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The comparison of catches by regular and deep
tuna longline gears in the Western
and Central Equatorial Pacific

Ziro Suzuk1*, Yukio WARASHINA* and Masamichi KisHIDA**

Abstract

The catches of tunas and billfishes made by the two types of longline gear, regular and deep
longline gears, were compared in terms of hook rates using the data collected at Yaizu Fish Port
during 1974 and 1975. Recently, aiming at bigeye tuna, the deep longline method has become com-
mon among small and medium sized Japanese vessels operating in the Western and Central Equatorial
Pacific, and now this method has mostly replaced the regular longline gear in that area. The hooks
of the regular longline gear are estimated to hang at the depth of around 50 to 120 m while those of
the deep longline gear cover between 50 and 250 m.

With exception of bigeye tuna, the hook rates of the regular gear are higher than those of the
deep one for all species of tunas and billfishes studied. Generally, billfishes, to a lesser extent sword-
fish, are inferred to bej relatively surface swimmer and the bigeye tuna seems to be the deepest
inhabitants among tunas and billfishes. The most remarkable differences with regard to the distribu-
tional patterns of hook rate between the two types of longline gear were observed in the case of
bigeye tuna, and the differences were attributed to the relative depths of hook and thermocline in the
sea. It seems reasonable to assume that bigeye tuna has much broader and denser distribution in the

Western and Central Equatorial Pacific than hitherto known.

Introduction

Generally, in the longline fishery, the construction of the gear and the fishing method
have been quite uniform regardless of the areas and species except on a few limited occa-
sions. However, the conservative characteristics of the longline fishing method recently began
to change when small and medium sized Japanese boats*** started to set the longlinehooks
deeper than before to catch bigeye tuna more effectively in the Western and Central Equato-
rial Pacific. The deep longline method has quickly gained prevalence, and at present, most
of the Japanese longline boats except the large sized vessels employ this method in the area.

The introduction of the new longline method would be an unique phenomenon that of-
fers certain additional information on the distribution, particularly the vertical distribution of

Received September 19, 1977. Contribution No 162 from the Far Seas Fisheries Research Laboratory
# Far Seas Fisheries Research Laboratory
** Tokai University (This work forms a part of the graduation thesis by Masamichi Kisuipa for 1977)
*##% It is known that some of South Korean tuna longline boats have been fishing with the similar
deep longline method several years earlier than the employment of the same by the Japanese
boats. However, no data are available so far on this aspect of South Korean fishery.
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tunas and billfishes. Furthermore, this information may provide some clue to analyze the se-
lectivity of the longline gear.

We would like to express our appreciation to many fishermen for their cooperation in
providing us information needed for this study, and to the personnel of the Computing Cen-
ter for Research in Agriculture, Forestry and Fishery at the Ministry of Agriculture and
Forestry for their assistance in making the various computations with the HITAC 8000
SERIES. The original draft manuscript of this paper written in Japanese and presented at
the Japanese Tuna Conference held in February 1977, was translated into English by Mr.
Tamio Otsu, Southwest Fisheries Center Honolulu Laboratory of the National Marine Fish-
eries Service. We owe very much to his translation in preparing the present paper. The
authors are also indebted to Messrs. S. Urvanaci, M. Honma, P. Parameswaran Pirrar, S.
Kikawa, S. Kume and T. Yonemor: for their helpful suggestions to our manuscript.

Materials and methods

Data

The data used in this study include log books collected from the longline boats that re-
turned to Yaizu in 1974 and 1975 (therefore, including the data for the end of 1973), cover-
ing 265 vessels reporting on 9,945 fishing operations and BT records for 1974 which were
obtained by the training vessels of the fisheries high schools and research vessels of the pre-
fectural fisheries experimental stations. The BT records were made available in the form of
section diagrams to the present study by the Oceanographic Division of the Far Seas Fish-
eries Research Laboratory.

During the survey period, deep longline fishing was restricted to the Western and Cen-
tral Equatorial waters and in the Banda Sea (Fig. 1), one of the major fishing grounds for
the small and medium sized boats under about 100 gross tons. Accordingly, for the purpose
of comparing the hook rates by two gear types, the log books were selectively collected from
the boats operating in those areas and the area between lat. 20°N and 10°S and between
long. 120°E and 160°W was set up for this study. Most of the logged data thus obtained
came from commercial boats although a small portion was supplemented by the research and

training vessels.

