return.

lExcept Refugia



- 50 -

A discusgsion of the advantages a.nd disadvaﬁtages of selective and noo-
selective (dredging) technologies is presented in Section I11.C of the
plan. Where allowed, dredging would be subject to reduced quotas re-
‘lative to quotas for selective methods (see below). This is because
young colonies are not protected from exploitation during the period
when their'growth exceeds losses from natural mortality. Hence with
dredging some grﬁwth-overfishing occurs. Also, with dredging full re-
coverj of pieces knocked down does not occur (Section II.C.2). The
reason an allowance for drédging is provided at all is the impracti-
cality of utilizing selective methods in certain remote areas. Re=-
stricting harvest to selective meﬁhods could in practice close off
large areas. This wﬁuld be wasteful of the resource and would not
produce néw information concerning distribution and abundance. Bgth
dredging and selective harvést are subject to further conditions
which are outiined'below.

Both options recommended are consistent with the objectives
~of the plan (see Section IV.B.2) and the national standards of P.L.
- 94-265.

B. Weight Quotas

Two options were considered: to requi:e or not require weight quoté:
on a per bed basis. Thé_Cauncil prbposes to establish weight quotas
for both dredging and selective harvesting methods. ?or dredging, the
weight quota wﬁuldvbe set equal to 20Z of the quota that would apply
if selective methods were in use. The rationale for this restriction
is thé findinglcha: the ﬁSY for pink corai with no size limit is approx-

imately half what it is at optimum size of first capture (Section III.F).
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Taking 1ngo-acccun: the efficiency of the dredges ( 407 )
results in a further reduction of the quota to 20% (40Z of 50%). For
selective methods, the weight quotas are based on estimates of MSY
(Section III.G). In the Makapuu Bed, eleven weight quotas for pink
coral were considered. They are as follows: 1,000 kg/yr, 1,200 kg/yr,
2,000 kg/yr, 3,000 kg/yr, 4,000 kg/yr, 5,000 kg/yr, 6,000 kg/yr,

7,000 kg/yr, 8,000 kg/yr, 2,000 kg/2 yr, and 3,000 kg/3 yr. Thé
option recommended is the tenth: 2,000 kg/2 yr. Thisoption is selected
because it is the most efficient quota considering all biological, |
economic and social factors (Sectiom IV.D). Multiple year quotas in
which fishing effort is concentrated in the first year also favor ex-
ploration in "off-years" when the equipment might ¢therwise not be in
use. The 2-year quota is based on an estimate of MSvaor pink coral,
simply being double the amount for ﬁwice the time. The same formula
was used to develop optimum yields for gold and bamboo coral.

For all harvest levels greater than 1,000 kg for one year,
the harvest (even up to 8,000 kg) can be sustained only for several
years, after which the population and catch’severely decline. Two
levels of harvest, 2,000 kg/yr and 4,000 kg/yr, were simulated using
a computer model over a.37-year period to show the effects of these
policies on both the parent population (Figure 18) and the catch
(Figure 19). 1In the model, recruitment is aséumed ﬁo be constant
until a level of two-thirds the spawning biomass was reached after
which it was set as a linear functionof spawning biomass. In the case
of continuous harvest at the 2,000 kg/yr level, the population is

able to produce this yield for omnly 14 years after which significant
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reduction occurs. The 4,000 kg/yr option leads to collapse of this
level of harvest in just 5 years. In the Makapuu Bed both the 2,000
kg/yr and.the 4,000 kg/yr are wasteful in the long term and are incon-
sistent with the national standards'of FCMA.

For Conditiomal beds-for which there are not good estimates
of MSY but for which estimates of area are available, the quota, for
each species of precious coral initially, could be set according to
the ratio of the area of a bed to the area of the Makapuu Bed, 1i.e.

Area of Bed < MSY for Makaouu Bed
Area of Makapuu Bed

Such beds are defined as Conditional Beds. For Conditiomal Beds on

which dredging is allowed the quota would be reduced by 80Z.

For areas outside the Makapuu Bed and Conditional Beds, it
is proposed to allow either nonselective or selective methods, subject
to a limit of 1,000 kg. per Exploratory Area per year. The quota fér
Exploratory Areas is suggested on the basis of providing a minimum
economic incentive for exploration (See p. 44). Of the 1000 kg per
Exploratory Area per year, 500 kg are suggested to be set aside as a
permanent reserve for domestic fishermen. A 500 kg quota is judged to be
of sufficient value as to provide an economic incentive for exploratory
fishing. For this reason the absolute amount of the quota is the same
regardless of the type gear employed (selective or nonselective).

The plan envisions that a new ﬁed-identified in a
Exploratory Area will be designated a Conditional Bed, with a quota based
on its estimated area, once an area estimate has been made. Fishing in
Exploratory Areas will be controlled by permits to be granted by the
Regional Director, NMFS.for a one-year term, with provision for a one-
year renewal.

All weight quotas recommended in the plan are consistent
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ards of P.L. 94-265. With respect to the Makapuu Bed, the quota

recommended fbr pink coral is also consistent with State law (Appen-

dix III), exc?p: that the quota is based on dry weight of live coral only.
C. Size Limits _

The optibns for a size limit apply only to selective harvesting
methods in the Makapuu Bed and the Conditional Beds off Kea-hole Point, |
Hawaii and Kaena Point, Oshu. .Since dredging is allowed everywhere else,
the size limit at this time can apply only to these beds. The alternatives
considered were whether or not to require a size limit and if so, what it
should be and whether it should be voluntary or compulsory. For pimk coral,
four size limits were considered: 8, 9, 10 or 11 inches in height measured
from the base to the greatest vertical extremity of the colony.

For pink coral a compulsory size liﬁit of 10 inches is proposed
for beds on which only select harvesting techniques may be used. '

Size limits for gold and bamboo corals are not recommended at this time
because/of inadequate information. The rationale for selecting a 10-inch
limit is based on several arguments. First, the size limit which corresponds
to MSY is actually 1l inches (Section III.F). However, a slightly smaller
size is favored because catch per unit effort would be greater than it is
with an ll-inch limit while the effect on yield would be negligible (fig-
ures 11 and 13). MSY is adjusted downward to account for a 10-inch size
(Section III.G). Second, a 10-inch limit is consistent with curremt prac-
tice. Industry claims that harvesting colonies less than 10 inches 1is not

| economically practical, becagse the return doeé not justify the time spent
harvesting. Third, a 10-inch size limit is equivalept to an age of 28 years,
and this is approximately 15 years after colonies reach reproductive maturity.
Hence, an adequate reproductive cushion (Grigg, 1976) would appear to be
provided by a 10-inch size limit.

" Because a size limit of 10 inches almost doubles the MSY that
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would be obtained with no size limit (Secfian II11.G and Figure

13), it promotes efficiency in the utilization of the resource,
which is consistent with the national standards of P.L. 94-265,
HBawaii State Division of Fish and Game Regulatiom 4l (Appendix III)
and the objectives of tﬁis plan (Section IV.B).

Unfortunately much of the pink coral is unavoidably bro-
ken during collection, making enforcement of any size limit diffi-
cult. Breakage varies depending on handling which itself is a vari-
able due to weather, size of :he.load and chance. One method that
might work would be to calculate an average weight and stem diameter
for colonies 10 inches in height. The Veigh: of the load could then
be divided by the average weight‘of a 10-inch colony. This division
would produce a number that would equal the minimﬁm number of pieces -
equal to or larger than the stem diameter equivalent to 10 inches in
height. For example, if the stem diameter equivalent to 10 inches in
height is one inch and the a&erage weight of a 10-inch colony of pink
coral is 2 pounds anﬁ if a particular day's load is 50 pounds, then
at least 25 pieces in the load should meaéure at least one inch in

maximum diameter.

The calculations for the example are as follows:

stem diameter
50 1bs (catch) = 25 pieces > 1 inch
2 ibs (weight average )
(colony of 10 in.)

The Council will reconsider this size limit as a management
medsure if it is found that enforcement is inordinately difficult or

expensive.
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D. Royalties

‘bThe options comsidered for this provision were whether
or not to iﬁpose royalty fees on the basis of the weight or value
of precious coral harvested. Royalties are a feature of management
regime for coral fisheries established by BLM, DOI. The recommenda-~
tion is against ﬁhe imposition of royalties because ﬁhe FCMA states
that regulations promulgated to implement fishery management plans
may not require fees for domestic fishermen beyond the cost of ad-
ministering the permit system. Presumably royalties would exceed
the cost of administration. Also the Cquncil sees no merit in pro-
posing royalties for corals when no other FMP has proposed royalties.
The Council considers the employment and taxes gemerated by the indus-
try to be adaquate compensation to the public for use of a common
property resource.

