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INTRODUCTION

The Northwestern Hawalian Islands (NWHI)}, often called the

"Leeward chain" and which has been, with the exception of Midway, a

wildlife sanctuary since 1909, stretches for over 1,800 km (1,000 mi.)l ;

westward beyénd the island of Niihau; one of_the islands in the major
Hawailian group (Figure la). The tiny islands and atélls composing
this "Leeward" chain have been worn down to vestiges of thelr former
estate and support only a limited assortment of animals and planté
(Carlquist 1970). The flora, for example, is similar to that of a
tropical beach with virtually all the plénts near the shore with a
few exceptions., Crowding these islands 1s a rich assortment of.
marine and shore birds.

There is a great urgency to know a great deal more about the
marine resources of these NWHI. The State of Hawaii, pfessed with
growing demands for an assessment and rational utilization of its
marine resources, recégnizes tﬁe vital importance of the sea to 1its
economic growth and has fostered a program of harvesting the marine-
rezcurces of the waters surrounding the entire Hawaiian chain (State
of Hawail 1969, 1974). Furthermore, the Fishery Conservation and
Management Act of 1976 will extend 1.S. jurisdiction over the-fishefy
resources to ﬁithin 200 nautical miles ffom our nation's coastline,

Some foreign nations already restrict U.S. fishermen from the

lThrc-_ughout this report, distances are given in kilometers

followed by their equivalent in Statute miles over land and nautical
miles over the ocean.
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traditional fishing grounds off their coasts, but as others follow
their example, there will be increased pressure ffom-the fishing
industry to find new fishing grounds;

There are also conflicting demands for utilization of the
NWHI's resources. The U.S. Department of the Interior's Fish and
Wildlife Service (FWS) has maintained the wildlife refuge for the
protection and benefit of its inhabitants--sea birds, seals, apd
turtles.
| | The National Mariune Fisheries Service (NMFS) in Honolulu has
proposed a cooperative study to survey and assess the marine resources
of the NWHI. An intensive 5-year investigation, with the Hawaii
Division of Fish and Game, FWS,.and the University of Hawaii Institute
of Marine Biology and Sea Grant participating, will include assessment
of the terrestrial, nearshore, slope, and pelagic resources of the NWHI
and their interrelationships.

The purpose of this report is to review and summarize all
available'information; published or unpublished, on the environmeng;

and marine resources of the NWHI,

DESCRIPTION OF THE ISLANDS

The NWHI is part of the Hawaiian chain which rises sbove an
elongated submarine ridge that stretches roughly 3,200 km (1,700 mi.)
in a southeast-northwest direction (Freeman 1951). Constructed of

volcanic material that was erupted from a zone of fissures on the
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ocean floor, the Hawalian chain conaists not only of visible islands
but also of several submarine peaks and numerous banks;

| Beginning at Kure atoll, it is possible to trace the history
of the formation of the Hawalian Islands through a seqﬁence of erup-
tions which has continued over the years from west to east (Carlquist
1970). Even within each island; the §1dest part is to the west and
the newest to the easta. Because of this clear sequence of formatioh,
it is hypothesized that the atolls of the NWHI are vestiges of once
high volcanoes that have been worn down through the ages into low,
sandy atolls. Many of thé atolls and islands are surrounded by banks,
some of them shalloﬁ (Figure 1).

Based on the nature of the islands and.the stage of erostion,
the Hawaiian chain may be divided into the southeastern portion, which
1s composed of the eight high voleanic islaﬁds or the present major
islands, the middle portion incluﬁing Kaula Island near Niihau, Nihoa,

. Necker, French Frigate Shoals, La Perouse Pinnacle, and Gardner
Pinnacles, and the northwestern part_consisting of low atolls, saqﬁy
islets, reefs and shoals inecluding Laysan, Lisianski, Pearl and Her;es
Réef, Midway and Kure (Carlquist 1970; Mcﬁonald and Abbott 1970). The
area and altitude of the islands and atolls in the Hawalian chain are

Table 1 given in Table 1.

KAULA TSLAND

Kaula Island, a crescent-shaped tuff cone, lies 43 km (23 mi.)

southwest of Niihau and actually belongs with Kauai and Niihau rather
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than with the rest of the Leeward chain (McDonald and Abbott 1970).

:] Resting on a broad base that is a big submerged volcano; the island

) lies near the southeastern edge of a shoal which is 13 km (8 mi;)

.J long in a west-northwesterly direction; 7 km (4;5 mi) wide, and

:Iig. 2 roughly 61 m (200 £t) below sea levél (Figure 2); McDonald and Abbott

concluded that this flat platform must have been cut across the top of
] the shield volcano by wave action. A projection rises to about 9 m

(30 ft) below sea level near Kaula and is probably an erosional

| -

residual rather than another cone rising from the platform. Kaula
rises about 168 m (550 ft) above sea level. Its position is given by

Bryan (1942) as lat. 20°39'N and long. 160°31'W.

NIHOA ISLAND

The fifst of the uninhabited islands to the northwest of the
major Hawaiian group is Nihoa, which is located at lat. 23°06'N and
long. 161°58'W, roughly 315 km (170 mi.) west northwest of Kéuai‘
‘(McDonald agd-Abbott 1970). This small volcanic island, plainly ;iéible

from a great distance, is 1.4 km (0.85 mi.) long, averages about 457 m

L ) A NG D S S T v

(1,500 ftj wide, and is the largest of the lava islands west of Niihau
:Lig. 3 (Figure 3). The island has two peaks--Miller's Peak on the west and
]_ rising 273 m (895 ft) above sea level and Tanager Peak on the west

rising 260 m (852 ft). A broad swale separates the peaks.

] The 1sland covers about 0.7 sq km (175 acres) (Carlquist

1970). The northern edge of Nihoa is an abrupt sea cliff, which
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plunges directly from the cresﬁ'of the island into the water (McDonald
and Abbott 1970). On.the southern side, the land slopes fairly gently -
to low bluffs near the coast where it is truncated by a sea cliff
towering 15-30 m (50-100 ft) high with a wave-cut platform at the
base and about 1.2-2.4 m (4-8 ft) above sea level. The east and
west ends of the island are also inécgessible cliffé (Emory 1928).

All the lava flows on Nihoa dip southwestward. Emory
(1928) reported that less than half of the area of Nihoa is comprised
of gently éloping ground coﬁered with several varieties of grass.

Extending northwestward from the island for about 29 km
(18 mi.) is a platform about 37 to 76 m (120 to 250 ft) below sea
level (Mcﬁonald and Abbott 1970). Apparently, the whole northwestern
part of a volcanic island, perhaps 32 km (20 mi.) across at sea level,
has been eroded by wave action. Another bank at the 30-46 m (100-150
ft) depth range lies 33 km (18 mi.) west southwestlof Nihoa; it is
about 27 km (17 mi) long and 19 km (12 mif) widé.

- Nihoa has a large population of Pesting segbirds givingﬁghe

island its former name of Moku Manu (Bird island) (Emory 1928;
McDonald and Abbott 1970). Sheets of guano coat some of the cliffs.
Also, on the southern gide, some of the valleys avre partly filled with .
a conglomerate in which a mixture of.clay and guano predominate in
the cemeﬁt. | _

Remains of home sites and terracés used for cultivation are
abundant evidence that the island was formerly occupied Sy people in

the past (McDonald and Abbott 1970). How the inhabitants obtained
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‘thelr water is still speculative. Archeological eiplotations have
found several seeps on the islands; the priﬁcipal one 82 m (270 ft)
high; the water; however, is somewhat brackish and heavily tainted

with guaneo.

NECKER ISLAND

Necker is a narrow bit of land less than 1,200 m {4,000 ft)
long and about 150 m (500 ft) wide (McDonald and Abbott 1970). Lying
556 km (300 mi) northwest of Nithau at lat, 23°34'N and long. 164°42'W,
the island covers 0.2 sq km.(él acres) with its highest point 84 n
(276 ft) above sea level (Figure 4). Emory (1928) described the island
as shaped like a fishhook with the shank lying in an east-west direction
and the barb, the northwest cape, measuring about 183 m (600 ft) long
and 61 m (200 ftj widé. At the east end is an islet about 61 m (200
ft) long and 23 m (75 ft) wide; it is gererally awash (McDonald and
Abbott 1970).

Necker lies on.a shallow, roughly oval platform which a
measures 61 km (38 mi.) long in the northwest-southeast direction and
aboﬁt 32 km (20 mi.) wide (McDonald and Abbott 1970). The positions
of the island and the former volcano center within this platform,-
which undoubtedly has been eroded over the years by wave action,
indicate that the core was not a single shield volcano, but a group

of shields similar to the present island of Hawaii. (Shield volcano

is built uvp by successive outpourings of lava with little or no
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fragmental material.) Necker itself is composed of vertical dikes and
is an eroded remnant of one of the shield volcanoces.

It

Although presently uninhabited except by innumerable seabirds, .

Necker once had a sizable human population CMcDonald and Abbott 1970).

Remains of fishponds, ditches, agricultural terraces, and house and —

—

temple platforms attest to the occupation of the island by humans.

Furthermore, it has been conjectured that many of the ruins and arti-

facts appear to have been left by an early group of people, who preceded_

the more recent Hawaiians.

. As on Nihoa, the source of fresh water is a mystery (McDonald =

and Abbott 1970). The present supply appears to be about 38 liters

(10 gal) per day of undrinkable, guano-tainted water.
-
FRENCH FRIGATE' SHOALS —

Located almost at the midpoint of the 3,200-km (1,700-mi.)
long Hawaililan Archipelago (Figure 5), French Frigate Shoals is about -

1,360 km (735 mi.) northwest of the eastern tip of the tsland of ~ -~

Hawaii and i,&45 kn (780 mi.) southeast of Kure Atoll (Amerson 1971) _ -

There are 13 small named islands in the lagoon; 12 are low and sandy

with sparse or no vegetation whereas the remaining island is a -
voleanic rock. —
Officially located at lat. 23°45'N and long. 166°10'W, the -

atoll consists of a crescent—shaﬁed reef on a.36-m'(20—fathom'deep oval
. - -

platform (Amerson 1971). Palmer (1927) reported that thig platform,

at a depth of 55 m (30 fathoms), .covers about 648 sq km (250 sq mi.).



8

The étoll, with the long aiis stretching 35 km (22 mi.) in a northwest-
southeast direction, 1s actually a double crescentic reef (Amerson
1971). The 363-sq km (14Q—sq mi.) lagoon is 13 km (8 mi.) wide at its
midpoint; vhereas the broken inmer arc of the reef is 33 km (21 mi.)
long and the almost contimuous outer arec is 57 km (36 mi) iong. The
crescent tips, polnting westward, are about 28 km (17_mi.) apart with
La Perouse Pinnacle 1?ing on an imaginary line between these two tips
. about 11 m (6 mi.) southeast.of the northern tip; and 17 km (9 wi.)
ﬁorthwést of the southern: tip. -

The 12 sand islands of French Frigate Shoals cover 0.4 sq km
(111.3 acres) of which 0.1 sq km (33.3 acres) are covered with vegetation
(Amerson 1971)}. 'Two exposed voicanic rocks exiét near the center of
the oval platform. Islands with well-established vegetation include
East, Tern, Trig, and Whale Islands. Skate and Little Gin Islands,
although quité lérée, are only sparsely vegetated., Two other large
islands--Gin and Disappéaring——are without vegetation and La Perouse
Pinnacle, in spite of its size and height, supports no vegetatiou,nﬁ
The rest—-Bare, Mullet, Near, Round, and Shark Islands—-are sandbars
that shift continuously. Three other nameless sandy islets are
submeréed during periods of high tide.

Tern Island, the largest island in the atoll and located near
the northwest tip of the crescent, is a man-wade island about 945 m
(3,100 £t) long {Amerson 1971). A runwvay 76-m (250-ft) wide exfends
the length of the island. Tern island is presently used as a U.S.

Coast Guard loran station.
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La Perouse Pinnacle (Figure 5), located at lat., 23%45'N
and long. 166°15'W, is 11 km (6 mi;) south-goutheast of Tern and
6 km (3 mi.) west-southwest of East Island (Amerson 19?1); Shaped
1n the form of a saddle, the main pinnacle at the northwestern end
rises 37 m (122 ftj above sea ievel whereﬁs at the southeastern end
it is nearly as.high at 36 m (120 ft);- The main rock is roughly 222 m
(730 ft) from northwest to southeast and 50 m (165 ft) at its widest
point. A second rock, lying 119 m (390 ft) northwest of the main..

pinnacle,_riées about 3 m (9 ft) above sea level and about 61 m (200

'ft) long, northwest to southeast, and 20 m (65 ft) wide.

GARDNER PINNACLES

Gardner Pinnacles, which consist of two small volcanic rocks
in the middle of the NWHI, are located at lat. ZSfOO'N.and long.
167°55'W (Fiéure 6) (Clépp 1972). Being the westermmost volcanic
island in Héwaiian waters, Gardner Pinnacles stand on the northeastern
part of a bank which is 32 km (20 mi.) wide and 80 km (50 mi ) long
with depths ranging between 16 and 73 m (9 and 40 fathoms).

The northwestern ?eak of Gardner Pinnacles, the smaller of

e T o T =

the two islands, rises about 30 m (100 ft) above sea level and is about".

76 m (250 ft) long and 30 m (100 ft) wide (Clapp 1972). About 46 m

(150 ft) to the southeast is the larger peak, which is about 213 m

(700 £t) long and 152 m (500 ft) wide (Palmer 1927; Bryan 1939).

Clapp (1972) reported that the larger peak formerly rose to 52 m
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(170 ft), but its height was reduced by blasting in 1961 to provide
gites for astronomic stations. The two islets have an overall area

of about 0.01 sq km (3 acres) (Freeman 1951). From a distance,

Gardner Pinnacles have a snow-capped appearance because of the .. -

liberal coating of guano {(Clapp 1972).

LAYSAN TSLAND

Laysan Island, roughly rectangular in.shape with the long
axis slightly east of north, is the largest of the NWHI and is located
g. 7 at lat. 25°42'N and long. 177°44'W (Figure 7) (Ely and Clapp 1973).
Situated 213 km (115 mi.) east of Lisianski, 374 km (202 mi.)
northwest of Gardner Pimnacles, and 1,314 km (709 mi.) northwest of
Honolulu, Laysan is 2,858 m (9,375 ft) long and just over 1,700 m
(1 mi,) wide. Warner? estimated a total area of slightly under 4 sq km
(913 acres).

The island, prohably the flattened top of a once massive
volcanic ﬁeak, 18 capped by large sand accumulétions and has a large
saltwater légoon occupying about one-fifth of the island's central
interior (Ely and Clapp 1973). Relatively shallow water surrounds
the island for some distance offshore; the bottom drops off precipitously
to an average depth of 3,293 m (1;800 fathoms). Warner (1963) estimated

that the 180-m (100-fathom) contour around Laysan encloses an area of

’Warner, R. E. Completion report--Midway and Laysan Islands
bird -studies. Manuscript in preparation. Hawaii Division of
Fish and Game, State of Hawaii, 1l p.
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about 544 sq km (210 sq mi.)., The mgiimum crest elevation is just
over 12 m (40 ft) and occurs in the sand dune area at the north end
6f the island.'
Fresently, Laysan is well veéetated e#cePt for coastal
dunes that appear to be well stabilized (Ely and.Clapp 1973). The
original flora; the most varied in the NWHI, was destroyed by man

and introduced rabbits. By 1923, the island was in near desert

condition and several species became extinct. The abandonment of

the island by man permitted the vegetation to recover, ﬁearly [
restoring the original conditions that eiisfed in the past. .i
LISIANSKI ISLAND ‘ | . | o
Lisianski is a low sand and coral island which covers .
approximately 1.8 sq km (450 écresj and is situafed at lat. 26°02'ﬁ. _L
Fig. 8 and long. 174°OO'W (Figure 8) (Freeman 1951; [U.S.] Office of Geo- F
| graphy i956). At a location about 1,677 km (905 mi.) northwest of .F
Honolulu (Bryan 1942), Lisianski is at the northern end of a 1arge L
reef bank which is about 168 sq km (65 sq mi.) in total area (Clapp r
and Wirtz 1975). The island, which has a circumference roughly 5 km | -
(3.2 mi1.), resembles a parallelogram with the north-south axis about [
1,829 m (2,000 wd) long and the east-west axis 1 006 m {1,100 yd) wide.
The island is ringed by mostly sandy and sand-coral beaches ' L
with the exception of the eastern side which is dominated by an E

exposed ledge of reef rock and small tidal pools (Clapp and Wirtz 1975).

