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ABSTRACT

After more than 70 years of refuge operations, conservation
of migratory bird resources and protection of endangered species
still rank as primary resource management goals of the U.S. Pish
and Wildlife Service in the Northwestern Hawaiian Islands. Both
accumulated research data and the evolution of pertinent legis-
lation have influenced refuge operations aver the years. Results
of ongoing tripartite and Sea Grant research will greatly improve
our !oint capability for wise management of fish and wildlife
resources. However, the well-documented history of human abuse
and the demonstrated vulnerability of the Northwestern Hawaiian
Islands to irreversible ecological change will continue to dic-
tate a conservative stance restricting human use to activities
of clearly demonstrated compatibility with management goals.

migratory birds
endangered species
resource management
National Wildlife Refuge
Northwestern Hawaiian Islands

In the interest of putting my discussion into perspective, let it be
said clearly at the outset that the U.S. Pish and Wildlife Service  FWS!
takes its resource management role in the Hawaiian Islands National Wild-
life Refuge very seriously. FWS is more than a participating agency in a
cooperative study of fish and wildlife resources. When all is said and
done, the area will still be a national wildlife refuge. PWS will still
manage the wildlife resources and habitat wt,thin the constraints of perti-
nent laws, regulations, and treaties. Many important questions have been
and will continue to be answered in the tripartite and Sea Grant studies.
Whether or not the data will !ustify a change in refuge management poli-
cies relating to consumptive use of fishery resources, or any other human
activity in the refuge, remains to be seen.

It would be constructive at this point to relate the PWS' current
management stance in the Hawaiian Islands National Wildlife Refuge to a
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brief historical perspective. The f ederal refuge system had its beginning
in 1903 with designation by President Theodore Roosevelt of Pelican Island
in Florida to protect nesting pelicans, herons, and egrets from plume
hunters. Shortly thereafter, in 1909, similar commercial exploitation of
wildlife prompted President Roosevelt to take similar action in designa-
tion of the Hawaiian Islands Bird Reservation. Slaughter of hundreds of
thousands of seabirds for feathers, the unrestricted taking of eggs, and
the indirect destruction of habitat through guano harvest prompted the
President to take this action. Other unrestricted commercial exploitation
of seals and turtles also preceded this action. By Presidential Proclama-
tion in 1940, the unique land and nearshore waters of the Northwestern
Hawaiian Islands became the Hawaiian Islands National Wildlife Refuge.
Unfortunately, refuge designation in itself came too late for at least
three native bird species unique to Laysan Island that became extinct
early in this century as a result of habitat destruction by rabbits.
Other species, notably the Laysan duck, Laysan finch, and the Hawaiian
monk seal, perched precariously on the brink of extinction early in this
century, yet all experienced a reversal of this trend under the refuge
umbrella. In the absence of effective resource management and enforce-
ment, exploitation of some forms of refuge wildlife occurred intermit-
tently past the midpoint of this century. As recently as 1959 green
turtles were commercially harvested at French Frigate Shoals. Now iden-
tified as a threatened species by federal law, turtles derive important
protection on nesting islands and nearshore waters of the refuge.

Although intermittent early trips were made to survey refuge
resources, permanent FWS presence in the islands did not begin until 1964,
with the arrival of Eugene Kridler in Honolulu. Since that time, the FWS
staff in the islands has grown to accommodate increasing responsibilities
in refuge management, endangered species management, ecological services,
research, and law enforcement. Until recent establishment of a field
station on Tern Island, actual FWS presence in the Northwestern Hawaiian
Islands has been intermittent, due to the extreme logistical problems of
access. Despite this, many lessons have been learned that have helped
form the basis of the FWS' management stance in this unique area.

A visitor to many refuge islands can easily be lulled into a feeling
of complacency by the sheer apparent magnitude of the seabird populations
and the numbers of seals and turtles that share some isolated beaches.
Yet, the historic record clearly illustrates that these unique wildlife
resources, and the nearshore waters that sustain them, are vulnerable to
very real, but often subtle, threats. The lesson learned through the
impact of rabbits on Laysan Island is legend, The threat of inadvertently
introduced rats or other predators on this or other islands can hardly be
overstated. Rats on Midway destroyed populations of Laysan rails placed
there in a vain attempt to save a species whose habitat had been devas-
tated. This year unchecked populations of rats on Midway and Kure are
preventing successful reproduction in major portions of Bonin petrel
colonies and threaten reproduction of other species as well. The history
of shipwrecks that mark the beaches and reefs of the Northwestern Hawaiian
Islands, including a Japanese fishing boat aground on Laysan in 1970 and
the very recent grounding of a fishing boat at French Frigate Shoals,
makes it very clear that the threat of rat introductions on other islands
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is very real. The question is not if it will occur, but when, where, and
whether it can be controlled.

The risk of accidental species introductions is not confined to pre-
dators, as a review of the historic impact of exotic flora on the North-
western Hawaiian Islands will illustrate. Not surprisingly, the highest
percentage of aggressive weedy species is found on islands frequented by
man. Military activities are responsible for many of the inadvertent
plant introductions. Researchers and other well-intended visitors have
also contributed to the problem in the absence of proper precautions.
Many weedy plants have irreversibly altered the terrestrial ecosysterrrs of
some islands, including the availability of nest sites for seabirds and
landbirds. Regrettably, the movement of birds between islands also helps
disperse exotic seeds, Pest insect species may also be inadvertently
introduced, as has occurred at Pearl and Hermes Reef. Consequences to
island flora and fauna can be very serious.

The intimate ecological relationship between the terrestrial wildlife
of the refuge and the integrity of the marine environment played a deter-
mining role in the original designation of boundaries. Awareness of this
relationship is still influential in the FWS' current management program.
Turtles and seals inhabit refuge waters for a significant portion of their
life, and, together with seabirds, are totally dependent upon marine
resources for their food. The nearshore reef ecosystems are also unique
in themselves, supporting corals and other marine species less common or
absent in the high islands. For these and other reasons, FWS places great
importance on the wise use of the marine environment in the Hawaiian
Islands National Wildlife Refuge.

The threat of serious oil spills in the refuge area was highlighted
in 1977 by the spill of more than 5 million gallons of crude oil. from the
Irenes ~Challen e, when it broke apart 50 miles north of Lisianski. It
was a matter of chance that this spill missed the refuge. Yet, bilge oil
and other boat-related pollutants, such as trash and discarded fishing
gear, often litters the beaches of the Northwestern Hawaiian Islands.
Repeated sightings of birds, seals, and turtles covered with oil or
entangled with debris make it clear that the threats associated with
intensified boat traffic in refuge waters are not hypothetical.

Over 400 national wildlife refuges make up a nationwide system that
is as diverse as the wildlife it was designed to protect. Yet, the
Hawaiian Islands National Wildlife Refuge is atypical in many respects.
The refuge supports a wide variety of both marine and terrestrial species,
including rare species, and a varied seabird resource that is virtually
unrepresented elsewhere in the system. Atoll and volcanic island eco-
systems, such as are broadly represented in the Hawaiian Islands National
Wildlife Refuge, are found only in the Pacific Islands refuge complex.
The well-documented vulnerability of the islands in the Hawaiian Islands
National Wildlife Refuge to irreversible ecological change also makes the
site unique from a management perspective. Although commercial exploita-
tion, research, recreation, and educational. uses are long-range potential
human uses of the area, it is clear that such uses cannot be permitted
without substantial restrictions to prevent irreversible change.
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The Fish and Wildlife Service's basic management policies for
national wildlife refuges are formulated nationally, within constraints
imposed by many pertinent laws, regulations, statutes, and treaties.
Over time, these national policies have evolved as relevant legislation
and new biological data have been dictated. Policies are further defined
by regional offices and fine-tuned to specific refuges. In recent years,
national laws and international treaties have been more constraining than
ever and have reduced the inherent management flexibility of the system.
This is particularly true in the Hawaiian Islands National Wildlife
Refuge, where migratory bird treaties with Pacific rim nations, the
Endangered Species Act, the Marine Mammal Protection Act, and the National
Environmental Policy Act have all made it necessary for FWS to more rigor-
ously evaluate its own actions and what it permits to occur on refuge
lands and waters.

To insure compliance with pertinent legal concerns, FWS has taken
steps to update management policies on a national, regional, and area
office level. The results of a recent task force study of refuge rnanage-
ment policies are now being reviewed. As recently as March 1980, Region
One policy on marine birds has been updated to reflect evolving respon-
sibilities dictated by international treaties. This policy statement is
particularly relevant to the Hawaiian Islands National Wildlife Refuge
because it stresses the need to "maintain all marine birds occurring on
National Wildlife Refuge lands and waters at not less than current popu-
lation levels, in their natural diversity and on native habitat through-
out their range."

On a local basis, FWS has also taken steps in recent years that
reflect both concern for the wildlife resources we are c 41igated to manage
and recognition of the economic potential of lands and waters within and
adjacent to the Hawaiian Islands National Wildlife Refuge. participation
in this cooperative effort to evaluate fishery potential and associated
ecological impacts of that fishery is indicative of that recognition.
FWS has also initiated a serious evaluation of management alternatives
for the Tern Island facility, including various fishery options, through
an open interchange of ideas with interested agencies, industry, legis-
lators, and the general public. At considerable expense, FWS is currently
maintaining the Tern Island field station with a rotational staff of refuge
personnel, so that no future options for the site will be precluded by a
failure on our part to keep the facility functional. This station is
also now providing important logistical support for several tripartite
and Sea Grant researchers.

At this point in the tripartite study, it is critical that we eval-
uate which important questions are not likely to be answered by our
present line of inquiry and to determine how efforts can be redirected
or better coordinated towards that objective. A readily apparent data
gap involves our limited understanding of ecological relationships between
terrestrial and marine resources. Greater emphasis in future research
must be directed at both the documented and potential impacts of human
activity on all trophic levels. This effort should encompass both con-
sumptive and nonconsumptive uses. It is safe to say from a management
standpoint that all proposed future human activity in the refuge will be
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carefully scrutinized. Any permitted activity is likely to be subject
to restrictions. In the case of commercial exploitation, time would be
well spent in a thorough evaluation of means to minimize anticipated
ecological impacts rather than simply documenting resource abundance and
distribution. The recent grounding of a fishing vessel at French Frigate
Shoals highlights the need for more stringent regulations to reduce risk
to human safety and threats to insular ecosystems.

Educational use of national wildlife refuges is a national objective
of the Fish and Wildlife Service, but only where this activity is com-
patible with primary conservation goals. In view of the extreme sensi-
tivity of the Hawaiian Islands National Wildlife Refuge, FWS has placed
severe restrictions on public access in the past. Steps have also been
taken to compensate, in part for this reduced opportunity, by providing
alternatives such as pamphlets and exhibits. Recreational use has also
been problematic due to difficulties in enforcement. While it may be
argued that additional use could occur with minimal disturbance, inability
to enforce limited access regulations will preclude expanded recreational
opportunity in most areas of the refuge.

Research activities in the refuge have also been the subject of
controversy in recent years. The remarkable diversity of wildlife
resources and the relatively undisturbed nature of the refuge atolls and
rocky islands were used as justification in designation of the refuge as
a Research Natural Area in 1967. However, the well � intended scientist
can create problems as well, and severe restriction on access and activi-
ties on some islands and in the water is necessary. Tripartite research
on some islands and in the water are necessary. Tripartite research in
the future should address these poorly understood problems and develop
measures to minimize impacts.