E. Incidental Catch

The options considered were whether or not to allow inci-
dental catch of corals by vessels fishing for other species of fish
and if so under what conditions. The recommendation is to allow in-
cidental catch of all precious corals in the FCZ for both domestic
and foreign fishermen, however, subject to certain conditions. It
is recommended that domestic and foreign fishermen be allowed to in-
cidentally harvest precious coral but that they be required to submit detai:
monthly reports of such catches to the NMFS. It is further recommended
that non-re:éntion apply for both domestic and foreign fishermen. It
is also proposed that should the amount of incidental harvest of pre-
cious coral be significant (more than 50 kg per vessel per year), the
Secretary of Commerce should be so notified so that more réstrictive

measures can be imposed on an emergency basis.
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This policy seeks to encourage ﬁhe development of fisheries
which may take coral incidentally, such as trawling for finfish; gain-
ing new information on coral resources from such incidental taking; and
discouraging un;on:rolled-coral harve;:iﬁg und;r the guisé of inci-
dental catches.

F. Refugia

With respect to Refugia or preserves, that is, beds which
would be closed for some period of time to exploitation, the options
considered were whether provision should be made for such preserves,
and if so, which areag, if any, sﬁould be so designated at this time.
It is recommended that one Refuge be established immediately. The
reasons for establishing Refugia are: (1) to preserve coral beds as
natural areas for purposes of research: (2) to establish control areas
that could be used in the future tonmasureeﬁvironmentalkimpacts of
coral harvesting; and (3) to establish possible reproductive reserves
for enhancement of recruitment into adjacent areas. WesPac Bed, be-
tween Nihoa and Necker Islands (Lat. 23° 18.0'N, Long. 162° 35.0'W),
is recommended for desigﬁation as the first such refuge because of its
central location within the Hawaiian Aréhipelago, which f;vors recruit-
ment into adjacent areas. No commercial or exploratory harvest of pre- .
cious coral is permitted in Refuge areas. However, other types of fish-
ing will be allowed subject to restrictions on incidental catch of
corals (Section IV.F.1l.E.).

G. Season

Seasons were also considered. The recommendation is against

setting any seasonal restrictioms. This decision rests on the obser-

vation that there is little biological basis for establishing a closed
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geason, other than to reduce fishing effort. Natural mortality rates
are relatiQely low for pink corals and are probably also low for gold
and bamboo coral as judged by their-longevity. Therefore it matters
1ittle in terms of the reproductive potential of a colony whether
it is harvested before, during or after the reproductive season.
The reproductive season for pink coral in Hawaii is June and July
(Grigg, 1976). Because reproduction is iteroparous (year after year),
the impact of removing a colomy in June of any given year is essen-
tially the same as removing that colony in any other month. Hence
if summer months were closed to :he'fishery, and the annual harvest
did not change, the bemefit would be insignificant. By contrast,
an adverse effect could occur if the safest and most accessible months
(due to weather) were not open. Summer closure could pose a hardship
on the iﬁdustry and discourage exploration.

H. Limited Entry |

Limited en:ry.was considered but is not recommended.

There is no sign at the present time that the fishery is beiné over-
fished due to excess capital investment or to the open acess nature
of the resource. In the precious ﬁéral fishery in the western Pacific,
the need to increase information concerning the resource would favor
entry (increased effort) so long as this did not decrease the present
value of the fishery.

I. ‘Permi:s and Conditions

A requirement for ?ermits,'and the conditions under which require
were considered. The Council is in favor of permits, to include all

conditions covered.in provisions A-H as well és extensive reporting

reguirements.
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Information is to be documented.in daily log books and

be provided to the appropriate representative of the Secretary of

Coumerce.

Permits are to be area‘specific with reference to Estab-

lished Beds, Conditional Beds or Exploratory Areas (see next section
for definitions). The dura:inﬁ of the permits is also area specific.

Further details concerning permits and other management mea-
sures are contained in the next section of the plan.

IV. F.2. Proposed Specific Comservation and Management Measures

The following are recommended management measures under
which permits to harvest and possess precious corals and associated non-

precious corals for domestic fishermen are to be granded:

Limitation of Permit

Not more than ome permit shall be issued to any oﬁe person.
No permit shall be valid on more than onme vessel. Permits shall not
be assigned or transferred from person to persom nor from vessel to
vessel .

Duration of Permit

Permits shall be effective from July lst* through June 30th*

or, if issued after the beginning of such term, for the remainder thereof.

Permit Areas

A permit will be required for the harvest of precious corals includ

ing the species Coralliwm secundum, Gerardia sp. and Lepidisie olapa,

*The selection of a July 1 date for the beginniﬁg of the term for per-
mits was made in order that the terms for Federal permits coincide with

State permits. :
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and for nonprecious corals taken with precious corals, in any or all

Western Pacific Rgginnal Fishery Hanagement Council (FCZ) permit areas
described below.

For the purposes of this plan there are three designated per-

mit area categories. These are:

I.

II.

ESTABLISHED BEDS (E-B) shall include only coral beds having

a history of harvest and those sufficiently documented to

’the extent that an optimum yield quota comsistent with

the provisions of the FCMA of 1976 has been established.

Makapuu (Oahu) E-B-1 Permit Area shall include the waters

enclosed by the lined area delineated in Figure 5.

CONDITIONAL BEDS (C-B) shall include known coral beds for

which optimum yield quotas are derived through size rela-
tionships to the Makapuu Bed. Estimates of areas of Condi-
tional Beds are based on data accumulated from over 200
dredge haul stations and 33 submersible dives in Star II
throughout thekﬂawaiian Islands.

Ke-ahole Point (Hawaii), C-B-1 Permit Area, shall include the

waters within a 0.24 km? area around a midpoint of Lat. 19°

46.0'N, Long. 156° 06.0'W.

Kaena Point (Oahu), C-B-2 Permit Area shall include the
5

waters within a 0.24 km“ area around a midpoint of Lat. 21°

35.4' N, Long. 158° 22.9'W.

Brdoks Banks, C-B-3 Permit Area, shall include the waters
within a 1.6 km® area around a midpoint of Lat. 24°06.0'N,

Long. 166° 48.0'W.
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180 Fathom Bank (nmorthwest of Kure), C-B-4 Permit Area,

shall include the waters within a 0.8 kmz area around a

midpoint of Lat. 28° 50.2'N, Long. 178° 53.4'W.

III. REFUGIA

Wespac Bed, ,R=1 Permit Area, shall
include the waters within a 0.8 kmz area around a midpoint
of Lar. 23° 18.0'N, Long. 162° 35.0'W.

IV. Exploratory Permit Areas (X-P) Area shall include all beds,

other than Established and Conditional Beds and Refugia in
each of five areas: Hawaii, American Samoa and Guam, the
Northern Marianas and the combined FCZ's around all dther
U.S. islands in the cen::al and western Pacific. These may
be designated X-P-H, X-P-AS, X-P-G, X-P-NM and X-P-I.

A new bed located by exploratory fishing will become a Con-
ditional Bed when sufficient data have been collected to

estimate size and yield from the bed.

Season and Quotas

(1) The coral harvesting season shall open July 1l in all permit areas.

(2) Closing Date Makapuu, E-B-l1, Permit Area. The coral harvest-

ing season in Makapuu E-B Permit Area will be a 2-year period extending
from July 1 of the first year through June 30 of the second year.

The season shall be closed prior to June 30 of the second year by

the Regional Director, NMFS if it is estimated that the sg#son catch

in Permit Areas in E-B-1 will have reached 2,000 kg of pink coral,

600 kg of gold coral, and 500 kg of bamboo coral prior to Jume 30.

All live coral harvested will be retained by the permittee and shall

be counted against the Quota.
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(3) Closing date C-B-l-4 Permit Areas. Coral harvesting in
Permit Are;s C-B-l1 through 4, shall be for one-year periods extending
from July 1 through Jume 30. The season shall be closed prior to Jume
30 by the Regional Director if it is estimated that the seasonbcac:h
for C-B~1-4 Permit Areas will have filled the one-~year quota

prior to June 30; One-year quotas for dredging can be com-
puted on the basis of the following formulas.

(1) Area of C-B-1-4 Beds x 200 kg = l-year conditional quota for
Area of Makapuu Bed pink coral

(11) Area of C-B~1-4 Beds x 60 kg = l-year conditional quota for
Area of Makapuu Bed gold coral

(1ii) Area of C-B-1-4 Beds x 50 kg = l-year conditiomal quota for
Area of Makapuu Bed bamboo coral

Permit Areas C-B-l1-4 shall be closed to further non-selective har-
vesting of all species of coral whenever the OY of one species has been
attained. This measure is to preveat overharvesting of the first species
that could occur by way of non-selective harvest of other species.

