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INTRODUCTION

The swordfish, Xiphias gladius, is a large migratory
oceanic species. It is widely distributed in tropical,
temperate, and sometimes cold waters of all oceans,
and is usually found in areas with sea-surface tempera-
tures above 13°C. It can reach a maximum size of 540
kg, and is a favorite food fish in many countries. It is
excellent for steaks, canning, or teriyaki, the Japanese
dish of meat grilled with sugar, soy sauce, and rice
wine. Swordfish is harvested commercially through-
out its distribution, in both coastal and high-seas fish-
eries. Sport fisheries for swordfish are very small com-
pared to those for other billfishes, accounting for no
more than a few hundred fish per year.

In the Pacific, swordfish has been caught since one
can remember. The California harpoon fishery for
swordfish started in the early 1900’s. Longline vessels
of Japan, Taiwan, and Korea have fished in the North
Pacific since the early 1950’s. A substantial increase in
fishing operations targeting swordfish has been ob-
served since the 1980’s. Today no less than ten na-
tions, including Chile, Japan, Korea, the Philippines,
Taiwan, United States, and Mexico, are fishing across
the ocean. The Pacific-wide catch has reached an aver-
age of 30,000 metric tons per year in the last 5 years.

The objective of the symposium was to address re-
cent developments in swordfish fisheries, markets, and
biological research in the Pacific Ocean. It provided a
forum for the interchange of information and ideas.
Twenty-five oral papers were presented, of which 22

were accepted as final manuscripts. Each manuscript
was sent to two anonymous reviewers, edited, revised,
edited again, and doublechecked by each author.

Because of the success of the first symposium, a
second symposium was proposed to continue the com-
munication among the group formed in Ensenada; it
was held in Hawaii in March 1997, before the publica-
tion of this document. We hope to see a third sympo-
sium in the future.

We would like to thank Martha Jackson for her work
on the final drafts of all the papers; Martin Gutierrez,
Bob Skillman, Ricardo Suarez, and Yuji Uozumi for all
their ideas as steering committee of the symposium;
Gary Sakagawa and the personnel of the Southwest
Fisheries Science Center (La Jolla and Honolulu Labo-
ratories) for their useful suggestions; Lupita Martines,
Ulisis Cruz, Nury Lépez, Margarita Margolles, Rogelio
Gonzdlez, Cesar Almeida, Leonardo Lizarraga, and
Silvia Ibarra from CICESE for their help in the organi-
zation of the meeting; and the Third World Academy
of Sciences, Northwest Marine Technology, Inc., and
the Swordfish Fishery Section of the National Fishing
Industry Chamber (CANAINPES) of Mexico for their
financial support of the symposium. And we especially
thank all the authors for their patience during the
long trip to publish this document.

Oscar Sosa-Nishizaki and Norman Bartoo, Ensenada,
September 1998.
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ABSTRACT

The swordfish, Xiphias gladius, fishery in Chile was artisanal, for subsistence only, for
several decades. From 1938 through 1951, yearly landings ranged between 600 and 2,200
metric tons (t). During 1952-85, landings diminished, fluctuating between 13 and 570 t.

After this period, there were important changes in the fishery and landings increased from
764 tin 1986 to 5,959 tin 1991.

continued
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After 1985, a high demand for swordfish products and good prices, probably due to the
opening of the international market, made this fishery highly profitable. This led to the
replacement of harpoons by gillnets, considerably increasing yield; an increase in the
number, quality, and equipment of fishing boats, and the introduction of sea-surface
temperature satellite images for obtaining information on potential fishing grounds. Fish-
ing by the industrial sector began in 1986 and contributed 39% of landings in 1991-94.

Recently yields have decreased noticeably, associated with the offshore displacement of
fishing grounds and reduction of mean fish size in the catch. These changes have produced
some management measures such as the prohibition on new fishing boats entering the fishery.

Introduction

The swordfish, Xiphias gladius, fishery in Chile began at least
as early as 1938. Catches peaked at around 2,200 metric tons
(t) in 1946, then decreased and stayed at low levels for
over 35 years (Fig. 1). The recovery in the fishery after
1985 can be explained by the opening of the international
market, which generated great demand for this species
and good prices for the artisanal fishing sector.

Growth in the artisanal fleet, both in number and
capacity of the boats, was also encouraged by a new loan
policy. Drift gillnets were introduced and almost totally
replaced traditional harpoon fishing. The introduction
of sea-surface temperature satellite images to localize
potential fishing zones improved the surveying ability first
of the artisanal fleet, and later of the industrial fleet.

This paper analyzes the development of the Chilean
swordfish fishery between 1985 and 1994, including
fishing practices, technology, effort and catch; sword-
fishing marketing; and relevant legislation.

Landings

The pattern of annual swordfish landings (Fig. 1) sug-
gests the fishery might be divided into four stages:

1. Early exploitation: from 1938 until 1951, landings
were normally over 600 t (2,146 t in 1946). Almost
100% of the catch was landed in the northern part of
the country, in the ports of Arica (18°20'S) and
Iquique (20°10'S).

2. Low exploitation: from 1952 to 1985, catches were
very low (between 13 and 570 t); in the north, they
were almost non-existent. The fishery moved to the
central coast, landing in the ports of Valparaiso (33°S)
and San Antonio (33°30'S). The manual harpoon
was still being used.

3. Expansion: from 1986 until 1991, there was a sus-
tained increase in landings, mainly at the ports on
the central coast. Landings reached a peak of 5,959 t
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Figure 1
Total annual landings of swordfish in Chile, 1938-94.
(Sources: SAG, 1967-77; SERNAP, 1978-94; A. Palma,
Yungay 1731, Valparaiso, Chile, personal commun.)

in 1991. During this stage the fishing effort obviously
increased and there were significant technological
developments associated with the introduction of
gillnets and the use of satellite images. During this
period the fishery developed between 27° and 40°S;
the opening of export markets is believed to be the
main factor driving this development.

4. Decrease: after the record landings in 1991, landings
diminished steadily. Fishing effort still showed an
increasing trend, while artisanal yields continued to
go down.

Traditionally, the swordfish fishery was conducted by
the artisanal sector, mainly within the 200-nautical-mile
(n. mi.) exclusive economic zone (EEZ). However, since
1986 industrial sector landings have gradually increased
(Fig. 2), both within and beyond this zone. Artisanal
landings clearly diminished after 1989; figures for in-
dustrial landings, particularly after 1991, included
artisanal landings as well in a proportion that remains
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Figure 2
Total artisanal and industrial landings of swordfish in
Chile between 1984 and 1994 (SAG, 1967-77; SERNAP,
1978-94; A. Palma, Yungay 1731, Valparaiso, Chile, pers-
onal commun.).

to be determined. The swordfish is exploited by foreign
longliners in international waters off the Chilean coast.

Total national swordfish landings clearly showed a
seasonal component, with a peak between March and
August during 1985-94 (SERNAP, 1985-94). Between
1985 and 1989 catches were made from January through
September; in the 1990-94 period, both the artisanal
and industrial sectors registered catches in every month
of the year. Until 1984 fishing for swordfish was re-
stricted to the months of March through May, and was
conducted exclusively with harpoons.

The Fleet

Artisanal boats

The evolution in size of the artisanal fleet participating
in the swordfish fishery shows three stages between
1986 and 1994 (Fig. 3):

1. Unul 1989, the number of boats increased, encour-
aged by loan accessibility and the opening of the
international market for Chilean swordfish.

2. From 1989 to 1991, the number of vessels remained
at around 500. Boats were equipped with improved
technology, and longliners began to operate in in-
ternational waters.

3. After 1991 the number of boats decreased. The grant-
ing of new fishing permits was suspended, and the
resource was declared to be fully exploited. An off-
shore expansion of the fishing zones which were far
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Figure 3
Number of artisanal boats participating in the Chilean
swordfish fishery between 1986 and 1994.

Table 1
Distribution by length range of artisanal boats participating
in the Chilean swordfish fishery in 1993.

Length (m) Quantity Percentage
8-9.9 8 2:1
10-11.9 9 2.4
12-13.9 34 9.0
14-15.9 193 51.4
16-17.9 11 30.6
18-19.9 17 4.5
Total 376 100.0

from the coast limited the operation of small boats,
which have less autonomy (Gonzalez, 1993).

Between 1989 and 1994, artisanal boats increased their
length, power, and gross register tonnage (GRT; Fig. 4).
In 1993, boats ranged from 8 to 20 m (Table 1). The boats
are built of wood (77%), steel (20%), fiberglass (2%), or
ferrocement (1%). Wooden boats are represented in all
length strata, while steel boats are normally larger.

Industrial Boats

Since 1991 approximately 20 large boats have fished
swordfish in Chile, thus modifying the exclusive artisanal
character of this activity. These boats vary between 21
and 62 m long; some of them use drifting gillnets
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(27%) and others pelagic longline (72%), and some
use both fishing methods (1%).

Fishing Methods and Gear

The artisanal fleet normally begins fishing during January
in the area off Talcahuano—Valdivia (37-40°S), moving
toward the north and generally ending in September—
October off Caldera-Coquimbo (27°-30°S). Drifting
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Figure 4
Mean values of (A) length, (B) horsepower
(HP), and (C) gross register tonnage (GRT)
of artisanal swordfishing boats in Chile be-
tween 1989 and 1994.

gillnets work without major problems in rough weather
conditions, while harpoon fishing requires good weather
and visibility.

At the beginning of each season (January—May), the
small boats usually use both fishing methods in the
same trip, the harpoon in daytime and the nets at
night. During the rest of the season (June-October),
only the net continues to be effective. Although the
yield is less at the beginning and end of the fishing
season, the high price fetched by swordfish at these
times of year compensates for lesser yields.

The industrial fleet uses both gillnets and pelagic
drift longline; the latter is used more often because it is
more effective.

Manual Harpoon

The harpoon is the most antique fishing gear of this
fishery; it used only by small artisanal boats. It is com-
posed of a wooden or steel pole with a bronze point.
The point carries a segment of steel cable joined to a
line of approximately 20 m, to which a rope more than
500 m long is attached. Harpoon fishing is restricted to
the months of good ocean and weather conditions,
normally between January and May, when the fish dwell
at the surface. Boats fishing with harpoons are readily
identified by a steel structure at the bow.

Drift Gillnets

The drift gillnet is the gear most used by the artisanal
fleet. It consists of a long wall of several mesh panels,
about 2,470 m long by 55 m high, made of polypropy-
lene. Floats and buoys are attached approximately ev-
ery 46 m. The mesh size is 22 inches.

The net is set at dusk and hauled at dawn of the
following day. While setting the net, disposable chemi-
cal lights are tied every 37 m to attract swordfish prey.
Setting depth is between 9 and 55 m, depending on the
amount of brightness at night.

Pelagic Drift Longline

The pelagic drift longline is composed of a twined
polyethylene or monofilament nylon main line; hook
branch lines are part polyethylene or monofilament
and part galvanized wire. Approximately 2,000 hooks
are set per haul. Horse mackerel, Scomber spp., and
squid, [llex spp., are commonly used for bait.
Longliners fish practically all day long. They mainly
use the ports of Coquimbo (30°S) and Valparaiso (33°S)
year round. By law, these boats must operate farther



than 120 n. mi. offshore. Thus, activity extends from
the limit of the EEZ up to 800 n. mi. offshore, between
Valparaiso and the northern limit of Chile.

The duration of trips depends mainly on a boat’s
autonomy and on its catch maintenance system. The
industrial boats that use drift gillnets work no more
than 15 days, refrigerating the catch with ice in isolated
holds. Longliners can work for 2 months, since they
have freezing systems in their hold to preserve the
catch.

Use of Satellite Images

Since 1986, sea-surface temperature (SST) satellite im-
ages have been used in the Chilean pelagic fisheries for
finding probable fishing grounds.

Images are prepared with information gathered by
AVHRR sensors on NOAA satellites. These images were
first introduced in the albacore, Thunnus alalunga, and
swordfish artisanal fisheries (Barbieri et al., 1989, 1991).
The industrial sector exploiting swordfish and small
pelagic fish such as the anchovy, Engraulis ringens, and
sardine, Sardinops sagax, also acquires this information,
which is then distributed to their fishermen (Yanez et
al., 1994).

An SST image gives information in real time on SST
over a wide area. The course of a boat is determined on
the basis of the image, the distance, and the time needed
to travel to the fishing grounds. Satellite information
may be of great help, particularly after a period of bad
weather during which the boats stay in port, losing the
location of fishing zones. Nevertheless, satellite infor-
mation has certain technical limitations. The most criti-
cal one is cloud cover, which prevents the satellite sen-
sor from detecting SST. Fog also affects temperature
readings. Another aspect to be considered is the cor-
rect calibration of the sensor with in situ information,
which is not always available. A practical limitation is
information distribution, presently achieved by using a
modem and fax machine.

Although satellite information is available almost daily,
two images per week seems to be enough, depending
on meteorological conditions, since wind has an impor-
tant effect on the distribution of SST.

CPUE and Fishing Effort

Artisanal Fleet CPUE

Data on total landings of the artisanal fishing fleet was
taken from the logbooks of boats operating from the
ports of Valparaiso and San Antonio between 1987 and
1994, representing 68% of total landings of the fleet in
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Table 2
Nonparametric statistical test (Kruskal-Wallis) for dif-
ferences in CPUE between boat length classes.

Boat length
Years range (m) (KW)! (x?)?

w

Conclusion?

3

1987 11-17 11 15 7 accept H,,
1988 11-16 8 13 6 accept H,
1989 11-16 17 13 6 reject H,

1990 11-16 5 13 6 accept H),
1991 12-17 10 13 6 accept H;
1992 10-18 8 16 8 accept H,
1993 12-18 9 15 7 accept H,
1994 10-18 7 16 8 accept H,

! Kruskal-Wallis test statistic.

2 Chi-square statistic (0,975, n-1).

3 Number of boat length strata.

* Hy: no differences between boat categories.
H,: boat categories are different.
H, is accepted if K-W < x2%.

this period (Donoso and Montenegro, 1992; Correa,
1993; SERNAP, 1987-94). Fishing logbooks report on
each boat’s activity: the departure and arrival dates,
base port, fishing area, and catch. Similar information
is not available for the industrial fleet.

Catch per unit effort (CPUE) was used in our analysis
of the fishery. Mean monthly CPUE  was estimated by
dividing monthly landings (kg) by monthly effort (days
at sea) of the artisanal fleet. Similarly, mean annual
CPUE, was calculated as the average of all CPUE_ in a
year. For each year, fishing effort was estimated by
assuming that the boats in the artisanal fleet were ho-
mogeneous relative to their fishing power. Comparison
of annual mean CPUE’s for boats of different length
classes using the Kruskal-Wallis statistical test showed
no significant differences between them, with the ex-
ception of 1989 (Table 2).

Estimated CPUE, shows a remarkable decreasing trend
between 1987 and 1994 (Fig. 5a), likewise the biomass
estimated by the virtual population analysis (VPA; Fig.
5b) of MacCall (1986), applied to the artisanal and
industrial landings of 1987-94 (Table 3). VPA was struc-
tured by number at age considering the sampling for
lengths and von Bertalanffy growth parameters, since
we lacked relevant length—age keys. Weight was esti-
mated as the weighted mean between the weights esti-
mated from the length-weight relation and from age
composition in the catch. These weights were later
used to estimate annual biomass. Natural mortality,
following the Pauly (1980) model, was estimated as
0.123 at a mean temperature of 16°C. Fishing effort for
1987-94 (Table 3) was used to calibrate the VPA.
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Table 3
Total landings (artisanal and industrial), CPUE (arti-
sanal), and total effort of the swordfish fishery in Chile,
1987-94.

Landings Fishing effort CPUE
Year (t) (artisanal days at sea) (kg/artisanal day at sea)
1987 2,059 5,265 391
1988 4,455 17,200 259
1989 5,824 20,152 289
1990 4,955 19,057 260
1991 5,959 37,715 158
1992 5,481 34,043 161
1993 4,712 38,942 121
1994 3,801 41,315 92

It should be noted that Chilean catches represented
on average 80% of annual total landings in the south-
eastern Pacific (FAO Area 87) for 1987-94 (FAO, 1987-
94); and that the southeastern Pacific stock may be a
unique unit of self-sustained stock.

