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INTRODUCTION

This is the second interim report on an investigation of the
deep~swimming tuna resources of the central Pacific Ccean (fig. 1),
This study is being conducted by the U. S. Fish and Wiidl:ife Service
through the Pacific Oceanic Fishery Investipations (POFI), The first
report (Murphy and Shomura 1953) dealt with the results of fishing
during the period from July 1950 to September 1951. The fishing on
which this report is based took place from January to June 1952,

During Cruise 11 of the John R. Manning (fig. 2), January
to March 1952, section lines were fished across the Equator at 180°,
169°, and 155° W. longitude. Cruise 1 of the Charles H. Gilbert
(May and June 1952) included sections at 130° and 120" W. lcngitude,
In this paper the results of fishing are discussed together with a
preliminary evaluation of the relation of the tuna to the environment.

We use the vernacular names of the fishes throughout the
report. These with their commonly accepted scientific names are
as follows:

White-tipped shark - Carcharinus longimanus (Poey)

Silky shark - Carcharinus sp.1l/

Great blue shark - Prionace glauca (&innaeus)

Bonito shark - Isurus glaucus (Muller and Henle)

Marlin - Makaira sp.

Sailfish - Istiophorus orientalis (Schlegel)

Wahoo - Acanthocybium solandri (Cuvier and
Valenciennes)

Dolphin - Coryphaena hippurus (Linnaeus)

Yellowfin tuna - Neothunnus macropterus (Temminck and

Schlegel)

Bigeye tuna - Parathunnus sibi (Temminck and Schlegel)

Skipjack - Katsuwonus pelamis (Linnaeus)

Albacore - Germo alalunga (Bonnaterrs

Lancet fish - Alepisaurus sp.

Barracuda - Sphyraena barracuda (Walbaunm)

ACKNOWLEDGEMEN TS

Several persons contributed to the planning and organization
of the two cruises, including O. E. Sette, D. L. McKernan, and
W. F. Royce, Dr. Royce is also responsible for the provisional iden-
tifications of the sharks. The successful completion of the cruises
was due in no small part to the enthusiastic performance of the
officers and fishermen of the John R, Manning and the Charles H. Gilbert.

AV species closely resembling C. floridanus Bigelow, Schroeder,
and Springer, and C. ahenea (Stead),
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FIG. 2. THE JOHN R MANNING AT THE EQUATOR ON 180° THE CREW HAS JUST FINISHED SETTING THE LONGLINE.



W. G. Van Campen translated the Japanese fishing data included in the
report, Miss Jean Halling assisted in processing the catch records.

OPERATIONAL DATA

Longline fishing on the Manning and Gilbert was done in
essentially the same manner as on the Hugh M. Smith (Murphy and Shomura
1953) with minor modifications, Forty baskets of standard POFI long-
line gear (Niska 1953) were used at each station during the cruises under
consideration. Each of these baskets had a main line 1,260 feet long
with six evenly spaced hook droppers. Each dropper was 88 feet in
overall length. At certain stations on Cruise 11 of the Manning, 5
additional baskets of experimental gear were set, These will be
discussed in a later section., Fresh frozen sardines, approximately
four to the pound, were used as bait. Before use they were thawed
and packed in rock salt for from 1 to 3 days. The baits were hooked
through the eyes,

Setting of the gear began about dawn and usually took an
hour. Retrieving the gear usually started at noon and finished
about 4:00 P.M. Tables 1 and 2 give the exact working time for all
stations. These tables indicate that the stations were in general
comparable as regards the length of time the gear was fished and
the daily scheduling of the fishing.

- HORIZONTAL DISTRIBUTICN OF YELLOWFIN TUNA

The results of the first longline cruises to the equatorial
Pacific in the vicinity of 150°-160° W. longitude during the period
from August to November indicated a marked concentration of deep-
swimming yellowfin tuna in a zone north of the Equator (Murphy and
Shomura 1953). These surveys were made during a period of predominant
southeast trades, which cause upwelling near the §quator and tend to
displace the upwelled water northward (Cromwellg.)o It was tenta-
tively concluded that this enriched water, with its increased plankton
and presumably increased tuna forage, was directly linked with the
observed concentration of yellowfin.

Extrapolation of this theory to periods or areas charac-
terized by winds other than southeast indicates that the location
of the most productive zone should be somewhat different. Northeast
winds should create a mirror image of the circulation created by
southeast winds, with the zone of greatest productivity displaced
to the south of the Equator. Easterly or variable winds should
result in the zone of greatest productivity being symmetrically
arranged about the Equator.

2/ Cromwell, Townsend. MS. Circulation in a meridional plane in
the central equatorial Pacific.