(4) Closing date Exploratory Permit (XP) Areas. Exploratory Per-

mit (XP) Area season shall be a one-year period extending from July 1
through Jume 30. Announcement of closing dates by the Regional Director in
permit area will be made not less than forty-eight (48) hours in advance

of a closing date, except that if the closing date is to be June 30 there
need be no announcement. Each Exploratory Permit Area will be closed
to'foreigﬁ fishing when the total foreign harvest of pink, gold and bam-
boo coral in the Area reaches 500 kg and to domestic fishing when the

total harvest of the three species reaches 1,000 kg.

Gear Limitations

The use of selective harvesting methods shall be encouraged in

all permit areas.



(1) In all;permi: areas where selective harvesting is current
practice and an optimum vield has been determined, dredging techmiques
are prohibited,

(2) Coral dredging is prohibited in all portioms of the FCZ
seaward of the main Hawaiian Islands, i.e. south and east of a line
midway between Niihau and Nihoa Islénds.

(3) Coral dredging will be allowed in all other permit areas
under specified conditions. If coral tangle dredges are to be em-
ployed, the weight quota is to be 20Z of that allowed using sélec:ive

methods.

Identification of Vessel

Each vessel operating under the provisions of this plan shall
carry on an exposed part of the superstructure of the vessel the number
of the owner's permit in fourteen-inch (l4-in.) black numbers omn a white
_ background. The permittee shall keep the number clearly legible in good
repair, and insure that no part of the vessel, its rigging or its fish-
ing gear obstructs the view of the number from an enforcement vessel

or aircraft.

Records
Each permittee shall keep an accurate record of his coral har-
vesting operations in a log book furnished by NMFS. All information
requested sha;l be given completely and ;ccurately.
Whenever a permittee makes a sale or delivers coral harvested
under a permit, the permittee shall within 72 ﬁours of landing mail to Regiomna
Director, NMFS, a copy of the NMFS log with coﬁpleﬁe harvest information

for the corals
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sold or delivered including:

1) area fished

2) depth of water

3) weight of coral harvested by species (landed weight, air
dried for at least 24 hours)

4) fishing effort (days or hours) and dates of harvest

5) method of harvest

6) observations about the habitat (current, bottom type,
bottom topography, bottom slope, proximity to land, etc.)

7) sales of precious coral including the amount by Qpecies,

value, date of sale and name(s) of buyer(s), and .

8) other data as specified in the permit or regulations.

Size Limitation

 Makapuu Bed (E-B-1), Ke-abole Point (C-B-1) and Kaena Point (C-B-2)

Permit Areas. Any pink coral harvested from these Beds shall be from

colonies of at least 10 inches in height.

All other Permit Areas. There are no dze limits egtablished.

Incidental Harvest

All domestic and foreign fishermen shall keep accurate records
of all precious coral harvested incidentally. Records shall include
but not be limited to: gear type and size, species harvested, landed
weight, location and depth. Records shall be submitted to the NMFS
on a basis specified bj NMFS. Non-retention is an added requirement

for both domestic and foreign fishermen.
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Observers
A permittee may be required to carry a NMFS observer, partic-
ularly for fishing in exploratory areas.
- —Permit Cancellation ... . . __ _.
Permits shall be subject to suspension or revocation as specified

by regulatiomn.

IV.G. Enforcement

Enforcement activities will include aircraft and surface
patrols and dockside inspections, and observers may be placed on
foreign and domestic vessels. The NMFS estimate of requirements to
achieve 95Z compliance and 1ooi off-load inspection levels include
over 1100 hours per year of aerial pgtrols.(mnlti—purpose, including
seamount fishery and billfish fishery) and 200 days per year of sur-
face patrols (also multi-purpose) for the FCZ seaward of the Hawaiian
Islands; 168 hours of aerial and 96 days of surface patrols off Guam

and the Northern Mariana Islands; 144 hours of aerial and 48 days of
>surface patzols around American Samoa; and aerial and surface patrols
as resources permit off U.S. Possessions. Total fishery enforcement,
of which an unspecifie& percentage would be attributable to corals,
are estimated at ten (10) agents\aﬁd $275,000 for MMFS. To the ex-
tent possible, NMFS and the Coast Gua;d will coordinate with State en=-
forcement authorities to prevent duplicatiom of effort.

IV.H. Administra:ive Costs

It is not possible to predict with any certainty the cost of
observer coverage. Foreign vessels pay the cost of U.S. observer

placements, thus, there is no net cost to the U.S. Govermment, although
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NMFS would pay the immediate costs. There has been no expression
of foreign interest in fishing for corals in the FCZ; however, for
the purposes of considering management costs, it is estimated that
observer placement entails an estimated $2,000 per observer per
month, whether on a domestic or foreign vessel.

Data collection would involve little cost, given the low level
of participation in the fishery. Preparation and distribution of
logbooks would cost not more thah $1000, and compilation and anal-
ysis of the data probably would not cost more than SlOOQ, per year,
per area. The "ecost" of recording and submitting data would be
negligible. The permit system also would be easy to administer
since participation is so limited. The cost would not be large
enough to warrant an administrative fee. Total administrative
costs are estimated to be not more.than $25,000 per year as the

fishery is now constituted.

IV.l. Relationship to Existing Laws

| Implementation of this FMP replaces the Department of In-
terior's (Bureau of Land Maﬁagement) regulations regarding the areas
covered in ths FMP. DOI regulations for all other areas not covered
by this FMP remain in effect. The regulations of the Department of
Interior are described in Apéendix IiI and below. DOI permits may be sus-
pended or.revoked if the pefﬁittee fails to comply with any of the
provisions of the permit. The permittee must be bonded and pay $25.00,
a non-refundable permit filing fee. 1In the case of commercial har-

vesters a fee or royalty will be assessed based upon the fair market
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value of the coral. Violation of the regulation carries a fine of
pot more than $2,000 or imprisomnment for not more than 6 months or
both such fine and imprisonment for each occurrence of the violation.

The State of Hawaii has promulgated regulations for the management
of pink and gold coral, which are given in Appendix II. As written,
the regulations apply generally to "waters subject to the jurisdic-
tion of the State," but they include provisioms, including a catch
quota for pink coral, specifically applying to the Makapuu Bed.
Questions relating to State jurisdictioﬁ over that bed are beyond
the scope of this Fishery Man#gement Plan. The pink coral quota
for the Makapuu Bed in the State regulatioms, 4,400 pounds for 2
years, is consistent with the quota defined in this Plan, except
that the State specifies that this is to be wet weight of live and
dead coral. The State's minimm size limit of 10 inches in colony
height is also caﬁsistent with that of this FMP, except that observance
of the State's limit is made voluntary. Potential conflicts between
the State's regulations and the measures prescribed in this Plan will
depend largely on how the extent of the State's jurisdiction may be
interpreted in the future.

Local jurisdictiané in the other areas covered by this Plan do
not have any laws or regulatioms specifically for the management of
coral resources or coral fisheries of the species covered by this
Plan.

A determination of consistency of this plan with the CZM plan
for the State of Hawaii is given in Section V.B.

There are no Indian treaty or native Hawaiian rights or other
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types of native claims known to involve the precious coral re-
sources or fisheries that will be managed in accordance with this
FMP.
IV.J. Council Review and Amendment of the Plan

A review by the Council is to be conducted annually unless
information is brought to the attention of the Coumcil which indicates
that emergency actions are needed to protect the resource.

As additional information on number, location, and sizes
of coral beds becomes available, and as data on other spécies of
precious coral becomes available, the Council will amend the plan

as necessary.

IV.K. Future Research Needs

The Council recognizes and this plan emphasizes; the cri-
tical need for research. The most important needs for future research
of precious corals in the Pacific Ocean are stock assessment and the
colléction of economic data. Until the extent and magnitude of the
resource are defined, the development of U.S..precious coral fish-
eries will be hampered. Moreover, stock assessment is the first step
in defining Conditional Beds and developing a strategy of marzagement.
More specifically, better information on the size of Conditional Beds
and rates of growth and mortality of their precious coral populations
are needed before they can be upgraded to Established Beds with cor-
. respondingly more accurate and precise estimates of MSY. Once this
jnformation is available, information regarding stock-recruitment
relationships must be obtained before more effective management plans

can be developed.
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Othgr important bioclogical research is needed to asses the
impact of management decisions om the status of the resources. For
example, it will be important to know the impact of harvesting pre-
cious coral onm recruitment as well as on adult stocks. Records of catch
and effort can be used in part to determine if overfishing has occurred.-
Research is also needed before the impacts-of incidental catch by domes-
" tic and foreign fishermen can be aééessed. Records of incidental catch
coupled with television or submersible surveys would be necessary for
this. Another important subject for biological research is the impact
of harvesting precioué corals on other benthic species which occupy
the same habitat.