The construction of the longline gear and the differences between regular and deep long-

line gear

The longline gear is made up of the mainline, branch lines, float lines and floats. The
section between two floats is called a “basket” of the gear and this unit normally includes 4
to 6 branch lines. As typical examples of regular and deep gear, Fig. 2 shows the 6-branch-
line gear to represent the former and the 13-branch-line gear for the latter.

Table 1 shows the number of branch lines per basket of gear and average number of
baskets per operation by the various vessels studied during the survey period. The number
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Fig. 1. The area fished by vessels, using deep longline gear which entered
Yaizu in 1974 and 1975.

The numerals represent the number of fishing operations in various
5°-square areas. The contour lines enclose the whole tuna longline
fishing grounds and the quadrangle denotes the areas studied in the
present investigation.

Table 1. The number of branch lines per basket of gear and average number of basket
set per fishing operation for the longline vessels entered Yaizu in 1974 and 1975.

No. of No. of baskets

Gear type branch lines per operation No.. of vessels
326 6
Regular 5 356 33
332 81
274 12
8 233 4
9 222 13
10 189 36
[ il 159 58
Deep 12 161 40
13 148 51
14 150

15 157 6
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Fig. 2. Catenary curves of regular longline (above, represented by gear having
6 branch lines per basket) and deep longline (below, represented by gear
having 13 branch lines per basket).

Float lines were figured at 20 m in length, branch lines 30 m, and distance
between branch lines 50 m with sagging rate (see text) 0.6.

300

of branch lines varied from 4 to 15, and the number of baskets set per fishing operation
ranged from about 150 to 350 thus showing considerable variation among the monitored ves-
sels. However, generally all vessels were reported to use approximately 2,000 hooks per ope-
ration. Furthermore, through interview with vessel personnel, it was determined that certain
gear components were more or less uniform in that the float lines were about 20 m in length,
branch lines about 30m, and distance between branch lines about 50 m. From this it can be
inferred that the gear having more branch lines per basket fished deeper.

In this report the authors have arbitrarily defined the regular and deep longline gears

Table 2. The number of vessels of various size groups (gross tonnage) fishing regular and
deep longline obtained from the survey for the boats entered Yaizu in 1974 and 1975.

Number of vessls
Vessel size - E—

Deep longline Regular longline
51- 60 4 4
61- 70 51 33
71- 80 88 23
81- 90 — =
91-100 48 31

>100 5 20
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as follows: regular gear has 4 to 6 branch lines; deep gear has 10 and more branch lines.
However, it should be borne in mind that the two fishing methods thus defined are not ba-
sically different, but convertible by adjusting the number of the branch lines per basket.
There was generally no difference in the size of the vessels utilizing the two types of gear
(Table 2).

Depths reached by the hooks

The hanging depths of the longline hooks may vary considerably depending on many fac-
tors such as currents and sagging rates. Here, sagging rate is the ratio of horizontal distance
between the two floats to the stretched length of the mainline per unit basket. Sicne there
were no actual measurements of the hook depths in the present data, we had recourse to
theoretical method of calculating the hook depths described by Yosurmara (1951, 1954) in
which the mainline was assumed hanging in a catenary:

o=

———

sNG
D,:/za+/zb+L-{ (14cot? (pO)%—[(l—z%) +cot? go"‘]

where: D;; depth of j-th hook
h.; length of branch line
hy; length of float line
L; half of length of the mainline in unit basket
n, number of intervals between the branch lines in unit basket (number of
branch lines plus 1)
j; j-th branch line in unit basket (sequential number of the branch lines or
hooks counted from either one end of the unit basket)
¢°; angle made between horizontal line and tangental line of the mainline at the
connecting points of mainline and float lines.

Neither data for the angle ¢° nor &, the sagging rate, which could be used as a para-
meter to estimate ¢° indirectly (YosHruara, 1954) were available for the present study. How-
ever, the % value of 0.60 (approximately ¢° =72° was chosen as a representative for the
calculation judging from the relevent studies (HanamoTo 1974, Fujir and Okamoro 1971).