Table 1.--Time taken for setting and hauling the longline,
John R. Manning Cruise 11,

Number | Time |[Time taken | Time Actual time |Fish~handling

of started [for setting|started{ taken for brea

Station|baskets | to set] (min.) to haulfhauling (min.) (min. )
1 Lo 0615 L7 1213 237 65
2 n 0613 62 1206 240 6l
3 " 0620 55 1222 212 61
4 n 0618 59 12085 211 62
5 " 0620 78 1220 179 59
6 " 0615 & 1217 173 65
7 n 0600 78 1211 9L 63
8 n 0612 61 1209 201 60
9 " 0611 62 1210 167 58
10 LS 0605 6l 1218 190 59
11 " 0605 68 1205 207 65
12 n 0607 67 1206 216 65
13 " 0600 65 1215 184 67
1L n 06C6 Sk 1210 2LC 58
15 " 0600 70 1217 213 65
16 n 0605 60 1222 212 69
17 " 0602 6L 1204 L3 63
18 Lo 0603 67 1207 1461 67
19 L5 0616 70 1155 209 63
20 n 0615 68 1203 226 63
21 " 0607 72 1207 230 63
22 " 0600 (n 1210 2,0 65
23 " 061C 71 1206 225 71
2L " 0607 6l 1205 214 63
25 " 060l 68 1205 215 65
26 " 0600 73 1158 234 66
27 Lo 0608 70 1200 250 62

Average time for

LO-basket sets 6l Ly 202.3 63,6
mir, min, min.,
(mean for all
sets)
Average time for
L5-basket sets 67.0 218.6
min, min.

1'/F‘ish—hamdling break came midway during hauling period.



Table 2,--Time taken for setting and hauling the longline,
Charles H. Gilbert Cruise 1.

Time Time taken Time Actual time | Fish hiiyling
started |for setting | started taken for brea
Stationl/[to set (min. ) to haul {hauling (min,) (min. )
1 061: 58 1235 225 25
2 0600 50 12L45 168 27
3 0600 55 1225 193 L2
I 060% 50 1225 175 30
5 0605 50 1300 135 25
6 0605 50 1255 165 35
7 061C 50 1300 230 30
8 0615 55 1255 1L0 Lo
9 05L5 €0 1247 133 Lo
10 0555 55 1255 1L5 50
11 0550 55 1255 150 L5
12 0555 55 1305 155 L0
13 0605 60 1315 155 Lo
1l 0600 55 1300 235 50
Average Sh.1 173.1 37.1

l/ L0 baskets were used at each station.

g/ Pish~handling break came midway during the hauling period,



The five section lines discusied in tnis repurt were
fished during the period January to June on 120°, 130°, 155°, 166°,
and 180° W. longitude. In general the period January to June is
characterized by either northeast or variable trade winds,
although southeast winds begin to predominate towards the end of
the period, particularly at the eastern end of the area (120°-130°).
According to U. S. Pilot Charts the period of fishinz along 120° W.
in late May 1952 was preceded by about a month of predominant but
moderate southeast trades as was the 130° W. section fished in early
June of 1952. TFishing on the 155° W. and 169° W, s2ctions in
February and March of 1952 was preceded by winds zbout equally divided
between northeast and southeast, and the 180° section fished in
February of 1952 was preceded by predominantly ncriheast winds,

The actual winds experienced during the fishing of tne=ze sections
(table 3) are entirely compatible with the mean picturs presented
by the Pilot Charts, indicating that the winds during and possitly
preceding this fishing closely resembled the normal cr average
picture,

Table 3.--Average wind direction and Beaufort force at the
fishing stations, John R. Manning Cruise 11,
Charles H. Gilbert Cruise 1.

Longitude -
Latitude 180° 16°W 156°W 130°W 120°W
9°N - - - - E -03
8°N - - NE-06 SE-0L -
7°N - - NE-06 - S -C5
6°N - - - SE-02 -
5°N - - NE-06 S =01 S =05
LN - NE-05 E -05 - S =0i
3°N NE-03 | NE-OL E -06 S =0l SE=0),
2°N - - - SE-0L SE-03
1°N NE-03 | NE=CL E -05 - -
Equator NE=02 | E =0k N =03 o =Gl SE-C3
1°S NE-03 | E -OhL NE-OL - SE-OL
2°S - - - - -
3°s NE-0L | NE-OL E -0L - -
L°S NE-05 | NE-OL - - -
5°8 NE-05 | E =04 - - -
6°S - - - - -
7°8 NE-O, | E ~05 - - -
8°S NE-OL - - - -




Turning to the temperature sections along each fishing
line {figs. 3 and L), it is apparent that, as might be expected from
the wind observations, some upwelling was taking place in the vicinity
of the Equator in each instance. Yotz especially the decreased surface
temperature and the doming up of the isctherms near the Equatcr., The
approximate location of the easterly flowing Countercurrent, included
for orientation in figures 3 and li, was determinsd on the three

western sections by a combination of, ship's drifts,; drifts of the
longline while on station, and GEXE/ fixes by the Hugh 1. Smith while
in close company with the fishing vessel, On the two ecastern sections
{120° and 120°) the location of the Countercurrent was taken from