In terms of gear, further research is needed in two areas.

- First, to better evaluate the efficiency of dredges and secondly to
improve methods of selective harvest using submersibles and femo:e ve-
hicles. For dre&ges, it is important to know their efficiency so im-
provements in design can be made and to attain a better idea of the de-
gree to which precious coral is knocked down but not retrieved.

In the area of economics, better data are needed in Hawaii
on cost of harvest, ex-vessei value of precious coral, costs of pro-
duction, total sales of pre;ious coral jewelry produéed from local
production, and total sales of precious coral jewelry produced from
imported coral. In regions of the FCZ other than Hawaii, market stu-

dies are needed to assess the potential of precious coral industry

considering both local sources of supply and imports.
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IVv.L. Alternative Exploratory Areas Management Approach
The Council recognizes that its proposed method for defin-

ing optimum yield, domestic "reserve” and TALFF for Exploratory Areas
constitutes a departure from the conventional approach under the FCMA.
Where the "reserve" approach has been used in other plamns, it has been
used to accommodate the possibility that aétual domestic harvest will
exceed the estimated expected harvest. The reserve has been subject to
release for foreign fishing if domestic catches are at or below esti-
mated levels. The permanent, unallocable corals reserve is different
in that it gurantees that a particular amount will be kept available
for domestic exploratory fishing. It is believed this is necessary to
provide an incentive for domestic investment in vessels, equipment and
manpower. Inasmuch as there has been no documented and permitted foreign
coral fishing in the FCZ and the plan would allow exploratory fishing
by foreign vessels for the first time, the permanent reserve appears
reasonable and equitaﬁle, and ts believed to be consistent with the
spirit and the letter of the FCMA.

Nonetheless, the Council appreciates that this woﬁld be a
precedent-setting decision and that approval is not assured. The
Council propeses therefore a second-best approach to govern domestic
and foreign ha;vesté in Exploratofy Areas, as follows, if the unallo-
cable reserve approach is disapproved:

1. Domestic vessels would be permitted to engage in test
fishgries, with a 1imit of 500 kg. per year, ‘all species combined, per
Exploratory Area. Such test fishing would be under permits granted by

the Regional Director in consultation with the Western Pacific Council
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and State agencies. The Regional Directoi'may allow dredging in
Exploratory Areas, provided no dredging is permitted in the "major"
Hawaiian Islands (south and east of a line midway between Niihau
and Nihoa Islands).

2. Foreign vessels will be permitted to take up to 500 kg.
per year, all species combined, per Exploratory Area-under a scientific
research p;an approved by the Soﬁthwes: Fisheries Center, NMFS, in
consultation with the Council and State agencies. This is consistent

with present NMFS policies and procedures.

V. ENVIRONMENTAL IMPACTS
v.A. Relation to National Standards

The management measures proposed herein are fully consistent
with the natiomal standards as outlined in P.L. 94-265. 1In brief, the
management plan is designed to achieve optimum yiélds from each f£ish-
ery; the plan is based on the best scientific information available;
stocks are managed on the basis of a unit (individual beds); the plan
does mot discriminate between residents of different States; the plan
promotes efficient utilization of the resource, the plan accounts for
variation in the resource;and it is designed to minimizg management
costs. |

v.B. Relationship of :hé Proposed Action to OCS and CZM

With regard to the OCS, manganese crusts and precious corals
are known to co-occur at depths of 1,200 to 2,000 feet in some areas
in the Hawaiian Archipelago such és the Wahoo Shelf off Oahu and the
bank immediately to the southeast of French Frigaté Shoals.

Mining of manganese cCrusts could directly damage precious corals by
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the effects of silt and sediments. The potential of such specific
impacts ha?e pot been determined, although an agsessment of the en-
virommental impact of mining for manganese nodules in the Pacific,
in general, has been completed by the Eavirommental Research Labora-
tory of NOAA (Hirota, unpublished manuscript).

The Coasial Zone Management Act (CZMA) of }972 encourages
states to establish policies and programs for the conservation of
coastal resources balanced by the needs of economic development.
Conservation and the rational use of living resources in the off-
shore coastal zome (terri:ofial sea) are among the objectives of the
National CZMA. Promotion of domestic fisheries, the development of
unutilized or underutilized fishery stocks, and fisheries management
according to sound conservationm ﬁrinciples are the major objectives
of the FCMA. While the geographic area of management authority and
application differs under each statute, the CZMA and the FCMA embody

_unanimity of objectives with regard to transboundary fishery re- |
sources.

An apﬁroved c2M pfogram has been in effect in Hawaii since
1978; State CZM policies directly relating and pertaining to the pro-
.posedﬂaccion are contained in the coastal ecosystems and economic use
resources categories of the Hawaii CZM statute (Act 188 of 1977,
Chapter 205A, HRS, as amended). They are as follows: (1) improve
the techniéal basis for patural resource management, (2) preserve
valuiable coastal (offshore) ecosystems of significant biological or
economic importance, and (3) minimize adverse envirommental effects
from econbmic‘hsés of coastal zome fé30urces; These CZM policies are

fully consistent with the objectives of this Plan and with the selected
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management measures for precious corals which are: (1) to allow
h#rvesting of precious corals in known beds and tovencourage the
exploration and discovery of new beds but subject to limitatioms

to prevent overfishing, (2) to encﬁutage the use of selective har-
vesting methods and also to prevent the wastage of resources by
aliowing dredging in those areas where large distances would make
selective ha;vesting economically infeasible, (3) to minimize the
harvest of immature colonies that have not reached their full po-
tential for growth, (4) to provide for the establishment of refugia,
and (5) to encourage the development of new information on the dis-
tribution, abundance, and écology of precious corals so as to improve
the technical basis for management. As with the Hawaii CZM program
which has been established to balance the needs of economic development
with the long-term conservation of coastal resources, the proposed
action provides a combinaﬁion of measures designed to maximize oppor-
tunities from the harvest of precious corals while minimizing the
bioclogical risks: involved. The relationship of the proposed action
to coastal zone management planning in Guam, American Samoa, and the
Northern Mariana Islands cannot be determined at this time because
CZM plans have not been cqmpleted and approved for these areas.

The Hawaii offshore CZM Program area extends from the éhore-
line to the seaward limit of the State's jurisdiction. While the off-
shore coastal zone is defined for Nationmal CZM Program purposes as not
extending beyond the territorial sea of the United States, the State
of Hawail does not relinquish or in any way waive its rights, authority,

or claims, present and future, over those waters within the State's
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jurisdiction that exist outside the con§eational 3-mile seaward
boundary of the territorial sea.* Section 6 of Article IX of the
State of Hawaii Constitution expressly provides: "The State shall
have the power to manageband control the marine, seabed and other
resources located within the boundaries of the State, including

the archipelggic waters of the State, and reserves to itself all

such rights outside state boundaries not specifically limited by
federal or international law" (emphasis supplied). As such, the
degree of State sovereignty over the management of preciocus corals
of the Hawaiian Archipelago is dependent on a legal determination on
the actual geographic extent of the State's offshore boundaries in-
cluding archipelagic waters. Jurisdiction over the interisland
waters and resources remains an unsettled question between the
State of Hawaii and the Federal Government. The resolution of
this issue is beyond the scope of this Fishery Management Plan.
Other coastal zone plans for other areas covered by this

plan have not been completed at this date (July 1979).

v.C. Biological Impacts of Domestic Fishing

The management plan is based on the national standards and
should not result in unacceptable biological impacts to populations

of precious coral. The recommended management measures result in only

*7.S. DOC, Office of Coastal Zome Management, State of
Bawaii Coastal Zome Management Program and Final Envirovmental Impact
State, 1978. ’
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about 2% rensval of precious coral populaﬁions in any harvesting
period. However, the proposed regulations are based on an analysis
in which na:ural mortality, recruitment and growth are assumed to
be constant. To the extent that :hese é;tameters vary from year
to year, it may be necessary to revise management measures. Also
caution should be exercised beéause of the sampling errors inhefen:.
in the data on which the énalysis is based. 1If significant changes
in the population dynamics of an& species of precious coral comn-
sidered here were to occur in the future, management plans should be
revised accordingly.

Biological impacts of harvesting precious corals om other
species which occupy the same habitat can be expected to be similar
to or less than the biological impacts of harvesting precious corals
themselves. Even if a two year quota of pink coral were taken in ome
year, only about 4% of tﬁe standing crop of pink cordl would be affected.
For species which live on; in or around pink corals a similar impact
would be expected. Similarly, other benthic species that may be dam-
aged by non-selective methods should not suffer a proportionately
greater impact than target species of precious coral. Indeed, many
species of gorgonian corals have flexiﬁle skeletons and do not break
as easily as pink or bamboo coral (both have calcareous skeletons)
and therefore should be impacted proportiomately less than calcareous
precious corals. While many species of fish occur on or near the bqttom
in the depth zoﬁe of precious corals, none are known to depend directly
or indirectly on precious corals for food or habitat space.

