
UNITED STATES DEPARTMENT OF THE INTERIOR, Stewart L. Udall, Secretary

FISH AND WILDLIFE SERVICE, Clarence F. Pautzke, Commi"ioner

BUREAU OF COMMERCIAL FISHERIES, Donald L. McKernan, Director

MIDWATER TRAWLING FOR FORAGE

ORGANISMS IN THE CENTRAL PACIFIC

1951-1956

BY JOSEPH E. KING AND ROBERT T. B. IVERSEN

FISHERY BULLETIN 210

From Fishery Bulletin of the Fish and Wildlife Service

VOLUME 62

PUBLISHED BY UNITED STATES FISH AND WILDLIFE SERVICE • WASHINGTON • 1962

PRINTED BY UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON. D.C.

For sale by Superintendent of Documents, U.S. Government PrintinA Office, WashinAton, D.C. - Price 40 cents



The series, Fishery Bulletin of the Fish and Wildlife Service, is cata.loged
as follows:

U.S. Fish lmd lVlldlife 8ervi.(Je.
Fishery bulletin. v.1-

·Wa.shington, U.S. Govt. Print. Off., 1881-19

v. in illus., .maps (part fold.) 23-28 cm.

Some vols. issued in the congressional series as Senate or House
documents.

Bulletins compOlling v. 47- also numbered 1-
Title varies: v. 1-49, Bulletin.
Vols. 1-49 issued by Bureau of Fisheries (calle<1 l<'ish Commission,

v. 1-23)

1. Fisheries-U. S. 2. Fish-cultul'~U. S. I. Title.

u

SHU.A25

Library of Congress

639.2061"73 9-35239*



CONTENTS
Introduction 271
Source of data 272
Description of gear and methods of hauling ______________________________________ 272

6-foot beam trawL 272
I-meter ring trawL 274
6-foot Isaacs~Kidd trawL 275
10-foot Isaacs-Kidd trawL 277

Laboratory procedures 280
Catching abilities of the four trawls 281
Variation of trawl catch 283

Diurnal variation 283
Variation wit,h area and current system 286

Trawl catches as ecological indicators 292
Standing crop and productivity measurements 293
Tl'awI catches as a measure of tuna food_ ____________________________________ 294

Midwater trawls as sampling devices for juvenile tunas_ ___________________________ 301
Summary 302
Literature cited • 303
Appendix ;304

III



ABSTRACT
Oollections fl'OIll 274 niidwater trawl hauls ma<le in the eentral Pacific Oeean

by the Bureau of Commerdnl )j~isheries during the years Hl51 through 1056
were analyzed quantitatively to obtain estimates of the abundance and dis
tribution of forage organis~ns. Occurrence of these organisms in the trawl
eatches wns eomlJared with the oceurrence of similar organisms in the stomachs
of yellowfin, bigeye, skipjack. and nlb:leore tunas tuken by longline, surface
tl·olling. and pole-and-line fishing. Four tmwls were utilized I. 6-foot beam
trawl, I-meter riug truwl, and 6-foot and 10-foot Isaaes-Kidd trawls) in double
oblique hauls between the surfnce l1nd400 meters.

The ll1l'gest cutches by the ISllucs-Kidd trnwls were made in the Aleutian
Current and in the region of upwelling at the Equator. and the poorest catehes
south of latitude 5° S. in the North Equatorial Current between latitudes
10° N. and 18° N., and in Hawaiian waters. The gl'eatest variety of organisms
occurred in catches made in the Sout.h Equatorial Current and in the
Count.ercurrent..

There was poor correspondence b~tween t.he eomposition of trawl catches
and the cont.ent.s of tuna stolllachs, sineI' most t.rawl hauls were 'made at night
and the fishing which provide(l t.he tuna stolllachs oc:curred in the daytime.
There was marked diurnal varintion in the trawl catches. Night hauls
produced catches larger in volume, lllunber, and size of organisms. Diurnal
differences in composit.ion of the trawl catches were striking.

The larger trawls generally produeed the largest catches, but in eatch per
unit of mouth area the trawls were about equally efficient in a geographic area.
The largest cntches and greatest variety of organisms were obtained by the
largest and most. frequently used trawls. All four trawls sampled organisms
of about the same l>hyla. classes, and m'ders; the major differenee was in
the families and genera of fishes caught. Only six juvenile tunas. from
18 to 60 nUll. in length, were caught, although juvenile tunas were thought to
be present in the area at t.he time of the t.rawling.

Trawl catch volumes were eorrelated with various environlllental factors
amI found tO,be more closely rell1ted to zooplankton than to inorganic phosphate
or to the uptake of C" by phytoplankton.

Checklists of the organisms captured, showing percentage occurrence and
average number per haul of a large nUlllber of taxonomic cat.egories according
to six latitudinal zones, and a table of references useful in identifying organisms
captured by midwater tl'awliug are presented.
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MIDWATER TRAWLING FOR FORAGE ORGANISMS IN THE CENTRAL
PACIFIC, 1951-1956

BY JOSEPH E. KING AND ROBERT T. B. IVERSEN, Fishery &aearch Biologista
BUREAU OF COMMERCIAL FISHERIES

Since the inauguration of field work enrly in
1950, the staff of the Bureau of Commercial Fish
eries Biological Laboratory, Honolulu,' has con
ducted studies on the oceanography, productivity,
and fishery resources of the central Pacific Ocenn.
Although not a major act.ivity of the Laboratory's
research program, midwater trawling has received
considernble attention. Four kinds of trawls were
tested and employed to a va.rying extent on 22
cruises in the central Pacific from 1951 to 1956.
Trawling was not conducted, however, with the
expectntion of discovering new fishery resources
of commercial importance, but rather to sample
qu~ntitatively the forage organisms which are the
basis and support. of fishery stocks in general, and
particularly those organisms utilized by the tunas.

Midwater trawling has been conducted along the
west coasts of Canada and the United States by
a number of institutions employing different types
of gear. The Fisheries Research Board of Can
ada, Biological Station, Nanaimo, British Colum
bia, pioneered in the development of a commercial
type trawl for use in the herring fishery (Barra
clough and ,Johnson, 1956). This trawl, or one of
its modifications, has been used by the Bureau of
Commercial Fisheries in fishery explorations in
the eastern Pacific (U.S. Fish and Wildlife Serv
ice, 1956; Schaefers and Powell, 1958). The Cali
fornia Department of Fish and Game has also
tested a commercial-type midwater trawl of
somewhat different design (Pacific Fisherman,
1953). The Isaacs-Kidd midwater trawl ,vas de
veloped at Scripps Inst.itution of Oceanography
to collect" bathypelagic fishes and invertebrates
(Devereaux and Winsett, 1953). This type

1 Formerly Pacific Oceanic Fishery Innstlgatlons.

ThE- senior author Is presently Assistant Chief, Branch of
Marine Fisheries, Washington 25, D.C.

Approved for publication. November 30, 1961. Fishery Bulle
tin 210.

of trawl has been empl!>yed by Scripps staff
members on numerous cruises in the eastern
Pacific and has also been used recently in the
northeastern Pacific by personnel of the Uni
versity of. Washington Department of Ocean
ography"to :relate variations in the abundance of
plankton and nekton to oUler oceanogra.phic fea
tures (Aron, 1959). Some of the studies men
tioned here have resulted in discoveries and infor
mation that have been of great value and interest
t.o the commerc.ial fishing industry, and ~ll have
made worthwhile contributions to our scant knowl
edge of the abundance and distribution of animal
life in the mid-depths of the ocean-a life zone
t.hat presently contributes little in the way of
hillnan food (Whiteleather, 1957; Powell, 1958).

Specific objectives of the trawling program
were as follows:

(1) To obtain a measure of the abundance and
distribution of potential tuna food; (2) to obtain
an estimate of the standing crop of forage organ
isms; (3) to sample juvenile tunas; (4) to learn
something of tuna feeding behavior, e.g., depth
of feeding, diurnal variation, and selectivity; and
(5) to evaluate the general catching abilities of
different midwater trawls in the highly trans
parent waters of the tropical and subtropical
Pacific. This report describes aild evaluates the
results of our trawling studies with respect to these
objectives.

H. J. Mann, of the Honolulu laboratory, pre
pared the engineer's drawings of the trawls and
helped the authors with the detailed descriptions
of the trawls. Froln the engineer's drawings,
Tamot.su Naknta prepared the drawings and other
figures that appear in this paper. Isaac Ikehara
and Allen Shimomura assisted in the sorting,
counting, volume measurement, and ident.ification
of the organisms in the collections.

271
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TABLE 1.-Number of 1la.ltls, cntises, ana general areas 'Where mid'water trawling tva,s acoompli.9hed, by type of gear,
central Pacific, 1951-56

Gear and cruise Cruise period General area Number
of hauls

3
37
53
8
5
4

43
4

1
3

22
4

10
2

13 .
23

78

10
10
2
1

23

10

2
4

16

North Paciflc_ •• __ • •__ ••• __• __ •• • • • ._
North Pacific and HawaIIan waters_. •__ • • _
Equatorial Paclftc • • •__ •__ • ••_. _
Hawailan waters • •••_. • _
Equatorial Pacific. _. • • _
Hawaiian waters •_" _. __ ._. _._. • • •_• •
Equatorial Pacific and HawaIIan waters • ._._. _
Enlwetok•• _. • •• •_. _•• __ • •__ ••• __

January-February, 1955. ._••_. •
July-August, 1955 • ._
September-December, 1955 _
February 1956__• ._._ •• __
March 1956 • _
May 1956 • •• • _
August-October, 1956. _•• __ ••• ._
Dccember 1956_. __ ._ ••••••_. _

Subtotal. •• __ ••• _•• • • ••_••••_••_•• • • •__ _ •_•• _. _•• • _
I-meter ring trawl:

Charle. H. Gilbert:Cruise 11. • April 1953 •• •• •• HawaIIan waters • •_._. ••_••• •_•• • __ •• •
Cruise 12____________________ May 1953. • do • • •_._••• __ ._
Cruise 13______ June 1953. __• •__ • __ •__ • do •• •_•• __ • _

Hugh }.-[. Smith: Cruise 21. _ August 1953 • ._•• • do. . . _••_•• • • __ • _
-1----SubtotaL • •• __ •__ ••••• • •_•••_••_ _ •••• __••••_•••• __._._. •__ •••••_. _•• _

6-foot Isaacs-Kldd trawl:
John R. Alaflning:Cruise 15 •• __ • __

Cruise 16 •_._. _. _. __ •__
Cruise 20__ • • •__ •• _••••
Cruise 21. •• • •__
Cruise 22 •• _••• ._.
Cruise 23 • •• _
Cruise 24 •_•• __ •_•• •• _

Hugh M. Smith: Cruise 27__ •• _._ •• _
1---=----------1-------------------1----Subtotal._. _. __ •• •_._. • •__ • • • •____ _ _ ••_••• __ •_._. _. • • •• __ • •__

100foot Isaacs·Kldd trawl:
Hugh M. Smith:Cruise 27__• _

Cruise 30 _
Cruise 31. _
Cruise 32_. •__ •• _
Crnlse 33__ • _
Cruise 34__ •_••_• _
Cruise 35 • • _
Cruise 37 _

6-foot beam trawl:
John R. Manning: Cruise 9_ •••• • November 1951. __• •• Hawaiian waters__ • • • • • •
Hugh M. Smith:Cruise 14__ ._. _•• _••• __ ___ February 1952__ • ••• • Equatorial Paclflc • _

Cruise 15 •__ ••••• ••••• June 1952 • ••••• do_. • _

Subtotal. •_. _. _.. • • •_•• __ •__ ___ _ • •_. _. _. __ •_. __ ••• _. _. __ •• •_. _

Total • • •__ ••• • ••• ••••• • •• ._ • _
157
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SOURCE OF DATA

This report is concerned with the results of 274
midwater trawl hauls made on 22 cruises of
Bureau of Commercial Fisheries vessels in the
central Pacific during the ye,ars 1951-56. A sum
mary of the hauls made and the general areas
sampled by each vessel on each cruise is given in
table 1. Positions of the trawl stations are sup
plied in appendix tables 1 to 4.

The area investigated extended from latitude
49° N. to 19° S. and from longitude 108° ·W. to
162° E. The approximate positions of stations
where each type of trawl was employed are shown
in figures 1 to 4.

DESCRIPTION OF GEAR AND METHODS
OF HAULING

This report is concerned with the results ob
tained with four kinds of trawls: (1) 6-foot beam
trawl, (2) I-meter ring trawl, (3) 6-foot Isaacs
Kidd trawl, and (4) 10-foot Isaacs-Kidd trawl.
A description of each trawl follows.

6-FOOT BEAM TRAWL

This t.rawl consists of a net 30 feet in length with
a 6-foot-square mouth opening held open across
the top and bottom by 6-foot lengths of galvanized
pipe (fig. 5). The body of the net is constructed
of 1-inch (stretched measure) cotton netting; the
cod end is of %-inch mesh. The rear half of the
net, including the cod end, is lined with 3/16 mesh
(squa.re measure) minnow nett.ing. We do not
know where the design for this gear originated.
. This trawl was operated from the John R. M(~n

ni-ng and the Hugh M. Smith at speeds of 4 to' 5
knots, using a towing cable oflA,-inch wire rope.
On each haul a 50.pound bronze depressor or a
IOO-pound streamlined lead weight was suspended
from the lower pipe beam. Table 2 gives the min
imum and maximum towing tensions obtained
when hauling at various speeds and with different
amounts of wire out. At the usual hauling speed
(4 to 5 knots) the maximum t.ension did not ex
ceed 2,000 pounds. Most hauls were oblique
tows, ranging from the surface to depths as great
as 450 meters. The depth of the haul was esti-
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FIGURE B.-Location of the 78 stations where hauls were
made with the 6-foot Isaacs-Kidd trawl.

mated from the angle of the towing wire and the
length of wire out, using the secant relationship
with the assumption that the towing wire de
scribed a straight line in the water.

TABLE 2.-Towing tet/siotUt obtained. ·with the 6-100t beam
trawl, measured 'mi-th a dll'namometer, on John R. Man
ning cruise 9

Wire out Main Estimated
Towing tension

engine vessel speed
speed Minimum Maximum

R.p.m. KlIot, PoulId, PoulId,10 meters________________ 110 3.5 430 R4010 meters________________ 150 4.7 850 1,280200 meters. ______________ 150 4.7 850 1,280400 meters•• ____ •________ 150 4.7 920 1,350400 meters. ____________ •• 200 6.2 1,280 2,200

The collections were stored in glass jars and
preserved in formalin neutralized with borax.

""'60' ,... ''"" """7"

FIGURE 2.-Locatiull of the 23 stations where hauls were
made with the I-meter ring trawi. (Number of statiDDs
in parentheses.)
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I-METER RING TRAWL

This gear, which we termed a "ring trawl," con
sists of a circular net, 1-meter in mouth diameter
and 4% meters in length, attached to a steel ring
1-meter in diamete.r (fig. 6). The net is of 2-inch
mesh (stretched measure) No. 12 cotton twine and
is equipped with a cod-end liner of %6-inch mesh
(square measure) minnow netting. On most hauls
an additional liner, slightly more than 1 meter in
length and of %-inch mesh (stretched measure)
cotton netting, was attached in the net just for
ward of the cod end.

Except for one haul this gear was operltted only
from the Oharles H. GiJbe1·t, usually at speeds of
6 to 7 knots, but reaching a maximum of 8,% knots

on a few test hauls. The towing cable was 1,4-inch
diameter wire rope. The 1-meter ring at the
mouth of the net was initially constructed of
%-inch stock and was without reinforcement.
At higher towing speeds the ring did not retain
its shape and was repla.c.ed with one of 1-inch
thickness, reinforced with two transverse bars
(fig. 6).

A 50-pound dep~'essor or a 100-pound stream
lined weight was suspended below the net. At
average towing speeds (6 to 7 knots), the maxi
mum f,<m."'.ing tension did not exceed 1,000- pounds
(t.able 3). The t.rawl was operat.ed, usually on
oblique tows, at. depths ranging from the surface
t.o 200 meters. As in the'case of t.he 6-foot beam
trawl, the depth of haul was calculated trigono-
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FIGURE 5.-Diagram of the 6-foot beam t.rawl, show ing the arrangement of weight a·nd bridle lines. 1

TABLE 3.-To'wtng tensio'ns obtained with the l-meter ring
trawZ, tneasttred wtth a dynamometer, on Charles H.
Gilbert "cJ"ltise 18

metrically wit.h the asswnption that the towing
wire described a straight line.

6-FOOT ISAACS-KIDD TRAWL

A scaled down, 6-foot model of the Isaacs-Kidd
trawl was constructed from plans provided by
Scripps Institution of Oceanography for 10- and
H)-foot models. The net is 28 feet in length with
the forward section of l%-inch mesh (stretched

Minimum Maximum

measure) No. 9 cotton twine; the middle section
is of %-inch mesh and the rear section of Vi-inch
mesh (fig. 7). The cod end is lined with stramin
or with No. 14XXX silk grit ga.uze. Since the
diving vane of the t,rawl exerted a st.rong depress
ing action, no extra weights were needed.

This trawl was hauled from the Mannhtg and
the Smith at. speeds of 4 to 6 knots, on a towline
of %,-inch wire rope. At t.hese speeds and with
100 to 300 meters of wire out, the towing tension
ranged from 600 to 1,200 pounds. .

Devereaux and Winsett (1953) provide data on
the shape of the towing wire for t.he 10- and 15
foot ~nodels of the Isa~cs-Kidd trawl during tow
ing. Because of the depressing action of the diving
vane, tJle' stra.ight-line assumpt.ion could not be
applied when we calculated ha.uling depths. Since
a suitable depth met.er was not available, we esti
mated the curvature of the towing wire and the
trawl depth by a method described by Hida. and
King (1955), which required frequent measure
ment during the haul of wire angle and amount

Pounds
2tlO
390
620
720
750

1,005
880

1,080
1,500

Pounds
130
200
280
390
440
440
620

Towing tension

Knols
5.9
6.7
7.2
7.7
7.9
8.1
8.1
8.1
8.1

Estimated
vessel
speed

R.p.m.
550
700
800
900
950

1,000
1,000
1,000
1,000

Main
engine
speed

Wire out

195 meters _
195 meters .. _
195 meters . _
195 meters .. _
195 meters, _
195 meters _
575 meters_. _
990 meters__ • •
975 meters•• _

. 637256 0-62-2
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of wire out. Depth conversion factors (table 4)
were c.alculated from plots of these data.

TJ\BLE 4.-Depth co·n.t'el'sicm factors 'II-sea to E!sti1lla.te depth
of hauZ fol' 6-foot lsaacs-Kida tra1fJZ

[Wire out (iu meters) X factor = trawl depth (in meters))

modified from the original plans given by Dever
eaux and 'Vinsett (1953), we shall provide a de
ta.Hed description of the main features of the
gear.

I Cosine of the wire angle, the appropriate conversion factor if the towing
wire described a straight line. Is given for comparison.

to-FOOT ISAACS-KIDD TRAWL

Since the 10-foot trawl used in this study by
the Laboratory in Honolulu has been considerably

Wire angle Depth conver-
sion factor

68° ~. __ .• •_.' •___ O. 44
69°• ._. ._._______________ .42
70°• • __ •• • •_____ _ .40
71°_ __ __ _____ ______ ____ _ .38
72° •. _ .36
73° __ • • • __ • • __ . 34
74° . • _. •__ _ . 32
75° •• ... ___ __ .31
76°•• ._ •• •• •• •• .30

Cosine I

0.375
.358
.342
.326
.309
.292
.276
.259
.242

Trawl Net

A schematic. view of the net is shown in figure
8 and detaHed plans are given in figure 9.

The front section of the net, about 27 feet in
length, is made of llh-ine.h mesh (stretched meas
ure), double-knotted, No. 207 nylon twine, dyed
red. The mesh counts for ta.pering the top, bot
tom, and side panels are shown in detail "A" (fig.
9). The headlines and other supporting lines are
of 3;8-inch 3-strand nylon. The headline is
attached to the diving vane by wire pennants of
Vt-inch-diameter 7 x 19 stainless steel wire Nico-

SCHEMATIC VIEW OF VANE AND NET

FIGURE 8.-Schematic view of the lo-foot Isaacs-Kidd trawl used by the Bureau of Commercial Fisheries Biological
Laboratory, Honolulu.
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FRONT VIEW

FIGtTRE 9.-ConstructiQn details of the IG-foot Isaacs-Kidd trawl net.

pressed to stainless rings (shown in detail "B," fig.
9).

The midregion of t.he net., 7 feet 4 inc.hes in
length, oonsists of a circular tapered section of
%~inch mesh No. 207 nylon, detachable from both
front section and c.od end by a system of double
rings ,lashed together with No. 207 nylon twine.
Rings are of 11.&,-inch brass rod, 24 inc.hes in dia
meter at the front of the section, 18 inches in
diameter at the after end. Four equally spac.ed
sup~rt lines of 3-st.rand %6-inch nylon are eye
spliced into a ring at eac.h end of the section.

The cod end is a circular tapering section, 10 feet
in length, of 1;2-inch mesh No. 207 nylon. The last
6 feet of this section is lined with stramin, ooarse
silk grit gauze, or fine-meshed nylon netting, which
is attached at its forward margin to the main net.

Diving Vane

Plans of the diving vane are shown in figure 10.
The body of the vane is formed of lis-inch steel
plate, 24 inches in width and 10 feet 10 inc.hes in
length, bent at the midpoint to form an angle of
140°. The leading edge (section A-A, fig. 10) is
reinforced by a 1 x 2-inc.h channel iron welded to
the underside of the plate. A streamlined entry
is formed by pressiIig a llh-inch angle iron to
shape and welding it to the plate and channel·as
slwwn. The leading edge is faired at the after
side by a strip of lis-inch plate 2 inches wide
welded to both the channel iron and the plate. All
of these welds are c.ontinuous and the entire lead
ing edge assembly is made watertight to avoid 001'

rosion from the inside. Holes %-inch in diameter
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FIGURE lO.-Construction details of the diving vane of the lo-foot Isaacs-Kidd trawl.

are drilled on t.he midline and ends of t.he vane
with their cent.et;s 1 ineh from t.he after edge of
the vane.

A pipe strut 17 inches in length ext.ends down
ward from t.he front rent.er of the vane (det.ail B,
fig. 10). Le,ngths of 6-inch pipe are split length
wise and welded together to form a faired eross
sect.ion. This strut extends up through the lea.djng
edge of the vane and is' welded both above and
below. A 2-inch-wide center strip of Ys-inch plate.
covers this point and adds stiffening t.o t.he vane.

The tension member consist.s of a wire pennant
made from %-inch-diameter 7 X 19 preformed
stainless steel wire rope. Solid rigging thimbles
are installed at each end. The tension adjustment
is made with a o/s-inch closed pipe tumbuckle se-

cured by %-inch galvanized chain shackles. Pad
eyes of %-ineh plate drilled for %-inch shackles
are welded to the vane at each end. An 8-ineh
length of %,-inch pipe is bent arOlUld a suitable
radius and welded to t.he lower end of the pipe
strut to serve as a guide for t.he tension member.
Tension on the wire should not. be exeessive; the
wire after prestretehing should be just. hand-tight
since too much tension during towing will cause
the vane to buckle.

The towing arms are hinged triangular members .
formed by welding ·14 x 2-inch plate bars into a
triangle with the towing renter 6 inches forward
of the leading edge and 29% inches above the hinge
center. The arms are hinged by means of a %
inch diameter galvanized pin held by 2-inch-Iong
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FIGURE n.-Towing bridle and spreader bar used with the lO-foot Isaacs-Kidd trawl.

LABORATORY PROCEDURES

TABLE 5.-Depth co'//.'versio'n factors used to estimate depth
of Iwtd for lO-fuot Isaacs-Kidd tra'wZ

[Wire out (In meters) X factor ~ trBwl depth (in meters»)

and Winsett (1953). We have independently cal
culated the trawl depth by the method described
by Hida and King (1955), based on measurements
of wire angle and wire out. Depth conversion
factors derived from these measurements are listed
in table 5.

The trawl collection, drained of -the preserving
liquid, was spread out in a shallow, white-enameled
plUl and sorted into two size eategories: organisms
less than 2 cm. and organisms greater than 2"em.,
greatest dimension. This separation was made
since the first category was not judged to have
been sampled in a quantitative manner because of
the coarse mesh of the nets used. Each size group
was further sorted into kinds of organisms, with

0.46
0.45
0.44,
0.43
0.42
0.41
0.40
0.39
0.38
0.37
0.36

Depth conver
sion factor

Wire angll'

66° ._. • • . .
67° . • 00.

68° -- _-- _-- -.- -. -. • • --
69° -- -- --- _-- __ -. -. -- : -- -- • --
70°__• . _. _. . • 00 __ ._.

71° . ._00 •_._.00 . 00 _
72° ------------- ------ -- -- _-- -- _--- -- __ --- __ --. .--73° . . • _
74° • . _---- --- -- __ -- _--- -. --. ---
75°•• • . . _. _
76° •. _. • • •_. . _. _. _

Hauling Methods

The 10-foot Isaacs-Kidd trawl was hauled by
the Sm,ith at speeds of 4 to 6 knots, on a towing
line of %-inch wire rope. At 5 knots, with about
800 meters of wire out and a wire angle of 71 0

, the
towing t,ension ranged from 1,750 to 2,600 pounds;
at 6 knots, with the same amount of wire out and a
wire angle of 730

, the towing tension was 2,000
to 3,000 pOlmds.

As previously mentioned, data on the shape of
the towing wire during hauling of 10- and 15-foot
Isaacs-Kidd trawls have been given by Devereaux

sections of %-inch pipe welded alternately to the
towing arm and to the end plate of the vane.
This plate is fabrieated from 1,4-inch plate 13,4
inehes wide. All leading edges of the towing
arms Ul'e ground to a thin edge and the hinge pin
head is turned to a point to minimize resistance
and turbulence during towing.

A.fter final assembly the vane is thoroughly
sundblnsted and galvanized.

Towing Bridle and Spreader Bar

Details of the rigging of the towing bridle are
shown in figure 11. A.ll sections are made of 1,4
ineh-diameter 7><: 19 preformed stainless steel
wire rope. The spreader bar is a 78-inch length
of heavy pipe with 4-inch bars welded at each end
and drilled to take %-inch shackles.
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identifications being made to the most precise
degree that seemed pract.ical.

The number of individuals and displacement
volume were determined for each kind or group
of organisms identifie.d. The minimum and maxi
mum lengths, in millimeters, were recorded for
each category of organisms. In some instances
the total number of the more numerous organisms
in the less-than-2-cm. category was estimated from
the number in a subsample.

In examining t.he resulting data it was evident
that those organisms less than 2 cm. in longest
dimension usually constituted a very small fract.ion
of the total volume of the catch. Of greater im
portance was the infrequent occurrence of organ
isms of large bulk. It was decided, therefore, to
give in the summary tables (appendix tables 1 to
4) the number of organisms and the volume of the
total catch, expressed in terms of 1 hour of hauling,
with the two size categories combined but with
added reference to the occasional occurrence of
large numbers of small organisms, such as euphau
siids, and the infrequent bulky forms, such as
jellyfish or large fish, that greatly influenced the
volume of the catch or the total number of indi
viduals in it.

The nature of the t.rawling gear and the
methods used did not permit or justify an exact
quantitative evaluation of the catch. The amount
of water strained on each haul was not metered.
Vessel speed during hauling, however, was fairly
uniform for each trawl, since an attempt was made
to hold the wire angle within a narrow range of
values. Although most hauls were for a period of
1 hour, the time varied somewhat, as indicated in
appendix tables 1 to 4, and this variation was
taken into account. Other possible sources of
variation in t.he data were those relating to the
hour of hauling and to depth of haul. The major
ity of the hauls, however, were made at night
within 1 to 3.hours after sunset and sampled the

upper ocean layer between the surface and 400
meters.

Detailed lists showing composition of the
catches for each of the four trawls are given in
appendix tables 5 to 8. Because of the great
variety of invertebrates and fishes in the collec
tions, it was not possible to give equal attention
or bring the same skill to the identification of all
groups. Major effort was spent on the euphau
siids, shrimps, and stomiatoid and myctophid
fishes because of their prominence in the collec
tions. References used in the identification of the
different, groups are l~sted in the a.ppendix (p.
304). Berg's (1947) system of classification and
nomenclature was used in most respects for the
family names of the fishes.

'Where appropriate, the data were subjected to
statistical analysis and t.he results expressed in
terms of the probability that the event occurred
by chance alone. We regarded events with
P<0.05 as not occurring by chance and therefore
of significance.

CATCHING ABILITIES OF THE FOUR
TRAWLS

The catching ability, or efficiency, of a midwater
trawl is related to many factors, including size of
the mouth opening, mesh size of the net, and haul
ing speed,. and also to the amount of disturbance
or turbulence directly ahead of the net caused by
the to,ving cable and bridte lines. These general
features, except turbulence, are summarized in
table 6 for the four trawls. The I-meter ring
trawl, which had t.he largest mesh and was towed
at a slightly higher speed than the other three
trawls, produced the poorest catches, both in num
ber and in volume of organisms. As shown in
figure 6, this trawl also had the most obstruction
immediately ahead of t.he .net; the other three
trawls were much better designed in this respect.

TABLE 6.-Factors affecting catclling abiUtll 01 tile 101/1" tra·iVZs I/sed

Factor
6-root
beam I-meter ring

Moot

Isaacs-Kldd

100root

Size or mouth opening (sq. ft.)_ __ __ 38.0_ _ 8.4_ .• __ _ 29.8 .. . ._ 88.3.
Mesh size:

Front and midsection (stretched measureL ... __ l-Ineh 2-lnehes H§- and ~'-Inch 11-2- and ~'-ineh.

Cod end liner (straight measure) He-ineh H- and ~'h-Inch--_ ~t-Inch (stramIn or equlvalent) ~li-Inch (stramln Or equivalent).
Hauling speed . . . . 4-6 knots_ _ 6-7 knots :___ 4-6 knots ._ 4-6 knots.
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I Although the amount of water strained by our
midwater trawls was not metered, it ean be esti
mated fnirly ttccurately if we ean aecept certain
assumptions; namely, that. (1) the hauls were
made at uniform spee.d; (2) the nets were 100
percent efficient, i.e., all of t.he water entering
the mouth of the net passed on through; and
(3) the amount of water strained was, there
fore, proportional to the area of the mouth open
ing. It must be admitted that these assumptions
may include some error, but we believe that for our
purposes here they can rea,sonably be applied to
the Isaacs-Kidd trawls. The nets had a high ratio
of length to mouth opening and were of relatively
coarse mesh, exeept for the cod end. There was
never any evidence of clogging. Vessel speed was
adjusted during the tows· to yield a wire angle of
70o-7~o, a.nd the actual hauling speed was gen
erally maintained within a range of 4 to 6 knots.
If we accept 5 knots as the average hauling speed,
in 1 hour the 6-foot trawl would strain 25,663 cubic
meters of water and the 10-foot trawl would strain
76,043 cubic meters. .

We have ealculated average' values in terms
of number and volume of organisms in the total
eatch, for eaeh of the four trawls for each major
geographic region investigated (table 7). The re
sults show considerable variation, part of which
is influenced by the large numbers of euphausiids
and barnacle larvae obtained in the North Pacific
with the two Isaacs-Kidd trawls and by.a few
large eatches, also of euphausiids, made in the
equatorial Pacific with the 6-foot beam trawl. The
volume of catch varies generally with the size of
the trawl. 'Vhen evaluated in terms of volume of
catch per unit of mouth area, we find that the two
Isaacs-Kidd trawls were on the average about
equal in catching efficiency; they showed no
marked superiority over the 6-foot beam trawl or
the l-metei" ring trawl when used in Hawaiian
waters, and were even slightly inferior to the.
6-foot beam trawl when operating in the equa
torial Paeific.

The average individual size (ml.) of organisms
in the catch varied inversely with the relative
amount of fine-meshed netting used to line' the
cod ends of the trawl nets.. The net with the.
largest mouth diameter caught, on the average,
the largest organisms. The net with the smallest
mouth diameter did not catch the smallest organ-

TABLE 7.-Nl/mbel" 01 of'gall-isms a,net volum.e 01 catches
lIIa·de with the 101/1" traWls, in relatio'n to size 01 m.outh
opelling 01 the tra/('l '/lct a/llt tu geugraphic f·cgio·/I.