The decrease in CPUE reflects the remarkable in-
crease in total fishing effort, which was not followed by
the expected increase in landings (Table 3), probably
due to a significant decrease in resource abundance
and/or to changes in availability produced by inter-
annual variation in environmental conditions. The in-
creased distance of the fishing zones from the coast has
required the artisanal fleet to invest a greater number
of days at sea, mainly to reach those areas. In 1987 the
fishing zone of Valparaiso was located within 40 n. mi.
of the coast, while in 1990 it was >160 n. mi., and in
1993-95, 200 n. mi. offshore (Barbieri et al., 1995).
This change in fishing areas is likely due to decrease in
abundance of the resource, probably caused by the
recent development of the Chilean fishing industry and
the international longline fishing industry. However, it
is also likely that environmental changes have affected
the resource distribution, and therefore its availability
(Gonzalez, 1993).

Total Effort

Annual total effort (f) by the artisanal and industrial fleets
was estimated using the annual total landings of both
fleets (C)) and the artisanal fleet’s CPUEi, asj;z Ci/CPUEi.

Total fishing effort shows a clear increasing trend
during 1987-94 (Table 3). The 8-fold increase during
this period was associated with the increased number of
boats entering the fishery, the technological develop-
ment of the fleet, knowledge of the fishing zones, and
an important decrease in abundance and/or availabil-
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Figure 5
Swordfish abundance in Chilean waters, according to
(A) CPUE, 1987-94 and (B) biomass calculated by
VPA, 1987-94. Bars indicate standard deviation.

ity of the resource (Barbieri et al., 1990; Ponce and
Bustos, 1991; Gonzalez, 1993).

Surplus Production Model

Based on the exponential relation between the land-
ings (artisanal and industrial), the CPUE (artisanal) and
the total effort (artisanal and industrial) (Fig. 6), the
swordfish fishery in Chile would have reached adequate
levels of exploitation between 1988 and 1990. Hereafter,
increase in effort is related to diminishing abundance
and/or availability. There is no information about the
catches of the international longline fleet operating off
Chile. In any case, the swordfish fishery in Chile reflects
a delicate situation in the present status of the resource.



The Catch

Trunk Weight

The annual frequency distribution of trunk weights
(without the head, caudal fin, and guts) of swordfish
caught by the artisanal sector (Donoso and Montenegro,
1992; Gonzalez, 1993) showed a remarkable progres-
sive displacement of the histogram peak toward lower
weights (Fig. 7). Since 1989 the mean trunk weight of
swordfish caught by this sector has been diminishing
(Fig. 8).

The distribution of trunk weights indicates that over
50% of the industrial catch was fish of <40 kg, while the
artisanal sector catch was almost entirely fish >40 kg
(Fig. 9).

Growth

The relation between length (measured from the tip of
the snout to the lower jaw, LJFL) and the trunk weight
of swordfish caught by the artisanal fleet in 1994 is
shown in Figure 10.

Leiva (1993), by means of a statistical analysis of
concordance and variability, established that the sec-
ond spine of the anal fin is more suitable for the identi-
fication of growth rings than spines of the dorsal fin.
He calculated the linear relation between the radius of
the second spine of the anal fin and LJFL, which showed
significant differences between sexes.

On the basis of anal spines of a wide distribution of
lengths, Montiel (1996) estimates the following growth
functions:

females: LJFL, =282[1-exp(-0.2025x (t-0.1085))|
males:  LJFL, =250[1-exp(-0.8216x (¢ +0.7545))].

Stomach Contents

Stomach contents from specimens caught in the cen-
tral zone of the country during 1989 were analyzed.
Five prey fish were found, the most important being the
longtailed hake, Macruronus magellanicus, and jack mack-
erel, Trachurus murphy:i (Fig. 11).

Proportions of the Sexes

Leiva (1993) estimated the proportions of males and
females in artisanal catches of swordfish obtained with
harpoon and gillnet during the fishing season of 1989
in the central zone (Table 4). During the first 4 months
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Relation between total landings (artisanal and indus-
trial), CPUE (artisanal) and total effort of the sword-
fish fishery in Chile (r?=0.96).

Table 4
Proportions (%) of male and female swordfish in arti-
sanal catches in the central zone of Chile, 1989 (n = 300).

Harpoon Gillnet Total

Month Female Male Female Male Female Male

Jan-Apr 85 15 100 0 92.5 7:5
May—Jul 51 49 51 49

of the fishing season (January-April), females predomi-
nate the catch with both gears; during May-July, the
proportions of the sexes were even, although the sample
contained only specimens caught with nets.
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Frequency distributions of trunk weights (kg) of sword-
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The Market

During the 1993 season, swordfish transactions totaled
US $25 million. In 1992, transactions were 12.7% less,
but prices were 4.9% higher. During recent years the
orientation is toward the North American market, where
the catch is destined for luxury restaurants and some
supermarket chains. In the U.S.A. the Chilean product
competes mainly with exports from Caribbean coun-
tries, and to a certain point with local catches.

The freight on board price (FOB) for fresh-frozen
Chilean swordfish has a clear seasonal behavior; best
prices are during the first quarter, then they decline
until June and thereafter recover until February.

Legislation

The State of Chile regulates the fishing methods and
areas for swordfish and associated fauna in waters of
national jurisdiction. Since January 1991, Decree 293
has been implemented to control this fishery.

Decree 293

Article 1—Subjects all boats participating in the sword-
fish fishery within the Territorial Sea (12 n. mi. off the
coast) and in the Exclusive Economic Zone (EEZ) (200
n. mi. off the coast) to this regulation.

Article 2—Establishes that the fishery is composed by
the target species Xiphias gladius and its associated fauna,
mainly tunas belonging to the genera Thunnus and
Gasterochisma, marlins of the genus Tetrapturus, and
billfishes of the genera Istiophorus and Makaira.

Article 3—Bans landing in Chilean ports of swordfish
caught by boats that have broken these rules.

Article 4—Establishes that a) boats of total length of
less than 28 m with current authorization may conduct-
extractive fishing activities on the swordfish resource



10 NOAA Technical Report NMFS 142

~
o

n =255

o
o
L

S w
o o
L

w
o
L

Frequency (%)

20

0+ T T T T
I i \% v

Type of food

Figure 11
Stomach contents of swordfish captured in Chile dur-
ing 1989. I = longtailed hake, Macruronus magellanicus;
Il = jack mackerel, Trachurus murphyi; 111 = shrimp,
Heterocarpus reedi; IV = other fish remains; V = squids, Loligo
gahi and Dosidicus tunicata.

and its associated fauna in the Territorial Sea and EEZ,
and b) boats with current authorization, of total length
equal to or over 28 m, may only operate in this fishery
within the EEZ west of 120 n. mi. off the coast.

Article 5—Establishes that the gillnets used in this fish-
ery may not exceed a total length of 1,350 fathoms
(fm), measured on the floatline.

Article 6—Fixes the maximum surface of nets, for boats
with total length less than 28 m, at 25,000 fm?.

Article 7—Boats of total length of at least 28 m may use
gillnets with a maximum surface of 37,500 fm?.

Article 8—Fixes at 1,200 the maximum number of hooks
to be set on each haul for boats fishing with longline.
For boats with a total length of at least 28 m, a maxi-
mum of 2,000 hooks is allowed on each fishing haul.
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ABSTRACT

Fishing operations that take swordfish, Xiphias gladius, in the 200-nautical-mile Austra-
lian fishing zone (AFZ) are summarised and data collections are reviewed. Swordfish are
incidental in commercial tuna longline catches in the AFZ; most are taken by licensed
Japanese longliners, but some come from a domestic longline fishery which includes a
rapidly-growing section targeted on swordfish. Although swordfish are taken in most of the
eastern, southern, and western AFZ, swordfish catches and catch rates are highest in the
central eastern area of the AFZ. Average annual logbook-reported catch for the last 5 yr was
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about 750 tons. Neither harpooning nor tangle netting for swordfish occurs in the AFZ.
Rare incidental catches of swordfish are taken in the troll/handline tuna fishery, but they
have not been reported from the bait-boat or purse-seine tuna fisheries. The number of
swordfish caught by recreational anglers is quite small.

Japanese logbook data have been collected and stored in the Australian Fishing Zone
Information System since 1979. Domestic longline logbooks have been collected since 1985,
but comprehensive coverage was not achieved until 1989. No catch data are routinely
collected from recreational anglers. Virtually no biological research has been undertaken
on swordfish in Australia, but a program of observer cruises aboard Japanese longliners has
operated since 1979, providing catch size composition data and limited biological observations.

Introduction

Swordfish, Xiphias gladius, has been prized in the Medi-
terranean and United States as prime table fish because
of its moist, rich, light-colored flesh, but it has never
been an important commercial species in Australia.
This reflects the absence of regular landings until the
establishment of a domestic longline fishery in the late
1980’s. Even then, levels of mercury present in the flesh
of larger fish were higher than the Australian Food Stan-
dard acceptable limit at the time (National Food Author-
ity, 1992 and updates), which restricted the extent to
which the catch could be marketed. The permissible mean
content was 0.5 ppm, with a 1.5 ppm maximum for an

individual fish. Recent adjustment of the Standard, whereby
the mean has been increased to 1.0 ppm, has increased
the marketable component of the catch.

To facilitate consideration of the swordfish resources
in waters adjacent to Australia, the present paper pro-
vides a summary of past and current fishing activities
that catch swordfish in the Australian 200-nautical-mile
fishing zone (AFZ) (Fig. 1). A review of the nature and
extent of Australian fisheries data on swordfish is also
presented. A summary review of distribution, life history,
stock structure, the commercial and recreational fisheries,
and resource status of swordfish in the AFZ, concentrating
on the Australian situation but including broader com-
ment where relevant, is provided in Kailola et al. (1993).
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Distribution of Swordfish

Swordfish occur predominantly in oceanic waters of
the AFZ; they are distributed beyond the edge of the
continental shelf from the far northeast of the zone,
around the south edge of the continent, to the far north-
west (Kailola et al., 1993). Concentrations are found in
the central eastern and the southwestern regions of the
zone. These aggregations are in areas influenced by the
East Australian Current (off the Pacific coast) and the
Leeuwin Current (off the Indian Ocean coast), warm
currents which move southwards through the eastern and
western sectors of the zone (Fig. 2, taken from Cresswell,
1987). The eastern concentrations are also located in the
vicinity of several seamounts (Fig. 3). Larvae have been
found in the oceanic regions of the northeast and north-
west of the zone (Fig. 4, taken from Nishikawa et al.,
1985). In some years (perhaps three times in the last 20
years, including 1985 and 1994), small juveniles (1-15 kg)
have been reported from continental shelf waters at around
60 fathoms (fm) off the New South Wales central and
southern coast such that there have been occasional inci-
dental recreational catches (Goadby! and Pepperell?).

1 Goadby, P. 1994. 38 Stirling Ave., North Rocks, NSW 2151,
Australia. Personal commun.
2 Pepperell,]. 1994. Pepperell Research, P.O. Box 818, Caringbah,

NSW 2229, Australia. Personal commun.

Because these occurrences have been rare, they have
generated considerable interest in the popular angling
media. The distribution reported in 1985 was from
Sydney to Narooma (350 km south of Sydney) on the
New South Wales south coast, with fish in the 1-2 kg
range. The distribution was farther north in 1994, from
South West Rocks (400 km north of Sydney) to Ulladulla
(200 km south of Sydney), and fish were initially around
4 kg.

In the Northern Hemisphere, the northern exten-
sion of the land masses and associated temperature
regimes presumably prevent interchange of North Pa-
cific and North Atlantic swordfish. In the Southern
Hemisphere, interchange between the South Atlantic
and South Pacific seems unlikely because of the south-
ward extension of South America. On the other hand,
interchange between the South Atlantic and Indian
Oceans, and between the South Pacific and Indian
Oceans, would appear feasible given the sea-surface
temperatures at the southern boundaries of the inter-
vening land masses. Regarding interchange between
the Indian and Pacific Oceans, it is not clear whether
swordfish represent a single stock in the AFZ or whether
sub-structuring occurs. Swordfish are reported to be
rare in waters shallower than 200 m (Williams et al.,
1994). The shallow waters across northern Australia
probably inhibit substantial east-west interchange in
the tropical region. Distribution is more or less con-

tinuous around the remainder
of the AFZ, but catches south
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Figure 2
Ocean currents in the vicinity of Australia (after Cresswell, 1987).
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temperatures for swordfish in the North Pacific are
around 18-22°C (Williams et al., 1994), and this is
consistent with the area of peak concentration of sword-
fish catch off eastern Australia in austral winter (Fig. 5).

Fisheries

The tuna and billfish fisheries? of the AFZ consist of

® Japanese and joint-venture Australia—Japan longline
fisheries;

® a domestic longline fishery;

e domestic surface fisheries;

¢ a recreational fishery;

® a Japanese handline (surface) fishery.

Occasional troll catches of tunas had always been
taken around the Australian coast, but a significant
commercial tuna fishery was not established until the
early 1950’s, when bait-boat techniques for southern
bluefin tuna, Thunnus maccoyii, were successfully used
off New South Wales and South Australia (Caton, 1991).
Japanese longline fishing expansion into the Southern
Hemisphere during the 1950’s saw the establishment of
operations throughout much of the area now encom-
passed by the AFZ, but it was not until 1985 that a viable
domestic longline fishery was established.

Swordfish are regularly taken as incidental catch by
the longline tuna fisheries.* The average annual (July—
June) catch of swordfish reported in logbooks by the
Japanese longline fishery during the period 1988-89 to
1992-93 was 742 metric tons (t), with fish of an average
processed weight of 47 kg. This compares with about 30
t reported annually in domestic longline fishery log-
books in the last three years (East Coast Tuna and
Billfish Assessment Group®).

The Australian surface fisheries use bait-boat, purse
seine, or trolling gear. Rare incidental catches of sword-
fish are taken by troll gear, but there are none from the
bait-boat and purse-seine fisheries. There are no har-
poon fisheries because surface “basking” behavior of
swordfish is rarely reported in Australia.

3 The description here of the tuna and billfish fisheries of the AFZ is
largely reproduced from Caton and Ward (1991), Albacore tuna
and its fisheries in the Australian fishing zone. Bur. of Rural Res.
Working Pap. WP/3/91, 43 p. Their report has been updated and
modified to emphasize aspects relevant to swordfish.

In addition, since this manuscript was accepted, there has been a
major expansion of domestic longlining targeted on swordfish,
with a 1997 catch of about 1,500 t.

East Coast Tuna and Billfish Assessment Group. 1994. Fisheries
assessment report, east coast tuna and billfish fishery 1994.  Aust.
Fish. Manage. Auth., Box 7051, Canberra Mail Centre, Canberra,
ACT 2610, Australia.

o

Figure 3
Seabed topography adjacent to eastern Australia; the
200-m and 2,000-m isobaths are shown, and seamounts
are shaded. Heavy line indicates the boundary of the
Australian Fishing Zone (source: Kailola et al., 1993).

The Japanese handline fishery is a seasonal (Octo-
ber-December) activity in the Coral Sea around 15°-
20°S which takes surface aggregations of yellowfin,
Thunnus albacares, and bigeye, T. obesus, tunas. There is
no incidental swordfish catch.

A pelagic gillnet fishery involving vessels from Tai-
wan operated around northern Australia (north of 15°S
between 120°E and 140°E) from the mid 1970’s until
the introduction of gear restrictions in 1986. The re-
strictions limited the maximum length of net set to 2.5
km and made the fishery uneconomic. Spanish macker-
els, Scomberomorus spp., and various sharks were the
targets of this fishery. Observers reported incidental
catches of black marlin, Makaira indica, and sailfish,
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Figure 4
Distribution of sampling effort, and swordfish larvae caught, in waters off Australia
(after Nishikawa et al., 1985). Upper: volume of water strained; denser shading indi-
cates greater sampling effort. Lower: presence of larvae; shading indicates area sampled,
denser shading indicates presence of larvae.

Istiophorus platypterus, but no swordfish were reported. protects swimming beaches off New South Wales and
Across the southern Australian continental shelf there Queensland. No incidental swordfish catches are re-
is a large-mesh bottom-set gillnet fishery for small (1-2 ported there. Apart from the activities summarized
m) sharks. No incidental swordfish catches are reported above, there are no fishing operations in the AFZ that

from that fishery. A large-mesh shark netting program use gear likely to take swordfish.
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Figure 6
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Japanese and _]oint Austra]xa-—_]apa.n Longline Fisheries 6 Since the time this manuscript was accepted, Japanese fishing activity
in the AFZ, as well as access to Australian ports, has been prohibited,

. . . . because the bilateral access agreement lapsed on 31 October 1997
Substantial Japanese longline activity occurs in eastern, and was not renewed, and may not be unless Australia and Japan
southeastern, and western areas of the AFZ,% and sword- resolve their differences over management of southern bluefin tuna.
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fish are regularly taken as an incidental catch (Fig. 5).
Japanese longlining commenced in the region in the
1950’s and was well established by 1960 (Ward, 1996).
The vessels freeze their catch and land it in Japan for
sale at sashimi markets.