It is noted that there is risk in extrapolating pink coral



- 75 =

characteristics to other species, but this appears to be minimal and
the error c;n be in either direction. There also is a risk of over-
" fishing by allowing dredging. The quotas however appear to be suffi-
ciently low that this risk is low.

Consideration has been givean to the possibiiity of any im-
pact of the precious coral fisheries covered by this Plan and the re-
commended management measures on marine mammals or endangered species.
It is concluded that because of the characteristics of the precious
coral habitat and the fishing techniques used to harvest precious
corals there is little or no possibility of any such impact. A bio-
logical opinion from NMFS confirms this conclusion (Appendix 4).

‘Access to the Hawaiian Islands National Wildlife Refuge is restricted

and this plan should have minimal effect on those 1sl#nds.

V.D. Impacts to Industry

If the Hawaii precious coral industry is to survive and
prosper, it should have access to a reliable and controllable supply
of raw material. The Makapuu Bed is a small fraction of the total
area thought to be potentially commercially productive in the Ha-
waiian Archipglago. Thus an increased supply appears to be locally
available which may decrease the need for some imports. With rising
tourist expenditures and growth in personal income of the residents
of Hawaii, expansion'in the local market can be expected (Poh, 1971).
In addition there is the potemtial of developing a larger mainland
market. The potential for grovth‘in these markets may not be realized

. unless imports combined with local supplies keep pace with demand.
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Hence it is important for the industry to establish new sources of
supply in U.S. waters to ensure a steady and reliable domestic supply
" of raw material.

The proposed action may slightly reduce the pasf annual
harvesting rates for pink and gold-coral. This is an unavoidable con-
straint imposed by the limited nature of the resource. Management
measures have been proposed which take into account the economics of
the industry and are designed to increase benefits to the nation.
The proposed action-should cause no loss in jobs, and while total pro-
duction may be slightly reduced, this is considered to be favorable
to the long term interest of pfoducers and consumers.

V.E. Alternatives to the Proposed Plan

For each management measure recommended, several options
were considered. These have been thoroughly discussed in Sectioms
IV.F.1l and IV.F.2

Other conceivable altermatives ligted below were not given

serious consideration for the following reasons:
1. To rely on the Prelimina;y Management Plan indefinitely —

As noted earlier, the draft PMP for precious corals has not been im-
plemented. Even if i:‘were, it would provide no control over domestic
fishing, nor would it provide any opportunity for foreign fishermen to
develdp new exploratory beds and thereby furnish much needed informa-
tion on coral resources of the FCZ, as it would establish a zero TALFF.
Also, failure to implement an FMP would be comtrary to the

intent of the FCMA.
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2. To leave management of precious coral resources in the region
to the S:aﬁe of Bawai;, which has a management regulation in place,
and the Territorial Govermments —— The legal basis for the local govern-
ments to regulate coral fisheries which are carried on in the FCZ, if
the coral is not landed in the State, is questionable, especially with
regard to foreign fishermem, and the sq;tes~appé§n'fo;lackuthe capability tc
enforce any regulatioms with respect to coral beds at any distance
from their shores.

3. To allow the Bureau of Land Management to continue to regu-
late coral fishing on the Outer Con:inent#l Shelf — The BLM regula-
tions (see Appendix III) do not comstitute a fishery management regime
which would meet the requirements of the FCMA, which gives priority
to the Department of Commerce in this field. This fact is also recog-
nized in the draft Memorandum of Understanding between the Departments

of Commerce and Interior on the subject of coral fishery management.

v.F. Impacts on Foreign Fishing

The proposed action may partially displace foreign precious
coral harvesters from areas near Midway, Wake, Guam and the Common-
wealth of the Northern Mariana Islands. The proposed plan allows

foreign vessels to harvest under permit up to 500 kg of pink, gold,
bamboo and ofher precious corals combined in exploratory areas in H;-
waii, Samoa, Guam and the Northern Marianas and to incidentally harvest
‘but not to retain precious corals incidentally harvested in other fish-
ery operations in the United States FCZ. It therefore provides for . |

reasonable foreign use of U.S. fish stocks having a harvestable surplus
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as long as such use does not conflict unduly with the development
of the U.S. precious coral industry and with long-term comservation

requirements.

V.G. Adverse Impacts of Foreign Fishing

Certain kinds of foreign fishing, such as bottom trawling,
will kill or harvest precious corals incidentally in certain areas.
To the extent that such fishing operations are permitted and take
place, a smail Teduction in the amount of precious coral available to
U.S. harvesters will occur. Further, because most trawling operatiomns
. are not efficient in capturing or recovering colonies dislodged from
the bottom, there will be.some wastage of the resource. Recovery of
previously damaged beds may be delayed. However, the policies set by
the PMP for the Seamount Groundfish Fisheries limit trawling by foreign
veésels to a small portion of the FCZ where precious corals may occur,
and damage (if any) would be restricted to a very small area.

V.H. Relationship Between Local Short-term Use of Man's Enviromment
and the Maintenance and Enhancement of Long-term Productivity

The proposed action pfovides for full commercial harvest of
precious coral stocks only after they have been assessed and optimum
yields have been estimated. Limited harvest is allowed so new beds
may be located, anﬁ once located, may be studied to determine area of
bed, abundance of corals and other critical factors. Thus precious
corals are protected from negligent, wasteful over-exploitation which
might lead to short-term economic gains for domestic fishermen but to

long-term shortages and economic losses for U.S. industry.
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v.l. Irreversible and Irretrievable Commitments of Resources
Involved in the Proposed A;tion Should It Be Implemented

1f the resource is inadvertently overexploited, commercial
harvest would almost certainly cease for economic reasoms before any coral
species approached biological extinction. The major change in the
population dynamics of precious corals that can be expected to occur
as a result of harvesting is a non-irreversible shift in age struc-
ture toward younger age classes. Mean age would be somewhat reduced,
but natural mortality might decrease as a consequence of pre-emption,
and growth and recruitment might increase in response to reduced

competition.
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.VII GLOSSARY
Bureau of Land Management, U.S. Department of
Interior
Coastal Zone Management
Division of Fish and Game, State of Hawaii
U.S. Department of Commérce -

Annual production capacity of domestic fishing firms

Annual production capacity of domestic processing
firms
Environmental Impact Statement

Anticipated annual harvest by domestic fishing firms

Anticipated annual production of domestic harvesting
firms

Fishery Conservation and Management Act

Fishery Conservation Zone

Cost of depreciable equipment

Fishery management plan.

Maximum sustained yield

Future net income stream discounted to the present

National Marine Fishery Service

Quter continental sheif

Optimum yield |

Preliminary fishery management plan
Total allowable level of foreign fishing

Western Pacific Regional Fisheries Management
Council :






- 80 -

VI.. References

Anderson, R. N., G. R. Vieth, B. J. Seidenstein, B. Bradshaw. 1975.
Socioeconomic Profile. Center for Nommetropolitan Planning
and Development, University of Hawaii. Dep. Paper 35. 156 pp.
Anonymous. 1956. Bull. of Taiwan Fisheries Institute. (2): 1-12.
Bank of Hawaii. 1976. Hawali '76., 26th Annual Econ. Review. Bank
of Hawaii, Deﬁ. Bus. Rev., July, 47 pp.
Beverton, k. J. H. and S. V. Holt. 1957. On the dynamics of exploited
fish populations. Fishery Investigations, Ser. II 19: 1-533.
Dept. of Commerce. 1977. EIS/PMP Precious Corals. NiMFS, ‘I.erminai

Island, Califormia. 39 pp.
Grigg, R. W. 1970. Ecology and populaticn dynamics of the gorgonians

Mricea californica and Maricea fruticosa. Ph.D. Thesis, Univ.
of California at San Diego. 261 pp.

Grigg, R. W. 1971. Status of the precious coral industry in Japanm,
Taiwan and Okinawa, 1970. UNIHI-SEAGRANT -AR-71-02. 12 pp.

" Grigg, R. W. 1974, Distribution and abundance of precious corals
~in Hawaii. Im: Second Iniemational Symposium on Coral Reefs,
Great Barrier Reef, Australia, 1973. Proceedings 2: 235-240.

Grigg, R. W. 1976. Fishery Management of Precious and Stony Corals
in Hawaii. UNIHI-SEAGRANT-IXJ?-OZS. 48 pp.

Grigg, R. W., B. Baftko and C. Brancart. 1973. A new systenm »for the
comnercial harvest of | precious coral. UNIHI-SEAGRANT-AR-73-01:

1-6.