I can sum this up by rephrasing my opening message: the refuge in
the Northwestern Hawaiian Islands will outlast all of us. Without ever

taking a thing away from it, the refuge is a resource of incomparable
value to the state, the country, and the world. The Fish and Wildlife
Service continues to take its role as custodian of that resource very
seriously. I submit that a major reason why this cooperative study of a
relatively undisturbed ecosystem is even possible is because the resources
have been protected under refuge status. I'uture human use of the North-
western Hawaiian Islands, including potential exploitation of fishery
resources, must be compatible with wildlife and habitat management objec-
tives. We welcome the results of the tripartite and Sea Grant studies,
as they will be invaluable in the formulation and evaluation of management
alternatives. We also welcome your guidance and offer our input into
evaluation of future research efforts.
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PRELIMINARY RESULTS FROM ECOSYSTEM MODELING

AT FRENCH FRIGATE SHOALS

Jef frey J. Polovina and Darryl T. Tagami

Southwest Fisheries Center Honolulu Laboratory, National Marine Fisheries
Service, NOAA, P.O. Box 3830, Honolulu, Hawaii 96812

ABSTRACT

The marine ecosystem at French Frigate Shoals is discussed and
preliminary results of the modeling work are presented. Appli-
cation of the Bulk Biomass Model produces biomass estimates and
turnover rates for species groups at French Frigate Shoals which
consist of seabirds, monk seals, tiger sharks, small sharks,
turtles, small pelagics, carangids, reef fishes, lobsters,
snappers and groupers, shrimps, nearshore scombrids, and benthos.

French Frigate Shoals
ecosystem modeling
Bulk Biomass Model

INTRODUCTION

The objective of our ecosystem modeling is to draw on the expertise
and results of the people and projects of the Northwestern Hawaiian
Islands  NWHI! program to develop a quantitative and dynamic model of the
marine ecosystem around French Frigate Shoals  FFS! in the NWHI. Because
the model is dynamic, it may prove to be useful as a management tool and
may also help to identify components of the ecosystem where additional
research attention is needed.

Our approach to modeling begins with the top carnivores and works
down to the primary producers. We have identified 13 species groups
which form the components of our ecosystem. Rather than initially try
to model the entire NWHI, we have restricted our modeling work to the
ecosystem at FFS,

METHODS

The mathematical Bulk Biomass Model, which is described in detail
by Laevastu and Favorite �978!, served as the tool for our ecosystem
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modeling. This model produces estimates of the biomass of the species
groups in the ecosystem which is at equilibrium, based on growth, rnortal-
ity, and consumption values specified by the user. The ecosystem is said
to be at equilibrium conditions when the biomass of a species group is
unchanged from one year to the next, although seasonal changes within a
year are permitted. This is achieved when biomass growth equals its
removal due to predation, natural mortality, and fishing mortality.

The population size of species which are the apex predators, typi-
cally birds and mammals, are considered fixed and are not changed during
iterations of the model. The biomass of all other species groups are
varied during the iterations until equilibrium conditions are met. The
biomass values for species groups estimated at equilibrium conditions are
heavily dependent on accurate estimates of the quantitative composition
of the diet for each species group  Livingston, 1978!, This report will
deal only with the application of this tool to the ecosystem at FFS.

We have defined 13 species groups which represent the components of
the reef and nearshore ecosystem. These groups which will subsequently
be described in detail are: seabirds, monk seals, tiger sharks, small
sharks, turtles, small pelagics, carangids, reef fishes, lobsters, benthos,
snappers and groupers, nearshore scornbrids, and shrimps.

French Fri ate Shoals

French Frigate Shoals is located at 166 10'W, 24 50'N, approximately
midway along the chain of islands and banks comprising the NWHI. It is
described by Bakus  in Bryne, 1979! as a "crescent � shaped reef on a cir-
cular submerged platform about 18 miles in diameter  almost an atoll!.
The shoals form a large lagoon, bordered on one side by 12 sand islets
 total area 56 acres! with a small rock pinnacle  La Perouse Pinnacle,
~ 1 acre! near the center of the platform. The highest elevation is gen-
erally 5 feet above sea level except for La Perouse Pinnacle �35 feet
high!." The area is an important nesting ground for the green turtle,
Chelonia ~m das, various species of seabirda, and the Hawaiian monk seal,
Monachus schauinslandi.

The ecosystem of interest to our modeling is the reef and nearshore
community. We have defined the reef habitat as the area from 0 to 55 m
� to 30 fathoms!  Gosline and Brock, 1976!. The nearshore community is
defined as the area ranging from 55 to 365 m �0 to 200 fathoms!. These
definitions applied to FFS yield a reef habitat of 761.6 km~ and a near-
shore habitat of 407.7 km'. The sum of these regions consists of a cir-
cular area centered at FFS with a radius of approximately 20 tun  Table 1!.

Seabirds

Studies from the U.S. Fish and Wildlife Service  FWS! indicate that
the following seabirds are found in abundance at FFS: sooty tern, Sterna
fuscata; black noddy, Anous tenuirostris; brown noddy, A. stolidus; great
irigatebird, ~pre ata minor; red-iootsd booby, gula snla; wedge-tailed
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TABIE 1. AREA BY DEPTH AT FRENCH FRIGATE SHQAI�S

Nearshore HabitatReef Habitat

Depth
 fathoms!

Area

 km !
Depth

 fathoms!
Area

 km !

46l. 5

264.9

35.2

30-40

40-50

50-100

l00-200

0 � 10

10-20

20-30

34.9

37.3

95.7

239.8
761.6Total

Total 407.7

Monk seals

A census of the Hawaiian monk seal indicates a population of about
200 adults and pups in 1978  Fiscus et al., 1978!. Stomach contents of
dead seals, regurgitated samples, and feces have been studied to deter-
mine their diet  National Marine Fisheries Service!. Based on this
work, we estimate that their diet is 85/ reef fishes including eels and
octopus, 5X lobsters, and 10/ benthos. The extent of predation on seals
by sharks is uncertain. While numerous seals are seen with scars which
could have been caused by shark attacks, observations at Laysan provide
little direct evidence of such attacks even though sharks are abundant
in the shallow waters  B.W. Johnson and P.A. Johnson, National Marine
Mammal Laboratory, National Marine Fisheries Service, Seattle, Washington
98115, personal communication, October 1979!.

The tiger shark, Galeocerdo cuvier, is the predominant apex preda-
tor at FFS. Analysis of stomach contents from tiger sharks caught in the
NWHI suggest that their diet consists of 45/ reef fishes, 20/ seabirds,
24/ smaller sharks, 4/ small pelagics, 4/ lobsters, 2/ turtles, and 1/
monk seals  M. DeCrosta, Hawaii Cooperative Fishery Research Unit, Uni-
versity of Hawaii, Honolulu, Hawaii 96822, personal communication,
December 1979!.

A measure of the relative abundance of tiger sharks in the NWHI was
obtained by Taylor and Naftel �978!. Eighteen sets of shark longlines
at Pearl and Hermes Reef and FFS with a total of 388 hooks produced a
catch rate of 10.31 tiger sharks/100 hooks. A report on shark fishing
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shearsater, Puff inus facificus; Laysan albatross, Diomedes immutabilis;
and black-footed albatross, D. ~niari es. The total seabird population is
estimated by FWS to be 320,000 birds  C. Harrison, U.S. Fish and Wildlife
Service, Honolulu, Hawaii 96850, personal communication, October 1979!.
Detailed studies of stomach contents of birds in the NWHI have been under-
taken jointly by the National Marine Fisheries Service  NMFS! Honolulu
Laboratory and FWS. Based on this information, we estimate the diet of
the birds to be 65/ small pelagics including flyingfish, opelu, and squid,
10X juvenile tunas; 10/ juvenile carangids; 10/ juvenile snappers; and
5/ zooplankton.



around Oahu suggests that a catch rate of six tiger sharks/100 hooks
represented a density of 1.21 tiger sharks/krrf of 10-fathom contour
 Lawrie, 1977!. Extrapolating this density estimate for the NWHI catch
rate, we obtain a figure of 2.08 tiger sharks/km or a total of 415 tiger
sharks at FFS, We feel that most of these sharks would feed in the reef

habitat where food is more abundant.

Small sharks

This is a group af nearshore warmwater sharks other than the tiger
shark. Based on observations and catches at FFS, this group includes the

C. milbertiy the dusky shark, C. obscurus, and the whitetip reef shark,
Triaenodon obesus. They occur in great numbers in the deeper waters out-
side of the reef., but also work their way into the shallow waters of the
inner reef. These sharks prey primarily on the smaller reef fishes, but
their diet also includes pelagic fish, bottom-dwelling fish, stingrays,
crustaceans, squid, and octopus. Based on analysis of stomach contents
 M. DeCrosta, personal communicationy December 1979!, we estimate their
diet as: 75/ reef fishes, 5/ lobsters, 10/ small pelagics, 5/ cararrgids,
and 5/ snappers and groupers in the reef habitat; and 58/ small pelagics,
20/ carangids, 15/ snappers and groupers, 5/ small sharks, and 2/ reef
fishes in the nearshore habitat.

Relative abundance for this group of sharks has been estimated in
the NWHI at 9.8 sharks/100 hooks, based on longline catches  Taylor and
Naftel, 1978!. Around Oahu, a catch rate of 2.3 sharks/100 hooks was
estimated to correspond to a density of 0.7 sharks/km along the 10-
fathom contour  Lawrie, 1977!. Extrapolating this density based on the
catch rate for NWHI, we estimate a density of 2.9 sharks/km along the
10-fathom contour or 597 sharks at PFS. Visual observations of

researchers who have worked at FFS suggest that this number is too low.
We have arbitrarily chosen density figures of 10 sharks/km2 for the reef
habitat and 5 sharks/km~ for the nearshore habitat. Based on a mean
weight of 30 kg, we obtain biomass estimates of 300 kg/km~ for the reef
habitat and 150 kg/km2 for the nearshore habitat.

Turtles

This group consists of the green turtle. Census counts indicate a
population of 50 to 100 resident adult and 100 to 200 resident juvenile
turtles at FFS  Balazs, 1979!. However, during the breeding season, the
population increases from 200 to 500 adults. Their diet consists princi-
pally of the following types of algae: Codium arabicum, ~Cauler a racemose,

~Lobo hors ~vatic ata  Balazs, 1979!. Their main predator is the tige r shark.

Small ela ics small ela ic fishes and mollusks!

This group consists of small surface pelagic fishes and squid irrclud-
ing flyingfish, ezocoetids, opelu, ~Deca terus spp., akule, ~Trachuro s
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crumeno hthalmus, needlef ish, belonids, and balfbeaks, hemiramphids. We
estimate the diet of this group to be 80% zooplankton, 7Z phytoplankton,
and 13% small pelagics. Information which would enable direct biomass
estimation is very limited. We have reliable figures on the seabird pop-
ulation of FFS and the bird diet. Based on this information, the minimum
biomass of small pelagics necessary to meet bird predation would be 3,000
kg/km in the nearshore habitat and 300 kg/km for the reef habitat.

Caran ids  caran ids and lar e carnivores!