Near the middle of the western beach is a small cove which is designated r
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a small-boat landing on the hydrographic charts. At the north end of

the cove is a group of Casuarlna trees, A rim of Scaevola growth

covers the island's entire perimeter with the densest growth along
the north point and southward aloﬁg the east beach and across the

south end. Lush growth of bunchgrass Eragrostis, attainlng heights

of up to 1 m (3 ft) or more, covers the island s interior.

PEARL AND HERMES REEF

One hundred sixty kilometers (87 mi.) eéstVsoutheast of
Midway Atoll and about 1,931 km (1,042 mi.) northwest of Homolulu is
Pearl and Hermes Reef, a low coral atoll near the morthwestern end of
the Hawaiian Archipelago (Figure QSL(Amefson, Clapp, and Wirtz 1974).
Given an official location of lat. 27°55'N and long. 175°45'W, this
atoll has been known as Pearl and Hermes Reef since two ships bearing
these names were wrecked there in 1822,

The fringing reef of this atoll has a circumference of
69 km (43 wi.) and is open to the west (Thorp 1936). The long axis
of the elliptical enclosed area, oriented in a northeasterly direction,
is 32 m (20 mi.) and the broadest point 18 km (12 mi.}. Gross ét al.
(1969) estimated that the area within this reef covers 370 sq kn
(143 sq mi.). Nine islands within the reef cover 0.3 sq kn (85 acresj
(Anerson et al. 1974). Grass, North, Seal, and Southeast Islands have
established vegetation; Little North Island, which has continued to

emerge since it was first reported as a sandbar awash at high tide,

has limited vegetation. Kittery Island is low and subject to
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" occasional inundation despite its size and relative permanency. The
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remaining tﬁree islands--Bird, Planetree, aﬁd Sand-—are shifting
sandbars. Historical and recent data examined by Amerson et al.
(1974) suggest that considerable changes in the topbgraphy of Pearl .
and Hermes Reef have occurred in the past 100 years as a result of

continuous shifting, splitting, and reforming of sandspits.

MIDWAY ISLANDS

ﬁying abouf 2,101 m (1,134 mif) west northwest of Honolulu
at 1at; 28°12'N and long. 177°23'W, Midway atoll is near.the extreme
western end of the Hawaiian Archipelago and consists of two islands
(Figure 10). These islands are situated 6n the southeastern part of
a 1§goon, which is within a protective coral reef with a circumference
of 24 km (15 mi.) and which is submerged in some places but about
1.2-1.5 m (4-5 ft) above water level in others. Of the two islands,
Sand Island, on which the active runway 1s built, is larger, It
measurés 2.4 km (1.5.mi.) long and 1.6 km (1 mi.) wide (Bryan.lghijl
About 1.6 km (1 mi.) east of Sand Island is the smaller Eastern'lsland,
which is triangular énd measures about 2.0 km (1.3 mi.) iong and 1.2
km (0.8 mi.) wide.

The entrance to the lagoon 1s on the éouth side between
Send and Eastern Islands (Tudor 1972). 1In 1905, Sand Island was

converted into a submarine cable station and in 1936, it was aesignated

a transpacific station for the China Clipper. According to Bryan (1942), _
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the single most outstanding feature with respect to the natural
history of Midway is the change which Sand Tsland has undergone
through the efforts of man. Because this island had no trees and
scarcely any herbaceous plants to hold the shifting sand in place
when the cable station was first established, a coarse grass,

Ammophila arenaria, was imported from the wind-swept beaches near

San Francisco. To provide windbreaks, ironwood trees, Casuarina

equisetifolia, were plated in 1907 as well as numerous other

ornamental trees, shrubs, and herbs. $o0il was also brought in from
Honolulu to encourage growth of useful plants. Midway was converted
into & U.8. raval base in 1939 and is preseatly under administrative

control of the Department of the Navy.

KURE ISLAND

Claiming the distinction of being the northernmost coral
atoll in the world and the westermmost land of the NWHI, Kure étoll,
located at lat. 28°25'N aﬁd long. 178°10'W, is about 2,177 km (1,175
mi.) northwest of Honolulu and 4,012 km (2, 165 mi.} southeast of
quyo_(Figure 11) (Woodward 1972). The closest neighboring island to
Kure 1s Midway, 91 km (49 mi).to the southeast. Kure, situated atop
a submergea voleano, is nearly circular; the outer reef almost com-
pletely encircles the lagoon except for passages to the southwest,
The maximum diameter is about 9 km (6 mi.). Gross et al. (196§)
estimated that the reef comprises an area of about 5 sq km {1,235 acres).u

The lagoon depth is about 14 m (46 ft).
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The oniy permanent land in the atoll is crescent-shaped
Green Island located near the fringing reef in the southeast part .
of the lagoon (Woodward 1972). 1Its long axis curves north to west

2 km (1.4 mi.) and the maximum width is 0.6 km (0.4 mi.). The

ocean side of Green Island is devoid of sand dunes and the elevation .7

here does not exceed 5 m (15 ft). Sandy beaches encircle the eniire

island. The lagoon side is dominated by a series of sand dunes

which vary up to 8 m (25 ft) in'height. The dunes decrease in elevation

'southwest.along the beach, whereas eastward behind them is a low,
relatively flat depression in the surface with elevations varying
from 2 to 3 m (6 to 10 £t).

The dominant features of Kure atoll are the man-made 190-m |
(625 ft) loran tower and transmitter building, tﬁe 21-m (70-ft) high
radar reflector, the 1,219-m (4,000~ft) runway, and the building
complex near the center of the island (Woodward 19?2). Covefing much
of the island except for man-made open areas and.thé natural central

plain where only low herbaceous plants grow is a dense growth of

~ .

Scaevola taceada.

CLIMATE

The climatological data from the NWHI are primarily from _
French Frigate Shoals, Midway Islands, and Kure Island where man-made
Installations and operational persomnel are located. Climatic data

collected from Midway Naval Station can be used to describe weather
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conditions not only at the atoll but aiso the nearby atolls of
Lisianski and Pearl and Hermes Reef (Amerson et al. 1974; Clapp and
Wirtz 1975).

Along the Hawalian chain, the marine influence upon the
climate is very significant because of the extreme insularity (U.S.
Weather Bureau 1961). The moﬁntains, however, especially the massive
ones on Hawaii and Mauil, strongly modify this marine effect with the
result that conditions are somewhat continental in some localities.

In the NWHI, howéver, the low profile of the islands and atolls results
in conditions that are almost wholly marine and tropical.

‘A prominent feature of the air circulation across the
tropical Pacific is the general east to west flow of the trade winds
(U.S. Weather Bureau 1961). In the central North Pacific, the trades
blow from the northeast quadrant and represent aﬁ outflow of air from
the Pacific anticyclone, a reglon of high pressure. This Pacific higﬁ
and trade wind zone move north;south seasonally reaching their
northernmogt positions 1n May-September, at which time.the trades“?
prevail 80%-95% of the time. . In October-April, the Hawaiian Archipelago
is positioned to the north of the heart of the trades; as a result,
the frequency of trades decreases to 50%-80%. 1In general, then, the

Hawaiian climate 1s characterized by a two-season year,

ATIR TEMPERATURE

Temperatures recorded at French Frigate Shoals show variations

that are typical of a tropical marine enviromment (Amerson 1971).
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Figure 12 shows the mode of the mean monthly temperatures and the

range of the maximum and minimum modes of temperature for French

Frigate Shoals in DecemberIIQSO—Deceﬁber 1962. The mean annual
temperature was 24.2°C (75.5°F) and the mean annual range was 5.6'3;

(10°F). 1In December-April, the means varied between 21.7° and

23.9° to 26.7°C (75° to 80°F). August~September ware the warmest |
months; February-March the coolest. . The extreme high and low 1nftheﬁig
12-year ‘period studied were 32.8° and 12.2°C (91° and 54°F), .
respectively, a difference of 20.6°C (37°F).

Temperatures at Midway showed a mean monthly range of 7.2;0:
(13°F), which is’indicative of a marine environment3(Mauck'1975);
Figure 13 shows that the means varied from 18.9° to 20.6°C (66° t
69°F) in December-April and from 21.1° ta 27.2°C (70° to 81°F) in May—
November. The warmest months were July-September and the coolest
January-February and April. The extreme high of 31.7°C (89°F) and
low of 11.1°C (52°F) differed by 20.6°C (37°F). The monthly maximum,
winimum, and mean temperatures at Midway in 1949-72 are given in |
Table 2.

Kure's climate is described as subtropical marine and is'.
influenced primarily by twd alr masses and by the surrounding ocean
where changes in sea-surface temperatures and salinities are relatiﬁelj
small (Woodward 1972). For example, Seckel (1962) has shown that in
this area, sea-surface temperatures vary from 20.5°C (69°F) in February
to 26, 7°C (80°F) in August~September and salinities from 35.0%/5. in

November—February to 35.2°/,, in April-August.
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At Kure, Woodward (1972) ohserved yearly variation occurring
in the average semimonthly temperatures but concluded that the péttern
of temperéture change throughout the year was the same. Foxr example,
the data showed that thé average maximum varied 11.250 (20°F) fron
18.2° to 29.4°C (65° to 85°f) and the average minimum about 9.5°C_
(L7°F) from 14.4° to 23.9°C (58° to 75°F). The extremes were 3.8°C
and 37.2°C (39° and 99°F), a difference of 33.4°C (60°F) (Table 3).
In December-April, the semimonthly maximum averaged 21.1°C (70°F), but
in May-June and November, the averages varied between 21.1° and 26.7°C
(70° and SO“F). Averages of 26.7° to 32,2°C (80° to 90°F) occurred in
June-October. The average semimonthly minimums varied between 15.6°
and 18.3°C (60° and 65°F) in December-May and between 21.1° and 23.9°C
(70° and 75“?) in November (Table &4).

The coldest months at Kure were Januarf and February and the
warmest July-September (Woodward 1972). The averége temperature |
usually increased in May although the rise sometimes occurred in June,

A decrease in average temperature was usually observed in September. or

October.

WIND DIRECTION AND VELOGCITIES

French Frigate Shoals is influenced most of the year by the
Pacific high with easterly trades predominating (Amersom 1971). In
winter, the Aleutian low moves southward to the Kure-Midway-Pearl and
Hermes area affecting the Pacific high slightly and bringing increased

winds and higher precipitation.
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At French Frigate Shoais, data show that the record for
maximum sustained wind was 52 knots from east-northeast in Decembef
(Amerson 1971). Monthly wind speed averaged higher than the annual
- mean of 12.6 knots in November-April and lower in March-October.
Seasonal data on prevailing wind direction and speed, shown in
Fig. 14 Figure 14, indicated an easterly component. The mean wind speed in .
winter reached 14.3 knots with winds high from all directions but
highest from northwest to east-southeast and the mean.maximum from
east-northeést. In spring, the mean wind speed reached 13.1 knots
and winds were highest froﬁ west to south although the mean maximum
was frﬁm the northeast. The summer wind speeds, which averaged 11.5
knots, were highest from northeast to east-southeast and the mean
maximum was from the east. The change in mean wind speed from summer
to autumn was insignificant as autumn winds averaged only 11.6 knots.
The highest winds blew from west-northwest and norﬁhwest, north through

south-southeast, and from the northeast.

" In general,.climatological data show that Midway'sﬁclimgte
was influenced by marine troplical or marine Pacific air masses a
depending on seasonal changes (Amerson et al. 1974; Clapp and Wirtz
1975). 1In the summer, the Pacific high predominated, placing the area
around Hidﬁay under the influence of northeasterly trade winds (Mauck
1975). In the.winter, however, especially in November-January, the’
Aleutian low moved southward over the North Pacific and displaced_the

Pacific high; the result was that the Kure-Midway area was affected



G

[ NN B N B N [ SN G SOV (TN G SN G N g S

#able 5

u

20
by prevailing winds from the west and frontal weather. A definitive
study of Midway's climate may be found in Mauck (1975).

‘Winter storms in the Midway area were relatively common and
brought significant increéses in wind and rain especially in September-
December (Amerson et al. 1974; Mauck 1975). The prevailing wind was
easterly in February-November but wésterly in December-January (Figure
15). The wind speed averaged 10 knots annually and the range 5 knots.,
In July-October, maximum winds blew generally from the east whereés in
Novembér;June, they blew from the west. Peak wind speed reached 35-41
knots In May~August and 42-55 knots in September-April. Peak gusts
usually occurred in December and January, reaching 77 and 67 knots,
respectively.

At Kure, which lies in the path of the northeast trades from
the Pacific subtropical anticyclone most of the fear, westerly winds
predominate in winter as a result of the position of the island along -
the southern edge of the Aleutian low (Woodward 1972). Data cbllected
at Kure in 1961—68'Showed.that in November-February, winds were - _
variable but usually had a strong westerly component. In March-June
and September, winds were again variable but the major component during
these perlods were easterly. The trades usually ﬁredcminated in July-
August wheﬁ almost all the winds came from the east. Wind speed ranged
from 0 to 46 knots and the annual means varied between 4 and 7 knots.

The data also showed that the strongest winds usually ocecurred in

winter and early spring and the weakest winds in summer (Table 5).
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RAINFALL | '

Annual precipitation at French Frigate Shoals in June.1954—-
December 1962 (February 1960 not included) reached an average of
1,150 mm (45.29 in.) (Amerson 1971). TFigure 16 shows the mean number
of days with measurable precipitation (at least ;6 days) each month,
It reached 20 or more days in Jﬁly-August, October,.and January and

was least frequent In February-June and September. Thunderstorms

 usually occurred only in April and December. Figure 17 shows the

mean monthly precipitation in 1954-62 at.French Frigate Shoals,
Heaviest rain usually occurred in.DecemBef—March..

At Midway, data on mean number of days with measurable
precipitation (Figure 18) and mean annual precipitation (Figure 19)
show that May énd June are the driest months of the year (Amerson
et al. 1974). Rain oxr drizzle bécurred most frequgntly'in July-
February and least frequently in May-June. The annual precipitation
in 1953-63 averaged 1,082 mm (42.59 in.) with the monﬁhiy maximum of
129 mm (5.07 in.) cccurring in January apd.August, a secondary high .
of 125 ﬁm (4.92.in.) occurriﬁg in Cctober, and a.minimum of 52 mm
(2.03 in.) occurring in-Nbvember. Mauck (1975) noted that during
the summer, rainfall was usually associafed with scattered cumulus-
buildups of the trade wind region whereas during winter, the heaviesat
rainfall was assoclated with frontal passages.

No rainfall data were collected from Kure; therefore, the’

reader 1s referred to data from Midway atoll (Table 6).
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OCEANOGRAPHIC CLIMATE

In the Hawaiian Islands region, not only the meteorclogical
but alsorthe oceanpgraphic properties show little apparent seasonal
variation. Ranging between 22.8° and 25,6°C (73° and 78°F), sea-
surface temperatures show relatively small seasonal and year to year
changes ([U.S.] Bureau of Commercial Fisheries (BCF) 1963). Surface
salinity also varies little seasonally with averages ranging from =~ 7
34.8°[oo to 35.1°/,0, but in contrast to temperatures, the year to
year variations in surface salinity are rather large. The result is
that in some years, the change in salinity between seasons is not
clearly detectable whereas in others, it may be ﬁore than 0.5% .c-

i The water types and currents of the Pacific are illustrated
ig. 20 in Figure 20. A boundary near the Hawaiian regilon separates North
Pacific Central water from the Califormnia Currenf Extentlion water
(BCF 1963). The former has a salinity greater thén 35%°/00; the latteft

less than 34.8°/,,. The boundéry, therefore, is identified by a

relatively small and narfow salinity gradient.

oot o ety o) ot ot et ot ) sl et

Shifting with the season, thia boundary, from‘a position

just south of the Hawaiian Islands during late fall and early winter,

!

moves to one just north of the islands in late summer (BCF 1963).

i

Shifts of longer duration also oceur possibly because there is either

f

movement or dilations and contractions of the North Pacific Central

system,

!
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SURFACE TEMPERATURE
In oceanography, as in meteorology, temperature has long
been recognizedras an important climatic character. Seckel (1962)

observed that north of the Hawaiian chain, there is a parallél

© 1sothermal stfugture between November and April with latitudinal

temperature gra&ignt of about 0.6°_to_0.8°c (1.0° to 1.5°F) per

degree of latitude (Figures_Zla to 212). A change in this tempera-

ture structure first becdmes apparent in May followed by a breakdown

of the paraliel 1sothermal sttuctﬁre in June. An irregular tempefa~

ture regime persists in the ndrthern-section of the Hawaiianlghain

in July-September, but in October, the isotherms again become parallel.
| Minimum and maximum temperatures genef;ily-occur i; March

and September, reépec;ively (Seckel 1962). Although the minimum

sometimes occurs in Februéry and the maximum in August or October,

they show no significant differences from those.in March and September.