- 81 -

Grigg, R.W. and L. Eldredge. 1975. The commercial‘po:ential of
ﬁrecious corals in Micronesia. Part 1 - The Marianma Islands.
Sea Grant Publication VGS6-75-0l. 16 pp.

Grigg, R.W. and F.M. Bayer. 1976. Present knowledge of the system-
atics agd Zoogeography of the Order Gorgonmacea in Hawaii.
Pac. Sei. 30(2): 167-175. )

Grigg R.W. and D. Opresko. 1977. Order Antipatharia: Black Corals.
In: Reef and Shore Fauna of Hawaii. Eds. D.M. Devaney and L.G.
Eldredge. B.P. Bishop Museum Spec. Pub. 64(1).

Gulland, J.A. 1970. The fish resources of the ocean. FAO (Food
Agric. Organ, U.N.) Fish. Tech. Pap. 97. 425 pp.

Hirota, J. 1977. Envirommental impacts of mining manganese nodules
in th; facific. Domes Final Report. pp.

Hyman, L. 1940. The Iovertebrates, Protozoa through Ctenophora.
MeGraw-H111l, Inc. N.Y. and London. 726 pp.

Kinshinouye, K. 1904. Notes on the natural history of corals.
Imp. Fish. Bur. Tokye. J. 14(1): 1-32.

Ritahara, T. 1904. On the coral fishery of Japan. Imp. Fish. Bur.
Tokyo J. 13(3): 1-13.

Lacaze Duthier, H.De. '1864. Histoire Naturelle du Corail. Paris.

Poh, K. 1971. Economics and market potential of the precious coral
industry in Hawaii. UNIHI-SEAGRANT-AR-71-03. 22 pp.

Tescione, G. 1965. II Corallo Nella Storia e Nell' Arte.
Montanino Editore, Naples. 490 pp.

Wetherall, Jerry A. and Marian Y.Y. Yong. 1977. Computer simulation
of pink coral population dynamics and analyses of harvest policies.

Part: Preliminmary Studies. Southwest Fisheries Center Admin.

Rept. 21 H, 1977 (computer primtout).



- 83 -

Appendix I
Economic Analysis of Harvest Quotas and Optimum Yield

Bioeconomic models are developed to evaluate the economic
efficiency of several harvest quotas under differeant assumptions of
price changes and alternmative uses for fixed factors of production.
The net present val .1 under each quota is estimated for four different
models. The results indicate that the net present value of pink and
gold coral in the Makapuu Bed is greatest when pulse-fished,

if there exist alternative uses for the fixed factors of

production. If during the off years the fixed'factors cannot be used
in other operations, then it.makes lictle difference-if the bed is
fished continuously or periodically. Different assumptioms about price
changes alter the results slightly.

The important assumptions of the models are: prices are determined
exogenously (due to import supplies) ; marginal cost is
constant for different levels of production; the change in average
variable cost is inversely proportional to the change in the exploit-

able biomass from one year to the next, i.e. if the exploitable biomass

declines so does catch/effort; pink and gold coral are multiple products

lﬂetvpresen: value (NPV) = g (R1-Ci') vhere: Ry = total revenue du
i=o —_—(1 + D)= ith period

Ci= total cost durin
~{th period

D = discount rate
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Appendix 1

harvested in fixed proportions; and the full quota is harvested during
the year (the first year in the case of the multiple-year quotas) unless
the exploitable biomass falls below tﬁe quota.

Four models are evaluated over a 37-year time horizon begimming
with 1978. (Storter time horizons were considered but the qualitative
 .results are almost ldentical). In the first model the imputed values,
or estimated ‘prices of pink and gold raw coral are constant gver.the 37-
year production period and the firms imcur fixed costs during periods
of zero production. In the second mod:l, prices increase at a coustant
rate. In the third and fourth models prices are constant and increase,
respectively, ﬁu: the £irms do not incur fixed costs during years of
zero production. In the last two models, it is assumed that there are
alternative uses for the fixed factors of productiom. fhe alternative
uses may include exploration and harvest of other coral beds or
activities unrelated to a coral fishery.

In each model, five alternative harvest quotas for pink coral
are evaluated: (1) 1,000 kg/year, (2) 2,000 kg/year, (3) 3,000
kg/year, (&) 2,00d xg/2 years, (5) 3,000 kg/3 years. Due to the

assumption of fixed proportions output’, a quota on pink coral
| implies a quota for gold coral. The quotas for gold coral are:
(1) 370 kg/year, (2) 740 kg/year, (3) 1100 kg/year, (4) 740 kg/
2 years, (5)1100 kg/3 years%! The first values tested for both pink
and gold coral (1000 kg/year and 370 kg/year) correspond to estimates
of MSY for each. Subsequent values are various multiples of these

values.

1/ These values do not correspond exactly to MSY or multiples of MSY for
gold coral because in this analysis figures were rounded upward instead
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The differentials of the discounted revenues and discounted

costs (ng: revenue) are summed over all production years to obtain the

net present value of the quota alternatives for each model. The
absolute amount of the net present values is not the prime concern

in this analysis. Rather, the relative outcome of the values allows
some conclusions to be drawn about the economic efficiency of
different quota proposals—-the economic éffitiency of a quota proposal
being greater if the net present value is greater.

In all the models in which the quotas exceed a mean annual harvest
of 1,000 kg, for pimk coral the outcome is economically ineffidient. This
results in thé long run because the harvest is not sustainable. 1In
the short run, when the harvest is sustainable, the above outcomé is
due primarily to accelerating costs caused by a rapid décline in
the exploitable bioﬁass.

For the other pink coral quota altermatives (1,000 kg/year, 2,000
kg/2 years, 3,000 kg/3 years) economic efficiency varies due to changes
in price and the ability to defray fixed costs. When price increases 6
percent annually relative to costs,a quota of 3,000 kg/3 years is more
efficient whether fixed costs can be defrayed or not. Im the case of in-
- curring fixed costs during zero-harvest years, the annual rate increase in
prices shifts the most efficient quota from l,ObO kg/year to 3,000 kg/3
years. When costs canbe defrayed the most efficient quota shifts from
2,000 kg/2 years to 3,000 kg/3 years due to the price increases.

These shifts can be explained by the exponential increase in the
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prices and the assumption that a 2000 kg or 3000 kg quota is harvested
4n the first year of the 2 or 3 year quota period. When the harvest
in some years can be taken one or two years earlier the entire flow
of net revenues is shifted closer to the present and, therefore becomes
more valuable dus to a positive rate of tims preference. This impact of
pulse fishing only results in the models when prices increase each year.
The impact of defraying the fixed cost when pulse fishing is
negligible for the two models with increasing v- prices. The most
efficient allocation is 3000 kg/3 years whether or not there exist
alternative uses for the fixed factors of production. When prices
are held constant, the ability of firms to explore and harvest other
coral beds shifts the most efficient quota from 1000 kg/year to
2000 kg/2 years. This results in the models when the average total
cost of harvesting coral at the Makapuu Bed decreases by employing
the fixed factors of production elsewhere and defi:aying the cost
-of those factors. |
Considering the characteristics of the coral harvesting firms
4n Hawaii and the history of the world coral market, pulse fishing
the Makapuu Bed is more efficient for the existing firms. Whether
or not pulse fishing at 3000 kg/3 years is ovérall more efficient
than 2000 kg/2 years, as indicated in the models, must depend on

the existence of other firms wanting to enter the fishery.
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Stata of Hawail

Dcymt of Land and Natural Resources

Hovoluln
DIVISION OF FISH AND GaAME

: B BE BF BE BE BR IR BE AR

The Board of lLand and Natural Resources iz conformiry with Chapters
187 through 190, Mwsu:n:esandm:yothumtxumu
enabling does hersby adopt the following ragulation relating o
magm:of.pinkmtalandgoldcnral

REGTLATION 41.

SECTION 1.

SECTION 2.

..SECTION 3.

RELATING TO THE MANAGEMENT OF PINR CORAL AND GOLD CORAL.

Definirions (as used herein).

a.

b.

Pink coral means all species of coral belonging tn the

genus Corallimm in their raw stats.

Gold coral means all species of coral belonging to the

genus Parazoanthus in thelir raw state (= Gerardia).

Prohibicion.

It shall be wmlawful to take or destroy pink coral or gold
coral in waters subject to the jurisdiction of the Stats
of Bawaii, or to possess, sell or offer to sell such corals
within the State of Hawaidi, mepc as provided in this
regulation.