This is a group of active, fast-swimming carnivores which includes
""" JP � '' " ' ' ' " �.

ferdau; kabala, Seriols dumerili; uku, ~rion virescens; and barracuda,
~d h raens barracuda. These carangids are found both in the reef and near-
shore regions. Based on an analysis of stomach contents  M. DeCrosta,
personal communication, December 1979!, we estimate the diet of this
group to be 15/ zooplankton, 60/ reef fishes, 15/ lobsters, and 10%
carangids in the reef region; and 15/ zooplankton, 60% small pelagics,
5Z reef fishes, 10/ snappers, and 10X carangids in the nearshore region.

Researchers have remarked on the apparent low abundance of carangids
at FFS relative to other banks in the NWHI, The biomass estimate of 400
kg/km for both reef and nearshore habitat used for this area is based on
very limited fishing data and transect dives  H. Okamoto, Hawaii Division
of Fish and Game, Honolulu, Hawaii 96813, personal communication, December
1979; and E. Hobson, Southwest Fisheries Center Tiburon Laboratory,
National Marine Fisheries Service, NOAA, Tiburon, California 94920, per-
sonal communication, December 1979!.

Reef fishes  reef fishes and octo uses!

This group consists primarily of the coral reef fishes, excluding the
snappers, groupers, and carangids. Their habitat ranges from the surge
zone down to depths of 55 m �0 fathoms!.

Studies of the reef habitat and transects are currently ongoing at.
FFS  H. Okamoto and E. Hobson, personal communications, December 1979;
R.W. Grigg, Hawaii Institute of Marine Biology. University of Hawaii,
Kaneohe, Hawaii 96744; and J. Parrish, U.S. Fish and Wildlife Service,
Honolulu, Hawaii 96850, personal communications, October 1979! . These
observations suggest that 12/ of the area from 0 to 18 m � to 10 fathoms!
is rich in reef fishes, 17Z is moderate, and 71/ is sparse. We will
assume that the area in depths from 18 to 55 m �0 to 30 fathoms! is
entirely a sparse habitat. A total of 36 transects produced estimates
of fish biomass as follows: for a rich habitat. 163,666 kg/km2 �,460
lb/acre!; for a moderate habitat 16,815 kg/km �50 lb/acre!; and for a
sparse habitat 1,569,4 kg/km' �4 lb/acre! . This gives an average density
of reef fishes at FFS of 15,000 kg/km �34 lb/acre!,

The density estimates of 163,666 kg/km2 �,460 lb/acre! for a rich
habitat is in agreement with two estimates of standing crop determined
from a rotenone study in Kaneohe Bay of 123,310 kg/km2 �,100 lb/acre! and
92,819 kg/km2  828 lb/acre!  Brock et al., 1979!, Further, Goldman and
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Talbot �975! concluded from a survey of the literature that a maximum
standing crop in a coral reef is about 201,780 kg/km2 �,800 lb/acre!.

Estimates of the composition of reef fishes by weight from the Great
Barrier Reef indicate that 10X are planktivores, 36Z benthic feeders, and
54X carnivores  Goldman and Talbot, 1975!.

Lobsters  lobsters and crabs!

crabs. The abundance of lobsters appears to be relatively low at FFS.
Trapping data and transect studies indicate that the lobster population
here is very low compared to other regions in the NWHI  R. Uchida, South-
west Fisheries Honolulu Laboratory, National Marine Fisheries Service,
NOAA, Honolulu, Hawaii 96812, personal communication, October 1979!.
Based on this information, we selected a density of 200 kg/km in the
reef region and 50 kg/km in the nearshore habitat. Lobsters are bottom
feeders which prey primarily on benthos.

Benthos

The benthic community is typically rich,. diverse, and well-developed.
Organisms in this community include the sponges, algae, benthi.c fish,
gastropods, bivalves, holothuroids, annelids, asteroides, ophiuroids,
echinoids, crustaceans, and anthozoans. Members of the benthos may be
carnivores, herbivores, or detritivores. An ongoing project is studying
this community at FFS  R. Grigg and J. Parrish, personal communication,
October 1979!.

Sna ers and rou ers

This is a commercially important group of food fishes including
opakapaka, Pristi omoides filamentosus; kalikali, P. sieboldii; gindai,
P. zonazus; onaga, gcelis carhunculus; ehu, E. marshi; uku, ~rion

Fishermen report that these bottomfishes are caught predominantly between
75 and 220 m �0 and 120 fathoms!, They are all active, carnivorous fish
which prey an small fish, shrimp and other crustaceans, and macrozooplank-
ton. Based on analysis of stomach contents, we estimate their diet to be
15X zooplankton, 60X benthos, 5X snappers, and 20X shrimps  R. Humphreys,
Southwest Fisheries Center Honolulu Laboratory, National Marine Fisheries
Service, NOAA, Honolulu, Hawaii 96812, personal communication, December
1979!.

Based on our analysis of an intensive bottomfishing experiment in
Guam  Ikehara et al., 1972!, we arrived at an estimate of bottomfish
biomass as 4.3 x 10 kg/nmi of the 100-fathom contour. We estimate the
length of the 100-fathom contour at FFS to be 85 nmi and assume that 9OX
of the snapper and grouper biomass are in the nearshore region. We obtain
estimates of snapper and grouper density in the reef region as 48 kg/km2

and in the nearshore region as 808 kg/km2.
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~dhrim s

Penaeus spp, is found in abundance between 225 and 375 m �25 and 200
fathoms!. Estimates of density from trapping and trawling in the main
islands are 50 kg/km2 over this habitat range  Struhsaker and Yoshida,
1975!. They are detritivores.

Nearshore scombrids  nearshore scombrids and carnivores!

This is a group of commercially important tunas and tunalike fish,
and includes skipj ack tuna, Katsuwonus ~alamis; kawakawa, ~Ruth nnus

soiandri. Mahimahi, Cor haena ~hi urus, and the rainbow runner, ~Ela atis

all pelagic or nearshore pelagic species which largely occupy the surface
waters. The kawakawa is an inshore pelagic fish and has been observed
foraging over the reefs in shallow water at FFS. These fishes are all
active, fast-swimming carnivores and are opportunistic feeders. Their
diets have been observed to consist predominantly of small fish, juvenile
fish  tunas, snappers, carangids!, squid, stomatopods, and megalops
 Yoshida, 1979!. Based on stomach content analysis, we estimate the diet
of this group to be 20X zooplankton and 80/ small pelagics.

The input data required by the Bulk Biomass Model are summarized for
all species groups in Tables 2, 3, and 4.

TABLE 2. GRO~ AND FOOD CONSUMPTION RATES IN PERCENTAGE OF BODY
HEIGHT PER MONTH

Species Group Growth Rate Food Consumption Rate

Note: Natural mortality due to factors except predation is
0.2X; fishing mortality = 0.
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Tiger sharks
Monk seals

Seabirds

Small sharks

Turtles

Small pelagics
Carangids
Reef fishes

Lobsters

Benthos

Snappers and groupers
Shrimps
Nearshore scombrids

6 3
8 4
10 6

6 3 5
6

48

240

450

48

180

30

60

30

23

24

30

30

30



TABLE 3. INITIAL DENSITY ESTIMATES USED AS INPUT

Nearshore Habitat

 Number!
Reef Habi ta t

 Number!
Apex Species

280,000
50

150

40, 000
150

250

Seabirds

Monk seals

Tiger sharks

Nearshore Habitat

 Biomass  kg/km !!
Reef Habitat

 Biomass  kg/km !!Prey Species

TABLE 4. FOOD COMPOSITION  PERCENTAGE OF DIFT BY SPECIES GROUPS!

Nearshore HabitatReef Habitat

Small sharks:

58X Small pelagics
20X Carangids
15/ Snappers and groupers

5/ Small sharks

2X Reef fishes

Turtles:

100%%u Benthos
Turtles:

100/ Benthos

Small pelagics:
80/ Zooplankton
13X Small pelagics

7/ Phytoplankton

Small pelagics:
80/ Zooplankton
13X Small pelagics

7X Phytoplankton

Carangids:
60/ Small pelagics
10X Snappers and groupers
10/ Carangids

5/ Reef fishes

15X Zooplankton

Carangids:
60X Reef fishes

15X Lobsters

15/ Zooplankton
10/ Carangids
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Small sharks

Turtles

Small pelagics
Carangids
Reef fishes

Lobsters

Benthos

Snappers and groupers
Shrimps
Nearshore scombrids

Small sharks:

75X Reef fishes

10/ Smal.l pelagics
5/ Lobsters

5/ Carangids
5X Snappers and groupers

300

7
300

400

151000
200

15,000
50

5

50

150
7

3,000
400

500

50

3,000
800

50

350



TABLE 4. FOOD COMPOSITION  PERCENTAGE OF DIET BY SPECIES GROUPS!
 Continued!

Nearshore HabitatReef Habitat

Lobsters..

100X Benthos

Lobsters:
100X Benthos

Shrimps:
100%%d Benthos

Shrimps:
100X Benthos
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Reef fishes:

54X Reef fishes

36X Benthos

10X Zooplankton

Benthos:

50X Zooplankton
30X Phytoplankton
20/ Benthos

Snapp er s and g r oup er s:
60%%d Benthos

20/ Shrimps
15X Zooplankton
5X Snappers and groupers

Nearshore scombrids:

70/ Small pelagics
25%%u. Zooplankton

5/ Nearshore scombrids

Seabirds:

65%%u Small pelagics
10X Nearshore scombrids
1.0X Carangids
10/ Snappers and groupers

5/ Zooplankton

Seals:

85X Reef fishes

10X Benthos

5/ l.obsters

Tiger sharks:
54/ Reef fishes

30X Small sharks

7/ Lobsters

7/ Small pelagics
2/ Turtles

Reef f ishes:

54X Reef fishes

36X Benthos

10X Zooplankton

Benthos:

50X Zooplankton
30X Phytop1ankton
20X Benthos

Snappers and groupers:
60X Benthos

20X Shrimps
15X Zooplankton
5X Snappers and groupers

Nearshore scombrids:

70X Small pelagics
25/ Zooplankton

5X Nearshore scombrids

Seabirds

65/ Small pelagics
10X Nearshore scombrids
10/ Carangids
10/ Snappers and groupers
5X Zooplankton

Seals:

85X Reef fishes

10/ Benthos

5X Lobsters

Tiger sharks:
54X Reef fishes

30/ Small sharks

7X Lobsters

7/ Small pelagics
2/ Turtles



RESULTS AND DISCUSSION

The estimates of biomass, consumption, and turnover presented in
Table 5 are based on computer runs simulating 80 years of ecosystem time
with the input data from Tables 2, 3, and 4. There are still slight time
trends in the biomass values for several of the species groups so these
results do not yet represent an equilibrium solution; however, they are
probably sufficiently close to an equilibrium solution to be useful for
the purposes of discussing the model and input values. We have used
relatively low food consumption rates for all species groups so the
resulting biomass values represent the minimum sustainable biomass
 Laevastu and Favorite, l978!.