", S. Pilot Charts for the appropriate months,

Consideration cof the results of the longline fishing
(fig. 5) with the observations on the hydrographic structure (figs.
2 and L), the winds observed during the fishing (table 3), and the
mgan or average winds represented on the Pilot Charts indicates rood
agreement with what might have been expected a nriori. Each of the
five sections (fig, 5 and table ) shows a zone near the Equator
in which yellowfin tuna were more abundant than to the north and
south and which, in all likelihood, is associated with the upwelling
suggested in the temperature sections. The more precise latitudinal
location of the greatsst concentration of yellowfin appears compatible
with the average winds recorded on the Pilot Charts and the observed
winds during the fishing. For instance the 120° and 130° sections
which were associated with southeast winds, had their peaks of
abundance north of the Equator. The 155° and 149° sections, which
were associated with variable winds, had their peak abundance of
yellowfin nearly centering on the Equator, and the 180° section,
associated with northeast winds, had its peak of yellowfin abundance
displaced to the south.

Including the two sections previously repcried on by Murphy
and Shomura (1953), thers are seven secticns reconcilable with the
theory that, through upwellingy, southeast winds create a favorable
environment north of tne Equator, northeast winds tend “u create a
favorable environment soulh of the Zguator; and veriahle or east
winds create a favorable environment tending to center on the Equator.
This is advanced with no implications as to the exact level of
abundance that the yellowfin will attain in the "zone of greatest
abundance." Predictions of the level of abundance would apvear to
involve many more complexities than simple prediction of the loca-
tion of the greatest abundance on the basis of prevailing winds
at and near the Equator,

ézrGeomagneticelectrokinetograph, an instrument for measurement of
surface currents,
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Table L.=--Summary of tne tuna catching rates, John R. Manning

Cruise 11 and Charles H. Gilbert Cruise 1.

Number caught per hundred hooks
Yellow=: Bipg- | Alba- | Skip-
Station Nats Latitude | Longitude fin eye core jack
Mannin
Cruise 11

1 1-29-52 | 08°02tN 154°58ty - 0,41 - -

2 1-30-52 | 06°LO'N 155°05tW O.L1 | 0.41 - -

3 1-31-52 | 05°20'N 155°00tW - 5.79 - -

L 2-1-52 OL°OL'N 154L°56rW 9,92 - - 0.41

5 2-2-52 02°u5'd 155°11'W 5.37 | 1.24 - -

6 2-3-52 01°20'N 155°03'W L.96 | 0,83 - 0,41

7 2=U~52 00°02'S 15L°57W 7,02 - - 0.83

8 2-5-52 01°20'3 155°06'W 7.02 | 0.83] 0.83 2,07

9 2=6~52 02°41'5 155°061 % L.5h - 1.24 0.4l
10 2=-16-52 | 02°35'N 179°55'E 1.24 - - -
11 2-17-52 | 01°18'N 179°55E 1.65 | 0.41 | 0.83 0,41
12 2-18-52 | 00°01'S 179°50'E 3,30 | 0.41 | 0.83 -
13 2-19-52 | 01°18'S 180°00¢ L.13 - - 0.41
14 2-20-52 | 02°39'S 179°5LTE 3,30 | 0,41 | 0.83 -
15 2-21~52 | 0L°03'S 179°581E 0.83 | 0.L1 | 0.83 -
16 2~-22-52 | 05°221'5 179°57'E 0.4l - 5,79 -
17 2=-23-52 | 06°Li4'S 179°58'W 1,65 - 2.48 -
18 2=-21,~52 | 08°00'S 179°56% 0.4l - 2,48 -
19 3-L=-52 06°5L0S 169°03'W 2.89 - 2,07 -
20 3=-5-52 05°187S 169°0340 0.4l - 0.83 -
21 3-6~52 0L°02tS 169°0Lti 2.07 { 0.L1 | 1.65 0,41
22 3-7-52 02°43tS 169°00'W 1,65 | 0.1 - -
23 3-8-52 01°20'8 169°00'W 3.72 - 0.41 -
2L 3=9~52 00°00" 169°02'W 6.20 - - -
25 3-10-52 | 01°21'N | 169°01'W L.Sk - 0.41 1,65
26 3-11-52 | 02°51'N 169°CC W 2.89 - - -
27 3-12-52 | OL°10'N 168°L0'W 1.2 | 0.41 - -

Gilbert
Cruise 1

1 5-28~52 | 09°10*N 119°L0'W - 1.2} - 0,11

2 5-29-52 | 07°09'N 119°00W 0.41 | 3.31 - -

3 5-30-52 | 05°27'N 119°38'W 0.83 | L.13 - -

L 5-31-52 | 04°18'N 119°35'W 3,31 { 2,07 - -

5 6-1-52 03°18'N 119°54'W 1.24 | 0.4 - -

6 6=-2-52 02°05'N 120"11'W 2,07 - - -

7 6-3-52 00°19 N 119°58'W 1.65 | 0.83 - -

8 6=L-52 01°09tS 119°L1W - 0.83 -

9 6-8-52 00°21'N 129°23'W 1.24 - - -
10 6-9~-52 02°19'N 130°07'W 5.37 - - -
11 6=10-52 | 03°17'N 130°28'% 5,37 | 0.41 - -
12 6-11-52 | OL°30'N 130°15'W 3,72 | 1.65 - -

1 6-12-52 | 06°056'N 129°55 W 2.89 - - -
1 6-13-52 | 08°00'N 130°2L'W 1.65 | 2.89 - -
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ALBACORE

One of the more interesting results of the fishing on
180° W longitude was the surprisingly high catch of albacore at
5°-8° S. latitude (table L). A relatively high catch was also made
at 169° W. longitude, 7° S. latitude (table L). These catches were
made up of large individuals (table 5), many of which appeared to
be sexually mature. It is possible that this area contains concen-
trations of albacore capable of maintaining a sizeable commercial
fishery.