Permizs

It shall be lawful with a permit issued by the Board of Land

‘and Natural Resourcas under such tarms and conditions as it

deems necessary to:

- Ra

b.

taks or possess pink coral or gold catal for sciemtilic
or educaticnal purposes.

take or possess pink coral or gold coral for commercial
c: domestic purposes from the Makapuu Bed provided that

the taking of pink coral (Corallium secundum) shall be
subject to the provisions stipulated in Sectiom 5,
relating to the management of the Makapuu Bed pink
coral resources, and provided further that such taking
for commercial purposes shall be subject to the
commercial fishing licenss requirement of Secziom 139-2,
Bawail Revised Statutes.
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SECTION 4. Cancellation of Permits.

The Board of Land and Natural Resources may cancel any
permit issued pursuant to this regulation for aay
infraction of the tarms and conditions of the perait as
detarmined by the Board.

SECTION 5. Management of the Makaouu Bed (located approximately 6 miles

EasC -of Makapuu Point; Oahu)- Pink Coral (Corallium secumdum)
Rescurces.

A two-year quota of 4,400 pounds dry weight is hereby
established for the taking of live and dead Corallium
secundum at the Makapun Bed begimning July 1, 1977, pro-
vided that the quota shall be for the combined harvest of
all permittees, and provided further that harvesters shall
make every effort to collect only mature colonies ten (10)

4nches or larger in height.

SECTION 6. Prohibited Methods of Coral Harvesting.

It shall be mlawful to use nets, dredges, trawls, mops,
explosives or any other destructive or non-selective means
to take pink coral or gold coral within waters subject to
the jurisdiction of the State of Hawail.

SECTION 7. Landing of Pink Coral and Gold Coral.

All pink coral and gold coral taken:

a. in waters subject to the jutisdiczion'of the State of
Hawaii for any purpose shall be landed in the State.

b. in waters outside of the jurisdiction of the State of

: HBawaii and landed in the State shall be subject to this
regulation and all other applicable State laws and
regulations.

SECTION 8. Possession and Sale of Pink Coral and Gold Coral Llegally
Obtained.

Nothing in this regulation shall be construed as making it
uanlawful for any person to possess or sell pink coral or
gold coral obtained prior to the effective date of this

regulation.

SECTION 9. Authority to Susvend the Taking of Pink Coral and/or Gold
- - cotal. - :

The Division of Fish and Game shall have the authority to
order an immediate suspension on the taking of all pink
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coral and/or gold coral from the Makapuu Bed when deemed
necessary for the management of these coral resources on
a sustainable yield basis.

SECTION 10. renalg.

- Any person who violates any of the provisions of this
regulation or whoever violates the terms and conditions
of any permit issued as provided for 1n this regulation

'-shall'beﬁmdnotmre‘than $500.00. ) ot

SECTION 11. Severability.
k -

{ Should any section, subsection, sentence, clause, or phrase
of this regulation be for any reason held by a court of
.competent jurisdiction to be invalid, such decision shall
not affect the validity of the remaining portions of this
regulation.

Adopted this 27th day of May, 1977 by the Board of Land and Batural
Resources. ‘ )

"/s/ Moses W. Kealoha
Member
Board of Land and Natural Resources

/s/ Shinichi Nakagawa
Member
Board of Land and Natural Resources

Approved this 13th day of

September | 5, 1977.

/s/ George R. Ariyoshi
‘Governor of Hawail

APPROVED AS TO FORM:

/s/ Susan Y. M. Chock
Deputy Attorney General

Date: June 23, 1977
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PUBLICATION OF
NOTICE OF PUBLIC HEARING

Honoluin Star Bulletin/Advertiser - January 16, 1977

I hereby certify that the foregoing copy of Regulation 41, Division
of Fish and Game, Department of Land and Ratural Resources, is a full,
true, and correct copy of the original which is on file in the office of
the Division of Fish and Game of the Department of Land and Natural
Resources. . ’

- Ja] William Y. Thompson
Chairman and Member
Board of Land and Natural Resources,




-91 -

APPENDIX II

Regulations of the Depaﬁ:me.nt ‘of Interior for the Taking of Preciocus
Coral in Federal Waters _ »

Permits. )
Requirement for a jnrn.tt..

Ro pe.rson shall. engage 1n any operatian vt;ich directly causes. s

damage or injury to a viable coral commmity that is located on the

Outer Continental Shelf without having obtained a permit for said
operations. . .

Application for a permit.

(a) Application for a permit shall be filed in the proper office
of the Bureau. .

(b) No specific form is required.
(c) Each application shall include:

1. The name, legal mailing address and telephone number of
each person intending to participate in the operations
covered by the application.

2. A description of the proposed area of the operations.

3. A map or maps, such as a National Ocean Survey Map, with
a scale of not less than 1:30,000 delineating the pro-
posed area of operations.

4. Information in detail describing the nature of the pro-
posed operations and how the operation will be conducted.

S. If coral specimens are to be taken, the purpose of such
taking, the method of taking, the currents and their
velocity in the area of taking, the depth of taking,
the size, estimated dry weight, and type of coral to be

' taken, and the estimated fair market value of the coral
to be taken.

6. The approximate dates of commencement and termination of -

the operation.
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7. An affirmative statement that the operation will use
methods that are designed to do minimum harm-and dis-
turbance to the viable coral commmity covered by a
permit and those viable coral communities adjaceat
thereto. Also, an explanation of the procedures that
will be taken to assure protection of said viable coral
commmities during said operation.
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Appendix IV
® Qs ! /n
00T 5 1978
u.s. DEPARTMENT OF COMMERCE -
Nstional Ocesnic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE ;\)"
Southwest Region
Western Pacific Program Office
P. 0. Box 3830 )
Honolulu, Hawaii 96812 .
October 4, 1978 FSW1/JJIN
TO: Wilvan G. Van Campen, Executive Director, Western Pacific
Regional Fishery Management Council
-‘\ L/—
FROM: DoyleQE Gates, Administrator, WPPO, NMFS

SUBJECT: Endangered species consultation concerning the fishery management
plan for precious corals in the Western Pacific

This is in reference to your memorandum of September 12, 1978 concerning
formal consultation between the Council and NMFS during development of
FMP's. If a Federal Agency (in this case the Council) determines that an
action may affect endangered or threatened marine species, it should
request consultation with NMFS providing the species in question fall
under the responsibility of NMFS. Upon receipt of a request for comsulta-
tion, NMFS will conduct a threshold examination which usually results in

a biological opinion as to whether the proposed action is likely to
jeopardize the species or destroy or adversely modify its critical habitat.

We realize that you are in the process of finalizing the FMP for precious
corals in the Western Pacific.  Therefore, utilizing your memorandum of
September 12, 1978 as a request for comsultation, we offer the following
biological opinion on the implication of the precious coral fishery on
endangered and threatened marine species.

Endangered marine mammals (hmpback whale, sperm whale, and the Hawaiian
monk seal) and endangered and threatened sea turtles (leatherback and
green turtle) are known for,or suspected of, inhabiting waters overlaying
precious coral beds in the central and western Pacific. However, con-
'sidering the methods utilized for harvesting precious corals, it is our
opinion that this fishery does not constitute a threat to these endangered
and threatened species or will it destroy or adversely modify their
critical habitat.

ce: G. V. Boward
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Nationa! Marine
Washington, D.C. 20235

National Oceanic and Atmospheric Administration
e aheries Servi

.i/ é;\ UNITED STATES DEPARTMENT OF cﬁmmsnce G\/
\I/

JAN 16 1879 - ¥6/TRL

Mr. Edwin K. Lee

Administrative Officer

Western Pacific Regiomal
Fishery Management

1164 Bishop Street

‘Room 1506

Honolulu, Hawaii 96813

Dear Mr. Lee:

This letter is to inform you that I concur with the October 4, 1978,
memo (enclosure) to Mr. Wilvan G. Van Campen, Executive Director,

from Mr. Doyle Gates, Administrator, Western Pacific Program Office,
National Marine Fisheries Service, transmitting the Sectiom 7
consultation regarding the fishery management plan for precious corals
{n the Western Pacific. The consultation concluded that the coral
fishery does not constitute a threat to endangered or threatened species
or their habitat.

Please contact my office if you require further clarification.

 Sincerely, . -

for Fisheries

Enclosure
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.

Figure 1. The southeastern half of the Hawaiian Archipelago showing the
extent of the fishery conservation zone and the location of mj&
wﬁn beds of precious coral. .

Pigure‘z. | The northwestern half of the Hawsiian Archipelago showing the exteat
of the fial;ery consm#tion zone and the location of precious coral

Figure 3. The fishery conservation zone for Guam. . |

Figure 4. The fishery conservation zone for the islands of Samoa.

Figure 5. The precious coral bed off Makapuu, Oahu.

Figure 6. FCa:ch of precious coral at Taiwan, 1924-1940 (Anon, 1956).

Figure 7. Effort of coral fishing in Taiwan, 1924-1940 (Anon, 1956).

Figure 8. Photo of a coral dredge. |

Figure 9. The coral harvesting system on the submersible Star I1
consists of a wire basket, cutter and hydraulic claw
(manipulator).