Figure 22, which shows the March and September mean profile in lbng.

153°-161°W and in long. 168°-176°W, demonsfrates that the annual

temperature range between lat. 10° and 15°N is about 1.4° (2.5°F)

both iIn the eastern and western sections. The range Increases to
about 5.8° and 6.4°C (10.5 and 11.5°F) at lat. 29°N in the eastern

and western sections, respectively.

The mean zonal temperature profiles for March and September
show that for these months, the temperature is about 1.7°C (3°F)
higher in the western than in the.eastern part of the region, éxcept

in September in lat, 15°-~20°N and in lat. 20°-25°N where the increases
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are 2.2° and 2.8°C (4° and 5°F), respectively (Figure 23) (Seckel
1962). Seckel also showed that the seasonal temperature range
between long. 153° and 161°W at lat. 12°, 17°, 20°, and 26°N
increased only slightly northward from 1.7°C (3°F) at lat. 12°N
to 2.8°C (5°F) at lat. 22°N, but the range almost doubled to 5.3°C

(9.5°F) at lat. 26°N (Figure 24).

THERMOCLINE DEPTH

Another important feature of the oceanographic climate in
the NWHI region is the vertical temperaﬁure distribution. The
permanent or main thermocline, in which the maximum temperature
change occurs and which lies between the surface layer of constant
temperature and the deeper layer 1in which the rate of change of
temperature vertically is rather small, is always present in the
Hawaiian region (Seckel 1962). Below the mixed layer the average
temperature gradient is about'15°, 6°, and 5°C per 100 m (59°,.43°,
and 41°F ber 330 fr) at lat, 10°; 20°, and 30°N, respectively. ~-
Superimposed on the permanent thermocline may be a seasonal thermo-
cline and, in addition, there may also be a diurnmal thermocline,
which is defined as a small rise in surface temperature of the order
of 1°C (1.8°F) extending to a depth of about 10 m (33 ft).

Concerning the depth of the mixed layer in the Hawaiian
region, Seckel (1962) observed that in January-February there is a
prominent trbugh in which the debth of the mixed layer is greater

than in the surrounding areas extending east to west between lat.
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15° and 2°N (Figures 25a to 25%). The depth is generally greater

‘than 76 m (250 ft) and west of 1oﬁg. 165°W it exceeds 122 m (400 ft).

But in March—Héy, the depth of the miﬁed layer decreases except
along the southern boundary east.of long. 162°W where it tends to
increase.

A mew distributional pattefn of the depth of the mixed _
layer is evident in June-August (Seckel 1962). A trough is established
at lat. 10°-13°N to the west of long. 156°W where the dépth reaches
about 91 m (300 ft), whereas to the east of long; 156°W, the trough

reaches 61-76 m (200-250 ft). Over much of the area north of lat.

" 20°N, the mixed layer increases only slightly from less than 30'm

(100 ft) deep in June to less than 46 m (150 ft) in July-August. In

September, there appears to be a northward movement of a trough whiﬁh
is centered at about lat. 15°N west of long. 160°W with depths 76-91
m {250-300 £t). By Oétober, the trough resumes its winter position.
The depth of the mixed layer north of lat. 20°N increases and the
beginnings of the typicai January-February structufe are again vig%ble.
The primary feature, then, of the distribution of the mixed
layer in the Hawaiian Islands region is the presence of a troqgh'and '
seasdﬁal differences in its location (Figufe 26).. In January, there '
is maximum development in the depth of the trough which may exceed.
122 m (400 ft) in an east-west direction between laf. 15° and 20°N.
The June distributioﬁ typifieé the_other extreme when the trough is
found.in its southermmost position and its depth is also at a

minimum in the northern region. Seckel noted that in the March-May
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transition period, the irregular depth distribution suggests dis-

integration of a pattern rather than a southward movement.

SURFACE SATLINITY

Equivalent in importance as a climatic indiéator iﬁ
cceanography 1s salinity. In the vicinity of the Hawaiian Archipelago,
the maximum salinity occurs in Noﬁember~February and the minimum in
July (Seckel 1962). For examble, Seckel fbund that the 35°/.. salinity
iéopleth started a northward movement iﬁ April and reached an extreme
position in July (Figure 27). The southward movement eventualiy_
positioned the 35°/,, isopleth at lat. 17°-19°N, the extreme winter
.location, iﬁ November-February. In April-August, fhe salinity increases
northward from 34.65°/,, at lat. 10°N to 34.75%°/,. at lat. 20°N but
only by an average of 0.01°/,, per degree of latitude. Figure 28 shows
that the salinity then rises at an average rate qf 0.13°/,, at 1lat.
23°N, The maximum of 35.35°/,, is reached at lat. 28°N, the increase
occurring at a rate of 0.04°/,, per degree of latitude. Of signifiéance
here 1s the high.salinity gradient which can be found within and.
slightly north of the Hawaiian chain, indicating the presence of a
transition zone or boundary between different types of water. In
winter, the galinity decreases from 34.3%°/,, at lat. 10°N to a minimum
of 34.2°/,, at lat. 12°N, then increases rapidly to 35.05°/,, at lat.

19°N at a rate averaging 0.12°/,, per degree of latitude (Figure 28).
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Seckel (1962) also noted that in April-August, the high
salinity gradiept between lat. 20° and 25°N 1is well defined in the
eastern region 6f the Hawaiian Islands (Figu;e 29a). Of particular
interest are two cells in which the salinity is higher than 35.4°/,,.
In November-February (Figure 29b), the salinity gradient_near tﬁe
southeastern region of the Hawaiian Isiands has moved northwestward
and the gradient formerly in thgﬂarea ﬁas shifted 96uthward-

Seckel (1962) concluded that to the north and south of the
Hawaiian Islands, low and high salinities occur abéut the same time
as low and high temperatures. In the vicinity of the Hawaiian Islands,
however, low and high salinities occur aBout 3 months after the time
that the mixed 1ayer_reaches'its minimum and maximum depths,
respectively. Finally, Midway Island is located near the salinity

maximum; the sharp decline of about 0.35°/6s in July in this region may -

. be due to either a southward or a northward displacement of the high

salinity cell. Seckel further postulated that in spring, the high

salinity boundary moves northward east of long. 165°W and northwestward

west of long. 165°W reaching Midway in July.

SURFACE CURRENTS

The NWHI lie in an area of the Pacific where no major current
system passes through them. Sverdrup, Johnson, and Fleming (1946)
reported that part of the water in the North Pacific Current, which

has a general eastward flow,.appears to turn southward before reaching
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long. 150°W and only a small portion continues to flow southward
betwéen the Hawallan Islands and thg west coast of North America.
The main ﬁart of the North Pacific éurrent, therefore, turns back
toward the west near the Hawailian Islands.

A major feature of this North Pacific gyre is the
Subtropical Convergence which marks the region of weak horizontal
flow and where water tends to pile up and thicken the surface layer
as a rgsult of water accumulation. Sverdrup eﬁ al. (1946) observed
that the position of the convergence changes from north to south with
the season and may even shift from year to year so that under cerfain
conditions the Hawiian Islands may lie inside or outside the gyre.

Generally, the main surface currents in the NWHI region
flow westward or northwestward in summer (Figures 30a and 30b) (June.
1951). Between Lisianski and Pearl and Hermes Réef, however, the flow
appears to be northward at this time. In winter, the current flow
tends to be southeastward from Midway to Gardner Pinnacles. There is
a tendency for ﬁhe current to flow southward most of the year iﬁ.thg
vicinity between Midway and Rure atollg. Shown in Figures 3la to 31%
are charts of monthly surface currents and temperatures around the

Hawaiian Archipelago (see Appendix 1 for explanation).

BOTTOM TOPOGRAPHY

From an oceanographer's point of view, the chief interest in

the topography of the sea floor 1s that it forms the lower and lateral
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boundaries of water. The fishery biologist's chief interest in
bottom topography, however, is that it shows the locations of fishable
grounds. Figufes 32a to 328 are graphic rgpresentations of the bottom :'
topﬁgraphy in the area around the Hawaiian chain (endlosed in heaﬁy
lines in Figure 33). They show the trenches, troughs, fraéture zones,

ridges, banks, and seamounts. The banks and seamounts are of

- partlcular interest because the Japanese and Russians have eatablished

a trawl fishery for pelagic armorhead,i'Pentaceros richardsoni, and

alfonsin;; Beryx splendens, which adopt a lifestyle associated with

tops of seamounts.

Within the NWHIIregion; there exists a series of shallow- _
water banks, which vary from sbout 1.5 km (1 mi.) to over 80 km (50
mi,) in 1ength.and which lie amongét various islands in this group
(June 1951). Whereas the water depth over theséhbanks are between
le6 énd 73 m (9 and 40 fathomé) the troughs between the banks and

islands may be as deep as 1,830 m (1,000 fathoms). June obserﬁed

that along the morthern and southern boundaries of the NWHI chain,. |

the 3,660-m (2,000-fathom) contour is usually within 37 km (20 mi.)

of the shozls.

PLANKTON

In the Pacific Ocean, zooplankton volume is distributed in
a similar fashion as PO,~P (Reid 1962). The volumes are usually high

in the eastern boundary currents, low in central water, and relatively
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high along the equator and in two zones north and south of the
equator associated with the equatorilal divergence (Figure 34).

1Frcm studies conducted by King and Demond (1953) in the
central Pacific, it was shown that the greatest abundance, both by
ﬁumber and volume, of zooplankton occurred near the equator. Figure
35 shows the variation in temperature, salinity, oxygen, inorganic
phosphate, thermocline depth, and zooplankton volume along long.
158° and 172°W in June-August 1950. In examining differences among
the mean zooplankton volﬁme among latitudes, King and Demond
demonstrated that there were significant differences (P < 0.02) among
the means for latitudes. For example, along long. 172°W, not only
zooplankton volume but also the estimated numbers per cubic meter of
water strafned tended to be low in the higher latitudes around the

NWHI and high near the equatorial region.

MARINE RESCURCES

Very litle is known about the marine resources of the NWHI,
Most of what is known about them comes from observations made during
research cruises by several agenciles and from data collected by
foreign fishing vessels. The sections that follow present some of
the published and until now unpublished results obtained by research
and commercilal vessels that were engaged in assaying the fish stocks

in waters of the NWHI.
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BIRD FLOCK AND FISH SCHOOL SIGHTINGS

The chief interest in sightings of bird flocks and fish
schools is in obtaining some indication of the denaity of fish

schools in a given'area. For example because pole—and—line and

", purse seine fisheries for tuna are wholly dependent on the presence.

of surface schools, it is highly desirable to have some index of

relative abundance of tuna schools on the fishing grounds,

Although ehere is no esteblished comﬁercial fisﬁery for
surface scheoling tunas in the NWHI region at the present time, there
are sufficient reliable reports of.tuna schools sightings--based on
several exploratory fishing cruises-—and reports of Japaﬁese fishing
vessels operating within the'waters of the NWHI to,indicate the

presence of commercial concentrations of yellowfin tuna, Thunnus

albacares, skipjack tuna, Katsuwonus pelamis, and kawakawa, - Euthynnus

affinis,

Most of the bird flock and fish school sightings in the NWHI

region occurred near land. Murphy and Tkehara (1955), who summarized

- slghtings of bird flocks and fish schools in the NWHI noted that the

sightings were predominantly within 110 km (60 mi.) of the islands
and very few schools in the semioceanic area (110 and 330 ke or 60 and
180 mi. from land) (Tables 7a end 7b). Waldron (1964) observed that.
the rate of sightings in the NWHI area was highest in March-May and

in June-August, periods which overlap the May-September skipjaek tuna

fishing season in Hawaiian waters. The rate of sightings in waters of
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the NWHI was similar to that for Hawaiian waters and was at times
considerably higher.

Charts summarizing sightings of bird flocks, skipjack tuna

schools, and total fish schools by time-area units bounded by lat,
i]ig. 36 30°S and 30°N, and long. 110°W and 120°E are shown in Figure 36a

Footnote 3 through 368%.°%

COMMERCIAL FISHING OPERATIONS

As early as June 1946, commercial fishing vessels operating
out of Honolulu began fishing in waters of the NWHI (Ameréon 1971).
Establishing a fishing base at French Frigate Shoals, Hawaiian

commercial fishermen enjoyed good fishing and the cétches, air shipped

W [ TR [N W S T Y TN |

to Honolulu by chartered plane, were large enough to make the operation
profitable.
By early November 1946, two companies—-the Hawaiian American

Fisheries, headed by Louis K. Agard, Jr., and the Seaside Fishing

| O O |

Company, run by Frank Opperman and Warren Halnes--established fishing

bases on Tern Island at French Frigate Shoals and used a chartered

DC-3 from Trans—-Alr Hawali to transport the catch to markets in

"I |

Heonolulu (Amersom 1971). Most of the catches consisted of fish taken

— by traps; however, a large proportion of the landings consisfed'of

green sea turtle, which was also a profitable commodity.

- 3Naughton, J. J. Bird flock and surface tuna school sightings in’
the central Pacific Ocean, 1950-72., Manuscript in preparation. Western
Pacific Programs O0ffice, Southwest Region, National Marine Fisheries

- Service, NOAA, Honolulu, HI 96812.
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The joint venturers inﬁolved in this newly developéd fishery,
however, eventually encountered difficulties in keeping the operation
viable (Amerson 1971). In an attempt to reduce costs and Increase
pfofits, Hawaiian American Fisheries acquired new partners and formed
a new corperation~-Aero Fisheries--with a plane of its own. One
flight was completed in July 1949. Mechanical problems with the plane
and lack of financing to continue the ﬁlane operation forced Aero i
Fisheries to abandon its NWHI fishing operatiom.

Seﬁeral other attempts to reviﬁe the fishing in the NWHL
during the 1950's met with vérying success, Iﬁ 1959, Agard formed

another joint venture and even purchased a refrigerated vessel and a

plane to transship the catches. This venture was also short-lived.

HANDLINE FISHING

Some_commerciél fishing operstors still believe that an
efficiently run operation in the NWHI could be profitable, but
others méintain é_cautious.attitude about the posasibility. of develop-
ing the fishing potential in these waters. Commercial deep-sea
fishing vesasels, using handliné, lobster traps, and trolling gear,
make periodic trips to waters around Nihoa and Necker Islands and
enjdy relatively good fishing. 'Maintaining the catch iﬁ marketable
condition, .once a serious obsfacle to further expansion of the fishery
appears to be somewhat less of a problem today as modern methods of

fish'handling have reduced spollage. The catches made by these vessgels

R
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~locations in waters of the NWHI, yielded catches dominated by
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around Nihoa and Necker, by type of gear used in 1966-75 and the
value of the catch, are given in Table 8. -

Among the species that contribute a large proportiomn to the
catches of the commercial vessels fishing NWHI waters are sea bass,
jack crevally, amberjack, and pink, gray, and red snappers. Figure
37, which shows the annual handline catches and value of the species
from Necker Island, indicates landings were 22,000 kg or less in
1966—69f .In 1970, however, the total landing-increased significantly,
nearly doubling from about 18,000 to 34,000 kg. Catches since then
have fluctuated widely and show a slight downward trend from 33,000 kg
in 1971 to 27,000 kg in 1975. The values,which rose precipitously in
1970, have also fluctuated widely between $40,000 and $65,000.

Exploratory handline fishing was also attempted during a

.
research cruise of the Townsend Cromwell (cruise report, Townsend

Cromwell crulse 67, October 20, November 26, 1375). Fourteen handliné

stations in depths of 26-100 m (14-53 fathoms), occupied at various

o~

Carangoldes ajax, Caranx cheilio, Pristipomoides microlepis, Seriola

dumerilii, and Epinephelus quernus. The largest handline catches were
made near Gardner Pinnacles where 11 (. ajax totaling 181 kg (400 lb)
were taken and at Laysan Island where 33 C. ajax weighing a total of

293 kg (645 1b) were captured during 3 h of fishing with five handlines.
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POLE-AND-LINE FISHING

At present, there is no eéﬁablished fishery for the surface
schools of tuna cccurring in waters 6f the NWHI. The frequency of
bird flock and fish school sightiﬁgs made during several exploratory
éruises to the area, howevef, glves an indication of the rel&tive
abundance of surface fiéh schools. Furthermore, thé fact that
Japanese pole-and-line fishing vessels have been observed actively
fishing in NWHI waters attests to the potential of the area as a funa
fishing groﬁnd. For example,'on July 11, 1976, four Japanesé pole-
and-line fishing vessels were sightedlﬁithin 22 ke (12 mi.) of Laysan
Island; two were actively fishing with pole and line for skipjack tuna
(William Streetef, Western Pacific Programs Office, Sduthwest Region,
Nationgl Marine Fisheries Service, NOAA, Honolulu, HI 96812, pers.