The vessels operating in the AFZ may be separated
into several loose groups, partly reflecting port of ori-
gin, target species, and company links. The fleets tend
to adopt different campaign patterns, operating in dif-
ferent seasons and areas of the AFZ, as follows.

Large longliners (350 t or more) operate adjacent to
and south of Tasmania during May—August and Octo-
ber—January. Southern bluefin tuna are the target and
swordfish are a minor bycatch. At other times these
longliners fish for southern bluefin as far westward as
the southern Atlantic and, to a lesser extent since the
mid-1980’s, eastward to the waters around New Zealand.
Vessels of this Southern Ocean fleet are generally the
largest and most seaworthy of the Japanese distant-
water longline fleet, remaining away from Japan for up
to 18 mo, though calls at foreign ports are made every 2
or 3 mo.

Large longliners operate in the western AFZ during
September to January, some augmenting more south-
ern and more extensive southern bluefin tuna opera-
tions. Bigeye tuna and southern bluefin tuna are the
main target of operations off the southwestern coast,
whereas bigeye tuna; marlins, Makaira and Tetrapturus
spp.; and yellowfin tuna are important in the northwest.
Swordfish are an incidental catch in these operations.

Smaller longliners (180-350 t), mostly from the north-
ern islands of Japan, fish a mixture of tunas and billfishes
in equatorial and tropical waters. The vessels concen-
trate on the eastern AFZ, some incorporating activities
in New Zealand, Hawaii, or both. They take yellowfin
tuna and bigeye tuna in the Coral Sea, and these spe-
cies plus southern bluefin tuna in the Tasman Sea.
Billfishes (particularly swordfish and striped marlin,
Tetrapturus audax, and albacore tuna, Thunnus alalunga,
constitute a significant bycatch, but at times (especially
in July-September and around periods of full moon)
swordfish are the target of operations off southern
Queensland and south of Lord Howe Island.

Prior to commencement of operation of the AFZ in
1979, Japanese longline vessels were generally free to
operate within the area now encompassed by the zone,
apart from waters within 12 nautical miles (n. mi.) of
the coast (Caton and Ward, 1996a). With establishment
of the AFZ they became subject to progressively more
severe access restrictions (Caton and Ward, 1996b).
Initially these restrictions closed waters north of 35°S
across southern Australia and formalised voluntary sea-
sonal closures off southern Australia which Japanese
longliners had adopted in 1971 (Fig. 7). Subsequent
restrictions had the most impact off the east coast, and

were associated with expansion of Australian commer-
cial and recreational fisheries. In the south they also
addressed concern over the biological status of south-
ern bluefin tuna, and off northeastern Australia they
reflected a desire by gamefish anglers to protect spawn-
ing fish and to maintain good strike rates of large black
marlin.

Currently, the far southeast of the zone (around
Tasmania) is the only area where a 12-n.-mi. limit still
applies. Elsewhere, the zone is either totally closed to
access or is closed within 50 n. mi. of the coast (Fig. 8).
Displacement of Japanese longliners from areas where
southern bluefin tuna was the target species has in-
creased activity levels in areas where yellowfin tuna and
bigeye tuna were the targets. As most swordfish are
taken in association with the latter species, there have
been effects on the distribution and extent of swordfish
catches.

Access arrangements permitted the annual licensing
of 350 Japanese longliners between 1979 and 1983, 290
longliners between 1984 and 1989, and 250 longliners
since then. However, these limits were well above the
actual fleet numbers in the AFZ and did not act as a
restraint on fishing effort; during the 1980’s the num-
ber of Japanese longliners actually undertaking licensed
fishing operations in the AFZ ranged between 109 and
184. Since late 1990, more restrictive limits on vessel
numbers have controlled the distribution of fishing
effort within the AFZ. In 1995, for example, 20 longliners
could be licensed for the Australian west coast and 55
longliners during each 4-mo period for the east coast
north of 34°S. Off Tasmania, a limit on the southern
bluefin tuna catch was a substitute for vessel limits.

From 1989 to 1995, up to 50 Japanese longliners
operated in the AFZ under joint-venture arrangements
with Australian companies, mainly in the fishery for
southern bluefin tuna. Their style of operation was
essentially identical to that of Japanese longliners li-
censed under the Australia—Japan bilateral access ar-
rangements. However, they had the advantage of access
to the AFZ across southern Australia. The joint-venture
arrangement was terminated in late 1995, with no plans
at that time for resumption.

Domestic Longline Fishery

Experimental, small-vessel longlining was carried out
irregularly off the Australian east coast in the 1950’s,
1960’s, and 1970’s. A viable commercial fishery was not
established until the mid-1980’s, after fishers operating
off the New South Wales central and southern coasts
successfully air-freighted high-quality, fresh-chilled yel-
lowfin tuna to the Japanese sashimi market. By the late
1980’s, more than 1,000 t of yellowfin were landed
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Figure 7
Areal and seasonal access restraints applying to Japanese tuna longline vessels in the Australian Fishing Zone,
1979-80 (from Caton and Ward, 1996b).
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annually, with over 130 full-time participants endorsed
for longlining and a further 120 longlining on a part-
time basis. Many vessels have since left the fishery or are
not fishing because of variable yellowfin catch rates,
high freight charges, and unpredictable prices at sashimi
markets for the smaller fish. Catch has decreased to
around 550 t.

The domestic east coast longline fishery is managed
by zone (Fig. 9), and the number and size of vessels is
endorsed for each zone. Specific arrangements are quite
complex; essentially, separate zones are established in-
shore and offshore of 50 n. mi. from the coast. Within
50 n. mi. (12 n. mi. adjacent to eastern Tasmania),
vessel size is not to exceed 32.67 m overall length. Off
northeastern Australia, the inshore region is encom-
passed by the Great Barrier Reef Marine Park, and
longlining is virtually impractical there. To the north
and outside the Park there is an intermediate area
where sets are restricted to 500 hooks and all billfish
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Figure 9
Management zones for domestic east coast tuna
longliners (from Australian Fisheries Manage-
ment Authority).

must be returned. Vessels have various rights of access
to zones, depending upon their history in the fishery,
vessel size, and target species.

Many local longliners fish part-time in trawl, trap,
and dropline fisheries. While 170 domestic longline
endorsements have been issued for the fishery, only
30-40 vessels longline regularly (East Coast Tuna and
Billfish Assessment Group?). Half of their yellowfin catch
now supplies a growing local sashimi trade. A diversifi-
cation to winter longlining for southern bluefin tuna
off southern New South Wales is renewing interest in
the fishery. The southern bluefin tuna catch is restrained
by a system of individual transferable quotas; operations
are subject to the purchase or lease of quota. There is no
catch limit for any of the other longline species.

Yellowfin, southern bluefin, and bigeye tunas are the
target species for the domestic fishery.* Yellowfin com-
prise about 60% and southern bluefin tuna about 30% of
the reported retained catch of Australian longliners, but
very high prices for individual large southern bluefin and
bigeye tuna influence profitability. Swordfish constitutes
a minor component of the catch (Table 1). Its lower
value compared with the tunas makes air-freighting to
Japan unprofitable at times. Instead, small quantities are
sold fresh on the Sydney and Melbourne fish markets.

Despite a change during 1995 in national mercury
content standards, swordfish mercury content still im-
poses a significant obstacle to marketing. The current
Australian Food Standards Code Standard Al2 (Na-
tional Food Authority, 1992 and updates) for mercury
in fish covers, among other things, swordfish. If the fish
can be sampled in groups of five, whether whole fish or
fillets, then the mean mercury content for five samples
may not exceed 1.0 ppm.” Within that group of five, no
individual sample may exceed 1.5 ppm. If the fish are
unable to be sampled as a group, then the mercury
content of an individual fish may not exceed 1.0 ppm.
While this is the national recommended standard, its
adoption or application by states is variable.

Australian longliners fish mostly outside the 200-m
depth contour within 60 n. mi. of the New South Wales
coast, but activity has expanded recently off northern
Queensland in the vicinity of Cairns. The yellowfin
season commences off southern Queensland and north-
ern New South Wales in August and spreads to the
south as the East Australian Current pushes warm (18°-
22°C) water southward. By April most of the yellowfin
catches come from the far south coast of New South
Wales. Southern bluefin tuna catches commence in
May to the south of New South Wales and continue to
September, when operations are centered off Sydney.

Domestic longline vessels are smaller (10-20 m) than
those operated by the Japanese in the AFZ. The domes-

7 The limit was 0.5 ppm prior to 1995.
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Table 1
Annual (July—June) swordfish catch (metric tons) by
the Australian domestic longline fishery, 1988-89 to
1992-93 (from Australian Fishing Zone Information
System logbook data).

Catch Catch
Year (V) Year (t)
1988-89 12.6 1991-92 31.5
1989-90 10.9 1992-93 29.0
1990-91 34.1

tic vessels usually set between 400 and 800 hooks before
sunrise each day, store their catch in ice slurry, and
generally return to port after one or two days fishing.
Australian tuna catch rates are often higher than Japa-
nese longliners because inshore productivity is higher,
fresh bait is used, and the shorter longlines target oceanic
frontal regions or topographic features where tuna ap-
pear to aggregate. Components of the fleet operate in the
region of Lord Howe Island, as far south as southeastern
Tasmania, and in the region adjacent to Cairns off north-
ern Australia, but most activity is concentrated between
southern Queensland and southern New South Wales.

A logbook program, established in 1985 but not fully
supported by field liaison until 1988, now covers most
of the longline fleet. In the case of swordfish, logged
catches (Table 1) probably under-represent catch be-
cause mercury content restrictions prevent marketing
of larger fish. In such cases, the fish might not be
landed nor recorded in logbooks.

Recreational Fishery

Recreational fishers take a wide range of pelagic species
along the east coast at various locations from Cairns
(north Queensland) to Eaglehawk Neck (80 km east of
Hobart, Tasmania) and near Lord Howe Island. The
main concentrations of activity in the east are off cen-
tral and southern New South Wales, Brisbane (Queens-
land), and Cairns. Low levels of recreational fishing
activity for pelagic fishes are also reported from West-
ern Australia and, to a lesser extent, South Australia
and Northern Territory.

Swordfish have provided an intriguing challenge for
anglers because, despite enthusiastic efforts, few are
caught. In his authoritative overview of Australian fish-
eries, Theo Roughley, who was Superintendent of New
South Wales Fisheries from 1939 to 1952 and President
of the Great Barrier Reef Game Fish Angling Club in
1937, stated, “No broadbill swordfish has yet been landed
by an angler in Australian waters, and fame awaits the

angler who first succeeds in catching this elusive fish. It
is known to occur here for it has been washed ashore in
several Australian states, including New South Wales,
Queensland, South Australia and Western Australia”
(Roughley, 1951, p. 265). Apart from years like 1994,
when small juveniles penetrate relatively close inshore
and are taken occasionally during trolling, it was not
until 1989 that a 56-kg swordfish was landed that quali-
fied for record status under international game fishing
regulations (Kailola et al., 1993). Since then, others
have been taken as a result of targeted fishing with
Cyalume “light sticks” at night. The largest taken to
date on rod and reel was 98 kg in April 1990 (Pep-
perell?). There is now an annual swordfish tournament
run from Merimbula (450 km south of Sydney) in south-
ern New South Wales each Easter. Even so the number
taken remains very low, and the size of fish is less than
50 kg (Goadby! and Pepperell?).

Fishing Statistics in the Japanese Longline
Fishery

The following is based on data gathered from Japanese
longline vessel logbooks since commencement of opera-
tion of the Australian Fishing Zone in 1979. A substantial
global time series of data aggregated by 5° X 5° squares by
month for the previous twenty years exists in Japanese
annual “yellow book” longline records (Fishery Agency of
Japan, 1962-1980), but those data are not addressed here.

Effort

Since commencement of operation of the AFZ and
maintenance of a national logbook program late in
1979, the annual level of Japanese longline activity in
and adjacent to the zone® has fluctuated between 16.5
million (1991) and 31.6 million (1989) hooks, with a
slight decline overall (Fig. 10). Longlines deploying
2,500-3,500 hooks are set and retrieved in a 24-hr pe-
riod. Total days fished each year has declined (Fig. 11).
To some extent the decline has been counteracted by
an increase in the number of hooks set per day per
vessel (Table 2; Fig. 11).

Catches

Seasonal distributions of Japanese longline (bilateral
and joint-venture) swordfish catches, aggregated for

¥ The logbooks of Japanese longliners working in the vicinity of the
AFZ boundary and moving back and forth into and out of the zone
include details of operations both within and outside the AFZ.
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Table 2
Annual effort, operational days, and average hooks set per day by Japanese and Australia—Japan joint-venture longliners in
and adjacent to the Australian Fishing Zone, 1980-93. (Source: Australian Fishing Zone Information System logbook data;
the logbooks of Japanese longliners working in the vicinity of the AFZ boundary and moving back and forth into and out
of the zone include details of operations both within and outside the AFZ.)

Effort Vessel Hooks per Effort Vessel Hooks per
Year (10% hooks) days vessel day Year (10° hooks) days vessel day
1980 18.15 7,262 2,499 1987 23.36 8,245 2,833
1981 31.29 12,714 2,461 1988 25.76 8,982 2,868
1982 23.89 9,357 2,553 1989 31.56 10,822 2,916
1983 24.11 9,107 2,647 1990 27.15 9,399 2,889
1984 21.18 7,966 2,659 1991 16.46 5,616 2,931
1985 20.06 7,232 . 2,774 1992 20.05 6,679 3,002
1986 19.99 7,155 2,794 1993 23.95 7,901 3,029
1979-1993, are indicated in Figure 5. The central area
38 of the eastern AFZ has consistently been the main area
) :2“5) of swordfish catch. Current operations are subject to
g 20 the permanent closure of the area inshore of 50 n. mi.
g 15 ) from the coast. Japanese longliner access to eastern
= 9 seamounts has not changed, but the productive area
= 5 close to the east coast around 27°S is no longer acces-
0 sible. Recent (1990-93) distributions of effort and catch
IR B AR S NN 23322 3 are shown in Figure 12. There is some annual variation
S R in location of activities (compare the 1993 effort distri-
Year bution pattern with those for 1990-92), probably asso-
Figure 10 ciated with changes in activit)i patterns of target speci?s.
Annual nominal effort (million hooks set) by Japanese The lower swordfish catches in 1993 around 25°S coin-
tuna longliners in and adjacent to the Australian Fish- cide with lower effort levels there in that year.
ing Zone, 1980-93. Most changes in operational areas by Japanese long-
liners in recent years have been associated with opera-

tions directed at southern bluefin tuna.

The establishment of Australia—Japan

3200 joint ventures re-opened access to a
wider area south of 34°S (compare
3000 1990-91 with 1992-93), and effort in-
= creased off southern and southwestern
2800 © . :
z Australia. There has been a resumption
2600 of incidental swordfish catches there, but
x

the central southern region and south-
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Figure 11

Annual operational days and average hooks per set by Japanese tuna
longliners in and adjacent to the Australian Fishing Zone, 1980-93.

2400 western Tasmanian regions still show
very low catch levels despite substantial
effort southwest of Tasmania.

Annual (calendar year) Japanese
longline (bilateral and joint-venture)
catches by species in and adjacent to
the AFZ since 1980 are provided in
Table 3 for the main species taken,
with breakdowns for the northeastern,
southeastern, and western regions. An-
nual effort level and catch in number
of swordfish and yellowfin, southern
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Figure 12

Annual distribution of total fishing effort (hooks set) and swordfish catch (number of fish) by Japanese and Australia-Japan joint-venture tuna longliners in the
Australian Fishing Zone, 1990-93 (from Australian Fishing Zone Information System logbook data).
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bluefin, and bigeye tuna for these areas are shown in
Figure 13. It can be seen that the principal tuna species
in the northeast is yellowfin (albacore are abundant but
are not a primary target) and in the southeast, southern
bluefin tuna. In contrast, the western region supports a
mixed fishery in which bigeye has been an important

component of the catch, with yellowfin and southern
bluefin tuna also important at times. Swordfish is reason-
ably represented in the northeastern and, to a lesser ex-
tent, western regions but is insignificant in the southeast.