[Number of quantitativo hauls in parentheses]

Isaacs-Kidd
Region 6-foot I-meter

beam ring
6-foot IO-foot

Average number of organisms
per hour of hauling:

5.615 (26\ 1.485 (32)North Pacific_______________
---i3ij-,iJJj '68-(23)Hawaiian waters____________ 322 (19) 314 (:/4)

Equatoriall'acific" _________ 3,234 (61 -------- 600 (33) 657 (101)
Average. __________________ 1.294 06\ 68 (231 2.204 (78) 773 (157)

-
Average volume (mI.) of oatch

per hour of hauling:
59.3 165.3North Pacifio_______________ -- .. -------- --------Hawaiian waters____________ 22.4 5.4 22.4 88.2Equatorial Paclfic__________ 147.6 --.----- 103.2 232.9

Average___________________ 69.3 5.4 68.9 197.0

Average number of organisms
per hour per sqt1Bre foot of
mouth opening:

188.4 16.8North Pacifio_______________
----------- --------Hawaiian waters____________ 3.6 8.0 10.8 3.6Equatorial Paolfio__________ 89.8 -------- 20.1 7.4----Average________________ -,__ 35.9 8.0 74.0 8.8

Avera'!:; volume (mI.) of catch
per our per square foot of
mouth opening:

2.0 1.9North Paoific__________,_____ _..... -_._.
------~-Hawaiian waters____________ .6 .6 .8 1.0

Equatorial Pacifio__________ 4.1 -------- 3.5 2.6
Average___________________

1.9 .6 2.3 2.2

Average individual size (mI.) of

I
organisms in the catch: I

.05 .08 .03 .25All "reB8______ ~ ___________

I Average volume of catoh divided by average number of organisms.

isms, however, because its cod-end liner was of
slightly larger mesh than that used in the other
three trawls.

On Sm..ith cruise 27 to t.he central North Pacific,
the 6- and 10-foot Isaacs-Kidd trawls were used
on consecut.ive hauls on three successive nights
for the purpose of comparing the catches obtained
with the two sizes of gear. The results of the test,
summarized in table 8, indicate that the cat.ch
of the larger t.rawl was about three times as great,·
with respect both to volume and to number of or
ganisms, as that of the smaller trawl. When
judged in terms of catch per unit of mouth area,
the two trawls took essentially the same volume
and number of organisms. The kinds and sizes
of organisms in the collections were also similar
for the two t.rawls.

A cheeklist of organisms identified in the catch
of the foUl' trawls is given in appendix tables 5 to
8. In general, the greater the number of hauls
and the more regions sampled by a trawl, the
longer the list. A study of appendix tables 5 to
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rABLE 8.-VOl1tme af~d nmnber of organisms obtained 'with
the Isaacs-Kidd tra1vls on Hugh M. Smith cruise 27,
central North Pa.ci/lo, 1955

.VARIATION OF TRAWL CATCH
DIURNAL VARIATION

8 shows that many groups of vertebrates and in
vertebrates were common to the catch of all four
trawls. In an attempt to determine whether there
were wide differences in the catch composition,
we counted the major categories appearing in each
list and assembled the results in table 9. The
same number of phyla and classes was sampled
by all four trawls. The major differences were in
the families of invertebrates and the families and
genera of fishes, with the most-frequently used
trawl catching the greatest variety of organisms.

Size of Catch

Although our data indicate that catches made
at night greatly exceeded day catches both in vol.
ume and munber of organisms (table 10), the in
formation available is insufficient to describe the
diurnal variation in forage abundance. On Man-

. ning cruise 9 (appendix table 1) two series of
four hauls each were made with the 6-foot beam
trawl with the stations at various distances from
shore, one series in the daytime (1000-1800 hours)
a.nd the other at night (2000-0300 hours). The
day hauls yielded an average volume of 8.6 m!'
per hour of hauling and the night hauls 38.6 m!.;
the night/day volume ratio was therefore 4.49.
With respect to number, day hauls produced an
average of 123 organisms and the night hauls 134,
for a night/day ratio of 1.09. The difference be
tween these two ratios indicates a difference in the
size of organisms in the night and day catches.
When the average volume is divided by the 'aver
age number in the catch we obtain a value of 0.07
m!' for the average individual size of the organ
isms in the da.y catches and 0.29 m!' for the indi
vidual size in the night catches.

In April-June 1953, the 1-meter ring trawl was
used repeatedly at two "fixed" sta.tions in Ha
waiian waters, one located to windward and the
other to leeward of the islands. The stations were
about 75 miles apart, and both were thought to
represent open 'ocean conditions. On each of the
G-ilb61't cruises 11, 12, and 13, the windward sta~

tion (station A) was visited during the early after
noon hours and the leeward station (station D)

10-Coot

1.3
26.2

57.1
882

177.7
1,456

62.1
3,629

29°56' N.
179°28' E.
Feb. 1
1939-2041
118

.99.0
1,989

6-Coot

30°02' N.
179°31' E.
Feb. 1
2049-2151
122

Item

Station 23:
Position:Latltude 28°28' N. 28°32' N.

. Longltude 178°10' W. 178°10' W.
Date Jan. 31 Jan. 31
Time oC haul (zone time)______________________ 1948-2049 2102-2202
Estimated maximum depth (m.)-------------- 122 118
Cat~or~~~o(~;~) ~~~~~~!:______ __ _ 6.7

Number or organlsms_ _ 265
Station 25:

Position:LatitUde. _
Longitude _

Date _
'l'imc oC haul (zone tlme) _
Estimated maximum depth (m.>-------------
Catch per hour's hanling:Volume (m!.) 28.1

Number oC organisms_ __ 1,487
Station 28:

Position:Latltude 32°52' N. 32°46' N.
Longitude. 179°55' W. 179°54' W.

Date__________________________________________ Feb. 2 Feb. 2
Time oC haul (zone tlme)---------------------- '2049-2149 1943-2042
Estimated maximum depth (m.)-------------- 144 118
Catch per hour's hauling:

Volume (ml.)----------------------------- 56.1Number oC organisms_ __ 542
Average (all stations):

Per hour oC hauling:
Volume (ml.)----------------------------- 30.3Number oC organisms_ 765

Per 1,000 m.- oC water strained:
Volume (ml.)-------------'---------------- 1.2Number oC organisms___ 29.8

TABLE D.-Number 01 taa:onomic groups in the catOh of the four trawls antt in the stomach cO'n-tents of t1tna

Invertebrates Vertebrates (Pisces)
Number

OCh3Uls or Authority
Phyla or Classes Orders Families Families Genera stomachs
subphyla

Gear:6-Coot beam trawL_____________________ 6 8 12 19 17 26 16I-meter ring trawL ________ :-:. __________ 6 6 12 15 12 ·11 23
Isaacs-Kidd trl\wl:6-Coot______________________________ 7 7 15 25 33 42 7810-foot________ ~ ____________.________ 7 7 16 30 53 77 157-

Stomach contents:Yellowfln______________________________ 3 5 11 19 37 19 1,097 Reintjes and King (19531.Do________________________________
3 4 12 31 48 52 439 King and Ikehara (1956).Blgeye_______ •• ________________________
4 4 9 22 36 38 166 Do.SklpJar.k______________ ~________________ 3 5 11 17 42 30 707 Waldron and King.'Albacore_______________________________ 5 6 12 29 34 24 348 Iversen (In press).

I See Cootnote. 4, p. 295.

637256 0-62-3
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TABLE lO.-Qlluntitatit'e (Ufjeren.oes in the oatcl£ of day and night hauls 'with three types of trawls

[Based on 40 hauls]

Aver~e
Day hauls Night hauls Night/day ratio size 0

organism I
•Trawl

and Cruise Area
vessel Average Average Number

Number Average number Number Average number Volume of organ- Day Night
or hauls volume or organ- or hauls volume or organ- or catch Isms

Isms Isms
-------------------------

Milli- Milli- MiUi- Milli· Mill/
lit"., lit"., lit", lit"., lit".,

6-root beam trawl:
Jolin R. Manning. ____ 9 Hawaiian waters____ 4 8.6 123 4 38. 6 134 4.49 1.09 0.07 0.29

I-meter ring trawl:
HawaIIan waters____ 1.8 93Char/e, H. Gi/berL ___ 11,12,13 11 47 11 9.0 4.90 1.98 .04 .10

6-foot Isaacs-Kldd trawl:
John R. Manning____• 20 Hawaiian waters____ 2 5.8 106 2 22.8 257 3.91 2.42 .06 .09Do_______________ •

20 Equatorial Pacific ' __ 4 11.4 158 2 106.4 614 9.33 . 3.89 .07 .17

I Displacement volume.
, Countercurrent.

shortly after midnight. Although minor differ
ences between these two stntions in the physical
llJ1d chemical features of the environment might
have influenced the abundance of forage organ
isms, we believe that the major differences in the
catch were related to the time of hauling. The
average volume of 11 hauls at stat.ion A was 1.8
m1. and the average number of organisms in the
catch was 47, as compared with an average volume
of 9.0 ml. and llJ1 average number of 93 for 11
hauls at station D. The night/day ratio for vol
umes was 4.90, and for lllunbers, 1.98. The aver
age individual size of organisms was 0.04 ml. for
the day hauls and 0.10 m1. for tJle night hauls.

At the start of Ma'flffling cruise 20, four test hauls
were made with the 6-foot Isaacs-Kidd trawl in
Hawaiian waters to determine 'the difference in
cateh between hauls made in the morning about
2 hours after sunrise and at night about 1 hour
after sunset. For this series the average volume of
the two night sil..mples was 22.8 ml. and the average
number of organisms was 257; for the two day
samples, the average volume was 5.8 m1. and the
avera.ge number of organisms was 106. The night/
day ratio was 3.91 for volume and 2.42 for number
of organisms. Again the average size of orga.nisms
was much larger in ilight thllJ1 in day hauls (table
10).

The main objective of Ma·nning cruise 20 was
to conduct longline fishing in the equatorial Pa
cific. During the first 4 days of operations in the
Countercurrent, a trawl haul was made eaeh morn
ing about 2 hours after sunrise, soon after the
longline had been set. Because of the poor catehes
that were being made, the hauling time was

changed on the 5th day to about 1 hour after sun
set, just a.fter the longline ge.ar had been retrieved
for the day and the ship was underway to the ne.xt
station. The two hauls. made at this new time
were also in the COlmtercurrent, and averaged
106.4 ml. in volume, as compared with an average
of 11.4 ml. for the four day hauls taken earlier.
The avernge numbers of organisms, night/day
ratios, and average size of the organisms are given
in table 10, along with simila.r data for the other
cruises mentioned. No day hauls were made with
the 10-foot Isaacs-Kidd trawl.

Composition of the Catch

There were also marked diurnal differences in
the composition of the trawl catehes. Lists of
organisms oceurring in the dny and night hauls
referred to above are given in tables 11 and 12 and
appendix table 6 and summarized by general cate
gory in table 13. Coelenterates, certain molluscs,
and tunicates occurred in about equal frequency in
the day and night collections. Among the Crus
tacea, the amphipods and stomatopods were taken
in about equal numbers in day and night hauls,
whereas the decapods were taken principally at
night. Very few squids and fishes, exeept larval
ltnd juvenile forms, were eaptured'during day
light. The main difference, therefore, between day
and night haul~.,·was the ca.pture at night of the
stronger swinihiing animals which were either ab
sent from the upper layer during the day or were
able to dodge the net. We suspeet that most of
these animals were eapable of making extensive
vertiea-l migrations during the day to depths below
those sampled by the trawls and beca~ne concen-



TRAWLING FOR FORAGE ORGANISMS IN CENTRAL PACIFIC 285

TABLE H.-Composition of catchcs obtained in four day
hauls and four night hauls 1Oit1l. the 6-foot beam t-ra1cl
in Ha·waiial~waters, John R. Manning crui-8c 9, Novem
ber 1951 .

TABLE 12.-Colllposition of catches obtained in. she day
ha·1lls and four night hauls wUh G-foot Isaacs-Ki(Zd
tra10l in, Hawaiian 'loaters and i·n, the Equatorial Com/r
tercurrent, John R, Manning cru.isc 20, Apri/.-iIlay 1954

Day Night Day Night

-.:...-----------1,--------- -----------1--------

Organisms
Percent Average Percent Average
occur- number occur- number
rence per renee per

haul haul

Organisms
Percent Average Percent Average
occur- number occur- number
rence per rence per

haul haul

1 Actual number not determined,

1
6
2
4
2
1
2
4

2

2
2
7

2

2
I
2
2
4
1

4

6
I

1
21
2

20
8
1

1
10

21
12
20

32
1
5

66

25

75

50
25

25

25
25
25

50

25
50

25
25

25
25
50
25
25
25
25
50

50
25
25

25
25
50
25
50
25

25

50
100
50

60
50

100

100
25
75

100

2
2

1
7

11

(I)33

17
83
67

17
17

33

COELENTERATA:
Hydrozoa:

Siphonophora____________________ 100 27
Medusae: Unidentifled.______________ 17 I

CTENOPHORA: Unidentifled _
CHAETOGNATHA: Unidentifled____ 100 78
ARTHROPODA:

Crustacea:
Mysidacca:

Lophogastrldae _
Amphlpoda:

Pbronimldae:
P/lronima sp _

Oxycephalldae:
OXyeep/llJlu, sp___________ 25 2
R/labdosoma sp___________ 67 1 50 5

Unidentified Amphipoda____ 67 71 50 32
StomatopodallarvaeJ .__ 33 2 •
Euphausiacea____________________ 60 370
Decapoda,

PenBe1dae: .Gennada, 'eutDlu' _
Gennada, sp _
Fune/llJlia taaningL _

Pandalldae: .
PlJI'apandlJlu, zur Blra,-renl. _
Helerocarpu, en'/fer _

Hoplophoridae:
HOplOp/lOTUB typUB. _
H. gracUfroBtr/, _

Sergestldae:
Sergetll" glJl'dinerl._______ 25
8erge." sp______________ 50 6

Pallnurldae: Phyllosoms_____ 17 1 _
Unidentified Decapoda______ 33 22 _

Unidentified Crustacea__________ 100 34
MOLLUSCA:

Gastropoda:
Heteropoda:

Pterotracheldae _
Cephalopoda:

De~~~J~~~~!~ , _
Unidentified Mollusca • _

UNIDENTIFIABLE INVERTE-BRATE MATERIAL _
CHORDATA-Tunlcata:

Thallacea:Pyrosomatldae . _
Salpidae • _

. Unidentified Tunicata _
CHORDATA-Vertebrata:

Pisces:
Gonos,to,!,ldae; Unid~ntlfled _

Vl7lelgueTTla lueelta _
Gonostoma elongattlom _
Dfplophos taenia • • _

Stomlatldae: Unidentlfled _

f~~i:=~~~~~~~:::::::::::: :::::::: ::::::::
Malacosteldae:

~~~:~'::r:,sfp_~==================== ========Paralepldldae: Unidentified _
Myctophldae:

~~:W~~~_~~~~~~f::============== ========Diapltu, sp •• _
Lampanyetu, pyr'obolu' _
Lampanyclu, sp • _
Ceratosropelu, town'mdL _

Bregmacerotldae:
Bregmaeeros maeelelland!. _

Gempylldae: Unldentifled________ 17 1 _
Tetragonuridae:

Tetrago'nuru, sp _
Larval flsll:

Leptocephali: Unidentlfled__ 33 2
Unidentified larvae ._____ 100 5

Unidentified Pisces__ • _

6

3

2

1
27
29

1
32
1

1
2
1
4
4
3
1

18
4
1
1

(I)

.10

25

25

25

25

50

25
25
25
25
60
75
25
50
50
25
25

25

25

75

50
100
25

25
100
75

18 _

35(I) -----50- ---iij--

(.)

3

25

75

50

25
25
50

COELENTERATA: Unidentlfled _
Hydrozoa:

Siphonophora ,_______ 50 (I) 25 35
Medusae:" Unidentlfled______________ 50 2

CHAETOGNATHA: Unidentifled_____ 100 50 100 14
ARrJWOp>ODA-:---------------------- 60 24 -------- --------

Crustacea:Copepoda _

Mysldacca:
Lophogastrldae _

Amphipoda:
Oxycephalidae:R/labdosoma sp _

Stomatopoda (larvae)____________ 75 55
·Euphauslacea____________________ 50 15
Decapoda:

Penaeidae:flennadaB sp _
Pandalldae:

Parapandalu, zur ,tra,-
Benl.___________________ 25 3

Hoplophoridae:
HoplophorUBgratiliroslri,_ 50 2
H. grimald/L____________ 25 1 _
8y,telaspi, debili'_________ . 25 2

Sergestidae: Unidentilled____ 25 10 50 6
8ergerler gardiner!._______ 50 5
8ergerter sp______________ 25 22

Scyllarldae: Phyllosoma o. 25 1 _
Unidentified Decapoda_ _ 25 ~I) 50 (I)

MOLL83b~~tifledCrustacea . 75 I) 26 (I)

Gastropoda:Pteropoda . _
Heteropoda:

'Pterotracheldae _
Cephalopoda:

Decapoda (squlds)_______________ 25 7 _
Chlroteuthldae .____ 25 I

UN}~I~W~~I~~I~raiNV.-E-iiTE:- 26 (I) -------- _

C:~~~~T~~i-~:t~~:--------------- 76 (I) 75 (1)

Thallacea:Pyrosomatldae _
Salpldsc _

Unidentified Tunlcata _
CHORDATA-Vertebrata:

Pisces:
Gonostomidae:. l'tnefguerria lurelfa _
Chauliodontldae:C/lauliodu, sp • _
Astronesthidae :

ABlrontllt/ler lucifer_---_______ 25 1
Idl6Canthidae____________________ 25 1 _
Synodontidae____________________ 25 1
Myctophidae: Unldentifled______ 25 13 75 7

Bent/losema sp_______________ 25 1 25 4
Diogenitlit/ly, atlanlieu,_ _ 25 1 _
CenlTobranehu, nigro-ocella,.tu, _

.M:'~;r:o~::,:.~~~~~~~~~===== ======== ========M. evermannL _
Notolyc1lnu, valdlviae _
D/ap/lu, sp_ _ 25 2
Lamponyclu, pyr'obolu' _
Lamponyetu, sp_ _ 25 1
CeratOBtOpeluB town'endL _

Apogonidae _
Ac6llthuridae . -' _
Larval fish:

Leptocephali: Unldentlfled__ 60
Unidentified larvae__________ 100 10Unidentified Pisces _

1 Actual number not determined.
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'rABLE 13.-Nu.mber of categories of organisms ta·ken ill- comparable day an.d night hattls, by trawl
[Based on tables 11 and 12 and appendix table 6]

2

7

20

Number of Coelenterata Decapod Other Mollnscs Tunieata Pisces
hauls Crustacea Crustacea

Gear and cruise Area ----
Day Night Day Night Day Night Day Night Day Night Day Night Day Night

- -------------------------
6-foot beam trawl:

Jolin R. :Manning:
Cruise 9•...__ •______ Hawaiian waters______ . ____ 4 4 2 3 5 8 3 6 4 2 3 ------- 8

I-meter ring trawl:
Charle, H. (!jlbert:Cruise 11 __________ . HawaIIan waters.. _____ ••_.rCruise 12___________ _____do___________ . ____ •__ ._

Cruise 13.. __ . _______ _____do____________•_____•___ 11 12 2 2 3 9 8 8 7 6 3 3 7 1
Hugll M. 8mitll:Cruise 21..._________ _____do••_________ •_•• __ •_. _.

6-foot IS8acs-Kidd trawl:
John R..Mann/ng:

Cruise 20_____ •______ Hawaiian waters______ ._ ••• 2 2 } 2 2 2 9 4 7 2 3 3 3 3 2Equatorial Countbrcurrent. 4 2

b'ated in the upper layer of the.ocean only at night,
so that the augmentation of the fauna in the upper
strata at night was most likely the more important
eause of the day/night differenee in our catch.

Aron (1959) presents interesting data on dilU'nal
variation in midwater trawl catches obtained with
a. modified Isaacs-Kidd trawl in the northeastern
Paeific. He also found wide differences bet.ween
day and night hauls, but through the use of strati
fied tows was able to show that day/night differ
ences in the catch diminished with .increasing
depth between t.he surface and 250 meters. For
night hauls he reports a general decrease in the
cateh with an increase in depth and just the reverse
for day hauls.

VARIATION WITH AREA AND CURRENT SYSTEM

The general pattern of ocean currents in the
Pac.ific has been desc.ribed by 'Schott (1935, p. 161
171, plates XXIX and XXX) and by Sverdrup et
a!' (1942, p. 698-728, chart VII). Figure 12 is
a diagrammatic representation of the gross fea
tures of the current system 'of .the central Pacific
region in relation to the boundaries of seven
"faunal zones" selected by us for use in comparing
latitudinal differences in the trawl catch. As far
a·s possible the boundaries of the different zones
were ehosen to coinc.ide with natural subdivisions
of the environment. Zone 1 extends from the
limits of our sampling in the south (about latitude
19° S.) to latitude 5° S. in the north, within the
South Equatorial Current (SEC) ; zone 2 brackets
the region of upwelling and enrichment at the
Equator and extends from 5° S. to the northern
boundary of the South Equatorial'Current (SEC)

at about 5° N.; zone 3 is the Equatorial Counter
current (ECC) between a-pproximately la-ti,tude 5°
N. and 10° N.; zone 4, the North Equatorial Cur
rent (NEC) between the northern boundary of the
Equatorial Countercurrent n,nd waters adjacent to
the Hawaiian Islands; zone 5, the Hawaiian
Islands (H) from about latitude 18° N. to 28°.
N.; zone 6, the North Pacific Current (NPC)
between Hawaiian waters and 35° N., the
approximate center of the "transition zone" of
MeGa-lOY et a1. (1958), whieh is the zone of con
vergence between the Central Water Mass on the
south amI the Subaretic W'ater Mass on the north;
and zone 7, the Aleutian Current (AC) from 35°
N. to about 50° N., the northern limit of our
sampling. The representation of the South Equa
torial Current (zone 1) does not take into con-

r"->/~/ I.-.,.fA .....•
( s'-",p.,,;-('Y "\'\

ZONES V . . . ~
I ~ ~I ALEUTIAN CURRENT lAC) )'..---- -(

.......,.. •....•.•...:::::::::;;:: =.TR,\NSITIOI\I ZOI\lE.~..~ ~'.....

.....~ ·· ·..· ·..~·~~~~ ~9··~~·~·~~·~~ ..·~·~~~ /..·..·· \~\ . (
. ~'\.

5 '. HAWAII IHI '" ')

........, _ _ ~;;;::"""" ~..:::::::, ~~
4 _ NORTH EQUATORIAL CURRENT (NEtl ) .

....... ,o, ~ "' .
3 _ EQUATORIAL COUNTERCURRENT (EeC) -

•••••••••!r ••••••••••••••••••••••••••.••••_ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••.........•......•.•.....

2 ---SOUTH EQuAiOiiAL cURRE"NT'iiiCl ---
......-. ~·c· ·..· ··· ····..· · ···..· ···..·..·..·..·..····· _ ..

1 '0'.. _SOUTH EQUATORIAL CURRENT (SEC) ......-

FIGURE 12.-Boundaries of the seven "f:\l1ual· zones" em
ployed in the comparison of latitudinal variations in
the trawl catCh, in relation to the major features of the
ocean current system in the c£'ntral Pacific.
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l!'IGURE lB.-Variation with latitude in average volumes
and numbers of organisms captured per hour of hauling
with the 6- and IO-foot Isaacs-Kidd trawls. I. The
limits of the 0.95 fiducial interval are indicated for each
mean; the number of samples for each area is shown
in IJarentbeses. Zones (lefined iii. figure 12.)
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of wide fluctuations, both seasonally and other
wise, in such features as temperature, salinity,
phosphate concentration, and zooplankton abun
chinee. The high variance in the trawl eatehes
may be related to these fluct.uations in the environ
lllent in the northern waters, as contrasted with
the eomparatively stahle eonditions in tropieal and
subtropical waters.

Although the data obtained from the 1-meter
ring tntwl and the 6-foot beam t.mwl were not of
sufficient geographic eoverage to treat in a de
tailed manner, the eatches of t.he beam trawl dicl
show a marked difference between the two major
[treas sampled. For five night hauls of IIIa'n'll:ing

• The volumes used In this comparison were the total catches
minus unusually large or bUlky organisms constituting approxi
mately 50 percent or more of the catch.

Variatio~ in Size of Catch

La.t-itud·inal ·vanat-io1l-s.-Since the major en
vironmental boundaries or discontinuities in the
central Pacific are zonal, i.e., east-west in aline
ment, ,~'e assumed that variations in trawl catch
associated with longitude would be of much less
significance than the latitudinal variations.
Therefore, in order to examine major variations
in the data with respect to the current system, the
cateh data for the 6- and 10-foot Isaacs-Kidd
trawls were combined over the longitudes sampled
but segregated aceording to the latitudinal zones
we have defined.

The results, shown in figure 13, demonstrate a
marked variation with latitude in the abundance
of forage organisms sampled with the Isaaes-Kidd
trawls. With respeet to volume,2 the curves were
similar for both trawls, with peak values recorded
for eaeh trawl in the same zones. W''ith respeet
to number of organisms, the eateh was similar for
the two trawls except in the most northern zones,
where the data were strongly influenced by a few
larg~ eatehes of euphausiids and barnacle larvae.
These organisms were particularly abundant in
catches of the 6-foot trawl on Manning cruise 22
in September 1954 and account for the major dif
ference between the two trawls in the Aleutian
Current and in the North Pacific Current. Both
trawls, however, captured the largest numbers of
organisms in the northern zones, with a secondary
peak at the Equator.

The least productive areas, with respect to both
volume and number of organisms, were the South
Equatorial Current south of latitude 5° S., the
North Equatorial Current between about latitudes
10° N. and 18° N., and waters around the Ha
waiian Islands.

One interesting feature of the data, illustrated
in figure 13, is the increase of variance, particu
larly in numbers of organisms, in the northern
zones. This increase is indicated by the width of
the 0.95 fiducial interval shown foi.. each mean.
McGary et n.1. (1958) have pointed out that this
northern region is an area of great complexity and

sideration Reid's (1959) report of a wen,k easterly
countercurrent near 10° S.
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FIGURE 14.-Variation in trawl catch (volume in milli
liters per hour of hauling) of 6-foot Isaacs-Kidd trawl
on five north-south sections, H11gh M. Smith cruise 27,
January-February 1005.

cruise 9 in November 1951 in Hawaiian waters,
the average volume was 34.6 ml. and the average
number of organisms was 138 per hour of hauling.
Four night hauls of Smith cruise 15 in June 1952
at about latitude 6° N. in the Equatorial Counter
current yielded an average volume of 217.9 ml.
and an average number of 4,803 organisms. The
chief difference in the composition of the catch
from the two areas was the much greater quantity
of euphausiids t,aken in the Countercurrent. The
va,riety and quantity of fish captured in the two
areas were approximately equal. Although the
two cruises occurred at different times of the year,
we do not believe that the differences observed
were seasonal in nature, but rather were associated
with geographieal differences in the fauna or dif
ferences in standing crop of certain faunal groups.

Longitudinal ·va1·iation.8.-The 6-foot Isaacs
Kidd trawl was employed on 'one cruise, Smith

cruise 27, in such manner as to provide a rough
evalU'ation of differences in the volume of catch
among longitudes in the central North P~cific.
During J anua.ry and February 1955, three to five
night hauls were made on north-south sections
along the longitudes 170° E., 180°, 173° W., 167°
W., and 159° W., within the latitudinal range of
23° N. to 37° N. As evidenced in figure 14, and
evaluated by an analysis of variance, the differ
ences among longitudes were not significant (F=
1.79; d.f.=4 and 16; P>O.05); however, theresid
ual variance in the test was composed" of vari
ability due to latitude as well as to chance, which
re.duced the F value for longitude. Although the
data 'are few they do show a definite trend. For
four of the five longitudes, the catches were gen
erally low in volume between 23° N. and 30° N.,
and moderately higher in volume between 30° N.
and 37° N. in the region of the transition zone.
Judging by the shape of the curves (fig. 14), we
postulate that during this winter season the south
ern boundary of the transition zone may have oc
curred as far south as latitudes 30° N. to 32° N.

It would have been desirable to evaluate dif
ferences in the catcll due to longitudinal variation
using a two-way analysis of variance so as to
separate va.riability due to latitude from that due
to experimental error. Dnfortuately, unequal
groupings of observations 'along the various longi
tudes made this possible for only Sm,ith cruises
30 and 31. Even for these two cruises some data
collected at the extremities of several longitudinal
sections could not be used owing to lack of cor
responding data on adjacent sections. Also, in
three instances, one of two values recorded close
together along a longitude section was discarded
in order that the analysis could be undertaken.
The discarded values were determined by flipping
acoin.

During 8m,jtlL cruise 30, in July and August
1955, {'i or 8 night hauls were made with the 10
foot Isaacs-Kidd trawl on each of four longitudes,
180°, 172° vV., 165° 'V., and 157° W., within the
lntitudinal range of 22° N. to 50° N. (fig. 15).
As evaluated by a two-way analysis of variance,
the difl'erences in catch among longitudes were
not significant (F=3.09; d.f.=3 and 15; P>0.05;
F at the 0.05 level was 3.29). As for the 6-foot
t.ra.wl (fig. 14), the catches taken on the northern
port.ion of each section, in this case betwee1l35° N.
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FIGURE 16.-Variatlon in trawl catch (volume in milliliters
per hour of hauHng) of the 1o-foot Isaacs-Kidd trlLwl
on three north-south sections, H1tgh M. Smith cruise 31,
October-November 1955.
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and 500 N., averaged higher than those to the
south. In this SUilliner season it appears that the
northern boundary of the transition zone occurred
at about latitude 400 N., longitude 1570 W., and
then sloped to t.he south in a westerly direction.

Sampling with the 10-foot Isaacs-Kidd trawl
was eonduc.t.ed on t.wo cruises to the equat.orial
Pacific. during which hauls were made along north
south sections. On Sm;ith cruise 31, in Oetober
and November 1955, six or seven hauls were made
at night on eaeh of three longitudes, 1400 ·W., 120'
"T., and 1120 W., within the latitudinal range of
80 S. to 70 N. (fig. 16). In this case, as evaluated
by a two-way analysis of variance, t.he differe.nces
among longitudes were significant (F= 6.~1 ;
d.f.=2 and 10; P <0.05). Catehesweregenerally
higher in volume north of the Equator than south.

165·W.

NORTH LATITUDE

During one part of eruise 31, hauls were made
each night. while the Srnlth was r~nll1ing general
ly to t.he east on a meandering eourse along the
northern boundary of the Countercurrent. Vol
Ulnes of the catches obtained on these hauls are
plotted in figure 17 in relation to longitude and
the posit.ion of the current boundary. There ap
pears to be a doming or peaking in the volumes in
t.he neighborhood of longitude 1400 W. and again
at 1150 W. with a single high cateh at 1250 'V.
There is no apparent relation between volume of
catch and distance north or south of the current
boundary.

On 8m,ith cruise 35, in August tQ October, 1956,
8 to 11 hauls were made on each of 4 longit,udes,
1600 ·W., 1510 'V., 1430 'V., and 1350 'V., within
the latitudinal range of 200 S,. to 110 N. (fig. 18).
On three of the four seetions, the peak volume
occurred within 20 of the Equator. Although dif
ferences among longitudes were not significant
(F=O.37; d.f.=3 and 32; P>0.05), there is in
dicat.ion of a trend in the region of the Equator

100
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FIGURE 15.-Variation in trawl catch (volume in milli
liters per houl' of hauling) of the 10-foot Isaacs-Kid!1
trawl on four north-south sections, H1lgh M. Sm.ith
cruise 30, July-August 1955.
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WEST LONGITUDE' ~l~::l

instances, however, an area was visited on two
cruises at different times of the year, or in different
years, which provided some comparison of differ
ences between cruise.s that most likely were related
to seasonal or annual changes in the environment.

The mean volumes obtained with the 6-foot
Isaacs-Kidd trawl on Manning cruise 20 (April
May 1954) and Maml:ing cruise 24 (March-April
1955) to the equatorial Pacific were not signifi
cantly different (t=0.759, P>0.4).

The catch volumes obtained with the 6-foot
Isaacs-Kidd trawl on Manning cruise 22 (Septem
ber-October 1954) and on Sm.ith cruise 27 (Jan
uary-February 1955) to tile central North Pacific

I•TRAfN\. STATIONS l

• NORTHERN BOUNDAR; OF COUIITERCURRENT
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FIGURE 1S.-Variation in trawl catch (volume in milliliters
IJer hom' of hauling) of the 10-foot Isaacs-Kidd trawl
ou four north-south sections, Hugh M. Smith cruise 3u,
August.,..October 1956.

FIGURE 17.-Variation In trawl catch (volume in milliliters
per hour of hauliug), of the lo-foot Isaacs-Kidd trawl
along the northern boundary of the Oountercurrent,
Hugh l1f. Smith cruise 31.' September-October 1955.

with the c.atch volumes increasing to the westward
between longitudes 135° W". and 151° 1V.
. Austin and Rinke.} (1958) have shown that there
is an east-west varia-tion in upwelling at the Equa
tor with the maximum occurring in the eastern
Pacific ttnd the period of most active upwelling
being August through October, which is the period
of this cruise. King and Hida (1957a) found a
gradient of decreasing zooplankton abundance
along the Equator between longitudes 140° W.
and 180°. Austin (1958) has shown that as the
surface currents carry the newly upwelled water
to the westward it "ages," i.e., it becomes warmer,
its content of inorganic phosphate is reduced, and
the thermocline deepens. W"e realize that the
following explanation is an oversimplification of
a very complex series of events, but we hypothesize
that the reduction in the zooplankton standing
crop to the west of 140° W. may be the result of
heavy predation by an' increasing population of
forage organisms.

D·iffe1'ences bet10een o·;"ltises.-The midwater
trawling study wns not conducted in a manner to
permit the proper evnJuaJion of differences related
to seasons for any of the areas sampled. In three

300

200

100

S - LATITUDE - N

'5' 20"



TRAWLING FOR FORAGE ORGANISMS IN CENTRAL PACIFIC 291

6

Variations in Composition of the Catch

It is evident from appendix tables 7 and 8
that there are north-south differences in the 'kin~s

and numbers of organisms captured by the Isaacs
Kidd trawls. These are summarized in a general
manner in tables 14 and 15. We conclude that the
largest number of c.ategories of organisms was
captured in the South Equatorial Current and in
the Countercurrent (tnble 14); Hnwaii and the
North Pacific Current were next in rank; the poor
est zones with respect to kinds of organisms were

50"28" 35"1810"
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FIGURE 20.-Variation in trawl catch (volume in milli
liters and number of organisms per hour of hauling)
with latitude of the lo-foot lsaacs-Kidd traWl, Httgh
M. Smith cruIse 31, Septembel'-December, 1955. amI
Hugh M. Sm·ith. cruise 35, August-October, 1956. (Lim
its of the 0.95 fiducial interval are indicated for each
mean. Number of hauls in each area Is shown In
parentheses. )

FIGURE 19.-Variation in trawl catch (volume in milllllters
per hour of hauling) with latitude of the 6-foot Isaacs
Kidd trawl, John R. Mun.lI.ing cruise 22, Sl."ptember
October 1954, and Httgh M. Smitl~ cruise 27, January
February 1955.

NORTH LATITUDE

are plotted in figure 19. .If the volumes north of
40° N., exclusively Manning cruise 22, and south of
25° N., exclusively Smith cruise 27, are· omitted
from the analysis, we find no significant difference
(t=0.614, P>0.5) between cruises.

Employing the 10-foot trawl on S'lnith cruise
31 (September-December, 1955) and on Srnith
cruise 35 (August~October, 1.956) to the equatorial
Pacfic, we obtained catches with mean volumes
not significantly different (t=0.657, P>0.4). De
s.pite a wide variance in the data, there was a close
stlll.ilarity in the catch means when summarized
by latitudinal zone (fig. 20).

.On the basis of these simple "t" tests of the
difference between means, we found in two in
stl\.nces no significant differences between cruises
to the same general area at about the same time
of year but in different years, and in a third in
stftnce no significant difference between two
cI'uises to the same arell, but at different seasons
(late stumner and winter). These findings, to
getlu~r with those of the previous sections of this
report, seem to indicate that the tropical marine
fauna sampled by our midwater trawls is highly
uniform in abundance both in space and time.

6372116 0-62--4
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TABLE H.-Number of fish fa·milles anlt categot'ies of organisms take'l~in the central Pacific, by tra·IVl. anlt l.atUlule.
1958-56

[Basic data In appendix tables 7 and 8; see p. 286 for description of faunal zones]

SEC ECC N·EC Hawaii NPC AC

I All
20° S.-So N. Scf-l00 N. 10°-18° N. 18°-28° N. 28°-35° N. 35°-50° N. arE-as._...-

6·foot Isaa~s-K[dd trawl:Number of samples______ .• _..•_____________ •. __________ 18 12 3 19 16 10 78
Number of fish familles represented__ .• __________ . _. ___ 17 17 7 16 16 8 33
Total number of categories, all forms_. _____________ .. __ 89 95 35 77 73 46 174

lo-foot Isaa~s-Kldd trawl:Number of samples____ •______ . __________________ ..• ____ 69 18 14 24 13 19 157
Number of fish families represented __ •__________ ..•.. __ 36 '25 18 30 15 15 53
Total number of categories, all forms_ •_____________ . ___ 240 138 116 150 99 I 104 355

the North Equatorial Current and the Aleutian
Current. As might be expected, this relation also
holds true generally for the number ~f fish fami
lies represented in the catch. Although these data
are variable, partly because there were more hauls
in some areas than in others, they do show a gen
eral reduction in the variety of the fauna in a
tropics-to-arctic direction, a well-known pI-enom
enon (Hesse, Allee, and Schmidt, 1947: p. ~4).

In table 15 we have attempted to classify the
major groups of organisms according to their
probable trophic level, based on information de
rived from a number of sources with MacGinitie
and Mac Ginitie (1949) and Marshall (1954)
being among the more useful. If we are not too

greatly in error in our food-'habit evaluations, it
would appear that the Isa.acs-Kidd trawls sample
principally the primary carnivores, some of which
are a.Iso herbivores and detritus feeders, such as
the shrimps, and other animals which are second
ary carnivores as well, such as the majority of the
fishes. Very few, if any, of the fishes captured can
be classed as herbivores.

TRAWL CATCHES AS ECOLOGICAL
INDICATORS

The staff of the Bureau of Commerc.ial Fisheries
Biological Laboratory, Honolulu, has a.ttempt.ed
t.o maintain an ecological approach in its investi
gations on the causes of variation in the abundmlce

TABLE I5.-Major categories, probable trophic l.e1l el., anlt l.atitud-inal. variation j,n. abun,da/I.ce of o/·ga.nislns taken. it~ the
Isaacs-Kilt(/, trawl catches, central. Pacific, 1958-56

Probable trophic level

Organisms Herbivores Carnivores
and

detritus
feeders Primary Secondary

Occurren~e and relative abundan~e I

In all zones; abundant.
In all zonps; numerous.
In all zones; common.
In all zonps; abundant.
In 4 zonps; common.
In NPC and AC only; very abundant when present.
HawaII and south; few.
In all zones; abundant.
In 4 zones; common; not in N'EC aud AC.
In all zones; common to abundant; most abundant in NPC and AC.
In all zonps; common to numerous; less abundant In NPC and AC.
In all areas; common; more numerous in southern zones.
In 5 zones; most numerons from Hawaii north.
Iu all zones; common; greatest variety in SE·C.
In 4 zones; fpw.
In all zones; abundant; decreasing to the north.
In all zones; abundant.
In all zones; numerous; several species represpnted.
In all zones; common.
In all zones; numerous; gr~atest vari~ty of species In SEC.
In all zones; common.
III all zonps; common.
In all zones; abundant; greatest varlpty ofsppcles In SEC, fewest in NPC and

AC.
In all zones; ~ommon; most numerous in SEC and ECC.
In all zOlles; common.
In 3 zones; ~ommon; HawaII and south.
In 4 zonps; common;'not In NPC and AC.
Only in SEC; fpw.
In all arcas; common.
In all areas; numerous.

x
x
x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x

x
x
x
x
x
x
x

x
x
x
x
x
x
x

""x
x

i!i~~~~~~';~;~-;~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
~*~!i:==================:::::===== ~~lAmphlpoda. .• x
Stomatopoda (larvae>. __ •__ ._. _. _
Euphauslacea .. x
De~apod Crusta~ea_ .. __ . .. _ x

~i~iJj~il~~jjj~~~~~~~~~~~~~~~~~~~~~ :::::~::::: :::::i::::: :::::~:::::
Pyrosomatldae •• • . ____ x _

~~g~~~midaE,-_~::::::::::::::::::::: ::: ~__ . _
~ro~?ftra~~~~~_-::::::::::::::::::::::: ::::::::::::Idlacanthldae ._. _. • . __ . _

tf~~~~~\~'f::_-_~:::::::::::::::::::::::: ::::::::::::

~:.~~~~~:-:=::=========:======:::: ::: ::::=====
~e~~~~:::::::::::::::::::::::::::: ::::::::::::
t:~~ceKs~~I~::::::: :::::::::::::::::::: ::::::::::::

I Faunal zones referred to are those indicated in app~ndlx tables 7 and 8; see also P. 286.
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and distribution of tunas. Studies ha.ve been pur
sued on the ocean currents, chemical nutrients,
photosynthetic nctivity, zoopla,nkton, and forage
fish simultaneously with studies on the tunas. The
trawling program has been conducted on the
premise that highly mobile. fishes, sueh as the tunll,s,
are mo'st likely to occur in areas with the most
favorable concentrations of food. Other environ
mental factors, of course, such as temperature, can
also be of a limiting nature and influence fish dis
tribution. In general,' however, when broad areas
of the sea are being·compared, it is our belief that
a positive relation must exist among the various
levels of the food chain. This does not mean that
we expect to find a high positive correlation at all
times and places between the volume of food and
the abundance of tunas; in faet, it is possible that.
an inverse relation may exist 10caUy after a periocl
of heavy predation.

STANDING CROP AND PRODUCTIVITY
MEASUREMENTS

Correlation analyses, made to investigate the
assoeiat.ion bet.ween trawl-catch volumes and en
vironmental variables that might be expected to
have some direct. or indirect influence on the trawl
cate-hes, are summarized in t.able 16. For these
nnalyses only dat.a from the major eruises which
were sufficient. for meaningful statistieal tests were
employed.

On two of three ernises examined (lhnith cruises
27 and 35) , we found a significant (P<0.01) posi
tive correlation of trawl volumes and surfaee in
organie phosphate eoncentrations; on the third
cruise (Sm.ith. cruise 31) the relation was agnin
positive but not significant (P>0.05).

Only two cruises (811dth cruises 31 and 35) pro
vided estimates of photosynthet.ic activity based
on the uptake of CU by phyt.oplankton. Since the
t.raw1hauls on these cruises were all made at night,
at which time the photosyntheticnctivity was neg
ligible, we also determined the correlation of trawl
catch with the CU uptake recorded at a st.a.tion on
the morning of the same da,y, and also with the CU
uptake measured at the stat.ion occupied on the
morning following the night trawl haul. For both
cruises the resulting correlation coefficients have
positive values, but only those for S'mith cruise 35,
relating trawl catch to the rate of CU uptake at
the morning stations, were significant (P<O.Ol).

TABLE 16.-00rrelations of trawZ catch (millili·ters per
hour of hattUng) , a-s the X, 'variate, uHt1l. X. va.riate the
surface iI~orga1l-ic phospha.te, 0" uptake, or zooplanKton
vol.umes a·t the same station or from aajacel~t stati01l-8
of the Hugh 1\:1. Smit.h

Degrees Corre-
Trawl and X. variate of latlon P

cruise free- coefli-
dom c1ent (r)

----
Moot Isaacs-Kldd:Cruise 27-. _______ ·Surface Inorganic phos· 21 0.665 <0.01

phate, ,.g. at./1.00_____________ tZooplankton volumes. ml./ 21 0.617 <0.01
1,Ooom.'; oblique 0-\00 m.
hauls.

10-foot Isaacs-Kldd:
Cruise 30_________ *Zooplankton volumes,. ml./ 35 0.701 <0.01

1,OOOm.'; oblique 0-140 m.
hauls.

Cruise 31.. _______ ISurface Inorganic phos· 49 0.166 >0.05
phate, j>g. at.lI.1"..... C" "....., .... CJhr./m.'
a. Same station (1900-2000) 16 0.214 >0.0500_____________ b. Adjoining station (0800- 28 0.198 >0.05

0900. same day).
c. Adjoining station (0800- 22 0.221 >0.05

0900. follOWing day).00_____________ IZooplankton volumes, ml./ 46 0.371 <0.01
1,000m.'; obl1que 0-200 m.
hauls.Cruise 35_________ IISurCace Inorganic phos- 36 0.450 <0.01
phate. "g. at./1.r.....C" " .......... CJhr.Im.'
a. Same station (1900-2000)_ 36 0.237 >0.0500_____________ b. Adjoining station 37 0.571 <0.01

(0800-9000, same day).
36c. Adjoining station (0800- 0.581 <0.01

0900. follOWing day).00______ . ______ IIZoolllankton volumes, ml./ 36 0.473 <0.01
1,000m.'; obl1que 0-140 m.
hauls.

• From McGary and Stroup (1958).
t Unpublished data In the files oUhe Burean of Commercial Fisheries Bio-

logical Laboratory, Honolulu.
* From McGary. Jones, and Austin (1956).
§ From King. Austin, and Doty (1957).
UFrom Austin (1957).

In all four cruises examined (Smi.th cruises 27,
30,31, and 35), the correlation between trawl-catch
volume and zooplankton volume, as sampled on
0-100 m., 0-140 m., ttnd 0-200 m. oblique hauls
with l-meter nets of silk or nylon grit gauze
(apert.ure widt.hs approximately 0.65 mm.), was
found t.o be highly significant (P<O.Ol)'- It was
certainly to be expected that the larger forage
organisms sampled by the trawl would be found
more closely related to zooplankton-their food
for the greater part-than to inorganic phosphate
or the metabolic activity of phytoplankton.

The distribution of the number and size of the
organisms making up the different trophic levels,
whether 011 land or in the sea, takes the form of
a pyramid, with the plants or primary producers
forming the broad base and the larger carnivores
the peak (Odum, 1953: p. 73). Actually three
eeologieal pyramids result from food and energy
relationships: the pyramid of numbers, the pyra
mid of biomass, and the pyramid of enel'gy or food
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FIGURE 21.-Variation with latitude in the average volume
of trawl catch per cubic meter of water strained by the
6- and lO-foot Isaacs-Kidd trawls, as compared with the
zooplankton catch. (Zooplankton data for areas south
of latitude 30· N. are from King and Hida. 1957a and
1957b; for areas to the nOl·th of 30· N. from files of
Bureau of Commercial Fisheries Biological Laboratory.
Honolulu.)
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closely paralleled by the trawl-catch volumes
(fig. 21) , except in the region of the Aleutian Cur
rent, where there was a marked increase in zoo
plankton catch that was proportionally much
greater than the increase in trawl catch. Both
measures of the fauna show the influence of "01

richment iIi the region of the equatorial upweH:'ng
and to the north in the Aleutian Current.

Although the 6-foot trawl caught at a higher
rate per unit of water strained than the 10-foot
trawl in five of the six areas, the close correspond
ence in catch rates between' the two trawls is of
interest and provides further evidence that the
trawls were about equal in efficiency. If the dif
ference between the two trawls is of any sigtiifi
cance, however, it may indicate that the larger
net was sampling at a slightly different trophic
level than the smaller net. This possibility is also
indicated by the difference in size of organisms
sampled by the two nets (table 7).

TRAWL CATCHES AS A MEASURE OF TUNA FOOD

One of the major aims of the midwater trawling
progt"am was to obtain a quantitative measure of
the abundance and distribution of potential tuna
food. Several reports have been published, others

production rates. (Some ecologists consider the
three-numbers, biomass, and energy-as different
concepts of the same pyramid.) The concept of
the pyramid of numbers was, perhaps, first givell
definite form by Elton (1927: p. 69). The pyra
mid of biomass was described for some 'Visconsin
lakes by Juday (1942) and similar studies have
been made in other areas. The pyramid of pro
duction rates was introduced by Petersen (1918)
in his calculations of the quantitative food rela
tions in coasta.I waters where eelgrass,' Zostem sp.,
is the main source of primary food. He postulated
that 10 plant units were needed to produce 1 unit
of herbivorous animal weight, and in turn, 10
herbivorous units were required for each unit
,,;eight of primary carnivore produced. The
pyramid of energy, expressed in terms of effi
ciency or productivity rates for the various trophic
levels, has been determined for lake environments
by Lindeman (1942) and Juday (1942), and for
a marine area-Georges Bank-by Clarke (1946).

A table of conversion fa.ct.ors, the pounds of feed
needed to 'produce 1 pound of fish, is given in
Brown (1957: vol. 1, p. 386) ; they range from 2.3
to 7.1 for various species. Petersen's lOX factor,
however, is the one most frequently quoted.

The Honolulu Laboratory staff has obtained
est.imates of the biomass, or standing crop, at three
t.rophic levels in the central Pacific: zooplankton,
forage organisms, and tunas. Information on rate
of production has also been obtained for the pri
mary producers, i.e., the uptake of C14 by phyto
plankton. Such data are' not available for the
other trophic levels but may be calculated from the
information on hand.

Employing t.he data used in figure 13, we cal
culat.e that the average catch of the 6-foot trawl
in 78 hauls was 1.86 m1./1,000 m.B of water
strained, (md the average catch of the 10-foot.
trawl in 157 hauls was 1.65 ml./1,000 m.B

• For the
same general area, zooplankton hauls averaged
29.64 ml.j1,000 m.B, or roughly 16 to 18 times the
catch of the trawls. Alt.hough we are dealing
with t.wo standing-crop measurements, the rela
tion is of the same order of magnit.ude as t.he lOX
fact.or calculated by Petersen (1918) for the dif
ference in production rate between two adjacent
t.rophic levels. .

Over t.he range of latitude sampled (49° N. to
19° S.), variations in zooplankton abundance were
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are in press or in manuscript f~rm, describing the
food of tunas In the central Pacific (Welsh, 1949;
Reintjes and King, 1953; King and Ikehara, 1956;
Tester and Nakamura, 1957; Yuen, 1959; Naka
mura, MS.; S Iversen, in press; .and Waldron and
King.4

) These re.ports all emphasize the great va
riety of food that tunas consume, but point out
certain differences related to the species and size
of tuna and the depth, distance from land, season,
and area of capture. Although adult tunas eat
a number of organisms that might be classed as
plankton (e.g., euphausiids, amphipods, and
stomatopod and crab larvae), the bulk of their
food consists of nekton, sueh as fishes, squids, and
shrimps.

By means of the midwater trawl, we hoped to
sample at a trophic level "doseI''' to the tunas than
was possible with the I-met.eI· zooplankton nets.
FOl' this purpose, however, our procedures had a
basic weakness: the trawls were operated almost
entirely at night, since the catches were very poor
during daylight hours, but our tuna fishing was
carried out during the day because the few night
time fishing stations had yielded very poor results.
Therefore, the only comparison which our dl\ta
afford is that between forage organisms captured
at night and the stomach contents of tunas cap
tured during the day. It would seem theoretically
possible, however, as a result of the dilU"llal migra
tion of the forage organisms, that the deep-swim
ming tunas caught in the dayt.ime at depths of
100 to 500 feet may have been feeding on the
same organisms that were taken at night in the
trawl when it was fishing near the surface. De
spite these basic differences in the d'ata, we thought
it worthwhile. to make some gene.ral sununaries
and comparisons of tmwl catch and tuna food, and
also to examine station-to-station variations in
th~se factors, as observed on certain cruises where
both variables were evaluated.

In table 9 we summarized the number of taxo
nomic categories of organisms found in the trawl
catches and in tuna stomachs. Although such a

.. • Nakamura. E. L., MS. Food and feed.lng habits of Marquesan
skipjack (Kat8uUlO"U.S pelam.·18) , Bureau of Commercial Fish
eries Biological Labora tor~·. Honolulu.

• Waldron. Kenndh D.. and J08eph E. Klug. 'Fo,'d of skip
jack In the central Pacific. U.S. Fish an.l Wildlife Service.
Bureau of Commercial Fisheries Biological Laboratory. Honolulu.
(Experience Paper No. 26. Section No. 1\. FAO World Scientific
Meeting on the Biology of Tunas and Related Species, La Jolla,
Calif.), July 1'962.

summary does not show the specific kinds of ani
mals involved it does indicate that about twice as
many phyla or subphyla were found in the. trawl
catches as "'ere represented in the tuna stomachs.
It is also evident, however, that a great variety of
fonns was found both in the trawl catches and in
tuna stomachs.

An attempt is made in table 17 to illustrate the
major differences and similarities in the composi
tion of the trawl catches and of tuna stomach
contents. Every item was listed that occurred in
10 pereent or more of eit.her the trawl colleetions
or the stomachs of four species of tuna. Again,
the data demonstrate the greater variety of orga
nisms charaeteristic of the trawl catehes, which
seems to indicate that the tunas were not feeding
at random but were exercising some degree of
selection. The greatest similarity between the
trawl ctttches and the tuna stomach contents was
the occurrence in both of Amphipoda, Pkj·o7l.i'l1k~

sp., Stomatopoda, Euphausiidae, Decapoda (Crus
tacea and Mollusca), Enoploteuthidae, Salpidae,
Tunicata, Stomiatidae, Paralepididae,' Mycto
phidae, Gempylidae, and OollybW] dracMne.
Some of the major differences were the high oc
currence in the t.una stomachs of crab larvae,
squids of the families Onllnastrephidae and
Loliginidae, and such fishes as GeJnpylus se'rpens
and representatives of the families Bramidae and
Acanthuridae, as contrasted with the low oc
eurrence of these. organisms in the trawl c.atches.
On t.he other hand, it is evident from the table
that a large number of animals of frequent oc
currenc.e in the trawl catches were not found in the
t.una stomachs.

If the percentage of occurrence of the different
taxonomic groups listed in table 17 for the Isaacs
Kidd trawls is plotted as a function of their oc
currence in tuntt stomachs, we obt.ain a series
of dist.ributions (fig. 22) which show, in 3 out of
10 instances, some indication of an inverse correla
tion. Organisms occurring wit.h the highest fre
quency in the t.rawl collections were usually rare
in t.he tuna stomachs, whereas those fOl"lllS occur
ring most frequently in the tuna stomachs were not
generally common in the trawl catches. (In fig.
22 we plotted points only for those organisms
which occurred in both the tuna stomachs and
t.he trawl catches.)

On a few cruises, tuna longline fishing and mid-
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FIGURE 22.-Percentage occurrence- of ditrerent taxonomic groUI)S, listed In table 15, in the catches of the Isaacs-Kidd
trawls amI in tuna stomach contents. YF-1, yellowfin tun.a. both surface dwelling and deep swimming: capture<1
by live-bait fishing. surface trolling. amI" longline fishing (dllrA frolll Reintjes And King. 1953). YF-2. yellowfin
tuna, deep swimming: captured by longline fishing (data frolll King and Ikehara. 1956). BE. bigeye tuna, deep
swimming; cAptured by longline fishing (dAta fl'om King and Ikebara. 1956), SJ. skipjack tunA, both Sluface
dwelling And deep swimming. captured by live·bait fishing, surface trolling, and longline fishing (unpublished
data; see text. footnotes 3 and 4). AL. albacore tuna. both surfaee dwelling and deep swimming: CAptured by
trolling and gill net and longline fishing (data from Iversen, in press).

TABLE 17.-Percenta.ge occurrence of aU item8 identified 'in 10 percent or more of either the trawl coUeotio'n8 or of t'll,tia
, stomach contents

In hauls Clf- In stomach contents of-

Skipjack' Albacore I
6-foot
h.am
trawl

Organism
I-meter 6-foot to·foot I

ring trawl Isaacs·Kldd IsaaClO·Kidd Yellowlln I Yellowfln' Bigeye'
trawl trawl

-,-,------------.------I·---I----I----I----i----I----I----1--------
Siphonophors_. •• •__ • ••••_.. 06 87 !Y.! 76 • • •__ •••••_. • . __ . ._ ••• _.•_ 1.4
Medu~a". unidentifled .• •••••• _._ •••• .. 25 13 26 38 .•. .•_.•• _. • • • • _
Co.lclllerata. unid.ntified_. •.•._••• __ 44 ._._•. __ •••• 4 20 _. __ . __ • • • •. _. ._. • • .
Ctenophora • ._._._._ ••••••_. . • • __ ._••. • 8 13 .• •• _._. • ._. __ .•

g~.i:l~~~\~id~iit-ifie(L:::::::::=:::::::::: . 1~ 9~ ~~ ~ --------3:6- --------0:7- --------0:6- ----·---0:9- ----0----4:0
Copepoda ••• ._. ••• 31 48 4 11 -----------. •__ 1____________ .1 .6

~~~;t~g~;~-Wiideiitiile-d::::=:=::::::::::::---------i9- ---------30- ····---·-2;- -----·---34" --------4:6- l~:~ n -------io:o- d
Phronima ~p .••• • • __ • • ._.. 25 9\ 40 39 __• .. 14.1 1. 8 2.1 8.6

~:~~~;h~~~~~:::=:::::::-.:::::::::::::::::: ~~ , 1~ g ~ :::::::::::: :::::::::::: :::::::::::: -----·-·-:4- -·--·····-:9
StomatopodOl. unldentlfied • •• _ 56 61 :lO 11 5.3 .51------------ 12.6 8.0
OdontodartyllIBhaIlBtnL. • • ._ ••• • ••• 12.9 ._.__ .4 .3
Euphausiidae.,unidpntifip(\ •• _. __ ... _•• 62 83 76 66 0.2 2.3 9.0 1.0 6.9
Thysallo'poda moooranlha ._. •••• _•• _ 9 46 • •• "__ • _. ••• _
T. triruBpfdata •• _•• ._. ._ ••••• _. 12 6 38 .____ .6 . _

~~f?~}~;~i{li~9iil~~~~~~~~~~~~~~~~~~~~ ===:=:==:~~= ~~~~~~~~~~~ ~~~~~~~~~~~~ l ~~~~~~~~~~~~ ~~~~~~~~~m ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~ti
&rgeBleB gardineri•• • ••• ••• 19 4 . __ • • •• • ,, " 0_"_' __ " _

~~:~~~1~cl.ustaCini._iiiijdentiried-::::::::1 ~i ---------i3- ~~ ~~ :::::::::::: -'--·---2:3- ------·-2:4- --------i~7- -------·-6:0

g~l~~~;JM~~~~~~;::::::::::::::::::::::::::: :::::::::~~: :::::::::::: :::::::::~~: ~ :::::::::::: :::::::::::: :::::::::::: :::::::::::: ::::::::::::
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TABLE 17.-Perl.'enta.ge OCl.'IWretl·ce of aU items iden.tified i'll 10 perce'nt or more of either the tra·wl oollect/ons or of tlln·a.
stomach contents-Continued

In hauls of- In stomach contents of-

Organism
6·foot l·meter 6-foot to·foot
beam ring trawl Isaacs·Kidd Isaacs-Kidd Yellowfin I Yellowfin' Bigeye' Sklpjaek I Albaeore I
trawl trawl trawl

--------i~9- ·----·-i5~O- --·-----6~ii- -·------i~7- ---------6:'3
13.8 43.3 15.7 .3 2.6
16.8 2.3 ._._________ 4.8 1.4
4.5 14. 1 10. 8 4. 2 6.9
.1 18.1 25.9 8.5 ft. 2.5 • •• . . •

G. IneertIM __ •••••••••••_••• •__ ._. •__ • • ._._____ 24 ._. __ • • •
Ge1l1l~dae sp . • ._. .____ 25 9 2 39 _. __ ._._ .. • =_ ============ =========:== ---------O~3Fu.n.challa taan/nUL • ._•• _ 6 ._ 22 18 _
Hoplophorllelupue•• , • 12 20 16 • • _
H. graeilirORlrie .. 12 __ ._________ 6 11 _

M: ~~~~,~k:=====:::= ==:=====:=:===:======: --- -. ---.-6- ============ :~ ~g ============ ============ ============ =========:== ==:====:====A.ranlhephyra trlepinasa_____________________ 12 4 5 :rr • . . _

~~f:.~:;~~-~~~-e!~~~~~~~=:::::::::::::::== ~ Ig ~g ig --------O~5- --------O~5- =======~==== ==========:= ----------~3
Crab lan·ae. ._ •• • •• 13 • 48.2 7.1 0.6 13.3 .3
Hetel'opods, unidentified __ • • • • _•• 1 16 4.6 5.5 .1 .9
Pterotracheldae, unidentified • __ • 38 17 33 • .______ .2 ••• _
Pt.eropoda, uuldentified .______________ 12 9 23 28 .1 .2 .4 _
Corolla sp. • ._. ------------ -------- •• -. 17 -----.----7- ------------ ------------ ------------ ------------ ----------.-
g~~~~~~d(tio~&~c~~~I~~?dentitie;C======= ~~ 2~ ~ 16 ------·55~O- -------32~6' ---'---2&0- ·------33~O- -----·--58~O
Enoploteuthldae, unldentlfied______________ 6 ._.___ 10 9 .___________ 15. 3 21.1 .3
A.braliopeie sp . •• .________ 6 13 .• • __
Cranrhildae, unidentified.__________________ 25 9 5 9 _. .____ .5 • ._______ - .6
Ommastrephidae, unidentified .___ 1 39.9 25.3 .7 .3
Lollglnldae, unidentifled .___ 13.4 14.5 .9 4.9
Mollusca. unidentified __ .___________________ 19 41 11 • .___ .3
Pyrosomatldae, unidentified .___________ 44 30 73 66 • .___ .9 1.2 ._. __
Salpldae. unidentified__ •• • 44 52 87 60 3.9 24.1 4.2 .1 4.3laeie zonaria • • .________ 6 16 • • • • • •
Tunlcst., unidentified_. • 44 35 41 27 1.5 .2 1.2 .1 .6
Gonostomldac., unidentified • .____ 10 • • • • • _
Gonoeloma elongalum________________________ 15 19 • _
/Jolloeloma sp. .____ 6 13 .________ .3
l'i'IICluuerria 1Iimbaria • __ 9 15 • • . .• _. . • _
1l.luulia .. • ._______ 38 4 40 12 __ ._________ .5 1.8 ._
l'inrigucrria sp. . __ . • • • .__________ 4 34 • • _
Dlplophoe/oenia_ . • ._______________ 31 5 7 •• • • _
Aroyroptlcru8 aruleal/IS__ • .______ 20 • • • ~ _
Thyeanartie den/ex ._.__ 13 10 __ • • • _
Euetomiae sp .. • • •• 12 _. ._____ 12 23 • _
Stomlatldae, unidentifled.. 6 4 27 33 .9 1.2 .3 .3
Chauliodue sp_______________________________ 6 1 29 •• • ••_._. _
Idiaranlhue sp •• 1 23 • • • • _
Paralepi<lidae, unidentified .• 4 36 30 .1 6.4 10.8 .1 2.0
Scopelarchidae, nnldentified_ •• • ._ .___________ 10 • • _
l\Iyctophidae, nnidentified__________________ 56 9 60 64 1. 5 4.8 4.2 .7 4.0Hygophum reinhardIL_______________________ 6 19 1 • . • ••
Hygophum sp_______________________________ _ 1 16 • ._
Benlhoeema sp ._______________________ 12 1 • • • • ._
A-Iyetophum e~ermann.L .___________ 25 17 12 • • •• • _
AI. brochy«nathoe •• 12 •__ .__________ 1 • • • _
AI. eplnoeum.__ 12 _. .. 1 __ • _
AI. aurplaleMlalum__________________________ 12 .___ 1 • • _. _
Nolo/ynchnue valdiviae • 19 9 9 5 • __ • _
Diaphue sp • 50 4 41 44 • ._________ .1 .3
Lampa1lyclue pyreobolue • 25 , .__ 18 20 • • ._. _
L. maeropterue • •__ ._____ 11 _
Lampanyclu. sp_____________________________ 44 13 40 38 ~ ._.
Crrataeropelue Icw1Iemdi.___________________ 38 4 24 31 • __ • • • _
Cololah/e sp • • ._. •• _. • .6 10.6
Nemich/hllB ecolopareue .__________ 10 20 • • • • .. __• _
Serrioomtr beanL___________________________ 12 _.__________ 1 3 • • ._ • _ _ ._
Rrtgmaceroe marclellandL .____________ 2 4 1~ 13 - - -.7- - .6 __ . , _
Melamphnidae, unldentlfled________________ 2 23 • •__ •__ • ._
HOloella eherborn/ .____________________ 10
Bramidae, unldentlflcd_____________________ 2
Collyblle drachme • • .___ 4 2 1
Acanthurldae, unldentlfled_________________ 6 ... 1 ._._
Oempylidae, unldentifled , __ • ,. 8 10
Gempylue 8trpene_. • ; .__________ 3
Leptocephali, unidentified 50 13 32 34

:~t'~~~~~~t~_ ~~:~~========= == =====:======= ~~ ---- -- ---87- --. --- -- -70- --- --------- ----------- - --- ------.-- ------------ .-- -. --- ---- ------------
Unidentified fish.___________________________ 44 22 29 ---------86- -------48~2- -------48~5- -------48~8- ----- ..30~7- --------34~2

Number of hauls or stomachs _ 16 23 78 157 1,097 439 166 707 348

1 From Relntjes and King (953).
, From King and Ikehara (1956).

water trawling were conducted as a combined op
eration, with the longline being set in the early
morning and hauled in the afternoon, and with
a trawl haul usually being made about 2 hours
after sunset on the run to the next fishing station.
The data from Ma'lwng cruise 20 to the equatorial

I From Waldron and King (see footnote 4, p.295).
• From Iversen (In press).