éommﬁn:). At the time of sighting, one vessel had alrea&y taken 907
| kg (2,000 1b) of skipjack tuﬁa. Subsequent sightings included not

only pole-and~line fishing vessels but also longline vessels as well

as Soviet trawlers,. : _ T

The paucitj of daéa on pole-and-liné éétéh;; by résea;éh
vessels of NMFS (including its predecessor agencies, Pacific Oceanie
Fishery Inveatigations and Bureau of Commeréial Fisheries) during
crulses in waters in the vicinity of the NWHI makés it difficule to‘
evaluate the effectiveness of this type of fishing. Data for 26
schools, however, have been examiﬁed; the catch rates for these
schools which included both skipjack and yellowfin tunas, averaged

1.33 fish per hook-minute. Not all the data collected give an
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indication of biting rate. Several schools were fished primarily to
obtain fish for tagging experiments. Therefore, the catch rates are
not indicative of actual biting rates.
Past reports on the availability of live bait in the NWHI
. pointed to the existence of some productive saiting grounds (Eckles
1949; Smith and Schaefer 1949; June 1951). For example, Smith and

Schaefer reported catching 437 scoops (4.5 kg per scoop) of silverside,

Pranesus pinguis, locally called lao at French Frigate Shoals. The
éilverside ié a hardy baitfish and suiltable for long-distance transport
in the baitwells of tuna fishing boats; ﬂowever, although this species
is the best baitfish found in the NWHI, June and Reintjes (1953)
observed that its abundance fluctuates markedly. On one particular

cruise of the RV Charles H. Gilbert, which operated in waters of the

NWHI during a skipjack tuna tagging experiment, only 27 buckets (5.4

kg per buéket) of l1ao were takeu in 2 days of baiting (Narrative

Report, Charles H. Gilbert, cruise 114, April 19-May 29, 1969).

TROLLING

Trolling offers an alternative to the ways pelééic surféce
schooling fish such as tunas and tunalike,fishes can be captured in
waters of the NWHI. Not requiring live bait, trolliing is used
extensively in the fishery off the U.S5. west coast for albacore,

‘Thunnus alalunga. For capturing other species of tunas, however, it

has never attained a position of major importance.



37

In the normal coursé of steaming through waters of the NWHI
during exploratory crulses, research veésels of the NMFS used trolling
gear as an incidental procedure, The troll catches made over the vyears

Table 9 from 1954 to 1964 are summarized in Table 9. Troll catches made by

commerclal vessels operating in the NWHI are shown in Table 8f

The data available are meager and do not provide a definitive
péttern of the aﬁailébility and relative abundance of the various
species taken in the NWHI. 1In terms of témporal distribution of the
catches, hcweﬁer, it appears from the data that skipjack tuna, yellowfin

tuna, kawakawa, and, in particular, mahimahi, Coryphaena hippurus, tend

.to.be more avallable and vulnerable to the gear in April-August than

in other months of the year.

LORGLIRE FISHING

The Japanese high-seas longline fishery.for deep~swimming
tunas began in 1950 as part of a-poétwar recovery plan. Sub;equent
expansion‘of the longline fishing grounds was phenomenal and by 1954,
Japanese longliners were dperating in.a large part of the Pacific as
fishing operations extended from the Japanese coast eastward as far

Fig. 38 - as lbng. 135°W (Figure 38)."% The continﬁed\seafch for new fishing

grﬁund eventually extended to long. 105°W. By 1962, Japanese longiinefs _
were operating throughou;'the_tropical and subtropical waters of the

Fig. 39 Pacific Ocean (Figure 39).

RN L
Shomura, R. S.,<and R. N. Uchida. Pelagic fishes and fisheries
of the Indian Ocean. Paper presented at the Biological Seminar of the
Cooperative Investigations in the North and Central Western Indilian
Ocean, Nairobi, Kenya, 25 March-1 April 1976. :
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To get an estimate of the amount of fishing effort being
exerted by Japanese longliners near the Hawaiian Islands, data from
- "Annual réport of effort and cateh statistics Ey area on Japanese
tuna 1ong11ne.fishery" were extracted and summarized for the areé
bounded by lat. 20°-30°N and long. 160°W-180°. The percentage of the

North Pacific longline fishing effort expended within the NWHI regién
-jable 10 by Japanese longliners in 1963-73 is given in Table 10, together with
- catches and percentages for tunas and billfishes.

In 1964-73, only about 2% of the entire Japanese longline
fishing effort in the North Pacific were expended within the NWHI
_fig. 40 region (Figure 40). The data show that nearly 3% of the North Pacific
effort were expended in this area in 1964, but the.proportion declined
- to 0.6% in 1966. Since then, however, the proportion incfeased
- ir;egdlarly and peaked at 3.3% in 1970. 1In 1971-73, it fluctuated
arcund 2.5Z. |

Albacore, which was the first specles of tuna to be .
intensively exploited by fhe Japanese longliné'fiahery in the North
- Pacific, is by fér, the most Important tuna species taken wifhip the
—big. 41 NWHI region by Japanese longliners. Figure 41 shows .the
percentage of the North Pacific catches of tunas and billfishes, by

" species, taken within the NWHI regidn by the Japanese. Albacore and

bigeye tuna, .Thunrus obesus, from near Hawaii accounted for about
_; 2% of the entire North Pacific catch of these species. The proportion,
j

however, has increased in recent years, fluctuating between 2% and 4%.

Whereas albacore 1s not an important component of the Hawaiian longline

1
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catch, bigeye tuna is one of the major species of the Hawaiian
longliners. Hida {1966) has shown thaﬁ the Japanese longline fishery
. has been a causative agent in.reducing the catch of bigeye tuna by
the Hawaiian longline fleet.
| Among billfishés, atriped marlin is the most imporfanﬁ
species of the Japanese longliners within the NWHI region; however,
it does not appear that the'proportion taken near the NWHI has
increased relative fo the North Pacific catch of_;his'species by

Japanese longliners,

TRAWLING

0f all the methods that are used to expioit the figh resources
of the NWHI, trawling is potentially one of the most important,
ﬁafticularly over-the numerous banks and seamounts or guyoﬁé (banks
are usually sizable and appear sﬁmehow to have becone detached_from
the flanks of continents #nd now stand like great underwater mesas;
seamounts or'guyo£s are submerged volcanoes that are several hundred
meters below the water level and which have flat toﬁs, probably as a

result of the erosive action of the surf),

The discovery of pelagic armorhead . and alfonsin ‘ on seamounts

northwest of Midway was made by a coﬁmercial trawler of the Soviet
Union in November 1967 (Sakiura 1972). Almost immediately after the
discovery, Soviet trawlers worked the banks and seamounts of the

Emperor Seamount rangé. Subsequent surveys by Soviet research vessels

r——
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were made closer to the Hawaiian Islands, Including Kinmei Bank and
Milwaukee Bank both outside the U.S. zone of extended jurisdiction,
and Hancock Seamount inside the zone.

Fishing over seamount tops that were from 100 to 400 m below
the sea surface, the Soviet trawlers found schools of armorhead
averaging 30 m in thickness and produced catches varying from 3 to
50 metric tons (MT) on 10- to 20-min hauls. Often, the catches were
as much as 30 MT in a 10-min haul. Sakiura (1972) reported that the
Soviet ;rawlers produced 133,400 MT' of armorheads from these seamounts
between December 1969 and July 1970.

In 1969, the Japanese started deepwater trawling over
seamounts and banks in the central North Pacific, north of Midway

atoll. Working the grounds for pelagic armorhead, alfonsin, and a

species of rockfish, Sebastes matsubari, the Japanese trawlers made
fairly good catches. On one particular trip made from mid-Jume to
early August 1975, one trawler reported catching 280 MT of fish vélued
at US$220,000 over the seamounts (U.S. NMFS 1975). Although armorhead
first encountered consumer resistance when first marketed in Japan
about 6 years ago, the species gradually gained consumer acceptance.
By early 1975, an upsurge in demand 5roughp about a renewed iptensity
In fishing for this species.-

Thére appears to be some Indication that the seamount resource
of armorhead has started to decline. Three Japanese trawlers, fishing
for this species off Midway atoll reported an average catch of 30 MT

per day, considerably less than the break-even level of 40 MT per day
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(U.S. NMFS 1976). These Japanese trawlers reported that'armorhead e
landings in this areas have declined sharply since early April when a ..
Soviet trawling fleet worked the same grounds for armérhead. T
More recent data on trawiing operations in waters of tﬁe
NWHI are also available from research cruises (Cruise Report, Townsend :j-
' 'Cromwell, cruise 67, October 20-November 26, 1975). The Cromwell, o

which operates out of Honolulu, Héwaii, has conducted demersal resource m,

~ Burveys in the vicinity of Mi&dle Bank, Nihoa, Necker, St. Rogatien —
Bank, Gardner Pinnacles, Pearl and Hermes Reef, Kure, Lisianski, and !
Laysan Islands. Using a high opening "Norwegian" fish trawl, which :—-
has a 19.2-m (63-ft) headrope, 25.3-m (83-ft) footrope, 10.2-cm (4-in.) __
diametef roller line, 10.2-cm (4-in.) mesh body and cod end, 3.8-cm -
(1.5-1in.) mesh cod end cover, and 340.2-kg (750-1b) steel, V-doors, the —

Cromwell made several "blind" tows, which varied from 10 to 60 min and

e
which caught a large variety of fish, _
[
At Middle Bank, which has a depth of 62 m (34 fathoms), e

catches were dominated by three species of Acanthuridae—-Naso brevirostrms,

N. hexacanthus, and N. lopezi, a small serranid, Caeaioperca thompsoni, -

and the introduced lutjanid, Lutjanus kasmira. Cateh rates ranged up

to 110 kg/h (243 1b/h) for Naso spp., 129 kg}h (285 1b/h) for C. thomps i
in the small mesh cod end cover, and 41 kg/h (90 1b/h) for L. kasmira.

The zooplanktivorous and herbivorous fishes constituted from 40% to 91% E

of the trawl catches at this locale. From the four daylight hauls at

Middle Bank, total catches varied from 33 to 230 kg (48 to 507 1b),

which when extrapolated indicate catch rates of 44-414 kg/h (96-913 lb/hﬂ _

r‘
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and an average catch rate of 242 kg/h (534 1b/h). Assuming that the
trawl sampling width was 11.5 m (about 38 ft), the Cromwell's
scientists calculated that the standing biomass at Middle Bank is
855-8,137 kg/km® and the mean, 4,680 kg/km?. These values compare
favorably with estimated densitles of demersal stocks in the region of
the South China Sea, which is considered one of the most productive
fishéries region of the world with densities ranging from 1,250
to 5,000 kg/km?. |

Five trawl stations occupied by the Crﬁmwall north of Wihoa
Island also yielded good catches. Tﬁe catches, which varied from 83
to 158 kg/h (184 to0.349 1b/h) and averaged 117 kg/h (258 1b/h), indicated
a standing biomass of 1,011-2,074 kg/km?. Catches at Nihoa Bank, which
is relatively shallow at 48-55 m (26-30 fathoms), were dominated by
N. brevirostris,.g. hexacanthus, and Acanthurus olivaceus. Zooplank-
tivorous and herbivorous species constituted from 38% to 84% of the
catch.

At a depth of 29-48 m (16-26 fathoms) near Necker Islaqﬁ; twa
daylight hauls by the Cromwell yielded relatively pgor catches. A
single night tow, however, produced a catch equivalent to a raﬁe of
512 kg/h (1,129 1b/h) and to a standing bilomass of about 8,028 kg/km?.
Although a variety of specles was caught at this location, N. hexacanthus
was again the dominant species. Trawl catches from deeper areas around

Necker Island were very poor as were those made on $t. Rogatien Bank.
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Sclentists aboard the Cromwell also surveyed waters of the

NWHI with a 12.5-m (41-ft) headrope, semiballoon shrimp trawl at depths

of 29-37 m (16-20 fathoms) and in deeper waters ranging from 400 to

785 m (218 to 430 fathoms). Catches were small; the deeper hauls

produced the caridean shrimps, Heterocarpus ensifer and K. laevigatus,

at the rate of 0.7-0.9 kg/h (1.5-2.0 1b/h).

- TRAP FISHING

Both fish and shrimp traps have been fished experimentally

in waters of the NWHI. On cruilse 67 of the Townsénd Cromwell,

exploratory fishing was conducted with two sizes of fish traps and
shrimp traps. The fish traps were of.two general types--large traps
which measured 1.5-m (5-ft) square, l.2-m (4—ft) high, and with two
bottom and one upper opening, and small traps which measured 0.6 x 0.
0.6 x 0.6 x 1.2 m:(2 x 2 3 ?fﬁt) and had elther one or two entrances.
The traps, baited with 0.4-2.3 kg (1-5 1b) of chopped fish in 13?mm
(0.5 in.) wire mesh containers secured to the bottom of the traﬁs;
were fished overnight for 13-16 h at depths ranging from 29 ta 119 m
(16-65 fathoms).

The trap catches were quite variable and generally small.

Snappers, locally called "opakapaka," Pristipomoides microlepis, were

caught in fair numbers on four occasions in the large traps that were
fished at the shelf edge north of Necker Island in 44-57 m (24-31

fathoms) of water. Catches ranged from 4.5 to 7.7 kg (10 to 17 1b)

re

—1 1 "~ "

1

o
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per set and averaged.Blé kg (11.9 1b). Near Kure atoll, one trap,
fished at 48 m (26 fathoms) produced 18.4 kg (40.5 1b) of carangids,

Caranx cheilio. Two traps out of 12 that were fished at Lisianski

Island produced 16 and 48 kg (35 and 105 1b) of another specles of

carangid, Carangoides ajax.

Catches of lobsters were also variable. At a locale north
of Necker Island, 1? traps fished at 29-57 m (16-31 fathoms) produced

160 lobsters, Panulirus mafgigatus, which averaged 0.6 kg (1.4 1b).

Traps.fished near the edge of the bank in 44-57 m (24-31 fathoms) of
- water produced the best catches. At a station north-northwest of
Nihoa Island, the traps, fished in 44-48 m (24-26 fatﬁoms) of water
produced fair numbers of lobsters. Here, the 11 traps yielded 41
lobsters which averaged 0.9 kg (2.0 1b). Catches were relatively
poor at stations occupled near Pearl and Hermes Reef, Kure Island,
Lisianski Island, Laysan.Island, and Gardner Pinn;cles. The

commercially valuable kona ¢rab, Ranina serrata, occurred in traps

set in 46—551m(25—30 fathoms) of water off Pearl and Hermes Reef -and
Kure Island. Three traps at Kure produced 4.5-27.2 kg (10-60 1b) per
trap or an average of 13.9 kg (30.7 1b) per trap.

5ix shrimp traps set overnight in depths of 475 and 549 m
(260 and 300 fathoms) on two occasions off Necker Island, produced

16.6 kg (36.5 1b) of ‘Heterocarpus laevigatus (18-20 shrimps per

kilogram or 8-9 shrimps per pound, head on). Four traps fished off

Nihoa Island yielded 11.0 kg (24.2 1b) of H. laevigatus and 2.0 kg

(4.3 1b) of H. emsifer.
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SURVEY OF NEARSHORE FiSHERY RESOURCES

During cruise 76~04~71 of theé Townsend Cromwell (Narrative

Report, Townsend Cromwell, cruise 76-04-71, May 3~June 9, 1976) the

nearshore and shoreline fishery resources were surveyed by personnel
of the Hawaii Division of Fish and Game at Nihoa.Island, Freﬁch
Frigate Shoals, Laysan Island, and Necker Island. Data on species
compositibn, distribution, and densities of fishes at each éf these
localés, collected through shoraline, surface, and underwater
observatioﬁs, are given in Tables 11 and 12;

The preliminary results indicated that the carangids,
locally called "ulua," and sharks, Carcharhinidae, were large and
relatively abundant in certain areas. Other fam{lies éuch as
Holocentridae, Apogonidae, Pomacentridae, Chaetodontidae, Aéanthuridae,
and Muraenidae, commonly associated with simila: habitats in waters
surrounding the major Hawaiian Islands, appeared to be noticeably

absent in the communities observed. The low diversity of fish species

present within the nearshore area surveyed may be the result of the

presence and abundance of large predators. Estimated fish density,

' given in Table 13, was highest at Whale-Skate Island at French Frigate

Shoals. Here, Mulloidichthys samoensis, Carangoides ajax, and Scarus

perspicillatus, occurred in greatest densities.
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SIZE OF FISH AND LOBSTERS

No definitive study ﬁas been made on the size composition
of the v;rious species of fish caught in waters of the NWHI. The
ségment of the population that thé deep-sea handline fleet samples
is not documented. The reader is, therefore, referred to Gosline
and Brock (1960) for information on size of the various handline—
caught species. For nearshore fishes, surveys by the Hawaii Division
of Fish and Game indicate that specles observed were predoﬁinantly
in the maximum or near-maximum size classes at Nihoa, French Frigate

Shoals, Laysan, and Necker. Furthermore, they noted that the relative

"absence of juveniles was particularly striking (Narrative Report,

Townsend Cromwell, cruise 76-~04-71, May 3-June 9, 1976).