Changes in the management of southern bluefin
tuna in the AFZ and globally caused modification of

Table 3
Annual Japanese and Australia-Japan joint-venture longline effort (million hooks) and catches (number of fish) by
species, in and adjacent to the northeastern, southeastern, western, and entire Australian Fishing Zone, 1980-93. (Source:
Australian Fishing Zone Information System logbook data; the logbooks of Japanese longliners working in the vicinity of
the AFZ boundary and moving back and forth into, and out of, the zone include details of operations both within and
outside the AFZ).
Hooks Southern Striped Blue Black
Region Year (x10%)  Swordfish  Yellowfin  bluefin Bigeye  Albacore  marlin Sharks marlin marlin  Sailfish
Northeast 1980 3.82 6,532 21,706 8,190 7,672 10,744 4,237 2,351 587 1,085 621
(N of 35°S; 1981 11.19 12,991 78,678 10,221 11,021 60,174 13,201 11,988 2,192 1,811 1,075
E of 140°E) 1982 13.12 21,880 64,015 400 14,706 74,999 19,577 12,796 5,243 4,197 1,922
1983 8.33 10,984 65,807 555 18,869 97,750 5,522 6,939 2,089 2,032 1,279
1984 8.06 11,803 25,965 937 11,744 74,793 7,017 6,217 1,095 1,879 931
1985 9.31 15,281 80,712 136 19,038 113,603 6,434 5,652 1,467 1,148 1,047
1986 7.21 13,428 32,958 172 17,081 101,572 3,640 4,659 741 287 438
1987 8.83 15,097 73,995 257 15,809 103,891 4,321 6,985 1,630 1,995 2,323
1988 15.68 24,493 126,061 540 21,915 170,631 7,548 10,277 6,102 2,240 2,378
1989 15.68 16,556 87,576 1,439 21,330 170,025 12,354 9,150 4,956 1,044 2,403
1990 12.27 11,932 93,007 1,680 24,196 151,418 5,902 5,777 4,046 519 4,182
1991 6.24 11,120 32,875 1,088 9,783 86,717 3,202 6,399 344 259 692
1992 6.69 11,876 36,073 1,435 9,490 100,489 2,646 716 401 182 737
1993 7.89 6,939 64,776 12,322 7,439 162,178 3,812 774 653 361 2,228
Southeast 1980 10.22 684 93 45,897 307 8,341 75 8,616 2 2 0
(S of 35°S; 1981 12.31 1,949 733 61,128 663 30,362 567 9,412 8 6 2
E of 140°E) 1982 5.54 1,517 416 30,408 1,200 30,293 382 9,668 36 9 3
1983 9.32 1,261 301 38,157 1,222 42,932 823 7,119 23 24 1
1984 3.88 1,211 361 17,257 743 16,685 504 2,653 11 4 7
1985 3.45 1,467 581 6,337 881 13,707 383 1,374 13 20 5
1986 3.01 694 662 7,958 1,020 15,402 189 5,490 10 4 0
1987 6.71 975 831 15,651 852 16,430 129 4,952 11 2 9
1988 8.44 1,222 1,788 19,188 1,262 17,513 380 2,367 32 9 9
1989 14.2 5,287 5,620 54,615 3,831 134,542 978 8,881 39 16 14
1990 12.94 2,222 802 51,777 1,087 62,247 138 4,717 0 2 2
1991 9.47 1,756 2,187 55,575 1,465 33,452 221 38,688 7 1 4
1992 12.02 2,912 607 67,253 1,167 28,403 155 122 4 3 0
1993 12.68 2,884 751 83,457 811 32,138 355 576 16 17 1
Western 1980 4.1 1,153 3,796 20,575 11,110 5,372 684 430 215 295 7
(Wof 140°E) 1981 7.79 1,834 17,138 38,414 17,849 21,374 1,296 2,823 630 550 115
1982 5.23 742 10,270 11,203 8,404 3,639 729 692 428 666 43
1983 6.45 1,179 12,591 11,368 23,460 10,639 1,545 2,628 388 704 92
1984 9.24 1,922 31,460 18,567 22,488 10,379 6,540 1,648 1,485 2,750 294
1985 7.31 2,460 23,652 8,028 18,445 13,317 3,672 2,085 1,298 2,515 166
1986 9.76 1,922 26,818 9,708 26,268 12,055 1,167 559 1,446 1,405 220
1987 7.82 2,166 16,480 4,884 33,355 11,851 1,108 1,029 458 878 231
1988 1.64 446 8,626 911 4,129 2,795 266 246 394 634 176
1989 1.68 433 7,165 1,222 3,109 1,560 118 391 297 441 192
1990 1.94 901 11,554 514 7,967 3,952 109 2,006 426 320 29
1991 0.74 731 449 1,305 2,151 255 0 224 3 4 3
1992 1.34 423 457 25,400 4,869 2,274 3 18 12 7 8
1993 3.36 2,593 1,738 11,118 12,364 4,275 40 36 11 24 36
continued
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Table 3 (continued)
Hooks Southern Striped Blue Black
Region Year (x10%  Swordfish Yellowfin  bluefin Bigeye  Albacore  marlin  Sharks  marlin  marlin  Sailfish
Total AFZ 1980 18.15 8,369 25,595 74,662 19,089 24,457 4,996 11,397 804 1,382 628
1981 31.29 16,774 96,549 109,763 29,533 111,910 15,064 24,223 2,830 2,367 1,192
1982  23.89 24,139 74,701 42,011 24,310 108,931 20,688 23,156 5,707 4,872 1,968
1983  24.11 13,424 78,699 50,080 43,551 151,321 7,890 16,686 2,500 2,760 1,372
1984  21.18 14,936 57,786 36,761 34975 101,857 14,061 10,518 2,591 4,633 1,232
1985  20.06 19,208 104,945 14,501 38,364 140,627 10,489 9,111 2,778 3,683 1,218
1986 19.99 16,044 60,438 17,838 44,369 129,029 4,996 10,708 2,197 1,696 658
1987  23.36 18,238 91,306 20,792 50,016 132,172 5,558 12,966 2,099 2,875 2,563
1988  25.76 26,161 136,475 20,639 27,306 190,939 8,194 12,890 6,528 2,883 2,563
1989  31.56 22,276 100,361 57,276 28,270 306,127 13,450 18,422 5,292 1,501 2,609
1990 2715 15,055 105,363 53,971 33,250 217,617 6,149 12,500 4,472 841 4,213
1991 16.45 13,607 35,511 57,968 13,399 120,424 3,423 45,311 354 264 699
1992 20.05 15,211 37,137 94,088 15,526 131,166 2,804 856 417 192 745
1993 2393 12,416 67,265 106,897 20,614 198,591 4,207 1,386 680 402 2,265

Japanese longline campaign strategies in the AFZ. Re-
duced access to southern bluefin tuna areas off New
South Wales and South Australia brought about a re-
duction of effort in the southeast until the mid-1980’s.
Subsequent relocation of activities to the southeastern
Tasmanian area led to increased effort there. Levels of
effort off Tasmania remained high through the early
1990’s as a result of the establishment of joint-venture
activities. The incidental swordfish catch has varied in
conjunction with these changes in the distribution and
extent of fishing effort directed at southern bluefin
tuna.

In the northeastern area, restrictions on marlin fish-
ing and on inshore access forced operations farther
offshore. In addition, these offshore areas had to sup-
port some of the displaced southern bluefin tuna op-
erations. As a result, effort levels in the region remained
moderately steady through the mid-1980’s while south-
eastern effort decreased. After 1989, more restrictive
controls on effort in the northeastern area and the
improving southern bluefin tuna access resulted in re-
duced activity in the northeast.

The major drop in effort off western Australia be-
tween 1988 and 1992 was in part linked to extension of
the permanent closure area to include all waters within
50 n. mi. of the coast. However, it was also associated
with declining global catch rates for southern bluefin
tuna, effort restraints in the adjacent high seas area
resulting from the seasonal closures introduced by Ja-
pan to implement its major cut in quota for 1989-90,
and a concentration of southern bluefin tuna effort off
eastern Tasmania (where viable catch rates persisted).
Increased western region effort in 1993 resulted from
the less-restrained operational conditions applying to
the joint-venture fleet. The incidental swordfish catch

changed in conjunction with those changes in distribu-
tion and level of fishing effort.

Catch Rates

Annual November—April (austral summer) and May-
October (austral winter) nominal fishing effort, sword-
fish catches in number, and number of swordfish caught
per thousand hooks from 1980 to 1993, based on Japa-
nese longline daily logbook data, are provided in Table
4. Plots of summer and winter effort, catches, and catch
rate for the northeastern (north of 20°S), central east-
ern (20°-35°S), and southeastern (south of 35°S) AFZ
are shown in Figure 14. In the main swordfish region
and season (central eastern AFZ in austral winter),
catch rate was reasonably stable from 1980 to 1988, but
overall has declined slightly. The low 1993 catch rate
emphasizes this trend, but the pattern of effort distribu-
tion in that year (Fig. 12) was different from that in
1990-92, as mentioned previously. It is possible that
decreased swordfish catch rates reflect the changes in
access conditions and resultant patterns of targeting
rather than changes in local abundance. Further ex-
amination is warranted.

The graphs showing longline effort, catch, and catch
rate in the northeastern and southeastern areas and in
summer in the central eastern area (Fig. 14) depict
activity where swordfish is a relatively minor compo-
nent of the catch. In the northeast, summer catch rates
declined during 1980-93, whereas winter rates were
variable. In the southeast, summer catches and catch
rates were negligible; winter catch rates are low and
have declined since effort increased in the mid-1980’s.
This probably reflects increased southern bluefin tuna
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Table 4
Annual Japanese and joint-venture Australia-Japan longline November—April (summer) and May-October (winter)
swordfish catches (number of fish), longline effort (million hooks), and catch rate (number of fish per 1,000 hooks) in
and adjacent to the northeastern, central eastern, and southeastern Australian Fishing Zone, 1980-93. Summers are taken
as commencing in the prior year, so that, for example, summer 1980 was November 1979-April 1980. Because these data
span 12 months from November to October, totals are not equivalent to those in Table 3 which is based on data for
calendar years. (Source: Australian Fishing Zone Information System logbook data; the logbooks of Japanese longliners
working in the vicinity of the AFZ boundary and moving back and forth into, and out of, the zone include details of
operations both within and outside the AFZ.)
Summer Winter
Region Year No. Million hooks No./1,000 hks No. Million hooks  No./1,000 hks
Area A 1980 115 0.437 0.26 73 0.209 0.35
(N of 20°S) 1981 94 0.234 0.40 257 0.297 0.87
1982 632 1.844 0.34 575 0.763 0.75
1983 412 1.152 0.36 167 0.521 0.32
1984 141 0.568 0.25 1,048 0.701 1.49
1985 523 0.669 0.78 752 0.843 0.89
1986 100 0.538 0.19 12 0.033 0.37
1987 57 0.277 0.21 330 0.175 1.89
1988 678 1.883 0.36 582 0.741 0.79
1989 728 1.768 0.41 637 1.005 0.63
1990 287 2.310 0.12 573 0.607 0.94
1991 1 0.044 0.02 9 0.006 1.48
1992 10 0.034 0.30 7 0.030 0.23
1993 58 0.396 0.15 1,041 1.616 0.64
Area B 1980 1,219 1.143 1.07 4,258 2.209 1.93
(20°=35°S) 1981 3,944 2.141 1.84 8,063 7.431 1.08
1982 3,985 3.724 1.07 14,908 7.414 2.01
1983 5313 2.365 2.25 9,189 5.152 1.78
1984 454 0.787 0.58 9,903 6.261 1.58
1985 3l 0.681 0.46 13,936 7.090 1.97
1986 492 0.800 0.61 13,045 6.258 2.08
1987 200 0.345 0.58 13,882 7.380 1.88
1988 948 1.474 0.64 22,395 11.600 1.94
1989 1,595 1.579 1.01 14,079 11.800 1.19
1990 422 0.802 0.53 10,685 8.758 1.22
1991 254 0.414 0.61 10,866 5.790 1.88
1992 721 0.554 1.30 11,163 6.124 1.82
1993 896 1.154 0.78 4,940 4.721 1.05
Area C 1980 12 5.314 0.00 674 1.070 0.63
(S of 35°S) 1981 85 11.500 0.01 1,864 4.357 0.43
1982 31 5.018 0.01 1,486 3.501 0.42
1983 172 2.743 0.06 1,089 3.471 0.31
1984 38 5.602 0.01 1,173 3.297 0.36
1985 29 0.149 0.20 1,438 0.806 1.78
1986 7 2.687 0.00 687 2.784 0.25
1987 3 0.269 0.01 972 5.317 0.18
1988 35 1.698 0.02 1,187 4.709 0.25
1989 73 4.268 0.02 5,214 13.200 0.40
1990 336 3.766 0.09 1,886 9.178 0.21
1991 10 0.022 0.45 1,746 8.596 0.20
1992 9 0.932 0.01 2,903 8.271 0.35
1993 374 4.329 0.09 2,510 8.267 0.30

effort at the extreme of the swordfish range, rather
than a trend in swordfish abundance there.

It should be emphasized again that the catch rate
data outlined above are derived from nominal effort.
Observers aboard foreign longliners point out that vari-
ous factors can influence swordfish catch rate, in par-

ticular moon phase, time of setting and hauling, and
bait. Some fishing masters target swordfish off the cen-
tral east coast at periods of full moon. This will depend
on location of operations, anticipated catch rate, cur-
rent price, and success of other components of the
vessel’s campaign.
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Figure 14

Annual November—April (left) and May-October (right) Japanese and Australia-Japan joint-
venture longline effort (million hooks), swordfish catches (number of fish), and catch rate
(number of fish per 1,000 hooks) in and adjacent to the northeastern (top), central eastern
(middle), and southeastern (bottom) Australian Fishing Zone, 1980-93. (Source: Australian
Fishing Zone Information System logbook data; the logbooks of Japanese longliners working in
the vicinity of the AFZ boundary and moving back and forth into and out of the zone include
details of operations both within and outside the AFZ.)

Size Composition

Average weights of swordfish (processed weight of gross
catch/number of fish in gross catch) calculated from
Japanese longline logbook data for 1984-90 combined
show a trend of increasing size with increasing latitude
(Fig. 15). However, length frequency distributions com-

piled from data gathered by Australian observers on
the Japanese vessels (Fig. 16) do not show a clear trend
of increase in modal length with latitude. The observed
occurrence of swordfish >200 cm orbit-to-fork length?®

? Length from the eye to the caudal fork, using the posterior of the
boney surround of the eye as the forward reference point.
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(OFL), i.e. >320 cm bill-to-fork length,10 is consistent
with an increase in average weight with latitude. Fish
larger than 250 cm OFL (370 cm bill-to-fork length)
only occurred south of latitude 30°S.

The observer data relate to many fewer fish than
those represented in logbook data, and they are from a
much-reduced time period. For each swordfish observed,
observers are requested to measure upper-jaw (bill) -to-
fork length, lower-jaw-to-fork length (LJFL), orbit-to-
fork length, and, more recently, cleithrum-to-fork
length. Not all measurements were available for each
fish. One of the authors (M. Scott), who is an observer,
suggests that swordfish length measurements may have
been less frequently taken in northern waters (north of
20°S) because the larger numbers of tunas and other
billfish requiring attention reduced the time available
to sample swordfish. This may have biased the data
toward larger fish if, as the logbook data suggest, small
fish are more abundant in lower latitudes.

The relationship between orbit-to-fork length and
lowerjaw-to-fork length, derived from 1,408 pairs of
observer measurements of swordfish between 70 cm
and 300 cm LJFL, was

OFL = 0.8971 x LJFL — 1.5944 (r? = 0.9383).

Fishing Statistics in the Domestic Longline
Fishery

Logbook data for the domestic fishery commenced in
the mid-1980’s and is incomplete for early years. Cur-
rent coverage is more comprehensive, but swordfish
catch is probably under-represented. Distribution of
total effort and swordfish catches are shown for 1990-
93 in Figure 17. The centers of activity are off southern
and central New South Wales, off southern Australia
west of Port Lincoln, southeast of Tasmania, and off
northeastern Queensland. Reported swordfish catches
are very low, mainly coming from the area of highest
effort and reflecting the incidental nature of the catch.
Comparison with areas of high Japanese catches sug-
gests that expansion of domestic effort northwards off
eastern Australia in the region of 27°S could generate
improved swordfish catches.

Research

Surveys

For many years the strandings of isolated swordfish
around various parts of Australia indicated that the

10 The length from the anterior tip of the upper jaw (the “sword”) to
the caudal fork.
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Figure 15
Latitudinal distribution of Japanese and Australia—
Japan joint-venture swordfish catches (% frequency by
10-degree band, 1980-90 combined) and of average
processed weight of swordfish in the eastern Australian
Fishing Zone (from Australian Fishing Zone Informa-
tion System logbooks).

species occurred in the region, but no specific surveys
or studies were directed at the species. Early Australian
research on tunas and billfishes was primarily concerned
with assessing their commercial potential. Most research
surveys were centered off the southeastern Australian
coast, where the Council for Scientific and Industrial
Research (later the Commonwealth Scientific and In-
dustrial Research Organisation, CSIRO) carried out
experimental fishing around 1940 (e.g. Serventy, 1947).
Small catches of the now commercially exploited tunas
were taken with trolling gear. Subsequently, a commer-
cial troll and later a bait-boat fishery for southern blue-
fin tuna were established, and there were attempts at
tuna longlining and purse seining. None of this activity
generated indications of potential for commercial sword-
fish operations.