Pacific afford the best opportunity to eompal'e, on
a station-to-station basis, the composition of trawl
catches obtained with the 6-foot Isaacs-Kidd and
stomach contents of yellowfin tuna, N eothwnnU8
macl'Opte'l'U8 (Tenuninck and Schlegel). The yel
lowfin captured all this cruise, from which stom-
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TABLE 18.-Pe,·centage· comp08ition Of the 8tomach con,..
tent8 of longline-caught ye1.Zowfi:n tuna aM of the
ca.tclle8 of th.e 6-foot 18aac8-K14d trawl on John R.
Manning crlli86 20, equatorial PacifiC, 1954

May 17:

Lon§1~~0:~~~~~2:_s_t::t~~~_~ :_7_ ~~~~~~~~: __ _ 20
Chaetognaths---- ._. . __ .__ __ 18

i~~~g~:-ip===============================:== =========: 4~OctOPOdB. . ._.. 2 _
SeploltuthiB sp • •__ • • 9 • •
Unidentified Decapoda (Mollusca)______________ 16 • •
Tunlcata . ._••_ • •• 14
KatBu,ooUUB pe/amIB ._· 18
N omeldae •••• 1
Acanthurldae • • •__ •• 1
Ostraclldae. • • • 2
Laclorla diophalluB. •••••• 2
Bramldae . ••••_. __ ._ 3
Ranzanla l/lepIB • ••••_.__ __ 88
Apogonldae- .. ._. •••_. 3

~;~Ks~~l~==================================== :====:==== ~Unidentified fish. • .__ 11 _. _
May 18:

Lon~l~~o~~~~~:_l:_s_t~_t~~~_~:~_~~~~~~~: •• . __ ._.. 1
Medusae ••_ __ __________ 76

~~~!!r~}:~= ==============:::::::::=::::::::: =::=====i= -_~~Unidentilled DecapodB (Mollusca) ._. ._ 8 • _
SalpldRe . •__ • •__ •• .___ 1
KatBuWC'IIlIB pelamfB • 47 _••• •
Acanthurldae •• 6 •• _.
CollubuB drochme ••• _._._. 1 •__ •• _
Tetraodontldae • •• __ ._. 29 _. --

~J~~rKs~I~===:==:==========:===:=============:=:===:==== ~Unidentified fish •__ ••• 4 •• __ • _
May 19:

Lon~~~o:~~~~::l:-~~~~~~~!-~~!~~~~: •••• -••• -•••_•••••• __ 46Xae~gn~tha--- ••-------------------•••••••-.-•••••-.---. g

5~1~~~J}~~~~~~~~:~~~~~~~~~~~~~~~~~~~ :::::::~: ....-.-~
Salpldae •• • •••• •••_••• _••••••_._ 21
Lactorla diaphanllB •• ••• _. •• _.. 17 • • __ •

f~~d:ii==:======:=::=:======:=:===:===:====== _..._..~~_ ·------2Unidentified flsh ._••_•• •••••••••• __ •• 16 •• __ •••
May 22:

Longllne, station 8; trawl, station 9; 1 stomach: 2

~~~~~~~~:=============:==============:=:::: ::::=::==: 41

.;))))~))~;~;.).~:;.~~~~~;:~~~~~; ;j~~:~~~. ::::::1
Unidentified IIsh •••• __ •••••••••• 16

May 23:

~l;~~~~~~a~~;_~~~_l~_~~~~~~:_~~~~~~::••••••.•• _... 6

~~~:,~~s~~~:===================:============:: ==::=:=::: IfIoplophorus lupus • ._••• ' ••• ' ••• •••••••••• 2
Octopodldae. •••_. __ •••••••• 2 -.- -_ •••
On/ICoteulhlB bankBIL ••••_......... 4 •••_••••
Unidentified Decapoda (Mollusca)_. __•__••••••• liD •••-.-••
Unidentified Tunlcata ._. ._.. •••••••••• 1

~~~~:_~~-~~======:=========================== =======::: '~IBistius braBllienslB__ • •• _ _•••• 16
Lactoria dlaphanllB •• ••• 2 ._--••••
Unidentified Bramldae. ••••_••_••••••• __._. 6 - ••-.--.
Colli/bUB dracllme • ._•• __ ••• _••• ••• 0 •••••• -.
A.floplogaBter cornutuB • • •••••••••• _ 2 ..-.-,,-
Cllallliodus ap ••• ••••••_•••••••_••_ 3
NemiclithUB BcolopaceuB __ • • __ • __ •••_....... •••••••••• 2
DiaplluB sp . . ••__ •••••••••••_._._. 4

I Includes all organisms or groups of organlsmi comprising I perllllnt or
more, by volume, or the stomach contents or of the trawl oatobes.

achs were examined, ranged in size from 85 to 155
em. (26 to 160 lb.) and averaged about 120 cm.
(74 lb.). The fishing method, localities, and catch
data for this cruise have been described by Iver
sen and Yoshida (1956).

Table 18 lists, for 16 days of cruise 20, the cate
gories of organisms that comprised· 1 percent or
more, by volwlle, of the trawl catches and tuna
stomach contents. Except for the first three sta
tions (stations 1, 2, and 4), all the trawl hauls were
made just after twilight or at night between 1840
and 2030 (zone time). It is obvious that whereas
the trawl consistently caught such animals as si
phonophores, chaetognaths, crustaceans, and tuni
cates, these organisms were largely missing from
the tuna stomach contents. Decapod molluscs
(squids), on the other hand, were prominent in
tuna stomachs, but poorly sampled by the trawl.
Among the families of fishes, the Thunnidae (Kat
8W/1X)'n1ts pel(J/Ini8) , Tetraodontidae, Molidae,
Sternoptychidae, Bramidae, Nomeidae, and Bal
istidae were commonly found in the yellowfin
stomachs but were not captured in any quantity
by the trawl. Most of these families may be con
sidered as pelagic fishes characteristic. of the sur
face layer both in periods of light and darkness.
For the Sternoptychidae, Marshall (1960) cites
records of Ste'rnoptyw ilia.phana being taken at
600-800 m., and Argyropelecu8.hernigymnus at
150-500 m. at night but below 500 m. during the
day. The Myctophidae, Nemichthyidae, Gonosto
midae, and Stomiatidae, which were the principal
fishes captured in the tra~l, are bathypelagic in
distribution, occ.urring at the middepths during
the day (Marshall, 1960: p. 82-88), but migrating
to the surface layer at night. The virtual lack of
these fishes in the food of yellowfin may indicate
that this species feeds principally in the daytime
and in the surface layer.

Some fishes, such as Thunnidae, Balistidae, and
Gempylidae, commonly found in tuna stomachs,
are strong, fast swimmers, and their absence from
the trawl catches may simply indicate the ineffec
tiveness of the gear, and not that the tunas were
particularly select.ive in their feeding, or that the
trawl and the tunas were sampling different
environments.

The. results of two cruises to the central North
Pacific, iiianning cruises 22 and 23, provide an op
portunity to compare the composition of tra.wl

Organisms I Stomach Trawl
contents catch
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TABLE I8.-Percentage CO'/Il-posUion ot the stomach ro//.'

te-nts ot longUne-eaugllt yeUow{in tUlia. and of the
catchcs ot the 6-tQot Isaacs-fO·dd trawl 0"/1. Jolm R.
Manning crllise 20, equatoria.l Pari{it,. 1954-Continul'tl

'TABLE I8.-Percelltafle romposition ot the stomach eot/
tell-til ot 7.ongHne-caught yelloll'{i1/. tuna alld ot the
catches ot tlle 1;-fQot I8aacs-Kidd trawl on John R.
Manning c/'uise 20. equa.torial Parifle. 1954-ContillUe(1

Organisms I Stomach Trawl
contents catch

Organisms I Stomach Trawl
coutents catch

2
9
3
8

15
5
2

10

May 25:
Longline, station 13; 4'swl, station 14; 8 stomachs:Siphonophora. __ •• 2tl

~~~~~~~:-==== == ============================ ========== ~Unidentified Decapoda (Crustacea)_____________ 3
Portunidae: Megalopa__________________________ 8 _
Funchalia /aonhlyi..._.__________________________ 1
&ryeBteB sp-------- •• --.------------------------- 3HoplophoruB IypUB__• • • •• I
Unidentified Decapoda (Mollusca) ._______ 11
Unidentified Tunicata. •
Pyrosomatldae_________ ______ ___ ________________ _ • _
Salpldae--.-- • •

Vi:~~:t:re;:~Bl~~ttia============ === =========================ThYBanactiB dea/a • • _

z:[a~~,~~h:~-~~~~~~~~~~====================================
~~~:m'a:~:================== === ================ 2~Acanthnrldae • .____________________ 1
Molidae •__ __ 5
GempyluB BerpenB•• •__ I
Balistidae - __ --__________ ____ ______ __ 29
Unidentified fish. --_ 6

May 26:
Longllne, station 15; trawl. ~tatlon 16; 5 stomachs:

~!~i~~~~:::::::::::::::===============:=:============= !Unidentified Decapoda (Crustacea>-____________ 3 _GtnnadaB BculatuB ._____ __ I
&rOeBtCB ~p .• ._ 1
Unidentified Decapoda I.Mollu~a)______________ 14 • __
l"iaciguerrla lucelia • .__ _ 9
EchiOB/amo lanneri.. • _ 16
Pho/OBtomlar sp •__ • • • 2
IJiaplllUJ sp--- • • _
Nomeldae • .________ 2
Brarnldap._. ,____________ 18

i~~tt1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I!'retraodontldae____________ ___ __ ___ __ _______ __ 14
Unidentified flsh • •• 23 _

Ma~~p:llne. station 17; trawl, station 18; 10 stomachs:

~E~g~~~l~~:=================================:==========: ~Unidentified Amphlpoda••-------------------_. 6 _

.:;:~:~~~; :fuiai,;i=====================::=:=====: ~_ -------i
Serges/eB sp---.---------------------------------. 2HoplophoruB lypus__ •.• 2
Unldentifted Decapoda (Mollusca)______________ 9 _
Unidentified Tunicata___________________________ 5 _
P~'rosomatldae- • • . •_. _______ 69
Salpi(be---_- • • .____ 1 ,
PhoIOB/omla. ~p • • ._._____ 7

I~::~~~~j~~~:=:::=:::::::::====:::::=::: :=====: =:=======: ~Diaphl/' sp. ._ . . . 2
NOlI'cldae. _. • • ._________ 2 _
Sternoptydlldae_____ __ ___ _ .~9 _• _
Unidentified flsh_. •• __ • • • .__ 13 •• _

May3n:

J.on~\;~O~~~~~I\~~~~~~I:.~~t.~~-~~-I-:~~~~:~-s~-- . _ 13

~u~t~~~~~~:==:====:==:::::=:::========::=::=== ==::=:=::: ~Unldentlned Decspoda (C'rustacea)_____________ 2 _
HopiaphorllB follaceuB • c_________ R • _.._•. _

~;:.~~:/~~~~~~~-'~~':::::: :::::==:=====::::::::==:= :::=:=:=~ = 2Portnnldap.: Megalops . _.• • .______ 5 I
Unidentified Decapoda (Molluscal. •. 4 __
P~ToSOD1ntldae ••_• .• 1'1
1'Inclyuerria IIlCetla • . _. ._ 36
Th,lBanactlB denlcz .. •. •• 2
PhotORtomlaB sp • __ • _

g::'tet:~~Eiidae====::=::::=:=:=======:::::==:=:= -..-- --. i- ~~
Ranzanla laepi• •---------.--------------.------- 52

1

_Ballstldoo.• . • •• .__ 2 .• _
Tetraodontldl\c • .__• • ._. 6 _

t~=l!k~::=:=::=:==::=::::==::::==:==:=:= I~ =::===::

May 31:
Lon§lIne. station 23; trawl. station 2-1; 1 ~tomach:iphonophnra- •__ • • ... 22

Euphauslncca •_• • •_ 13

~~~~~Wg~u;i;;iii"riC:::==::=::::================ =:::::==== ~Unidentified Decapoda (Mollusca) .___ 80 _•• _
1'~'rosoll1atldae • . 21

~~~cli~;:ii;, -lure/ili:::::::=:=:::=:======:=:==:=== :::::::::: r

ffig~~~~~~~~~~~~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ === =: == ~~: ~~Larvalllsh •• 4
Unidentified flsh .______________________ 3 • _

June I:
Lon~ne, station 25; trawl, station 26; 6 stomachs:ryrB/ea sp_. •• 2

Unidentified Decapoda (MolllIsea)__ •• 12 _
Pyrosomatldae • ~.__ 84
Salpidae • • •__ __ _ 4

t~~:f;~~~:s~:====:==:=:=::==:==:::::::::::==: =:==::::~= ~Lac/orla diaphanuB.· __ __ __ 1
Collllblts drachme • • • 2
Ran:ania laevi'. • ._ _ 58

*~f:fg~~~~~~~~ ~==========:== ================= ~Remora remora. 3
Unidentified fish _ 10

June 2:
Lon§lIne. station 27; trawl, station 28; 5 stomachs:iphonophora. • __ _ __ 15

Euphausiacea_ 16
Granados sp_.___________________________________ 3
HaplaphomB /YPUB. • • ._____ 3
Unidentified Decapoda (Molluscal__ __ 48 _
Pyl'osomatldlle____________ ___ __ 30
Salpidoo •_. __ __ 2

fa1:ti:~:~r~~~~~ft:.~e_~~~ ::==::::=::::===: ::=:::== ========:: 2gI "inciOlter,la lucelia • • • I
C'ollublt' drachme •___ __ 3
Gempylldae._: .__ 2
Exocoetldae ._ _ 16
Paralepididae .. 3
'l'etraodontldae ~ _ II
Sternoptychidae---.- __ __ __ 2
lTnidentified fish •• _.__ 11

June 3:

Lon~\~~;ll~~~~~~a~;-~r-~~!:~~~~~~~_~~:_~_s_t~_~~_:~~~ .__ 4
Euphausiacea- •__ •• __ • •___ __ 12
Gennada, scutatuB ._._, ._________ 1
serges/e, orien/aliB. ~____________ 1

ggf~gg~~l:~ ~~~~s__:======:::=::==:=============: -- -.-- --4- ~
Unidentified Decnpoda (MolluscaJ______________ 76 _. _
Unldentifted TuDlcata__. •__ ._________________ 2 _

~~r:s~~~11a~;;iiri.".~=:=:===::::==:============:: ===::::::: ~Balhophilu.s sp •__ ____ __ _ I
PhotOBlomiaB sp--- ._________ __ __ 1
Thy,anaclis sp • • 2
BregmaCtrOB macclel/andi. ._________ 2
Stomistidoo . 9
DiophUB sp .____ 4
N%luch,w, valdiviae • 1
N omeidae • 1
Echeneidae_____ _ 5 _
Unidentified flsh_______________________________ 9 _

June 7:

Lon§\~~o~~%~~~a~~;-~~~~I:-s-t-~t!~~_~~~_~~~~~~~~~~ ._. 14
Chaetognatha_._. •_. •_• '. 2
Euphausiacea • •_ 26
Unident.ifted Decapoda (Crustacea)_____________ '1
Unident.ifted Crustacea__ ._______________________ 1 _

~;::I~~~I~~~~i~~i--=====:::=:::=:=:::::: :=:= :==:= ::====:::: ~HoplophOTItB faliaceItB~ ._._._ ._________ __ ___ __ 3
H. t1IPu., • • • ._ 2
Enaplome/opuB sp. __ __ __ __ 2 _
Portunidae: Megalops • .________ I . _
Unidentified Decnpoda (Mollusca) ._ 2 _._. _
~noPlote~\~ldae- ------------ ------- --- ----- --- - ---------- 1:

Dra~~~:p.-~:=====:===:======:::::::==:=:=::::::=:::=:== 13
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I Includes all organisms or groups of organisms comprising I percent or
more, by volume, of the stomach contents or of the trawl catches.

TABLE 18.-Percel/tage C01ll1J08ition of the 8tomach COI/
fe'llts of longline-caught yel101l'fin till/a and of the
(,atche8 ot the a-toot baac8-li.hld trawl 01/ John R.
Manning crlli.se 20. eqllatoria/. Pacific. 19.5·_~-Continue<1

catches obtained with t.he 6-foot Isancs-Kidd trawl
w.it.h the st.omach contents of albacore tuna,
Th1f.1l:YlJ/(.8 germ,o (LacepMe), ca.pt.ured by long
line. The fishing method, localities, and cat.ch dat.a
for these cruises are described by Shomura and
Otsu (1956). The. 10 albacore Sbnuachs preserved
on !Ifanning cruise 22 were from fish averaging
73.3 cm. in fork length, whereas the 14 stomachs
preserved on !Ifanni-n[1 cruise ~8 were from fish
averaging 101.2 cm. All t.rawl hauls were made
at night between 1900 and 2030 hours.

Although t.he dat.a are sparse and do not permit.
a st.n,tion-to-st.at.ion comparison, when summarized
ove·r the entire cruise a·s in tables 19 and 20, they
show certain major fentures in common with the

Jnne 7-00n.:

fla~t~~~ida~~~~~~'~_I_-~=======:=============== == --------s- ~Col11lbu8 drachmr. 3
Bramld9.l'_. ___ __ _ ____ _ _ 2
Tetraodontldae . _. __ 58
Ballstldae____ __ _ __ __ I
Echeneldae . . 6
EJ:ocoo{idae_____ __ _ __ __ ___ __ 7
Larval fish. __ . __ __ _ _ _ _ 2
Unidentified flsh___ 9 _

June 9:
Longilne, station 36; trswl. ststlon 37: 3 stomachs:Siphonophors. 8

Odol/iodact,ll18 sp._______________________________ I _
EuphsusilU't's. _ _ __ __ ___ __ 19
PIII/chalia laa·II.ll/gL_____________________________ 2
Serger/e8 sp______________________________________ 9

W~~fa~~~I~~-~~~~1_8__~~=========~~=~==~==~=~~=~:: == :~=: == =~:: ~Unidentified Decapods (Mollusca)______________ 6 _
LI,,<:ral/rh ia reinllardIL .___ __ __ 8
Unidentified Tunicsts .• 2
Pyrosomatldae .___ __ __ 9
Salpidae_____ __ _ __ __ __ I

t::~i::::::BI~~i,t;:C~~== :== =: :=================:=========== 1~
b~::~~~~~~~ ~=: :===: === :=============== == === :======= == 1~H,gopllu-m rtil/lIardli__ . . 2

ff;:'fg;g;~:!~~~~~~~~~==:=::::::::::::::::::::: :::::::::: ~Nomeidae . _. __ _ 3
Acanthurldae. .____________________ 5 _
Ranzania lato/8__________________________________ 76 _
BalistI1ae__ __ ___ 2 _
Larval flsh. ._ 3
Unidentified fish. ,__ 4 _

June 10:
Longline" station 3S; trawl station 39; 2 stomachs:Siphonophors. • ' __ 13

Euphsusiacea. • .__ 16
Strgt8/t8 oriellUlli8 .___ __ I
Argonautidae. __ . _ __ __ I _
Unidentified Decapoda (MolluscaL_____________ 12 _
Unidentified Tunicnta_. __ 1 _
pyrosomatidae __ . ___________________ 31
Salpldae_____ __ __ 2
Fj'lleigueTria luC4lia. ._.________ 7
CeraloBcopelu8 towIlBend!.._______________ __ __ _ 4
Lampan!lcluB sP --- 1
Unldentlfled Myctophidae • . I

fE~i:,i~E~~~~~~~~~:=:============= =========== :::::::~: ------~~Unidentified flsh________________________________ 1 _

4
1
2

97

12
I

90

98

46 _

97

Stomach Trawl
contents catch

Stomach Trawl
contents catch

Organisms 1

Organisms 1

TotaL • - _

~fgl;re':.~fA~JaMediisae :::::=:=:~:::::::::::::::::::: :::::::=::
Chaetognatha • _
Ann.lIda _
Unldentlfled Amphlpod~ .. • ' _ 4
Unidentified Orustace.L • • • • -_
Unidentified Der-apoda-_._____________ _ 25
Onycote·'thidae. .. _. _. ._ 14
Argona·IUd"" .____ __ _____ _ 3
Unidentified Cephalopoda .• ._______ 1
Pyrosomatldae__ • • •___ ___ __ ___ _ 32
Salpldae • • . __ •__ . __ • 3 40
Stemoptychldae__ . .________ __ ___ __ __ 3 --. _
Altp/sauruB sp_. • .____________________ 2 - • __
Unidentified Myetophldoo. •. I
Lompadena sp • . __ __ ____ __ 3
Colnlobls sp • '_._ __ 35 __ - _
Unidentified Plsces • ._____ 8 ---- .. ---

I Includes all organisms or groups of organisms comprising 1 percent or
more, by volume, of the stomach contents or of the trawl catches.

I Includes all organisms or groups oforganisms comprising I percent or more,
by volunle, of the stomach contents or of the trawl r-atches.

TABLE 19.-Perce",tage compo8ition of stomach contents of
10 a/.baeo·re taken by /.ongUne aM of catche8 ot the
6-foot 1sa·aes-Kidd t'rawl, Manning erui8e 22, eentra.l
Pacific, .';p/ltem.lwr-Octobcr 195 ~

TA.BLE 20.-Percenta·ge compositidJt ot stomach CQJttel/ts ot
14 a/.baeol'e caUght bll longline and of the catclles ot S
trawl ha.lt/.s made -with the G-toot 18aaC8-IO(ld tra~v/.,

John R. Manning cruise 23, centra-l North Pa.eifie, D.e
ce-mber 1954

~fE~~~1f~e~aM,~usiie~:~~:~::::::=:=::::::::::::::==~=~: ::~~~=:~~: :L epas Jas/tltlaris (larvae). .__ _ 10
Ltpos sp ._. .____ 5
Phronlmldae •• .__ I . _
Unidentified EuphauslidB6 ._______________________ 1 2lJ

J.~'::J:'tfa°ta~~Yn;Ji-~:::::::: ::::::::~:::::::::::::::::: =: :=:::::::: ~HOl'lopllorlts grimaldii.. . ___ _ 4
Unidentified Sergestldae •• • • . 5
Unidentified Crustace~_____________ _ :j

~i~~~~~.~~~~~~~-~--~:::=:=:=:===~==::=======~===~::===~=::::: ~Unidentifled Decapoda_________________________________ 7 _

:t~~~ufae:::::::::::::::::=:::=::::::::::::::=::::: ::::::~::: 118a1pidae. ._______ __ 2 2
Unidentified Myr-tophldae_.____________________________ 8
Tarlrto71btania sp_______ __ 40 . •__
8comher~ocidne:Cololab is sp --_. - - -- ---__

------TotaL • • • .

yellowfin stomach contents-trawl catch compari
son (table 18). Coelenterates and crustaceans
made up import.ant percentnges of t.he volume of
the trawl catches but, except for Amphipoda
(cruise 23), were relatively insignificant in the
stomach cont.ents. Of the Mollusca, Pt.eropoda
were of some importance in the trawl collections
whereas Cephalopoda were largely missing; this
sit.uat.ion was just. reversed in the albacore food,
where Pteropoda were absent. and Cephalopoda
were very important. Among t.he Tunicat.a, the
Pyrosomatidae were an important part. of the

Stomach Trawl
contents catch

Organisms I
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TABLE 21.-0011ecUo'l/. da.ta fo'" si.:c jlwenile tuna capttlre/[. by mid,watcr tnl'U'l j.n the ct?ntra·l Pacific, 195~6

Position
Number Total Depth Time Station

of Species length Gear of capture of haul Vessel alld cruise Date taken taken No.
Juveniles Latitude Longitude

, Milli-
me terr MtttT8 Zone timeL ________ Ka1ruwonur pelam/r___ 18 60ft. beam _________ C)-103 Hugh M. Smith-15_ June 21-22, 1952_ 2235-0015 62-1 5°56' N. 139°26' W.1_________ _____do_________________ 18 1-m. rlng__________ , 0-187 Charier H. (li/bert- Apr. 9, 1953_____ 021:Hl314 12-D 20°35' N. 157°32' W.

H.1_________ 'Unidentified__________ <20 6-ft. Isaacs-Kldd__ ll-95 John R..Manning- June 3,1954_____ 1842-1957 30 1044'N. 158°15' W.
r 20 }Io-ft. Isaaes-Kidd_

20.2_________ _____do_________________ \
60 o-H8 Hugh M; Smith-27. Feb. I, 1955_____ 1939-2041 25-1 29°56' N. 179°28' E.

L ________ Katruwonur pelamir___ 22 _____ do_____________ 0-176 Hugh 1II. Smith-35_ Sept. 26, 1956____
1

1905-2005 165 0°02' N. 159°50' W.

trawl catches and the Salpidae were present in
lesser vol.ume; in the tuna £ood the Pyrosomatidae

'were lacking,' but the Salpidae were present in
about the same volume as in the trawl samples.
Sauries (Cololabis sp.), the largest single item in
the albacore stomachs examined, were not taken in
the 6-£00t Isaacs-Kidd trawl. On cruise ~~, a lan
tenlfish (Ta.rletonbeania. sp.) ranked large in
voltuile in the albacore food, but was not taken in
the trawl. Other kinds of lanternfish were cap
tured in the trawl on cruise 23, however, that did
not occur in the tuna stomachs.

On'the basis of these data we conclude that the
6-foot Isaacs-Kidd trawl did not sample the im
mediate food of yellowfin and albacore tuna. in
the equatorial Pacific and central North Pacific.
With respect to the food of other tuna. spec.ies, such
as bigeye (P((1'a.th~(,nn/us sibl) and skipjack
(l(atsu'wonus pelll1nis), we do not have sufficient
information collected concurrently with midwater
trawl catches to provide within-cruise or station
to-station comparisons. For these species our best
data are those given in table 17 and figure 2~.

MIDWATER TRAWLS AS SAMPLING
DEVICES FOR JUVENILE TUNAS

Larval tunas of several species' have been cap
tured in the central Pacific in I-meter zooplankton
nets with mesh apertures about 0.65 mm. in width
(Matsumoto, 1958; Strasburg, 1960). The young
tunas c.aptured in this manner have ranged from
3 £'0 about 12 mm. in length, but specimens larger
than 6 mm. were uncommon in the catch. The
number captured per 30-minute haul has varied
from none to several hundred. Both of these a.u
thors concluded that diurnal differences in the
catch of tuna larvae resulted primarily from ver
tical migrations and only secondarily from the

increased ability of the larvae to dodge the net
during the daytime.

The almost eomplete absence from the plankton
catches of young tuna more than 12 mm. in length
(St.rasburg, 1960) could possibly be attribut.ed
to their living in a different habitat or level of the
sea than that sampled by the plankton nets or to
their ability to dodge the net. Since the plankton
net sampled the mixed In,yer and usually beyond,
to depths as great as 200 meters and sometimes
greater, and the hauls were spaced over a wide
range of latitude and longitude at all seasons of
the year, it 'would seem reasonable to believe that
the environment occupied by the young tunas was
being sn,mpled, but at. sizes above 12 mm. they
easily eseaped the I-meter net.

It was our hope that by means of midwater
trawls we would capt.ure juvenile tunas of lengths
a.bove 12 mm. which were able to elude the plank
ton nets. In 274 hauls made wit.h the four mid
water trawls described in this report we captured
only six juvenile tunas, which ranged from 18 to
60 n1111. in length. Three of the six were caught in
the 10-foot Isaacs-Kidd trawl; the remainder were
taken in the other three trn.wls. The collection
data for these six specimens are given in table 21.

On cruise 15 of the 8m#h, 7 yellowfin, 36 skip
jack, and 13 unidentified tuna larvae were cap
tured in hauls of I-meter zooplankton nets between
latitude 60 N. and the Equa.tor along longitude
140° W. (Matsumoto, 1958). Four hauls with the
6-£00t benm trawl made in this area on cruise 15
yielded only 1 juvenile tuna, a skipjack ([(a.fsu
1oon:/18 pela,lnis) 18 mm. in length (table 21).
There was evidence, therefore, tha.t considerable
numbers of larval tunas, and most likely juvenile
tunas, were ·in the area hut were not captured by
the beam tra,wl. We expeeted the larvae to escape
through the relatively coarse meshes of the trawl
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net, but we did hope to retain the juveniles 20 nUll.
and larger.

The plankton collections obtained on the other
four cruises cited in table 21, on which one or two
juvenile tunas were taken in midwater trawls, have
not yet been sorted for larval tunas. From our
knowledge of the widespread occurrence of the
larvae (Matsumoto, 1958), however, and of the
distribution of the adults, we believe that juvenile
tunas were present in the areas sampled. Our
failure to catch them in larger quantities indicates
the ineffectiveness of our gear for sampling this
portion of the fauna.

SUMMARY

This study is based on the quantitative analysis
of the catches from 274 midwater-trawl hauls
made on 22 cruises of Bureau of Commercial
Fisheries vessels in the central Pacific Ocean be
tween latitudes 49° N. and 19° S., and longitudes
108° W. and 162° E., during the years 1951 to
1956.

Chief purpose of the trawling program was to
obtain quantitative estimates of the abundance and
distribution of forage organisms, particularly
those utilized by tunas.

Four types of trawls were employed: 6-foot
beam trawl, I-meter ring trawl, and 6-foot and
10-foot Isaacs-Kidd trawls. Descriptions and
specifications of the four trawls al'e provided.
Hauls were usually of the double oblique type
with the net fishing between the surface and depths
as great as 400 meters.

In the laboratory, the catch was sorted and the
different kinds of organisms identified to the. most
precise degree considered practical. The num
ber and displacement volume were determined
for each kind or group of organisms identified.

Volume of the catch varied generally with size
of the trawl. In terms of volume of catch per unit
of mouth area, the trawls were about equal in
eatching efficiency within a geographical area.
Essentially, all four trawls sampled organisms
from the same phyla, classes, .and orders, but dif
fered in the families and genera of fishes they
sampled-the largest and most frequently used
trawls caught the greatest variety of organisms.