Figure 10. Size-frequency distribution of precious coral collected with
tangle nets (A) and the submersible (B).

Figure 11. Biomass per recruit curves of C. secundum using a constant
rate of natural mortality (M=0.066) and progressively in-
creasing rates of figshing mortality (F) appiied over all
year classes. The age of entry into the fishery is zero,
i.e. no age limit is applied.

Figure 12. Biomass pér recruit curves for a cohort of C. Secundum
using a constant rate of natural mortality (¥=0.066) and
prégressively increasing rates of fishing mortality (F)

applied after a minimum age of 25 years.



Figure 13

Figure 14,

Figure 13.

Figure 16.

Figure 17.

Figure 18.

Figure 19,

-95 .-

Biomass per recruit isopleths for C. secundion in the Makapuu

Bed, given a constant rate of natural mortality of 0.066.

~Contour units are in grams per recruit.

Various spawning stock recruitment functions.
Smax = original spawning stock
S = gpawning stock after fishing
Rmax = original recruitment

R = recrultment after fishing

MSY as a function of reduced recruitment (curves 2-6) and

age at first capture.

Population biomass of C. secundwm in the Makapuu Bed between -
1964 and 1977 and after 1977 given six different exploitation

rates in 1978 followed by a complete closure of the bed.

Spawning biomass of C. secundum in the Makapuu Bed between
1964 and 1977 and after 1977 given six different exploitation

rates in 1978 followed by a complete closure of the bed.

Population biomass of C. secundum in the Makapuu Bed between
1964 and 1977 and after 1977 given different rates of

exploitation.

Yields of C. secundum in the Makapuu Bed between 1964 and -

1977 after which different rates of harvest are simulated.
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Figure §. Catch of precious coral at Taiwan, 1524-1940 (Anon, 1956).
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Figure 7. Effort of coral fishing in Taiwan, 1924-1940 (Anon, 1358).
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Figurc 1D. Size-frequency distribution of
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WESTERN PACIFIC REGIONAL FISHERY MANAGEL&ENT COUNCIL

1164 BISHOP STREET - ROOM 1608
HONOLULU. HAWAII 96813
TELEPHONE (808) 523-1368

December 14, 1979

Terry L. Leitzell
Assistant Administrator

for Fisheries
Office of Fisheries, NOAA
Page Building No. 2, Room 400
3300 Whitehaven Street, N. W.
Washington, D. C. 20235

Dear Terry:

In view of the unique nature of the Precious Coral
resource and the novel management measures recommended by the
Western Pacific Fishery Management Council, and in response
to questions raised by NOAA/NMFS, the Scientific and
Statistical Committee and the Council at meetings held
November 27-30, 1979, adopted the enclosed explanatory state-
ments and plan clarifications.

With aloha and warm regards,
Sincerely,
Wadsworth Y. H. Yee
Chairman

Enclosures

A COUNCIL AUTHORIZED BY THE FISHERY CONSERVATION AND MANAGEMENT ACT OF 1976 (P.L. 94-265)



FISHERY MANAGEMENT COUNCIL, IN SUPPORT AND FURTHER EXPTANATION COF THE FISHERY

MANAGEMENT PLAN FOR THE PRECTIOUS CORAL FISHERIES OF THE WESTERN PACIFIC REGICN.

1. 500 kg optimm yield in Exploratory Areas (all species cambined).

To reiterate the rationale used in defining optimum yield in Explora-
tory Areas, the basic premise is to create a sufficient econamic incentive
while minimizing the bioligical risk of overfishing. An optimum yield of 500
kg is considered sufficient to stimilate exploration but is in all likelihood
avezysrallfractimofﬂaeprecimscoralspraentinm@loratoryAmas.
'mereasonﬂxeoptimmyieldinmq:loratcry‘Areasdosmtvazytoreflect
differences in efficiency between selective and non-selective gear is because
itisbasedontheconceptofaminimmecmunicjncetmive, i.e. 500 kg is
considered a minimum value i ive of the type of gear employed.
Admittedly, the impact of dredging 50 ky is judged to be 5 times greater than
theinpactofharv&stingSOOkgwithselectivegear. However, in either case
thebiologicalriskofcverﬁshi:gthersmmcebyhanrsﬁngSnginall
ofeachExploratoryArea(emeptseawardofthenainHawaiianIslmﬂs)is
jxﬁgedtobesnallandlessﬂaanthebenefitoftbeinfomat:i.onthatmldbe

2. 2 year optimm yield.

Because the domestic capacity is approximately twice the optimum yield
calculated for the Makapuu Bed and because the industry is faced with the
problenofannrtizingcostsonanamualbasis,aZyearquotahasbeenpm-
vided recognizing that it can be taken in one year. This will allow transfer
of capital investment during the second year. The analysis ocutlined in the
plan and illustrated in Figure 18 of the plan clearly demonstrates that the
biological impact of doubling the quota for twice the time is almost identical
to that of an annual quota. The SSC therefore strongly reiterates support for
ﬂzisneasure,evenﬂnughitisane}anpleofwlsefishingwhid\isamnage-
ment measure that has not been previcusly used under the FOMA.

3. The envirommental impact of dredging vis-a-vis selective harvest.

OQuotas allowable for non-selective gear are 20% of those provided for
selective gear (except in Exploratory Areas). This provision adjusts for the
{fference in envircrmental impact between the two types of gear. In other
words, a 20% quota using non-selective gear is judged to be eguivalent to a
full quota for selective gear. A full quota would result in the taking of
approximately 2% of the standing crop per year. Therefore, in the case of
non-selective gear when non-precious corals are incidently harvested, even for
speci&swhichhaveﬂwsampattensofdistribuﬁmarﬁahxﬂarceasprecious
cbrals(suchasobligatecmnensals),theinpactmﬂzaespecieswmldbem
greater than 2% of their standing crops per year. Therefore the environmental
inpactofdredgingwithquotasreducedbyBO%isjudgedtobenﬁnimaland
acceptable for all species affected.

: Other reasons why conditional dredging is permitted at all, include
preventing the formation of a monopoly in Hawaii, providing reasonable
opportunity for the development of a precious coral fishery in under-developed
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and remote areas and to provide far a possible new source of information in the
future. .

4. The location and selection of the refuge.

The SSC feels that adequate rationale for the selection of a refuge is
given in the plan. Only one refuge was designated at this time because of the
limited number (6) of known beds. If more beds are discovered in the future,
it would be reascnable to establish additional refugia. The plan establishes
that the plan be reviewed cn an anmual basis.

Novarber 28, 1979
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PLAN CIARIFICATIONS

(1) On page 70, the sentence starting on line 5 should be changed to read:

2. It is recamended that foreign vessels be permitted to
take up to 500 k3. per year, all species cambined, per Explora-
tory Area, under a scientific research plan approved by the
Soutiwest Fisheries Center, NMFS, in consultation with the
Council and State agencies.”

(2) Chpagesz,thefollowingsaxtacestnuldbeaddedaftm:thelastfull
paragraph. -
~ "As conditional beds are established in an exploratory area,

the appropriateness of the quota for that exploratory area
will be reevaluated.” )

(3 (@ On page 22, II.G. Jurisdiction, delete first paragraph. On page 24,
second paragraph, delete second sentence.

(b) On page 65, under IV.1l Relationship to Existing Laws, the second
sentence, commencing with "DOI regulations . . . " should be stricken.

(c) On page 77, in the paragraph mumbered "3," the-last sentence, be-
gimning with "This fact is also . . . " should be deleted.

(4) The Council wishes mnékeclea.ri& intention that non—-selective har-
vesting methods not be allowed in the FCZ seaward of the main Hawaiian Islands.
Therefore, the following clarifications should be added.

(a) On Page 52, the second full paragraph, the first sentence should be
revised to read:

"For areas outside the Makapuu Bed, Canditional Beds, and the
FCZ seaward of the main Hawaiian Islands, it is proposed to

allow either non-selective ar selective methods subject to a
limit of 1,000 kg per Exploratory Area per year."”

(b) On page 53, in the first full paragraph, the second sentence should
be revised to read:

"Since dredging is allowed everywhere else (except in the FC2Z
seaward of the main Hawaiian Islands) the size limit at this
time can apply anly to these beds.”

(5) The Council wishes to clarify that in areas where dredging is prohibited,
any form of non-selective harvesting is prohibited. There, at the following
places in the Plan, the term "non-selective harvesting" should be substituted
for the ward "dredging.”

Page 49, lines 11, 12, 13, 18, 21, and 24
Page 50, lines 3, 7, 9, 14, and 22

Page 52, line 11 '
Page 61, line 6

Page 62, lines 2, 4, and 7

Page 70, lines 1, and 2