Changes in the shape and depth of the mainline in unit basket are shown in Figure 3
with various sagging rates ranging from 0.40 to 0.80 for the cases of the 6-branch-line and
12-branch-line. The calculated theoretical muximum hook depths in the case of £=0.60 were
around 170 m and 300m in the typical regular gear with 6 branch lines and deep longline
gear with 13 branch lines, respectively. However, the observed actual depths are considered
to be shallower by about 30 m to 50m than the calculated hook depths due to force of the
currents as observed by Hanamoro (1974).

Calculation of hook rates

Hook rates (HR) was used as an index which represents the density of fish exploited by
the longline fishery:
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Fig. 3. Changes in the shape and depth of the mainline in unit basket with various
sagging rates ranging from 0.40 to 0.80 for typical regular (6 branch lines,
above) and deep (12 branch lines, below) gears.

HR— (Number of fish taken/ Number of hooks set) < B
Where B is multiplier changing according to the species, 100 for bigeye and yellowlfin
tunas, 1,000 for albacore and blue marlin, 10,000 for swordfish, striped marlin, black marlin
and sailfish and shortbill spearfish. The calculation was made for each fishing operation by
species (sailfish and shortbill spearfish were combined, see next section) and gear type on

the basis of one degree square and quarter of the year stratum:
1 n
HRijkls: ; 2 HRijkIm
0=1

where HR;;u.; average hook rate of s-species taken by [-gear type in i-square, j-quar-
ter of k-year
HR;u.,; hook rate in o-operation in the ijkls stratum
n; total number of the fishing operations in the #jkls stratum.
The following calculation by one degree square was utilized for further analysis:
(1) Average hook rates by species, gear type and quarter regardless of the year.
(2) Quarterly average of (1).
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(3) Deviation of regular longline from that of deep longline in quarterly averaged hook
rates (2).

Limitations

It is preferable in the present study that the data to be compared are those obtained from
the same detailed spatial-temporal stratum. However, as stated earlier, the transition from
fishing with regular gear to deep one occurred very rapidly to a significant extent. The dras-
tic changeover, shown in terms of quarterly number of boats by gear type (Fig. 4), causes
problem in the analysis. That is, the number of cruises using the regular longline method
predominated over the counterparts in the first two quarters of 1974 while the reverse held
true after the third quarter of 1974. Therefore, the comparison of the hook rates in most of
the periods is hampered by the scarce number of the observations of either one of the two
types of gears. Compromise made with this problem is quarterly stratification of the data re-
gardless of the years in which the seasonally changing patterns of apparent abundance for
tunas and billfishes were assumed to be consistent among the different years. This quarterly
stratification was applied to computing the spatial distribution of hook rates by one degree
square obtained through two types of gear.

Another problem is related to the area dealt with. Although this area covers a vast ex-
tent, some species, for example striped marlin and albacore spend only fractional periods of
their life histories there. Furthermore, habitat segregation by size or by developmental and
physiological stages is not rare in the case of tunas and billfishes. Therefore, it should be
recognized that the result of the present study might not necessarily hold true of the rest of
the area.

Lastly, the present data acquisition systems of the Japanese tuna longline fishery do not

40+

30+

No. of cruise

2
1974 1975

Fig. 4. The number of cruises of vessels fishing with regular
longline (R.L.) and deep longline (D.L.) by quarters
of the year in 1974 and 1975.
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discriminate spearfishes (shortbill spearfish in this study for the Pacific Ocean) from sailfish.
Therefore, those two species were treated combined for the analysis,

Result

General aspects in the difference of the hook rates by gear type and species

Average hook rates for the whole surveyed area between lat. 20°N and 10°S and be-
tween long. 120°E and 160°W were compared by gear type and species (Fig. 5). The hook
rate by the regular longline was consistently higher throughout the surveyed quarters than
that by the deep longline in striped marlin, blue marlin, black marlin and sailfish and short-
bill spearfish while for the bigeye tuna, the reverse held true. As for yellowfin tuna and
swordfish, the regular gear showed better fishing efficiency than the deep gear in most of
the quarters. There seems to be little difference in the hook rates between the two types of
gear in the case of albacore.
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Fig. 5. Comparison of hook rates by gear type, species and quarters of the year
in 1974 and 1975.
Open and solid circles denote the hook rates by regular and deep gear,
respectively.
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Patterns of temporal changes in the hook rates by gear types are more or less similar in
swordfish, bigeye and blue marlin, but they differ from each other sometimes erratically for
the rest of the species.

