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PRELIMINARY FISHERIES SURVEY OF THE
HAWANAN-LINE 1SLANDS AREA~

PART |1 - NOTES ON THE TUNA AND BAIT RESOURCES OF THE HAWAIIAN,
LEEWARD, AND LINE ISLANDSS/

By Fred C. June=

PREFACE

The Eyesent report is a digest of the miscellaneous information gathered on
the tunas2/ and tuna bait-fish resources of the Hawaiian, Leeward, and Line islands;
together with related information on the physical characteristics of the various
land masses and surrounding seas, The data have been assembled from available lit-
erature, discussions with fishermen, and field observations made at various islands
in the region, In many instances, desired data could not be obtained without addi-
tional field work, which conditions did not permit. However, it is hoped that this
summary will be of same aid to those interested in cammercial tuna fishing in these
waters.
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THE HAWAIIAN ISLANDS

INTRODUCTION: The Hawaiian Islands proper consist of eight major islands:
Hawaii, Maui, Molokai, Kahoolawe, Cahu, Kauai, and Niihau; comprising a total land
area of approximately 6,450 square miles, of which the island of Hawail comprises
about 62 percent. The islands are all mountainous and of volecanic origin. Their
coastlines are indented by numerous bays and coves, and in many places longstretches
of white sand beaches, alternating with rocky shores and headlands, rise from the
shallow waters inside the reefs. At other places there are no beaches at allj the
steep cliffs often drop directly into deep water, or their bases are strewn with

FISHERY RESEARCH BIOLOGIST, SECTION OF BIOLOGY AND OCEANOGRAPHY, PACIFIC OCEANIC FISHERY
INVESTIGATIONS, U. S. FISH AND WILDLIFE SERVICE, HONOLULU, T. H.
1/PART | - THE HAWAIIAN LONG-LINE FISHERY BY THE SAME AUTHOR APPEARED IN COMMERCIAL FISHERIES
REVIEW, JANUARY 1950, PP. 1-23; ALSO AVAILABLE AS SEPARATE NO. 244,
2/DR. SIDNEY SHAP|RO, FISHERY RESEARCH BIOLOGIST, U. S. FISH AND WILDLIFE SERVICE, COLLABORATED
IN THE PRELIMINARY PHASES OF THIS INVESTIGATION,
3/THE VARIOUS TUNA SPECIES CONSIDERED HERE !NCLUDE: YELLOWF|N TUNA (NEOTHUNNUS %AQBQEI;Bgé),
BIG-EYED TUNA [PARATHUN SIBi), ALBACORE (THUNNUS GERMO) , OCEANIC SKIPJACK (KATSUWONUS
PELAMIS), AND KAWAKAWA (EUTHYNNUS YAITO).




2 COMMERCIAL FISHERIES REVIEW Vol. 13, Noe 1 »

1ava rocks. In general, the fringing reef extends only a few hundred yards from

shore.

Climate is fairly uniform through the year. Mean monthly air temperature af,
Honolulu varies from 71° F. in January to 78.40 F. in August. Northe:ast trad? winds
prevail throughout the year, but from October to April they are occasz'.ona]ly inter—
rupted by "Kona! (southerly or southwesterly) winds. "Kona" weather is often accom-
panied by rainstorms which may 1ast from a few hours to three or four days.

SEA TEMPERATURZS: The average annual sea-surface temperature in the Hawaiian
area 1s about 77° Fe. Maximum and minimum monthly averages are shown in table l.
It is at once apparent that,
Table 1 - HMaximum and Minimum Monthly Average Sea at the surface, the differ—
Temperatures (?FQ in the Hawaiian Area.-/g ences between the monthly

Sea Temperature maximum and minimum temper-—

Maximum Minimm atures become smaller dur-
feet Feet ing the summer season and
Month Surface|100]200[300| surface|100[200]300] larger during the winter.
January eees 80 79| 78| 78 68 68| 66| 64| The same condition exists

February e«ss 79 78| 28| 17 67 66| 65| 64| at a depth of 100 feet,
March eeeses 78 | 77| 77| 76| 66 | 67| 64| 64| while at 200 and 300 feet,
ApEIiEE e wiatere 78 il b R {5 68 68| 64| 64| the differences appear to
VAT e aleela oo 79 78| 78| 77 70 69! 66| 64| remain relatively constant.
June et 80 80| 79| 77 74 71| 68| 64| The horizontal distribution
JULY eoccess 82 80| 80| 78 76 73| 66| 64| of sea temperatures at the
AUEUSE eoses 82 81| 81| 79 77 75| e8| 66| surface, 100 feet, 200 feet,
September .. 82 82| 81| 80 77 76| 67| 67| and 300 feet, at the twoex-
0CtObET eoes 82 82| 82| 80 76 75| 68| 66| tremes of the year (February
NOVEmbET 4.0 82 81| 81| 8o 72 72l e8| 67| and August), is shown in
December ... 80 80| 80) 79 70 70| 67| 66| figure 1. The thermocline,
1/Reproduced from Oceanographic Rept. No. 12, June therefore, generally lies
1948, Seripps Inst. of Oceanography,Univ, of Calif,| between 250 and 300 feet dur-
ing the winter months, ris-

ing to roughly 150 feet during the summer (figure 2).