Table 5.--Length frequencies of albacore and skipjack,
John R, Manning Cruise 1l.

Albacore Skipjack
" Approximate Approximate

Length Humber weight Length Number weight

Ch, pounds cm. pounds

83 1 25 62 - -

8l; 1 26 63 - -

85 1 26 6l - -

86 3 27 65 - -

87 1 28 66 1 14

86 1 29 67 1 15

89 L 30 68 - -

90 8 31 9 - -

91 9 32 70 - -

92 3 33 71 - -

93 1 35 72 - -

9L 2 36 73 - -

95 2 37 7k - -

96 3 38 75 - -

97 1 9 76 3 2l

98 1 Lo 77 L 25

99 3 L2 78 3 27
100 2 L3 79 1 29
101 1 Lb 80 2 30
102 1 L6 81 1 31
103 1 L7 82 1 32
104 1 L8 83 - -
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SIZES OF YELLOWFIN AND BIGEYE

The sizes of the yellowfin tuna taken on the five section
lines increase from west to east (table 6) with fish averaging about
110 pounds at 180° and 1LO pounds at 120° W, longitude. West of 180°
the trend to smaller tuna continues in an irregular manner to 135° E,
longitude, where Japanese iemmercial longline catches averaged
62 pounds (iMurphy and Otsut ). A parallel trend is evident in the
bigeye tuna east of 180° (table 7), and similarly west of 180° long~
line catches of E?is species were roughly LO pounds lighter in weight
(Murphy and Otsu™*’) than between 180° and 120° W. longitude,

SEX RATIOS

With the exception of albaccre the various species of tuna
in the catches (table 8) have a preponderance of males, although the
yellowfin tuna disproportion is the only one that is statistically
significant, The excess of males in longline catches of bigeye and
yellowfin has been previously noted iﬂ;catches from 140° E. longitude
to 150” W. longitude (Murphy and Otsu¥ , Murphy and Shomura 1953).

In albacore the excess of females is not statistically significant,

JAPANESE FISHING

Japanese longline fishermen began cperating in the central
Pacific in May of 1952, A summary of the most pertinent data from
these operations in May and June of 1952 is given in table 9. This
fishing along 170° W. to 180° shows very clearly that there was a
concentration of yellowfin from the Equator north to about 5° N,
latitude, and that yellowfin were relatively scarce north of this
zone during both May and June of 1952, It also furnishes a good
indication that bigeye tuna were considerably mcre abundant north
of 5° N. latitude than south of that parallel. Because of the
relative scarcity of bigeye and because of the necessarily limited
extent of our fishing, it has not been possibie to make any such
definitive statement frem cur data, although there have been similar
indications in nearly every fishing section. The catches of the other
species included in table 9 do not show such pronounced differences
in abundance with latitude,

The general levels of abundance (catch per hundred hooks)
of both yellowfin and bigeye tuna are in close agreement with results
obtained by the Manning's fishing (compare tables 4 and 9), even though
the Japanese fishing took place 3 months later in the year. This is
an indication that our catch rates made with 2,0-hook sets are com-
parable with catch rates from the 1,50C- to 2,000~hook sets used
by commercial fishermen. In addition the sizes of the tunas were very

similar (compare tables 6 and 7 with table 10), for the exploratory
fishing and the full-scale commercial operations.

Ly Murphy, Garth I., and T. Otsu. MS., Analysis of the catches of
nine Japanese tuna longline expeditions to the western Pacific Ocean.

1k



Table 6.--Length frequencies of y=1llowfin tuna,
John R, Manning Cruise 1., Charles H.
Gilbert Cruise 1,

Length 177807 16§2ngi§§§% Wei§o° 120° Ap§;§§§$3te
= pounds
72 - - - 1 - 33
97 - - - - . o

102 - - 1 - _ L6
107 - - 1 - - 53
112 1 - 3 - - 6
117 1 - N - - o9
122 2 3 6 - - 78
127 7 8 6 1 1 88
132 9 5 3 1 1 100
131 11 5 10 2 1 110
142 1L 23 19 5 6 123
L7 9 10 16 L 3 137
152 1 L N 8 3 150
157 - 1 2 2 z 166
162 - - - 5 o 182
167 - - - 2 1 200

Total 55 59 75 31 19

¥2ﬁ§th 136.7 |139.5 |136.6 | 148.3 | 7.0




Table 7.--Length frequencies of bizeye tuna,

Jomm R. lanning Cruise 11, Charles &

e

Gilbert Cruise 1.

