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INTRODUCTION
In 1969, the Govern or's Task Force on Oceano graphy of the State of
Hawaii recogn ized a need to explore , invento ry, and develop new fishing
areas to relieve the fishing pressu re being exerted on the marine
resourc es around the princip al inhabit ed islands of Hawaii .

The obviou s

of
place to explore was the Northw estern Hawaiia n Islands (NWHI), a part
the Hawaii an Archip elago extendi ng 3,200 km in a southe ast-nor thwest
directi on.
Compounding the need for an investi gation of the NWHI resourc es was
the enactm ent of the U.S. Fishery Conser vation and Management Act (FCMA)
fishery
of 1976 (Public Law 94-265 ), which extende d U.S. jurisdi ction over
resourc es 200 nmi from our nation 's coastli ne.

As manage ment plans were

being conside red for various species of fish and shellfi sh in the Fishery
Conser vation Zone (FCZ) around Hawaii , it became abunda ntly clear that
es
there was little inform ation of the operat ional aspects of the fisheri
NWHI.
and.th at, in some cases, nothing was known about the resourc es in the
Realizi ng that the scope of the NWHI investi gation was beyond the
in
capabi lities of the staff and facilit ies of any single researc h agency
al
Hawaii , the Honolu lu Labora tory, Southw est Fisher ies Center , Nation
the
M..1rine Fisher ies Service propose d a coopera ti.ve researc h effort with
and
State of Hawaii 's Divisio n of Fish and Game (HDFC) and the U.S. Fish
Wildli fe Service (USFWS).

The result was the signing of a Tripar tite

the
Cooper ative Agreem ent, which provide d for a survey and assessm ent of
ry
nearsho re fishery resourc es by the HDFC, biolog ical studies and invento
of land-as sociate d seabird s by

the USFWS,

and quanti tative fishery
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assessmen t and survey of the benthic slope and pelagic resources by the
Honolulu Laborator y

BACKGROUND
The marine fauna in the Hawaiian Archipela go is an offshoot of that
great marine geo,graphi c region centered on the East Indies.

In Hawaii,

the species complex is not as diverse as that in the western Pacific and
the neritic shelf zone, unlike that of the world's great fishing areas is
narrow and poorly developed .

As a result, of the approxim ately 682 species

of fish found in Hawaii, only about 60,mostly occurring on the reefs and
benthic slopes, are commerci ally exploited .
The bottom fish resource in Hawaii includes a wide variety of fish.
Those of high commercia l value, mainly members of the snapper-g rouper
complex, include pink snnppers, Pristipom oides filamento sus and_!'... sieboldii ,
Brigham's

!·

snapper, _!'... zonatus, red snappers, Etelis carbuncul us and

marshi, sea bass, Epinephel us quernus, gray snapper, Aprion virescens ,

members of the family Carangida e including amberjack , Seriola dumerilii ,
blue crevally, Caranx melampygu s, white crevally, ~- ignobilis , and thicklipped crevally, ~- cheilio, and members of the goatfish family, Mullidae.

SAMPLING PROCEDURES AN!J EFFORT
Between October 1976 and June 1979, 13 cruises were completed in the
waters around the NWHI, including 11 by the NOAA ship Townsend Cromwell
and 2 by a chartered fishing_ vessel.

During these cruises, we occupied

91 bottom trawling stations, 125 handline fishing stations, and 97 fish
trapping stations.

- - - - - - - - - -----···
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In addit ion to the data colle cted on the Cromw ell and
on chart ered
vesse ls, the Honol ulu Labor atory estab lished a comm
ercial vesse l obser ver
progra m to colle ct field data from comm ercial vesse ls
fishin g in the NWHI.
Detai led recor ds of catch by speci es, fishin g effor t,
and sizes are
record ed on stand ard log forms by
the vesse ls.

Honol ulu Labor atory obser vers on board

Data colle cted by these obser vers are essen tial for
stock

asses sment .

AREA AND SEASONAL COVERAGE
To analy ze the distri butio n of fishin g effor t and catch
es of bottom
fish, the area aroun d the NWHI was divid ed into squar
es, each squar e
measu ring 6 min to a side of latitu de and longi tude.