‘Since the tunas are primarily warm-water forms, it is

vertical and horizontal distribution of the various’speciestgsb:oeg:t:?cbﬁtgz’?i
erned by.sea temperature conditions. The results of the Japanese exploratory in-
vestigations in the region of the Inner South Seas, for example, indicate that sea
tempe?ature_had a close bearing on the occurrence of skipjack ar’ld yellowfin tuna
especially in the region of the equatorial countercurrent, where the main fishi :
grounds'for f_,hese species were located, Their findings ir;dicate that when t ngr—
atures in this zcne were below normal, a marked decrease in the catches of s;;ggack

and yellowfin tuna occurred, followed an i i
i 0l albacore., by an increase in the long-line catches of

by aﬁiﬁgzgik; x;g Easm §tud1es.<.>n the relation of sea temperatures to the occurrence
By sty andunG:; 12 Havgauan watex_'s have been campleted, the Territorial Di-
Wi i —l‘e as een gathering data on the relation of subsurface temper-
PR lagd'lne fishing. The commercial catch records indicate a marked
gion become progregsliﬁgiyofraﬁii‘oggignzuzzeand SRipjaCkl‘,l . the waters in thls 4

2 Ssummer months, As the season advances

and the -
COmerciﬁtizciizlghgicgmgegggzré tkg numbers of these two species entering the
be 1 . ecline, Big-eyed t S

o2 ielorant ‘of th hgher sumer Lavperatirely Stsin n the SaCiRde'n forey
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numbers during the sum-
mer season. These two
species enter the catches
in the greatest abun-

‘ dance during the winter
‘ months, and their in-
creased appearance fol-
lows closely thedecline
of the yellowfin and
skipjack.
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OCEAN CURRENTS:
The waters surrounding
the Hawaiian Islands are
subject to strong and
variable currents through
the year (figure 3).
In general, currents run
southwesterly and west-
erly offshore, due to
the influence of the
northeast trade winds.
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Close inshore, however,
the flow is northward
along the coastlines,
except off the Puna
(southeast) coast of
Hawaii, where the in-
shore current flows in
a southwesterly direc-
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tion. In the channels

between the islands, the currents are tidal, but to some extent, are influenced by
the prevailing winds and the position of the islands with respect to each other,
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In Kauai Channel, the main
current approaches from the
northeast, but abruptly
changes its directionof flow
to the northwest as it strikes .
the shallow water bank that
extends northwestward off
Kaena Point, Oahu., It con-
tinues northwestward until it
reaches the east coast of
Kauai; here it divides in the
vicinity of Nawiliwili Bay.
North of the bay it follows
the coastline and joins the
main current north of the
island. South of Nawiliwili
Bay it joins a large eddy
movement that exists south and
west of Kauai., Thiseddy ro-
tates in a clockwise pattern,
extending a maximum of about
30 miles offshore. The north-
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ward flow of the eddy movement passes along the east coast of Niihau; as it reaches

Kaulakaha Channel, gjertween Niihau and Kauai, part of it swings northward through the
Channel to join the general westerly movement of the ma:m currt?nt nor't.'.h of t_he ;s—

land and part of it again joins the eddy movement. This area in particularis given
to sudden changing currents through the year.

The current movements surrounding the Island of Hawaii, generally, follow the
trade winds, but, occasionally, they set against the wind. Along the southeast
coast of the Island, the main current parallels the shore southwestward from Cape
Kumukahi, but swings northwest as it passes Ka lLae on the south, and then moves close
inshore along the Kona (leeward) coast. North of Cape Kumukahi, the current follows
the coast around Upolu Point. A small eddy is formed where the north and southcur-
rents meet in Kawaihae Bay.,.

A complicated system of eddies and inshore currents occur in the channels be-
tween Molokai, Lanai, Maui, and Kahoolawe; in general, however, the currents sur-—
rounding each of these islands follow the same general patternas given for Hawaii.

Information compiled from existing current charts, catch reports, and discus-
sions with fishermen indicate that there is probably some relation between themove-
ment of ocean currents and the location of the main fishing grounds in these waters.
It may be pointed out that the most productive fishing grounds are located, generally,
in areas where the main current flow is abruptly interrupted by submerged banks or
islands which lie in the path of the current, or where inshore currents veer sharply
away from the shore along the leeward side of the islands (See figures 3 and 4, pp. 4
and 5), but no definite conclusions regarding the over-all distribution of the tunas
can be drawn from these findings, since they refer only to those areas where commer—
cial fishing takes place. Comparisons with some of the offshore areas may have shown
Just as good fishing had the same fishing intensity been operative.

o WATER DEPTHS: The sea bottom surrounding the main island group drops off rap-
}dJ..y to depths of 1,000 to 3,000 fathoms, except for several near-shore shoal areas
a\f:‘L,'gure 5)e Depths in excess of 3,000 fathoms exist off the northeast coast of Ha-
wall, and, similarly, in the waters lying southwest of Niihau, A deep-water trough
(over 3,000 fathoms) also occurs between the main island group and Palmyra Island.