Lonpgitude West Approximate

Length 1807 [ 15971 15571 130° [ 1207 weight
Cm.. pounds
107 - - 1 - - 53
112 - - - - 1 56
117 - - 2 - - 75
122 - - 3 - 1 85
127 - - 2 - 1 95
132 - - 2 1 L 107
137 1 - 2 - - 119
12 1 - 2 1 1 132
147 1 1 1 - - 146
152 - - 1 2 2 141
157 - 1 3 - L 177
162 - - - 1 3 195
147 - - - 1 3 198
172 - - - 1 1 232
177 - - - 1 2 252
182 - - - - 1 273
187 - - - 1 1 295
192 - - - 1 - 320
197 - - - - 1 345

Total 3 2 19 10 2¢

X

zgizth 142,0 |152,0 ) 13.5| 1£2.5 [ 155.5

Table 8.--Sex ratios, Jomn R. Manning Cruise 1l
and Charles H. Gilbert Cruise 1

Yellowfin Bigeye Albacore Skipjack
Cruise Male |Female | Male | Female | Male [Female | Male | Female
Manning 11 | 120 73 17 10 25 33 9 7
Gilbert 1 33 23 19 9 - - - -
Total 153 96 36 19 25 33 9 7
Percent 61 39 65 35 L3 57 56 Ll
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Table 9 ,==Summary of Japanese commercial fishing in the central

Pacific during May and June 1952,

Adapted from

Kenagawa Prefecture Fisheries Experiment Station
llonthly Report No. 2, July 1952,

May May June June
Ttem 00 - 05N }JO7 - 11.,5°N |00 - O4'N 09 - 11.5°N
176° W 178° = 16L°W [ 179 - 168°W | 180 - Z6L°W
Number of boats 1 7 L 7
Hook-days 21,000 187,020 106,800 180,590
Catch per
hundred hook-days:
Yellowfin tuna 3,33 0.06 6.41 0,09
Bigeye tuna :1@67 2,61 0,37 2.71
Albacore - 0.01 0,02 -
Skipjack 0,13 0,11 0.21 0,30
Black marlin 0,52 0.58 0,29 0.74
White marlin - 0.03 0.01 -
Striped marlin - 0.02 - -
Broadbill 0.01 0,03 0,01 0.02
Sailfish 0,03 .10 0.15 0.10
Miscellaneous 0.05 0.1k 0.2C C.21
Sharks 0,67 1.28 Ootih 20”8
All soecies 6.h1 L.B7 8,15 .85
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Table 10,--Length frequencies of turas taken by Japanese commercial
fishermen in the central Pacific during llay and June

1952,

Adapted from Kanagawa Prefecture Fisheries

Experiment Station Monthly Reports MNo. 1, June 1552,
and No. 2, July 1952,

Bigeye tuna Yellowfin tuna
May June June.
Length 07-11.5°N |00-11.5°N | Approximate | 00~0.5°N | Aporoximate

16L~178°W |180-172°W weight 179-172°W weight

Cme pounds pounds
less than 100 L - - - -
101-110 21 7 55 “ 50
111-120 174 13 71 65 €5
121-130 277 21 91 178 8l
131-140 Lk 38 114 343 106
141-150 581 35 140 513 131
151-160 554 5k 171 85 160
151-170 L36 30 205 - 192
171~180 230 17 2Lk - 230
over 191 75 3 - - -
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co~swimming tunas are mosh abundant

Fal

ig of c2ily and of ocractical importance

Comme en oroviously roted {a,r, Hakamura lob,,

bChl 1952, and *urp;v and Shomura 1553) that i gener.’ yellornfin and
were ‘aken ir greater numbers on the lowermost hocks of

In the absence of infermaticn on thz zctuzal
the cztonss con be examinsd for cateh rates at *krﬂe
levels [shallow, intermediate, and desp). Txamination

of wyellowlin and bigeye twne by relative depth of capt for lanning
Cruise 11 (tables 11 and 12) show “hat tno doener-fishing hooks usually
had hicher catchess than the shallow heoks., FEoth chi-square analyses,

hoof capture,
ive depth
the catches

e

howsver, show significant interaction 2hi-sguarcz, which indicetes
thzt She pattarn cf more fieh on the C'@y hookz was nci consistent,
Significently more yellowfin were taken on the shallow hooks at
stations 7, 23, znd 2L (tabls 11), Tae h zeys data (table 12) show
a raversal in the relationship of the intermediztsz and deep hcc‘wo
These deviations may well be sxpectad if the position of the line
with respect to critical isctherms or the thermﬂcline iz different
from station to station. The distribution of the albacore catches
(table 13) gives good evidence that this =pecies czcupies the deever,
conler strata of water in the tropics.