TABLE 5. AVERAGE BIOMASS  IN WET WEIGHT, KG/KM !  B!, ANNUAL CONSUMPTION
 PRODUCTION!  IN WET WEIGHT, KG/KM !  C!, AND TURNOVER  T = C/B!
FOR REEF AND NEARSHORE REGIONS

Nearshore Region

B C T

Reef Region
Species

1,173.6 1.11
18.5 0.61

378.0 0.89

0. 67 1, 058.8
1.07 30.3

0.90 425.8

88.7

24.0

54. 0

133. 3

22. 4

59. 9

25,138.0 32,446.7 1.29 9,217.8 11,260.2 1.22

32,130.0 � � 22,571.0

Total

Zooplankton

For most of the species groups, the estimated biomass values in
Table 5 are not far from the initial estimates. This is particularly
reassuring for reef fishes where we feel we have a reliable initial esti-
mate. One exception is the estimated shark biomass, which appears low,
This is due to heavy and perhaps, an unrealistic estimate of predation on
smaller sharks by tiger sharks.

Data compiled after our computer work, which quantifies the distri-
bution and relative abundance of benthos at FFS, coupled with standard
production computation suggest that the production of benthos in the
reef habitat should be about' three times the value we obtained  R. Crigg,
personal communication, February 1980!. This information will be used
to change our input estimates for future computer work. In the nearshore
habitat, our estimated production agrees with his calculations.
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Small sharks

Turtles

Small pelagics
Carangids
Reef fishes

Lobsters

Benthos

Snappers and
groupers

Shrimps
Nearshore scombrids

63.7
9.3

537.9

157.0

14,395.5
178.1

9,580.9

54. 0
3.6

593.6

135.1

171370.7
141.4

13,981.6

0.85 18.7

0.39 3.5

1.10 4,942.7
0.86 937.4

1.21 521.0

0.79 44.3

1.46 1,235.3

16.2 0.87

0.7 0.20

5,878.6 1.19
1,022.0 1.09

760.3 1.46

42.0 0.95

1,970.3 1.60



Our estimated annual production for the reef region, excluding the
benthic, zooplankton, and phytoplankton production, is 18,465.1 kg/km
This agrees with an estimated production of 22,000 kg/km'/yr for a sim-
ilar community on a reef in Bermuda  Bardach, 1959!.

We have not attempted to model the phytoplankton and zooplankton pro-
duction for the ecosystem. The computer program does, however, determine
the total ecosystem zooplankton requirement based on the inputed diet
composition values for all the species groups. The annual zooplankton
consumption for the reef region is 32,130 kg/km and for the nearshore
region is 22,571 kg/km'. Based on a transfer coefficient of 10K, this
zooplankton production requires a phytoplankton production of 321,300 kg/
km and 225,710 kg/km in the reef and nearshore regions, respectively.
Primary production for the nearshore region has been estimated as 365,000
kg/km  J. Hirota, Hawaii Institute of Marine Biology, University of
Hawaii, Kaneohe, Hawaii 96744, personal communication, December 1979!.

The predation on the species groups by seabirds, seals, and tiger
sharks is approximately twice as high in the nearshore region as iu the
reef region  Table 6!. This is due to the predation of birds on small
pelagics in the nearshore region.

TABLE 6. ANNUAL CONSUMPTION BY APEX PREDATORS  SEABIRDS, MONK
SEALS, AND TIGER SHARKS! IN KG/KM

Reef Region Nearshore RegionSpecies

3,0171,475Total

FUTURE RESEARCH

There are two directions for future research. First, research
directed toward improving estimates of biomass, growth rates, food compo-
sition, and food conversion is needed to improve the accuracy of the input
to the model. Some of this research is already planned as part of the
specific projects in the NWHI investigation. However, in some cases,
specific projects are being proposed at NMFS to obtain the necessary data.
One example of this is an intensive bottomfishing experiment we are
planning at a small and isolated bank to estimate the standing stock of
snappers and groupers per nautical mile of a given depth contour.

296

SmalL sharks

Turtles

Small pelagics
Carangids
Reef fishes

Lobsters

Benthos

Snappers and groupers
Shrimps
Nearshore scombrids

43

3

288

48

871

53

83

43
0

43

9

1

1,967
273

145

7

10

303

0

302



The second aspect of future research consists of model. sensitivity
analysis, simulation, and modif ication. We will vary input parameters to
reflect our degree of certainty about the input values and observe the
changes in equilibrium biomass values. We will simulate various fishing
strategies to observe their impact on the ecosystem. Finally, we will
consider modifications of some of the mathematicaL relationships in the
model to incorporate our best understanding of the biological processes
at French Frigate Shoals.
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ABSTRACT

This paper contains the preliminary results of work carried out
under an ongoing research project on the economics of fisheries
development and management for the Hawaiian Archipelago. A
feasibility analysis of alternative paths of fisheries develop-
ment is presented using three classes of tuna  ahi! longliners
as prototype vessels for planned development of the tuna
resources. The high fuel requirements of the larger vessels
appear to impose a major constraint on their profitability for
long-distance operations. Some very preliminary results are
also presented of an analysis of the relationship between prices
and quantities of tuna species sold daily at the Honolulu fresh
fish auction.

financial analysis
fish marketing
tuna  ahi!

fisheries development
fish consumption
feasibility study

INTRODUCTION
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Economic studies of Hawaii's commercial fishing industry indicate
that it has slowly declined for the past several decades. One of the
earliest studies of the industry predicted that if the trends continue,
"the industry will vanish as a viable economic activity in the near
future"  Hale, 1964!. Due to various constraints, programs to stimulate
the expansion of the aku and ahi fisheries did not meet with success.
More recent studies point to equally dismal prospects for removing the
constraints to expansion of the industry  Shang, 1969; Ahsan et al.,
1972; Comitini, 1977!. These studies also suggest that the problems do
not appear to be insurmountable if prices should improve sufficiently to
provide an incentive for injecting new capital into the industry, There



also appears to be an opportunity for expansion into more distant fishing
grounds, provided appropriate technologies are adopted'

Prices for most fish products have experienced a steady rise along
with the inflationary price increases for all food products, especially
meats, in the latter half of the 1970s. For the most valued species, the
relative price increase is comparable with that of meat products  Bell,
1978!. These recent price trends have apparently increased the attrac-
tiveness of new investment opportunities for species within waters of the
Hawaiian Archipelago, e.g., tunas, shrimps, lobsters, and bottomfishes.
Several new vessels have been built or are under construction to exploit
these fisheries. Vessels from the U.S. West Coast have taken part in
trial fishing efforts northwest of Midway Islands. The recent Hawaii
Fisheries Development Plan predicts continued development of more distant
fisheries and addresses the problems and prospects for facilitating devel-
oping the pot:ential of these species with long-range vessels operating
from Honolulu  Department of Land and Natural Resources, State of Hawaii,
1979!.

Recent evidence of per capita consumption of fish and shellfish in
Hawaii indicates that there is a market potential to substitute  or expand!
domestically caught fish for imported fish  Hudgins, 1979!. In 1977, tor
example, interstate shipments and foreign imports accounted for approxi-
mately 74% of the total Hawaiian supply of commercial fish and shellfish.
Per capita utilization of commercial fish and shellfish from interstate
and foreign imports actually rose from 71.8% in 1970 to 73.5% in 1977.
In 1977, per capita utilization of commercial fish and shellfish by the

commercial fish and shellfish in that year was 22.7 pounds as against
only 12.8 pounds nationally, mostly in fresh and frozen forms.

On the minus side, inadequate infrastructure is viewed as a con-
straint on the future expansion of the fishing industry in the state. In
addition, very recent. increases in fuel costs have outstripped the rise in
fish prices. This, together with general cost inflation, threatens to off-
set product price increases and dampen investment incentives.

The preliminary information reported in this paper is the result of
ongoing research conducted as part of the Sea Grant project "Economics of
Fisheries Development and Management for the Hawaiian Archipelago."

The objectives of this research are as follows:

1. To determine the social and economic returns of fisheries
development in the Northwestern Hawaiian Islands

To determine the major factors � economic, social,
ecological, and political � which may be affected by
or in turn affect the form and extent of the fish-
eries development

b. To synthesize economic costs and benefits of alter-
native strategies for development
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c. To determine social costs of alternative forms and

degrees of fisheries development

2. To project optimum fisheries development strategies for
different sets of socio-political conditions

It is expected that the results of this study will provide planners
and decisionmakers with economic estimates of the expected effects of a
wide range of actions and activities relative to expansion of U.S. fish-
eries in the Hawaiian Archipelago and adjacent areas. These include;

1. Bioeconomic implications of fisheries expansion on commercial
species of the region

2. Expected. overall profitability of fishery development

3. Expected returns on capital required for systems needed to
support major fisheries development

4. Economic implications of regulations for the protection of
ecosystem values

In this paper, costs and returns for fishing vessels of different
sizes operating at different distances from port and some preliminary
market price comparisons are examined.

RESULTS AND DISCUSSION

Under this project, Mr. Stuart Nakamoto, marine economics graduate
student, has developed a simulation model to permit analysis of costs and
returns of Hawaii fisheries. This Fisheries Industry Simulator for Hawaii
 FISH! model was used to e~amine costs and returns of fishing for ahi from
different sized vessels different distances from port  Honolulu!.

The data base, including vessel performance, catch per effort esti-
mates, prices, costs, and other financial information, was gleaned from a
variety of sources. The required information and data relied heavily on
a combination of established sources of knowledge such as the recently
developed Hawaii Fisheries Development Plan and expertise of people famil-
iar with the Hawaiian fishing industry.

Based on the data used, the expected return on investment for three
size classes of ahi longliners is presented in Tables 1 through 4. Ves-
sel sizes under consideration  80 feet, 100 feet, 120 feet! and their
specifications are shown in Table 1. Of particular interest is that
although catch rates per day are assumed to increase with the size of
vessel due essentially to the laying out of more gear per vessel, the fuel
consumption requirements increase concomitantly with the size of vessel,
actually being twice as high for a 120-foot vessel compared with an 80-
foot vessel.
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TABLE I. SPECIFICATIONS AND OPERATING RATES FOR THREE CLASSES OF
AHI LONGLINERS

Ahi Longliners

80 Feet 100 Feet 120 Feet

Crew  no.!

Hold capacity �,000 lbs!

Fuel capacity �,000 gals!

Construction cost  $1,000!

Delivery cost  $1,000!

80 120 200

10.5 14.0 17.5

635 1,015 j., 905

30

Average fuel consumption-transit
 gal/hr! 35.2 56 72

Average fuel consumption-fishing
 gal/hr! 20.6 27.9 37.7

Catch rates

Target  lbs/day!
Other  lbs/day!

4,410
1,550

2,204
945

3,308
827

3.5

66.5

30

4

76

30

3.7

70.3

26.0

Data common for all vessel classes
Average transit speed � 10 knots
Average fishing speed � 3 knots
Food  man-day! � $11
Crew share � 40Z z gross revenue minus fuel and food
Price composition � fresh ahi  $3/lb!; frozen ahi
 $1.10/lb!; other  $.40/lb!

Note:

TABLE 2. CONSTRAINTS ON MAXIMUM TRIP LENGTH  DAYS! FOR THREE CLASSES
OF AHI LONGLINERS

1,000 Miles500 IlilesVessel

Size

 feet! Fuel

 gal!
Hold

 lbs!

Fuel

 gal!
Hold

 lbs! Days Days

1580

14100

12120

Source: Projected Operating Data
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Catch composition  X!
Fresh ahi

Frozen ahi

Other

19,000

17>000

16,000

29,000

33,000

37,000

16,000

14,000

13>000

33,000

36,000

41,000



TABLE 3. MONTHLY INCOME AND FINANCIAL ANALYSIS FOR THREE CLASSES QF
AHI LONGLINERS OPERATING 500 MILES AMAY FROM HONOLULU

Ahi, Longliners

80 Feet 100 Feet 120 Feet

Revenue  $1,000!