Surrounding most of the islands, the 20-fatham contour rarely extends over one
i1 pfrgm shore, and usually lies only a short distance beyond the coral reef. The ~
100-fathom curve, generally, lies within 5 miles of the coastline although, south-
f’*eSt' of Molokai, there is a shallow-water bank about 14 miles in v’vidth which ex—
Lfends.ahno‘st 30 miles offshore before deep water is encountered. In tt’le waters sur—
rounding the Island of Hawaii, the 1,000-fathom contour extends a maximum of 4O miles
3tf the nprthwe§t coast; along the East Coast, it lies within 10 miles of land.
C"th of Molokagand Maui, depths of 1,000 fathoms are encountered within 25 miles
iiﬂpne isastl,,owélle off the island of Oahu this depth is reached within 7 miles of
qaq a a;)de ,t?u—fathom curve,.gener‘ally, extends no more than 5 miles off the south,
ol north shores of Kauai, but north of Niihau, it reaches a distance of 1y
miles from land. Almost one-third of the remaining waters surrounding the Hawaiian

Islands are between 1 0 i
rpw i »000 and 2,000 fathoms and over two-thirds are more than 2,000

mile

TUNA AND BAIT RESQURCES:
the Hawaiian Islands are:

The two major types of commercial tuna fisheries of
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(A) POLE-AND-LINE LIVE-BAIT SURFACE FISHING FOR OCEANIC SKIPJACK,
y :

(B) LONG-LINE SUBSURFACE FISHING FOR TUNAS AND SPEARF |SHES.

- 0Of tnese, the pole-and-line "aku" or skipjack {‘ishery is the most important,
both as to quantity caught and value received, and in 19147.accounted for about 45
percent of the total fish production of the Territory. Tnis fishery is carried on
by about 30 boats of the Japanese sampan type, varying from 27 feet to 92 feet over-
all, which operate in the waters immediately adjacent to the main island group. In
addition to the skipjack, small yellowfin and big-eyed tuna, which often swim vith
the larger schools of skipjack, are taken incidentally by pole and line. The main
fishing season for skipjack is from lMay through September, with the peak production
occurring in July.

It can be stated that the abundance of skipjack in the Hawaiian region is suf-
ficient for considerable expansion of the presemt fleet, but if this fishery is to
be fully exploited, it can be done economically only by employing boats and fishing
techniques which are adapted to local conditions. Rough seas, wiich often prevail
because of strong northeast trade winds, more or less limit the operation of main-
land-type tuna clippers during certain periods of the year. loreover, the fish en—
countered in this region are characteristically "wild" in behavior, often makingit
difficult to approach and maintain contzct with the schools. For this reason, fast,
highly maneuverable boats of moderate size are best suited for the most effective
use of chum and the successful landing of a good catch fram a school, Purse seining
has not as yet proved practical in these waters because of sea conditions and the
"wildness" of the fish., However, the use of chum might hold the fish long enough
to permit successful purse-seine operations during periods of calm weather. Another
important factor affecting the development of the skipjack fishery is the limited

supply of bait available, since live-bait fishing is dependent upon a reliable
source of bait for its operatione.

The most common bait species in the Hawaiian area is a small anchovy, withthe
local name "nehu" (Engraulis purpureus), although small silversides or round her—
rings, when obtainable, are also used. The "nehu" is a schooling fish that occurs
over sand and mud bottoms along the shores of the numerous bays throughout the is-
lands. The main bait centers for the Honolulu fishing fleet are Kaneohe Bay, Ala _
Wai Canal, and Pearl Harbor, where '"nehu" can be taken throughout almost the entire
year. Other bait grounds on the island of Oahu are Kahaluu, Waikane, and Heeia,
Maui boats obtain bait at Kihei and Kahului, Hilo Bay, Kawaihae, and Kalihi on the
_Island of Hawaii provide baiting grounds for boats operating in the waters surround-
ing the "big island." On the island of Kauai, Nawiliwili Bay, Port Allen, and
Hanalel are the chief bait grounds, while on Molokai, the bulk of the bait is taken
from Kaunakakai. Other less important bait grounds, which, at present, are not be-
ing utilized by the skipjack fleet, and which may add considerably to the available
bait §upply include: Maalaea Bay and Hana Bay, Maui; the small bays and coves along
the windward coast of Hawaii.; Kiholo Bay on the Kona coast of Hawaii; and several

small bays along the northern coast of Molokai How well W
. the
areas would hold up if heavily fished is not known, bad b atodhdai g

Catches landed by the long-line fishe : 3
production of the Territory. ry comprise an important part of the tuna

Although little is known conce the mi L qd
habitat preferences of the large pelagic t ncerning the migrations an
una . .
for these fishes is conducted e e S and spearfishes, long-line fishing

thr'oughout the year i h i
in the deeper waters that increase
T F F
4/T T PEARF O INCLUDE THE SWORD ISH, SAIL ISH, AND MARLINS.
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in depth sharply away from the islands—from 2 to 20 miles from shore. The main
species taken by this method include: yellowfin tuna, big-eyed tuna, stripedmarlin,
and black marlin. Occasionally, white marlin, short-nosed marlin, swordfish, sail-
fish, and albacore are taken with the other species. Yellowfin tuna show an in-
creased abundance in the long-line catches in April and continue to provide the
greatest part of the catch through the summer season, whereas, big-eyed tuna, alba-
core, and marlins are taken in greatest numbers during the winter months (November
through April). A description of the long-line gear and the method of operation
have been presented in a previous report.5/