The squar es were

ident ified by their latitu de and longi tude at the lower
right corne r.
Altho ugh it was highl y desir able to syste matic ally surve
y as many
of these squar es as pract ical and to repea t the surve
ys to obtai n good
seaso nal cover age, it was impra ctical to do so mainl y
becau se of time
limit ation s.

Howev er, durin g the 3 yr just comp leted, we belie ve
that

adequ ate cover age has been given to the major island s
such as Necke r
Island and Maro Reef where comm ercial quan tities of spiny
lobst ers,
Panul irus margi natus , have been disco vered .
In terms of areal cover age, it has been estim ated that
the FCZ aroun d
the NWHI cons is ts of an area rough ly 1. 8 x 10 6 km 2 •
Of this total about
20,90 0 km 2 or about 1% lies withi n the 366-m (200-f athom
) conto ur where
most of our ·bottom fish resea rch is carrie d out.
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BOTTOM TR/MLTNC:
Our initial trawling effort was conducted with a high opening
"Norwegian" fish trawl, which has a 20-m headrope, a 25-m footrope, and
36-cm diameter roller.

On our more recent survey cruises, we have been

using a larger "Noreastern" trawl, which has a 27-m headropc, a 32-m
footrope, together with a pair of 1.8 x 2.7 m steel V-type doors.

This

trawl is used with a net sonde which permits us to monitor the depth of
fishing and to avoid loss of the net over rough bottom.

The "Noreastern"

trawl has been particularly effective in sampling the seamount groundfish
resource at Hancock Seamounts consisting mainly of armorhead, Pentaceros
richardsoni, and alfonsin, Beryx splendens.
Trawl hauls varied from 15 to 30 min.

Among the commercially valuable

species caught in the trawl hauls were mackerel scad, Decapterus russellii,
red bigeye, Priacanthus cruentatus and Cookeola boops, goatfishes, Parupeneus spp. and Mulloidichthys vanicolensis, pink snapper, Pristipomoides
filamentosus, unicornfish, Naso unicornls, thick-lipped crevally,

_g_. cheilio, amberjack, .!?_. dumerilii, sea bass,

!· guernus, spiny lobster,

Panulirus marginatus, and slipper lobster, Scyllarides squammosus.

l!ANDLINE FISHING
When the NWlll survey wcis first begun in the fall of 1976, commercial
handline gear similar to that used in the Hawaiian fishery

was

used.

The

mainline consists of braided dark-brown nylon line varying in strength
from 65 to 120 kg.

The mainline is joined to a monofilament drop line

(90 kg test) to which arc attached 4-5 monofilament hook lines (45 kg test)
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spaced about 1. 8 m apart; a 1. 4 kg weight is at tache<l to the end of the
drop line.

The hook line is about 1 m long.

Hooks, which vary in size

from No. 18 to No. 32, are Hawaiian-type recurved "oio" hooks.
To reduce the labor-intensive hand method of line hauling, hydraulicpowered reels or gurdies were used.

The power reels, which proved to be

t

extremely versatile and useful for bottom fishing, includes a davi,l' with
block, a rotating base, and brake and clutch assembly to control descent
and ascent,

We also experimented with electric reels, but these were

abandoned after a few cruises because of the limited spool capacity.
Handline fishing stations are occupied day or night and usually lasts
from 1 to 4 h.

At each station, .about four lines are fished although

occasionally, as many as six lines have been fished at one time.

During

fishing, the vessel usually is allowed to drift from shallow to deeper
waters or vice versa.

A drift course parallel to a particular depth

contour is desirable but rarely attainable.

FISH TRAPPING

Although several different types of fish traps were used in preliminary
surveys in the NWHI, we eventually selected the rectangular, single compartment "Hawaiian-type" traps, which were made of 1.3-cm reinforcing. steel
frame measuring 152.4 cm long, 91.4 cm wide, and about 60.9 cm high.
trap was covered with 2.5-cm square galvanized wire mesh.