Night cntches greatly exceeded day catches both
in volume .and number of organisms, and also
yielded organisms of la.rger size.. Marked diurnal

diffe.rences were noted in the composition of the
trawl catches. Coelenterates, amphipods, stoma
topod larvae, certain molluscs, and tunie-ates 00

cm'red in about equal frequency in day and night.
collections, whereas the faster-swimming forms,
such as the decapod Crustacea, squids, and most of
the fishes, were taken principally at night. We
believe that, the day/night differe.nce in cate-h was
due largely to a diul'llltl migration and the move- .
Ulent of the organisms into the surface layer at
night, rathe.r than to an ability to dodge the net
during the day.

With respect to geographic. va.riation, catches
of the Isaacs-Kidd trawls showed two peaks in
abundance: in the Aleutian Current and in the
region of upwelling and enrichment at the Equa
tor. The poorest catches were made in the South
Equatorial Current south of 5° S. latitude, in the
North Equa.toria'l Current between 10° N. and 18°
N. latitude, and in Hawaiian wnters. Evaluation
by a two-way analysis of varia.nce indicated differ
ences (P<O.05) among longitudes in the volume
of trawl ca.tches made with the 10-foot Isancs-Kidd
trawl during one eruise to the equatorial Pacific.

On the basis of "1." tests of the difference be
tween mean catch volumes, we found no signifi
cant differences between c-ruises to the same gen
eral area (equatorial Pacific.) at about the. same
time of year, or to the same area (central North
pac.ific) at different seasons (late summe·r and
winter).

In correlation analyses of the. re1'\tion of trawl
catch volumes and various environmental factors,
we found a. significant (P<O.Ol) positive correla
tion of trawl volumes und surface inorganic. phos
phate for two cruises and a positive but not
significant (P> 0.05) relat.ion for a third cruise.
On one c.ruise t.he relation of t.rawl volumes to C14
uptake by phytoplanld,on was pos~tive. but non
significant. (P>0.05), whereas on a second cruise
the corre.Iation coe.fficient was significant (P<
0.01) . On all four cruises studied, the c.orrela.
don between zooplankton volumes a.nd t.rawl
catches wa.s found to be significant (P<0.01) .
These results were in line with our expect.ations:
that. the fornge orgnnisms would be more
c10sely re:Iated to zooplankton'---their food for the
greater part-than to inorganic. phosphate or the
metabolic. activity of phytopla.nktol1.
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Expressing the ·eateh in terms of volume per
unit volume of water strained, we obtained an
average ea,teh for the 6-foot Isaac.s-Kidd trawl of
1.86 mI./1,000 m.s, and an average of 1.65 mI./·
1,000 m.3 for the 10-foot Isaaes-Kidd trawl. These
volumes are approximately one-sixteenth to one
eighteenth of the average zooplankton volume
obtained for the same general area.

A Jllueh greater variety of organisms was found
in the trawl eatches than in the tuna stomachs,
which might indicate some degree of selec.tion by
the tunas. Most fishes in tuna stomachs were pe
lagie-characteristic of the surface layer during
both day and night. The most abundant fishes in
.the trawl eatehes were bathypelagic, oceurring in
the middepths during the day and migrating to
the surfac.e layei' at night. A virtual lack of these
fishes in the tuna stomachs examined may indicate
that tunas feed principally in the daytime and in
the surface layer. Since the trawls were operated
almost entirely at night beeause the eatches were
very poor during daylight and tuna fishing was
earried out during the day, it was not too sur
prising to find a very poor correspondence between
the eomposition of the trawl catehes and the con
tents of tuna stomachs, with the similarities great
ly outweighed by the differences.

In 274 hauls made with the 4 types of trawls we
caught only 6 juvenile tunas, ranging in length
from 18 to 60 mm. On the basis of catches of
larval tunas made in zooplankton nets and our
knowledge of the distribution of the adults, we
believe juvenile tunas were present in these areas
at the time of the trawling.

The greatest variety of organisms was captured
in the South Equatorial Current and ·in the
Countercurrent, the poorest variety in the North
Equatorial Current and Aleutian Current. Mid
water trawls sampled princ.ipally primary and
seconda~ earnivores, some of which may also be
classed as herbivores and detritus eaters. Strictly
herbivorous animals were very scarce in the
catches.
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APPENDIX

The following list contains authoritative refer
ences that we found useful in the identification of
orga.nisms occurring illmidwa.ter trawl collections
from the centra1 Pa.cific.
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ApPENDIX TABLE t.-8Iw/ma·'l1 of collection of organ.isms wUh 6-foot beam. trawl, by cr'uise, ootl.tral Pamjic, 1951
and 1952

Estl- Catcb/hour baul Unusually numerous or bulky
Position mated orgauisms

Station Date Start Lengtb maxl-
olbaul olbaul mum

deptb Number Volume Adjusted Number Volume
Latitude Longitude volume I

---------------
John R. Alanning: Zone MilIi· Milli- MiUi-

Cruise 9: 1961 time HOUTI Meterl lilerl /itm litera17____ • ______ 21°26.4' N _____ Isso12.5' W ____ Nov. 26 1200 1.07 44 7 1.3 ---------- -- --- -------- -- -~ -- --- -. -. --.---18. __________ 21°26' N _______ 158°13.5' W ____ Nov. 26 1410 .88 156 131 8.0 ---------- ---- --------- --_. --- -- . -_. _.. ---19 __ ._________ 21°24.5' N _____ 158°16.3' W ____ Nov. 26 1525 .97 182 126 5.3 .---- ---_. ---_. --- ----- --_. ----- --- ---- ---20_________ ._ 21°21.8' N _____ 158°21.1' W ____ Nov. 26 1704 1.02 175 228 19.8 __ .4· _____ ...... ~--_. __ ._------- ----------21. __________ 21°26.4' N. ____ ISSo12.5' W ____ Nov. 26 1947 .93 25 112 5.9 --. --- ---- -. -.. --. ~. ---. --~ ----- ----------22___________ 21°26' N _______ ISS013.5' W ____ Nov. 26 2101 1.07 169 80 20.6 -- - -- _.-.- ---. --~ -. _. --. _. ------ ----------23_______ ._._ 21°24.5' N _____ 158°16.3' W ____ Nov. 26 2233 1.05 169 159 77.1 .-.-.----- .- _.- _. ---------- ----- ----------24A __________ 21 21.8' N _____ 1r..~021.1' W ____ Nov. 27 0021 1.00 200 184 51.0 --- -- i8~6- -i-Sc,ypliozoa-_~::::::: --_.------24B__________ 21°21.8' N _____· ISS021.1' W ____ Nov. 27 0204 2.27 450 164 31.4 29.027___________ 21°23.1' N _____ ISS012.5' W ____ Nov. 27 1040 .58 200 117 4.0 --.---_._- --_. _. -------- -------- ----------
Hugh M. Smith:

Cruise 14: /96114___________ 040 58' S _______ 1550 00' W. ____ Feb. 1 1923 .33 S 106 13.0 ---------- -- -- ---- ---- --- ------- --~.--.---16___________ 06°50' S _______ 155°05' W. ____ Feb. 2 1412 .33 5 82 1.2 ---- ------ ---- ---------- --- ----- ..• -. -- - -.-
Cruise 15:

61-1. ________ 06°00' N _______ 139°57' W. ____ Jwte 20 2301 1.48 300 1,695 83.4 1,000 euphausiids ____ 18.061-2_________ 06°00' N _______ 139°64' W. ____ June 21 0040 1.83 103 14,310 434.0 25,000 euphausiids ___ 613.462-1. ________ 05°56' N _______ 139°26' W. ____ June 21 2"..35 1.67 103 2,062 217.2 1,000 euc,hausllds---- 48.462-2_________ 05°S6' N _______ 139°23' W. ____ June 22 003S 2.40 219 1,146 136.9 720eup ausiids _____ 37.8

I Total catch per hour less unusually large organisms or" jellies" constituting 50 percent or more of the catch.

ApPENDIX TABLE 2.-lilum.m.ary of collection of organ·i.sms tf.'ith 1-meter ring tra-tt,l, by N'tlise, central Pacijio, 1958

Position Estimated Catch/hour haul
Station Date Start Length maximum

01 haul ofhBul depth
Latitude Longitude Number Volume

ChaTlell H. Gilbert:
Cruise 11: Zone lime HOUTI AlneTI MillilittT8SA _________________________ 21°49.3' N _____________ IS7°32.2' W _________ • __ April 1 1405 1. 65 200 14 1.38D ________________________ 20°35.1' N _________ ._._ 157°32'

W _____________
2 0224 1.03 200 134 6.39A_. _______________________ 21°49.3' N _____________ 157°32.4'

W ____________
8 1330 1.00 134 64 2.312D____________ •__________ 20°34.9' N _____________ 157°32.3'

W ____________
9 0212 1.03 187 83 11.613A._______________________ 21°49.9' N _____________ 157°32.1'

W ____________
14 1307 1.18 198 31 S.316D___________ • ___ •_______ 20°35.2' N _____________ 157°32'W 15 0234 1.02 198 136 6.9

17A_____ -----------.------- 21°48.8' N _____________ 157°32' W::::::::::::: 22 1310 1. 12 144 50 2.S20D _______________________ 20°35.2' N _____________ 157°32' W __ •__• _______ • 23 0202 .98 165 167 14.221A________________ •_______ 21°50.7' N _____________ 157°31'
W_. _________ ._ 29 1248 .98 227 SS 1.924D _______________ •_______ 20°35' N _______ • _______ 157°32' W __ • __________ 30 041Q 1. 08 196 94 3.8

Cruise 12:
lA_________________ • _______ 21°50' N _______________ 157°32' W __ •• _________ May 8 IS05 1. 25 200 81 0.94D________________ • _______ 20°35.2' N _____________ 157°32' W._. _____ • __ ._ 9 0250 .92 199 :l5 9.613A-1.__ •__________ • _______ 21°50' N _______________ IS7°32' W _•• _. ________ 14 1320 1.08 134 16 0.613A-2______________• _______ 21°50' N _. _____________ 157°32' W. _•• __ •______ 14 1430 1.00 171 164 2.8
16D-1. ____________• _______ 2003S' N _______________ IS7°32' W __ •__________ 15 0225 1.10 118 141 9.716D-2_____________ •_______ 20°35' N __ •____ • ____ • __ 157°32' W __ •__________ 15 0335 1.00 171 54 27.616D-3_____________ •_______ 20°35' N _________ • _____ 157°32' W __ •__________ 15 0440 1.08 100 157 6.917A-I. _____________ • _______ 21°49.8' N _____ •_______ 157°32' W __ • __________ 28 1440 1. 25 193 25 0.417A-2______________ • _______ 21°49.8' N _____________ 157°32' W __ • __________ 28 1602 .83 206 26 1.120D ________• ______ •_______ 20°35.2' N _____________ 157°32.2' W ____________ 29 0510 1.18 168 32 0.7

Cruise 13:lA.______________________ •. 21°50' N _______________ 157°32' W ___________ ._ June 4 1550 1. 25 155 7 1.14D ________________________ 20°35.3' N _____________ IS7°32.3' W ____________ 5 0340 1. 17 169 4 1.8
Hugh M. Smith:

Cruise 21:23_________________________ 23°10' N _______________ 159°21.2' W _.__________ Aug. 10 2140 1.25 90 14 S.7
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ApPENDIX TABLE 3.-iJumtIHtI"Y of collection of organisms with G-foot Isuucs-Kidcl trawl, by (trltise, central Pacillo,
1953-55

Position Catchlhour haul IUnusually numeroUS or bulky
Estimated organisms

Station Date Start Length maximum
of haul of haul depth

Latitude Longitude Number Volume Adjusted Number Volume
volume'

---------------------
Jo/m R. Afalminll; ZonE Milli- Milli- Milli·

Cruise 15: 1968 time Hours Afetera liters liters liters4____________ 08°23' N_______ 150°12' W _____ May 4 1930 1.00 200 129 93.1 ---------- -------- -------- -------- --------Cruise 16:Test_________ 21°05' N.••____ 157°58' W _____ July 21 0853 1. 32 169 39 8.0 ---------. --_.---------- -- ---- -_.- -------.5____________ 08°27' N _______ 154°48.6' W ____ July 30 1930 1.27 200 346 136.8 ---------- ---------------- -- ------ -------.7__ • _________ 07°04.2' N_____ 154°55.1' W ____ July 31 1935 1.35 200 381 llO.1 ---------- ------------------------ --...-.--Cruise 20: 1964Test 1.. ____ • 21°40' N_______ 158°09' W_. ___ Apr. 28 1900 .33 15 264 10.0 ---------- ----- ------------------- --------Test 2_______ 21°39.5' N_____ 158°10.3' W ____ Apr. 28 1931 .60 230 250 35.7 ---------. -- --- ----- ----------- _.- --------Test 3______ • 21°00.5' N _____ 157°49' W _____ Apr 29 0713 1.25 135 122 7.5 _.-------- --- ------------- -------- -------.Test 4_. _____ 21°56' N_..•_._ 157°49' W _____ Apr. 29 0838 .93 232 90 4.2 ---------- ~ -------- -- --------- ---- --------1____________ 05°58' N _._____ 162°52.5' W ____ May 17 0755 1.38 110 170 3.2 ---------- ----- ------ ------------- ---_.... --2____________ 05°59' N _______ 162°28' W __ . __ May 18 0712 1.33 110 260 16.1 ---------- ----------- --------- ---- ---- .... _-4____________ 06°05' N_______ 162°18' W. ____ May 19 0650 1.27 100 161 5.3 ---------- ----- -- ----------------- ------- ...5____________ 05°58' N _____ ._ 161°53' W _____ May 20 0710 1.22 100 41 20.9 ---------- -- ----- -- ---- ----------- --------7____________ 05°49' N ___•___ 161°03.9' W ____ May 21 1848 1.17 90 631 67.4 ----------
{~-,iie4iisae~~======== == ----78~O9____________

05°18.5' N __. __ 161°29' W _____ May 22 1855 1.30 100 597 145.3 49.2 22 tuDl~ates ___________ 47.011 ___________ 04°46.5' N _____ 161°03.5 W._._ May 23 1847 1.38 100 1,086 114.6 69.5 33 tuni'.ates___________ 76. 014___________ 04°41' N _______ 159°53' W _____ May 25 1850 1.30 90 867 111.8 -44-iliiiirates~ ==:======= ----ii2~O
16__ •• _______ 04°36.5' N _____ 159°41' W _____ May 26 1843 1.28 85 962 126.2 77.718___________ 04°07.5' N _____ 160°12.4' W ____ May 27 1846 1. 28 100 523 163.3 50.0 38 tunil·ates___________ 145.022___________ 03°53.2' N _____ 158°47.8' W ____ May 30 1842 1. 25 100 2,042 79.0 -----..---- --- ----------- ---------- ---507~ii
24__________ • 03°53.2' N _____ 158°23' W _____ May 31 1842 1. 28 95 756 67.3 ':i6-itiiiic:iies= =======::=26___________ 02°47.1' N _____ 158°55.4' W ____ June 1 1845 1. 45 90 323 415.6 65.9 507.028___________ 02°09' N _______ 158°16.5' W ____ June 2 1842 1.27 95 475 104.7 ---------- -i-iisil_::::::: ::==::==== ----40~ii
30___________

01°43.9' N_____ 1S.~014.9' W ____ June 3 1842 1.25 95 574 99.8 --------. -34___________
01°48.5' N _____ 156°54.9' W __ June 7 1840 1. 27 90 806 66.8

---~_----- ---- ---- -------- -- ---- -. --------37. __________ 01°26' N _______ 158°18.8' W ___ . June 9 1840 1.28 85 59t 42.4 ---------- ----- --------- ~- -._----- --------39_. _________ 00°38.4' N _____ 158°48' W _. ___ June 10 1844 1.30 90 736 47.4 ---------- --- ------ ---- --- --~ -- --- --------Cruise 21:2____________ 20°42' N _______ 157°14.5' W ____ July 23 2016 I. 35 lR7 181 30.4 ---------- ----- -- -- -- -- ----- ------ --------4. ___________ 19°31\.5' N _____ 157°32.5' W ____ July 25 1913 1.23 144 141 55.2
_~_------- -- ---- -- ----- ----- ------ ------ .. -6_____ • ______ 19°35.4' N. ____ 157°21' W _____ July 26 2008 1. 23 131\ 85 10.2
---------~ --- -- -- --- --_. -- --- ----- ------ ..-9____________ 20°45' N _______ 157"15' W. ____ July 28 2011 1.40 ::'09 174 17.1 ---------- --- ------- ~ -- -- --- --- --- ------ ... -Cruise 22:2____ • _______ 26°24.5' N_____ 159°14.2' W ____ Sept. 15 1924 1.05 105 341 37.8 16.1 6 tunicates. ____ .•. ____ 22.84__ • _________ 30°25.1' N _____ 159°57.5' W ____ Sept. 17 1910 1.05 95 2.328 36.5 20.3 5 tunlcates. ___________ 17.06___________ • 31°45.5' N. ____ 159°57.2' W ____ Sept. 18 1905 1.03 100 412 33.1 -{.-iuliicaies~::::= =====: ----a2:88 ___ • ________ 33°16' N _______ 159°54' W _____ Sept. 19 1910 1.08 95 528 80.2 49.810___ • ____ ._. 34°51.5' N _____ 159°51.4' W ____ Sept. 20 1905 1.05 100 67.476 113.4 -- .. _----- 68.600 barnacle larvae_ 75.212________ • __ 36°30.5' N _____ 159°51.3' W ____ Sept. 21 1904 1.02 90 17,307 59.9 ---------- 16,500 barnacle larvae_ 24.816__________ • 41°06.4' N _____ 159°58' W •• ___ Sept. 24 1919 1.10 100 12.137 158.5 {9,300 barnacle larvae__ 94.4

.3.600 euphausiids... ___ n.l20_. _________ 46°13' N _______ 159°57.5' W •. __ Oct. 4 1906 1. 03 95 8,578 82.1 5,300 b'lrnacle larval'._ 1.725_. _________ 36°33.2' N _____ 174°47.5' W ____ Oct. 21 1910 1.00 100 170 65;4 15.1 8 tunicates______ •___ .• 50.327__ .• _______ 39°05' N _______ 175°22' W _____ Oct. 24 1908 1.05 100 1.390 69.5 ---------- ....-- -~ ------ ---- ---- -- -- ------Cruise 23:2 ____________ 29°54.6' N _____ 159°48' W _____ Dec. 6 1912 1. 13 105 137 4.2 ---------- -«-itiiiicates= ==: =:=:= =: "--irs6____________ 34°39.5' N _____ 160°01' W _____ Dec. 9 1913 1.20 100 1,533 55.6 16.0
Cruise 24: 19661____________ 20°30.1' N_____ 157°45.6' W __ ._ Mar. 24 1910 .93 100 238 24.3 -----:iO.-O- 5 tunicates_. __________ 9.22 ____________ 17°29.5' N_____ 157°05' W_. ___ Mar. 25 2012 .97 90 202 88.6 1 fish __________________ 57.03 ____________ 14°38' N_______ 156°44' W _____ Mar. 26 20"..2 1.05 100 199 33.1 - --- ._-- --- ------ ---- _.- ---- ----4 ____________ 11°58.9' N _____ 156°13' W _____ Mar. 27 2017 1.00 90 283 42.5 ---------- - -- - - --- --- _. ---- ------- ---- ----5 ____________ 09°24' N_______ 155°55.5' W ____ Mar. 28 2012 .97 90 877 114.2 -- --- ----- -------- -~- --_. --. ------ ._------6 ____________ 06°45' N _______ 155°27' W _____ Mar. 29 2016 .97 95 853 92.3 -----00."4" -58-itiiiiffit.es= ~=:::= :=:: -- --99~ii8 ____________ 05°29' N _______ 1/)4046.3' W ____ Mar. 30 2010 1.03 90 772 157.110___________ 03°48.6' N_____ 154°49.8' W ____ Mar. 31 2005 1.00 95 605 311.3 28.3 38 tWllcates. ___________ 283.012___________ 02"23.2' N_____ 155°05.5' W ____ Apr. 1 2010 .97 100 560 64.0 -- --._- --- 18 tunlcates___________ 24.114___________ 01°18.8' N_____ 155°27.5' W ____ Apr. 2 2012 1.00 95 1.040 78. 4 ----._---- -------~ - --- --.--------- ---- - ---18___________ 02"37.2' N_____ 157"43.8' W ____ Apr. 5 1920 .93 95 838 50.9

-----:i:i~6- -20-iuiiirotes~ :=:: :::::= --- i:i2:820___________ 03°11.9' N _____ 158°39.3' W ____ Apr. 6 1916 1.00 90 557 156.423 ___________ 04°48.3' N. ____ 160°37.5' W ____ Apr. 8 1915 1.02 105 563 178.4 105. 3 21 tunicates___________ 74.6
Hugh M. 8mitll:

Crulso 27:3 ____________ 23°34.3' N _____ 1f>3°37.4' W_._. Jan. 7 1946 1.23 104 383 5.9 -- ------_. -------. --- _. -._- -- -- --- . - -. ----5____________ 22"39.2' N_____ 166°56' W _____ Jan. 8 1946 1.12 112 678 10.8 -- ---- --_. . ------. -. ------ -------- ---- ----13___________ 23°43.1' N_____ 173°34.5' E ____ Jan. 14 2028 1.12 110 486 23.7 -- --._---- ----._- ----------------- --------15___________ 24°45.1' N _____ 170°41.1' E. ___ Jan. 15 1940 1.02 110 482 12.6 -- -------- - - - --- --_. ---- - - ------ -- -----._-18___________ 27°02' N _______ 169°44.3' E ____ Jan. 16 1908 1.00 105 404 13.3 --- - ----_. --------------------_._- --------21. __________ 29°46.7' N ___ ._ 169°48.2' E __ ._ Jan. 17 1917 1.00 105 1.020 48.9 ---------- -- --------- -- ----------- ----- .. _-23-1._. ______ 28°27.8' N _____ 178°10.5' W ____ Jan. 31 19t8 1.02 122 265 6.7 ----- .. ---- ------~ ---- -- -- --------- ----- .. _-25-2 _________ 30"02.5' N_____ 179°31' E ______ Feb. 1 2049 1.02 122 1,487 28.1
-----~-_.- -- -- ------ ----- --------- ----- .. _-2&-2. ________ 32°52' N _______ 179°55.3' W ____ Feh. 2 2049 1. 00 144 542 56.1 ---------- --------------- --------- ----- .. _-32 ___________ 36°57.5' N _____ 175°03' W _____ Feb. 5 2048 1. 03 135 1,157 :11.6 ---------- -- ------- -- -- -------- --- --------35 ___________ 35°15.9' N _____ 173"26.8' W ____ Feb. 6 2014 1. 00 122 2.268 44.8 -. -------- -- ------- -- -- -------- --- ---_~_--37. __________ 32°34' N . ______ 173001.5' W ____ Feb. 7 1911 .98 144 2,759 25.5 -----:i:i~8- -4-iliiiicates~=: == ======= ---ioi~ii40. __________ 29°36.1' N _____ 173°42.5' W ____ Feb. S 1911 .98 100 3,639 136.843 ___ • _______ 26°34' N ______ 173°02.5' W ____ Feb. \I 2055 1. 00 122 302 101. 9 6.9 1 tunic,\te _____________ 95.047. __________ 29°32' N_______ 166°41.5' W ____ Feb. 12 1957 1.00 135 1,128 11.4 ---.------ -------- -- -- ------------49. __________ 32°28.1' N _____ 16/\°44.3' W ___ . Feb. 13 1901 1.00 100 2.350 69.8 ---------- ------ ----- -- ----- -- ----53 ___________ 35°31.5' N _____ 166°44' W _____ Feb. 14 1947 1.03 100 5,869 00.8 ---------- ----------- ---_. -------- -.--55 ___________ 37°07' N _______ 164°17' W _____ Feb. 1,~ 1932 1. 00 104 2,698 88.0 ---------- ----------- -- ----------- ~ -- --. --.'l8___________ 36°58.5' N _____ 160°12.5' W ____ Feb. 16 1001 1. 00 100 2.187 37.9 ---------- ------ --- -- ------------- ----- ---62___________ 33°56.2' N _____ 159°42.S' W ____ Feb. 17 1912 1.O'J 100 4,732 68.9 ---------- ----- -- _. - --- --- -------- ---. - ---65 ___________ 30°36' N _______ 159°19.5' W ____ Feb. 18 1930 .98 100 1. 890 37.8 ---------- -----. ---------_._------ --- -- ---68___________ 27°26.2' N _____ 1.')8°55.5' W ____ Feb. 19 1931 .98 100 731 13.5 - --------- ------- --- - -- ----------- - -------71. ___ • ______ 24"29.5' N _____ 158°35.2' W ____ Feb. 20 1930 1. 00 ll7 738 4.1 ---------- ------ -.--- --- -- -------- --------

I Total catch per hour less Wlusually large organisms or "jellies" constituting 50 percent or more of the catch.
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ApPENDIX TABLE 4.-8/111111/(/'ry nf collection, of (J'rga'llistns 1l'ith 10-foot Isaac8-Illdd trawl. Hugh 1\:1. Smith cruises.
central Paei!i(', 1955 and 1956

7

o
1
o
o

o
o
o
o
5
1
o
o

2
o
o
7

o

Position Estl- Catch/hour haul Unusually numerous or
mated bulky organisms

Station Date Start of Length maxl-
haul ofilaul mum

Latitude Longitude depth Number Volume Adjusted Number Volume
volume I

--------------------
Zone Milli- Milli- Milli-

Crulse-27: 1966 tim, Hour, }\Ielm liter, littl" liter,23-2 _____________ 28°32.1' N _____ 178°10' W_. ___ Jan. 31 2102 1.00 118 882 57.1 --~ _. -~ --- --.----------------- --------25-1. _____ . ___ . __ 29°56.3' N. ____ 179°28.5' E __ ._ Feb. 1 1939 1.03 118 3.629 62.1 ..... _---- -------------------- ------_.28-1. ____________ 32°46.5' N. ____ 179°54.5' W ___ Feb. 2 1943 .98 118 1.456 177.7 ---------- - ------------------- --------Cruise 30:3 ________________ 23°39' N _____ ._ 161°20' W _____ July 16 2005 2.17 192 560 97.0
·----a7~0- -s-iiUiicai,;s:::: ::::6________________ 25°02' N _______ 164°23' W. ____ July 17 2038 .97 215 203 96.8 58.09 ________________ 26°11' N _______ 167°17' W _____ July 18 2135 1.28 205 485 86.2
---~------ ---------------- ---- ..._----12 _______ . _______ 27°11' N.. _____ 170°54' W _____ July 19 1936 1.15 250 MO 53.1
---~------ ------------- -_ .. --- --. __ .. _-15_______'________ 27°47' N _______ 174°00' W. __ .. July 20 2041 1.40 228 464 97.2 --_.------- ------------------_. -----.--18_______________ 27°37' N _______ 177°58' W _____ July 23 2125 1.25 238 262 56.2 ._-------- -------------------- --------21. __________ . ___ 30°17' N _______ 179°53' E ______ July 24 2135 1.08 2:l3 2SS 107.7 -----_.-_ . ._------------------ --._----23 _______________ 33°41' N _______ 180°00'___ .---- July 25 2130 1.20 275 237 131.2 -----_.--- -------------------- --------27 _______________ 39°31' N _______ 179°54' W _____ July 27 2123 1.15 224 1,116 180.3 ---------- -------------------- .-.. ----30_______________ 42°21' N _______ 179°52' W _____ July 2S 2139 I. 55 253 1.215 211.0 ... -."----- -----------------.-- --._----33___ . _____ . _____ 45°22' N 00 _____ 179°50' W _____ Jul)' 29 2134 1.00 204 1,539 188.0 ---------- -_._-----------.---- ._------36. _. __ 00. _______ 48°20' N. ______ 179°47' W _____ July 30 2149 1.23 200 6,865 347.6 ---_.----- 9,450 euphausl1ds__ 207.038. ______________ 49°30' N _______ 177°19' W. ____ July 31 2134 1.05 213 2,695 232.4 ._.------- 3 squlds___________ 79.040__ • ____________ 49°25' N _______ 172°3/;' W _____ Aug. 1 2131 .83 185 380 91.2 ---------- - ------------------- --------42___ • ___ . _______ 46°57' N _______ 172031' "T _____ Aug. 2 2132 .97 236 1.222 116.4 -------_.- -------------------- --------45_______________ 44°37' N _______ 172°27' W __ • __ Aug. 3 2:l36 .73 217 7,984 210.5 -------_.- iii- iieteropods: ::::: .-._----

48_______________ 41°08' N _______ 172°22' W _____ Aug. 4 2200 .75 231 1.728 584.1 288.1 222.0
\59 pteropods______ 86.051. ______________ 38°17' N _______ 172°30' W _• ___ Aug. 5 2100 .98 231 1,047 150.0 -_.------- -------------_._---- ----_ .. -M __ • ____________ 34°53' N _______ 172°36' W _____ Aug. 6 2105 .57 206 793 64.6 ---------- ----- ----_. ~ ---- ---- ----_ .. -57___ • ___________ 31°31' N _____ .. 172°25' Woo ___ Aug. 7 2209 .68 206 676 77.2 ---------- ------------------_ . ._------00_______________ 30°08' N_______ 171°48' W ___ ._ Aug. 8 2204 1.10 215 293 48.2 ---------- -S-iuiiirates:::====: ·---56:063_. __________ • __ 29°54' N _______ 168°32' W _____ Aug. 9 2101 1.00 210 259 133,1 77.165. _•• ___________ 29°59' N_______ 164°49' W _____ Aug. 10 2048 1.00 206 245 71.6 ----------
-S-iunic;'tes::::==== ----5ii~067._ •• ____ • ______ 32°49' N _______ 164°59' W _____ Aug. 11 2049 .93 200 662 116.1 62.469___ • ___________ 36°00' N _______ 164°53' W _____ Aug. 12 2104 .98 217 760 88.3 ---------- -iOa-hete.:oPOds____:: --------75_ •• _. __________ 42°22' N _______ 164°55' W _____ Aug. 14 2101 1.10 218 1,335 431.3 223.1 229.078••• ____________ 45°23' N _______ 164°59' W _• ___ Aug. 15 2105 1.00 210 2,782 126.1 ---------- ----_.-------------- --------80__ • ____________ 48001' N _______ 164°55' W _____ Aug. 16 2104 1.20 200 934 1fll1.3 ---------- -_.----------------- --------82_ ••• ___________ 49°37' N _______ 162°58' W _. ___ Aug. 17 2105 1.10 212 4.342 228.6 ---------- ---------------_._-. --------85_ •• _. __________ 49°34' N _______ 157°55' W _____ Aug. 18 2100 1.07 211 252 99.0 ---------- ----------_._------- --------88_ •• ________ • __ • 47°09' N .. ___ ._ 157°14' W _____ Aug. 19 2202 1.07 209 1,136 163.8 ---------- ------ ---. ---------- --------95_______________ 41°23' N ____ . __ 157°24' W _____ Aug. 21 2134 1.03 214 212 24/;.3

-·--·33~2- -:i-itiiiicates:=:=:::=
--_._._-98__ • ____________

38°07' N 157°30' W _• ___ Aug. 22 2037 1.0'2 211 206 145.0 114.101____________ ._ 34°54' N _______ 157°30' W _____ Aug. 23 2030 1.25 200 252 62.2 ---------- -------------------- --.-._--107_. __ ._. ____ • __ 28°53' N.._. ___ 157°30' W ___ :_ Aug. 25 2031' 1.15 219 83 107.1 ----._---- -------------------- --------110__________..__ 25°53' N . ______ 157°30' W _. ___ Aug. 26 2005 1.02 211 213 75.0 ---------- ---- -- --- -- --------- ---- .. ---113_. _. __ ..______ 22°48' N . ______ 157°32' W _____ Aug. 27 2006 1.15 2"..-1 178 36.6 ------ ----- ----- ---- --------
Cruise 31:

2•••• _.._________ 10°50' N _______ 156°07' W _____ Sept. 26 2038 I. 07 337 430 95.2 ---------- --_._--------------- --------5•• _• ____________ 07°55' N _. _____ 155°18' W _. ___ Sept. 27 2045 I. 75 339 285 39.0 ---- ... ----- -----_._------------ --------8__ ••__________ ._ 05°30' N _______ 154°52' W _____ Sept. 28 2023 1.28 462 324 93.3 ----------
-Tiiiiiciit.e.::: :===: =

11_ ••• ___________ 06°25' N _______ 153°24' W _____ Sept. 29 2030 1. 22 382 461 166.7 78.0 108.14_•••___________ 08"21' N _______ 150°59' W __ ._c Sept. 30 2024 1. 05 337 378 159.4 58.5 7 tunicates. _______ 106.17..... ___________ 10"21' :-J _______ 148°47' W _____ Oct. 1 20"..5 1.32 395 200 167.7 117.7 5 tuuicates. _______ 66.20 __ • _.__________ 11°00' N . _____ • 147°15' W _____ Oct. 2 2027 I. 08 433 326 74.1 -----_._--
-4-tunic~t;s:::=:==:

--------23. __ ._. _______ ._ 09°45' N ______ • 145°01' W. ____ Oct. 3 2020 1.05 357 213 149.9 88.3 64.26 __ • _._. ____ • ___ 08°37' N _____ •• 142°41' W _____ Oct. 4 2023 1.17 298 261 156.8 ---------- -----------_.------- --------29 __ • _._.______ ._ 11S050' N_______ 140°08' W _____ Oct. 5 2020 1.00 265 233 140.4 ---------- ..---------_ .. ------- --------32 __ •. _____ • _____ 10°25' N __ . ___ . 137°48' W _____ Oct. 6 2022 I. OS 337, 365 157.2 ---------- .. ------------------- -------35._. ____________ ,10°50' N_______ 135°39'W _____ Oct. _7 2017 1.02 629 495 105.0 ---------- .... _----._----.----- --------38. _.. __ • _________ 09°40' N ______ • 132°58' W _____ Oct. 8 2015 .95 357 368 123,5 ---_._----- -----_._._---------- _. ----.-41. _.. ___________ 09°30' N ___•__ . 130°01' W _____ Oct. 9 2026 1.03 337 296 777.0 75.0 Tunicates_________ 723.
44__ • __ • _____ ._._ 10°30' N ______ • 127°20' W _____ Od. 10 2023 1.03 379 437 1,510.5 73.7 1 fish; tunicates __{ 800.