LEEWARD ISLANDS

INTRODUCTION: The Leeward Islands consist of some 17 named banks, reef areas,
and islands which extend northwestward of the main Hawaiian group to about the lon-
gitude of Midway Island. The land areas camposing this chain vary from barren, rocky
islands to a series of sand islets lying on a coral reef, The surrounding waters
are warm enough to permit coral growth, and as a consequence, most of the islands
are fringed by extensive reefs, Certain of the group, however, including Nihoa,
Necker, and Gardner Pinnacle are of volcanic origin, and their shores are almost
completely free of coralline growth. The islands, for the most part, are barren of
vegetation and are uninhabited, although Nihoa and Necker islands show evidence of
ancient habitation and Midway Island at present is occupied by a small United States
Naval installation.

Northeast trade winds prevail in this region through most of the year; but dur-
ing the period from October to April, southwest winds frequently bring rain and
squalls,

SEA CONDITIONS: A series of shallow-water banks, which vary from less than a
mile to over 50 miles in length, lie between the wvarious islands in this group. In
general, waters over these banks are from 9 to about 4O fathoms deep. The banks and
islands are separated from each other by water depths of over 1,000 fathoms. Along
the northern and southern boundaries of this island chain, the 2,000-fathom contour
usually lies within about 20 miles of the shoals.

The main current flow is westerly or northwesterly during the summer months.
However, between Lisianski Island and Pearl and Hermes Reef, it appears to setnorth-
ward during this season. During the winter months, the current trends southeasterly
in the vicinity of Midway Islands, extending southeastward to Gardner Pinnacle. Be-
tween Midway and Kure islands, the current sets southward through most of the year
(figures 6 and 7, pp. 10 and 11).

Surface-water isotherms indicate that the sea temperature in this regionreaches
a maximum of about 78.8° F. during the summer season, but during the winter months,
there is a noticeable temperature drop within the surface layer (figure 1).

BAIT RESQURCES: The leeward chain of islands and shallow-water banks support
an almost virgin stock of bait, which, at present, is not being exploited. Informa-
tion gathered from various scientific investigators and interviews with fishermen
indicate that one of the most productive bait grounds in this region is French Frig-
ate Shoal (figure 8), which lies on the eastern end of the chain. Smith andSchaefer
(1949) reported that during bait-fishing operations of the M. V. Oregon in January
1948, species ¢f small silverside, known to the Hawaiians as "iao" ZAtherina insu-
larum), were found to occur here in considerable quantities. About 450 scoops of

5/SEE PAGE 1, FOOTNOTE 1.
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this species were taken by the Oregon on the sandy beaches surrounding East and Tern
islandg during 10 days fishing and exploring. The following August the 0_:&0%:0—
turned to the area for a second load of bait, FEckels (1949) reported tha 300
scoops of "iao"™ were caught in the shallow waters surrounding East Island duringtwo
days. An additional 78 scoops of the same species were taken during two days fish-
ing off Gin and Little Gen islands, and over 500 scoops were caught in depths of 3
to 15 feet off Tern Island during two days. He concludes, "whether the stock of
'iao' present in this area would maintain a sizable bait fishery is not known., How- l
ever, quantities of bait sufficient to supply at least two or possibly three tuna b,
clippers the size of the Oregon were present during the August period when the ves-

sel was at French Frigate Shoals." l

On a visit to the Shoal by the author aboard a Coast Guard vessel on May 18,
1949, the waters surrounding several of the small islets were scouted for bait. A
three-day "Kona" storm had ended the day prior to our arrival and the small fish
were not seen along the beaches, but occurred in the deeper waters among the coral i
heads. Most of the islets are surrounded by sand beaches, which are frequently in-
terrupted by patches of coral. Bait-netting operations could be carried on along
many of these beaches at places where breaks in the coral occur. A surround-type ¢
net, between 80 and 100 feet in length and about 12 feet in depth, of one-half inch
stretched mesh, and with a heavily leaded bottom, would perhaps be most satisfactory.
The net could either be stretched across the outer limits of a sand beach and worked
in toward shore, or it could be paid out from a skiff, with one end of the net held
on shore as the skiff moved in a half circle around the bait, The transfer of fish
from the bunt of the net could be made, either to a skiff equipped with a bait com-
partment or to shallow—draft (not more than 18 inches) bait receivers.

Information gathered from fishermen stationed at Tern Island indicate that the
"iao" periodically occur in large schools in the shallow waters surrounding most of
the islets at French Frigate Shoal. They appear to be quite tame and are not easily
frightened when surrounded by a net. A small round herring, known locally as "piha®
(Spratelloides delicatulus), is found throughout the area, but it occurs sporadically,
as is characteristic of this species in the Hawaiian Islands. Both ™iao" and "piha"
apparently occur in greatest abundance during the summer months. It has been ob—
served that during the winter months, when stormy weather conditions frequently pre-
vail in this area, these small fish often disappear from the sand beaches surround-

ing the islets. Consequently, bait fishing may at times be restricted during the
season.