The

This trap was

modified by the addition of an off-center panel of wire mesh 50.8 cm from
one end of the trap to create two compartments.

The chamber, the shorter

of the two compartments, has an entrance on both sides.

-,

Each entrance is
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conical and has an outer diameter of 30.0 cm and an inner diameter of 16.5
cm.

From the chamber, the parlor or the larger of the two compartments,

which has the bait box, is entered through a third conical entrance of the
same dimensions as those used to enter the chamber from the outside.
Smaller fish traps, which were lighter and easier to handle on the
deck of the vessel, were constructed for cruises in 1979.

These traps,

essentially a scaled-down version of our original traps and with identical
funnel openings, measured 108.0 cm long, 77.5 cm wide, and 46.3 cm high.
The traps were covered with 2.5 cm x 1.2 cm hardware cloth.
Because fish traps were used in combination with lobster pots, most
of them were set in the evening at about 1800 h, soaked overnight for about
14 h, and hauled the following morning after 0800 h.

PRELIMINARY RESULTS OF BOTTOM FISH RESEARCH

Among the

ongoing research on the bottom fish resources in the NWHI

are·studies on distribution and relative abundance, fecundity, spawning
season, age and growth, ciguatera, food and feeding habits, morphometric
comparison, and population dynamics,

Relative Abundance
Preliminary results based on five cruises indicated that Pearl and
Hermes Reef, located about 1,931 km northwest of Honolulu, is highly
productive with an overall catch rate of about 2.8 fish/line-h.

Other

areas that showed relatively high productivity included Nihoa Island (2.3
fish/line-h), French Frigate Shoals (1.8 fish/linc-h), Midway and Maro
Reef (about 1. 6 fish/line-h), and Necker and Lisianski Islands (1. 5 and
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1.4 fish/line-h),

Gardner Pinnacles, Laysan Island, Raita Bank, Kure Island,

and Brooks Bank all had catch rates of 1.2 fish/line-h or less.

Fecundity
Studies on fecundity were started in the past few months and have not
advanced far enough to draw any conclusions; however, some of our preliminary
findings indicate that ova development in the pink snapper, Pristipomoides
filamentosus did not appear to be homogeneous throughout the ovary and that
large ova showing the most advanced development appeared to be concentrated
toward the center of the ovary.

It was also determined that maturing ova

in the pink snapper have a mean diameter of 0.51 mm whereas ripe ova have
a mean diameter of 0.55 mm.

Food Habits
Concerning our efforts to study food and feeding habits of the fishes
of the snapper-grouper complex, we have been having considerable difficulty
collecting sufficient samples for analysis.

Many of these fishes are

taken from depths ranging between 90 and 275 m and when they are brought to
the surface, expansion of the gas bladder forces the stomachs to evert and
much of the stomach contents are lost.

Ciguatera
One of the major thrusts of our research on bottom fish for the past
3 yr has been a study of the occurrence and distribution of ciguatoxic
fishes in NWHI waters.

This study was initiated primarily because of the
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concerns of the U.S. Nnvy, which administers Midway Isl.ands, on clguatera
outbreaks among its naval and civilian personnel stationed at the base.
As a result of these outbreaks, the U.S. Navy placed restrictions on
catching and consuming fish that occurred in the lagoon waters.
Initially, our systematic sampling included the collection of tissue
samples from all commercially valuable fish species caught in NWHI waters.
From each fish, tissue samples were collected from the dorsal musculature,
the ventral abdominal musculature, the gonads, and the liver.

Subsequently,

liver collection was discontinued and additional muscle tissues are being
collected from near the anal region.
Each tissue sample is placed in a plastic vial, labeled, and frozen.
Data collected on the fish include date, catch location, water depth, sex,
length, and weight.

The samples arc processed at the University of Hawaii's

John A. Burns School of Medicine, Pathology Department, where a practical,
sensitive, and relatively specific radioimmunoassay (RIA) for the detection
of ciguatoxin has been developed (Hokama C't al. 1977).

The toxicity

levels of the fish tissues are determined from radioactive counts per
minute per gram of tissue (c/m/g tissue), as follows:

<350,000 c/m/g

tissue - negative; 350,000-39,999 c/m/g tissue - borderline; and
>400,000 c/m/g/ tissue - positive.