Experimental Fishing

An experimental fishing project which involved 25
longline sets using chemical light sticks was undertaken
off southeastern New South Wales between May 1989
and May 1991 (Williams'!). Each set consisted of 400 to
550 hooks (450 on average), with 6-10 (predominantly

" Williams, K. F. 1993. Target longlining for broadbill swordfish
using chemical light sticks. Report on FIRDC Project 88/
62. WW Fisheries Consultants, 167 Burraneer Bay Rd., Cronulla,
NSW 2230, Australia, 13 p.
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Figure 16

Length frequency distribution of swordfish in 10-degree
latitude bands (from top to bottom, 10-20°S, 20-30°S,
30-40°S, and 40-50°S) in catches of Japanese and Austra-
lia-Japan joint-venture longliners in the eastern Austra-
lian Fishing Zone, 1990-93. Circles indicate males, dots
indicate females, and bars indicate totals (including some
fish of unspecified sex). (Source: Observer Programme,
Australian Fisheries Management Authority.)

6) hooks per basket and 11,110 hooks total in the 25
sets. For all sets, half of the hooks were set with a light
stick and the other half were set without, the gear
alternating every two baskets, so that the light-stick
sectors were separated by about 1 km of “dark” gear.
The total swordfish catch was 37 on light-stick hooks
and 1 on dark hooks. Over an extended period outside
the trials, involving sets totalling 49,620 hooks, the
vessel’s catch rate was 0.68 swordfish /1,000 hooks, while
during the trial period it was 3.42 swordfish /1,000 hooks
overall and 6.66 swordfish/1,000 light-stick hooks.
Swordfish catch rate off the east coast by Japanese
longliners, for sets when at least one swordfish was
caught, was 1.68 swordfish/1,000 hooks. For compari-
son, using that criterion, the project vessel returned
catch rates during the trials of 5.29 swordfish/1,000
hooks overall and 10.32 swordfish/1,000 light-stick
hooks.

Yellowfin tuna catch rates showed a statistically sig-
nificant bias of 3:1 in numbers of fish caught on light-
stick hooks versus dark hooks, but the overall yellowfin
catch rates during the trial sets were generally similar to
those during non-trial sets and to yellowfin catch rates
of other vessels. Williams'! suggests that this may per-
haps indicate a degree of competition between light-
stick and dark hooks.

Catches and catch rates of both species were better
during first-quarter, full, and last-quarter moon phases
than during the new moon.

Fishery Monitoring and Biological Sampling

From 1986 to 1988 a study of the biology of tuna and
billfish resources of the eastern AFZ was carried out to
assemble information in support of their management
(Bureau of Rural Resources!'?). The study concentrated
on yellowfin tuna. The main legacy of the project in
relation to swordfish has been the impetus it provided
for establishment of a domestic logbook collection.
Since establishment of the AFZ in 1979 there has
been a program involving placement of observers on
Australia-Japan joint-venture and licensed Japanese
longliners to monitor effort, catches by species, and
size composition of the catches. They also collect bio-
logical samples such as otoliths, gonads, tissue samples,
and stomachs on an opportunistic basis, and comment
on fishing equipment and techniques. Table 5 provides
details of the annual numbers of observers aboard for-

12 Bureau of Rural Resources, Australia. 1989. A biological study
of east coast tunas and billfishes, with particular emphasis on
yellowfin tuna, Thunnus albacares: review of results and recommenda-
tions for research. Bur. Rural Res. Working Pap. 11/89. Bur.
Rural Sci., P.O.B. E11, Kingston, ACT 2604, Australia.
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eign longliners'® between 1980 and 1994 and the moni-
toring and biological data gathered on swordfish. Tu-
nas and marlins have generally received higher priority
than swordfish, and this is reflected by the absence of
collections of hard parts and gonads. While processed
weight and one or more length measurements are usu-
ally obtained for each swordfish taken during observer
cruises, it is rarely convenient to weigh unprocessed
fish. Sex has been recorded for many of the swordfish,
but not gonad stage. Priority for observer collections of
hard parts has concentrated primarily on southern blue-
fin tuna, then on marlins, and then on other tunas.
There have been no Australian research programs fo-

13 Japanese and Australia—Japan joint-venture longliners were the
main foreign longliners operating in the AFZ. However, the ob-
server program also monitored operations by 3 Australian-char-
tered Korean vessels in the early 1990’s.

cusing on age of swordfish, but it would be possible to
establish the routine collection of swordfish hard parts
during observer cruises.

During processing, small fish are usually trunked!*
and large fish (>150 cm) are filleted. Relationships
between OFL and processed weight, derived from ob-
server data, are shown for fillets and trunks in Figure
18. The relationships are

Trunked weight (kg)=2.0612 x 1075 OFL?865% (c¢m)
Filleted weight (kg) = 1.6151 x 1075 OFL29%0! (c¢m).

Sex Ratio

Observer data from foreign longline vessels (Table 5)
indicate an average female to male ratio in the sword-
fish catch of more than 3:1. There are no data on
maturity stages. Observers have re-
corded very few male fish larger than

200 cm OFL. Off eastern Australia,
. observer data indicate little change
; in sex ratio with size (Fig. 19). The
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Figure 17
Distribution of longline effort (top) and catch in number of swordfish
(bottom) for 1990-93 by Australian longliners in the AFZ (from Australian
Fishing Zone Information System logbooks).

average was 2.7 females to 1 male.
Domination of females in larger fish
is consistent with observations else-
where, but it is unusual that they
dominate across all sizes. For ex-
ample, Mejuto et al. (1994) analyzed
more than 65,000 swordfish sampled
from the Atlantic and Mediterra-
nean. They indicated that for indi-
viduals measuring less than 115 cm
LJFL, the sex ratio is around 50%,
whereas 90-100% of individuals
larger than 200 cm are females. The
accuracy of Australian observers’ clas-
sification of males and females has
not been checked. One of the au-
thors (M. Scott), who is an observer,
suggested that sex of small males may
commonly have been recorded as in-
determinate or immature because of
uncertainty in identification.

Sex composition of catches by size
is shown by latitude for the eastern
AFZ (Fig. 16). Ratios calculated for
10-cm size groups show no indica-
tion of a trend in sex ratio with size
or with latitude south of 20°S. The
ratio for the most northern band is

11 Gilled and gutted, head removed ante-
rior to cleithrum, and tail removed pos-
terior to caudal keels.



highly variable because of the
small sample size.

The lack of data on maturity
stages prevents comment on size
at maturity.

Parasites

There have been no systematic
studies of the parasitic fauna of
swordfish in Australian waters and
only a few incidental records ex-
ist (Spears!®). These taxa include
the giant trematode of the stom-
ach, Hirudinella marina; cestodes,
Tentacularia coryphaenae, Callite-
trarhynchus gracilis, and Bothrioceph-
alus manubriformis; a nematode,
Maricostula incurva; a monoge-
nean, Tristoma coccineum; and
copepods, Pennella filosa and
Gloiopotes longicaudus. Worldwide,
numerous parasites have been re-
corded from swordfish (>40) and
include taxa that have great po-
tential as biological tags for stock
discrimination.

Tagging
Deguara'® reports that the New
South Wales Fisheries Research
Institute has managed the New
South Wales Game Fish Tagging
Program since 1973. The program
encourages recreational fishers to
tag and release fish. Competitions
have developed where points are
awarded for tag and release of
game fish, rather than their re-
tention. Australian releases of
tagged swordfish did not com-
mence until 1985. Since then
(through June 1994), reported
releases total 25. Most Australian
tagged fish have been small juve-

15 Spears, P.  1994. Aust. Inst. Mar. Sci.,
PMB No. 3, Townsville Mail Centre, QLD
4810, Australia. Personal commun.

16 Deguara, K. 1994. N.S.W. Fish. Res.
Inst., P.O. Box 21, Cronulla, NSW
2230, Australia. Personal commun.
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Table 5
Observer days aboard foreign longliners and data collected on swordfish, 1980-94. (Source: Observer Programme, Australian Fisheries Management Authority.)

Number of length
measurements taken

Number

(from reference
point to caudal fork)

Number of weight
measurements taken

of
samples?

Sex

Number

Number Number
of hooks
observed

Number

Number

of
swordfish Male

of of
hooks set

observer days

of
cruises

collected

Bill

Orbit

Trunked Filleted Whole weight  Lower Jaw

Female

Year

17

2

1980
1981

15

27

4

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

(9]

19
18

2
3
1

5

11

10

16
26

27

16
20
78
855
697

84

21

23
111
1,025

1,201

80
192
814

8
19
67

91
902
420

11
441
303

32
434
500
368

13
178
124

843
961
695
301

843
849
624

127
236

1,335,440

2,287,226
2,304,812
3,164,857
1,844,941

1,612,755
2,252,956

63

1992
1993
1994!

16

500
248

663
259

77
59

176
108
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86

194
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9]
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! to October 1994.

2 mainly stomach samples
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Figure 18
Relation of length (orbit-to-caudal-fork) to processed weight for trunked (top) and filleted (bot-
tom) swordfish in the Australian Fishing Zone. Note different x and y scales. (Source: Observer
Programme, Australian Fisheries Management Authority.)

niles (4-15 kg). There has been one recovery reported,
of a fish released by an angler at Bermagui (375 km
south of Sydney) in southern New South Wales and
recovered by a domestic longliner 200 km to the north
at Jervis Bay 3 months later at a size of 6 kg.

Potential for Expansion of Local
Operations

Swordfish are regularly represented in longline catches
from the eastern AFZ. Domestic exploitation currently
remains incidental to a range of other fishing activities,

probably because of marketing restrictions resulting
from mercury content limits. Recent review of the lim-
its has eased restraints sufficiently to overcome some of
the wastage associated with unmarketable dead fish
and may provide scope to replace some of the Japanese
activity by increased domestic use of the species.
Experience in other regions suggest that swordfish are
a relatively slow growing, long-lived pelagic species with a
slower turnover rate and lower productivity than pelagics
such as skipjack and yellowfin tunas. In that regard they
are likely to be sensitive to exploitation, so that any
expanded domestic use should be monitored carefully,
as should exploitation in adjacent regions within the
range of distribution of locally-fished aggregations.
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Figure 19
Ratio of female to male swordfish by length group in
the eastern Australian Fishing Zone; the average ratio
was 2.7:1 (n=1,366). There was no significant trend in
the ratio by length. (Source: Observer Programme,
Australian Fisheries Management Authority.)
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ABSTRACT

We review and analyze fishery data collected from the California harpoon fishery for
swordfish, which began in the early 1900’s. Landings data for 1969-93, logbook data for
1974-93, and size composition data for swordfish landed in 1981-93 are analyzed. Swordfish
landings peaked in 1978 (1,172,000 kg) and decreased to a record low (11,000 kg) in 1991.
Landings were less than 200,000 kg in most years. Swordfish landed averaged 149 cm in
length (cleithrum to fork) or 85 kg dressed weight in 1981-93.

The harpoon fishing season, typically May-December, usually concentrates in the
Southern California Bight off San Diego early in the season and then shifts as far north as
Oregon. Swordfish are usually sighted while basking at the surface in water of 12°-26°C.
Fishing effort peaked in 1979 (12,700 days fished), decreased in 1991 (700 days), and
rebounded slightly in 1993. Catch per day fished fluctuated between 0.14 and 0.93 during
1974-93, and peaked in 1974, 1978, 1985, and 1993, usually 1-2 yr after an El Nino event.

Introduction

In North America, harpoon fishing dates to the use of
harpoons by Indians to catch swordfish, Xiphias gladius,
off the California coast almost 3,000 yr ago (Kronman,
1988). Their vessels were 6.1-m (20-ft) driftwood ca-
noes, and their gear consisted of a 1.8-m (6-ft) foreshaft
tipped with a carved wooden harpoon which bore a
stone point on one end and a curved barb of deer bone
behind (Kronman, 1988).

California’s modern-day harpoon fishery for sword-
fish developed in the early 1900’s. The fishery was mod-
eled after the East Coast harpoon fishery, which began

almost 70 yr earlier. Vessels were small sail-powered
sloops or schooners. The harpoon gear was 4.6-5.5 m
(15-18 ft) in length, fashioned from hickory and
tipped—with a bronze dart (Kronman, 1988). The bronze
dart was backed by a tapered socket and a 0.6-m (2-ft)
metal shank attached to the end of a wooden handle. The
design of harpoon gear has remained unchanged except
for minor modifications in the metal used in the shank.
Harpoon fishing continued as the only commercial
fishery that harvested swordfish within 200 mi of the
California coast until 1980, when drift gill net fishing
started in waters off California. The competition from
the more-efficient drift gill nets proved too great for
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the harpoon fishery, and many vessels converted to
drift gill net gear or obtained permits to use both types
of gear. Today, harpoon and drift gill net are the only
commercial fishing gears operating on swordfish in the
area, and only a handful of vessels continue to partici-
pate in the harpoon fishery.

This paper reviews and analyzes data collected from
the California harpoon fishery. Landings data are re-
viewed for 1969-93, logbook data for 1974-93, and size
composition of swordfish catches for 1981-93.

Data and Methods

Landings, logbook, and size composition data for
California’s harpoon fishery have historically been col-
lected by California Department of Fish and Game
(CDFG) biologists at landing ports as vessels returned
from fishing trips. Locations of landings, logbook
catches, and measured fish were recorded by CDFG
blocks, which are usually 10-minute quadrangles. These
were converted to latitude and longitude and summed
to 1-degree quadrangles for the purposes of this report.

Landings

Swordfish landings data have been collected since the
early 1900’s (Bedford and Hagerman, 1983). This study
includes landings data for 1969-93, to match the exist-
ing logbook and size-composition data sets. This period
includes all of the 1970’s, a period of relatively high
catches and increased regulations that significantly im-
pacted the harpoon fishery.

The landings data were compiled from CDFG land-
ing receipts. Commercial fish buyers are required to fill
out a landing receipt for each landing purchased in
California (Hanan et al., 1993) and submit these re-
ceints to CDFG. Therefore, coverage is very close to
100% for all landings sold commercially. Landings kept
for private consumption are not recorded in the land-
ing totals. A small number of swordfish landings may
also escape the landing receipt system. The landing
receipts contain information on species landed, weight
landed, price paid, and fishing gear used. Other infor-
mation, such as area of catch, may be included but in
many circumstances is left blank.

Data for 1969-79 include landings reported as catches
by harpoon, spear, and unknown fishing gear (Table
1). Data from 1980 to 1993 include only those landings
specifically designated as caught with harpoon or spear
gear. Landings with unknown fishing gear were included
before 1980 because harpoon was the prevalent gear used
during that time. After 1979, drift gill net gear accounted
for a significant number of swordfish landings, and un-

known gear could no longer be assumed to be harpoon.

Landings other than sharks were not included as
harpoon incidental catches (Table 1). Albacore,
Thunnus alalunga; yellowfin tuna, Thunnus albacares;
mackerel, Scombridae; rockfishes, Sebastes spp.; and
other species were often recorded as harpoon landings.
These entries were considered errors in gear-type cod-
ing; the catches were most likely made with troll fishing
gear while searching for swordfish.

Logbooks

CDFG implemented a mandatory permit and logbook
system in 1974 (Bedford and Hagerman, 1983). The
original logbook provided space for recording informa-
tion about a single fishing day on each line. Requested
information included name of skipper and boat; sword-
fish permit number and CDFG boat number; date
(month and day) of each entry; CDFG block number;
whether an aircraft was used; whether the fish was sighted
underwater, finning, or jumping; whether the fish was
harpooned; whether it was landed; and estimated
dressed weight in pounds. Space was also included for
any other pertinent remarks.

The original logbook was later modified so that each
page represented a single day of fishing (Fig. 1). Fields
were added to record starting and ending times of fishing,
time of each entry on the form, sea-surface temperature,
whether sighted fish were pursued, other CDFG blocks
searched, and weather conditions, sea state, and sea color.