Operating costs  $1,000!

Contribution margin  $1,000!

86.562.7 109.5

37.2 51.4 64.8

25.6 35.2 44.7

Fixed costs  $1,000!
Depreciation  $1,000!
Interest  $1,000!

18.1

5.8

5.7

11.4

3.7

3.6

32.6

10.8

10.5

Return to management  $1,000!

Benefit/cost ratio

Internal rate of return  X!

Net present value  $1,000!

Break-even catch  lbs/day!

Break-even fishing time  days!

Break � even average price

17.1 12.014.2

1.251.29 1.12

48.3 24.763.2

155.8 109.9129.4

2,776 4,8681,963

5.39 7.96

 $/lb! .81.60 .70

Vessel life = 15 years
Salvage value = 0
Interest rate = IOX

Debt to equity ratio = 3:1
Taxes not included

Fuel cost = $1.10

Note:

Table 2 shows the constraints on the maximum trip length in days for
these same vessels at 500 and I,OOO-mile distances. Although the hold
capacity appears to justify longer trips for the larger vessels, the
greater fuel requirements would operate to constrain the length of the
trip, and thus fishing time of the larger vessels. This becomes more
pronounced as the distances fished increases from 500 to 1,000 miles.
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Tables 3 and 4 illustrate the monthly income and financial analysis
for these classes of ahi longliners for operating at distances of 500 and
1,000 miles, respectively. The 80-foot vessel is shown to be the most
profitable or least unprofitable, in terms of the rate of return, and has
all-around lower break-even requirements for fishing not only at 500
miles or 1,000 miles from Honolulu, but along any part of the Hawaiian
Archipelago. Given the cost assumptions and the target catch rates as
shown in Table 1, the 120-foot ahi longliner would not be a feasible
operation at either 500 or 1,000 miles from Honolulu, while the other two
are not feasible at 1,000-mile  or beyond! distances.



TABLE 4. MONTHLY INCOME AND FINANCIAL ANALYSIS FOR THREE CLASSES OF

AHI LONGLINERS OPERATING 1,000 MILES AWAY FROM HONOLULU

Ahi Longliners

80 Feet 100 Feet 120 Feet

Revenue  $1,000!

Operating costs  $1,000!

Contribution margin  $1,000!

41. 9 58. 149.3

30.3 39.9 48.1

10.09.4

Fixed costs  $1,000!
Depreciation  $1,000!
Interest  $1,000!

32.6

10. 8

10. 5

11.4

3.7

3.6

18. 1

5.8

5.7

Return to management  $1,000!

Benefit/cast ration

Internal rate of return  /!

Net present value  $1,000!

Break-even catch  lbs/day!

Break-even fishing time  days!

Break-even average price  $/lb!

-8.7 -22. 70.2

0.85 0. 721. 01

12.2 negativenegative

-793

5, 349

-2,068

9,831

20

3, 122

1. 34 1.63.95

Vessel life = 15 years
Salvage value = 0
Interest rate � 10/

Debt to Equity ratio = 3:1
Taxes not included

Fuel cost = $1.10/gallon

Note:

If the data base is sufficiently representative of the conditions
facing a prospective fishermen, these results would raise doubts about
the propriety of building larger vessels for fishing greater distances
away from the main Hawaiian Islands, or even from Midway Islands. The
cost of fishing appears to rise disproportionally to the expected
increase in catch.

It should be pointed out that, in addition to the limitations imposed
on the analysis of the data base, this versio~ of the FISH model assumes a
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An alternative run through the data was made. This time the fuel
capacity constraint was relaxed for all three classes of vessels fishing
out to 1,000 miles from Honolulu. In other words, the hold capacity for
each vessel became the only constraint on the length of a trip out to
1, 000 miles. It was found that, although the results for all classes of
vessels were mare favorable than with the fuel capacity constraint, still
the 80-foot vessel is relatively more profitable than the other two
classes in terms of rate of return and break-even requirements far fishing
out to l,000 miles.



constant catch rate per unit of effort. A second version of FISH is being
developed. The model which will incorporate resource and marketing con-
straints in a Schaefer model catch and effort format, may give different
results. Both versions assume biological resource as given and measur-
able. Such biological information is not available at this time.

The above results appear to be in conflict with decisions being made
by individuals now investing in vessels to fish in archipelago waters.
Current experience in fishing for albacore suggests larger vessels are
better off probably because of their greater hold capacity. How they
have surmounted the fuel problem is not clear.

In summary, based on present data base and assumptions of the simu-
lated model, the returns to investment and management from fishing appear
to be low for 80-foot vessels operating continuously over I,OOO miles from
land and negative for larger units. To the extent improvements in the
data may reflect improved performance, higher catch rates, improved prices,
etc., the economic viability of the operation would increase. The type of
operation postulated would probably be unrealistic for most operators.
Seasonal factors affecting catch and prices may dictate a fishing strategy
which aims at taking a mixture of species for different distances and
locations at different times during the year.

A critical question facing the fishing industry is whether fish
prices will continue to rise at a rate that will offset the effects of
increased catches on prices in local markets. For this reason there is
a high degree of interest in fish marketing in Hawaii. The research team
has undertaken a study of the effect of quantities landed and other fac-
tors which are thought to influence prices on 27 species of fish sold at
the Honolulu fish auction. These data, compiled on a daily basis, cover
a 13-month period from December 1978 through December 1979. Although data
collection is incomplete, some preliminary comparisons for ahi were made
for the month of December. Figure 1 shows a plot of the price per pound
and number of pounds of ahi sold on a daily basis for December 1978 and
December 1979. Each month was divided into two parts because it seemed
that the volume of activity was more volatile in the second half. An
attempt was made to capture the specific influences on price in the two
time periods for 1978 and 1979 in the form of a log-linear regression
equation of price and quantity with time as a shift variable. These are
shown in Table 5.

Actually, the signs and coefficients of the regression equation cap-
ture quite closely the aberrations in the movements of prices and quanti-
ties in the month of December for these two years. Time appears to have
a more significant independent influence on price than quantity. This is
hardly surprising since demand for fresh ahi shifts constantly during the
holiday season, The results appear to be better for 1979 than for 1978.
The quantity sold at the fresh fish auction does appear to have a signifi-
cant influence on price in two of the four periods studied. However, the
small sample size and exceptional month of December is not necessari1.y a
reflection of the results that will be obtained for our study of data
over the course of a whole year. The comparison in Table 6 indicates
that it is difficult to generalize what will happen to prices of ahi with
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The foregoing results provide a preliminary look at what happens
during a restricted time period in a narrow segment of the market. The
larger question of the effects of large delivery catches from the more
distant fisheries on prices and hence profits of local fishermen and
those who would be engaged in the expanded fisheries remains unanswered.

CONCLUSIONS AND FUTURE RESEARCH PLANS

Preliminary findings suggest that due to high fuel and other oper-
ating costs, fishing out to the farther reaches of the Hawaiian Archipelago
may not be a feasible undertaking. These findings, however, are based on
fixed assumptions about vessel specifications, fuel use and costs, catch
rates, market prices, etc. The computerized simulation analysis allows
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larger or smaller quantities for sale on the auction block from week to
week for a single month. The overall volume sold on the market for the
whole month may be a more important factor, as shown by the significant
rise in volume over time.
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for variable assumptions and development schemes. As development and
study of the resource base continrue, data will improve and provide a
stronger basis for determining the relative feasibility of particular
operations or strategies and also the optimum strategy for the future
development of fisheries within the Hawaiian Archipelago. For example,
a demonstration that the catch of large boats could appreciably exceed
those estimates in the foregoing analysis wil.l change the picture con-
siderably. Likewise, a sharp sustained increase in fish prices over the
levels assumed could alter the profitability picture dramatically.

The second phase of study calls for a general analysis of societal
costs and benefits of fisheries development strategies in the Hawaiian
Archipelago. The results of economic analysis of several development
options will be incorporated with an analysis of other relevant costs
and benefits to accomplish this.
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THE HAWAII FISHERIES DEVELOPMENT PLAN

Stanley N. Swerdloff

Division of Fish and Game, Department of Land and Natural Resources
1151 Punchbowl Street, Honolulu, Hawaii 96813

ABSTRACT

Hawaii's commercial fishing industry, once an important com-
ponent of the state's economy, became lethargic in the late
1950s and only recently has shown signs of reawakening. The
1978 Hawaii Legislature, in conjunction with the state admin-
istration, mandated that the Hawaii Department of Land and
Natural Resources identify the problems and requirements of
the local fishing industry and prepare a set of remedial
actions. This 15-month effort was completed in December
1979. The Hawaii Fisheries Develo ment Plan includes an

analysis of the resource potential of the major underutilized
species, a profile of the existing fishing industry, develop-
mental strategies to remove constraints, and an integrated
array of recommended developmental programs. Resource
potential, primarily migratory tuna stocks and deep demersal
species of the Leeward Hawaiian Islands, is estimated at
74.0 to 117.5 million pounds per year. Adverse ecological
impacts of the developing fisheries are assumed to be minimal.

fisheries

resource
planning
Leeward Islands

INTRODUCTION

Hawaii's fishing industry has long been an enigma. Surrounded bv
an ocean and serving a population of seafood lovers, the local fleet
has not substantially increased its landings in the past 30 years.
Is this a sign of stability � a resource being utilized in balance? Or
is this a static condition caused by inertia?
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Leaders of the local fishing industry asked these and many other
questions during a series of informal meetings in 1977. All who attended



those meeting felt that industry could expand, but what was the poten-
tial? What was holding back fisheries development? What needs to
be done? Where do we start? It was agreed that the first step should
be a comprehensive planning effort. In taking their case to the state
administration and the legislature, the industry leaders were well-
received. Governor George R. Ariyoshi gave priority status to fisheries
development, and the 1978 Hawaii Legislature passed nine resolutions
addressing fisheries issues. The most significant of these resolutions
 HR 122 and SR 125! called for a fisheries development master plan,
with Act 243 providing $150,000 to the Department of Land and Natural
Resources for that task. The intent of HR 122/SR 125 was clear: to
determine where the opportunities lie and prepare a comprehensive plan
to optimally utilize the state's fisheries resources. This is the
purpose of this document.

The three-person staff of the Fisheries Development Plan Project
was hired in October and November 1978, with a directive to present a
final document to the legislature in December 1979. Contracts were let to
three consultants in early 1979 to perform detailed analyses of resource
potential, constraints restricting growth of the industry, and a profile
of past and present fisheries. Early on, it was realized that the current
fisheries data base was inadequate and required diversification and
in-depth analysis, Coastal Zone Nanagement funds were used to estab-
lish a four-person statistical staff attached to the project.

OBJECTIVES

The objectives of this planning effort were: �! to assess the
potential of Hawaii's commercial fishery; �! to determine the survey
and research needs required to foster further development of the indus-
try; �! to define developmental programs for each promising fishery;
and �! most importantly, to stimulate implementation of a coordinated
fisheries development program.