)

[{V Y

e 3

e depth data from Gilbart Cruise 1 (Tab s 1l and 13)
. . : e O e .
indicate that. wien +hose sections on 120° and 130° ¥, longitude were
fished, the yellowfia were not stiratifiled with ﬁe?tr so far as the

depth rangze fished by our gear is concermed. The bigeye, on the
other hand, ~eve evidence of belng more abundant aht the levels
fished by the deep hooks “he failure of +the deen hooks to cz*eh

mere yellowfin may be a ,Jn;t on of the shellow tz'wrﬁﬂllnef

experisnced during this fishi LY. ow thermocli nes,
with the nossgible artendant st ing of . have placed

g1l of +he hooks at more nesrl ¢ same lsvel ih o C.*‘n:e the
yellowfin are the least markedly stratified witn d % be

irined that 19 the differentisl btetween shaliow were
14 be noted in nes at tae

all, TiotYe oo ono Al ffarencs wou
ce relative deoth levels,

the actnal depth of the main line
rase of one ¢f tne central or
o6 lze 11 of the Manning., This gauge
furnﬁsn an cqtlnasa of the deepcst point resached by

to which the instrument waz attached. The
ion of the neofh indicatzsd by the gause and the depth of
therrocline {table 16} is 006{2 P £0.75, suzzesting
that under some ~ircumstances the thernocline 1Lm1t° the penetration

5® the gear, This result might be expected at least part of the time
as the thermocline is the boundary bhelween movinz surface water and
a

tively still deever layers,
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Table 11,--Chi-square analysis of yellowfin catches by hook
depta, Jorn R. lanning Cruise 11,

Number of fish Total 5
Station | Shallow| Intermediate| Nesp | number pa
hooks hooks hooks | of fish
b 7 £ 11 2l 1.750
5-61/ 4 9 10 25 1.039
7 10 2 L 1€ 6, 5007
8 3 5 8 15 2. 37¢
9-11Y| 3 6 7 18 0. 33k
12-13Y/ 6 7 5 18 0.3%
1-17L/ - 3 12 15 15, 500%%
18-221/ 2 8 8 18 1,001
032t/ | 1% L g 2l 9,250%%
25-27L/ 5 7 9 21 1,142
12,3269 Total X2 (d.f.20)
Total 59 57 79 195 L. 55k Pocled X2 (d.f.2)
370772**Interaction7&?
(d.f,18)

Hypothesis: The population of yellowfin tuna is homogeneously dis-
tributed with respect to depth; therefore a l:1:1 ratio

is expected from the three depth zones,

Conclusions: The significant interaction X, of 37.772 (d4.f. 18, P.£0.01)
indicates the data are not consistent; therefore the pooled
values cannot be accepted without reservation,

}/r?*stions lumved to give minimum exne~ted numbers of about 5.
% indicates a significant (P {0.05) chi-square value,

#* indicates a highly significant (P{0,01) chi~square value.
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Table 12.--Chi-square analysis of bigeye tuna catches by hook

R, danning Cruise 11,

depth, John

Number of fish Total 5
Shallow - |Intermediate | Deep | number xX
Station hooks hooks hooks| of fish
1-3Y/ 3 L 9 16 3,875
L-27Y/ 2 9 3 1k 6,112
10.017*Total X2(d.f.h)
Total 5 13 12 30 3,800 Pooled xz(dafDZ)
6.217*Interaction X
(d.f.2)

Hzgothesisé

Conclusions:

The pcpulation of bigeye tuna is homogeneously distributed
with respect to depth; therefore a 1:1:1 ratio is expected
from the three depth zones,

The significant interaction X2 of 6.217 (d.f. 2, P¢0.05)
indicates the data are not consistent; therefore the
pooled values cannot be accepted without reservation,

1/ Stations

lumped to give minimum expected numbers of about 5.

# indicates a significant (P<0.05) chi-square value,
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Table 13.=--Chi-square analysis of alhacore catches by hook depths,
John R. Manning Cruise 11,

Number of fish Total
Shallow |Intermediate | Deep | number >
Station hooks hooks hooks | of fish X
8-16L/ - 8 19 27 20.222%%
17-25L/ - 2 17 25 17, 260%
37.582%¢ Total X2 (d. f.L)
Total - 16 36 52 37.5L0**Pooled X2(d,f.2)
0,042 Interaction x2
(d.£.2)

Hypothesis: The population of albaccre tuna is homogeneously distributed
with respect to depth; therefore a 1l:1:1 ratioc is expected
from the three depth zones.

Conclusions: There is a definite difference of catch with depth, with
the lowermost hooks catchins more. This is indicated by
the significant individual, total and pooled 3(??s and by a
very low non-significant interaction X<,

1 . . <
-/ Stations lumped tu give minimum expected numbers of about 5,

#% indicates a highly significant (P(CLOI) chi-square value,
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Table 1li.--Chi-=qua f o
o 2, Zilbert Cruise 1.