Concerning the species taken in the Japanese trawl fishery,
data from the 1972 North Pacific seamount surveys of the RV Kaiyo
Maru were use& (Tapan Fisheries Agency 1974b). Table 14 shows that
at Hancock Seamount, the alfonsin taken on one of the tows varied
from 23.2 to 33.6 cm and averaged 27.1 cm. The average weight wgé.
428 g, Armorhéad taken in several tows at the same seamount varied
widely in size from 21.0 to 38.3 cm; the Qverage size calculated for
each tow ranged between 26.8 and 27.7 cm in length and between 29]
and 356 g in weight.

Size distribution of skipjack tuna and kawakawa taken by
pole~and-line fishing ﬂuring NMFS cruises in NWHI waters are shown

in Figure 42, Sizes varied widely from 29 to 82 em in skipjack tuna



Fig. 43

47

and from 38 to 64 cm in kawakana; The data for skipjack tuna were
collected in February, April-July, and September—chember and
therefore, represent a fairly good sampling of the size of skipjack
tuna that occur in that area. Large, "season" skipjack tuna were
encountered in April, May, July, and September which coincides with
the time of occurrence of the large fish in waters around the major
Hawaiian Islands.

Other species of‘tuna.also nere taken, but the samples
were too small to be of any value. Briefly, the yellowfin tuna
caught by pole and line varied from 44 to 82 cm and frigate mackerel,

Auxis thazard, varied from 29 to 41 em. Among troll—canght fish, the

size range were as follows: skipgack tuna--16 to 80 cm; kawakawa-
32 to 77 cm; yellowfin tuna--48 to 87 cm; and albacore--52-98 cn.,

Among lobsters taken in traps neay Nihoe, Necker, Gardner
Laysan, and Kure; the females were considerably snalier than the males,
Figure 43 shows the percentage weight-frequency distribution of male |
and female 1obsters taken at these locales and for 71 females sampled
the weights varied between 202 and 1,151 g and averaged 256 g Among
128 male lobsters, however, the range In weights was 1arger varying

from 205 to 1,374 g and averaging 692 g,

OBSERVATIONS ON TURTLES, SEAL, AND DOLPHINS

At the intensity with which harvesting was being carried

on a few years ago, the green sea turtle, Chelonia mydas, faced the



48
possibility of complete extirpation. Presently, however, there is
confidence among scientists that the species is in no such danger.
Instead, there is even the prospect that thg greeﬁ sea turtle will
become # resource of major impoxrtance, In this respect, the NWHI;
a wildlife sanctuary, provide undisturbed breeding grounds not only

for turtles but also the Hawalian monk seél;'Monachus schauinslandi;

In the sectionsg that follow, some observations made on turtles,

seal, and dolphins in the various islands and atolls of the NWHI

are discussed.

FRENCH FRIGATE SHOALS

Only the green sea turtle is known from French Frigate
Shoals (Amerson 1971). The species is a common resident breeder
with nests on the six major sand islands. The object of a commercial -
fishery in 1946-48, the green sea turtles were abundant at French

Frigate Shoals and two Honolulu-based fishiﬁg companies established

-~

a base at Tern Island. The abundance gradually decliped, more'as.a'_
result of human disturbance than actual killing and harvesting éés
eventually abandoned. The USFWS reported that commerclal fishermen
.again caught turtles from the atoll in the spring of 1957 (Narrative
Report, Hugh M., Smith, cruise 39, April 19-May 30, 1957).

Among the Hawalian Islands, French Frigate Shoals support
the largest:population of green sea.turtles-(Amersoh 19715. They
occur the year round although the adult population is lowest in the

fall, winter, and early spring. The population density increased in
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late spring and summer coinciding with breeding. Copuletion occurs
in early Meﬁ, nesting commences later the same month, and egg laying
has been reported to oceur in August-September. - Hatchlings probabiy

appear in late July and are common in Auguet and eafly £all,

GARDNER PINNACLES

The green sea turtle has been reported from waters'eroued

- Gardner Pinnacles (Clapp 1972). The species does not breed there

because the island does not afford a suitable reproductive habitat.
The Hawaiian monk seal first feeerded f;om Gare;er-

Pinnacles in 1826, appearsquite regularly in waters and along the '

shore of this island (Clapp 1972). There iz, however, no evidence

that breeding occurs there.

LAYSAN ISLAND

 Laysan's mammalian fauna is limited to one species, tﬁeﬂ
Hawaiian monk seal, which uses the _sandy beaches for hauling |
_grounds. Considered numerous at one time, the Hawaiian monk seel
-was.hueted almost to ex;inction during the last half of the 19th
century (Ely and Clapp 1973). Legislation to protect the

population has increased their numbers until the species has once

again become a regular part of the Laysan fauna.
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The green~sea turtle, using Laysan as a hauling ground,
ocﬁur in relatively small numbers and probably only a few breed
there (Ely and Clapp 1973). Although abundant at one time during
the 19th century, they were heavily harvested; the result is that.

there has been little increase in the population since theu.

LISIANSKI ISLAND

The Hawaiian monk seal and the green sea turtle have geen
recorded froﬁ iisianski, but their abundance has been reduced
considerably in the late:1800's and earlﬁ 1900's as a result of
predation by sealers {Clapp and Wirtz 1975). The Hawaiian monk seal
is a common breeder at this island and ocecur throughout the year.
Kenyon (1972) has suggested that the decline of populations of monk
seals on Midway and Kure Islands was probably due to excessive . :
disturbance by man. Recent population studies suggested that there
bas not.been any decrease in the productivity of the Lisiansk;
populatidn. Clapp and Wirtz observed that sbout 30-40 pupé afe
produced annually, Peak pupping season appears te be from sbout
March through May-June,

The green sea turtles were once & conspicuous and numerocus
component in the Lisianski fauna but recent observations indicate a
large decrease in numbers since about 1923 (Clapp and Wirtz 1975).

This decrease has been attributed to poaching by fishermen in the

decade after the Tanager expedition. Clapp and Wirtz also reported
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that the number of green sea turtles currently at Lisianski is
undoubtedly higher than the maximal count but it is doubtful that

'

the breeding population, if ohe exists, conalsts of more than a
few indi%iduals. There has been no recent reports of neéts or
sightings of hatchlings. The presence of rathér small turtles at .
Liéianski also suggests that many are visitors, probably from French

Frigate Shoals, the primary breeding ground and from Pearl and

Hermes Reef,.

PEARL AND HERMES REEF

From Pearl and Hermes Reef, three marine mammalian species
have been reported--the Hawaiian monk seal, the Hawaiian spinner

dolphin, Stenella roseiventris, and the bottle-nosed dolphin Tursiops

truncatus (Amerson et al. 1974). The Hawaiian monk seal, found on
most of the NWHI is a resident breeding species present at Pearl and
Hermes Reef the year round. A visitor to the NWHI, the bot;le-nosed
dolphin éppear to be regularly associated with shallow waters from-
French Frigate Shoals to Kure Island. _Oﬁe of‘ghé'éarly sightings of
this specles was made on March 1956 when personnel aboard the RV John
R. Manning recorded three large bottle~nosed dolphin on the western
side of Pearl and Hermes Reef. The Hawaiian spinney &olphin, on thg
other hand,.although common in Hawaiian waters, appear to be only an
occasional visitor to Pearl and Hermes Reef..-Eiggt of them were

sighted offshore from Southeast Island on March 1963,
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Only one reptile, the black turtle, Chelonia agassizi,

has been recorded from Pearl and Hermes Reef {Amerson et al. 1874).
There is no substantiated record of sightings of the Pacific

hawksbill turtle, Eretmochelys imbricata, from Pearl and Hermes Reef.

The black turtle, although uncommon, is a resident breeder at Pearl
and Hermes Reef and a few are probably present the year round. The

species have been reported to frequent Little North, North, and

Southeast Islands.

KURE ISLAND

Two species of turtles--the hawksbill and green sea turtleg——
have been recorded from Kure Island, although the validity bf the
sightings of hawksbill turtle is uncertain (Woodward 1972). Most of

the sightings, although infrequent, occurred in the lagoon or outside

the reef.
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S Ta.bla 6.--Semi-nan'bhly ra.:.nfall (:m) at Midway A:hall 1963-68

C} .January February March | Agril ‘May . ?Iune
1963 3.2 3.3 1.5 1.7 3.9 9.3 2.8 0.5 1.k 0.1 6.1 T
1964 1.2 3.5 1.8 0.5 6.8 2.4 1.9 0.2 3.0 0.1 1.3 0.9
1965"";.3 | 1.2 2.0 1.'5_ 2.0 L1 o0 2.1 0.2 0.1 1.8 3.7
1966 0.8 1.6 . 0.5 0.k 1.1 0.6" ,'b.sjo.l" 1.3 1.2 0.1 | o..?"'
1967 0.7 2.2 3150 1.7 0.5 0.5 1.8 0.7 0.k '3.5 0.1
1968 2.7 3.6 3.9 0.6 0.1 0.1 1.0 0.1 0.7 1.8 17 0.8

Jﬁ;y_ August September _ October November Dec;emher

1963 1.3 5.3 27 03 04 27 3.8 2k 9.2 1.7 1.6 0.4
1968 0.7 1.9 0.8 0k 0.3 0.8 Lh AT 7.0 21 L7 3.9
1965 0.3 1.0 0.2 1.3, 1.3 2.2 0.2 0.6 0.8 3.2 05 3%
| 1_966 0.3 19 0.8 0.9 k.4 0.1 7.5 1.3 1.k 13 0.9 0.5°

CQ,S'{ 5.9 7.4 6.5 0.3 0.9 1.0 | 1.3 0.3 7.0 3.3 2.8 2.0 |
1968 0.3 1.6 0.5 6.7 3.1 23 0.9 0.5 1.1 2.8 6.0 u_'.lg
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timated Densities:

o transoots m:nked by- estimated. d.amiﬁ.ea and mmbed of

Tabls 12.-Ten.apaoiel of fiah dbsarvad dnring-undnrwutar-fizhzcountin;

. cruiao 75—04-71 May s-June 9 1976).

\ :_;?[individunls countad (Nhrrattvai&apart Thwnsend,Crumyall

rd
"""3..{.-‘-'

Density
_ . S . Pounds/
nk Commen Name Scientific Name " Acre
Weke='a'a . . . Mulloidichthys samoensis 1,969 i :
S Uhu uliuvli ~  ° ' - Scarus perspicillatus 1,948 T )
White wlua - Carangoides ajax 1,022
Nenue . : Kyphosus cinerascens - 559 4
Kala - Naso unicornis . 384
Manini Acanthurus triostegus. {-A.__' R Tk
o sandvicensis) o - 375 . .
‘Hinalea . Thalassoma purpureum (=T. fuscum _ o
e - and T. umbrostigma) o - 152 . 3L
' "Omilu "-. Caranx melampygus .I28 3
b Hinalea luahine . Thalassoma ballieui o . 85 4
o Whlte banded'maikn Acanthurus leucopareius’ - 81 4l ]
mber of Individuals: = T
. : Pensity Occurr
. ) . ‘Pounds/ . {ro
nk - Common Name Scientific Name  Acxe Statidar
Piha - Spratelloides delicatulus . 50,000 ’ 2]
Weke-'a'a - Mulloidichthys samoensis - 1,006 Lo 3k
Manini . Acanthurus triostegus (=A. S '
_ Ny sandvicensis) o0 239 4
Nenue . Kyphosus cinerascens 222 -~ 48
Uhu uliuli * Scarus perspicillatus 180 3
Kole Ctenochaetus strigosus wg 4
Hinalea 1au-w111 Thalassoma duperrevi - 105 3
Blue damselfish Chromis ovalis - 100 I 1 I
Kala Maso unicornis . ag .4
"Omaka Stethojulis balteata (=5. axillaris - -
and S. albovittata) 75 . 2 I
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Table 13.-mabar of fish’ speoiaa observed estimﬁtad.danaiﬁigg:“_ﬁb__“_‘ﬁ_ﬁ—_7

mnjor-fiah.apaciea ranked. by density at Nihoa Islang,

mﬂﬁfahnh.Frigata Shnals, and Laysan Island (Cruize Repart, F

Townsend Crommwell, cruise 76-04-?1 Mhy-anhna 9, 1978).

E
"1

No. Estimated Major fish species
Location - ' fish densitles ranked in terms of
species {1b/acre) greatest densities
Nihoa Island 2 147.61 1. Chromas ovalis
. 2. Ctenochaetus strigosus
3. Nasg lituratus
French Frigatg'shbala o : . _
East Island - 29 1,979.89 1. Scarus perspicillatus
' 2. Kyphasus cinerascens
_ 3. Mulloidichthys samoensis
' Whale-Skate Island 32 5,232.31 1. Mulloidichthys samoensis
A : : - 2. Carapgoides ajax
3. Scarus perspicillatus
Layéan Island L 34 756.95 1. Scarus perspicillatus
: A : 2. Acanthurus tricstegus
-+ . (= A. sandvicensig}
© 3. Thalassoma purpureum

(=T. umbrostigma.and
X. _f.s.l_s_au_@)
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modes of tera'bure for Frehch Frigu.te Shoals {Amerson 1971)..
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Figure l4.=«ifind dirgotilon' and speed at French Frigate Shoals from
December 1850 to December 1952. Length of direetianal line
indicates percent of observations from that directiony figare |

at end of 'direct'ional 1:I.n i mean wind spesd in knots
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OCEANOGRAPHIC CLIMATE OF HAWAIIAN ISLANDS REGION 4_1"{ .
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o - ~ JANUARY |
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_ Figare 2la.--Distribution of surface temperature (°F) ix Ja.mik:y {Seecicel issz).‘.
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Figure 21b.f-Di§fﬂ'b;r€ion.of gurface temperatuire- (°F) in Pebruary (Séci:a}. 1952).-{ '
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Figure 2le.~-Distribution of surface temperature (°F) in May (Seekel 1562).
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Figure 21f,--Distribution of surface tempara‘tnre,l("?) in June (Se&&l 1952).
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Figuro 22.-Haridj.om1 praﬂle of 'l:au aurface tempomtnz-e in. .ﬁu.mh and

Septmber lat 10° to 30 R’: Panal A, long 153"-:!.(-:-1.""I N

Panul B, 1ong 168° 176" m(Seokol 1952)..
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.--_Figqre_25@@1&&&3&&0&56{@?&3@&_0? the mixed layer (£%) in

30.

“Jarmary-(Seokel 1962)..
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Figure 25g.~~Distribution of the depth of the mixed layer (£t) in

July (Seckel 1952).
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. Figure 251 .-~-Disvribution of the depth of the mixed layer (£t} im

Sepi.:amber_ (Seol_:el 196:)_._
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Figura 253 -Dlstribuﬁ.on of the dép'l:h of the mixed layer (£t) in
October (Sackel 1952)
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Fzgura 2%a. -Diatrihntion of surfa.ca aalinity (o/ao) in A.prilq&ugust *

,;y / ‘

_ '. (Seclcel 1962)

--\
————

——
B —

e

Meo* i75°

I

o Hov-FER | e || \

0;80' . 175 : 170* =1 1s0* 1Bt 1.0

Figure 29b,--Distribution of surface salinity (o/00) in NovemberwPebruary -
 (Secksl 1962). | o



Y,

.—--"- SURFAGE WATER ISOTHERMS

BASED on CHART NS I40l HYDROGRAP‘H!C OFFiCE, WASH.
D. C., AUGUST 1949 AND THE OCEANS ,fRENTICE-HALL..

{"ﬁ}

n.Y.