In order to prepare this comprehensive plan, a great deal of infor-
mation had to be accumulated, sorted, and analyzed. To provide a frame-
work for these analyses, a number of questions were asked:

-Do we want or need an expanded fishing industry?
-Are there additional fisheries resources to be harvested?
-If so, why hasn't the industry expanded?
-What are the physical, technical, and institutional constraints

restricting growth of the fishing industry?
-What specific actions are required to remove these constraints?
-What are the costs and benefits of the required actions?
-What will be the ecological consequences of increased fishing effort?
-Who will implement the programs, and who will supply the development

funds?

These questions provided the basis for the planning effort. The
plan essentially follows the logical progression from need to resource
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In general, the highest priorities in this planning effort were
assigned to those commercial fisheries showing the greatest potential net
economic benefits. For the most part, these are distant water fisheries
which will require long-range vessels and modern support services. Thus,
the offshore underutilized fisheries were treated in more detail than the

nearshore fisheries which offer little hope for substantially increased
landings. Geographically, the resources within 1,500 miles of the main
Hawaiian Islands are addressed, particularly those in proximity to the
Northwestern Hawaiian Islands  Figures 1 and 2!.

RESULTS

Hawaii's historic identification with the sea has not been matched

by commercial utilization of ocean resources. To a great extent state,
county, and federal programs aimed at. increasing the utilization of fish-
eries resources have been uncoordinated and lack continuity. Private
investment and public assistance have been prioritized in tourism,
Hawaii's growth industry. Indeed an important component of Hawaii's
marine activities has been tourist-related charter fishing and diving,
This use of nearshore fisheries resources is expanding.

Hawaii's fishing industry produces a small percentage of overall
state income. Income directly from the harvesting sector is 0.2/ of the
Gross State Product �978!, no more than 0.8%%d of GSP. Approximately
1,600 persons are employed on a full-time basis. Estimated tax reve-
nues from commercial fishing, processing, and distribution is $3 million.

A profile of Hawaii's fishery is full of contradictions. Today,
2,900 people are licensed fishermen, an increase over the 1966 low of 700
people, but still less than the prewar high of 3,500. The number of aku
 skipjack tuna! vessels, which are the mainstay of the commercial fleet,
has declined from 32 in 1948 to 14 in 1978. Total catch has fluctuated

between 20 million pounds in 1965 and nine million pounds in l969, with
no discernible trend  Figures 3 and 4!.

Hawaii's fisheries are of a modest scale, compared with those of
other coastal zone states, but are more developed than most of the other
oceanic island groups of the Pacific. The fishing techniques, vessels,
and equipment have changed little in the past half century. Almost all
fishing is done within 20 miles of the main islands, where resident
resources and the migratory stocks are quite limited. It appears that
the productivity of a number of the non-migratory inshore stocks has
been considerably reduced by fishing pressure. The strong demand of
Hawaii residents  as well as the tourist population! cannot be satisfied
by the present fisheries, and there is a heavy reliance on imports. Qf
approximately 30 million pounds of seafood consumed annually in the
state, 23 million pounds are imported. Even the famous mahimahi,
which is thought by many as the most typical Hawaiian fish  after
the more famous but less edible humuhumunukunukuapuaa!, is largely
imported from Taiwan and Ecuador, This situation seems destined to con-
tinue.
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Yet, on the positive side, the nearshore fisheries of Hawaii seem
to have successfully maintained a long-term ecological balance between
the resources on the one hand and the demands of the market on the other,
without drastic changes in the supply picture. Further, the possibili-
ties of taking advantage of Hawaii's offshore fishery, especially in
the Leeward Hawaiian chain, appear bright.

Resource otential

It. must be emphasized from the outset that efforts to define any
marine fisheries resource are fraught with difficulty. This is particu-
larly true when dealing with underutilized populations. The estimates
of potential sustainable yield for the most promising fisheri.es are
presented in Table 1. These estimates are based on the best available
scientific data, National Marine Fisheries Service surveys, and published
foreign reports. When possible, statistical yield models were applied
to catch/effort data to derive estimates of sustainable yield. When the
data were inadaquate, estimates of potential were based on extrapolation
of landings from current fisheries to large geographical areas. Because
of the imprecision involved, lower and upper ranges of potential were
estimated.

The estimates of fisheries resource potential within the Hawaiian
region range from 74 million to 117.5 million pounds per year. This
represents an additional harvest of 60.7 to 104.1 million pounds per
year, Most of this potential �7.0 to 71.0 million pounds! exists in
the open � ocean tunas, with 13.7 to 33.1 million pounds for all other
species. The boundaries of the potential tuna fishery have been arbi-
trarily defined as 1,500 miles from Honolulu, while most other fisheries
will be prosecuted within the 200-mile Fisheries Conservation Zone  PCZ!
surrounding the Hawaiian Archipelago. Essentially all of the bottomfish,
lobster, shrimp, akule, and opelu potential exists within the Northwest-
ern Hawaiian Islands to the northwest of Kauai. The potential seamount
groundfishery for alfonsins and armorheads exists to the northwest of
Kure Atoll, mostly outside the FCZ.

Economic benefits

The direct economic benefits to Hawaii from the fisheries develop-
ment program fall into five categories: �! direct income to harvesters
and processors; �! increased employment; �! an overall social benefit;
�! tax revenues; and �! increased efficiency for existing fishing
operations. Indirect benefits are also expected to occur: �! greater
stability in fresh fish supply, with the possibility of lower retail
prices; �! increased technical knowledge in fishing and processing
techniques; �! diversification of Hawaii's industrial structure; �!
promotion of neighbor islands development, and �! increased apprecia-
tion of Hawaii's social and cultural heritage as an island community.

The most direct and measureable economic impact of an expanded
fisheries development program is the potential impact of increased catch
on Hawaii's personal and corporate income. We estimate that the 1990
Gross State Income will increase by $53 million �979 prices! based
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TABLE 1. PRESENT LANDINGS �978! AND POTENTIAL SUSTAINABLE YIELDS IN THE
HAWAIIAN REGION

1978

Landings
 lbs!

Additional
Potential

 lbs!

Total

Potential
 lbs in millions!

Species or Group

6,794,000

569,000

125,000

460,000

2,122,000

770,000

1,044,000

20,000,000

10 to 20,000,000

6,000,000

26. 8

10. 6 to 20. 6

6.1

10 to 20,000,000 10.5 to 20.5

1 to 5,000,000

1 to 2,600,000

3.1 to 6.1

1.7 to 3.3

900,000 to 1,300,000 1.9 to 3.3

4.0 to 10.0

.8 to 1.8415,000

299,000

21,000

741,000

34,000

2,000

28,000

1.3 to 1.7

.6 to 2.4

1.7 to 3.2

.7 to 1.4

4.0 to 10.0

.08 to .1

TOTAL

3I7

skip!ack tuna - aku

albacore tuna  surface!

albacore  subsurface!

bigeye tuna

yellowfin tuna

bottomfish  deepsea!

bottomfish  inshore!

seamount groundfish

bigeye scad � akule

round scad � opelu

sharks

billfish

spiny lobster

shrimp

kona crab

4 to 10,000,000

450,000 to 1,400,000

1 to 1,400,000

600%000 tQ 2,400,000

1 to 2,500,000

700,000 to 1,400,000

4 to 10,000,000

50 to 75,000

13,423,000 60,700,000 to 104,075,000 74.0 to 117.4



on an immediate development program generating an increase in catch of
50 million pounds, worth $30 million ex-vessel. This represents a four-
fold increase over current catch levels. By the year 2000 total catch
could increase over current levels of 86 mil.lion pounds  $55 million
ex � vessel!, or an increase in Gross State Income of $92 million. The
processed value of the increased catch is $62 mil1.ion for 1990 and $107
million by the year 2000, a value roughly equivalent to 70/ of current
pineapple sales. The increase in processed value for the cannery  aku
and albacore! represents more than a doubling of current production,
which today is 60 to 80/ dependent on imported t'una.

The present discounted value of direct income derived from the
proj ected increase in fish catch through a development program is $168
million through the year 2000. In comparison, it can be predicted that
without government assistance, the resultant growth of the fishery wholly
through private investment would be substantially less. This is particu-
larly true given the infrastructural and financial constraints on
fisheries development. Without a coordinated development program, we
project an increase in the fleet of only 57 vessels by the year 2000, as
compared to 185 vessels in the development scenario. The present dis-
counted value of additional direct income from unaccelerated growth
would be $52 million through the year 2000, a reduction of $117 million,
or 70X less. The employment effect would be equivalently reduced.

State tax revenues are an important measure of the benefits derived
from industrial development. Development costs are borne by the
general public, while many of the economic behefits accrue to individ-
uals. The state recoups part of this expense through its 1/2/ excise
tax and its personal income taxes. The sales tax on ex-vessel sales
would be $152,000 annually by 1990 and $266,000 by the year 2000. Income
taxes would generate approximately $3.6 million annually by 1990 and
$6.4 million by the year 2000. This is not overly impressive in terms
of total state tax revenues, but certainly warrants state investment at
the levels visualized.

General constraints to develo ment

The general constraints restricting growth of the fishing industry
can be categorized as: �! institutional, �! harbors, �! other infra-
structure, �! marketing and product promotion, �! financing, and
�! fuel costs,

The commercial fishing industry has a long history of diversity,
which unfortunately has been paralleled by diverse government responsi-
bilities for fisheries resources and operations. As general comment,
it is clear that there is a need for an overall systems planning
approach to marine resources in Hawaii. The existing mechanisms for
coordination have not been efficient and have limited participation by
both industry representatives and the public. There has been substantial
duplication of effort in research and data collection, while at the same
time, many types of information necessary for fisheries development have
been neglected. Thus, one general constraint to fisheries development
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in Hawaii has been the appearance of government action which in fact too
often was offbase or irrelevant.

At present, all commercial fishing dock space is being utilized to
capacity, with no berthing available for the 17 vessels which will
join the fleet by mid-1980. It is not certain how many of the 105 appli-
cants on the harbor's waiting list will purchase vesse1s in the 1980s,
but each additional vessel will exacerbate the problem. Projected
fleet growth indicates an additional 65 resident and 50 transient ves-
sels may join the fleet by 1990. Fleet growth through the year 2000
is projected at 105 resident and 80 transient vessels. Most of the
vessels can be nested two, three, or even four abreast, thus decreasing
the amount of absolute dock space required.

The shortage of adequate dock space for commercial fishing
vessels is viewed as the major constraint which will inhibit growth of
the industry. Unfortunately, this problem is not easily solved. First
of all, because harbor planning has concentrated on other priorities,
very little space within Honolulu Harbor and Kewalo Basin is available
for fishi'ng vessel dock development. Secondly, the cost of wharf develop-
ment is high; in fact, dock construction will constitute the single
largest use of public funds in development of the fishing industry.
Finally, the planning process for dock construction is long and tedious,
requiring up to five years for design, acquisition of funding, and
approval of various permits.

The existing fisheries infrastructure does not adequately support
the present fleet, let alone provide for future expansion. "Other
infrastructure" refers to fuel facilities, cold storage, processing
plants, shipyards, and repair facilities. For the most part basic
infrastructure is totally lacking on the neighbor islands. In Honolulu,
where the current fishery is centralized, all fishery support facili-
ties are at, or near, capacity. Without adequate infrastructure, the
fishing business becomes so inefficient that investment is unattractive
to private financial interests.