Size Composition

Landings of swordfish have been sampled for length
since 1981 under a program originally designed to moni-
tor gill net landings (Odemar!). Samples were taken by
CDFG biologists as fish were unloaded at various fish
markets throughout the state (Hanan et al., 1993). No
formal constraints on sample size were established, and
samplers selected as many fish and vessels to sample as
time permitted. Since swordfish were always landed
gutted, headed, and with the dorsal fins and the poste-
rior portions of the tail fins removed, samplers recorded
the cleithrum length (CL), the straight length from the
anterior margin of the cleithrum to the fork of the tail.
Lengths were recorded to the nearest millimeter. The
samplers, whenever possible, recorded information on
the weight in pounds of each fish measured, date mea-
sured, boat name and number, port and market of

! Odemar, M. 1982. Inventory of California marine fisheries port
sampling activities. Calif. Dep. Fish Game internal report, 157
p. CDFG, 1416 Ninth St., Sacrament, CA 95814.
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Table 1
California harpoon fishery landings (kg). Landings for 1969 to 1979 include landings reported as unknown fishing gear.
Unid. indicates sharks not identified to species.
Sharks

Year Swordfish Thresher Mako Blue Hammerhead Soupfin White Unid.
1969 459,748 0 0 0 0 0 0 5,230
1970 421,933 0 53 0 0 0 0 0
1971 68,215 0 0 0 0 0 0 0
1972 118,223 0 0 0 0 0 0 0
1973 274,779 0 0 0 0 0 0 382
1974 279,649 0 0 0 0 0 0 1,974
1975 383,658 44 0 0 0 0 0 124
1976 28,936 0 17 0 0 0 0 83
1977 219,055 1,024 192 0 0 0 0 2,839
1978 1,171,655 951 565 0 27 0 0 2,295
1979 226,625 11,857 311 348 0 0 0 4,936
1980 389,722 2,915 1,486 0 0 0 0 4,336
1981 178,660 0 157 15 69 161 0 1,184
1982 107,580 122 621 0 0 0 0 297
1983 39,796 0 82 0 93 0 0 187
1984 72,992 22 269 0 0 28 0 238
1985 145,154 0 203 0 55 0 0 0
1986 162,634 55 549 0 43 289 61 69
1987 144,954 0 1,506 0 0 0 227 39,009
1988 123,757 12 1,121 0 61 0 0 22
1989 37,197 0 404 0 0 0 0 0
1990 34,726 33 892 0 70 0 0 0
1991 11,362 29 540 0 0 0 0 0
1992 44,285 30 1,991 0 0 0 0 0
1993 116,058 0 403 0 0 0 0 0

landing, CDFG block number, and landing weights
(Childers and Halko?). No sampling bias by vessel,
market, area, or month was detected.

Vessels, Gear, and Fishing Strategies

Vessels that participate in the harpoon fishery are quite
variable but very distinctive. They are usually 6-26 m
(20-87 ft) in length (Holt®), with hold capacities up to
100 metric tons (110 short tons) and main engines of
25-1,300 horsepower. The vessels are equipped with
high masts of 5-12 m (18-40 ft; Kronman, 1988) and a
plank extending 6-9 m (20-30 ft) beyond the bow. The

% Childers, J., and L. Halko. 1994. Length-frequency database de-
scription: California Department of Fish and Game gill net market
samples. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., South-
west Fish. Sci. Center Admin. Rep. LJ-94-01, 46 p.

% Holt, S. 1978. Economic analysis of the swordfish harpoon
fishery. Pacific billfish management plan, 47 p. Prepared under
contract no. 78-20 for PFMC. Available from Pac. Fish. Manage.
Counc., 45 S.E. 82nd Dr., Ste. 100, Gladstone, OR 97027-2522.

crow’s nest at the top of the mast is usually equipped
with controls to steer the vessel during the pursuit of
swordfish. The planks, while originally made of wood,
are now aluminum or steel conduit and can be raised
during travel and lowered when in pursuit. At the end
of the plank is a pulpit consisting of a metal stand and
railing against which the harpooner can lean.
Harpoon fishing gear has changed little since the
early 1900’s. Current harpoon gear consists of a handle
made of metal or wood and approximately 3-5 m long
(10-16 ft), attached to a metal shank approximately 0.6
m long (2 ft), and tipped with a 10-cm (4-inch) bronze
or iron dart. One end of a mainline, 15-46 m (50-150
ft) in length, is attached to the middle of the dart, and
floats and a marker flag are attached to the other end.
Harpoon vessel fishing trips usually are from 3 to 10
days in length and vary according to fishing success,
fish carrying capacity, and preservation capability. Fish-
ing starts with the search. Fish are sighted either finning
or jumping at the surface or swimming just beneath the
surface. Sightings are made by the vessel’s crew using
binoculars or by assisting aircraft. Since sightings are of
fish on or near the surface, good weather conditions
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and calm seas favor fishing. Swordfish are found in sea-
surface temperatures of 12°-26°C (64°-72°F), and ves-
sels usually start their search in areas where tempera-
tures are within this range.

After a fish is sighted, the vessel’s plank is maneu-
vered over the fish and the striker harpoons the fish.
The handle is pulled free from the dart, the mainline,
marker flag, and floats are thrown overboard, and the
fish is left to tire itself. The vessel is then able to pursue
other fish. After the fish has tired (approximately 2 hr)
the vessel returns to retrieve it. The fish is dressed
(headed, gutted, and fins removed) and stored in ice
for transport to shore. During the early years of the
harpoon fishery, the livers were sometimes kept for sale
because of their vitamin A and D content (CDFG, 1949);
this practice is no longer followed as other sources of
vitamin A and D have been developed.

The use of airplanes to assist in the sighting and
harpooning of swordfish started in the early 1970’s.
Airplanes both spot the fish and guide the vessels to the
fish. Because conflicts arose between commercial fish-
ermen who used airplanes and sportsmen and other
commercial fishermen who did not use airplanes, a
series of regulations was enacted to limit their use.

DAILY SWORDFISH LOG No.
— Year
Name of Skipper SWPemitNo. Month _
i mfiBoat - Day S

Boat F&G No._

Aircraft Used to Scout Swordfish

‘ Time Fishing Started This Day
| Time Fishing Ended This Day

ThisDay: Yes ___ No____

Check One ]

Fish
Sea |Under-| Fish Fish Fish Fish Fish |Estimated
Time | Block No. Temp.| water | Finning |Jumping| Pursued| Harpooned |Landed| Weight

Swordfish Seen This Day
|
|

Blocks Searched
No Swordfish Seen

| L [ [ T ]

Weather | Remarks _
Sea State
Sea Color

Figure 1

A page from the current California harpoon fishery
logbook.

Modern-day harpoon vessels have added new tech-
nology and fishing strategies as they became available,
to increase fishing efficiency. Some vessels employ state-
of-the-art navigation equipment, sea-surface-tempera-
ture recorders, and sounders to help locate fish. Some
have also been known to use satellite imagery to iden-
tify fishing areas. Harpoon vessel operators have also
obtained multiple permits that allow them to fish both
gill net and harpoon fishing gears, and have also been
known to troll jigs between sightings to increase catches
of swordfish and other commercial species of fish.

Regulations

Over time, several regulations have been imposed that
directly or indirectly affect the California harpoon fish-
ery (California Fish and Game Code and Title 14 Regu-
lations; Squire and Muhlia-Melo*; Sakagawa®). The ma-
jor regulations are:

1935 Swordfish may be taken with hook-and-line and
harpoon gear.

1971 U.S. Food and Drug Administration (FDA) be-
gins to enforce guideline of 0.5 ppm of mercury
in swordfish.

1973 A permit is required to take swordfish commer-
cially. California Legislature gives regulative au-
thority over the swordfish fishery to the State
Fish and Game Commission (F&GC).

1974 F&GC adopts commercial swordfish regulations
including specific permit qualifications, a log-
book requirement, and the notification that air-
planes cannot be used to assist a vessel in captur-
ing swordfish after 28 June 1976.

1976 F&GC allows airplane use in locating swordfish,
but not within an 8-km (5-mi) radius of a vessel
operated by a swordfish permittee.

1977 F&GC extends the airplane operating radius to
beyond 16 km (10 mi) of a vessel operated by a
swordfish permittee.

1978 FDA changes limit of total mercury in swordfish
to 1.0 ppm.

& Squire, J. L., and A. F. Muhlia-Melo. 1993. A review of striped
marlin ( Tetrapturus audax), swordfish (Xiphias gladius), and sailfish
(Istiophorus platypterus) fisheries and resource management by
Mexico and the United States in the northeast Pacific Ocean. U.S.
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fisheries
Science Center Admin. Rep. L]J-93-06, 44 p. (in Engl. and Span.).
SWFSC, NMFS, NOAA, P.O. Box 271, La Jolla, CA 92038-0271.
Sakagawa, G. T. 1994. Supply of swordfish, Xiphias gladius, for
the United States consumer market. International Symposium
on Pacific Swordfish, 11-14 December 1994, Ensenada,
Mexico. Available from G. T. Sakagawa, Southwest Fisheries Sci-
ence Center, NMFS, NOAA, P.O. Box 271, La Jolla, CA 92038-
0271.
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1980 F&GC prohibits swordfish harpoon permittees
from possessing a gill net on board except for set
gill nets with mesh sizes of 20 cm (8") or less if
they declare on their swordfish permit that they
intend to use such gear.

1984 F&GC allows unlimited airplane use to directly
assist a permittee in the taking of any species of
fish while operating under a swordfish harpoon
permit. FDA changes its regulation to limit me-
thyl mercury content in swordfish to 1.0 ppm.

1985 F&GC allows swordfish harpoon permittees to
have set gill nets of any mesh size aboard if they
declare on their swordfish harpoon permit ap-
plication that they intend to use such gear.

1987 F&GC allows swordfish harpoon permittees to
have drift gill nets aboard in addition to set gill
nets, if they also possess a valid permit to use
drift gill nets.

Numbers of Vessels and Landings

The number of California harpoon vessels landing
swordfish increased from 63 in 1969, to 309 in 1978
(Fig. 2), decreased to 32 in 1991, and then increased
slightly to 43 in 1993. A sharp decline in 1971 in the
number of vessels participating in the fishery was prob-
ably due to the collapse of the swordfish market in that
year as a result of the mercury scare—publicity about
the high levels of mercury in swordfish and health
problems from ingestion of mercury, which discour-
aged consumers from buying swordfish—and the FDA’s
subsequent strict enforcement of the 0.5-ppm mercury
limit. The decline in 1976 was probably due to the ban
on aircraft use, and the general decline since 1980 has
been primarily due to increased competition from drift
gill net operations.

The number of vessels landing swordfish is indicative
of the harpoon fishery fleet size. CPUE during this time
was relatively stable at 0.1-0.9 fish per day, and the
number of harpoon permits showed a trend similar to
that in number of vessels landing swordfish: 164 per-
mits in 1984, decreasing to 43 in 1993.

Harpoon fishery landings in California have been
recorded since 1918 (CDFG, 1949). Records for 1918—
37 combined striped marlin, Tetrapturus audax, and
swordfish landings, since no requirements were in place
to separate the two species. Commercial landings of
striped marlin in California have been prohibited since
the late 1930’s.

Records for 1938-68 contained swordfish landings
only and are assumed to be from harpoon gear, al-
though small amounts of catch from other fishing gears
are probably included. Landings averaged approxi-
mately 330,000 kg in 1938-48 and declined to approxi-
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Figure 2
Number of California harpoon fishing vessels landing
swordfish during 1969-93.

mately 110,000 kg in 1949-68. Landings increased dra-
matically in 1968 to 460,000 kg, and reached a record
high of 1,172,000 kg in 1978 (Table 1). After 1978,
landings decreased to a record low of 11,000 kg in 1991
and rebounded slightly to 116,000 kg in 1993. In gen-
eral, landings seem to be lower during El Nino events
(1972-73, 1976-77, 1982-83, 1991-92) and peak 1-2 yr
thereafter. The same regulations that affected vessel
participation in the harpoon fishery, mentioned above,
also affected annual landings.

The most prevalent incidental landings of sharks iden-
tified to species were thresher, Alopias vulpinus, and
shortfin mako, Isurus oxyrinchus (Table 1). The most
thresher sharks landed in a year was 12,000 kg in 1979;
the most shortfin mako sharks landed was approxi-
mately 1,500 kg in 1980 and 1987. Other sharks landed
by harpoon gear include blue, Prionace glauca; hammer-
head, Sphyrna spp.; soupfin, Galeorhinus zyopterus;, and
white, Carcharodon carcharias. The most reported land-
ings of unidentified sharks occurred in 1987 when 39,000
kg were landed.

Logbook Records
Coverage Rates

Annual logbook coverage rates were calculated as the
total annual weight of swordfish reported in logbooks,
divided by yearly swordfish landing weights as given in
Table 1 (Fig. 3). Total annual swordfish weight re-
ported in logbooks was calculated as the total number
of fish reported in logbooks, multiplied by the average
weight (85 kg) of fish recorded in market sampling of
harpoon catches during 1981-93. Annual average
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Figure 3

California harpoon fishery logbook coverage rates (log-
book catch in weight divided by landed weight) for
1974-93.

weights were not used because of the low sample sizes
in some years. Logbook-estimated weights were not
used because they were missing for as many as 100
landings per yr, combined processed and total weights,
which were difficult to separate, and produced esti-
mates significantly higher than those produced by us-
ing average weights from port sampling.

Coverage rates were greater than 120% in 1976, 1977,
and 1984-86; between 80% and 120% in 1979-83 and
1987-92; and less than 50% in 1978 (Fig. 3). Since the
logbook program was mandatory during this time, ves-
sel coverage rates should have been 100%. Coverage
rates not equal to 100% can be attributed to several
factors: 1) use of an average weight to convert numbers
of fish to catch in weight of fish may overestimate or
underestimate actual logbook catches; 2) landings un-
derestimated due to some being classified as unknown
gear; 3) fish kept for personal consumption; and 4)
confusion at markets between gill net landings and
harpoon landings, especially when a permittee had both
drift gill net and harpoon permits. The extremely low
coverage rate in 1978 is difficult to explain and may be
due to a deliberate misreporting of drift gill net catches
as harpoon landings, in an effort to circumvent the prohi-
bition of drift gill net swordfish landings (Bedford, 1987).

Data on Sightings

Swordfish initially sighted by harpoon fishery vessels or
spotter airplanes were reported in logbooks as either
finning at the surface, swimming just below the surface,
or jumping. An average of 74% of fish sighted during

-
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Figure 4
Number of swordfish sighted at the sea surface finning,
swimming, jumping, or swimming just under the sur-
face (underwater) by California harpoon fishery ves-
sels and reported in logbooks for 1974-93.

1974-93 were finning at the surface (Fig. 4). The next
most prevalent type of sighting was of fish just under
the surface (19%), except in 1979-82, when jumping
fish were sighted more often (6%). Fish were sighted
finning in especially dominant numbers compared to
fish seen underwater and jumping during 1976-84,
when spotter airplanes were banned. Before 1976 and
in 1984-88, the numbers of finning and underwater
sightings were comparable, and in 1989-92 were virtu-
ally the same, probably due to the increased ability to
spot fish just under the surface from airplanes.

Harpoon vessel captains recorded sightings of sword-
fish in three types of water color, blue/green, blue, and
green. Swordfish were found most often in blue/green
water in 1974-79, and in blue water in 1980-87 (Fig. 5).
During 1988-93, swordfish were found with the same
frequency in water of all three colors. Blue/green water
is usually associated with high primary production; the
records for this color water seem to parallel increased
swordfish catches and abundance levels of other spe-
cies of fish in the Southern California Bight during
1974-79 (Squire, 1993).

Swordfish caught in the California harpoon fishery
were found in surface water temperatures of 12°-26°C
(54°=79°F; Fig. 6). Over 50% of the fish were found in
temperatures of 19°-22°C (66°-71°F). In El Nino years,
the range of water temperatures in which the majority
of swordfish are sighted narrows and favors warmer
temperatures of 20°-22°C (68°-71°F). This was very
evident during the strong El Nino of 1982-83 (Fig. 6).
In non-El Nino years, swordfish are sighted in a broader
range of water temperatures, and more are caught in
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colder water. This is consistent with oceano-
graphic conditions in the Southern California
Bight, where the California Current extends far-
ther south during non-El Nifio years (Miller®).
This extension of the California Current would
result in more mixing of colder water in the area
and, therefore, more days when swordfish would
be sighted in cooler water.

Success and Effort

When a swordfish is pursued by a harpoon fish-
ing vessel, the fish often escapes being harpooned
or, if harpooned, may never be landed. In order
to measure the success of each swordfish en-
counter, vessel captains recorded, for each fish,
whether it was pursued, subsequently harpooned,
and landed. Logbook records show that when
swordfish were pursued, on average 74% were
actually harpooned (Fig. 7). Of those that were

7
6 |-
e GREEN
5 F + BLUE/GREEN

= BLUE

NUMBER OF SWORDFISH (Thousands)

1975 77 83 85 87 89 93

YEAR

91

Figure 5
Number of swordfish sighted in blue/green, green, and blue
water by California harpoon fishery vessels and reported in
logbooks for 1974-93.

harpooned, 91% were actually landed. The best
ratios of pursuit to landing success occurred in
1986 and 1989-92 when more than 75% of pur-

sued fish were actually landed.