Tunas

Albacore: In case of both the regular and deep gear, distributional patterns of the hook
rates are almost similar (Fig. 6 and Appendix Fig. 1). That is, two bands of the high hook
rates, separated by the areas of low hook rate in the equatorial region, were observed, one
in the area of north of lat. 10°N and the other south of approximately lat. 5°S to east of

180°
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Fig. 6. The distribution of quarterly averaged hook rates by regular (above) and
deep (below) longline combining data for 1974 and 1975 (small numbers of
data for the end of 1973 are included) for various species of tunas and
billfishes.

The figures in the charts indicate the quarterly averaged catch rates
over the whole area obtained by the two types of gear. Legend: First two
capital letters before hyphen denote species, D=deep longline, R=regular
longline.

Albacore: AL (hook rates: catch per 1,000 hooks)
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long. 170°E. The minor difference in this pattern between the two types of gear is the
slightly northward shift of the southern margin of the northern band with high hook rate to
lat. 10°N in the deep gear, in comparison with its location in lat. 10°N in the case of
regular gear.

Bigeye tuna: The hook rates for bigeye tuna were higher with deep longline gear in all
the quarters of the year (Fig. 6 and Appendix Fig. 1). The hook rates obtained with reg-
ular longline were generally lower in waters south of lat. 5°N. Although the area along lat.
10°N to the east of long. 180° is generally considered to be a principal fishing ground for
bigeye tuna by regular longlining, the deep longline encountered better fishing farther to the
south, 7. e, in waters between lat. 5°N and 10°S as well as in the Banda Sea. The hook
rate by both gear types tended to be lower in water along the equator. Also, in waters
along. lat. 10°N, the deep longline method appears to have relatively lower catch rates than
on either side of this latitude which is not the case with the regular gear.

Yellowfin tuna: Unlike bigeye tuna, the hook rates by regular longline were higher than
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Fig. 6. Continued. Bigeye tuna: BE (hook rates: catch per 100 hooks)



Comparison of catches by regular and deep tuna longline

130 140 160°E 170°€ 180" 170 1603,
T T T T TR 2o
4 T EEEEEEEN
o 1 T ARREERNEE R
EENEE I !
| I T g
[ | 17 I O
I 1 [N} | () O
1 VT X
] Il 9 / /] A2 Ze T
i ;s 5 0% "
IN4EEN %] 0 () . 10°N
7 i 1 4V4) I 4 1 X o I
) T d o
lel/] 0 | 1
/2 f N T
|| t T 1
[ X ) ) 0 d N
Zan iny BAREH 0 HA RN
x ¢ .
0 i :
0
[T L3 XA
> YF-R. W
Fhoos2 LT
g EH T TR RENN
i NEN R
B | Tt - T rors
120 130°E 140 150°E 160°E 170°E 180" 170'W 160'W
140°E 150 160°E 170°E 180" 170w 1600,
T T T 2o
T gl
0 0
a
0
0 10N
5 5
0 ]
)
\‘ 0
| T 0 N 3
T T Tl o v
mun [l ON%NE 0
] H
S
YF-D. H -H
hosor o N H
b, % RN SN T i i
rrﬁipﬁx SO RN} i
| NN NANCANNNN] NN NN RN I 108
120E 130°€ 140°E 150°E. 160°E 170°€ 180° 170'W 160°W
Fig. 6. Continued. Yellowfin tuna: YF (hook rates: catch per 100 hooks)
120 130 140°E 150 160°E 170°€ 180" 170'W

0

T SW-R. SH OREOCND
Qo o i 1.059
Ao 0 o e | o elsle
Bai Rl 5
) oumEN i1 e e ) ] -
120 130°E 140°E 150°E 160'E 170E 180° 160°W
130 140°E 150°€ 160°E 170E 180° 170'W 50
1 oo
i
I s 10N
o 0
o {
[
Y
ANRC| i o
s
% i =
g Hg M SW-p.  KLIDW
u X 10.833 )w-
= i %h‘@ﬁ\ WA
1 LT i gl 10's
120°E 130°E 140°E 150 160°E 170°E 170w 160°W

Fig. 6.