680.47 _______ • _______ 11°33' N ______ . 125°06' W _____ Oct. 11 2012 1.00 298 596 2.206.8 206.8 1 fish ______________ 2,000.50 __ • ____________ 11°23' N __ . ____ 122°32' W __ • __ Oct. 12 2008 1.00 337 802 258.0 77.5 66 tunicates _______ 180.53 __ • ____________ 09°30' N______ • 120°03' W _____ Oct. 13 :J()10 .98 '318 410 289.5 97.6 64 tunlc"ws _______ 188.66 _______________ 09°10' N ______ • 117°35' W _____ Oct. 14 2012 I. 00 337 313 209.8 122.8 30 tllnlcates _______ 87.69. _• __________ ._ 10°38' N ______ • 114°39' W _____ Oct. 15 2016 1.02 298 515 138.9 -- .. _---- ------ -------- .. _--- .._----62 __ • ____________ 12°20' N_______ 112°30' W __ • __ Oc!-. 16 2011 I. 02 32"2 317 208.3 43.6 31 tunl.cates _______ 168.64 __ ...___ • ______ 07°06' N _______ 108°36' W __ • __ Oct. 27 2025 1.05 337 491 130.7 --_._----- -------------------- --_._.-67 ______ • ________ 04°39' N ______ .. 109°24' W __ • __ Oct. 28 2002 1.00 318 631 106.7 .--- ------ -------------------- -~-----70 __ • __________ ._ 02°10' N ______ . 110°53' W __ • __ Oct. 29 1938 1.02 337 355 139.5
1::::::::=:

------.--_._-----_.- -------73______ . ________ 00°12' 8 ________ 112°25' W _____ Oct, 30 2003 1.02 375 334 132.5
-i -flsh==::::: :::==:: ---200-76_______________ 0'2°M' 8 ________ 113°08' W __ • __ Oct. 31 2006 1. 02 318 521 343.0 88.279 _______________ 05'='24' 8. ______ 113°18' W _..-_ Nov. 1 2019 1. 02 413 931 93.6 ---- ------ -i-f\sh=:::::_::=::::82_______________ 07°37' B _______ 114°48' W __ • __ Nov. 2 2003 1. 03 357 348 195.4 59.5 14086 _______________ 00°43' S_______ 120°06' W __ • __ Nov. 4 2015 1.03 329 436 63.2 ---- ------ --_. -- .. ------ ------- -------89 ___ . ______ .. _._ 04°13' S _______ 120°06' W _.. -_ Nov. 6 2003 I. 00 337 643 118.3 ---------- ------------------_. -------92._______________ 01°32' S. ______ 1200 05'W __ • Nov. Il 2017 1.02 318 1.289 203.6 ---------- -------------------- -._----95. _______ • ______ 01°06' N_______ 120°00' W ____ : Nov. 7 2016 1.03 318 296 167.6 ----------
-Tiitiicaies==~: :====105______________ 03°54' N ______ c 120°01' W __ • __ Nov. 9 0005 I. 02 375 304 946.9 220.7 740.109__________ • ___ 05°52' N _______ 119°53' W __ • __ Nov. 9 1955 1. 03 357 483 191.3 -._-_ .. ----
-8'tiiiiicaies~:=::==:112________• _____ 04°10' N_______ 122°33' W __ • __ Nov. 10 2002 1. 00 298 390 381.3 156.3 225.

115______________ 02°03' N ______ 125°05' W _____ Nov. 11 2011 1.05 318 1,178 297.6 195.6 120 tunlcates___ •__ 107.
118__________ • ___ 00°23' N _____._ 127°14' W _____ Nov. 12 2012 1.00 395 722 344.5 144.5 1 fish ___________ . __ 200.
121. ___________ 00 01°28' S _____ ._ 129°24' W _____ Nov. 13 2008 1.00 357 5.818 474.7 ---------- 5,124 euph"usiids__ 355.
124________ •__ •__ 01°09' S _____._ 131°48' W __ • __ Nov. 14 2005 1.02 375 497 144.0 ---------- ----_ ..... ---_ ...--- ---_. -.. _----127______________ 00°51' N . ____ ._ 134°26' W __ •__ Nov. 15 2005 1. 02 337 758 115.3 ---------- --_.----_._----_ ....... -------130______________ 03°00' N ___•___ 136°56' W _____ Nov. 16 2010 .95 279 412 110.3 ---------- -.._---- -- --------..-.. -.. _----133______________ 05°40' N_______ 139°15' W _. ___ Nov. 17 2107 1.00 375 482 241.0 ----_ ... _... _- ----_ .... -.. _-- --- _... --- -.. _-_ ....
See footnote at end of table.
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ApPENDIX, TABLE 4.-Nlllllllla1"1/ 01 col.1ectiCFn 01 organisms with 10-100t lsaacs-li:idd trawl. Hugh 1\1. Smith cruises,
central Pacifi(\ 19.5,5 al/(I 1956-Coutinued

Position Unusually numerous or
bulky organisms

Station

Latitude Longitude

Date Start of Length
haul of haul

Esti
mated
maxi~

mum
depth

Catch/hour haul

Number Volume Adjusted
volume I

Number Volume

------1-----1-----1----------------------1------1---

------- ---:::::::::::::::::::l::::::

----i~-~- (sSO-itiiihausilds -= ----00.-0
. \l flsh __• __ ._.______ 112.0

AIiU/·
liters

Milli
liters

----2i9~0- -i-tiSii=::::::::::::: ---22i:s
----i52~4- -74-iUiiieates=:::::: ---i54:S

-----S2~S- -i:5lioeiiiiiiiiiisiids=: --'iii6~3
21. 2 12 tunicates_ 26.5
10.8 11 tllnlcates_______ 19.3
12.8 19tunlcates_______ 21.8

-----22:4" -is-tunicates::::::: ----77~7

----i07~9- -32-itiiiicates=:::::: ----97~O
115.6 6tuuicatl's________ 112.5

----i09~7· -i-fiSii:::::::::::::: ---iio:o

-----S9~8- -i-tiSii=::::::::::::: ---ioo'-o
----ii4.-S- -i-squid==:::::::::: ----73~O

339.1 1 fish______________ 245.0
210.9 7 slphonophores__ _ 73.5

34 tunicates .__ 157.5

-----;~~~- ,fT'unicatos:::::::=: 300493.7
.1 heteropod_ -'_____ .0

311.1 Tunicates_________ 411.7
398.1 32 tunicates_ 228. 8
127.7 51 tunicetes 1,120.0

AIilli·
liters

181.5
164.4
348.2
136.1
82.2

134.0
122.1
855.0

753.8
638.9
249.4

90.4
35.7
75.4
66.7

118.9
209.4
34.3
61.3

287.6
190.1
173.0
61.3
96.9

92.0
49.0
47.1

114.6

158.7
181. 2
92.0
93.0

195.0
210.0
224.8
164.4
219.7
145.5
161. 5
83.0
59.3
64.3
12.4
34.2

7.9
94.2

167.0
440.5
114.3
310.1
212.4
253.4
21i8.0
368.9

370.9
59.9

147.1
219.1
46.0
30.1
34.6
33.3
20.6
55.2

159.8
202.7
189.8
584.1
441.9

159.3
111.7

61.1
42.5
23.4
86.7

378
480
158
314
215
319
988
545

566
452
329

284
432
422
628
450
214
152
188

2,520
'2,171
3.476
1,431
1,561

68
318
78

413

192
449
262

86
482
699
513
887
453
313
156
518
389
186

57
173
33

515
1,109
1,100

293
612
935
838
879
788

1,245
313
579

1, 6.~3
176
45

100
131
68

140
187
ll60

1,561
1.885
1.466

596
485

511
241
452
393

AIeltTs
357
379
318
318
337
337
279
337

239
318
394

230
189
189
192
171
191
221
248

171
180
171
180
176

183
176
171
166

176
162
180
176
180
191
173
176
173
176
176
181
180
181
171
176
166
171
166
171
176
166
176
189
180
176

171
180
171
171
170
176
176
166
171
180
166
176
166
176
176

166
180

238
286
278
290

Hours
1. 02
.95
.95

1. 02
1. 00
1.02
.90

1.02
.93
.95
92

.95
1.00
1.02
1.00
1.00
1.03
1.02
1.05

1. 07
.98

1.02
1.10
.98

1.00
1.00
1.00
1.00

1.10
1.13
1.17
1.10
1.00
.95

1. 03
1.03
1.00
1.08
1.00
1.00
1.00
.98'
.95

1. 00
1.00
1. 00
1. 00
1.00
1.00
.98

1.00
1. 00
1. 00
1.00

1. 00
1.00
1.00
1. 00
1. 07
1.00
1. 00
1.00
1.00
1.00
1.00
1.00
.97

1. 00
1.00

.97
1.00

.95

.95
1. OS
1.00

Zone
time

2005
2012
2010
1955
2005
2010
2010
2013
2011
2010
2013

2105
2025
1912
2025
2225
1935
1920
1915

2119
2104
2105
2106
2114

1915
2000
1920
2120

1930
2007
2020
1939
2014
2100
2012
2005
2007
2007
2006
2000
2000
2100
2006
2004
1947
1902
1900
1900
1901
1913
2015
1903
2007
1958

2000

2012
2000
2001
200S
2007
2005
200S
19O5
1905
1907
1904
1906
19M
19O5

1904
1905

2031
1956
2012
2113

1966
03°31' N 139°15' W. Nov. 18
01°18' N __ • 139°31' W Nov. 19
00°57' S 140°00' W ._ Nov. 20
114°O3' S 139°49' W • Nov. 21
06°33' S 139°30' W Nov. 22
06°37' B__ • 141°53' W Dec. 1
04°20' B 143°55' W Dec. 2

01°41' S 145°53' W Dec. 3

00°28' N. • 147°46' W Dec. 4
01°07'N. 149°56'W Dec. 5
00°09' B••• 153000' W Dec. 6

1966
21°01' N 157°54' W _. Feb. 2
21·20' N •__ 158°21' W Feb. 3
21°2Q'N 158·26'W .. Feb. 4
22°02' N_._____ 157°44' W ..•__ Feb. 5
21°24' N • __ 157°31' W • Feb. 6
21°15' N. __ .___ 158°38'W_.____ Feb. 8
21°19'N 158°33'W ... __ Feb. 9
21°23' N 158·28' W Feb. 10

00·12' N 139°53' W Mar. 18
00°01' N 139°27' W _ Mar. 19
01°07'N 1400 07'W Mar. 20
01°06' N 140"10' W • Mar. 22
01°14' N • 140°35' W Mar. 24

21°38.5' N . 158·25.7' W_o._ May 7
22°00.3' N • 157°42' W May 8
21·16.7' N ._ 157°31.5' W __ ._ May 9
21°14.3' N .____ 158°11' W May 10

21"21.5' N 158°15' W Aug.' I
21"28.7' N. 158°31.5' W Aug. 2
22°15.7' N 157°56.4' W Aug. 3
21°13.3' N 157°47.4' W Aug. 4
09°33.2' N 134°52.4' W Aug. 15
06°17' N_. 134°39.8' W Aug. 16
04"06.1' N 135007.5' W Aug. 17
01°30.5' N .. 135°13.6' W Aug. 18
01"03.8' S 134°56' W 'Aug. 19
04°33.6' S 134°58.5' W Aug. 20
07°52' S . 135"03.6 'W Aug. 21
10°44.9' S 135°08' W Aug. 22
14°14' S • __ 135001.9' W Aug. 23
17°35' S 134°57.5' W Aug. 24
19003.2' S 136°38.1' W _•• Aug. 25
19001' B 140000.1' W_._ Aug. 26
18°57' S 143000.5' W Aug. 27
15°44' S 142°59.8' W __ . Aug. 28
12°21.2' B 143"03.7' W._. Aug. 29
09°22.4' S 143001.8' W Aug. 30
06°15.1' S 143"03.8' W Aug: 31
03"06' S 143005.9' W Sept. 1
00001.9' N 143"02.3' W Sept. 2
00002.4' N 144°34.7' W_._ Sept. 3
01°58.6' N . 148°42' W Sept. 4
00°27.9' N 151°13.8' W. __ Sept. 5
02°03' S __ • 150°59.5' W Sept. 6

05"29.7' B______ 151°11' W Sept. 7
08°44.9' S 150°59' W ._ Bept. 8
11°37' S 150°59.5' W Bept. 9
14°59.2' S__• 150°49.8' W. Bept. 10
17°00.2' S 150°18.4' W Bept.18
14°37' S __ • 152°56' W Sept. 19
14°30' S 156°05.5' W Sept. 20
14~30' S .__ 169°34' W Sept. 21
11°51.5' S ._ 160°11.5' W_. __ Sept. 22
os057.5' B • 159°55.3' W Sept. 23
05°57' B 160°04' W Sept. 24
02°52.9' S 159°52.6' W Sept. 25
00°01.7' N 159°50' W Bept.26
04°19' N 160oOS' W · Bept. 29

07°38.3' N 160°00' W Bept.30
10°27.9' N 160002.2' W Oct. 1

11°19.3' N 162007.9' E Dec. 2
11°20.6' N 162°07.8' E Dec. 6
11°21.7' N 162°05' E Dec. 9
11°18.3' N . 162°06.4' E Dec. 9

Cruise 31-Con.136__ • •
141 • • _
146 ._. • _
151. _• __ • __ • __ ._.
104 ._
164 _
167c _. __ • • __

170 _
173 • _
176 _
179 • ._.

Cruise 32:3 _
11. ._
19 _
31. _
42 _
47. _
49. _
51. _

Cruise 33:18__ . _
20__ . _
21. _
24 .... _
28 • __

Cruise 34:TL _
T2 •.
T3 ._
T4 • • _

Cruise 35:I. _
10 _
20 ._. _. _.
30 •• __ • _
04 •• • _
56__ • ., _
59•• _•• _._ •.• _
61. • _. __ ._
63 • •• _
66 •__
70 • • __
74 •
78. • __ • _
82_. ._._. __ ._
84 • • _. __ ._
88 ._. _. __
91. • __ • • __
95 ._.
99- • _.
103. • • __
107__ • •
111. _
113 • __ ._
115 ._•• _
118 ._. __
121. • _
124__ • • _

126 _
129 •• _
132 • __ •__
136__ • _
138 • _
140. _ . _
143 _
146 _
150 • • __ ._
154 .
158. __ • •
162 • • •
165 _
168. • __ ._

170 _
173 • _

Cruise37:24 • _
33__ • ._
42 • _
43 • _

I Total catch per hour less unusually large organisms or "Jellies" constituting 50 percent or more of the catch.
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ApPENDIX TABLE 5.-0her.kUst of organisms captured m 16 1HUtls with the 6-foot bea'm traWl, by areas, 1951-52

Hawaiian waters Equatorial Pacl1Ic Total

Organisms Size rl!ollge
(mm.) Percent

occurrence
Average
number
per haul

Percent
occurrence

Average
numbl'r
per haul

Percent
occurrence

Average
numbl'r
per haul

<20 17

3

1
1
1
5

25

68

22

<')
<'>

<,>

<I,

1113

I
2

253
00

1

38

10

2

II

13
211
34
36

28
1

3,064

36
11
31
2

2
5
4

1
2
1
6
1
6
1
2

II
2
1

124
<')

44

44
44

6
6

25·
19
19
75

38.

12
~2

6

12
6

62

44
19
12
6

12
25

6

12
12
6

12
6
6
6
6

38
6
6

31
38

31

6

6

26

25
31
19
56

66

6
25
44

100
6

2

257

33
17.

17

17

33 28
17 1
84 5,492

50 76
17 24
17 40
17 2

33 2
17 5
17 4

17

33 6

84

t ---------i7- ----------2-
1 17 500

211 100 178
17 I

100

10

35

40 6
20 5
10 22

10
20
10
10
10

40

30

10

10
30
60

100

----~----~-- ------------ 17
10 1 ---~-~_.---- ._----------
10 2 50 1
10 7 33 4
10 <'> 33 25
80 <I) 67 75

10 18 100 26

10 35 100 6:>
40 <') 50 283

12 _

t ---------i7- ---------io-
1 --'-'--'-i7- ----------6-------·--io· ----------i- _

10 2 _

20 2 67 12
17, 2---------io- ----·---·-i-

10 12 --·------67- ----·---iS2-
60 (I) ---------- __ --.---------

------·--30- ----------S-

67 II

67 13---------io- ------·---i- 67 36
____________ 50 34

90 36 • _

32
245

7-35
5-40
<20
<20

5-41

20-32<20 --------·io· -----(i,-----

20-40 50 4

20-27 ._. • _

5~ -----··--50- ----·----28-

2-5

20

26-68

20-32

20-33
28-75
<20
7-53

20-70
20-31
20-37
<20

22-40
20-53
21-60

40-60
4lHl5

27
60-83

75
62-78

23
50-70

30-65
37-46

26
10-40
<20

70
10-40
<2.5
11-44

157

3-76

17-105
<20

COELENTERATA:
Hydrozoa:Siphonophora • • • _
SCYl1hozoa:

Coronatae:
Perlf,~1i~1~~:sp _

Medusae: UnldentUied. _
Other Coelenterata_. _

CHAETOGNATHA . • • _
ANNELIDA _

ARTHROPODA:
Crustacea:Copepod&. • __ • ". • ._. _

Mysldacea:Lophogastrldae • • _

AmYr~~~~~ae_. . __ • _
Phronlmidae:Phrlmlmll sp • •_._
Oxycephalldae:

~~~~f~~::~~ ~:::::::::::::::::::::::::::::::::::::Unidentified Amphlpoda • : ._
Stomatopoda (larvae, ••• _
Euphausiacea:

Euphauslldae:Th1l811nOpodll Iricu8pidatll • ._._. _
St1l1ochf1rlm abbrelliaJum • _

Unidentified Euphauslacea . • _
Decapoda:Sergestidae: Unldentl1led ; _

&rge8le, gardineri • • _
SergeI/ill sp . _
Lucifer sp .. ._

Penaeldae:Gennada, seutatu, _

~:::g~~~iininiC~~~~~~~~~~~~~~~~~:~~~~~~~~~~::~~~:
Hoplophoridae:

~~~~l=:~~~::::::::::::::::::::::::::::::::::~:H. grimaldi/. • ._
AClllltheph1lra Iri'pino'a • _
A.. curtirOltria • • _

~ii~~;H~~~:::=:::=::======:=:===:=:====:==:=:=Pandalldae:Parapllndatus rur 'trlll'Il7l.i. _
PIIrapIIMatu, sp ._. _

Scyllaridae: Phyllosoma . • _
Unldenti1led Decapoda • _

Unidentified Crustacea. . • _
Insecta:

Hemiptera:
Gerridae:

MOLLUSCA: Halobate, sp ---- -- .. - ------------

Gastropoda:
Pteropoda:Cymbullldae . .. _

Unidentified Pteropoda . _
Heteropoda:Pterotracbeldae _

Cephalopoda:
Dec~~~:~igisJ~ _

Chiroteuthidae _
Cranchiidae _
Unidentified Decapoda _

Unidentified Mollusca _
UNIDENTIFIABLE INVERTEBRATE MATERIAL _
CHORDATA-Tunlcata:

Tliallacea:
pyrosomida:Pyrosomatldae • _
Salpida: .Salpidae__ . . . _

Unidentified Tunicata • . . _

I Actual number not determined.
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ApPENDIX TABLE 5.-0hecklist of organisms r.aptured. in 16 hauls with the 6-foot beam tra.wZ, by areas, 1951-52
Continued

Hawaiian waters Equatorial Paolflc Total

Organisms Sl~e range
(mm.l Percent

occurrence
Average
number
per haul

Perrent
occurrence

Average
number
per haul

Percent
occurrence

Average
number
per haul

60-70 ._______ 17 2
20 10 1 ._. ._._._. _
21 10 1 _

1
12
1
2
1
1
2
2
4
1
3
4
2
1
9
7

2
2

17
6

2
1
1

7
1

205
M
2
3
2
1
1
1

6
6

38
6

31
6
6
6
6

12

6

6

6
6
6
6

6
56
6

12
6
6

12
12
25
12
19
50
25
6

44
38

12

6

2

6
6
6

6

50
25
75
44

2

14
8

17
17
17

Ii

17

33

50

33
84

17

---------33- ·---------iZ"
---------84- --------246-

7 • _

1
1

56
2
3
2

17
1

22 • . ._._

17
1

10
10
10
10
30
10
10

50
40

100
20

----·--·-40- --·------iii-
20 4

10

________• • • ._ 17 1

50 7 67 18

·-------·20- ----·---·-iZ" •••_.~~ . ~_
10 1 __ ._._._. • • _
10 1 • • _
10 2 17 1
10 I 17 4
10 4 50 4______ ._••__ 33 1
30 3 __ ._. ._. • _
40 3 67 6
20 1 33 2

17 1
50 7
67 9

..~--~-~ ...._--
10

10

10

10
10
10
10

18 • __•• ._. _

25-280
17-28
4-19

20-70

60
20-38
20-50
43-51
30-40
11-12

20
87

58-85

43

54

65
24
63
40

33
15-46

20
27-31

21
41

36-45
84-100
20-46
28-31
21-27
20-48
20-61

52
20-70
20-58

133-230

142

16-20

r~~~~:~~I:~iiritia:::::::::::::::::::::::::::::::::::::::CveZathane cmlina • _
DipZophoB laen/a • _

Stemoptychidae: Unidentified • _

Sto:f~l~~rV~rS:~ri~e(C::::::::::::::::::::::::::::::::::ThVBanae/IB sp _
EUBlomiaB gp_. • • ._. __ • __

Chauliodontidae:ChauZioduB sp • • • _
Astronesthldae:

ABlroneB/htB lucifer _
Malacosteldae:PhotoB/amlaB sp ._. •.• _
Idlacanthldae: Unldentifled . •_. • _

IdiacanthuB faBClola • • • • ••• ._

~~~O~~~!dae: ------.---...-.-.----..-.---.-------.-.-.-.-
E,'ermanntZZa alra/a • _._. • _. _. _. ._. _••__ ._._._

Myctophldae: Unidentifled • ._
Hvgophum reinhardli ._. _
Ben/hoBtma sp • • _
Dlagenlch/hl/B atlanticuB • • _
Cenlrobranch UB 7Iigro-acella/IIB • • _
~CIOphum 1)rachl/gn.alhaB_. • • _. _. _. • _. _
]I, • Bpin08um • • • • ._._._._._
M. et'erman·ni ••• ._. _._. _. _. _•• ._
lifo aurola/er7lotulTII__• __• ••__• •_. _
NotolvchnuB valdip/at • • • _
D/aphuB sp • • .. • _
Lampa7ll/etuB Pl/f'BobolllB • _. _. • _. ••• _. _. _

fa~f.:~;~:=~Bs:ii::::::.::::::::::::::::::::::::::::::::::::
Ne~~~d~B:~~fB talOnBf1Idi... • _

8errlvamer bta·nl__ • • • _
Exocoetldae:

E.rocoetuB volllanB • ._. ._. • __ •• •
Bregmacerotldae:

Bregmacer08 maceltlla7ldL • _

MellTefah'::~:~ sp ". •__ . •• •_. ._
Apogonldoo • • • •_. ._. •_. _
Aeanthnrldae • • • _
Thunnldae:KotBuwonuB ptlamiB ._. ._
Larval fish:

Leptocephali: Unidentified __ • • ._. _. •". _
Heterosomata • • . • •.•_._
Unidentified larvae • _

Unidentified Plsces • • • _

CHORDATA-Vertebrata:
Pisces:Oonostomldae: Unidentifled _
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ApPENDIX TABLE 6.-Ch.ecklist of organisms ca.pt1/.red. in 28 hauls with. the l-mete/" ri·ng trawl, by t·ime of h.aul, central
Pa-cilic. lfl53

Night hauls (12)

Organisms Size range Percent
(mm.) occurrence

Average
number
per haul

Day hauls OJ)

Percent Average
occurrence number

per haul

Percent
occurrence

Average
number
per haul

4
4
9

17

9
4

26
9 (I)

52 (I)

30

52
36

4
4
4
4
4
4
9
9
4

13
4

4
4

4

4

4

4
4

13
87
22

19 100 22 75 16
1 9 1 17 1
7 91 7 83 6
1 ------------ ------------ 8 1

27 36 26 58 'r1

------------ ------------ 8

1
2

2

2
5

2
7
2

2

1
1
2
1

17
83
33

liD

67
42

8
8

17
8

58

17

17 6·
42 2

92 39
8 1
8 1

50 3
8 1
8 1

17 6

8

33 2
8 1

25 3
8 1

I . __ ------- _

8 1

4
4

I _

~ ----------8- -----------2

1 81 • •• _

4
2

20

9

9

9

9

27
36

36
9 (I)

55 (I)

9
9
9

18

82

18

18
18
45
45

8----------9· ------·---i- ----.-------
9 1

91 4
9 2

1
6
2

2

2
4

1 .. ._ 8
2 8
1 .. 8
1 8 1
I 9 1 ------------
I ._. .____ 8 1
2 •• . 17 2
2 • .___ 17 2
1 . ... 8 I
3 . ._ 25 3
3 ._ 8 .3

_____ . ._ 8 1

9 1 • "_•. -----.-----

8 1

1
1
5

2

21 ----------9- ----------j-

~ ---------27- ----------3-
9 (I)

3 • _
1
1
6

1
I
4
2

331 _

1

(1)

4

9

13
9

30
43

83
4
4

26
4
9
9

4

17
9

13
13
4

48

87
13
91
4

11-15
9

10-14
13-18

<20

16-97

2Q-82
12~1

57

3-5

<20
20

1;-20

21;-50

35
:Jo-23

20
50
35
32

>20
22-24

20
22-45
22-32

695
20

31

113

72

18
42

20--80
4-19

2lHO

22-25

27-20
3(}-35
1;-18

11-43

5-33
22
24

24-39
33
22

23-32

69

34-61
IlHlO

<20
20-30

<20

. 5-18
20-70
11;-Ml

6

COELENTERATA:
HydrozoaSiphonophora . _
Medusae: Unidentified . _

CHAETOG NATHA . . • . _. ._
ANNELIDA _

ARTHROPODA:
Crustacea:Copepoda__ .. . _. . . _

Mysldacea:
I.ophogastrldae:

Gna/hophauB/a ingrnB • • _
Amphlpoda: .

Phronlmldae:Phron/ma sp_ .. • • _
Oxycephalldae: -

~~~!~~~: :g:::::::::::::::::::::::::::::::::::::::Unidentilled Amphlpoda. • _
Stomatopoda (larvae) • ••• _
Euphauslacea: .Euphausiidae: Unldentilled ._. _

~~1:t~fr~~BS~~::::::::::::::::::::::::::::::::::::::
Decapoda:

Sergestldae: Unidentified __ .. •__ • ._
SergeBteB gardineri. • •• ••• _

Penaeidae: Un identlfied • . _
GrnnatlaB sp . _

Hoplophorldae:
Acantheph1/ra triBpinosa •• • • __ • _

Pandalldae:
ParapandaluB rur BtraBBeni.. • _

Pallnuridae: Phyllosoma. . _._. .
Crab larvae: Unldentifled ._. ._._. _
Unidentified Decapoda ., _. _. _

MOLL.g~:f1~t1f1ed Crnsts.r.ea. --------------- .---------.----------
Gastropoda:

Pteropoda:
Cavolinlldae:

Cy~~~IT:~:.s_~::::::::::::::::::::::::::::::::::::::::::
Unidentified Pteropoda_. _. . . _.. _

Heteropoda:pterotracheidae . _. _
Cephalopoda:

Decapoda (squids):
Cranchlidae: Unidentlfled . . . . _.

Liocranchia globu/uB • _. • _. •
Unidentified Decapoda • .. , __ .