¥ 3

3G~

00 s e £ . ' i
°O°-;,::-nnn pH ° Ec.ri.uﬁ-n ' , Sta N Os
- Es el o §, e
m-::nuh oy “0"""“"9‘_0 P“‘-“m i
|80o el ORLE W.“‘D b 160" O MaLtm 150

ey

AT

e ————

' Figurs 30a.--8urfa.ca currents during summer in the cembtral Pacific

F
T
{
}

Ly

ana.n (June 1951),

B R e R




2 0

. - ':Eigve 'fﬁk:? |
January 1?51- CQMMSRCTAL FISHERTES REVIES w7 :-
_|a§° o 170* 160* 150, . . J\j‘j'

40° g = A T B i i : s
U R N -. L.
= e T LT ,-——-- SURFAGE WATER ISOTHERMS(°FJ L

| BASED ON CHART N2 140) HYDROGRAPHIC OFF!CE WASH b.C
\ FEBRUARY 1949 AND THE OCEANS PRENTICE-HALL,N Y.

oy

[ Al
lnll.-ul -

Q Ormena,

Ty by g iy,

L] 'I&Muo

o m.n-um L~

..“0 Fraemimen 1;

180* BAREMEA oy svenr O I?O

\Q
o> . © ~— 150~

' . e e ‘-'-“““:b‘ “:h-‘ .."::: =,,:...._...,....._..._. -
_29——-7—-_ . - .guhmn %"'. .
..!-Hnbi:..n. 1 T - . . - .- .. :
._'. . Cot . - h
‘ lq- . - . """"@.h e ’ - “: o
= ——'80.8 - o AT B R
-l . . - . uihﬁum ﬂ R I - , R A
. o ’ - "", neRt rht-hw-n ;“" o . ~ - . |
N e Sren 1T
.' ﬂwﬂl—ﬁu.'r. 0- / ’ . O emns ‘- - _ "
' o o ‘-oon.mr.'n-. . bt : - *- ‘
L 31 Q samvis b,
QO MU h " . “ .
o.q'-f-l\ \ ’ P “ 0 E‘E.!‘§-‘. ISLANDS ‘\ % K

Figurs 30b. -Surfaoa currents durin,g winter in the central Pacific:

Ocean (Juns 1951),

-



-8 _gtira 3la,~-Surfacs dritt ve

offics 1950). -

[

wmm_—, R T T e e



) i1 — ¥ ﬁ ¥ .‘-
- T Y = i S O o e B o =i I . - : _ —— -

vy eol Ti- wef 9 iE oL} rE} 3 G L 1 1 y

h _.J _/. p..r -~ e .nj. _.J _/
FEI[ 06| O¥E g TLf .

A :

Al SOty

LEL

14

. 6
m.~ 8L ..u.\-u_ ) )
4] e ﬁ..._ l—
H =
-, . ‘ OON . _ [ ]
B SR »
: .
7 8 X1 SO _
,ph - n/. £ o
u £ N T
;3 ¢ g i
. .rnw 'L \w...n.. &1 i
: e Y e
: m. ) ¥I e 6] ¥E
m n_./ u__./ Eﬁ w_/
: am. ’ oY rril o] &2
Bl ’ S R
I ] i | 4
G -] £t
Nt o0L
. m ey ¥yl o |
14 A G b
¥ ol w TR
: H .M.HN__ -:% m/ [ £ .
e ) o8 rzh Nyl 1AM - Papr)
T Qo ZAE I
LA 2 AT T P
] oom‘o . .
> 4 049 mm.
nm . .“ . ol
.
1 &
» 3
18
)
1o
i
H.

Fi

;

L




VL. 3 N G L i - L E TS . R Tt
i Mg, ey LA T T AT R L ru’:‘,j,_\,_- A

Rk it it

Lx.}'Fig’ure Slc.-Surfaca- arift v_ectora for Marck (T. S. Bfavy' Hydrographic

| -Office 1950)s. .

r..

...T.._,.-.'.'.‘—'iji'r

/l h.’ ‘__3
25,0 160

52.8

160°

i
T

33.6 |n.2

..
—
1.8

1.5
. 1,2 -

170°

és

8

P T,
1N

) () .
: o
e "l . l
- =
| _.] - =%
. - - *

# 1f2
,141

[ N
N\

£
6.
4.4 Jas.0

2.8+

o]
2.6 48\
:\2

L -k

==
- 180°






B R

.} Figure 3le.~—~Surface drift veetors for May (U. S. Navy Hydrogropinic

Office 1850).

~—
i .




.L_

..._.

D T sl

3 ’

m

= EC

5N

a8

...r“,.,h W.— ’ - .76 e
.mﬂ. ..&Eﬂqm B 5

e ::m 95 21 :a.m ve o.-. 8 5 1 1 -

& _m.\ _. IS, 4 %3 s oz 2. (e SRS [199)

s m 5| s 1y _l _/. b _u......- o :./b

% I~ : . b Ve O¢ oy e "

f B 3 ) .fn./.- _IJ- _./k w. *f 8%

3 ko 2| GATIC L I ] R _mz

2 07 LN Y h / : _ I

: ). BIRN -

X S T - LK | .Mm P
15 O SSNEm oY
itk - R / . 1 [

oo 19 M& RA L
: B . 3 ] Fs { ¢ 1 4 [

g o~ e lz. e 3 t 1 e A

_ (=20 oom 5 Y AR A ] (3 S [] ¥
o4 e 1 ! r_i? 1y [ L b
..,_.. M P i T ..m.. T . .“1 fmu _ ¥ ?.“.. L
qw m 5 | O.m. utm... Z uﬁ N TR ¢ A - § ;
CECRE-ES Niaait AT«. ] Wil |4 =
E . z - 7 - ] . \ - ! ) ___hm e 1 -

1 . q . g

e T \WN il K S P el

: ¥ [ £ [ L 4 X 9 £ .15
mb (3 7 R T I 3 I R ¥ v v
! . | | | ] \ 1 / / ]| Tl e
- mn.._ s fo de 1o Jo |: s Iy 9 v |z,
Rt — S A AT




.,,_-. Ry, N POOAS T L
s -‘h p-‘-hu‘-_nh ch el R PO e m\d...u.h-_.. sl .-;.x_-.l.-—u -

“lg,-Surfaoa drift‘veotors for July (U. Se Hhvy-ﬂy&rovraphin

N "‘l"c"' R A "::—v_ TR B \< k‘x. :&‘ R N A T )
_m?m NSRS S L T3

.Offica 1950).-_-

43 [Ko.B

1§

'Pk 34

t

i ]

10
At
bt

3
)

A

?;__2\? .\51\512 )
2.4

ne
L9

e

o
0

N

—
7
|

F3
-~
i3
1.2

FL 13

Y
22

LAl
34
B
2
N

[

.
|

ezl RalENe e Ll

- 180°




o A
gy c
. 5

m“ -.'.S&M‘i&?.awm‘-"" RAIE S e e B Sk Sl e e e B T S e Yy

~d

- Figure Slb.,v-Surfaae drift vectors for August (U, S, Rewy-

\ o4, : :
Ofﬁca 1950). R

8

| 3

L o~

Py g
g it
5 1
L T i
-] E ba.l0, F)

-] 1
T
1

2
e

',\

1

A,

e,
L AS
i

i

L N .
6 b 2

T :
'f'.'\;rr* "*I“'Al‘:#"@- i

3 ] T

|

1

I _— b 1 a "t J, .
| 4 . . s 4 12,
‘[ L F] K]
LasAls bWia pis b el Yrdl I
: L% 20 -
N by .__ ; IEI’ a [ o ] a3
. ' I N . "‘ ) . 3 . ¥

|

"

v _—i‘. -

L



008

o oON T

087

Office 1950).

G R LIk
Lomlal o]
g A
omhaumﬂ«“ﬁmf.. S .\._._ n._MJq ..wm.“
Y T T

—:'I-"




P L ST e -‘- .‘.:‘..,_-._.. '.’_‘- S i '5 :_,-.-.,_- e AT --""-'---"‘-\. L e s ll:_} 4 LeLL
TN o et e - 2 e R AL T - 1
AL i i T —“_l_.

: f Figure 31.] ..-Surfaco drift mtora for Octoher (U. Se an mphic
Office 1950). |

1

N L_ |2

g8 b 11,0

I WA R T Rl R
| Nl 3 * 2 . i W
-3 B .

4

-

0

)

3

]

-t

N

3

7.2
1y '—5!1‘
8

‘}:?o
E‘_.

45 {

121

Al
/

]

b

N
}

5.6 6.0 ko
L™
2.0
A
\
0
L

A T T

| o o |
P o4\ s :
Tt .n‘ .—
g 3
T~ ;-[
- 5‘,\,_:; _-
'5‘1\‘, ]
‘ - =




vl : L
]Figure 3lk,==Surface drift vectors for November (U. S. Havy Hydrographic

Office 1950). - ) B S

-

156 '| 24.0

3] ]t

5.4

160’

1]
f—— ]

s 3 6
F N
5% loer o™ bis BST

m=momesots

1.7

7.4

13-4 9

’.l' W ENG s ./u: )

1.0

\‘

e
r{.:1, T

170°

"~

L]
24

i
49,

B
R T
S -'
Hg f:
-+ bl m - ]
Ul::"" oy
Val=ra| 7
™~

12}

P

a—p
e K

\;3: AL}!
way 122

14

M :}J}g—'

i
. A - 3“-’3
2 6.0 A

) l‘.‘sl .
T (5 % Pk

~
1o

\
o

|

t4 H
N
AXX]3.0
¥

;

3,
R

\‘l-
2.2
P
82
5
o
6
——
1.8
5
' Etfa :
2
2.6
gy
o'
9
ﬂm
1

- 180°



fice 1950) e

of

108

" oON.

Y,

Alx

1\

"
<
o
o

A
.a‘#

|

004

A

=
=
244
m
™
I,

2
1

o
~
™~

As

. 459

A [
|

..ux

D
ol e

A
le
N\

' t"

zy - 1I'g8 ¥4

- f‘igure 31).==Surface drift vectors for December {U. S, Havy Hydrogrsphia

AL b T T Ly TR gty gy I
: i RS ot

it

e TR AT L Y g
S MR TS L e




n__ I ¥ _ - B e N s |

| S s H.__

4

el . ]

o

. t75°

178*

(78"

172 Y i74°

171*

P i w5E

189Q°

NO! 1904N "

179°

[78°

I7g"

T

i70*
o

PF ol it Fr dqngonm

175
PESFARER RYSCRINIS INSTLTETION OF QCRAROCRAAY

Figure 32a,-=Bathymetric features in lat 17°-23° ¥, long 1?0o E~1509

(Sp}ipps Tesitution of Oceanography 1971,




,
!
1
.,

B ]

T N I I P

oﬂ.ﬁ ooﬁ wuﬁ .a omm..onm ﬁﬁ 2 %nﬂsu oﬂkoﬁsﬂmléu ..smﬁ

I
wm-

R .. . P .
" s - o patual s sy syt WY 501 W9 el et by errind
chmn oN Wy s it ay i : SRR AR LBIYEINPISE 20 ROUNLILLYS SUTKSP I CEPRAN - s Sy dpte ot Sy polyermprmiig el et SRR
. .Om_ P o6l . i 0Ll .
o e =g Py o £

. u?N_.

LerA

2

058

92}

192

loz2

ol2}=

: ..mN )

82

T W82
28l




: AR A T L e

T T S Y A Ao e g NG TSRy RN RV 1
: S T S T A L AP D s e :

Q . PBTE 04 BRoT N o88e,62 40T WY Seamguey ojgemluiegescogd Sadty-
T vt e s i 53 0
6
{

“ N9B6T N = ewmawaimmw o HILYEIONVII0 00 SOLLBLIINT E20IVIEAT SXFHARL itceeet Taibm DOTs MR e
081 mree 96LL oBL ot 8% LI T R

I e s w1 . o3

|~

§

5




= Zwamm ‘oN " oot o dh ot 0

o2

B R R A e . v DI A IR , ‘_H”\ B w\n_.u.u_q.nﬂw..w.kmﬁ_;‘
B L oORTRR DL FUOT N 82"o LT IR UT SeM 0] OTI9AMAY; B e

LI VR et Fe L i - .
N AT e e R e i T

W

gb A o b

T IRETEIONYIIN £ KOSIIISNE SINESE AT C1NTNE -
i 8L

ol

1



L P e AT et Ao - vt

LT tuet AxdaiBowseeo g0 mednygamy sddpaog) e

. | GOBI~H oOLT 30T *R ;62~o%2 3FT UT seanjuey orxjeufyjege-cezg siniry
" N SOST N pbony mpdiad | “ C IRAVEDONVEOD 40 NOLLALLESRE SINNOLAR STNNEVTS QR iy el err iy b A il i Bt Y

0Ll . el di o241 ab Ll oGl 2921 : oLl 841 wmh_ #0188

GnNN _. u " T _..... Y ) 7 | e /l\.\\l,r..hr. .4 -.._. nptrapagerm * - W e ﬁl..-iﬁ ﬂnN

Apirityl S BT IR P

1668

. ._.,,va_

IS 2

82




OB TH ooﬁ,muﬂ .z o5Em062 95T VY. 3&58% oﬁﬁamﬁami.umn 6aITg

0 10 NALIALLENE k&h&.k f CTYNTYL :

mh_ #9341

JJJJJ aﬂyAﬂAJJ;JJJ




Amm— . : S A T I I S e L L LT
| © M(uLer Aqdeidotnecy 3o uorangtaeur - sddgasg) - _
i QLT 0IT'IOT K 927oLT HOT UE soamguey oTajenAusuge~*Sgg erndty ‘)
" NFPQLI N A 2od 8 ot . i L INIVESOYEID 9 ROHDALISHI SHIES 28 CEVEYN aﬂqﬁﬂ:ﬂﬂﬂﬂnﬂwﬁﬂ:ﬂ. prﬁ?ﬁﬂnn.ﬁ%ﬂwﬁﬂf:i

W08F s 191 .29t £ 0 ey 691 K1Y 291
" L R N e A M T y -

w631

0Ll

[ ’ . .&u . .

N i

02

all

o02

o L




R R g A e I s LS SR

& o.s..oam.n wnﬁ .m omm..o»m ‘38T uy 3&@8% _oﬁﬁahﬁumstﬁn omITg

- yHE L .
T— R T LY (9N Pra . . Antalevariy s wvote
o " NSOLT "N o 7t o 20 Coovews __.r.z..,;. : kaguah&k&kﬁ&a&h&.ﬁia. Poaieson mevecy 071 T Iﬁa*ﬁnﬁhﬂumﬂni:ii

OmH I .__m_ 0291 L9t - o191 594 .ww_ YA < | N «891 o591 0Ll .
£ e — v G| . e T _ ) IREVILALAL AL AL SLELE I A aais e ke is G S T 1534
o2

1,
52
—192

A ...."”...”."A.. — . . <.\|N

= 1 8¢




a4 A——

— M““m :_J,m mw_,m_“.. nq__ .nﬁbmﬂ hnmanwowmmoo wo ﬁowauu«pann ummﬁaomu
L GouTgoeT wn& .m o85~o62 9T T ‘seangve oﬁﬁaﬂpam!.ﬁm omarg

%iiiiuﬁ!l oer Brmirtn d
LRIVIDOYEID JO NOLLLLLE -..E hﬁghh darRriIy !co!!lilee GO s ey dasd -

e 2591 «991
HIAR=) Fk__..,___; NS

I



b R ey

& oam.?ooﬂ Quot A o»m..os 437.1%, 85»8.“ oﬂkaamﬁam!.nmm eIy

" NP09T ‘N S — .u ,__...__._.,.__"__._,.“,_. . IRITEIONVEN0 2D NOLLALIVINT LAY e CIEVIIEE gﬁﬁrﬂﬂn&i
«08] ] ) »251 -nm_ o +481 . -mm_ S .wm_ . odG1

- L . .#..w._.., .. ..M |




-

ST e TR TR T R T T

- *{us6T AuduaBouseoy Jo HOTRRaT4suL eddiog)

8 09T 08T BOT ‘N 62%,82 481 WI £6aNg8a OTI3eulysngesedzg oandtg

s« N&O9T ‘oN zht.s_t.}sr‘&_ R "I S oS Mt oy 430 yian S rvompdamim
TRt LXEYIIONVEID 20 ROILNLIITNE FRARSSIE QTEVIINS, L0 ANLIRSER iopd} 203 & pocy FoES) sen e ot 14 bl 1 1

208 g i8] 261 &4l VS 0§61 s8 Sl Y] o881 068 ™88

. s gy T ‘.., ey -y rlql\..nr T VAR W e By ik it s i il g * nﬂ

R

oGE

oo

s

T

A

82}

P+T4 .

S aininl sl BN LR RE

RN



| maaoo& Suof ..m om»comm 49T R} soangweg oﬁﬁamﬁam..... jee a.amﬁ )
" N9OIT N wtwwmwn

o uwanuk_ﬁ_.a YO NOLLALIINY 233_5 axxrar

¢m_ + 561 -1
¥ a4 . "

| Ll |

¥4

£

Wbe




AR
s Yy |
et

e

: N g SR Lo iond e
Figure 33.--The locations of the tric charts, shown

in Figures 32a=320, in-relation to the rest of the northcenmtral

Lov_ 4, . W ANA Y O P Y - ot

T




Seall  OEINESE sy + SR TAFLENE N DTN RN . TN B Ml e e . - -

—
1
AR
H
H
[
_—
-
2
t
-
( - I
Lo B
o e - R
g bt e
i ”»

1




134

l,

I =

[ .