Continued. Sword fish: SW (hook rates: catch per 10,000 hooks)
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those by deep longline in all quarters of the year (Fig. 6 and Appendix Fig. 1). Further-
more, the distributional pattern of hook rates did not differ from that indicated by the reg-
ular longline. The hook rates by both gear types tended to be lower towards the east.

Billfishes

Swordfish: In this area, it is difficult to find any distributional characteristics for this spe-
cies in both gear types (Fig. 6 and Appendix Fig. 1). The hook rates appear almost rand-
domly distributed and the difference in fishing efficiency by gear type is relatively small with
the tendency of slightly higher hook rates for the regular gear.

Striped marlin: Distributional pattern of hook rate of this species is similar in both the
types of gear. The hook rates by the regular gear, however, show generally higher values.
Waters along lat. 10°N show the high hook rates in which the hook rates tended to be
higher towards the east. This area with high density along lat. 10°N extended farther west-
ward in the case of the regular gear than the deep gear.

Blue marlin: In both regular and deep gear, areas with high hook rates appear to be
located in the north of the equator. As in case of striped marlin, the hook rates by the reg-
ular gear in general are higher than those by the deep gear.
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Black marlin: No difference in the pattern of distribution of hook rates by gear type was
observed, except for generally higher hook rates for the regular longline. Areas with high
hook rates are markedly localized in the Banda Sea and its adjacent coastal areas.

Sailfish and shortbill spearfish: The hook rates by the regular gear are much higher than
those by the deep gear. However, in both types of gear, the areas with high density seem
to be located off the coast of New Guinea and around islands as well as in the Banda Sea.
The localized distribution of high hook rates to coastal areas seems to reflect the character of
sailfish rather than that of shortbill spearfish (Kikawa 1974, BEARDSLEY et al. 1974).
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Vertical temperature structure

In general the thermocline is well developed throughout the Western and Central Equa-
torial Pacific. There is a marked thermocline ridge in the vicinity of lat. 10°N, and the
thermocline deepens towards the north as well as the south. Also, the thermocline becomes
shallow in an eastward direction (Robinson and Bauer 1971). The station lines and their
vertical temperature structures as determined from BT observations made by the research and
training vessels in 1974 are shown in Figs. 7 and 8.

The present study generally confirms the thermocline topography reported previously.
However, probably due to selection of the specific single year for this study, the following
differences are recognized. The observations which are limited to areas west of long. 170°W
did not show any tendency of the thermocline to become shallow from west to east. Also, the
reported thermal ridge near lat. 10°N appeared to be shifted southerly to around lat. 8°N-
9°N.

According to the BT observations, the temperature changed suddenly from 25°C to 15°C
with the depth in all the areas exmined. Thus, for this report, the authors shall consider the
temperature (15°C and 25°C) as the enclosure of the thermocline.

20N 15 10 5 0 55

100

200

300 L
m

Fig. 9. Schematic representation of the thermocline structure between lat.
20°N and 5°S in the area between long. 130°E and 170°W.
The two vertical bars on the right edge show the range in hook
depths of regular and deep longline gear.
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Discussion

There have been no systematic studies on the vertical distribution of tunas and billfishes.
However, several researchers have reported on the greater depths inhabited by bigeye tuna
and relatively shallower distribution of yellowfin tuna and billfishes. Here, the authors shall
consider this subject in the light of data available at present.

A generalized hypothesis was set forth by Supba et al. (1969) regarding the distribution
of bigeye tuna. They examined the mechanisms involved in the formation of longline fishing
grounds and postulated that the swimming layer of bigeye tuna was either within or just be-
low the thermocline. This hypothesis was originally developed from Kawars (1969) study
which pointed out the significance of the thermocline in relation to the distribution of tunas.
The hypothesis advanced by Supa e# al. has been confirmed by Sarro (1975) who worked
on the vertical distribution of tunas using the experimental vertical longline gear.

Using the 1974 BT data which were combined with further observations not shown in
Figs. 7 and 8, the thermocline distribution within the area between long. 130°E and 170°W
was schematically charted for lat. 20°N to 5°S (Fig. 9).