Larval Cephalopoda __ •. . ._ .•.. ._
UNIDENTIFIABLE INVERTEBRATE MATERIAL _
CHORDAT A-Tunicata:

Thaliaooa:
pyrosomida:

Pyrosomatldae .• .... _. . . • _
Salplda:

Unldent~~~~I~~ii.ica£a::::::~::::::~~:::~ ~=::::::::::~::: ~:::::: ~
CHORDATA-Vertebrata:

Pisces: "Gonostomldae: Unidentlfled _
lrinciguerria lurelia • _

Stomiatldae: Unidentifled_. __ . • _
ErhioB/oma /anneri ._. ._. _

Idiaclmthidae ._. . . ._
Paralepldidae . _
Myctophidae: Unidentifled __ .• . . _

Noto/gchnuB va/diviae. _
DiaphuB sp . . . _
Lampangfl.uB sp • • _
CeratoBropdUB townBendi__• • _

Nemichthyidae:
N,m.ich/h1/' .colopaceu.__• • ._

Exocoetlda6 . ._._
Bregmacerotidae:

Breg7llareros marflellandi • _. _
Aulostomidae:A uloBtomuB valrntini • • _
Bramldae:

CollgbuB drarhme_. • _
Thunnldae:

KatBuwo1lU' pc/ami' (juvenile) . _
Nomeldae __ ... .,_. __ • _
Larval flsh:

Leptocephali: Unidentifled.. _
Unidentified larvae.• • . _. _

Unldcntified Pisces • . • _

I Actual number not determined.
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ApPENDIX TABLE 7.-CheckU8t of organiBm8 captured. in 78 haul8 with the 6-foot Isaacs-Kidd. trawl, by zone8, .l953-55

[For explan,atlon of a.bbrevla tiona o~ faunal zones, see p. 28~J

SEC ECO NEC Hawaii NPC AC All zones

Size Aver- Aver- Aver· Aver- Aver- Aver-
Organisms range Per- age Per- age Per· age Pero age Per- Average Per- age Per- age

<mm.) ceut num- cent num· cent num- cent num- cent number eent num- cent num·
occur· bcr occnr- ber occur- ber occur· ber OcCUr· per occur· hpr occur- ber
renee per renee

Jfa~
renee per rence per renee haul renee per rence per

haul baul 11aul 11aul haul
----------------1--------------------------------

3
4

62

4

2
1

68.640
2,006

\
\

(I)

1

2
2
2
5

('>
5

881
10
3
3

17
4
1
1
2
4
1

18
11
3

25
2
8
4
5
1

4
2
2
8
7
4
1
2

4
1
1
1
1

<')
475

40
4

29
47
27
20

76
9
1
9
6
2
1
1
5
\
2

40
2
9

30
1

27
2

22
1

20
6

17
15
6
5
1
2

26
1
1

12
1

28
46

20
17
23

33

92 10'2

\ \
26 2
4 2
8 4

87 62
1 <.>

10 6

4 (I)500

257

20

80

2 • _

149

19

\00

25 \ 70 219 2 _

19 2 30 2
25 4 10 6

____ • • __ .__ 10 {'>

3574371004610077

<.>6

100

50 3 75 2 • 10

---67- ----3- ·--33- ----2- ---aa- ----i- :::::: ::::::
89 5 75 5 ._ 37 5
50 ~ 66 ~ ~ ~ 10 \1
11 \ \7 \ .__ 47 8

78 4 42 5 • . 5 1 • . . __ . _
____________ ._. • ._ 5 1 . __
_______ . . •• ._._ 6 1 . _
______ 8 \ .__ 26 1 19 1 ._

8 1 . • ._ . . . _
61 23 50 18 33 8 16 17 6 ('l . _

______ 25 33 66 20 74 \55 56 9\2 80 975

61 6 33 1 .____ 6 • _
11 3 ._____ 10 6 _

-50- ---io- ----s- ---"3". :::::: :::::: 18 1 ~~__ • .~ .~_
17 10 20 2

_•• 17 6 ._____ 10 1 . .• _
_______ •• •• __ • • 10 1
_________ • .0 • ._._ ._. __ • _.____ 20 2

~ 20 ~ ~ 66 5 ~ W 50 5 70 ~11 11 •• • ••_ 00 • • •

33 3 8 \ __ • 00 • ._. • ~ _

67 20 33 3\ 33 5 37 33 _

---50- ----g- ---42- ---i7- ---00- ---"2" ---ili- ----i· 1~ i :::::: :::=::
6 1 8 8 : ._. • •

55 8 17 1 .___ 5 1 25 2 : _
- ------ 5 1 5 \ ._

________________ •__ •__ • • ._._ 6 68,640 • •• _ 1
-----_ ---.-- 00 • • 40 8,025 5

6 • .__ 5 1 ._. ._. • 2
6 1 . . __ ._.... .___ 1
6 <I> 0 • •• • __ • 1

76 8 1 • • • ._._ 1

<20
<20

22
20

<20

5-65

20-35
2'.HlO
21-60
25--70
3-21

10-48

21-59
\35

21-31
2D-40
<20
7-19
3-20

20-32 72 3 8 2 .__ 10 5 • •

~ ---jj- ---"3" ---i7- ·---2- :::::: :::::: ---2i- ---40- g: sA ~ 12~
20-50 89 4 25 10 33 32 3 ••• _

24-45 • 0 • • 10 2
35 • .__ 6 1 •__

\2-55
23-35
2\-34
20-65
22-27
20-39
20-27
2ll-75

21

20-64
20-53
22-63
2\-45
20-31
48-70

64
39-55

COELENTERATA:
Hydr07.oa:

Siphonophora . .. _. . _.. _. __
Scyphozoa:

Coronatae:
Periphyllidae:

PeTiphylla sp________________________ 26 8 1 •• __ • __ • __ • ._.__ _ _ ._ .. __ _._
Medusae: Unldentlfled__. .. 2IHlO 11 7 50 2 - 66 1 5 --50- -- 2 ··--5- --- \
Unidentified Coelenterata ._____________ 29 6 1 8 2 __ ._ .•. • .•. .5 2 _. ._._

CTENOPHORA..... ... __ .______ 5-39 6 3 17 2 •••• • \6 5 5 1 •• ._ ••
CHAETOGNATHA.. .___________ 6-50 100 94 83 78 100 17 95 38 88 64 50 41

AN:l~;6L=::::::::::::::=::::::::::::::::::::: ·--:ID:iiio· :::::: :::::: ~ ~'~__ :::::: :::::: --·-5- ·--·i- ---25- -----io- ··-30- ---·i-
ARTHROPODA:

Crustacea:Copepoda. . _. . .. __ .
Clrrlpedia:

Lepadidae:
upas fa8icltlaTis (larvae> .. .
up"as sp. (larvae)._. _

Mysidacca:
J..ophogastrldae: Unidentified . __ .

LophogasttT inteTmedius •__
Unidentified Mysldacea .. __

Am~~:~tdae-. _._ .. _
Phronimidae:

PhTonima sp .. ..
Oxycephalldae: Unldentilled ._. _

Ozyctphalus sp . _. __ .
Rhabd080ma sp . _

Unidentified Amphlpoda . ..
Stomatopoda (larvae> . .
Euphauslacea:

Euphausiidae: Unidentifled . ._ 5-35 \00 355 83 240 100 74 47 114 69 1,225 80 2,375
Euphamia l1ibboidt8 •.. _ 20-25 •• _. _._. • •• _. __ ._. •__ .__ 19 16 20 5
Euphau8ia sp ._._.. 21-25 • •• _. ._. ._ •• _. •__•• _.___ 10 3
ThY8anopoda mOllacantho. • .. . 23-33 __ • •••• ._.___ 16 25 4 _
T.tTicu8pidata ._____ 20-00 ._. __ •••_.__ 8 82 _.____ 5 12 1 • _
ThY8anopoda sp .___ <20-30 ._. ._ •• • •• _. • ._0 ._ 12 4 • •
Nemal08celis difficiIi8________________ 20-23 __ ._. __ • • • •• 10 1

%;:::::z~:~:~hsfon- itfripf;~::::::::::: ----:!i:~- :::::: :::::: _._.~_ . ~. :::::: :::::: :::::: :::::: ----li- ------2- ---ao· ---"2"
SlylochtlTon maximum .____ 2\-28 •• ._____ 8 4 0 • • • _

SlylocheiTon sp .. _... __ .. 21-22 •__ • .0._ 17 1 • •• _. • _
Decapoda:

Sergestldae: Unidentified. _. .,_
&Tgt,te, oTientali,_ •• __•• _
S. gaTdintTi. . •• _
StTge,'e, sp . ._ .. _

Penaeidae: Unidentifled __ . _
Gennada, 'culalu' •__._ • _
Gennada, sp . .
Funchalia laaningi. •• _
BenlheBicymu, sp . _

Hoplophorldae .
Hoplo-phoTUS !ypu, _. • •. _.
H. gTaciliT08!Ti' • __ .

~: J~;::;:~~~-~:::::::::::::::::::::::
HoplophoTU' sp __ . . __ .
Acan!hephYTa !Ti,pino,a .
A. IllladTilpin08a_. __ ••• • _
Acan!hephYTa sp .

Pandalldae:
PaTapandalu, ZIIT 8tTa88en·i __ ._. _
HtleTocaTP'.8 en,iftT ._ ..__ •__ • _

Scyllaridae: Phyllosoma . _
PalinuridBP.: Phyllosoma ._ ._. _
Portunidae: Megalopa ._ ... _
Unldentilled Decapoda . _

Unidentified Crustacea. ._
MOLLUSCA:

Gastropoda:
Pteropoda:

Cymhullldae: Unidentiflerl . __ .
Corolla sp . _. _

Unlden tifled·Pteropoda.. ._
Heteropoda:Pterotracheldae ._

CaTin~trl8~:CaTmana sp . __ . _
Unidentified Heteropoda . _

I Actual number not determined.
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ApPENDIX TABLE 7.-0hecklist ,of orga'lIi.sms captured in 78 hauls with the' G-foot Isaar.s-Kidd tt"au)l. by I!!()'/Ies, 1953--55-:"
Cont.inued

SEC ECC NEC Hawaii NPC AC All zones

Organisms
Size

range
(mm.) ,

Aver· Aver- Aver- Aver- Aver· Aver·
Per- age Per- "age Per· age Per- age Per- Average Per- age Per- age
cent num- r~nt num- cent nnm- cent num- cent number cent' num- cent num-

occur- ber occur- ber occur- ber occur· ber orcur- per occur- ber occur- ber
renee per renee per renee per renee per rence haul renee per rence per

haul haul haul haul Ilaul haul
------------------1---------------------------------

30 __ .___ 8 1 __
25 __ .~_~ . . .. 10 1

22 1 _. • .___ 12 1 20 2
17 1 10 1 • •• _

______ 8 11 • . 10 1 6 1 10 2
6 1 . . . _

100 29 75 24 100 13 58 3 75 7 40 3

94 10 83 18 100 3 74 22 94 158 00 193
---ii- ---ia- ------ ------ ------ ------ ------ A. 12 20 30 6

67 29 ---58- ---24- ---illS ----ii- ---42- ---i4- ---iii- -----a8- ~~==~= ====~=

55 (I) 42 x 33 15 32 00 26 100 30 250

10 1
6 1
6 3
1 1

3 1
5 2
1 1
3 2
5 3
1 1

18 2
1 11

2

1 1
41 17

73 16

87 70
6 12
2 13

41 23

37 (1)

4 1
1 1
1 1
1 1
1 1
4 2
6 2

16 1
40 10
5 3
9 6
4 2
6 2

2 6
27 1
13 I
5 2
1 1
2 1

12 2
1 1
5 1
2 1

1

1 1
9 2
I 1
I 1
I 1
5 1

12 2
6 1

9 1
2 2
4 4
5 2
I 2

4 1
1 I

36 3
1 I

2 6 1 . _
1 33 1 • __ • .• •. ~_

2 ._ . . _. _

17
26

8

R
33

33
6

67 15

11 33 1 _
_________________________________••_ 6 1 _
_. __ ._ 6 1 _
______ 6 1 _
______ 10 I

----il- ----i- --'-8- ----i- ====~= ~===== ====~= ====~~ ---i2- ------a- ~ ~22 1 25 2 66 2 16 1 • _
94 13 58 8 100 2 10 3 12 3 _

====== ~~==== ==~=== ====== ====== ====== ---2i- ----2- is 1~ ==~=== ======
----il- ----i- --'i7- ---T ====== ====== ~ ~ ~: :_ ====== =:~~~=

---a3- ---T.~; g ---sa- ------ ---io- ----i- ---38- ------i- ---ao- ----2-
17 2 17 1 66 1 16 1 _
11 1 8 2 33 2 _
6 1 • . . _

g ~ ---25- ---T ---33- ------ ----ii- ------ ----il- ------i- =====~ ~~====________ • • ._ 10 1
22 1 _

______ 8 1 .____ 6 1 _
______ 5 I _

______ 8 1 _
l7 2 .____ 5 1 19 2 _

______ 6 1 . _
6 1 • . _

---22- ----i- ~=~~=~ ~~=~== ====~= ====:= ===~== ====== ~ ~_ ====== ~~~~=~

_________ .__ 5 1 6 1 __ : ._
II 1 17 2 _
6 1 A. ."

6 1 8 2 . ._. _
11 4 8 1 • __ .___ 6 1 _

~=~~~~ =====~ ---i7- ------ ---aif ---.-- g ~ --'44- ------i- ---ao- ----a-
________________________ ._____ 6 11 _

====== ~=~=== ----s- ----2- ---33- ----i- ~~ ~_ =~==~= ~======= ~~=~== =~=~~~______ 17 2 5 1 25 5 10 3
________________________________ •• __ 19 2 10 1
_________________________________ .__ 2 __ • • _

• ,____ 25 1 • • ._
______ 8 1 _

72 4 25 5 __ • ._____ 16 2 38 4 40 1
________________________ ._____ 5 1 5 1 . __ . _

21-81
:ID-28

22-125
45

4-,'170

20-190
20-45
12-50
3-21

3-40

33-IOS
80-110

192-333
222--283
26-360
20-33
20-39

22--57
67

:ID-I09
56

30-60

33
3-20

:ID-25
25-32

77
<20-55

20-41
70

20-100
<20

165-215
21
20
24
60

42-95
22-106
21-77
20-47
20-33
20-36
21-33
34-48

25-49
20-·131
52-112

164-167
71

74-79
. 60-157

95
106-267
75-175

69

135
21H03
91-105

31
75

26-55

MOLLUSCA-Contlnned
Cephalopoda:

Decapoda (sqnids):
Enoploteuthldae: Unidentlfied _

Ple'1lgioteuthis sp ,. _
.4braliopsis sp • .• _
Abralia sp _

Onychotenthidae:
Onychotfllthis banksiL __ ••• _

Histiotenthidae. . _
Chlrotenthidae:

cre1:gifJ~~I~~:(i'!'ritif.-e(i::~~~~::::::::
l./orrandia globIlI1l8 • _
Uorronchia sp . _
HelicOfranchio sp . _
.Megalocranrhia sp . _

Unidentified Decapoda_ • •. _
Octopoda: Unidentified _

Bolltaenidae:EledO'lldla sp .. _
Argonautldae:

Argonaula botlgerL _
Unidentified Mollusca . __ ._. • _

CHORDATA-Tnnlcata:
Thaliacea:

Pyrosomida:Pyrosomatldoo. _
Salplda:

Salpld~: Und~ntllled _
1a'18 :onarla. . .. _

Dollolldoo__ .. "._. _
Unidentified Tunicata. • " _

UNIDENTIFIABJ,E INVERTEBRATE MA·,TERrAL . _, . ._
CHORDATA-Vertebrata:

Pisces:
Squalldoo:

IsiltiltS brasilie'll8is••_. _
All'poeephalidoo_. _
Argentlnldoo: Unidentified _

Nansenia sp . _
Bathylagidae: Unldentified_.. _

Oon~:~~f3:: "t~r~:;:iried~~~~~~~========~
G~no~toma. tlonga!um _
Vl'I/clguerTia lucetlO••• _

~: ~f=r~~~~=~=~=======~===~~~=~=~==~~=Ylnciguerrla sp ..
Dlplopllos taenia • _

Sternoptychldae:
A.rgyropelerus sladenl _

Stomlatldae: Unldentlfied _
Tllysanactls denlex. _
Tllysanartis sp . _
LeptOBlomias sp _
Ballloplillus sp _
Emtomias sp__ . _
Mtlanostomlas sp _
Echiosloma lannerL _
Pholonectes sp _
Haplaslomiaslenlarulaht8 _

Cha~~~~~J~~~~aneL. : _
C1Iauliodlls sp" _

Astronesthidae: Unidentified. _
,4slro'l/.88tlles 11ldfer _
A. ricliardsonL _

Mal1::'~:{J.~~s sp ------- -------
Pllotostomias sp . _
Arislaslomlas sp. . _. _

ldlacanthldoo:
Idiaranlllus fasriola ._

~dfa~::::::_:.:s~~--~~======~==========~==~=~=Scopelarchldae: Unldentlfled _
Scopelarrllus sp A. _

Evermannellidoo:
EvermanneUa atrata • _

I~~i~~~:r~~;~=-=~=:======:=======:=====
I Actual number not determined.
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ApPENDIX TABLE 7.-Cllecklist 01 organ.isms captl/red ·in· 78 IWI/Is 'With the 6-100t I8a·acs-K-illd tra·u)l, by ZOlles, 1953-55
Continued

SEC ECC NEC Hawaii NPC AC All zones

Organisms
Size

range
(mm.)

Aver- Aver- Aver- Aver- Aver- Aver-
Per- age Per- age Per- age Per- age Per- Average Per- age Per- age
cent num- cent num- cent num- cent num- cent numher eent num- cent num

Occur- her oc-cur- ber occur- ber occur' bel' occur· per OC<lur- ber oecur- ber
rence per renee per renee per renee per rence haul renre per rence per

haul llaul liaul haul llaul )jaul
--------------1--------------------------------

34 ------ ----.- 8 ------ ------ ------ ------ -- ..-- -------- ----- .. ------

40-350 11 1 66 2 ------ ------ 42 " 19 3 40 1 32 2
4-61 100 178 75 27 33 :I 84 30 S8 148 40 88 79 102

10-86 28 :I 50 2 66 45 21 14 38 21 10 3 30 13

26-118 6 17 2 - _
9-26 __ • . 8 1 ._____ 6 1 _

24-~ ----6- ---T _~.~~ ~_ :::::: ~::::: :::::: :::::: :::::: :::::::: :::::: ::::::

22 ------ .--_._ ------ ------ -- • __

_____________ • • .__ 6 1 __
____________ -_____ 5 1 -- --. _
_____ . --____ 5 1 -- •. --- _

6 1 - • --_. __ - ---- -----_ -- _
11 1 17 2 33 4 5 1 • __
1 1 . - . ---- . _

__ • . ._ 6 1 _

2
1
4
1

2

1
2
1
1

8
1
1
3
2
1
1
5
1
1
1
1
1

12
1
1
1
7
3
2
4
2
1
1
2
1
2
2
1

4
2
4
1

2

2
1
1
1

1
8
1
1

60
19
4
1
4
2
2

17
1
1
2
1
1
9
1
1
1

41
18
2

40
24
2

10
1
1
1

18
1

1 __

2 • _
5

5

1 . __ • • • ._ . • .•• • _8

6 25 5 ._____ 53 4 S8 12 90 10
1 17 2 33 1 5 1 • ._. • •
1 __ • .___ 33 1 5 1 • __ •• • • _

8 3 _. . •__ ._. •. ..

61
61
6

6

11

17 2 • • . __
6 1 8 1 __
6 1 8 1 __

44 7 33 2 5 1 _
---- __ -_____ 8 1 . __

6 1 • • •• __
11 1 • • ._. __

---___ 8 1 • • __
---- __ -- - - ._ 6 1 - __

22 18 8 9 10 1 _
-- .___ 6 1 _
-_____ 8 1 . • __
______ 8 1 • .. _

100 9 75 5 33 21 2 • _
61 3 8 2 10 3 • __ . __

__ .___ 17 2 __ • • • • _
78 4 75 6 100 5 26 3 • • • _
44 2 58 2 66 4 10 1 ._. • _

______ 8 1 .__ . 10 1
17 8 1 ._____ 5 19:1 • __

-_____ 8 2 • .. __ • __ • • __
- .___ 8 1 • -_. __ . . __
-- -- .___ 5 2 _

50 2 33 2 5 1 • _
____________ - • --_.__ 6 1 _

28
20-46

<20
22

20-24

27-66

:l6-t\2
37
27
37

20-105
22-45
21>-34
46--47
21-23
3fHl8

20
20-56

26
21

20-33
21

39-45
20-24

25
50
47

20-85
20-47
51-56

20-122
2lHl2

250-560
292-680
144-281

:l8
18-61
22-77

20

CHORDATA-Vertebrata-Continued
Pisc_Continued

Myctophldae: Unldentified _
Hggophum reinhardtL •• _
H. maeroehlr_. _. • _
Hgg&phum sp • _
DlogenlehthgB allantie"'B_. . __

~~:~:~n;~~~~~~====================M. rufinunl. • • _

t.fu:f;~;:~U,~~:::::::::::::::::::::::::Lampadena mhda. __ • _
Lampadena sp __ .. • • ._
NotolgehnUl/6aldlviae. _
Dlaph'uB nipponenBiB_ . • • ._
D. osten/eldL • _
D. rajineBquel. . _' _
DlaphUl/ sp . __
Lampan1lctus pgrsOOolUB._. _

fa~~~~~1:-iip~~~::::::::::::::::::::::
(,'eratoBcopeluB tOl/l'1lBendi. . _

Nemlcht!Jyldae: Unidentified. . __
Nem.ehthgB Bcola/Jaee·uB • _
BeTTil'omer beanL. _

Hemlrbamphldae • . _
Bregmacerotldae: Unidentified. ._

BregmaeeroB mace/ellandi •. __
Bregmaeeros sp . ._

syn~i~~a~~UB sp .• _
Trachypterldae:

TraekllPteruB sp ' __ . •
Mellmlr,halrlae: Unldentlfied _

ser~~~tfa'::~_~~~B_ ~~::::::::::::::::::::::::::
Prlacanthldae:

PrlacanthuB hamrur . • . •
Apogonldae:Howella sp .
Bramldae:CollgbuB drachme .. _

gg~f~~::~~a:e_~:::::::::::::::::::::::::::Brotullda6 •__ •
ACBllthurldae:

Oem~~~~~~~~~~-~::: ::::::::::::::::::::::
Scombrldae: Unidentifled .• . __

Dicrolu8 sp . __
Tetragonurldae:
Lar~tft~~:nuruB sp --- --. --------

Leptocephali: Unidentilled. __
Unidentified larvae. ....

Unidentified Plsces . _
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ApPENDIX TABLE B.-Checkli8t 01 Q1'gani8tt18 captured it~ 157 haul8 'With the 10-100t 18aac8-Kidd trawl, by ZQ11e8, 1955-56

[For explanation of faunal zones, see p. 286)

SEC ECC NEC Hawaii NPC AC All zones

Organisms
Size

range
(mm.)

Aver- Aver- Aver- Aver- Aver· Aver-
Per- age Per- age Per- age Per· age Per- Average Per- age Per- age
cent \lum- cent num- cent num- cent num· cent number cent num- cent num

occur- ber occur- ber occur- ber occur- ber OCCUT- per occur- ber occur· ber
rence per renee per renee per renee per rence haul rence per rence per

haul haul haul liaul haul haul
------------------1--------------------------------

2lH1O 9 11 2 __ •• • • • __ .___ 5 1
34 • • ._ • 0 ._. 8 1 • _

20-39 45 2 39 2 71 2 17 23 2 32 1

20-65 6 I 22 2 7 I ---iis- -----. ------ ------- .. ------ ----_ ..
3-100 26 2 44 3 57 I 46 5 74 109
5-100 25 76 39 38 21 50 ------ ------ 8 200 16 98

<20-70 3 10 11 10 7 2 4 6 23 3 58 7
3-61 68 15 50 22 78 4 75 10 100 7 95 257

4-148 3 1 ------ ------ 7 1 ------ ------ 15 3 21 10

20 ------ ------ -.. ---- - .. ---- .. ---- -_ .. _- 15 21 21 24
3-12 1 600 ------ ------ ------ ------ 150 31 52 63 720

3 •• •• _ . •• _

--- •• ---_ • - • .8 2 • • •• •
4 1 •__ • ••. _ 7 1 •• ••• .

--- __ • ----. • - •• • 4 1 • • • _
---.-- ------ ------ ---___ 8 10 • • - _

6276

6 1
38 27
20 70
13 7
74 51
6 5

4 23
11 528

1 2
2 1
1 1
2 6
1 1

3

6 1
1 1

39 2

1 1
2 2

32 3
33 4
34 25

11 2
3 2
4 1
3 1
1 1

66 268
8 629
6 192
2 1
8 7
2 1

46 9
4 2

38 73
4 2

11 4
15 2
6 2
7 4
6 30
4 7
2 8
3 25
2 16
I I
1 2
5 2

12 2
1 3
1 16

15 4
1 6
2 7

1 1
94 34
4 31
1 4

30 7
27 3
10 1
24 3
6 2
1 1

39 7
3 1
I 1

18 3
8 5

61638841 10067317857777178

---ii3- ----ii- '--i7- ·--T --.07- --·-i-
12 8 11 2 • __ •• __

---94- -'-45- ·--94- --·iii- -'-9ii- ---20- ---90- ---iii- 9'~ 4 ---95- ---42-
3 20 11 70 7 35 8 1 •• • •__ -- •

4 4 • • -- _
---iis- ----4- -·-is· ---ii· ---so- ··-iii-

29 3 44 3 28 2 ---iii- ----4- ---iii- -·----ii· ---io- ----ii-
7 1 28 1 14 2 12 2 •• •• -- _
2243332121214632637 2 .___ 28 3 ._ • •__ -- _

__ .___ 6 1 •. • .. • .• .,_
426561457954481513 1 ._. ._._ 21 1 • • • •• __ • --_.__

4 1 • .--.--
4 1 • • --_. __
4 1 15 1 _

~ ~ ------ ._---- .-.-_. ------ ----S- ---·i· -.---- -------- ------ --.---
45 4 ·--iiii- ----ii- ---iii- ----i- 12 1 ·--iii- ------i- ---iii- ----ii-
5143967125415261
38241111219291338 23 llll 43
10 2 6 38 2 8 2 _
1 1 • ._____ 17 2 __ ••• _
1 2 _.. ._ 26 1 __ . __ . _
4 1 •• 8 1 • _

--- -- __ • - .-_._. 4 1 • __ • ._._. •

64 275 39 128 57 163 71 116 77 97 95 522_ •• __ • •• • •__ ._ 63 629
9 320 6 21 1 • • • •__ ._. _

---iii- --·-s- :::::: :::::: :::::: :::::: :::::: :::::: 1~ ~ Ig ~
4~ ~ --·S9· ---iii- --·43- '--is- ---40- ----ii- -"iiii- ------ii- g ~
3 1 6 2 ••• 12 4 8 2 _

68 91 39 15 14 1 12 1 8 1 _

----i- ---'ii- .----- ------ ---iis- '--02' ~g : --'4ii- ------4- ------ --·-S-
16 2 ---44- ----ii- 14 5 12 2 • • • ._

~ i 1~ ~ ~~ •.:_ ~ ~ ------ -------- ---iii- ---"6"
7 51 •• __ .0 7 31 4 1 ---is- ------3- 5 7

___ •••• •• __ • •__ • 37 7
_ __ • • 0. .___ 16 8
_ • • •••• • 26 25
_________• __ ._._._ • • • • 8 1 10 24
_________ •• • • •• • 4 I • -- •
___ ._. .• 6 2 • •__ •• __ • _

6 2 __ .. __ ._. ._. 17 1 • . __
9 1 6 2 36 3 20 I 15 2 • _

__ ._._ • ••••• __ ••_.___ 7 4 4 2 __ •• __ -_ •• _. -- _

----0- ------ --·SO· --·-2- ··-·i- --- ... --·-4- ·---2- ~ ~_ 4~ 3g
:::::: :::::- :::::: :::::: :::::: :::::: :::::: :::::: ·---s- ------0- Ig ~

2&-31

20
30-68

50
15-16

<20

&-450

60
20-100

<20-33
20

2()-32
20-45
20-30
20-45
20-32

20
<20-45

32-42
105

2IHlO
25-85

20
20-40
2D-82
2&-95
3-70

20-50
20-42
20-40
26-35

29

5-33
;-23

2D-23
20

2D-3O
20-31
20-40
23-40
20-33
20-22
20-24
2D-38
21-37
23-40
20-36
20-32
21-26
20-26
20-23

20
20-21
20-24
20-27
24-29
20-24
20-37
20-25
21-40

COELENTERATA:
Hydrozoa:Siphonophofa .• _
Scyphozoa:

Coronatlle:
Periphyllidae:p'triphvlla sp _

Medl1SllE': Umdentlfied . _
Unidentified Coelenterata • . _

CTENOPHORA..•__ • • .
CHAETOGNATHA _
ANNEI.IDA__ . • •
ARTHROPODA:

Crustacea:Ostracoda • _

~fsi=a:-------------..-------------.----
Lophogsstrldae:

Lo-poof/a./er sp__ . . _
Gna/hophauBla calfara/a • _
G. lonf/i.pina. •__ • ••• ._

Unidentified Mysidacea . • _Isopoda.• • •. __ • _
Amphipoda:Gammarldae • • _

Cystisomatidae:
Cg./i.oma sp. . •

Phronimidae: Unidentified •__
Phronima sp . •.. . __

Phrosinidae:PhroBlna sp . . _. _
Oxycephalidlle: Unidentified _

Oxgrtphalu. sp • • _
Rhabdo.oma sp _

Unidentified Amphipoda _
Stomatopoda Oarvae):

Sqnillidae: Unidentified . _
Squilla sp_ .• .. _
P.tudoaquil/a sp . ..• _
L!I.ioaquilla sp. . __ • _
Odon/odactglu. han.tni. • _

Euphausiaooa:
Euphausiidae: Unidentified _

Euph.au~ia parifira • • __
E. e.,m.a • • _
E. lamellif/tra :. _
E. f/ibboidt. _
Euphalulfa sp . • _
Th,l.anopoda monacan/ha _
T. cri./ala • • _
T. tricu.pidata • .: _
T. aequali.__• •
T. obtuaifron••• _
T. peellnata_. • _
T. orien/ali. • •
T. acutifron.•_. • _
Thg.anopoda sp . .•
TtBBarabrachion oCll/alu. ._
Th,l.anoeBBa .pinifera. • _
T. lonf/lpt•• __ • • •• _
NtmatOBreli. difjirili. _
N. atlonlica • • _
N. /tntl/a • _
Nemalo.ctli. sp • . _
Ntmatobrarllion /lu/pes __.• • _
N .•fIZ.pinoau. • • _
Nematobrarllion sp . . _
Stgloclltiron abbreviatum__• • __ •
S. ma:rimum • __ •• • •• _
Stllloclltiron sp. . . _

Deeapoda:
Sergestidae:

Strf/tltt. prtllen.ili. _
SBrf/t.t8B sp • _

Penaeldae: Unldentified __ • _
Penatu. sp .. •_.• _
Gtnnada••eutatu. •• _. •• __

g: f~~[;===::::::::::::::::::::G. boutltTL •• •• __ • __

ge::~~~~·sIi::::::::::::::::::::::::
RentlleOf/tnntma pa.itIl8ll_ • • _
Funcllalia balboat • •• • __
F. taanlnf/L • • __ • _
Funcllalia sp . • • _
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ApPENDIX 'TABLE B.-CheC'kli8t oj Of'UfU/.iStl/.8 captured in 157 hlluls 'with the JO-jUQt Isaa·f}s-li.i.dfl trawl, by zones, 1955-56
Cont.illued

SEC ECC NEC Hawaii NPC AC All zones

Size Aver· Aver- Aver- Aver- Aver- Aver-
Organisms range Per- sge Per- age Per- age Per- age Per- Average Per· age Per· age

(mm,) cent num- cent num- cent num- cent num· cent number cent num- cent num-
occur- bel' occur- bel' occur· .ber occur· bel' occur- per '!Ccur· bel' occur· her
renee per renee per renre per renee per renee hanl rence per renee per

haul lIaul haul haul haul haul
---------------\._------------------------------

2~~ ----i- ----i- --.. -- --- .. - 7 1 ----- .• ----. 8 ------ -----
2ll-177 22 2 ---ii- ------ ---i4- .----- --'i2- ---"3" ----ii- -------- ---iii- ---4ii-

30-60
20

20
2""'...-55
27-60

47
37-55
41>-67

40
20

11-40
19-72
2-90

:lO-285
2ll-260
59-100
33-.';0
2ll-6O
4ll-70

20-100
20-50

30
20-35

50-100
35

310

1 7
2 1
6 18

16 3
3 1

11 6
13 4
25 7
4 1

27 4
1 3
1 1
4 2
1 1
4 <')
1 3
7 2
1 5
1 1

2 3
6 1

28 5
1 1
3 2
1 4
1 1
1 1

10 2
13 20
54 238

6 5
28 26

1 1
1 1

16 6

9 1
2 1
2 2
1 2
4 2
1 2

13 3
6 2
1 1
3 1
2 1
1 1
1 1

1
6
1
1

2
1

1 1
1 1
I- I
1 1
2 2
1 1
1 1
1 1
9 1
4 1
5 1
2 2
4 1
1 1
1 2
1 1
1 1
1 1

11
33

21
47

2
24

31
54

----g- ------i- -.---- --.---
38 25 ---iii- -'-iii-
54 596 32 118

1
6

4
21

1 • _

2

2 5
2 :::::: :::::: ----{ "--j- :::::: :::::::: 5
1 . . . -----.