J R

L.,

1

|y -

Al

o

29
a5

’ ’ . h LT SRR

. . . -

FISHERY BULLETLN OF THE FISH AND WILDLIFE. SERVICE froy S
72" W. LONGITUDE . . STATION P B . . --._ o . N ‘

$ 2 3 B
e 'f;‘?'.‘".'.'."."."."?'."?'32.”.'2.”.”?’.”?’.'. r
Py : w Ny
LY EMPERATURY .
1%} L . _ U | i

Ve

g 8

Ty Py ——

LIDKYGEN [R5aT}

'Ww

'8:6‘2

>REPRRE

glgg8sg

T
fo

SURFACE
[ TEMPERATURE
el

35

| SURFICE -
SALINITY {%

L

PRl
OXYGEN (LEAL)

S

- SURFAGE
INDRGANG

=PHOSPRATT,
{pg atst)

2RE BBV E

R

LATITURE

F:!.gura 35 .-variatiom' J'm tmpmture, aal:lnity,




17 Jgﬂzﬂyé R B I

. e o _ __ o euﬁohbm uo.mhonmﬂh mﬂﬁuﬁ .muno.ﬁvwn hn. umnﬁ_._nm..mu Moo.nu vh.mml. 3»..9&%?& o A,_..___ _ __

e ey

¢ ' -

o1 M LGN <21 Pt} WOE| oGE| el P 2061 o55F #1 253l D41 Wil WOfl »Gd] WOL 59 «0%! oSGI oGl P L] 4SEl +0f1 i Pl
s ) : M i £}
- _ | Advne34-43awanad .
. . : BNILAOS I, Lon
N S S ko N e
i pctig 191) 006 NVHL Hauv3uo T
- pE: G2l seb~052 [ .
(91) (9) {-ton 581 F8el (on sv2-sro ]
e8'l {91 | 88 .._m.m.ﬂw., 0§21 © . L0 NvHL s |
<0l L e N ONILNODS 0 SUNOH &1 y3d Sonkois [0
{9 {z) | tv} | (o H2s2) {2) & - -, =
0 0 |ogz|00Y gil'6! 00 N <. SR
5 . / d o
(@n|on|  we| w fioen | 220 PEBJE N T~ e
L1 o 0se{ © 0821890 9¢'t RyR.AY 4 o'+ N
.o 2
B 1a) [ ey [ | (8) (0g) [(983)] (w11 REE % 1
ol o0f{0} 0 {sz 0900531 190 [pE.2. £L°0
o5 e SNTTST NNV ]
(22! | tog) | t2s) {lOER [ LIET z.wh BEl (9 | (e 2] s o n”w%
160 | 820 © €208 W 191 | il 052 ©
o Y B R 3 u@lb_
(o) e 21T 1588 e frezn | towr | 1on BEN (a0 | (2 . fifs
00'¢ i2'066.0118:0 | 2€0 | 8£°0}2320 (€90 v8'31 223 © ,wﬁm,
&1 i HF 3 . bl i
(b1} | (2N {2} | (2) {26 {{aLt) {{E30k(dvd) 1 (192) ! (LE) D _
vI'g| O 0 | o |soclivtro6a:k]iBdd 61°0 | L2°0 : _ _
e AT - !
@ | 12 09 [eez|(PERHIEIZ] ey | 1zes | c2ed | ton | (22
N o | o | o jecopt8klioz{nol o | o [0 | o b
o2 ; AT R — _ 1 } 9
. N (2) (21 { ton,] (20 | (st} :E 8111 (02 12231 (o0 |tie) | con loz} ! N
Nl 0 oosl 0o |0 980/ 0 | 0| 0 {e50} 0 ) ’ /|
«0ll ..sen_ﬁ [larA] o2l  WOF! 4% <O oSl W0SI _.nm_ oom_ «551 oOLI ARG oS4l o1 591 L] o4G) wORl «Gbl «OF| oS! e 52l 3 LH2H

]



¢ TR T L R ST e

AR RS, e T A A AR e e

—a..d!'w.. TS T T S W O S S TR A AT L A S T e .
_ ol nﬁﬁs%v 2L=0e81 ?m»ﬁu% 5@3&
_ 6O7AL0F BEISYSTL aﬁuﬁ TSHOTH A £q nmﬁﬁmﬁ Ho0TF ﬁﬁl.pmm E&E )

SOH_theSli 402 TR 1001 OBl SC1_ JOfl 621 3 4021
.w : . vm
<2 AV = HOAVYW o

SUNCH Q008 TvlL Lo
oz S— R raﬂ -
(81 Hve)’ 43 : 00 NVHL E3Lvay0 Y .J
g2 st > E esv=csz )
* {2} _evz-so[7 !
elo)e | w0 NvHLSSIT] }
<0l 9/; ONLLRODS =0 SHNOH O 43d SONILHOIS =0l
(2N w1 | (2)
° iSE [00GE N .
5 <
ﬂmu /J}\l\,.rfrmv ﬁ....u.._.
0. =t 0
) t9) (a1} | .& -~
. 0 0 60€ |
oS L
(9 ge) _vn?&w_.
1971 Lol |s02
0l nmm| +0l
twn | 2n (z2) &
o |0 ¥o .fm,.n
ol — i
t29} { (z2) {52}
Sl | 287! ige
“ =
g1 | (og) {t) | (&1 tz1) {21)
/Nm.w ] o Q 1% £8°0
52 : 52

skl .

oF1 M .n_f_{ 021 o0f]  «GE! i ] ol oS5 WObF WGl Tl o521 T LRI




JJI_I_

| ©OTAleR SOTASUSTY SuRFER. Nﬂﬁﬂm hn. »mﬁﬁmﬁ 00T ﬁﬂm.....own ?Bw&

r:;.¢12ﬂﬂﬂﬂ

ih
H

L

WOH M aGlz 021 W62 0f1 481 oObt  oGb  LO081 o661 081 oG8l S0l LG4 O8I WBA] oDH W59 . 4091 WS o081 aSHS oOFl  oGRE JOEI G213 W02t

N ) | HE B f .
- . . _ _ _ . . LA|__ isnonv-annr <
- N . SUNCH o..._hauom_ WioL .rmm.u .
mg L] - E
. u“w....Wu ‘. S o0's NvHL M3vawe T 4
B o s5p - 052 )
]| ! h.ﬁaﬁ%. . . -t o5
w L] en _ - . s evz-sco[ ] M€
: ¢ (608l M . . w0 N ss[ )
<ot ’ 8y | 1 .DJ,._ . ONLLAODS 40 SUNCH Ok H3d SoNes ]!
. . F .;_.mw. ia] 0 cr'e - J& < h ﬂ v
o : _ " — ._Oﬂ
(20 | (2| {8y {102} | (6t} | (L) Jtob1)| (8) | (21} ] {22} | (o RBYY; & ././\ deo
° 0 | 0 |og0{002j6li} erljac0} 0 | O |€9'€|L99 [porC 2t .
{9} [ 192) | tvv) | (£9) ltzOn | (65} “T (on % 1t IS
. 0 (sco|evo|ocoleco] 180 00’2 .
o N 1 7 i ] SPTS TR
(82} | tac | b} [t22i) | (801 | toe) P (9} | t2n |02y | ten [(23) ] (80 g
120] o |9e0|el'l{is0] 19°t pPLEO 19°) | 0§2.00% | b¥y | 9€ | 2971 o
0l S Mot St : - |
1w [ o) 8 [te6n [tsidd | izizst ooy HORE] 20 | t2n [tom) | 190 wa| | L ww@
O | ¥8'1} S5 |99 | €8'0] 820 ¥EO 0 |49t {2671 ] L9 o] I
. (221 | (20 |to2n _EEN WO (6111 22) _ - Mw :
9¢'l [ €8°0| 120 20; p¥2] sbo o
@ el | o |won aﬁ Ol (2) {on 02| @2 | _
20 oo o0, 85°0| 95 ROl IR0 9100 0 0ozl 0] O : _ b
52 et : By . w2
(gz1f 1081 | (063 | (02 | wa) | tost | (0w | o) [iven | (28 | (bo) | (as) | ok lbay' . g
MEgyqeeijerof o | 0 |620] 0 | O |Sr0|6¥0| 60| O |€80]3Y, - N

OIT TSI aB2 ool wOf  wBEl bt oot DS oB o081 o051 0Ll 8Ll D8I Bl Ol «G31 o000 oGSl 081 ST oObl  eS%) 061 W82l 3 L2l




L Y- uﬁﬁnév m?omﬂ 36 quoLon-oquegdog .3032 o

o -

ou«ﬁom Qﬁﬁﬁm et Hﬁ&ﬁm hp wmnﬁ.nwﬂm xoo.u ﬁﬁm.i.gm o.sm,a

.
I

3

»DUL M o511 o021 of2i 20E]  oSEI ,wow_ wm_v_ +O51 W55 W08 ...m..w_ 2O Wil o081 o541 o0&} S0 09! ot oG oSt WObl SR WOfT 021 3 ...oN_
- _ .  YIAWIAON - d1aWaLd3S | | |
_ (8 | to2) _
- : - Jerefoond .r%v
Goa - 0 0%
| JLTNGE _%” __ Hso) | ke | (o) [t 008 i wasao oy [
i Rog & _N..u 0 20| 001 nﬁo 6y - 052 I
oS . it e e ST ! »-0F Lt | 1
1681:kiae .%_ W] "Tre {ua |« (1) ] _ewz-crof ]
) : REGT T @E% nuo o 006|480 -0 o) o w0 w55 [ By
T —1 =01
(1] Lo Ty a« Tenl @ en 5 N .az;moomuo SHNOH OF Y3d SONUHEIS [
o [ieb) FEIHY cie | oo BB aze) onleee| o Q m.mw T v
oS e - . —s i SOV I 2 146
(a0 |won| @) | (on | 1821 | (+2) | toz)| (161 198) e | (i ™) (e1) S R R
o |-eot|vtof esof s | 6211 290 b2l |00t GHALY 211 e¥ljsLe | 291 4 o't
o _ _ 2 Bt » ol
102) ET8L T toon)] (02} | (20 | (v5) [ te2n] (besijloétl of am: % . ,
050 f08ZY 020} 0 | O |950|2¢0|9r0| 620 kK 00
a5 - e — LONISH WU o<
t90) | (82) AOPY (21} Eibs) [tbbi) ﬁ__. tost) (01} {221 { (» s8] | tve} | (b2} po.w
. 61| BT H9EH cgofi6L1 | cBOf-e61 | 691 oL 160]06°L| )€1 }1650 €80
0l L . . ,:. ,..\ u, — FINSI. . el
(v2) (s2) ]| {81} | (o) tog} ] (ba) [ {OB) _N@: {26b|i00e)| (oiirf ta) | (22l | 8 ob) | (2b) [ (223 | () {81} _ mm
¢g0| 220 291} cc2] oot ] Igt | sLo| 2eTLict | g0t |280{00s} 160 | © o |ot|eci| o |0 fw)
o5t ” i et . oSl
(ai) (o) | twes ] con [ toss {1831 wee) _os_ (0b2) a& 12s) | 1ee} | 2 [ ton (2) &
0 o {e80| 0 | o [ig0|srof ivi|.6S1 jecolsesolge0| O o F5ie
£ I, ¢ -t - _ 02
t81] j (21} {t2) (25} [(b61){{Z08 E. (211 [ tan {20 [l2n | @n j@h ] e |2 amu {22}
0 | o | 120112 REES [ego|2za1| 6 | 0o | o 0| o] 0 }sgolo b “
- i e o 52
(&1} . 1211 | te9 | tss) | s0) | 42 Tl (@21 | o0 | ’
697 o o |0 | 0 |of0] 0 oL ~ 0 . \ N
ol M anzL......mNh oSal OF! oSEl  #OFl 5] <05l il o091 <R3 oob. .-m....__ .103 ._ﬂ_.__ #OLl o531 +05I1 #5C1 L5l oSl <Ot iy 0Ll L2 3 21




LSS NN e e s e A o [ e = R U IO PR PO [

SRTISYBTL B..Eﬁ .nﬁoﬁ% £q umnﬁamﬁ Tooyos. wung aﬁnmﬂm.i.%» sxn3tq

ol M oGit +52! sOE| uMn_ Pl 2051 «551 #0098 o591 #0441 73 21 a.ﬂm— nOwa
tg _ | 1
<z Advnyaad -¥33gwaoid
(33} SHNOK ONILMOOS TVLGL
2 -3 8 Wad S100HDs VR Wowraisis *
1e€) ¥3LvIH ONV 0071 BT
&1 LS »nw seo-1ro[C_]
{g1) (91 | (an b . ssa1anvoro [ ]
o 8& 181290 *] INILNODS JO SHNOH 01 d3d SI00HDS VAL HIWIINS VIO
(9} tv) | ton 2 Mo _W/_.\)rm
0 0 |002 ESvE o
o2 Py
(21 (03) | (4 {62 1tasr
€80 ooi| o 1910-{ 60
v} (&0 | (8 {2n
0 0|0 ._d.w.. 04 ©
2z ,__”_a" aell (9 | (a0 |
3 Nm_m% w:w @ 12%|
0 . G\
{on (2L {(s8e)] (bIg) (ad) | {91
0 ¢ {600 mo.o 0 0
ol
i) 261 {tazm gz} | (28)
0 0 woo €00 O
o2 -
(2) | (2} {19} Gwmu 21 (b6} | {28}
A 0}0 0 |€00}02 1010
52 ! maua -
2) 2} 1 {3L) {{90 (ge} | (9 {03}
- //AfN ao ( ot it ) { A 2] o“ x
<Ol M WSl okl «5E1 oSl «I51 2561 +O9 «591 O] #GL wDEL +S80 8l




¢ /g nosuSney) 24-006T Lep-uodey ‘eesees eoTALeg

. SOTISYSTY BUTIeR Tewrdey Lq sPuiyudts tooyos wung Xoufdpige~tJog eamdtl

b

¢

AL M o511 02! W52l J0€1 SSEF oObl i «251 o551 #4081 ehw,. €1 «5L1 <081 o521 «OL) #25) ] <551 -Om|_ oSbl 0P| aht! «OE| #5213 4021
e b 1 [T .
o AVW - HOUVW ﬁ
o o2
Cm._ nwn N SUNOH SHILNODS TVLO0L L.muv
b2 R E 2 + 1402
(8) E52IR (an Klb2Vii26H (9) 19) kUt (gmme, " u3Lv3u5 ONY 007 ETTTY
o ° wnm.._ 0 .._.m@m..vn i 0 o Y904 0 & Y sgo-1ro__1 1]
(2) 1881 [ 22 oY Tteed] . ssaw oo [ ]
.o_ 0 5620|6901 © £80| ¥9°0, ONLINGTS 40 SUNOH Of H3d STO0HIS WHAL XOVMINS TvIOL
i — - - ; <0l
ten | on | won]| @ wn el w | @ wz) ,.fenh _W/._th/_um T =
cjo|o]| o o |€s0] 0 | 0 0 ,.
6 = S - -— S
9) bl 1(botl] (ve) | 2e2 | tan [o 2} o
3 m_mu.o_ oleiod o €5 % 6ol to0 = ™ ..Ummup
0 2 e Eﬂ.r S SN sawe _ 2 o Mw LYo
() w2 [0611 ) (o} [ ThI) 1688 7oz | ten (9 | (2 | ton o [ |9
0 30110481 01p90,0£0|2601 0 | © oo It} ivo
& o LRGP v PSR LR S, SIS D .
{(w1) . ¢ azey 911 | 02) oni @] @] @ (b2l | teon| tag)| wermve) s
: o kg Jaoof 0 | © o | Q.. 0 0 |600{82°0] 6501 2v0
| \wﬁl.b_ .
(wh | (20 wen| ez) {tee) | ) | (o0 ta1) | (za} &Y
o| o 00 60 0|0 O om? o .w@m,
I e -}
"{29) | (22) (€} (29} | l92) D
90| © ) 0 |8%0
o2 ] @n]@n]en| e en]en “
81} [ (og) ]| (21 ) Wi} | (wD) | (231 ia) | {2
/_‘..,v AR 0’ B e50] ‘81| B | e50| 850 | &80 b
52 52
(ve) | (29)] (3) .| taz) | 89} A )
N /rm s | %] % o . ik
oM un_d +0Z) o2l ¥4, <SEH o0t +5b1 #0561 wiedl ] «53H #0391 o561 51 oSl ol 5y ey »521 "3 021