Annual harpoon fishing effort, as reported in
logbooks, increased from 3,500 days fished in
1976 to a record high of almost 13,000 days in
1979, then declined to a low of approximately
700 days in 1991 (Fig. 8). Airplane-assisted fish-
ing effort accounted for less than 30% of the
total effort during 1974-79, and dropped to 0%
in 1980 and 1983. Between 1984 and 1986, air-
plane-assisted effort increased rapidly to a peak
of over 1,600 days fished (39%) in 1986, prob-
ably in response to the restoration of unlimited
airplane use in 1984. The numbers of assisted
and unassisted days fished since 1989 were ap-
proximately the same.

Annually, harpoon fishing effort usually
peaked in August, with high levels of effort ex-
tending into the last quarter of the year (Fig. 9).
In El Nino years, fishing effort peaked and con-
centrated in July and August, with less effort in
the last quarter. Over 70% of fishing effort was
expended between July and October and con-
centrated in the Southern California Bight dur-
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Figure 6
Proportion of swordfish sightings made at different sea-sur-
face water temperatures (°F) from California harpoon fishery
vessels and reported in logbooks for 1974-93. Normal in-
cludes all non-El Nino years. 82-83 El Nino indicates the effect
of a strong El Nino on swordfish sightings.

ing 1974-93 (Fig. 10). Fishing effort usually
started in waters off San Diego early in the season,
and progressed to waters sometimes as far north as
Oregon later in the season. During El Nino years, fishing
effort tended to compress spatially and concentrate in the
Southern California Bight. In non-El Nino years, fishing
effort extended to areas off Oregon, but with relatively
little success. This extension of the fishery is consistent

with temperature regimes during non-El Nifio years, when

cooler water mixes throughout the area.

6 Miller, F. 1994.
Jolla Shores Dr., La Jolla, CA 92037-1508. Pers. commun.

Inter-American Tropical Tuna Comm., 8604 La
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Figure 7
Number of swordfish pursued, harpooned, and landed by
California harpoon fishery vessels, as reported in logbooks for

1974-93.
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Figure 8

Total fishing effort in number of days fished, and fishing effort
with and without the use of airplanes by California harpoon
fishery vessels, as reported in logbooks for 1974-93.

Catches and CPUE

Trends in annual catch (in number of fish, as recorded
in logbooks) closely followed trends in annual land-
ings, with low catches of approximately 500 fish in 1976
and 1983 and a record low of 120 fish in 1991. The
highest recorded catch (nearly 7,000 fish) was in 1978 .
Recorded fishery catches, like effort, were also highest

in the Southern California Bight, especially in waters
between the California coast and San Clemente and
Santa Catalina Islands (Fig. 11). Catches tended to
concentrate in the Southern California Bight in El Nino
years and extend farther north during non-El Nino years.
Unlike fishing effort, which generally peaked in August,
swordfish catches usually peaked in October, with over
70% of the catch made between July and October (Fig.
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Proportion of fishing effort by month by California
harpoon fishery vessels and reported in logbooks for
1974-93. Normal indicates fishing effort in non-El Nino
years, and 82-83 El Nino indicates fishing effort during
the strong El Nino of 1982-83.

12). During El Nino years, swordfish catches tended to
peak earlier in the year, in July and August, with less catch
in the last quarter of the year.

Catch-per-unit effort (CPUE, in number of fish per
day fished) was calculated from logbook statistics for
days with airplane assistance, days without airplane as-
sistance, and for total days (Fig. 13). Airplane-assisted
CPUE was higher than airplane-unassisted CPUE ex-
cept in 1978-83, a period when airplane-assisted effort
was less than 10 days per yr. Combined CPUE fluctu-
ated between 0.14 and 0.93 swordfish per day fished.
The trends in all estimates of CPUE were very similar:
decreasing from 1978 to 1983, increasing to a peak in
1985, decreasing again until 1991, and then increasing
in 1993. CPUE tended to increase 1-2 yr after an El
Nino event. In comparison, drift gill net catch rates, in
the same areas, ranged from 1 to 3 fish per day.

Size Composition

Sampling coverage (number of fish sampled, divided
by the number of fish recorded in logbooks) for size
composition of swordfish catches from the harpoon
fishery sold at fish markets ranged between 0.2% and
7.0% during 1981-93 (Fig. 14). The low sampling cov-
erage was probably due to the higher priority given to
sampling gill-net-caught fish, combined with a low over-
all monitoring effort which did not adequately cover
the various ports where harpoon vessels landed. The
largest number of fish sampled was in 1984 (about 80
fish) and the smallest in 1990 (only one fish). Because

of the low coverage rates, estimates of length distribu-
tions of swordfish by month and by latitudinal band
could not be made. However, because of the close
temporal and spatial proximity of this fishery to its drift
gill net counterpart, the tendency seen in the drift gill net
fishery for larger fish to be caught farther north and later
in the season (Hanan etal., 1993) probably also applies to
the harpoon fishery.

Average CL was calculated for each year and shows a
slight increasing trend, from 140 cm in 1981 to ap-
proximately 183 cm in 1990 (Fig. 14). However, be-
cause of the small number of individuals sampled, the
estimates are highly suspect during 1989-92. Fish
sampled from harpoon fishery catches during 1981-93
ranged from approximately 62 to 217 cm CL (Fig. 15),
with an average of about 149 cm. In comparison, fish
caught in the California gill net fishery, as expected,
were slightly smaller, averaging only 141 cm.

Discussion

The data collected from the California harpoon fishery
are valuable for monitoring the fishery. While the data
are generally of high quality, some problems can be
identified and improvements made.

Landings data can be affected by various problems
associated with reporting. Reported landings of fish
that would be impossible to catch with a harpoon indi-
cate a problem in the reporting of gear type used to
catch those fish and possibly also swordfish. Also, since
some vessels may have both harpoon and gill net per-
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Figure 10
Typical spatial distribution of fishing effort by California harpoon fishery vessels reported in logbooks during
normal fishing years, 1984 and 1985, and during a strong El Nino, 1982 and 1983. Spatial distribution of
fishing effort for other years in which logbooks were collected was very similar.

mits onboard during a fishing trip, there will probably be alleviated and the quality of the landing statistics
be problems in reporting of the appropriate gear. These improved if buyers more carefully verified gear types
problems could be especially frequent during periods used to capture purchased fish.

when drift gill net swordfish landings were not allowed Rates of logbook data coverage are very high and

to exceed shark landings. Many of these problems could therefore can be used to monitor catch rates, seasonal
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Typical spatial distribution of catches by California harpoon fishery vessels reported in logbooks during
normal fishing years 1984 and 1985 and during a strong EI Nino, 1982 and 1983. Spatial distribution of
catches for other years in which logbooks were collected was very similar.

and spatial positioning of the harpoon fishery, and
some environmental conditions that affect fishing suc-
cess. Some confusion was noted in the reporting of
weights associated with landed fish. While the vessel
captains were instructed to enter their best estimates of

dressed weight for each landed fish, many times these
were unreasonably high and probably actually repre-
sented estimates of whole fish weight. A possible solu-
tion to this type of confusion would be to distribute an
instruction section with the logbooks. An improvement
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in logbook recording of weights of fish landed would
augment and/or verify market sampling results.
Market sampling coverage of harpoon-caught sword-
fish is low and leads to questions concerning the utility
of size data from the sampling program. The quality of
these data could be improved by establishing a formal
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Figure 12
Proportion of swordfish catch (number of fish) by month
for California harpoon fishery vessels, as reported in
logbooks for 1974-93. Normal indicates fishing effort
in non-El Nino years and 82-83 El Nino indicates fish-
ing effort during the strong El Nino of 1982-83.

sampling plan that began by establishing sample sizes
necessary to predict lengths of swordfish caught by
year, season, and geographic area.

The harpoon fishery is largely confined to a relatively
small area, the Southern California Bight, which leaves
itvulnerable to changing environmental conditions and
competition from other fishing gears. The effects of
environmental changes were most evident during El
Nino events and resulted in decreasing catches and
CPUE. Competition from the drift gill net fishery since
1980 has resulted in decreases in harpoon catches and
effort. Catch rates in the drift gill net fishery are 2-3
times higher than in the harpoon fishery, drift gill net
vessels use less fuel in finding and pursuing their catch,
and drift gill net vessels can supplement swordfish
catches with catches of sharks. It remains to be seen
what effects recent increases in offshore longline fish-
eries will have on the harpoon fishery. Therefore, ma-
jor concerns for the remaining harpoon fleet will prob-
ably be the continued availability of the resource in the
Southern California Bight, and the effects of interac-
tions between fisheries and the environment.

Because of the harpoon fishery’s inability to move to
other areas and increased competition from other gears,
the outlook for a resurgence of the harpoon fishery
seems unlikely. Recent increases in swordfish catches
by the California harpoon and drift gill net fisheries
(Holts and Sosa, 1994) indicate that the swordfish popu-
lation may be able to support an even higher catch.
However, due to the low catch rates in the harpoon

fishery and the greater efficiency of the drift gill
net fishery, increases in the harpoon fleet size or
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Figure 13

Catch per unit of effort (CPUE) in number of swordfish caught
per day fished and per days fished with (AIRPLANE) and
without (NO AIRPLANE) airplanes by California harpoon
fishery vessels, as reported in logbooks for 1974-93.

catch do not seem feasible (Sakagawa, 1989).
Therefore, harpoon fishing will probably con-
tinue in the Southern California Bight, but as a
form of fishing practiced by a handful of fishers
who continue to pursue the thrill of the one-on-
one hunt for swordfish.
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California harpoon fishery vessels during 1981-93.
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Spatiotemporal Dynamics of Swordfish, Xiphias gladius,
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ABSTRACT

We characterize the spatial and temporal dynamics of swordfish landings in the Hawaii-
based domestic North Pacific pelagic longline fishery, and develop preliminary size-based
metrics of fishery performance. Between 1991 and 1993, areas of high fishing effort moved
progressively north and west, concentrating in the North Pacific transition zone, along the
subarctic boundary, and in the subarctic frontal zone. Annual weight-frequency distribu-
tions were characterized by high interannual variability and changing skewness and modal
frequency. The observed variations in weight result from changes in fleet dynamics rather
than from increasing fishing effort. The continuing decline in the number of small sword-
fish landed is likely confounded with changes in spatial distribution of the fleet and in
landing practices. Mean swordfish weight increased and interannual variation decreased
with increasing latitude.

Quarterly estimates of mean swordfish landings per unit of effort (LPUE) suggest an
increasing trend accompanied by decreasing intra-annual variability and dampening of the
seasonal signal. LPUE was generally higher for swordfish-targeted trips than for mixed-
targeted (swordfish and tuna) trips. Between 1991 and 1993, quarterly swordfish LPUE was
constant for swordfish-targeted trips (mean = 13.5 fish/1,000 hooks). Between 1991 and
1992, quarterly swordfish LPUE was constant for mixed-targeted trips (mean = 7.0 fish/
1,000 hooks) before increasing to approximately 11.5 fish/1,000 hooks in 1993. In general,
small swordfish contributed the least to total landings, while medium swordfish contributed
the most. This pattern of size-specific contribution to total landings was generally similar in
all quarters. We argue that the differences in computed performance indices are indicative
of differences in fishing strategy between the two trip types.

Introduction

In this paper we characterize the spatial and temporal
dynamics of swordfish, Xiphias gladius, landings in the
Hawaii-based domestic North Pacific pelagic longline
fishery (hereinafter referred to as the Hawaii longline
fishery) and develop preliminary size-based metrics of
fishery performance. Hawaii’s longline fishery has re-
cently experienced a period of rapid expansion and
changing fishing strategy. Changes in target species,
fishing methods, and areas fished characterized the
recent fleet expansion.

Since its inception in the early 1900’s, the Hawaii
longline fishery has traditionally targeted blue marlin,

Makaira mazara, and tunas, in particular bigeye tuna,
Thunnus obesus, and yellowfin tuna, T. albacares (Boggs
and Ito, 1993). However, in recent years (1989-93) the
primary target of the Hawaii longline fishery has gradu-
ally shifted to swordfish, and by the end of 1990, sword-
fish dominated landings (by weight) in the fishery (Ito?).

* Present address: Honolulu Lab., Southwest Fish. Sci. Cent., Natl.
Mar. Fish. Serv., NOAA, 2570 Dole St., Honolulu, HI, 96822-2396.

! A report of the University of Hawaii pursuant to National Oceanic
and Atmospheric Administration Award no. NA37R]0199.

2Ito,R.Y. 1992. Western Pacific pelagic fisheries in 1991. U.S.
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fish. Sci.
Cent. Admin. Rep. H-92-15, 38 p. Honolulu Lab., SWFSC, NMFS,
NOAA, 2570 Dole St., Honolulu, HI 96822-2396.
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Swordfish landings increased from approximately 272
metric tons (t) in 1989 to 6,124 t in 1993 (WPRFMC?).

The reported increase in swordfish landings results
both from a rapid increase in fishing effort directed at
swordfish and from changes in the spatial distribution
of fishing effort. Prior to 1989 most Hawaii longline
fishing effort targeted tuna. In 1993, approximately
28.1% of Hawaii longline fishing trips exclusively tar-
geted swordfish, 27.9% of the fishing trips targeted a
mixed catch of both tuna and swordfish, and 44% of
the fishing trips exclusively targeted tuna. The number
of longline vessels fishing for swordfish increased from
11in 1989 to a high of 114 in 1991 before decreasing to
88 in 1993 (Ito et al., 1998). While most swordfish
fishing effort continues to occur north of the Hawaiian
Archipelago, the spatial distribution of fishing effort
has changed considerably. Areas of high fishing effort
have continually moved farther north and west.

Albeit the magnitude of Hawaii’s longline fishery is
small relative to other Pacific pelagic fisheries (Neal et
al., 1991), Hawaii has become a major supplier of fresh
swordfish to United States (U.S.) mainland markets.
Hawaii-based longliners accounted for approximately 15%
of the Pacific-wide harvest and 42% of the total east-
central Pacific catch (WPRFMC?). The rapid expansion of
the Hawaii longline fishery and its increasing economic
importance necessitate an understanding of the dynamics
of this fishery and the sources of variability that affect
indices of fishery performance. This paper is intended to
address these needs by 1) describing the dynamics of the
Hawaii longline fleet, 2) characterizing the size of sword-
fish landed in the Hawaii longline fishery from 1989 to
1993, 3) describing spatial and temporal trends in sword-
fish size statistics, and 4) computing size-based metrics of
fishery performance and identifying factors contributing
to variability in performance indices. The identification of
factors affecting indices is pivotal to the estimation of
standardized performance indices.

Materials and Methods

Data Collection Programs

We used data from three ongoing data collection pro-
grams in our analyses: the federal logbook program
and two voluntary shoreside monitoring programs in

3 Western Pacific Regional Fishery Management Council (WPRMFC).
1994. Pelagic fisheries of the western Pacific region: 1993 annual
report, 158 p. Western Pac. Reg. Fish. Manage. Counc., 1164
Bishop St., Ste. 1405, Honolulu, HI 96813.

* Western Pacific Regional Fishery Management Council (WPRFMC).
1994. Amendment 7 to the fishery management plan for the pelagic
fisheries of the western Pacific region. Proposed limited entry pro-
gram for the Hawaii longline fishery, 278 p. Western Pac. Reg. Fish.
Manage. Counc., 1164 Bishop St., Ste. 1405, Honolulu, HI 96813.

Honolulu. Other information pertaining to changes in
fishing strategy was obtained from staff of the Fisheries
Monitoring and Economics Program at the Honolulu
Laboratory of the National Marine Fisheries Service
(NMFS), who provided important qualitative informa-
tion on trends in fishing operations and fleet character-
istics. A brief discussion and characterization of each
data collection program follows.