Hawaii's seafood marketing system is small, but relatively complex.
Basically, all local landings, with the exception of most aku, are
marketed as fresh fish. Canned tuna and fresh ahi are the only signifi-
cant exports, and the ahi export system has really only developed in
the past five years. Because of the relatively small volume of landings
per vessel, the fisherman must depend on high ex-vessel prices to stay
in business. The same is partially true for marketers, although their
volumes are substantially increased by imported products. Per capita
consumption of seafood in Hawaii. is almost double the national average;
however, local consumer demand is, of course, limited by population
size and tourist preferences. To a large extent, the market price of
all species is tied to the abundance of two major species--aku and ahi.
Landings of the other species are somewhat biologically seasonal, but
are mostly related to fishing effort--low during bad weather, unusual.ly
high during the holiday season  except when the weather is bad!.
The end result is a series of peaks  high abundance, lower price! and
valleys  low landings, high prices!. To the vessel owner, this means
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periods of discouragingly low prices; to the consumer, periods of
discouragingly high prices. With the development of large, long-range
vessels, the supplies of most species will increase substantialIy year-
round. This should alleviate painfully high seasonal prices to some
extent. On the other hand, periods of overabundance will be intensi-
fied. With local demand satiated, ex-vessel prices could drop belaw
the requirements of the vessel operators.

In the past ten years, the acquisition of virtually all vessels
larger than five net tons have been financed either by the state af
Hawaii or the Hawaii Production Credit Association  HPCA!. From
1969 through 1978, state loans on 25 vessels totalled $2.3 million,
while HPCA loans on 13 vessels totalled $1,295,100. In the past
seven years, National Marine Fisheries Service loan guarantees have
been instrumental in backing up 25 public, semi-public, and private
loans.

While the figures at first glance seem impressive, the current
and' future requirements for vessel financing are much more demanding.
It is anticipated that planned growth of the fleet could result in
12 new vessels in the next two years, 42 by 1985, 65 by 1990, and
105 by the year 2000. The necessary financing in the next two years
will approximate $6 million, based on an average cost of $500,000 per
vessel. Vessel costs wiLl, of course, continue to escalate so that
identical vessels will cost in excess of $1 million 20 years from
naw. Thus, the total large vessel financing requirements for the next
20 years will approach $100 million.

The infrastructure requirements for an expanded industry are
extensive. Considering all commercial infrastructure � including moor-
ing, fuel, and loading docks, ice plants, freezer and/or process-
ing facilities, marine repair operations, and storage areas � the total
capital investme~t will be roughly $20 to $30 million, not including
land.

The fishing industry uses petroleum quite extensively in the
harvesting process. A modern 80-foot troller uses about 23 gallons/
hour while in transit and Il gallons/hour while fishing. A 100-foot
multi-purpose vessel uses 48 gallons/hour in transit and 25 gallons/
hour while fishing, in addition to its auxiliary engine use. An
albacore troller plying the Midway/Seamount fishery uses approximately
30,000 gallons of fuel during the season, which amounts to about 20/
of its gross revenue. Existing aku vessels are using approximately
60,000 gallons per year, about IOX of their total revenues.

Expansion of Hawaii's fishery as projected by this plan would
lead to an increase in fuel use of about 14 million gallons/year. The
current problems in the United States with the allocation and distri-
bution of fuel have not yet severely affected the fishing industry.

In Hawaii the refineries report underutilization of diesel fuel in
comparison with lighter distillates such as gasoline and j et fuel.
Furthermore, the deregulation of fuel prices is expected to reduce
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marginal fuel use via higher prices and thus rationalize fuel alloca-
tion. Nonetheless, problems with fuel use could have a substantial
impact on the industry and could increasingly create problems if fuel
efficiencies are not realized.

Fisher -s ecific constraints

In addition to general constraints discussed above, most individual
fisheries have specific problems in relation to technology or lack of
information on that particular resource. The major fishery-specific
constraints are those related to aku, ahi, and shrimp.

The aku pole-and-line fishery is critically hampered by the lack
of an abundant, hardy baitfish. The vast aku resources of the Hawaiian
region will probably not be harvested by the domestic fleet until this
problem is solved. On the other hand, the technology for ahi longline
fishing is well-known, as is the size of the resource and catch rates.
The economic feasiblity of a Hawaii-based distant water fishery, however,
is unknown. Little is known of the shrimp resource or the technology
required for efficient harvest. In all three cases, specific research
programs will be necessary before development can proceed. Virtually
every resource with harvest potential will require additional research.

DISCUSSION

The basic purpose of the Hawaii Fisheries Develo ment Plan is
to present a comprehensive, coordinated set of recommended actions
which will overcome constraints and result in fisheries development.

The major organizational, programmatic, and infrastructure
recommendations are: �! establish and industry/government Hawaii
Fisheries Coordinating Council; �! establish a Fishing Industry Council;
�! reorganize DLNR's Division of Fish and Game into functional units
to place more emphasis on fisheries development; �! facilitate vessel
and infrastructure financing; �! conduct surveys of latent resources,
emphasizing pelagic and Leeward Islands species; �! develop alternate
live baitfish supplies; �! develop outlying fisheries bases  Midway,
Tern Islands, Palmyra!;  8! provide adequate docking facilities; and
 9! designate sites for infrastructure development.

SUMMARY

Hawaii's commercial fishing industry, once an important component
of the state's economy, became lethargic in the late 1950s and only
recently has shown signs of reawakening. The 1978 State Legislature,
in conjunction with the state administration, mandated that the Hawaii
Department of Land and Natural Resources identify the problems and
requirements of the local fishing industry and prepare a set of reme-
di'al actions. This 15-month effort was completed in December 1979.
The Hawaii Fisheries Develo ment Plan includes an analysis of the resource
potential of the major underutilized species, a profile of the existi~ng
fishing industry, developmental strategies to remove constraints, and
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an integrated array of recommended developmental programs. Resource
potential, primarily migratory tuna stocks and deep demersal species
of the Leeward Hawaiian Islands, is estimated at 74.0 to 117.5
million pounds per year. Adverse ecological impact of developing
most fisheries are judged to be not significant.
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LUNCHEON ADDRESS

Southwest of Hawaii

J.L. Munro

Dean of the Faculty of Science, University of Papua, New Guinea

Speaking from the viewpoint of someone from the far southwest
corner of the tropical Pacific and the biogeographical center of the
Indo-Pacific faunal region  i.e,, Papua, New Guinea! I would like to
discuss the implications of the NWHI program for reef ecology and
reef resource studies elsewhere in the Pacific.

There are several important points about the NWHI program which
require recognition:

a. Firstly, it needs to be recognized that these studies
are the first realistic attempt to investigate and
model a total coral ecasystem.

be Secondly, that the NWHI chain, by virtue of
low speciation and ecological simplicity, is the
obvious place to do such studies.

Also, that by virtue of their isolation and lang
history of protection and of their proximity to
sophisticated facilities, the NWHI are virtually
unique in the Pacific.

c ~

State and federal governments recognize the value
of studying the island resources and are prepared
to make financial provision for the research. This
is not a common situation elsewhere,

The situation in other parts of the Paci.fic is very different
and we need to recognize other factors:

That with the advent of independence for many western
Pacific nations, the willingness of metropolitan
governments to support research in these countries has
actually declined, while the ability and/or willingness
of the newly independent countries to support research
is very low indeed. Also, many third-world countries
are actually suspicious of the motives of visiting
research scientists or visiting research vessels and
access to reef systems in those countries can sometimes

325

The purpose of this meeting has been to review the progress to
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require the exercise of considerable diplomacy. Contrast
that with the U.S. situation.

That elsewhere in the Pacific and also including the
main Hawaiian Islands, most major reef systems have
been exploited for many hundreds, it not thousands,
of years and for most islands, reefs, or atolls any
projection back to the primeval state must remain
hypothetical. In the populated areas the populations
are naw increasing very rapidly and pressures on
resources are likewise increasing. There is also
some degree of development of large-scale mining,
tourist, and agricultural industries with accompanying
degradation of reef systems. Contrast that with the
NVHI.

In the west central Pacific as many as 60 genera of
corals may be found on a single reef and 1,000 species
of fish in a single bay and a mind-boggling diversity
of every other sort of organism. Contrast that with
the NWHI.

Fourthly, we need to recognize that the capacity for
independent research of mast third-world countries is
very low indeed and it will be many years before third-
world scientists can escape from the compelling day � to-
day demands of development and educational programs
and turn their attention to more abstract problems.
Likewise, it will be many years before third-world
institutions can afford the high technology approaches
to environmental problems of University of Hawaii,
National Marine Fisheries Service, and the other
marine-oriented institutions of Hawaii.

Thus it seems ta me that if the U.S. scientists do not find
solutions to coral reef resources rnanagernent problems, then no one
eIsa will. These seem to me to be compelling reasons for supporting
the NVHI program to its fullest possible conclusion and thereafter
 if not sooner! turning attention southwestward to the rest of
oceania were it is patently obvious that the problems of resource
management are entirely beyond the human and financial resources of
the newly independent states. Of course, there are research programs
in progress, particularly in the French territories, Guam, Palau,
and Australia and at a few scattered laboratories elsewhere, but
these are largely piecemeal investigations which can only deliver
piecemeal results. What are needed are investigations, along the lines
of the various NWHI studies, done in other mare central parts of the
Pacific.

Fortunately, there is every indication that the U.S.A,  if not
other major powers! has recognized many of these problems. For example,
it appears that a fairly definite commitment of long-term funds for
research on small-scale fishery stock assessments has already been made.
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A U. S. AID/University of Rhode Island workshop last September endorsed
the idea that coral reef fisheries should be given particular attention
because of their particular importance to the less developed countries
and because they are amenable to visual techniques  e.g., transect! in
addition to normal fishery techniques. Clearly, too, the reef fishery
resource is founded upon the coral reef ecosystem as a whole and no
clear understanding of the multispecies reef fisheries will emerge until
we have a better concept of the interrelationships within ecosystems.
Given the probability that the NWHI program will be drawn to a success-
ful conclusion in the next few years, what could be the next step? I
have a few suggestions  for what they are worth! for studies which might
give a clearer picture of the problems of coral reef resource manage-
ment and also, perhaps, clear up a few remaining problems in the NWHI.
For example, it seems unlikely that the NWHI program will be able to
fully determine whether the northwest to southeast differences in the
Hawaiian chain are differences resulting from the atoll-high island
sequence or from temperature differences or are ascribable to environ-
mental degradation or to resource exploitation.

Some of the answers might be found by looking southwestward to
other parts of the Pacific and, for a start, looking for physical ana-
logues of the islands, atolls, or reefs of the NWHI which differ only
in terms of latitude and/or temperature. How will the communities dif-
fer? How will growth parameters of the fishes differ? Will stock den-
sities be different?

Alternatively, can we answer questions by looking for islands, atolls,
ar reefs in the Pacific which are similar in all except one or two aspects?
 e.g., Can we find two or three islands in much the same place which dif-
fer only in, being high, low, or atoll configurations?! Can we find ana-
logues on a north to south or east to west plane? Can we find degraded
and undergraded analogues?

From the fisheries viewpoint, are there analogues which are fished
by traditional and modern techniques? Are there analogues where differ-
ent fishing strategies prevail and where the target species include the
entire community, predators only, or the middle-sized fishes? Are there
analogues in which the tuna baitfish resources  if any! have or have not
been fished?

Finally, is it possible to find an atoll or a group of islands in
which one can experimentally exploit different sectors or islands using
a variety of techniques in order to study the short and long-term changes
wrought by different exploitative regimes?