Let us examine this figure along with Figure 10, which shows the average quarterly dif-
ference in the hook rates for various tunas and billfishes between the deep longline and reg-
ular longline. First, in the case of bigeye tuna, if it is assumed that the actual hook depths
of the regular longline gear would be from about 50 to 120 m, the areas where the regular
longline gear would fish effectively within the thermocline would be limited to waters north
of lat. 5°N. This may explain why the hook rate for bigeye tuna by regular longline was
relatively high along lat. 10°N. On the other hand, the hooks of the deep longline may fish
at depths of around 50 to 250 m. If so, then this gear is effectively fishing within the ther-
mocline in all areas between lat. 5°S and 20°N. This would explain why the hook rates by
deep longline exceed those by regular longline throughout the areas fished. Considering the
above, it is not unreasonable to surmise that the distribution of bigeye tuna is much broader
vertically than hitherto believed, and also that the abundance is also greater within these fish-
ing grounds.

It has been pointed out earlier that the hook rates of bigeye tuna by deep longline are
relatively lower along lat. 10°N than on either side of this latitude. According to the BT data,
the thermocline is shallower at around lat. 8°N-10°N, and the range of hook depths for the
deep longline should adequately cover the thermocline. However, since bigeye tuna are believ-
ed to occur within and just below the thermocline, it appears that many of the deep longline
hooks are located outside of relatively narrow thermocline in this area. This may possibly be
the explanation for the relatively lower hook rates by the deep gear at around lat. 10°N, but
further examination is needed to confirm whether this is really the case as explained in this
paper. Also, it is unable at present to explain the apparently low catches of bigeye tuna
along the equator.

For yellowfin tuna, the catches by regular longline were relatively high in waters north
of lat. 5°N, where the thermocline is shallower. There also appeared to be little difference
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multiplier of the hook rates for each species, see captions in Figure 6.
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in hook rates between the two types of gear in waters south of lat. 5°N. The above facts
suggest that the yellowfin tuna generally inhabits waters above the thermocline.

Albacore seems to have an intermediary character between that of yellowfin tuna and
bigeye tuna in terms of vertical distribution (Fig. 10). In areas between lat. 5°N and 12°N
where the thermocline is shallower, the hook rates by the regular gear are higher than those
by the deep gear as in the case of yellowfin tuna. However, relative fishing efficiency of the
deep gear to the regular one on either side of the shallow thermocline area is better in al-
bacore than in yellowfin tuna. This is more evident in the northern region.
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Fig. 10. Continued. Swordfish (SW: above) and striped marlin (ST: below).
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Table 3. Quarterly averaged hook rates and its variance by gear type and the ratio of the hook
rate of deep gear over regular gear for various species of tunas and billfishes basing on
1° square data totaling 776 deep and 873 regular longline samples.

Variance Ratio of Mean

Mean
Species = —— —— R

Deep Regular Deep Regular Deep/Regular
Sailfish and Shortbill spearfish 0.169 2.654 1.788 93.410 0.06
Striped marlin 0.564 2.007 3.461 42.198 0.28
Black marlin 0.296 0.870 1.485 6.383 0.34
Blue marlin 0.443 0.809 0.336 0.558 0.55
Yellowfin tuna 0.691 0.952 0.651 0.951 0.73
Swordfish 0.833 1.059 1.502 6.835 0.79
Albacore 0.683 0.835 2.840 4.531 0.82

0.746 0.417 0. 246 0.118 1.79

Bigeye tuna

Multipliers for the calculation of the hook rates are 100 for bigeye tuna and yellowfin tuna, 1,000
for albacore and blue marlin and 10,000 for swordfish, striped marlin, black marlin and sailfish
and shortbill spearfish.

The regular gear shows considerably higher hook rates than the deep gear for billfishes,
except swordfish, for which the hook rates are almost uniform over the areas surveyed (Fig.
10). No marked difference in the regional dominance of the hook rates by regular gear over
deep gear for the billfishes was observed, and this seems to be associated partly with relati-
vely deep location of the thermocline in the Western and Central Pacific. In other words, it
might be able to expect regional difference of the hook rates by deep and regular gears in
the Eastern Equatorial Pacific where the thermocline is situated shallower and changes its
depth drastically even within the limited areas.