\ §everal :.'anestigators have reported the occurrence of various species of small
flsk'x in certain areas lying to the northwest of French Frigate Shoal. This infor-
mation is scanty and is not supported by any commercial attempts to exploit these

bait stocks, but it does offer some data regarding th
in the Leeward Island chain., B = (I

Pietschman (1938) reports "many individuals" of "jag. " " " "
(Kuhlia marginata) at Pearl and Hermes Reef - Galtsgffl?iéBB)pi?rax'a :ﬁlogﬁh:ﬁ
vey of the area from July 15 to September 1, 1930, stated t.haf,. many small fish abound
in the lz_agoon at Pearl and Hermes, among which he listed "iao" and a species of ml-
let (I‘.{ugll c_t.apk.lalus). It is not known whether these various species ozcur in this
area in sufficient quantities to support a sizable bait fishe However, it is to
be‘expected that the large lagoon and reef areas should suppory. :
bait stock, since the topography of this area is very similar to French Frigate

Shoal, which lies at the eastern end ] i
e ot T nd of this chain, and where considerable quantd -
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At Lisianski Island, Pietschman reports the occurrence of "piha" but amndbh- 1’
inc about its abundance. Fowler and Ball (1925) state that the sandy bays and coves
ofuthis island supported "myriads of a relatively small number of species," among
which "aholehole" was recorded as occurring in the millions. "Piha" and "iao®™ are
also reported. These authors also reported "aholehole" as being common at Laysan
Island.

.

Recent information indicates that "aholehole" is abundant at Midway Islands
during the spring and early summer months, "Iao" similarly occur in some numbers
during the spring months., Nothing more is known concerning the ‘occurrence of other
bait species.

Our observations and those made by the scientific personnel aboard the Ore
and others in the Leeward Island chain indicate that this area appears to be the
most promising source of bait for tuna vessels operating in this region. However,
no definite conclusions can be stated at this tine as to the magnitude of the bait
supply and variations in abundance through the year. It will be necessary for fre-
quent and extended observations to be carried on at various intervals through the
year and over the entire area. If it could be shown that the stock of "iao" at
French Frigate Shoal is sufficient to provide a supply of bait for intensive live-
bait operations, an independent live-bait fishery, which would catch and hold bait
in containers from which tuna boats could obtain bait, could easily be established
and maintained on one of the islets, or clipper ships could obtain bait by the meth-
ods already described.

TUNA RESOURCES: There is some information available concerning the distribution
6f tunas in the adjacent waters of the Leeward Island chain, although at present this
region is not being exploited for these pelagic fish., Various reports indicate that

yellowfin tuna, oceanic skipjack, and "kawakawa" may occur in this region in impor-
tant quantities.

During the exploratory fishing eruise of the N. B. Scofield (in the summer of
1948) in the waters extending northwestward of the Hawaiian Islands proper to French
Frigate Shoal, oceanic skipjack were found to be plentiful over the shzllow banks
in this area. Yellowfin tuna were also present but, almost invariably, they were
found mixed with skipjack. "Kawakawa" were taken exclusively in the shallowest wa-
ters over the banks. The best fishing in this region was on the slope of the banks
where the sea bottom dropped off rapidly from 40 or 50 fathoms to prevailing dept.hs:‘

In August 1948, the Oregon explored the banks to the northwest of French Frigate
Shoal for tuna. '"Kawakawa" were found to be rather numerous between Brooks Bank and
Gardner Pinnacle, but few yellowfin and oceanic skipjack were encountered. Never-
theless, some fish were caught by trolling and by pole and line.

During the summer of 1948 several fishermen stationed at Fr
1 : ench Frigate Shoal
fished long lines for yellowfin tuna in the waters lying just outside thgafringirg
reef along the northeast side of the Shoal, Using 16 baskets of gear, with a total

of 80 hooks, they were able to eatch from 25 t i
( _the o 4O fish a day, wh high
catch per unit of effort than is’ common in Hawaiian waters, T R S 1

« One school was identified as yellowfin

three quarters of a mile in length 4
other school, tentatively identified ' i o s sibritue I
as the school of yellowfin. placy g

The o%her schools seen were not, close enough to permit
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identification. Six of these schools were seen under flocks of birds. In addition,
about 15 flocks of birds, which appeared to be "working" over schools of fish, were
sighted between Nihoa and French Frigate Shoal,

Discussions with Hawaiian fishermen (engaged in hand lining for bottom fish
over the shallow-water banks in this region) indicate that schools of yellowfin,
oceanic skipjack, and "kawakawa" are invariably seen on the cruises to and from the
fishing grounds. Schools of yellowfin, a mile or so in length at the surface, have
been seen. They report oceanic skipjack and yellowfin as most common during the
summer months, although some tuna are caught on trolled lures throughout the year.

THE LINE ISLANDS

INTRODUCTION: The Line Island chain is composed of same 17 scattered atolls
and reef areas which run from about 6°© N, latitude to just below the Equator near
1600 W, longitude. One of the largest coral islands in this group is Christmas,
which has a total land area of about 160 square miles. These islands are separated
from each other by waters which are over 1,000 fathoms deep. Most of the islands
are surrounded by fringing reefs enclosing a central lagoon. Outside of the reefs
the sea bottom drops off to great depths within only a short distance of the limits
of the coral.

The prevailing winds in this region blow from the east through the year. Fre-
quent line squalls, usually only of short duration, blow fram the southeast; however,
fair weather may be expected during most of the year.