Nurkar of fish Total
Shallow | Intermediate | Deep | number "
Station hooks neoks hcoks | of fizh p.o

1-6/ ; 10 6 | 1 2,795
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Table 15.--Chi-square analysis of bigeye tuna catches by hook
depths, Charles H., Gilbert Cruise 1,

Number of fish Total
Shallow |Intermediate | Deep | number 5

Station hooks hooks hooks| of fish LS

1-3/ L 5 12 21 5,429

L-1LY/ 5 4 11 20 2,918
2.2L6 TotalX? (d.f.L)

Total 9 11 23 L3 f,000% Pooled‘z? (d4.£.2)
0.246 Interaction 7(,2

(d.f. 2)

Hypothesis: The population of bigeye tuna is homogenecusly distributed
witn raspect to depth; therefore a 1l:1:1 ratio is expected
from the thrze depth zones,

Conclusicns: The preccAcp of a difference in the number of bigeye tuna
ﬂaug with deotﬁ ie indicated by & siznificant pooled
X2 of 8 000 d £.2, P£0.05) and a low nonsiznificant

intsractic n;(—

1 . . s
Y Stations lumped to give minimum expectzd numbers of about S,

# indicates a significant (P€ 0.05) chi-square value.
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These results, coupled with earlier findings (Murphy and
Shomura 1953), indicate that the actual depth reacted by the line is
a function of a complex of faciors. Only one cf these is readily
ascertainable and that 1s the distance between “uoys. Since this
distance governs the maximum amount the main line can sag down between
buoys it gives the maximum possible depth that the line can reach.
During Cruise 11 of the Manning the deepest hooks could have been
fishing at about 550 feet (table 17), with the other hooks at lesser
depths. Zven this figure is approximate as there is variation in
buoy distance between baskets and there is probably variation within
. a basket while it is soaking.

Table 17.—-—Average buoy distance as determined from setting
speed and time and maximum possible depth to
deep hooks, John R. Manning Cruise 1Y/,

Average Depth to
Station buoy distance deep hooks

1 €30 €28
2 830 £58
3 740 588
I 790 578
5 1040 LL8
& 220 518
7 1040 LL8
8 £20 S68
9 830 558
10 760 588
11 810 562
12 790 568
13 770 572
1L 6L0 £18
15 830 558
16 710 598
17 760 5883
18 900 528
19 330 558
20 810 568
21 850 LE
22 870 438
23 840 548
2L 760 588
25 81¢C 562
256 880 S48
27 930 508

Y Depth estimated from huoy distances
from curves in lurphy and Shomura (1953).
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CATCHAES ON EXPERIMENTAL 3E

fnalysis of earlier longline cruises indicated that the catch
of yellowfin and bigeye tuna was greater on the deeper-{fishing hooks
(Murphy and Shomura 1953). If abundance were truly a function of depth,
it should be possible to increase the catches by fishing at deeper levels,
Accordingly 5 baskets of special gear were fished at each of 16 stations
on Manning Cruise 11. On stations 10-17 (180° longitude) the gear had
50-fathom float lines instead of the usual 10, Thirty-fathom float lines
were used on stations 19=-26 (169° W, longitude). Operationally, the
special gear worked well., The hauling time was a little greater because
of tne long float lines, and there was somewhat more sirain on the line
hauler, but there did not appear tc be any reascn why such gear could
not be used in large-scale operations,

The catches of the 19 baskets of regular gear that were hauled
after the break and that were adjacent to the special gear were used as
a basis for comparison in order to minimize any possible effesct of unequal
fishing time. These comparisons, given in table 18, indicate there was
little if any difference in the yellowfin-catching efficiency of the two
types of gear. It is of interest that the albacore, the species showing
the greatest relative catch on the deep hooks of the standard baskets,
shows & &0-percent increase in catch over the expected when 50-fathom
float lines were used, even though the difference is not statistically
significant., In regard to relative depth distribution, the special
gear caught fewer yellowfin on the deep hooks and equal numbers of
albacore at all three hook levels in contrast tc the usual distribution
on the standard gear. For instance, the capture of 6 albacore on the
shallow hooks of LO baskets of special gear, contrasted with no albacore .
on the shallow hooks of 320 baskets of regular gear,; appears significant.
These numerical data are too scant to carry great weight, but indica-
tions are that the long float lines were allowing the hooks to sink
deeper so that the deepest hooks may have been baycnd' the greatest con-
centration of yellowfin and all of the hooks may have heen in the Ttast
albacore depths,

Table 18.--Analysis of catch of tuna with type of zear used.

Species Regular | Opecial
Station of tuna gear gear;/ X2
10-17 Yellowfin tuna 21 6 0,038
Albacore tuna 20 10 2,917
19-26 Yellowfin tuna 33 7 0,250
Albacore tuna 13 2 0,417

Y e special gear on stations 10 through 17 differed from
the regular gear by having 50~fathom float lines. On
stations 19 through 26 the length of float lines of the
special gear was 30 fathoms.
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During January, Fcbruary, and Tlarcn, the Join I, lanning occupied
fishing stations on 155°, 149°, and 180° W, loanzitide. Fishing

1 120° and 130° . lonsitude was done with the Charles H. Gilbert
durln” Yay and June, B

The catches made during these cruises gave furtner proof of the
prasence of a "rich zone" of yellowfin tuna previously reocrtad
for the equatorial region.,

The latitudingl varietion of this zone generelly coin
differences in the srovai 111* winds., dhere southaast
prevailed, the concentration of tuna was to the north
Squator, and where the winds were norinhzasterly or variable the
zone was displaced to the south,

ia
e

S
13

The hlgh catches of albacore tuna made in scuthern latitudes on
149° and 130° W, lonszitude point to a possible area of commercial
exploitation for this ssecies.,

Both the yellowfin and bizeye tuna increase in average size from
west to east.