In Table 3, the mean and variance of the quarterly averaged hook rates by gear type and
the ratio of the hook rates of deep longline over regular longline for the various species of
tunas and billfishes are summarized. The smaller the ratio, the more “surface dwelling” a
species is, at least for fish taken by longline in this area.

Information on fish size, probable change of their vertical distribution by day and night
and their feeding ecology is needed in addition to the accumulation of more data available
for the deep longline gear to promote the study on this line.

References

Bearpstey, G.L., JR., N.R. MerrerT and W.]J. Ricuarps 1974: Synopsis of the biology of the
sailfish, Istiophorus platypterus (Smaw and Nopber, 1971). 95-120. (in Proceeding of the Inter-
national Billfish Symposium, Kailua-Kona, Hawaii, 9-12 August 1972, Part 3. Species Synopses),
NOAA Technical Report NMES SSREF-675.

Fun, I. and H. Okamoto 1971: On the shapes of tuna longline gear under water and catches of



72 7. Suzuki, Y. Warasnina and M. KisHipa

tunas and billfishes. Showa 44 nendo Mie-ken Hamajima Suishi Jigyo Hokoku, 45-103. (in
Japanese).

Hanamoro, E. 1974: Fishery oceanography of bigeye tuna—I, Depth of capture by tuna longline
gear in the Eastern Tropical Pacific Ocean. La mer (Bulletin de la Société franco-japonaise
d’océanographie), 12 (3), 10-18. (in Japanese with English summary).

Kawal, H. 1969: On the relationship between thermal structure and distribution of longline fishing-
grounds of tunas in the Intertropical Atlantic—I, Analysis based on isotherms of thermocline,
etc. Bull. Far Seas Fish. Res. Lab., (2), 275-303. (in Japanese with English summary).

Kikawa, S. 1974: Synopsis on the biology of the shortbill spearfish, Tetrapturus angustivostris
TanNaka, 1914 in the Indo-Pacific areas. 39-54. (in Proceeding of the International Billfish Sym-
posium, Kailua-Kona, Hawaii, 9-12 August 1972, Part 3. Species Synopses), NOAA Technical
Report NMSF SSRF-675.

RosinsoN, M. K. and R. A. Bauer 1971: Atlas of monthly mean surface and subsurface temperature
and depth of the top of the thermocline North Pacific Ocean. Fleet Numrical Weather Center,
Monterey, California, 95 pp.

Sarrto, S. 1975: On the depth of capture of bigeye tuna by further improved vertical longline in
the Tropical Pacific. Bull. Jap. Soc. Sci. Fish., 41 (8), 831-841.

Supa, A., S. Kume and T. Suionama 1969: An indicative note on a role of permanent thermocline
as a factor controlling the longline fishing ground for bigeye tuna. Bull. Far Seas Fish. Res.
Lab., (1), 99-114. (in Japanese with English summery).

Yosuinara, T. 1951: Distribution of fishes caught by the longline—II. Vertical distribution. Bull.
Jap. Soc. Sci. Fish., 16 (8), 370-374. (in Japanese).

Yosuinara, T. 1954: Distribution of catch of tuna longline—IV. On the relation between % and ¢°
with a table and diagram. Bull. Jap. Soc. Sci. Fish., 19 (10), 1012-1014. (in Japanese).

FRPGERIRE ASEPEIC IS ) 2 i A MR S i A MR X 5
< m e v ORI

GRS - BB E-FHIEE

E3 #

1974 4 L 1975 HicHEEIC AL 22D 7 — 2005, HMIZAMEEIIABE VS 220D %147
DI AMBTHEZSNI-= /v« h DX HOMEIRND, R E L g Sz, IBHE A SF 205 C,
P SR RE RECE TR 21U N O HAD ~ 7w i O[Tk AMi0 8 L, BETIE, H#gTo
T, FEAETOEBMIICE 5 Thbb T 5,

YBEREOFNE 50~120m DOPERE %, F IO TAUXITIE 50~250 m DOREEE oS — L CHEIE L T
LHEMESIND,



Comparison of catches by regular and deep tuna longline 73

R~ T s HIDFFORT, AhIERERS D IREIRILIRIER Y, A SF 13 o & L EER
KLTWwa LS s, RBOMMELSEBHL DL E VDI R SFOLT, o~ 7 e« <58
FTARTEBRIC L D ERDE . S BICANTFORAICE, SR L ERE 2 L CE LR RO
DA E — VTR AR DN, ZOERIGKERE 13X 2 b OSOREEE L 0BG T X
7o, AASFIEAPEEFEAETETIE, ThETEZLNTWAEX D IZEEBETHOIREHICSHT5 &