1

From 1977 to 1978, the Honolulu Laboratory collected tissue samples
from 751 fish and the HDFC collected additional tissue samples from 253
inshore fish (total, 1,004 fish) representing 80 different species.

1

The

Hokama, Y. 1979. Development and testing of fishes for ciguatoxin.
Final project report submitted to the State of Hawaii, Office of the Marine
Affairs Coordinator, 9 p.
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RlA tests showed that 150 fish of some 39 different species were either
positive or borderlin e positive, indicatin g that the detected levels of
ciguatoxi n could be hazardous to humans (14.97.).

There is, however, a

possibili ty that some of the samples tested mny have given a false
positive reaction.
The rejection rate (in parenthes is) of some of the species where 10
of more fish were tested is as follows:
(12.37.), _g_. speciosus (7.1%),
(38.57.),

.!'.·
Table 1

C. cheilio (7.47.), _f. ignobilis

.!!.• dumerilii (12.0%), Bodianus bilunulat us

Cheilinus rhodochro us (68.8%),

Lutjanus kasmira (17.47.),

filamento sus (15.3%), Kuhlia sandvicen sis (37.0%), Muraenida e (26.3%),

Mugil cephalus (50.0%), and Polydacty lus sexfilis (6.7%).

Table 1 gives

the 'results of other species tested.
In the spring of 1979, following a sudden outbreak of ciguatera among
the local populace, the Honolulu Laborator y also hegan a project of routinely
sampling and pretestin g amber jack destined for sale at Honolulu 's fresh fish
'
auction
market. By mid-April 1979, informati on supplied by various
governmen t agencies and fish retailers indicated that about 30-35 recent
outbreaks could be documente d and thot perhnps another 50-100 individua ls
were affected hut had not reported it to the health authoriti es.

Whereas

several finfish were implicate d in ciguatera attacks in past years, a high
percentag e of the 1979 outbreaks appeared to be traceable to amberjack .
The previousl y developed RIA test for ciguatoxi n was again used to
analyze the amberjack tissues,

In addition, an experimen tal enzyme-li nked

immunoso rbent assay (ELISA) for detecting ciguatoxi n is in progress in hopes
of simplifyi ng the test for future use by the commercia l fishing industry.

-r--- ·-·
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From April 17 to August 14, 1979, 534 amberja cks were sampled at the
auction market and the tests indicat ed that 35 were positiv e and 59
were
border line in toxicit y, or a total of 94 (17.6%) had detecta ble levels
of
ciguato xin.
Wherea s the percent age of toxic fish in the samples was relativ ely
high in May immedi ately after samplin g began, it decreas ed in subseq
uent
months and the percen tage of rejecti on in August was about 5%, down
from
about 20% when the projec t was initiat ed.

Prelim inary results also indica te

that very little, if any, correla tion exists between fish size and RIA
values, and between RIA and ELISA values .

Researc h to improve the ELISA

test is curren tly underwa y at the Univer sity of Hawaii .

Age and Growtl,
Anothe r importa nt study being conduc ted on members of the snappe rgroupe r complex is that dealing with age and growth .

Pionee ring researc h

conduct ed in Puerto Rico by Pannel la (1974) on the use of otolith s
to age
tropica l fish was followe d by severa l studies in the centra l Pacific
,
particu larly in Hawaii an waters (Struhs aker and Uchiyama 1976; Ralston
1978; Moffit t 2 ; Uchiyam a and Struhsa ker 3 ).

2

Moffit t, R. B. 1979. Age, growth and reprodu ction of the kumu,
Parupen eus porphy reus Jenkin s. Unpubl . rep. Dept. Zoology , Univ.
Hawaii ,
Honolu lu.
3

Uchiyam a, J. H., and P. J. Struhsa ker. Age and growth of skipjac k
tuna, Katsuw onus pelami s, and yellow fin tuna, Thunnu s albaca res, as
indicat ed
by daily growth increm ents of sagitta e. Mnnusc r. in prep. Southw est
Fisher ies Center Honolu lu Labora tory, Nation al Marine Fisher ies Servic
e, NOAA,
Honolu lu, HI 96812.
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Otoliths are extracted at sea or in the laborRtory from frozen
specimens brought back from our field surveys.