6
6

6
6
6

11

1
1
22 _. • . _. -. _

2

28

4

32

17
1
3
3

10

---iii- ----:i- ----ii- ----i· :::::: ::::::
7 16 7 3

61 288 89 136 86 208

? ----ii- ----i- :::::: :::::: '--i:i' ----i- :::::: :::::::: :::::: ::::::
_______ .____ 7 1 . . .______ 5 1
____________ . •__ • .__ 15 1 -.----

2 6· 1 __ . . .. -.---. ---.--
1 __ ._. • ._ . , _

_________ . . . ._ 8 1 __ . -.----
1 . . .. __ . --- _
1 . . . __ . -. -_

_________ . • .. 7 1 4 1 ------
____ .. • . •• . __ ._ 16 2

1 . . . . ---_._
_ • ._ 4 1 • • . . __
______ 7 1 . .. - ------

10 1 6 1 __ .___ 8 1 15 1 10 2
7 1 6 1 _. • .. ---. __ ------

10 1 6 1 . . ------ ------
2 2 6 3 • __ • • .. ------ .-----
7 1 6 2 .• __ ._ 4 1 • .. --- .-----
1 1 .____ 8 1 _. __ ._ .--_._
3 2 . . _. . , __. -- .. __ .. ----

_____ . 6 1 - • __ . -------- --"--- ..-----
_ . .____ 7 1 _._. . --- .-----
______ 6 7 1 _.. . -----_ .-----

~ ~ ---ii- ----:i. ---i4- ----:i- :::::: :::::: :::::: :::::::: :::::: ::::::
40 6 39 8 7 2 25 1 15 2 . _

____ ~ ~_ :::::: :::::: :::::: :::::: ----ii- ----:i- ---i5- ------2- ----S- ----:i-
6 6 ------ - ._ -- ------

• • 4 1 • . -.- __•

4 1
12 2
12 4
75 136

2 __ . . .. ~ __ .. __ ~ . ------
15 1 5 2------ ----i- :::::: :::::: :::::: :::::: :::::: :::::: . . _

1 . • ._. • ._

-i2- ----2- ---:iii- ----7- ~ ~ ----4- ----i- ----g- -----T ---2i- ----2-
12 2 .___ 7 1 __ . ._ --. _

______ 4 1 ._._ . ._ --- _

___ • • • __ .___ 7 7 • • _
1 1 ._ 21 1 • • • _
7 32 .____ 17 1 • . ._

32 3 17 3 • • . _
4 1 7 2 4 1 • •

~ ~ ---.-- ------ 7 2 ~~ g -'-85- ------ii- ---iii- ---iii-
45 8 ---ii- ----i- ----7- ------ 21 2 8 3 . _
4 1 ._____ 14 1 8 2 • _

33 3 72 6 43 3 • _
1 3 .. _. . . . _

t 1:::::: :::::: :::::: :::::: :::::: :::::: ---i5- ------i- ---iii- ---"3"
'---i- ----i- ---'ii- ----2- ----7- ----4-: --ii' -----i2- ----5- --iil-
_ • • . ... . 5 3
____________ •• _.__ 14 2 38 2 • _
___ • .__ 7 5 _•• • •__ • _
__________ • .• . • ._._ 5 1

35
230
47

6ll-100
2ll-51O

50
30
20

20-180
2ll-205
2ll-135
2ll-25

20-210
34-35
3ll-45

32
40

2ll-31

80
2(\-63

<20-68
33-76
5lHl3
20-78
22-80
20-60
20-70

2ll-103
7ll-8O

50
55-90

28
2"~62

54-95
45-82
6ll-73

50

ARTHROPODA-Continued
Crustacea-Continued

Decapoda-Continued
Pasiphaeldae:

Pasipllata flagdlala ------- -----
Pasiphata sp . ------_. _

Hoplophoridae: Unidentified ._
Hop!ophtJrUS typus ._. _
H.longir08lris ---. • __

z: :~r~~i11i~~~s __:::::::::::::::::::::
H. fO/iactus __ • _. •• _
Hoplophorus sp ._._._ ----- __ • _
A.canlhtphyra Irispill08a_ -.-- • _
A, sanguintll_. • • _
A.. slylor08lrala • _
A.. guadrispI1J08a •• •• _
A.. gracilipts_._ •• • _
Acanlhtphyra sp...• .. ._. __
NoI08lomU8 sp__ . -- .----- _. _
S,Isltllaspis dellilis__ • • _
Sgsltl/aspl, sp ._ •__
Hymtnodora sp.•. • _

Thalassocarldae:ThaiaBBocaris sp -- _
. Pandalldat<: Unidentified. _

Parapafldalus Bu·r str08stIJL _
P. colte;' • . . __ ••
Parapafldalus sp•• • _
Pltsionika sp . __
Htlerocarpus sp.• . _

Portunidae. •__ .. .. .-. __
Phyllosoma _
Unidentified Decapoda _

Unidentified Crustacea__ . _
MOLLUSCA:

Gastropoda:
Pteropoda:Cymbullldae _

Unidentified Pteropoda _
Heteropoda:

Cal'lnarlldae:Carlflaria sp__ . . __
Atlantidae_. .. .. __
Unidentified Heteropoda .. _

Cephalopoda:
Decapoda (squids):

Enoploteuthldae: Unldentlfied . _
EnoploteulMs sp • _
.4bralla trigol/·ura • _
A. astr08lirla . __• • .
Abralia sp ._. . _
A.braliop8is morisii • . _
Abraliop.is sp • . _
Pterugiotfulhis giardL __• _
P. mlcrolampas • • _
Pttrugioteuthis sp -. __ • -- -_
PIIrottuthis margarllifera _. _

Onyefioteuthldae: Unldentlfled _
'Onychottuthis banksli.. . _

Veranyidae:
Orlopodottuthis sll- ------- ------ - .. -- -------- --

Hlstloteuthldae: Umdentlfled___________ 25-110
Hi3tiottuthis sp . _ 35-132
CallileulMs mt1ragroleuthi._ _______ ___ 111>-150

Bathyteuthldae:
Benlhot.ulhis sp .
Cttllopltrur sp _

Braehloteuthldae:BTarhiotfuthis sp. _
Ommastrephidae: Unldentified _

SlImpltcloltulhis oualaniensis _
Chlrowuthlrlae: Unidentlfied • _

'ChirottutMs imptTator • _
ChirotfUlhis sp. . _
Mastigotfuthis sp _
Dorato[l8is sp . • _

Cranchiidae: Unldentified . _
Oral/chia scabra _
LloeranrMa globulus _
L. valdlviat • • . __
Lioeranchia sp . _
H.licocranrhia sp .. _
DBBlllottulhis sp_ . _
CorUllomma sp _
EUBugaflla pocifica _
EUBugaena sp . • -__

J Actual number not determined,
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ApPENDIX TABLE 8.-(Jllcc-kUst of organisms captured in15i TwuTs 'wtth the 10-100t Isaa('s·Ki-d,l tra,wl, by zo'nes, 1955-56
Continued

SEC ECO NEC Hawaii NPC AC All zones

Organisms
Size

range
(mm.)

Aver- Aver· Aver· Aver· Aver· Aver-
Per· age Per· age Per· age Per· age Per· Average Per· age Per· age
cent n n m· cent n n m· cent n n m· cent n n m· e<'nt nnmber e<'nt n n m· cent n u m·

occur· ber occur- ber occur· ber occur· ber occur· per OCCUr· ber oc.cur- ber
rene<' per renee per rene<' per renee per rence haul rene<' per rence per

haul haul haul haul haul haul
------------------1--------------------------------

19-205 22 3 28 21 4 1 ----ii- -·----i" 10 3 16 2
7-30 3 1 6 ------ ------ ------ _____ 4 10 2 4 1
3-85 1 2 ------ --.-. - ------ ------ 12 10 ------ ._------ 26 3 6 5
<20 10 28 17 12 7 5 21 19 -- ---- ------ -- 5 3 11 20

20-310 65 26 72 5 71 12 83 6 92 6 21 4

5-180 56 34 56 7 71 5 50 16 92 64 58 54
20-110 1 6 17 6 ----i- --_.-- ------ --- ~ -- ------ -------- ------ ----~~

60 ----a- --_.-. ------ ------ 1 ------ ---_. ~ -- ---- -------- - .---- ------
20-150 1 22 7 28 4 ------ ------ _._-g- ---.---- ------ _.----
35-220 1 3 33 5 21 6 ------ ------ 1 ----2·<20-66 17 9 33 9 36 3 4 1 8 14 5

11;--55 35 41 44 30 50 18 8 50 ------ ------ -- 5 5

23~~ :::::: :::::: ----ii- ----i- :::::: :::::: :::::: :::::: :::::: ::::::::

1

__..~. _._. __ ---'ii- --·-i- :::::: :::::: :::::: :::::: :::::: :::::::: :::::: ::::::

66 15

60 35
2 6
1 1
6 5
7 5

16 7
27 34

1
2
1

1
2

5 3
1 1
2 2
2 6
4 7

10 9
19 3
1 1

13 8
1 1
1 2

12 11
1 1

15 2
34 8
8 1
2 1
1 1
2 2

20 4
8 4
1 2
5 4
1 1

33 3
1 8
9 4
1 2
1 2

10 2
1 5
2 1
7 2
1 1
1 1
2 2
1 1
1 2
1 1
1 1
1 1

23 2
1 1
2 1
3 3
1 1
6 4

1 20
29 2
9 1
1 1
4 1
3 2"
1 1
1 1
7 1
1 1

1
4

5
5

1 2 11 2 36 4 •• •••_. __ .• __ ._.__ •__ •• _•• _••
2 1 •• __ •• __ • • • •••• _. __ ••• _••• __ • __ • •

.. _•• _ ._ ••• •.•• •__ •. .___ 8 2 8 1 •• •

-·-·i- ·-··2- ---"6" --··a- ··--i- -··-i- :::::: :::::: ----g- -·----i- ~g 1~
13 14 11 1 ••• 8 2 15 1 _. __ ._ •••• ,.
25 4 6 1 ._____ 33 3 31 2 •• • •

____•..• ••• .____ 7 1 . ••. _•• __ ••••• •• _. ,_._.,
12 8 6 2 21 2 "" ••.• .______ 47 12
1 1 •••• ._••. __ .•• ._. . •
1 Q

3 8 "-56- --·-5· ---43- -'-25- :::::: :::::: ----ii' ----·-i- :::::: ::~:::

----i- --'y -..-.. ---.-- -.---- --.--. 5: ~ ---54' ····-·2· ---iii' ----4-
54 8 ---2ii' '--ia- ---i4- ----2- 33 4 15 4 __ •• • _
9 1 17 1 12 1 • • __ .. • •

__..~__.__~. -·--ii- --··i- :::::: :::::: :::::: :::::: :::::: :::::::: ...~~__.....
1 1 6 3 __ •••••••• __ •••• __ 8 1 5 1

12 2 50 5 43 6 8 2 38 2 5 2
1 1 6 2 ...•__ 8 1 47

________ •• .,••••••• __ 14 2 •• _••• __ •• _••• ••• _._ • •
7 2 17 8 • • .••.. •__ •• "" __

"-4a- -·--4· "-aa- -"'2- Ii t ---aa- ····2· --'46- ····--2- __ ..~ ~.
1 8 : • • • • __ ••. • •••••••••••

20 4 __ •••• ._. __ • _••• •• • _
_. ._ •• .,••••• _._. •__ • ~____ 8 2 _

-'-ii- '---2- ---·ii· -.---- ----i- .... -- ----4- ----2- .._~~__ .._..:_ :::::: ::::::
1 5 __ ._ •••••• .• ..•• • _
6 1 _.,_ •• "" •. •..• _. • • _
7 2 11 2 28 2 ••• _
1 1 6 1 ••• ••• _

t t "'"6" ····i· ----i- --"i- :::::: :::::: -•.-g- --""i- :::::: ::::::
1 1 •••.• ._•. .•_ ._. • ._._. •••.•.•c._•• __••••
1 2 ••.•••• •••_••• •• •••__._ ••••.•.•••.••••• __•• ._
1 1 ••.•_. __•._. _. •• _. • . ._.••. __ •. ••.•.•_ •. •

1 1 ""ii' ···-i- :::::: :::::: :::::: :::::: :::::: :::::::: :::::: ::::::'-'aii- ····2- 11 1 21 1 21 1 __ •••• __ •••••• _•••••• __ •••
1 1 •••••• _. ••••_•• __ ._~. •• _ ._. • __ ••• __ •••••••••••• _.__••
4 1 •••••••• ••__•• • • __•••__ ••••c _•••••c. _••••• __ ._••
7 3 • •••• ._._ •••_.• ••• _. ••••• _ • _

•••••••••••• • •• _. __ • •••_.. 4 1 ..... ••• _. __ ••_. ••
._.... •••••• 6 7 4 1 __ .••• .__ 32 5

1 20 •• __••••••_. _._ ••••••••_ ••••••••••_•••••••.••••••• __•• _•••••••
40 3 22 2 • ._.... 21 1 23 1 26 2
9 1 6 1 • •••••_ 17 1 15 1 5 1

• •••••••••••••••••_._ ••••• _ •••••• "'_" •• _.__ 8 1 •.••••••_.••
7 1 6 1 •••••••••••••••••• __•• _•••__ • ._. •• •.•.••
6 2 6 1 """ ••••••••••••••__••.•_. ••••••_ ••••••••••••
1 1 ••....•.....•........•.. _"_'_ ....••...... __ ._ __ _.••

_•••_. •••••• 6 1 _._•••.••••••••_••••••••••••• •••••••••••• "••••••
13 1 •••••• "._" •••••c •••••• 8 1 ••• _•• __ ••.• __ ••••••••••••
3 1 ._•••••_•••• _' __" _••••••••.•_ •••••_ •. __••....• _._ ••.•.••.•.••

380
2O~60

34

20-115
107-122
112--146
25-107
50-153
20-130
35-195

48
38-197

38
110-115

20-54
21

21-40
20-1)2

38-166
42-7~

41
2C-53
31-72
37-57
35-50
20-45
37-55

22-195
63-106
22-195

165-215
107-185
40-160
50-190
9S-225
75-105

63
115

20-00
65

72-76
185
75

175
50-205

220
55-135
33-280

100
125-175

25-122
22-210
20-209

" 76
00-120
23-165

96
110

25-131
160-100

MOLLUSCA-Continued
Cephalopoda-Conti oued

Decapoda-Continued
Unidentified Decapoda _

Octopoda: Unldentified. • . _••••
Unidentified Cephalopoda. . __ •••

Unidentified Mollusra.• _
CHORDATA-Tunlcata:

Thallacea:
pyrosomlda:
SaIPr.ra~sOmatidae--.-.-..••----.- .•--------

Salpldae: Unidentified __ • .
Salpa sp . . _
Ritteriella sp • _
lIIftcal/ina /Ieragona. •

r::::~::g~i':::::::::::::::::::::::::
Unidentified Tunlcata_. ._. . __

CHORDATA-Vertebrata:
Pise<'s:

Squaliclae: Unldentlfled •• •__ •
IBistius brasiliensls •••• ••

t~ft~~~::~~~ae; - ------ ---. --..
Bathvlgchnops erilis •_•• •__ •__

Argentlnldae ••.. • _
Bathylagidae:

Bathglagus nigrigengs •_._. •• __
B. ber/coides••••• _•• •••• ••__

~: ~~:l::~~i~: :~:::: ::~ ~:~ ~~::::: :::::::BathglRaus sp .. • _
Gonostomldae: Uniclentlfled_. ••••_• _

Gonostoma elongotl£m_.. •__ ._. •••
G. drnudatum_ •• •• ••• •••• _

fi.i:~~~~E~~f-~~~=.=======~=======::======l~mclguer!,a ~uceha • •_. ._

l.:i!~~~:::ri~~: ======== ====::==========D/plophos taenia __•• • •.
IchthUotoCCU8 oratu·s •__ • _

Sternoptychldae: Unidentilled . •
Sttrnoptuz diaphana •••• _. ••••

1~tT~~~i~~~~_o_c.~l.e.a!~_s:~::::::::::::::::
A. affinis ••• _
AraUro~lecus sp__ ••. • _
Polu,pnus sp ._ .•• .• _

Stomlatldlle: Unidentilled.•.•_. .•_. __
Stom/as nebulosus_ •• •__ ••• ••
Stomias ~p ,_~. _•• •• _
Opostom,as m'CTlpnu8_. • _
~o8tomiaS sp •••• _

busanaelis denter_._ •••• •• _. _

r;~~:"t:~~~:~P:::::::::::::::::::::::::
Rathophilus /ilifer •• ••• _
R. pawneei-.. _. ••• •• __
B. metaUicus •••_._. ._ •• ••__
Ba/hophilus sp •••••_••••••__•• __._._
EU8/omias brllllifili$••••••• _._. • ••_._._
E. enbarbatU8__•__._•••••_. ._••••• _

I~~~r~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~
Me/anos/omlas albibarba••• •_••• ••._
IIfela·nos/omias sp•• ••••• ._. _._._
Echfos/oma tannIJTi.. _• • ._ •• _

~~~~~;;e~ ~~:::::::::::::::::::::::::::
Chaullodontldae:

Chauliodus barba/us•• __ ••_••••• __ •• _•••_
Chauliodus .sp _._._. ._ .•••:. •••••

Astronesthldae. Unidentified•• ••••••
Astronu/hes richardson!.._•. ••• •••_._
A. cuaneus•• _•••• _• •••••• _. •• _
.4. indicus•••__ ••• _•••_. • • •

1: ~lfropiioru;~:::: :::::::::::::::::::.:
As/ronesthes 8P••• ._••••__ • ••••• _._
Hettrophotus ophi8loma•• __• •••••••_._
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ApPENDIX TABLE 8.-CheckUst of organ-ism.s captll-red in 157 hauls -wUh the 10·foot Isaacs-Ki·dd trall", by zones, 11155-56
Continued

SEC ECC NEC Hawaii NPC AC All zones

Organisms
81ze Aver- Aver- AVl'r- Aver- Awr- Aver·
range Per- age Per age Per- age Per- age Per- Averl\gl! Per- age Per- age
(mm.) cent num- cent num· cent num- cent num- cent number cent nurn~ cent num·

oeew'- bel' occur· bel' occur- bel' occur- bel' oeeur- per oeeur- bel' occur· bel'
renee per renee per rMC9 per rence per rence haul renee PeJ' rence per .

haul haul haul haul haul haul
-------------------- ---------------------------------

38-95
50-102

137
50-170

75-345
220-365
22-330

35
72

20-95
24-85

55
21-38

36-110
50-63

113
26-56

32
20-147

230
260

20-168
35

20-46
25-44

35
20-58
20-40
21-60
23-35

20
22-23
22--30
21-24
21-27
22-29

31
43

33-43
3lHi4
3IHl6
29-72

35
92

21-55
21-70

63
30

20-80
112
72

22-83
20-29

65
29-55

20-105
20-55

23-103
32-75
24-35

25-105
20-00

20-113
48

45-110
44-80

39
20-135
22-100
20-28
57-67

85-100

3 2
7 2
1 1
3 2

4 2
2 2

23 2
1 1
1 1

10 1
4 2
1 1
II 2
5 1
2 2
1 1
1 3
1 1

30 2
1 1
1 1

64 17
1 1
3 2
3 2
1 1
2 2
1 6

16 (1)
6 4
1 1
1 2
4 6
4 1
1 3
1 2
1 1
1 1
1 2
1 4
2 1
1 2
1 1
1 1
3 1

12 3
1 1
1 1
8 3
1 1
1 1
5 1
6 9
1 1
1 1

44 10
20 2
11 6
1 4
1 5
2 2
2 4
4 12
1 1
1 6
1 4
1 1

38 4
31 5
1 4
1 1
1 1

1 1
1 1

20 2
6 4
8 2
1 2
1 1
1 1

2 __ • _12

1 _. • • _

1---i4- ---'i- :::::: :::::: :::::: :::::::: :::::: ::::::2 _. • • •

6
6
6

11

2 6 2 • _
2 • __ ._ 8 1 __ , _

1
1

6
13
1
2

_____________ .____ 7 1 .. _
______ 6 1 - --- .

29 222 12814181511 1 17 2 28 6 .___ 5 1

1 ~ ~9_ ----~ ---~- ----~- :::::: .:::::1:::.:: ::::::::1:::::: ::::::
---"3" ---.-- ~__ . __ ~_ :::::: :::::: :::::: :::::: :::::: :::::::: :::::: ::::::

---iii- ----2-
7 1
1 21 1 • . . • • _
1 3 • . •
1 1

:1 J;;;~; ;;;i~; ;;;~; ;;;;~; ~~~~;~ ~~~i~~ ;;;ii; ;;;;;ii; ;;;~~; ;;;;r;1
________.' • •. __._ 5 1
________ • • • . 26 2
_________________ • ._ 26 2

1 1 ._. • • . _
3 2 • . ._ 8 1 _

---22- '---ii- ----ii' ------ ---i4- ---"2" 1~ ~ --. -ii- ----(Ii-- ---iii- ----i-
1 2 21 5 15 - 4 5 3
1 1 . . _
3 2 • - • --- _
4 2 17 9 . • _
3 • • 4 1 23 1 • _

_________________ • 7 3 _
_________________ . 14 2 . _

1 . _
______ 6 1 . ._. • . __

1 • .____ 4 4 • _
_____________ ._._. . 10 4

4 1 . • _
_____ . 8 2 . _

1 1 . . _
1 1 . _
3 1 7 1 4 8 1 . _

1l/ 3 11 2 .____ 17 2 • _
______ 7 1 . . _
_________ • ._____ 5 1

7 4 11 1 17 2 . 5 2

-) ;): =:::=__:=::: -=:: __ =::-: -t--i :::,,: :::-.: ::::: :_--:1
48 12 22 8 36 5 42 6 54 15 58 533 2 11 2 .____ 29 2 _

2~ ~ ~ ~ ~ ~ ~. ~_ ----g- -----.2- :::::: ::::::

i g ----ii- ---"3" :::::: :::::: :::::: :::::: :::::: :::::::: :::::: ::::::3 6 4 1 8 1 _
_________ • .__ 37 12
_________________________________________________ . .__ 5 1
______ 7 6 .__ 5 6
_ ._ 10 4

1 1 . _

32 5 28 7 64 2 33 6 31 3 63 4
46 7 11 1 38 3 31 2 10 3

______ 7 4 . _
__________________________________ ._ 8 1 5 1
______ 7 4 1 _

'--iii- --·'2- :::::: :::::: ---2i- ----i-
3 2 7 1

3 7 2 • .____ 16 1

---20- ----2- ---i7- ----i- ~ ~ ---so- ----i- ----ii- ------i- ----5- ----i-
• • .____ 4 1 _

4 1 ._•• • • _

8 1 15 5 1
8 2 , __.___ 5 5

CHORDATA-Vertebrata-Continued
Pisces-Continued

Malacosteldae: Unldentilled. _
Photo8tomia8 sp. • . _
ArlBt08lomia8 ~intilla1l8 _
.-J.ri8t08tomias sp_. ._.• • •__

Idlacanthldae:Idiacanthus /a~iola • _
I. panamen8is •__ • _

8yntg~~~~:e~~~~_~~::::::::::::::::::::::::Aulopidae • • •• _
8copelarchldae: Unidentlfied _

Scopelarrhu8 ana/ls _
Scopelarrhoidcs fI-irhoisi. _

Evermannellidae: Unidentilled _
E.erma,meUa mrata • _
E. indlca • • •• _

~: ~:;b'::~!~~._.___:::::::::::::::::::::::::
E1rerma1l1lella sp • • _

Paralepldldae: Unidentilled • . __
Lut Id it,m japonlrum • • _
Le8lidium sp • • • _

Myetophldae: Unldentlfied • _
Eltrtrona crorkerL • _
E. rissoL • • • _. __ • _
Elertrono sp • • _
1111gophum reinhardti. • • _
H. hamen!. • • • _
H. be1loiti • _

~::~f:8~:::as~uborbitaie::::::::::::::::::B. jibu-lata • , _
Benthosema sp . . _
Diogenichthllslaternotus_ • • _
D. atlanticus • • _
D. panurgus • • . __ • _
Diogenlrhthys sp • • _
Gonichthys rocco • • _
G. teRuieulum • .
Centrobranchus '1Igro·ore/latus _
Tarletonbeania sp . _
Myctophum asperum---- _
M. brachygnathOB • . _
M. auralaternatum . . _

~: :$::~~-~.-:::::::::::::::::::::::::::M. evermanni. . • _
A-f. rujinum. _
M. raU/ornitnse _
Myrtoph-um sp _
Ctenoscopelus phengodes- _
Lampadena nlt/da _
Lampadena sp _
Notolllrhnus Mldioiae•• _
Diaphuslhela- _

~ia~f!'o::~~::::::::::::::::::::::::::
Lampanyrt-us pyrsolJolus---- _
L. macropterus _

1: ':;~::':~i_'::::::: ::::::::::::::::::::::L. omOlltigma _
L. sleinberkL _
L. leucopsarus_. _
L. nan-Roehir _
L. ritterl. _
L. regalis _

t~~~;;;;:~Sgii.-._:~::::::::::::::::::::
Cerato~opeluslownsendl. _
C. maderensi8. _. _

ce:rrrif:f~:~~~ ~~-_::::::::::::::::::::::::
OIganturidae:

Gigantltra Indira. ___ ___ _____ _____ _ 80
Nemienthyidae: Unldentlfied_______________ 35

Nemic~thys scolopareus . 110-1.200
A/IOCetlina in/a1ls__ ___ ________ __ 170--390
Serrioomer beanL._______________ 40--320

Belonldae . . __ 3fH15
Scomberesocldae____ ___ ____ 86
Hemlrhamphidae . . 24-34

'Actual number not determined.
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ApPENDIX 'TABLE 8.-Ghed..:n.~t 01 orgllJI,;SHl-S c.apture,l ill 157 1/(/Ills 1{,Uh the 10·100t lsaars·l\:idd tra-wl. bll zOlles, 1955-56
Continued

SEC ECC NEC Hawaii NPC AC All zones

Organisms
Size

range
(mm.)

Aver· Aver· Aver· Aver· Aver- lAver.
Per· age Per· age Per· age Per· age Per· Average Per' age Per- age
cent num· cent num· cent num- cent num-' cent numbe-r cent num· cent num'

occur· ber occur- ber occur· ber occur- her occur- per oe.cur· ber occur- ber
rence per rence per renee per rence per renoo haul renee per rence per

haul lIaul lIaul haul haul haul
---------------1-------------------------------

2 • • • __ • • . _

1
6

3

____ ~ . ---ii- ----i- :::::: :::::: :::::: :::::: :::::: :::::::: :::::: ::::::

1 1
1 1
1 1

13 2
1 1

. 1
1
1
1
2

2

2 1
1 1

23 2
2 x
2 2
1 1
1 2
1 2
5 2
1 2

2 4

10 1
1 1
1 1
1 3
2 1
1 2
1 1
2 1
2 1
1 1

1 3
1 1
1 1

10 2
3 1
1 1
1 1
1 1
1 1
1 1
1 2
1 1
1 1

1
1

10
1
2
1

1 1
34 2
86 26
19 53

7 -- .. __4

1 .. _. _

8 1 __ . _
46 2 10 2
85 49 68 1623 100 _

7

1 ._ •. __ ,_,_, ._. _._. . . .. _

----i- ----i- ~ t :::::: :::::: _._:~ ~_ :::::: :::::::: :::::: ::::::
23 2 11 2 ._. ._ 8 2 . • _
3

----i· ----i- :::::: :::::: :::::: ::::::

4 6 1 • : __ • • ••. . _
_. .. _. • • ._ 4 1 . . _

20 156 343 5 41152162
-.---- "--2' ~ ~_ f t '---4- ----i- ----s- -·----2- ~ ~'!_.
__ ._ .. __ ._. . . __ ._. __ ._____ 8 1 . ._
._. __ • • ._ 8 2 ._., •. -. . .

6 2 • ,. • -- .• _
6 4 14 3 4 1 8 1 10 1

16 11 7 2 4 1 • • . _
________________ . __ _ ...•......•. __ ... __ .• • . 5 1
____ • _ .•. _.. .•••.. 4 1 . ._ .. _
• •• __ • __ •••• _ •••• _. • 4 3 • • __ • _

3 1 6 1 _._. . __ . __ . ._. __
3 q

__________~_ :::::: :::::: :::::: :::::: ----4- ----i- :::::: :::::::: :::::: ::::::
__________________ • • .___ 12 1 • ._. .

1 6 1 7 1 •__ ._ .. __ • __
1 ..•.• •.• , _._. • .. . _

4 3 __ •• _. _
4 1 __ .. ,. • _

---iii ----3- "--il- ----i· :::::: :::::: 1~ -t :::::: :::::::: :::::: ::::::
1 1 6 1 7 1 8 1 . . _

._. __ • • • .___ 4 1 _
1 • • _. ., _
1 __ •••• ._ 4 1 . _

._. .,. •• 4 1 • _
-- 1 1 __ •..• • • . __ . • _

__ •• _••• ._ •• • •• 8 2 _
1 1 _.. _.. _... _. . ._._._ .. _

________ . __ . .. _ 8 1 __ .. _

1 _.. _. __ .... , .._... _._. . . _

______ ._ .... • 7 1 -- __ . - _
4 1 ._. __ .•.__ • _
4 12 . •__ • _"--i' --"s- :::::: :::::: :::::: ::::::

1 1 ._._ ... .. . . _
2 2 ._._ .•••• • • _
1 1 _. . __ ._ . __ ... . .. _. __ -- . _

.... -- ·---2-
2

300

20-28
53-65
20-51
20-95
3S-50

80-96
50

3lJ(Hl20
413

82-555

7lHlO

24-72
21

20-70
31-52
2HO

38
20-50
49--50
22-77
55-65

21-33

2O-M
40
20

7s-9O
2lh'16
4~5

30
21-27

110-133
35

210-220
2&-51

44
20-175
70-170

82
80
32
20
24

20-60
22
41

30

70
26

<20
20

2H2
20

CHORDATA-Ve*brata-Continued
Pisces-Continulld

Exocoetidae: Unidentlfied • _
Eroeoetus sp _

Bregmaeerotidae: Unidentlfied_ " _
Bregmrweros maee/u/andL._, ••
Bregmaceros sp.. . . . __

Gadidae:Me/moous sp .. _-- -- - -- _
Flstularlldae .. ., .. _
Trachypterldae: Unldentlfied__._. -.. _

Trrwll,lP/erus ciistatus••' •••• _. _
c~ufo'i:cJ~~rus sp ._ .. _. -..• ---

Anoplogaster cornu/us. . _
Dlretmldae:Diretmus argen/eus • •
Holocentridae . _. • • _
Melamphaidae: Unldentified __ • _

AlelamplIa" sul/orbi/alis. _
M. !ron/osus.. _. _. . _
M. robustus. . _
AI. bean!/. •• • _

zeldg~€~~~~~~:-~~~::::::::::::::::::::::
Serranldae:Plane/an/lIias sp . _
Apogonidae:HoweUa sllerbornl..•• _

Howella sp_. . • ••
Carangldae: Unidentlfied _

Dtcapterus pinn-u/atus _
Bramldae: U1J:ldentified. _•. .. ._

Rrama 'au .. . _
CoUlIbus drrwllme • _

Chaetodontldae. _
Chlasmodontldae: Unidentified. _

Pseudoscopelus repllat-us • _
Pyramodontldae:Snllderidia sp ._ .•
Brotulldae: Unldentified ._

Brotula muUibarbata • .
Gempylldae: Unldentlfied _

GemplIlus serpens_ •• -'" _
Trlchlurldae: Unldentlfied__ .• • __ •_..

R81l/lIodesmus sp._. _.••. _
Nomeldae: Unidentlfied._. _

Cub/reps sp•• • __ •. . __ .
PBenes sp_ •• . _. _. _

Thnnnidae: Unldentlfied_ .. _
Katsuwonus pelamis •• '_

Bothldae .. . _._
Monacanthidae:

PerDagor me/anoeepllalus • •
Ostracildae:

Laclorla diaplla7lu-s•• _. . . __
Dlodontid8e_. .. _. __
MoJldllP: Unldentlfied ... _

Aloia mola•• •_••••• _
Ranzania laeDis : ••• _
Mas/urus sp•.•. .. _.. _

Hlmantolophldae:
Himan/olopllus groen/andicus. _

Ceratiidae:Cr,lpiopsaras rouseiL. _
Leptocephali: Unidentified•• _
Unidentified Plsces_ . _

UNIDEN'pFIABLE MATERIAL •.

1 Actnal nilmber not determined.
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