SEA CONDITIONS: The Line Islands are situated partially withinthe region of the
equatorial countercurrent, and as a consequence, the conditions produced by the wa-
ter movements in this zone may be expected to greatly affect the biological produc-
tivity of the surrounding seas. ‘

The north equatorial current originates off Central America and remains in the
Northern Hemisphere as it moves across the entire Pacific Ocean. In the region of
the Line Islands, it extends southward to about 8° N, latitude during the greatest
part of the year. The south equatorial current is presemt on both sides of the
Equator, reaching northward to about 5° N. latitude. Lying between the two, the
equatorial countercurrent flows eastward, reaching velocities up to two knots at the
surface, as it moves farther northward from the Equator during the northern summer.
As a result of forces arising from the earth's rotation, causing transverse circu-
lations, divergences arise at the northern boundary of the equatorial countercurrent
and along the Equator, while at the southern boundary of the countercurrent, a con-
vergence occurs., These current divergences (at the Equator and at the northern
boundary of the countercurrent) cause the deeper waters, which are rich in plant
nutrients, to rise to the surface. Within the surface layer, where light is suffi-
cient for photosynthetic processes, these nutrients may be utilized by the micro-
scopic plant 1life living in this zone. These plants provide the basic food source,
which indirectly provides the food supply for the large pelagic fish, It is to be
expected, therefore, that the tunas may be encountered in abundance in these lati-
tudes, as indeed is the case farther to the westward, where (prior to World War II)
the major tuna fishing areas exploited by the Japanese in the South Seas centered
between 0° and 7° N. latitude, extending as far eastward as 160° E. longitude. The
data compiled by Japanese research vessels operating in this region point out that
the best fishing grounds, for the most part, were located within the limits of the
equatorial countercurrent, with yellowfin tuna heading the list of species caught.,
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Surface water isotherms show little horizontal variation in sea temperatures

i Islands: the only apparent difference occurs at the two
in the region .of the Lir}e 8 - only i poentistgsi 5

10° S (figures 6 and 7). The
depth to the thermocline,
however, varies greatly
in this zone due to the up-
welling associated with
the equatorial counter-
eurrent, The data record-
ed by the Oregon in Feb-

ag’
\ ruary 1948 (figure 9) in-
dicates that, near the

Equator, the least depth
to the thermocline was
found to be about 270
feet, while the greatest

200

300

FIGURE 10 - VERTICAL DISTRIBUTION OF TEMPERATURE IN LONGITUDE

1400 w.. BETWEEN 109 S. AND 200 N. IN THE PACIFIC OCEAN. depth was 400 feet at 1°
ACCORDING TO OBSERVATIONS MADE BY THE CARNEGIE, OCTOBER 192¢ N. latitude. The Car-
(REPRODUCED FROM THE OCEANS, PRENTICE HALL, N. ¥ neeia®s rindings,—al

ilarly, indicate a great variation in depth to the thermocline in a north-south
direction in the waters lying east of this island chain (figure 10). The thermo-
cline lies closest to the surface, of course, where the upwelling occurs along the
divergences.

The variations in thermocline depth must be taken into consideration with re-
spect to long-line operations in this area, for in all likelihood, the vertical dis-
tribution of the tunas is influenced to a large extent by subsurface temperature
conditions. The results of the Japanese exploratory investigations, for example,
indicate that water temperature at the 100-meter stratum is most closely related to
long-line fishing for yellowfin tuna in the equatorial regions lying to the west-
ward of the Line Islands. Within the limits of the equatorial countercurrent (where
yellowfin were found to be most abundant), the best catches were made when temper-
atures at a depth of 100 meters were over 20° C, (680 F.)

BAIT RESOURCES: The only definite information on the bait fish resources of
this area is that pertaining to Palmyra Island (figure 11). On a survey trip to -
Palmyra by the author in June 1949, the entire island was scouted for bait. Itwas
immediately obvious that fish of the size suitable for use as live bait were most
plentiful in East Lagoon. These were primarily species of the mullet family (Hu;&
crenilabis, M. vaigiensis, and M. trichilus), varying from one inch to over 6 inches
in length, The mullet occurs here in schools of varying size, fram a few scoops to
a hundred or more scoops, and could be seen swimming at the surface over the entire
lagoon. Small milkfish (Chanos chanos), about 2 or 3 inches long, were also inevi-
dence along the beaches, In West Lagoon, small goatfish, from one to 4 inches long,
occurred in quantity along the north shore of the lagoon. According to several of
the natives, the goatfish are fairly abundant along the sand beaches during June,
July, and August; however, it is doubtful that they exist in quantities sufficient
to supply anything but very limited fishing operations.