I believe that the day of the general reef survey is over and that
only by adopting a comparative approach to the questions of reef community
structure and by making comparisons of population parameters will many of
the probl.ems be answered.

Hawaii is one of the few places in the world which has the accumu-
lated talent, expertise, and capacity in its research institutions to
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tackle the sort of investigations I have outlined. Perhaps the present.�
day NWHI investigators will look beyond the completion of the program and
try to lay the basis of future reef research elsewhere in the Pacific. I
am sure that many of you have already done so. If you haven' t, how about
it?
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PANEL SUMMARY

Following the presentation of individual papers, a panel discussion
was held. Six panelists representing the tripartite agencies, Sea Grant,
the fishing industry, and the Western Pacific Regional Fishery Management
Council  WPRFMC! were invited to present their views regarding future
research needs and management planning for the living marine resources of
the Northwestern Hawaiian Islands. The panelists were Mr. Richard
Shomura, Director of the National Marine Fisheries Service, Honolulu Labo-
ratory; Mr. Kenji Ego, Director of the Hawaii Division of Fish and Game;
Mr. Dale Coggeshall, Pacific Administrator for the U.S. Fish and Wildlife
Service; Dr. Jack Davidson, Director of the University of Hawaii Sea Grant
College Program; Dr. Stanley Swerdloff, Hawaii Division of Fish and Game;
and Mr. Louis Agard, commercial fisherman and member of the WPRFMC. After
the panel presentations, the public was invited to enter in the discussion
with questions and comments. Dr. Richard W. Grigg of the University of
Hawaii served as moderator for the panel and public discussion sessions.

In the interest of space, a summary rather than a verbatim text of
the panel and public discussion is presented.

Virtually all of the panelists mentioned the need for wise management
of the living marine resources of the Hawaiian Archipelago. While such a
statement is uncontroversial, the problem lies in deciding what is "wise
management." Kenji Ego reminded the audience of the story of the three
wise blind men who could only perceive an elephant in terms of the bits
and pieces they could feel. The moral of the story is the need to do
research in more than bits and pieces if there is to be any hope of under-
standing the whole. Ego emphasized the need for cooperative efforts
because of the magnitude of the research needed to understand the NWHI
ecosystems, Inter-agency cooperation is also needed to avoid polarization
of views on the optimum use of marine resources. He warned that in view
of increasing population and economic pressures, it would be unrealistic
not to expect and not to plan for an increasing push to develop the fish-
ery resources in the NWHI.

Louis Agard echoed this view and pointed to existing federal legisla-
tion which mandates that the United States fully utilize the fishery
resources contained in the Fishery Conservation Zone. He illustrated his
position by explaining that with the extension of U.S. jurisdiction to
200 miles, there is one square mile of ocean for every man, woman, and
child in the state of Hawaii. He went on to mention some of the resources
contained within the new 200-mile limit in the state of Hawaii: precious
corals, lobsters, skipjack tuna, bait resources, and bottomfish. And to
the north of Midway Islands beyond the 200-mile zone, he indicated the
existence of a potential for a $20 million albacore tuna fishery. He also
noted the potential economic benefits of fisheries development in the NWHI
in terms of jobs, GNP, and an improved balance of payments. The U.S. is
the largest consumer of fishery products in the world but imports over 50X
of its consumption.
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Richard Shomura also spoke of the economic potential of developing
fishery resources in the NWHI but offered several examples of where over-
zealous development efforts have led to the collapse of a fishery--one
case being the California sardine, another the Peruvian anchovy. He
warned against making the same mistake in the NWHI, for example, with the
baitfish resource. He also pointed out the drastic effects that such an
event might have on marine birds which inhabit the National Wildlife
Refuge.

Dale Coggeshall pinpointed the problem by defining it. as a question
of resource allocation, of achieving the optimum for each species some-
where between the extremes of absolute preservation and full utilization
at optimum yield. All the panelists and many members of the audience
agreed that clearly there are species that are threatened and endangered
and deserve absolute preservation. The more difficult question is the
determination of optimum yield of other species while taking into account
all relevant ecological, social, economic, and political factors that
bear on each resource.

Shomura commented on the utility and the limitation of biological
models to assist in the development of optimum yield on the NWHI fisher-
ies. With regard to the attempt to develop a bulk biomass model in the
NWHI, he recommended that it be expanded somewhat to include pelagic
resources. Tripartite and Sea Grant scientists are presently applying
this model to reef ecosystems at French Frigate Shoals' Shomura pointed
out that some pelagic species like skipjack tuna are capable of eating an
amount equal to 30K of their body weight per day and many of the food
items in the diet of skipjack are reef-related species. While recognizing
the wide variability which is inherent in most biological data, he reminded
the participants that some management decisions must be made at the present
time and to make these decisions the best scientific information available
must be used. He stressed that future research will add to and improve the
quality of existing information which can be applied to make better manage-
ment decisions through an interative process.

Another approach to resource management, suggested by Louis Agard
involves the use of test fisheries. By closely supervising a fishery,
allowed under a scientific permit, it would be possible to directly assess
associated impacts to other species. As an example, fishermen are often
blamed for the recent decline of the Hawaiian monk seal population in the
NWHI although there is no evidence to support such a claim. According to
Agard, a test fishery would provide actual data which can be used for
management decisionmaking, as well as to val.idate or improve existing bio-
logical models.

Jack Davidson pointed to the usefulness of the economic simulation
models, such as the one developed by Nr. Stuart Nakamura, in considering
the options available to planners and decisionmakers. Changes in economic
parameters can be introduced into the model to test the effects of expected
or induced changes. The simulation model does not provide prediction of
future conditions, rather, it provides a means to examine economic impact
of alternative scenarios. Davidson emphasized that the present model could
be used to show the effects on the profits of fishermen, of changes in fuel
costs, interest rates, fuel and interest subsidies, and market prices.
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In addition to the general concern for more research on problems of
resource management and resource utilization in the NWHI, a number of spe-
cific research topics were suggested by both the panelists and the public.
Stan Swerdloff brought up the need for improved understanding of the physi-
cal oceanography of the NWHI and current patterns surrounding the archipel-
ago. He asked, if thermal fronts exist in the surface waters af the NWHI?
He suggested that answers to this and other questions concerning physical
oceanography were essential before patterns of recruitment and survival
for many larval fishes could be worked out. Offering several other exam-
ples, Swerdloff said that the migration patterns of certain tunas could
possibly be predicted given a knowledge of thermal front patterns in the
surface waters of the NWHI. He also mentioned the phenomenon of hale-koa
for ahi where these fishes are known to frequent. An understanding of the
factors which serve to create a hale-koa for ahi would be of. obvious eco-
nomic benefit.

A number of comments received fram the audience called for increased
research effort on questions dealing with the critical. habitat of Hawaiian
monk seals, green sea turtles, and a variety of marine birds which inhabit
the National Wildlife Refuge. A topic of particular concern was seabird
energetics with respect to the trophic links between seabirds and marine
fisheries including potential bait resources and the young of several com-
mercially important species such as akule and opelu. Several members of
the panel and the audience reiterated the need to gather more and better
data that could be used for modeling purposes. These data are primarily
predator-prey related, but they also deal with abundance, growth, and
mortality of key species.

Throughout the discussion there was mention of a number of underuti-
lized species in the NWHI such as squid, shrimp, Kona crab, and possibly
baitfish, although opinion was divided on the baitfish question. The need
for more research on these species was evident and it was repeatedly said
that research should precede the development of commercial fisheries. The
concept of a test fishery might best be considered in this context.

Near the end of the public discussion period Grigg thanked the panel-
ists and the public for their ideas and suggestions. He pointed out that
the next step would be one of implementation by identifying key researchers
to do the work and acquiring financial support from a number of potential
sources such as the UH Sea Grant College Program, the state, NNFS, WPRFMC,
and the U.S. Fish and Wildlife Service. Coggeshall said there is a con-
tinuing need for better coordination of the program. He felt more active
overall program management and coordination was needed and that a detailed
action plan would be extremely useful. Coggeshall also said that the
objectives of the original tripartite agreement concerning inventories or
stock assessment were being met but more research was needed to answer spe-
cific questions of resource management. He praised the conference as being
a step in the right direction and complimented all the participants for
their excellent presentations. He said there is a need to check our course
more often and called for more frequent interchange of ideas. Mr. Doyle
Gates, the Administrator of the Enforcement Branch of NMFS in the western
Pacific, recommended that another conference be held near the end of the
tripartite and Sea Grant studies.
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CONCLUDING EG9QRKS

John P. Craven

I' ll be very brief. We' ve had two conferences. The first one ended
at 1600 and the second one began at 1615 this afternoon. I can differen-
tiate between these two conferences by alluding back to a story which I
think I first heard in Sunday school. This afternoon I heard a brand new
version of the story. In the Sunday school version as I. recall it  taking
some license of course! there were three wise blind scientists and because
they were scientists they had a very delicate touch and when they felt the
tail of the proverbial elephant they were sure that what they felt was a
rope. Now that's the nature of research and the first conference we had
was a conference which dealt with scientists trying to delicately measure
all that of importance within the archipelago and I call this RESEARCH.
The second conference we had was a conference which I will call ACTION:
when people were sometimes pulling elephant's tails with the inevitable
result. Now what is the relationship between these two conferences? The
first conference met our expectations, the papers were logical, the evi-
dence given was nondogmatic, data were collected empirically, and it was
some of the finest science I' ve ever heard. I thought Jim Shaklee's
paper was absolutely magnificent. And that does not detract from the rest
but in terms of the opportunity to see, hear, understand, and appreciate
good science � we' ve had it the last two days. And I was going to comment
on future research plans but I don't think that's necessary now because
it seems, to me, the research is headed in exactly the right direction.

But the second conference says a lot to the researcher. It says
that any of you who thought that all action would wait until all of you
had finished your research had better reassess the situation. What we
have to do, of course, is continue our research, but continue it with the
realization that actions are going to take place within the archipelago.
Now this isn't necessarily bad. It's actually more the norm if you can-
sider the likelihood of catastrophic events such as typhoons and hurri-
canes or even more normal storms occurring during the framework of time
and space that much field research is conducted. The variability caused
by such events can therefore be expected to be inherent with the data col-
lected. Obviously, scientists are used to dealing with such natural vari-
ability. In fact scientists must exert special effort to be sure their
data include such events so as to understand the dynamics of the systems
under study. So I think that what you have to do as researchers is note
the actions that take place so when events like 1,700 lobster traps are
placed around an island in the archipelago, we are present and ready to
measure the impacts. As researchers we have to be fast on our feet,

Now all of us are elephant touchers or tail pullers even though we
may approach science with different missions in mind. There are those
economically oriented or esthetically and environmentally oriented and
am not suggesting that as such, you do not carry out your responsibilities.
In fact that is what it is all about and we are all action oriented. What
I am asking that you do is the best possible science in the face of cata-
clysm, storm, tempest, fire, and foe. And not to rail against such actions
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but rather go out and gather your data so that it can be used to assess
the significance of such possible impacts. And it seems to me that .is the
message that is here, and I would like to say it's been a fabulous two
days. I hope to see it replicated not necessarily annually but as soon as
the gathering of new information dictates. And J think we ought to pre-
serve the nature of the research as nondogmatic, logical empiricism in its
highest form continuing in the example you have provided at this symposium.
Thank you.
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