With the exception of the albacore, the tunas {yellcwfin, bigeye,
and skiojack) showed a greatar catLu of males than females.,
Results of Japanese commercial fishing in the central Pacific
agreed closely as to catching rate and sizes of turz tolen with
those obtained by POFI vessels fishing in the same zeneral area
2 months earlier.

Both yellowfin and bigeye tuna were usually cauzht in greatsr
numbers cn the desper nooks. Excepritions probebly were due to
streaming of the line when the thermocline was at shoal lavsls,
e albacore catches revealed a more definite stratification,
with deep hooks consistently showing the highest catch rate,

ixperimental fishing with longer
modified zrear was fishing at =
in the capture of albvacore,

oat lines indicated that the
ral

o
fl
ueepa‘ lovel, and was more efficient
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Table 19.--Numbers of fish caught on John R. Manning Cruise 11
(LO baskets with 10-fathom float lines),

; ; , Sharks

! Yellow-| Big- | Alba-i Skip- White— Great
Station; fin aye | core<§ jack : Marlin | tipped | Silky | blue [Others

9 i i ?

1 - 1 - - . - - 1 |

2 1 1 - - - - - 5 | 12/

3 - 1k - -1 1 - - 5 iﬁ

L 2l - - 1 1 1 - N

5 13 3 - - - - - 1 -

6 12 2 - 1 2 2 - > | 12/

7 17 - - § - 4 - - |

8 17 b2 2 - 3 - 1 -

9 1 - 3 1 1 1 - 1 | ¥
10 3 - - - - 4 - 1 | 1Y
11 Iy 1 2 1 - 8 - 5 -
12 8 b1 2 - 2 7 - 2 -
13 10 Po- - 1 - 9 - 1 -
1, 8 1 2 - 2 5 - 3 -
15 2 1 2 - 1 1 - 1 -
16 1 - 1y - - 1 - 2 -
17 4 - | 6| - - 2 | - - | 1Y
18 1 - 6 - 3 - - -1
19 7 - 5 - 2 1 - - | 1/
20 1 - 2 - - 3 - 2 | 1/
21 5 1 L 1 - - - 5 -
22 4 . | - - - - 1 1 -
23 9 - 1 - 2 2 1 -
2L 15 i - - - - 5 1 - -
25 11 lo- 1 L - 1 1 - -
26 7 L= - - - 3 23 1 -
27 3 - - 1 1 - 1 -

1/ 3 lancet fish, 2 unidentified shark.
2/ 1 bonito shark.

3/ 2 lancet fish.

L/ 1 unidentified shark.

5/ 1 wahoo,

&/ 2 sailfish, 1 lancet fish.

1/ 1 barracuda,
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Table 20.--Numbers of fish caught on the 5 special baskets,
John R. Manning Cruise 11 (stations 10-17,
S0-fathom float lines; stations 19~26, 30~fathom
float lines).

oharks
Wnite- Great
Station | Yellowfin | Albacore | Marlin | tipped |Silky | blue
10 - 1 - - - -
11 - - - - - 1
12 2 - 1 1 - 1
13 - - - - - -
1 2 2 - - - -
15 2 - - - - -
16 - 6 1 - - -
17 - 1 - - - -
19 1 1 - - - -
20 - - - - - -
21 2 1 - 1 - -
22 - - - 2 1 -
23 - - 1 1 1 -
2L 2 - 1 2 - 1
25 - - - - - 2
26 2 - - - 1 -




Table 21.-—-Numbers of fish caught on Charles H. Gilbert Cruise 1

(LO baskets with 10-fathom float lines),

- Sharks
White- Great
Station | Yellowfin| Bigeye | Marlin| tipped | Silky| blue { Others

1 - 3 L 2 | - - 21/

2 1 8 - - |3 L 2/

3 2 10 1 - ; 1 23/

L 8 5 - 3 1 -

c 3 1 - 2 - 1 L/

[ 5 - - 1 - -

7 N 2 1 8 - - llg/./

8 - 2 - - - 1 -

9 3 - - 2 1 - -
10 13 - - 3 - - -
11 13 1 - 9 1 1 -
12 9 I - 2 2 2 -
13 7 - 1 - 2 2 s/
1l L 7 1 - 1 3 w8/

unidentified shark, 1 skipjack.

unidentified sharks, 1 wahoo.

unidentified sharks,
lancet fish,

wahoo,

unidentified shark.

dolphins, 1 wahoo.,

3 lancet fish, 1 unidentified shark,
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