Dat;i collected with the

otoliths include species, date of capture, catch locality, length, weight,
and sex.
Whole-mounted or sectioned otoliths arc rc.1d un<lcr a comround microscope

at magnifications varying from 300X to 800X.

Although we have made counts

on several species, we have yet to demonstrate that a 1:1 relationship exists
between age in days and the number of growth rings; however, on the basis
of evidence from previous studies on other tropical species in Hawaiian
waters, we are working under the assumption that each growth increment
counted in the otolith represents 1 day.

Attempts to corroborate this

assumption will be made in the near future by tetracycline injections of
live fish.
Much of the results of our age and growth project, therefore, are
preliminary.
.g. 1

Avon Bertalanffy growth curve has been fitted to daily

ring counts obtained for the amber jack (Figure 1).

This growth is based

on data from only six fish and a TTH)rc, rcall,;tic estimate wi.ll bccnme
possible only after data arc obtained from additional specimens.

Also,

the validity of the 1:1 relationship for arnberjack will have to be
justified.
Aging of othl.!r spccl.cs is also underway.

The study on the pink

snapper,Pristipomoides filamentosus, is complicated by what appears to be
differential growth due to sex.
than females.

Males appear to grow slightly faster

Other species that are bei.ng studied nrc the sea bass,

~- guernus, pink snapper,

i• sieboldii, red snappers, Etelis carbunculus

and E. marshi, and thick-lipped crevally, Caranx cheilio.
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SUMMARY
The Honolulu Laboratory, Southwest Fisheries Center, National Marine
Fisheries Service, in cooperation with the Hawaii Division of Fish and
Game, the U.S. Fish and Wildlife Service, nnd the University of Hawaii Sea
Grant Program, has embarked on an extensive investigation of the living
marine and terrestrial resources of the NWHI.

Among the bottom fish

resources under investigation are such species as snappers, groupers,
carangids, goatfishes, armorhead, and alfonsin.

Sampling is conducted

primarily from the NOAA ship Townsend Cromwell using bottom trawls,
handline gear, and traps.
Results of bottom fish research to date indicate that Pearl and
Hermes Reef is highly productive with overall catch rates of 2.8 fish/
line-h.

Catch rates from other localities in the NWHI varied from 2.3

to less than 1.2 fish/line-h.
Research on distribution and occurrence of ciguatoxic fishes in the
NWHI has been accelerated considerably by the development of a practical
sensitive, simple, and relatively specific RTA test.

Of 1,004 fish

representing 80 different species tested from 1977 to 1978, 150 fish,
representing 39 species showed relatively high levels of ciguatoxin.

A

possibility exists that some of the samples produced false positives.
Amberjack landed at the Honolulu fish auction market also came under
scrutiny after several outbreaks of ciguatera were reported to local
health authorities.

In April-August 1979, 94 out of 534 amberjack tested

(17.6i) showed either a positive or borderline level of toxicity,
necessitating rejection of the fish for human consumption.

13
Age and growlh studies based on counts of growth increments in otoliths
have concentrated on commercially valuable fish of the snapper-grouper
complex.

A 1:1 relationship between age in days and number of growth rings

has yet to be demonstrated for the species under consideration.

Preliminary

estimates indicate that amberjack attain a length of 35 cm in 12 mo and
56 cm in 18 mo.

For pink snapper, Pristipomoides filamentosus, males

appear to grow slightly faster than females.
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Table 1.--Nu mber and percen tage of fish, by specie s, caugh
t in waters of the Northw estern Hawai ian
Island s and found by radioim munoa ssay to have toxic and borde
rline levels of ciguat oxin, 1977-7 8.