In February 1949, the commercial tuna clipper Calista almyra Is-
land for bait. Using a Galapagos net in the sﬁﬁellcw waterg gi“o;zesgt;ggzon onl;s
about.B scoops of 5-inch mullet were taken. From discussions with Civil A;ronalrtics
Administration (CAA) personnel stationed on the island it was learned that the small
mullet, which, apparently, are most abundant during the summer months, were not in
evidence during the galistar's explorations in the early part of the ;rear.'

i
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It is not known whether the stock of mullet at Palmyra is sufficient tosupport
a reliable bait fishery, since the occurrence of the small-size fish is apparently
a seasonal phenomenon. Furthermore, how suitably this bait would survive I!.ong-dis-
tance transportation and handling has not been determined. Nevertheless, if the
stock of mullet, found to be present during our visit to the area, would hold up
through the summer months for commercial exploitation, East Lagoon would probably
prove the most suitable bait grounds., A surround-type beach seine, about 200 feet
long, and at least 5 feet deep, of 1/2-inch stretched mesh, with a cork float line,
large bunt, and a heavily leaded bottom would be most satisfactory for use along
the sandy beaches; however, captured bait would have to be transported a distance
of about 4 miles to the dock area. This could be accomplished only with greatest
difficulty. It would be necessary to use either a shallow-draft (not over 2 feet)
bait receiver, or a skiff with a built-in bait compartment. The receiver could be
towed out of the lagoon through the southeast channel and worked along the coral
platform on the southern side of the atoll., Numerous coral patches, some of which
are completely uncovered, would be encountered, making navigation difficult. It
must also be pointed out that the coral shelf extends only about 250 yards fram the
shore line on the south, with heavy rollers frequently breaking over the edge of the
reef and reaching to the shore. A similar condition exists along the northern side
of the atoll.

TUNA RESQURCES: Various observations on the tuna stock of the Line Islands re-
glon indicate that oceanic skipjack and yellowfin tuna appear to exist in the area
in commercially important quantities.,

On the exploratory cruise of the Oregon through the Line Islands in February
1948, numerous schools of oceanic skipjack were seen on the run between- Palmyra and
Jarvis, and between Jarvis and Christmas Island. A number of skipjack and small
;vell;wf:’n were taken by trolling, and several schools of yellowfin were fished at
Jarvis and Fanning, producing some fishj however, around Christmas Island only one

large school of fish was seen, Many of the schools encountered in this regionwere
moving too fast to permit fishing,

During the summer of 1948, the N. B. Scofield explored the areas surrounding
Johnston Island and found an abundance of fish, mostly skipjack, in the immediate
vicinity of the island. Occasionally, mixed schools of skipjack and yellowfin were
seen, but no schools of straight yellowfin were encountered,

. On the fishing and exploratory cruise of the Calis ar i i
gion in February 1949, live bait fishing was found to bz bes‘l;1 :EeF?gnésﬁmw
where about 50 tons of yellowfin were taken close to the beach, At Palmyra an;ther
15 tons of yellowfin were taken in the waters lying to the west of the Isla.r’:d It
may bg of interest to note that the tuna were located by means of trolled hn;s As
the fish rose to the surface, chumming was begun. A number of tuna schools (po;Sibly

skipjack) was seen in the open ocean, but the fish i
t0 permit fishing. ) were at all times moving too fast

: : : anic skipjack and yellowfin tuna occur in the waters
;zszge ilx:xe Islands in suffu‘:ient quantities for commercial exploitation, but further
rch 1s needed to determine at what Seasons, areas, and depths tuna t’)ct':ur in
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quantity, and to discover those relationships between the peculiarities of the en-
vironment and the distribution and behavior of the tunas which will make possible
the prediction of successful fishing areas, depths, and methods.

CANTON ISLAND

INTRODUCTION: Canton Island lies outside the Hawaiian archipelago, but the
results of a survey of this atoll are included in this report. to provide general in-
formation on the tuna and bait resources of this region.

During ouré/ visit to the Island on June 28 and 29, 1949, the joint facilities
of the British and American administrative agencies were made available for conduct-
ing a survey of the area, By means of a small motor launch, we were able to explore
parts of the lagoon and certain waters lying outside the fringing reef along the
west side of the Island. Collections of various species of small fish, that might
be suitable for use as live bait, were made by means of a dip net and a light at
night. Additional specimens were also collected inside the lagoon by native fisher-
men using a beach seine.

Canton Island, the largest and most northerly of the Phoenix group, is a tri-
angular coral atoll located about 1,660 miles southwest of Honolulu at 2050' S, lati-
tude and 171043' W. longitude (figure 12)., The east or windward side is approxi-
mately 9 miles long in a southeasterly-northwesterly direction and the shortest lee
side is about 4 miles in a north-south direction. The atoll consists of a narrow
strip of land, from 100 to 500 yards in width, that forms a rim enclosing a large
lagoon. The main channel leading into the lagoon is about 100 yards wide and has
a controlling depth of 28 feet, with over a é6-knot current at the strength of tidal
flows., There is also a small boat channel located about one mile north of the south-—
west point of the island.

The fringing reef extends only about 200 yards from the shore line, except at
the three corners, where it extends outward about 400 yards. The waters outside the
reef drop off to depths of over 300 fathams within a few hundred yards. The waters
in the lagoon reach a maximum depth of 12 fathoms, but the bottam is interrupted by
numerous reefs and coral heads. At low tide, the sandy beaches within the lagoon

extend inward about 100 yards along the northwest and east sides before coral heads
are encountered.