S5,



74

10°N

Z. Suzukr, Y.

=)

10's

W
16020'[\'

170'W

180"

170°E

T

T

160'E

RQ

NER
I
[

150'E

140'E

130°E

170w

T
]
T

NN

180°

170°E

160°E

150°E

140°E

130°E

120

130°E 140 150'E 160'E 170°E 180 170'w 160'W

120'E

130°E 140°E 150°E 160°E 170'E 180" 170'W 160'W

120

WarasHina and M

. Kisnipa
z z s
z ; :
= z o %z
° A, i
H
O i -
HHHAH
= =
:
- - o
o 5 @
d “i e
SeHe
w w
. 5
m M . ”
I
w b5 A
S SEEHENSE 7=

150'E

150'E

140°E

140'E

130°E

130°E

"E

N 120

W
20

o

120'E

160,

160'W

170°W
T

170'W

opon

180"

180"

B

170°E

170°E

160°E

160°E

150'E

140°E

150°E

140°E

130°E

130°E

120°E

120°E



180" 170w 160N, 140°E 150 160 1708 180" 170w 160,
T T T 20 T T T TTT T ma 2o
] T ammn| T ] T T i
1 ]\ Tl T | | 4 ‘! : |
mi T [The I I 0
| 1 1 ol Il G
I LT g I T I ||
] i e ci <moN
MRS CHER i = 1N g n W
I T T 0 Y . e 5|
e R 2 g wis|
il Bd e g . s o 1
Sonn ! : o8 I
R : ‘ i : : SH
T | g 0 0 mEa!
i 1 1 ; o OND T @
|
| ~ | ‘
I I I X
S HHT | | | 1o
T ERRRE T s | g i f } oS
170 180 160 140°E 170E 180" 170w 160"
120 130'E 140°E 150'E 160°E 170°E 180" 170'W ]60'2‘%.&‘ 120E 130°E 140°E 150 160°E
1 TT T TT T T o T T
s FEH R RER BN AuA NE A A H AN NS AuAna AmA R < ]
Ls, NREAE) 1 T I 1 T EERENENN j‘ 1
ENNE N NENNNE » 1 I I I I I ]
e N T RN NS
it HH o Ramns T " !
ol ﬁf,, I - ‘\ I 0 !
H n i R AT ] B
At} ] X g : T g ! 10°N
RRaH ‘ g ANaD B A 0
11T g . T I 1 0
TTTT oREDOQ oB%00 OORROOOO0NONOR00 T
INND DX ONO g . g oo BODEEOD T 0
T & a0 T i i
paunp/nes ] i oo ] Bu0
= g\’ I T T T - T
L ~ T T T
AL T : H : : SRACRG RNENREN
PIEEIREINAR T Do B ] i 4 S I H
RS Tee e Y T B \‘ i ] iy GERNCOOD HHHH
It A-D2 WL 1 11 B Al-D.4 IR 0 T 11
HHarAREn P TR v i i i T ) PR Ta NN i i i 1T
) Juil B T T i T T o868 ERRENERDICY HD ] EENEN NN RN
= 2 h_ﬁ;%m TR i T ] T T QTR ] NN EENAN NN NREE
f TP s T I T \ T T g TIPS ST PRSI T T T T g
120 130 140°E 150E 160°E 170 180" 170'W 160W  120°€ 130°€ 140°E 150 160°E 170E 180" 170w 160°W

Appendix Fig. {. The distribution of quarterly hook rate by regular and deep longline gears, combining data for 1974 and 1975 (Small
numbers of data for the end of 1973 are also included) for various species of tunas and billfishes.
The figures in the charts indicate the quarterly hook rates cobtained over the whole area by the two types of gears.
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As for the multiplier of the hook rates for each specis, see captions in Figure 6.
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Appendix Fig. 1. Continued. Bigeye tuna: BE
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Appendix Fig. 1. Continued. Sailfish and Shortbill spearfish: SF
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