aoﬁﬁﬂm 3ﬁ§ ﬁﬁﬁﬁn hp awuﬂnwﬁ GES ﬁB. x&ﬁﬂm&.mw» aﬁmﬁ

SOt M o51) 021 W52 WOFT  WSEl JOPl St W05 <51 |..Iom_ o581 WL W54 o080 |n..n~._ r-mm_l.nl-mw_ <081 51 W08 Gl &Obl ...mnm -oml_ «521 '3 02
o 11 . s
- 1SNOAY - INNS <
. SUMOH BNILNGDS TYLOL ("ON
= GEUN0H OF 434 $ 100 DV T _
o002 T A — 7 . o -1 12}
ton | twn {13 s, ‘ yaivaus onv 00" D
o +] 0 _.—M%mgﬂ o = .7m. sso-1ol ) |
() {22} (an -~ : : ssianvoro [
o] 191 0 DNLLNODS 20 SHNOH O ¥3d STOOHDS WNIMLL XS TeilL
«01 o A v — o0i
»8H (1) | (=) oy
460]{ 0 | 0
o5 N 1.5
21 | (znn | @0 [(02) [l6¢) [tald Jtovnd] (8) | (20 | (22)
o | 0 [ssojoso|seo|2arol 0 [ 0 | 0 |50 o 'k
t9) [ (921 | tbb) § (29) [tEoi) | teg) {ler) “re {0 % =5
0 { o [svo} o [erofsz0 vnd o 0
o5 TR i SONYPTS! IR g
{82) an_ {61 |ciz2h | {69) (96) ] (9} {9} | (20 {(02) ] (ay {(e2) | (a1) s -
0 12°0 |1€0 | 82'C§ OI0 0 tonjegpl, 0 | o {91
i) = s T oOF
() |aed | (B} [(690) {(B12) [ (212)| tog) | (2b) | (21) [ (21 {{82) | (9) {02) ﬁww@
.0 |ezo| o |iofeonjsool o | 0o | o | o |8g0] © 0 s Q
1l - iad - &I
(2v) za1 | (20 Jozn | 8T baotban | (E1)] (22)
£20 060 0 | o [&10|1p0{8vo 2] o
(2%) t8) | {81) § (2) (o) Joze) e} (2) (o (o) [{22}] ) :
A0 c o]0 0 |900 gLo): 050 |00 o ojfolo b
252 = " L N lﬁ
{2z} (06) | (v81 | (021 | (v2) | (pE) | (OP) [(BL) [(pEn) | (28) | (¥9) | (BS) [to€) 12 v .
"\ qzzo| o | o | o jecoj o |0 [0 o fsd| o]0 0 - N\ N
ol M WSl .-ON_ +520 e «SE1 #Ob +SPl Q%G1 551 #0891 oS3 L0 oSl -G8l ol 1] w59l . LN o5l L5 oSl »0 w5l rel am.m_ 3 21




+
a0 M WS «02! Wizl no.ﬂ S5E1 SOt wmv_ Pai] o] . #0981 aBS1 o041 WSI1 T T A - o501 o0FF. W5l . W01 oSEl L0811 #5213 021
el : _ . _ [ 1 s
= _ YIB8WIAON - 438WaLd3S .
(8 Som..,uz.u SUNCH ONLLAODS TWIBL _UON
o TR, twrvizen) | o0 |20 I - 1=
._ N v — .
. \v0.| veol a¢ ool BT 19 oo m
o) iR - — ] - {51
8 a..w el AT 1) ss3aw oo [ ]
900 HOAyod 0 | 0 o 0] 0 o SNLLNDDS 40 SHACH Of H3d STOCHDS YNAL YOVIJIS TWLOL
] 53 b T
G (TR oo won |t L @0 | (9] 0| o
o' [ez0]€80]052] 0Ol [190 0] o {01 0 AR
- el REHED —— —— e 3
(a1 :6: eail (o0 [{92) ] (v2) {toan [T ] {oa) | toL}g (a) ?_ﬁ}.e ten)
o jse0fsio 0 |50} 0 | 0 jOed w0 |HOY O 082 | 0
o iod
102) [ 1321 toon| toa1 | (21} [ tee) § w2 Wil {3164 ao&@a:
[+ momd 0 0 0 0 0 J,._,wo.m :.m.o ; eR'E
- v ~ 2 FTrile B 1 CUNY IS SHT 0T o
“ (9£) | tas} | 18e} Hown |1 ao_. (on (22) E tBe] | 1bed | (v2) o ?
2201150 | 920 '0:1 900 )\ ..wa..mu 3 4] Sy}l O aiBL0 630 O
a ek} i N
{v2) {(92) { (8N [ 108} {be) [(281) L1288} [bbR) a_a (9) [ | (& {by) [(20) (22} | () {(B) 8
o|lo{o]o ro [sto}s2bloaol o | 0 [0 |0 o|lofjojo ol ™ el
5l . o5
19 w020 s [Be8 ope iosa1| 28y |5t | tant | ton 2 |tee) {1922 (]
0 100)200 [§830]3I04v00| 0 [0 [ 0 | O ofolo B
tzs) et [1E9ALIEM | 1ou [ (2 [t2iy [ e [(2n |2 {idn | n j(22) o9 [(22)
o (soolacolaco| o e o jojo|etlojo|ojojo b
{¥h . | @n [te9 {tee) | {eg) |{v2) {ab} [ 162) (Lot} K .
0 ololo]lofol] 8 o | o - \ W
«OEl oGEl  oOUl #Spl wOst #S51 oH #SOt 341 Al Rl oFll SOL0 591 <091 oS5l o051 . eGhl #Otel wSEl oOEl 52t 2 021




'b-i_i 1 -
B
3 -

1A

B&.m aﬁuﬁ ﬂﬁoﬁam £q! &ﬁﬁmﬂm Aooﬁu Boao...gn ﬂ&&

RS ._......_..; 2 P h ew vha fhe RS - ot S MR O

Ol MGl «0Z! ael P oGl 0Pl W50t «061 u.-mm_ =3} Pl «041 o541 SOf1 wmlh_ QLI an_ #0081 ] +06! &t Dbt o5El ORI 52! A 21
5 — _ A - k]
- ~F . AdYMIE3d - ¥Igwasaa
- da-ﬂ OWN—
- %om_r wumﬁ SEAOH SNLLNODS TWIOL {oN)
. . e ﬂﬂ.ﬂ- ggxﬁllﬂoo.nﬁ.ﬂum_ “ON !
= . won| e | W (bay R | Py 1T
. el L ] ) Ql9eid (rarid) £} . 0 wvausonvosz PR
. | iyl P 0 |oos flaklsoz ! 180 - | oresro ] ||
(31} o [ o0 I ve) wHi] (o) () ach] te) | _ ssowseo ]
8g1 191 | 8891 €50 wn_ o 19p1 kSE'PY 052 mho cl'e . qudomuomm:o: Ot H3d §TOOHIS HSIS WEOL
o0 ey R T R — — <0l
19) (2} | (v) | on Faz Gyl (2) | : (2) [tas)| . | ten - T =1
0 0 |o0sz|o0€ fooliuaE o ¥ e2il:zel] oos| B0 29 Nq
8 _ . e .., : Za — 1.5
(29 | tony 2 ) | - (o2 |edn | (22) §led) Kt 1) ﬁoe 121y (2 o
91| © 052 0 | = ]990|9s0|060 r. o«.__ 160 <6e 3 N /f\n JJ;V,\UJ +
o : . e e gl uﬁ o0 -
w | 8 | @ {enf @ 1051 | :._m ﬁmm& s} @ Foo @ 2
ol oflojolo ov'o L6 NB 6 fegoj Iri
5 — " - SUNYIS] RTINS o
_ {iz2) 1o { 129 mmq (2 | (81 | an | (@) an {2t | (s) N
60} 0 | O .99 il |€vo| o Felgl, o 02| o
=0l ; 7 LeEss £ <0l
(01} e L8003 [4 tan | wn | (s21 | z21fell e | (20
ool 220{€60 ga0| 0 | O |22l bi] iK1 ] 0 s
& . S . .m_
iy | 21 (2) | (2) lizen e uzy | en
o] o o | o {s00 ol o | o .
&2 . <2
(2) | @ (o (2e) Lze) | on | 22y
N 0| o . 5 | b
e " s
o~ (2) (2 | ton | tzn | ew o} | tegy | toi) t02) | ’ .
L / ¢ 0 cog| o [ o | © ) | 0 |e50] O ) . \ N
Al M _._E‘H w021 =52k <0l KA ) Gt 06 - «86 . 08l +E9 #0410 X-73] <04l oSG2 ¥ ¥1] a%9l £ o5l <061 Pl Wt «SEl €1 o521 3 L2




AT T R

_A \., qoﬁws&c ﬁ..omﬂ hﬁasaﬁ .n?z& ooﬁumm

= k %ﬁmﬁ? mnﬁ.ﬁ choﬂ& hn. uwﬁ.pﬂﬁ Aoﬁom goa.....ﬂmm 93Ty -

el

-o.: M o511 #0021 aB2| <GEI Dbl «Shl o081 o091 L) WGl 205 il «Opb! +otl «0EI ofel "3 O3
s| R o
<2 AVW - Hodvw o

sunoHohunoss L {ON)
geﬁmﬂgﬁm H5d - ON
o0 102
ﬁo: . . HAuvaue Ny 052 [
<l e G srz-sro[ ] .
&m&. searanvsro [ ]
{962 128 SNILNGOS 0 SHNOH Of 33d SI00HOS KSld TWL0L
ol Tt —r . o2
(21 | on (8N A) S ’ = e
o) o] 197 ...A =
o ﬂ,«h. l .5
_vz 58ifi won & o
890 [:9601 950 | 0 1 ™ £ . '
o0 : - =0
(#2) [tosn [ (9 | t2n | ton (20 %) ¢
Yol 150 mh. 4] 001 68'¢ Fi hv
“~ " BEEAATR K. 5.0 ' SGHY IS Y I e Bl * L G
- H w T een X ] (#3) [ (90N { (98) | (rEMmkbE}
o] mmo._. 120 BN | 291 |80 191 1902 | 802
ik ' wa o
(zn (9% m ams to1} | (22)
0 0 |62} 860§ 290 orﬁv.o &
ol b pr—t—erey oGt
(22} () Zv) mm {291} (92)
ae’l .0 [3-44) i =Bk 160|182
oz ki _ . -
(o} (21 (21} | {62} {(a02}[(96E) (21| (20 | (213 | (813 ] (21}
o]o 0.{ 0 {500]2eD k Lo1loos| 291 | it | es0 b
2 “ R o52)

) ibs) | {L9) .« | (9z) 1{89) ({601) | (¥B} 7 )

v B0 | © ol o |80 |b20 . /"
o0t s‘.an__( 02l #5201 oSEl ol sSbl w05l o651 2091 i ] #0091 4551 <051 25¥l »OtH ] «0F! #5321 3 021




_r_HHHu

pl #d el o e o

A L

B moﬁﬁﬁm ewpaty TROTIUY &g uwﬁ%_ﬁ _.nsnoa ﬁﬂoaiﬁm» ab&ﬂ

.
v

L,
w0t M o5 021 £621 _ o0F1  #5%I Pl oSt W05 oiG! W0 oSS oMY o8l JOf A o581 081 o561 .um.vun_ WSl WObl #8E| JOET W21 '3 W021
. | T [ 11 .
o ~ 1SNBNY-INAF -

SUNOH BNILNODS TYLOL "ON
o p— . ~{ 05 B3J50 Ld_q_ U
ﬁm; :m: : o W C L wavawo onvosz Y .oJ
“ = > Y o ev2-sro[ 1 .
{v) | (zal| tan) Lo ' : ssnanvero[ )
O || 0 . as._boom.._owmazo_ﬁum..oozuw HS1J TYLOL :
o0l . - o0
ﬂ 8} | (&) SRy \_HFM/,F)_.N ol <T 5
58 o |sit TN
o5 ] ) ~ o
20| @n | 80 {02 mm‘ 1 ovn{ 191 { (20 Ky S~ S
0 | 0 |950} 001 9L019L0]sc0| 0 | O % T o'
0 o DeevE g4 = |
@ 192|191 | (291 1700 (se) “re (o1 &. —
0 | 0 |990] 0 |6¢ 003
o3 H SURYIS INNYD o5
(82} { (o8 | (+6) 1e9) P68} 9) | 20 [wzi{ tan {(22) | (an P s
10| 0 | £9°0 ROLI 150 oty 191 |ogaloee| b | ag | 29 _
! () FBE) [ tba) |IBSIT n_w_ (89) EI3PIE (21) | (21 ...ﬁi () {02) ﬁm_m °
o' fsoi|og {3kl oc0{ beOJOBIN 0 | 291 [ €51 Lon 0 e N
& RIS PR kL : e o6
@) | (2n |02y §UIR) 1813 (22) D
98’ 9¢' | cgo 120 . a3k o *
e 4] “ {2) (on (02} (223 | () *
{2b) tg) | (a1 ] {2) twon 12BN
\b20 cjJolo 150 wna‘_ﬂ REIVHLTi94 8021 0061 0 oo ]| o Q
.52 M 5 ko] TR, 5 W.,:. . <2
. NEBL] (06) 1 (s | (023 | (w2) | trg) [ (ob) [(8L) [(wen | (28) | b2l | 8%) | tog) [LS2E]: ’ .
z/ﬂ.ﬁ.mm.o 0| 6| 0oj6e0| 0] 0] 0|6volsro| o |ss0f¢ed 5 \ N
TR o R oA Bt oo 5 P T T T T T - R T




e s mee—— I e .tl....\-ﬁu misa:

an .\... ﬁoﬁmﬁ.ﬂv mhlomm.m h@pgpomxuopawvmmm qaﬂo mmﬁ. boEmm

£3FLYBTL eﬁuﬁ ﬁgﬁﬁ .ma. &nﬁﬁﬁ .?38 ﬁpoai...% o.awE

M
'

£

S0l M o5H T A e I - W~ L o DL oGlt OBl oGl 2] .m.m_ 2091 o551 #081  oGhl  WObl WG| WOt 52 ‘3 W02}
: . R .
- . . 43WIAON - ¥38WaLd3s .
. g . SUNOH sininods Mviel "ON)
. gre 00
o . .. @quﬁ L .GMFW_ RIS 30 oE.Em,_ SE e |
, lée).| (oiwtan) | L0} |42 . .
| SRS | [ o murmsowors £79
<&t - ~ . sE-
@ 1 HRe) e | € wi) ss31onv vro [ ]
o 00SjLE0] © o SNLLOODS 40 SHNOH Ol ¥3d STDGHIS HSL 1WLOoL
0 T — ol
ton (9} - laen] Yk 0 = =
00°¢ F2E2 It 191 0 S :
3T 6% ozn| m,.. ® | e (1) _ ] . S N PN BN
61 | g2 ivo |2ealilel ¢21{ o |sg9 191 ~ANRT e 't
o PNA S . stmvrsy = 0
@1 wan|wen w0zl (a1} MMF s
0 2601820 os¢{oot
- 2 1y O TR TN LY oF
Twen| {on (22) | () (8873 (ve) [ w2 i s
+]1690 i8] o 160 |00s]| .EIti620 | €80 _
. ; it \Mml.o_
261l w2 | @ ) |20 ] (222 | (0) [ten ]| Ry
1eL 0|0 o |srjo60! 0 | O eSS
o - - r — -
{53l ﬁmw.. (281 | toe) | (211 {1on 2y REET o2 D
80, 1080 0 | 0 |e80]| © o foie]sco
Coawkl : s 2
{81} | (21} {28) Aq2n | lzh [tz | @0 [ t2n ] @n ] k) |z | teg) | (22
00 ) 0jeg0|91| 0 |0 {0 {0 |0 |0 %500 b
o5 B S , "2
(9} | (v} | @1 jtem ,Naz {831 | {on 7 ,
N o]0 o|o oo o1 |vea| o _ 5 /"
o011 M o5l Q21 o521l L] oGEl SOt i o051 o541 2091 o591 o041 1 a%2l WLl o551 o091 o45E o041 «S1 Ol <51 LI W52 3 ORI




\

l’ll[lllTllllxilrnlxxsll!tlnllllrrllril.t-

Figure 37 --Anmal catch and value of all speciea caught: by harm3itine

fishlng at Necker' Island 1966-75.
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Figure 42.-Per'cantage 1ength freauency distribution of skipjack tuna

and ka.wakam cauvht durlng ec:nloratory pole=and=line f.‘lslnng
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Figure é&.-—Percaxrbago weight frequanoy dls*'ributlon of spixy lobsters
' ‘ caughir du.ring exploratory trap fishing in NWHT m’cerso -
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