-

A coral slab pier, about 100 yards long, extends into the lagoon from the north-
east rim, near its midpoint. A turning basin, about 550 yards long, 525 yards wide,
and 25 feet deep, lies adjacent to the pier, providing excellent docking facilities
for large vessels., Two 20' x 40' reefer buildings, which were formerly used by the
Arx{xed Forces during the war, are located near the docksite. The refrigeration ma-
chinery is nearly intact, but would have to be reconditioned before it could be put
into operation. Various wooden frame buildings that could be used as maintenance
shops and storage warehouses are available., A limited amount of Diesel fuel is
available at the docksite for vessels operating in the area. The supply of fresh

water is véry limi . Tinit
available‘: v e ted amounts of slightly brackish water are

There is an artificial pond, which was built by the uring
Armed
war, located on the southwest shore of the lagoon at a point abzazc:e:-JZ m:‘l.le.‘s;l’l f?rom
the docksite. The pond is about 75 yards in diameter and has a small raceway built

up from the bottom of the entrance, so that at low tide, water is retained within

6/STANLEY PETERSON, FISHERY ENGINEER
il bl i ER, POF!, ACCOMPANIED THE AUTHOR, AND OBSERVATIONS WERE
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the enclosure. This relatively shallow body of water might serve as a holding pond
for live bait., Bait from the pond could easily be carried to the pier by means of
a shallow draft (1 to 1-1/2 feet) bait receiver and power skiff,

The prevailing winds in this region blow from the east with an averagevelocity
of 12 to 18 knots, Little rain falls on the Island itself, but off the Island fre-
quent rain squalls occur.

SEA CONDITIONS: The sea bottam surrounding Canton Island drops off rapidly to
great depths, just outside the fringing reef. The 1,000-fatham curve lies within
about two miles of the reef, while the 2,000-fathom contour extends outward no less
than 7 miles from shore. A deep-water trough (over 3,000 fathoms) lies to the north-
west of the island. Depths in excess of 1,000 fathoms separate Canton from Ender-
berry Island which lies to the southeast., Comparison of summer and winter surface
water isotherms shows little seasonal variation in sea temperature, the surface wa-
ter remaining close to 80.6° F, through the year (figures 6 and 7). The prevailing
current in this area sets almost due west.

BAIT RESOURCES: Within the lagoon, several species of mullet (Mugil vaigiensis
and M, crenilabis), from 1 inch to over 12 inches long, were evident in considerable
quantities. They appear to be the most common fish here and provide the chief food
fish for the natives. Numerous schools of small round herring (Spratelloides deli-
catulus) were in evidence along the beaches during the afternoons, but disappeared
from these areas shortly after sundown. None of this species were present in the
light collections at night. "Aholehole" (Kuhlia sandvicensis) were also present in
the lagoon and a few were taken by seining. The natives reported that this species
is most abundant here during the spring months. Various species of small goatfish
were also seen in varying abundance in the lagoon, but were not evident in suffi-
cient quantities to permit any statement as to their availability for use as bait.
There were apparently no members of either the silverside or anchovy families here;
at least, these fish were not seen and they were not present in the collections.

The observations made at Canton during this survey indicate that the bait
stock within the lagoon might prove to be adequate for a limited number of live-
bait tuna vessels, but how well this stock would stand up under continued fishing
is not known. The best baiting grounds for the various species listed above appeared
to be located over the uninterrupted sand beaches along the northeast and northwest
shores inside the lagoon. A surround-type net (see p. 18) could be used to best ad-
vantage, as many of the beaches here are devoid of coralline growth, and at high tide,
the waters off the shoal areas are of sufficient depth to permit its operation.

TUNA RESQURCES: During our stay at the Island, several large schools of yel-
lowfin tuna were seen within several hundred yards of the fringing reef along the
west side of the Island, and in each case the fish were under flocks of "working
birds." A local fishing party fished for skipjack on the afternoon of our last day's
visit. Two fishermen landed 15 fish on a pole and jig in a period of about 20 min-
utes. They estimated the size of the school fished to be M"about five acres." CAA
personnel, stationed on the island, reported that schools of both yellowfin and
oceanic skipjack are in evidence through the year, but appear in greater numbers
during the winter months. So far as is known, the tuna resources of this area have
never been exploited commercially.

It may be expected that skipjack amd yellowfin tuna exist in this region in
commercial quantities, but the limited nature of this survey precludes any conclu-—
sions as to the relative abundance of these species in different areas and at dif-
erent seasons,
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Fart |11-Below Deck Arrangements and Refrigeration Equpment

Brine freezing has been reported to have an adverse effect
on the quality of certain fish which are to be ultimately dis-
tributed in fresh fish markets, but fortunately the freezing of
tuna in brine does not have an apparent adverse effect when it
. On the modern tuna clippers, the fish are
dropped into the brine wells, chilled in sea-water brine, and
partially frozen in a strong sodium-chloride brine to a te’nper-
The brine is th
the fish are held in subsequent dry storage irf te}::a Zﬁ:evcje]aj.nd
Depending on the length of time they are in storage, the tuna..
may eventually be lowered in temperature to the rang’e of 0° to
This system of preservation is the most satisfactory
of those which have been developed to date on the clippers
’I‘hg ad\fantages are that it requires less labor and reasonabl.
maintains the general quality of the cargo, although the stonai
temperai?u?es are not ideal. Persons interested in the operatign
of receiving ships should devote extensive thought and research
to apPhcabions and refinements of the direct-brine-freezi
technique before adopting it on larger ships. s

—Fishery Leaflet 316