Specie s

Nontox ic

Borde rline

Toxic

Total
fish

Total
bordH line
and toxic

Pere en t
borde rline
and toxic

Acanth uridae
Acanth urus leucop areius

l

0

0

1

0

0.0

A. nigro ris

5

l

2

8

3

37. 5

11

l

l

13

2

15.4

A. xantho pterus

l

0

0

l

0

0.0

Ctenoc haetus strigo sus

8

0

0

8

0

0.0

2

0

0

2

0

0.0

A. trios tegus

Holoc entrid ae
Adiorv x lacteo guttat us
A.

sacmar a

1

0

l

2

1

50.0

A.

spinif er

2

0

0

2

0

0.0

A. xanthe rythru s

1

0

0

1

0

0.0

Myrip ristis amaenu s

7

0

l

8

1

12.5

M. murdja n

7

0

0

7

0

0.0

Carang oides ferdau

7

1

0

8

1

12.5

Caranx sp.

1

0

0

1

0

0.0

88

5

2

95

7

7.4

Carang idae

c.

cheili o

~

Tab le 1.-- Con tinu ed.

Spe cies
C. ign obi lis

Non toxi c

Bor der line

Tox ic

Tot al
· fish

Tot al
bor der line
and tox ic

Per cen t

bor der line
and tox ic

57

4

4

65

8

2

12. 3

1

3

6

4

4

66.7

1

3

8

4

13

50. 0

0

1

14

1

3

7.1

1

0

4

1

1

25.0

0

0

1

73

0

0.0

3

7

83

10

3

12. 0

0

2

5

2

40. 0

87

6

7

100

13

13. 0

1

0

l

2

8

1

50. 0

!!_: oxy cep halu s

0

5

13

2

5

38 .5

Che ilin us rho doc hro us

0

0

2

5

0

0.0

1

10

16

11

1

0

68. 8

0

1

1

0

0

0.0

0

1

1

0

0

0.0

0

1

0

0.0

f_. lug ubr is

C. melampvgus

£.

spe cios us

Dec apt eru s pin nul atu s

Ela gat is bip inn ula tus
Ser iola dum eril ii
Tra chu ro~ crum eno phth alm ~s
Ser ran ida e
Epi nep helu s que rnu s
Lab rida e
Anampses cuv ieri
Bod ianu s bilu nul atu s

Cor is ven usta
--

Epi bulu s ins idia tor

Mac roph aryn god on sp.

....j

Tab le 1.-- Con tinu ed.

Spe cies

Non toxi c

Ste tho juli s sp.
Tha lass oma bal lieu i
T. dup erre y i

-T.

purp ureu m

T. umb rost igm a

Bor derl ine

Tox ic

Tot al
fish

Tot al
bor der line
and toxi c

Per cen t

bor der line
and toxi c

1

0

0

1

0

3

0.0

l

0

4

1

l

25.0

0

1

2

l

8

50.0

0

0

8

0

1

0.0

0

0

l

0

0.0

1

0

2

1

4

50 .o

0

l

5

1

51

20.0

0

0

51

0

57

0.0

6

6

69

12

116

17. 4

13

8

137

21

12

15.3

0

0

12

0

20

0.0

0

0

20

0

0.0

34

6

14

54

20

37 .0

14

1

4

19

5

26.3

Lut jani dae
Apr ion vire scen s
Ete lis carb unc ulus

E. mar shi
Lut janu s kasm ira

Pris tipo moi des fila men tosu s
P. sieb old ii
P.

zona tus

l

Kuh liid ae
Kuh lia san dvic ens is

Hur aeni dae

J

Tabl e 1.--C ontin ued.

Spec ies

-

Nont oxic

Bord erlin e

Toxi c

Tota l
fish

Tota l
bord erlin e
and toxic

Perc ent

bord erlin e
and toxic

Mug ilida e
Mugi l ceph alus

6

2

4

12

Neornvxus leuc iscu s

6

so.a

2

0

0

2

0

0.0

3

0

3

6

3

50.0

1

1

0

2

Paru peneu s bifa scia tus

1

50.0

1

0

0

1
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Figure 1.--Prelim inary age and length relations hip of amberjack ,
Seriola dumerilii , based on examinati on of growth increment s in
the o toli ths.