Federal Logbook Program—To participate in the Ha-
waii longline fishery, vessels must possess a current
permit and submit logbooks of daily fishing activity.
The federally mandated longline fishing logbook sys-
tem was implemented in November 1990 and requires
fishermen to submit logbooks to the NMFS Honolulu
Laboratory within 72 hr after a catch is off-loaded. Data
provided by logbooks include gear configuration, fish-
ing position (latitude and longitude), time, and catch
for each longline set within a trip. When the logbook
data are edited by the NMFS, each logbook trip is
assigned a trip number and targetspecies trip type
(swordfish, tuna, or mixed-species—swordfish and tuna)
based on examination of the logbook data and inter-
views with the vessel captain or deck boss. When the
captain is unavailable, trip type is determined by analyz-
ing the times of the sets, the number of light sticks
used, the area fished, type of gear fished, and previous
information on trip type for that particular vessel. Op-
erational characteristics of each trip type are outlined
in Table 1. The assigned trip type designation applies
to all longline sets within a trip and is indicative of a
unique fishing strategy. A thorough description of the
loghook system is found in Dollar and Yoshimoto.?

Shoreside Monitoring Programs—Voluntary shoreside
monitoring is conducted at four sites on Oahu. Because

> Dollar, R. A., and S. S. Yoshimoto 1991. The federally man-
dated longline fishing log collection system in the Western
Pacific. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., South-
west Fish. Sci. Cent. Admin. Rep. H-91-12, 35 p. Honolulu Lab.,
SWESC, NMFS, NOAA, 2570 Dole St., Honolulu, HI 96822-2396.

Table 1
Reported operational characteristics of the Hawaii-based
North Pacific longline fishery. The ranges represent
the 25% and 75% quartiles.

Trip type
Swordfish Mixed Tuna
Hooks 650-800 900-1,020 1,000-1,560
Light sticks 400-850 120-360 0
Set duration (hr) 12-14 11-12 8-10
Sets 9-12 5-7 7-9




of rules governing the confidentiality of these data, the
site identities will remain anonymous. For purposes of
this study the sites have been grouped into two homo-
geneous categories, dealer A and dealer B.

Monitoring of dealer A for pelagic species com-
menced in 1987 and was initially administered by the
NMFS Honolulu Laboratory. Monitoring in recent years
was facilitated through a joint effort by NMFS and the
State of Hawaii Division of Natural Resources (HDAR).
Monitoring of dealer B commenced in 1989. Data are
provided to NMFS by the dealer, and the NMFS Honolulu
Laboratory is responsible for program administration.

Data collected in the shoreside monitoring programs
include fishing area, date of sale, vessel identification,
the weight of each lot sold, the number of fish per lot,
price per pound paid for each lot (not provided in the
dealer B monitoring program), and dressed condition
(i.e. headed, gutted, and tailed) of fish sold in each
transaction. For swordfish, a lot generally consists of
one fish. In those instances when a lot is two or more
fish, all fish are generally of similar size.

Data Integration and Adjustments

The federal logbook program provides fishing strategy,
catch, and effort data, while the shoreside monitoring
programs provide landings, size composition, and eco-
nomic data. We integrated data from the data collec-
tion programs to provide a more complete description
of trip events, using a two-step process. First, trips that
targeted tuna were deleted. Then, by referencing on
vessel permit number, the remaining strategy and eco-
nomic data were integrated to create a vessel-specific
transaction file. The logbook program routinely col-
lects vessel permit numbers for each longline set, but
the shoreside monitoring programs do not. However,
the monitoring programs do record fishing vessel names
and corresponding vessel code numbers, which enabled
us to reference the vessel permit numbers. (Vessel code
number is a unique vessel identification number as-
signed to each vessel which off-loads at either dealer A
or dealer B.)

In the second step, we matched records in the vessel-
specific transaction file with specific trips reported in
logbooks. This was accomplished by creating vessel-
specific landing intervals (time periods) from logbook
data, associating a trip number with each interval, and
assigning records from the vessel-specific transaction
file to the appropriate intervals. A landing interval rep-
resents the window of opportunity for the landing and
selling of swordfish from each trip. The beginning of
the interval was assigned the hauling date of the last
longline set of trip n, and the end of the interval was
assigned the date of the first longline set of trip n + 1.

Di Nardo & Kwok: Spatiotemporal Dynamics of Swordfish Landings in the North Pacific 53

Table 2
Monthly sampling coverage of pelagic species landings
at dealer A, 1989-93.

Sampling coverage (%)

1989 1990 1991 1992 1993

January 82.6 78.3 81.8 52.2 17.4
February 79.2 79.2 79.2 52.0 16.7
March 85.2 92.6 80.8 50.0 18.5
April 80.0 92.0 84.6 46.2 15.4
May 81.5 92.6 81.5 577 15.4
June 84.6 96.2 80.0 53.8 19.2
July 88.0 96.0 84.6 57.7 15.4
August 85.2 96.3 81.5 38.5 38.5
September 80.0 91.7 83.3 52.0 28.0
October 84.6 96.3 77.8 51.9 30.8
November 84.0 88.0 76.0 45.8 36.0
December 84.6 88.9 92.6 28.6 36.0

Records from the vessel-specific transaction file assigned
to an interval assumed the interval trip number, n.

The average position of a trip, used as a measure of
fishing position, was calculated from logbook data by
weighting reported longline set position (latitude and
longitude) by the reported catch of swordfish. All
records from the vessel-specific transaction file were
matched with logbook data; the maximum time be-
tween date of last haul and sales date was 10 days.

For purposes of this study, fishery performance, ex-
pressed as mean landings per unit of effort (LPUE;
number of fish landed/1,000 hooks), and weight-based
performance indices were computed using data collected
atdealers A and B. While data sufficient to compute catch-
per-uniteffort are collected in the logbook program, we
chose not to use this measure of fishing performance.

We restricted our analysis to those samples in which
swordfish were sold either whole or dressed, i.e. headed,
gutted, and tailed. These two market conditions ac-
counted for approximately 95% of all swordfish sold.
Dressed weight (DW) in kg was converted to round weight
(RW) in kg using the formula RW = 1.877(DW)%925,
developed on the basis of measurements of 172 decked
swordfish collected during voluntary swordfish longline
observer and research vessel cruises between 1990 and
1993.

Sampling coverage at dealer A decreased over time.
Accordingly, length frequency data were adjusted up-
ward to reflect a coverage rate of 100%. Between 1989
and 1991, monthly coverage at dealer A ranged from
76% to 96% (Table 2). Monthly coverage was 29%-
58% and 15%-38% in 1992 and 1993, respectively.
Between 1990 and 1993 annual sampling coverage at
dealer B varied from 62% to 91% (Table 3).
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Table 3
Annual sampling coverage of pelagic species landings
at dealer B, 1990-93.

Sampling Sampling
Year coverage (%) Year coverage (%)
1990 90.6 1992 62.4
1991 69.5 1993 83.2

RW frequency distributions of sampled swordfish were
adjusted by multiplying the number of fish in the lot by
either the ratio of total number of possible monitoring
days to the number of days monitored for each month
(dealer A), or the ratio of total number of trips off-
loaded to the total number of trips monitored in that
year (dealer B).

Results

Fishing Effort Distribution

During 1991-93, areas of higher fishing effort continu-
ally moved farther north and west, as shown in Figure 1.
Levels of fishing effort—low, medium, and high—are
based on quartile decomposition of the fishing-effort
frequency distribution. Low represents the first quartile,
high the fourth quartile, and medium the second and
third quartiles. In 1991, much of the fishing effort was
oriented in a north-south direction near the main Ha-
waiian Islands. By 1993, fishing effort shifted to a north-
west—southeast orientation, with increased fishing ef-
fort to the northwest. This shift was particularly evident
in quarters 3 and 4.

Shifts in the distribution of target-species trip types
were also observed (Fig. 2). Much of this shift resulted
from a significant northwestward movement of vessels
targeting swordfish, particularly in quarters 3 and 4 of
1993. Data collected at dealers A and B show similar
differences in fishing effort by target-species trip type
(Fig. 3). Vessels off-loading at dealer B primarily tar-
geted swordfish (~93% of trips) while vessels off-load-
ing at dealer A generally targeted a mixed catch (~75%
of trips), implying a difference in fishing strategy ac-
cording to dealer.

Swordfish Size Dynamics

Between 1989 and 1993, 137,990 swordfish were sampled
at dealers A and B (Table 4). The percentfrequency
size distribution of swordfish landed in the fishery is
characterized by high intra-annual variability and chang-

Table 4
Swordfish sampled in Hawaii shoreside monitoring pro-
gram by dealer, 1989-1993.

Swordfish samples

Dealer A Dealer B Total
1989 2,966 66 3,032
1990 17,505 5,591 23,096
1991 34,078 12,078 46,156
1992 22,263 12,194 34,457
1993 11,190 20,059 31,249
Total 88,002 49,988 137,990

ing skewness and modal frequency (Fig. 4). Whereas
the descending (right) tails of the distributions appeared
similar over time, the ascending (left) tails showed a
declining trend in the number of small swordfish being
landed, a difference that proved to be significant (2-
sample Kolmogorov-Smirnov test; P<0.05). Between 1989
and 1993, the mean RW of landed swordfish increased
from 48.0-68.0 kg (Fig. 5).

Latitudinal distribution of mean swordfish RW is de-
picted in Figure 6. Data between the equator and 49°N
were pooled across years and stratified into 10° latitudi-
nal bins. Mean swordfish RW decreased from 52 to 35 kg
between latitudinal bins 1 (0°-9°N) and 2 (10°-19°N),
then increased to a maximum mean RW of 97 kg in bin
5 (40°-49°N). Variability was minimal in latitudinal bin
1, increased to a maximum in latitudinal bin 3, than
decreased with increasing latitude. Similar trends in
the mean and variation of RW by latitudinal bin were
observed annually.

Monthly mean RW by latitudinal bin is shown in
Figure 7. Intra-annual variation in mean RW within
bins decreased with increasing latitude. However, it
should be noted that the number of samples also de-
creased with increasing latitude. The large seasonal
variation of mean RW observed in bin 3 suggests sea-
sonal movement into and out of that bin. However,
temporal sampling in adjacent bins was sparse, and
migration patterns could not be inferred.

Landed swordfish were generally larger for vessels
targeting swordfish compared to vessels targeting a
mixed catch (Fig. 8). Similar size differences by target-
species trip type were observed annually and quarterly.

Swordfish Landings Per Unit of Effort

Quarterly swordfish mean LPUE (hereinafter referred
to as LPUE) from 1991 to 1993 is shown in Figure 9. An
increasing trend in LPUE is suggested, accompanied by
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Figure 1
Quarterly (Q1-Q4) distribution of fishing effort by 5° x 5° square in the Hawaii longline
fishery, 1991-93.

decreasing intra-annual variability and modulation of the
seasonal signal. During 1991 and 1992, seasonal signals
were similar: swordfish LPUE was greatest in quarters 1
and 2 and lowest in quarters 3 and 4. In 1993, quarterly
LPUE’s were similar, exhibiting little seasonality.

The quarterly LPUE time series was decomposed
into two targetspecies trip type series: swordfish and
mixed (Fig. 10). Quarterly swordfish LPUE for sword-
fish-targeted trips was generally higher than that for
mixed-target trips and showed no apparent trend (mean

=13.5 fish /1,000 hooks). Between 1991 and 1992, quar-
terly swordfish LPUE for mixed-target trips showed no
apparent trend (mean = 7.0 fish /1,000 hooks). In 1993,
however, quarterly swordfish LPUE for mixed-target
trips increased to 13 fish/1,000 hooks in quarter 1
before declining to approximately 9 fish/1,000 hooks
in quarter 4. Seasonality was apparent in the mixed-
target LPUE series, but not in the swordfish-targeted
series. LPUE was higher during the first half of the year
and lower in the second half of the year.
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Quarterly (Q1-Q4) presence—absence distribution of target-species trip types by 5° x 5°
square in the Hawaii longline fishery, 1991-93. Mixed = trips targeted on both swordfish
and tuna; Both = both swordfish- and tuna-targeted trips.

The time series of quarterly LPUE by target-species
trip type was further decomposed into three size-group
series (Fig. 11, 12). The size groups small, medium, and
large were identified from the cumulative distribution
function (CDF) of swordfish weight data (1989-93),
each representing one-third of the total swordfish
sample. The small size group includes swordfish <30 kg,
medium includes swordfish >30 kg and <100 kg, and
large includes swordfish >100 kg. Size-group-specific

LPUE series for mixed-target trips exhibit similar sea-
sonal behavior and no apparent trend (Fig. 11). How-
ever, the relative contribution of each size group varied
quarterly. During 1991 and 1992, quarterly LPUE was
generally similar for different sizes of swordfish, par-
ticularly for small and large fish. In 1993, quarterly
LPUE increased for medium and large fish, as did the
relative contribution from medium swordfish, which
dominated landings.
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Figure 3
Quarterly (Q1-Q4) presence-absence distribution of sampled target-species trip types by 5°
x 5% square in the Hawaii longline fishery, 1991-93. Mixed = trips targeted on both
swordfish and tuna; Both = both swordfish- and tuna-targeted trips.

The quarterly LPUE series for medium and large
swordfish caught on swordfish-targeted trips are similar
and are characterized by high intra-annual variability
and an increasing trend (Fig. 12). Quarterly LPUE’s for
small swordfish caught on swordfish-targeted trips are
characterized by low inter- and intra-annual variability
and a decreasing trend. Highest landing rates are asso-
ciated with medium swordfish, followed by large and
small swordfish. A comparison of size-group LPUE se-
ries suggests that swordfish-targeted trips generally have

higher landing rates for medium and large swordfish.
In contrast, [.PUE for small swordfish is similar for the
two target-species trip types.

These size groups (small, medium, and large) do not
have biological meaning, but were derived from the
CDF of swordfish RW. To help determine biological
impacts of the fishery, we estimated quarterly LPUE
series for mature and immature swordfish. We assumed
a size at maturity of 60 kg for both sexes (Skillman,
1998). Sixty kg is the reported size at maturity for
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Annual mean round weights of swordfish landed in the
Hawaii longline fishery, 1989-93. The bottom and top
edges of the boxes mark the sample 25th and 75th
percentiles. The whiskers extend to the sample 10th
and 90th percentiles. The line connecting the box
plots is drawn at the means.

female swordfish in the Pacific Ocean; male swordfish
mature at a smaller size. Therefore, 60 kg represents an
upper limit.

Quarterly swordfish LPUE by stage of maturity is
shown in Figure 13 for all trips combined. The series
for mature swordfish suggests an increasing trend. Quar-
terly LPUE for immature swordfish decreased from
1991 to 1992, before increasing in 1993.

Quarterly LPUE’s for mature and immature swordfish
caught on mixed-target trips are characterized by similar
increasing trends and seasonal signal (Fig. 14). LPUE was
generally higher during the first half of each year. Quar-
terly LPUE for mature swordfish caught on swordfish-
targeted trips is characterized by high intra-annual vari-
ability and increasing trend; it was generally higher than
that for immature swordfish (Fig. 15). Quarterly imma-
ture LPUE decreased from approximately 8.5 fish/1,000
hooks in 1991 to 3.25 fish/1,000 hooks in 1992, before
increasing to a mean of 5.0 fish/1,000 hooks in 1993.

Quarterly mature swordfish LPUE was generally
higher for swordfish-targeted trips than for mixed target
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Figure 6
Latitudinal distribution of swordfish round weight. The
bottom and top edges of the boxes mark the sample
25th and 75th percentiles. The whisker ends mark the
sample 10th and 90th percentiles. The horizontal lines
are drawn at the means.
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trips (Fig. 14, 15). In contrast, quarterly LPUE for im-
mature swordfish was similar for the two target-species

trip types.

Discussion

Fleet and Fishing Effort

Changes in the spatial distribution of fishing effort
characterized the recent expansion of the Hawaii
longline fishery. Areas of high fishing effort moved
progressively north and west, concentrating in the North
Pacific transition zone, along the subarctic boundary,
and in the subarctic frontal zone. Much of this change
likely resulted from a combination of factors including
vessel characteristics and learning. Vessel characteris-
tics relate to a vessel’s capacity for distant-water opera-
tions, i.e. self-sufficiency, on-board technology, and sea-
worthiness. During the summer and fall months when

vessels are fishing in the northwestern areas, a fishing
trip could last from 4 to 8 weeks, with 10 days for travel
to and from the fishing grounds. Because of the long
distances traveled and extended periods away from port,
only vessels able to produce ice, that have advanced on-
board technology for navigation and locating fish, and
capable of performing most emergency repairs at sea
tend to fish in the northwestern areas.

The observed difference in spatial distribution of
trips targeted on different species illustrates the effects
of fleet characteristics on spatial distribution of fishing
effort. We have shown that vessels targeting swordfish
accounted for much of the northwestward movement
of fishing effort. Prior to participating in the Hawaii
longline fishery, many of these longline vessels fished
for swordfish in the Atlantic Ocean and for salmon and
crabs in the northwest Pacific Ocean. These vessels are
generally capable of producing saltwater ice at sea, are
equipped with a full array of electronics equipment
such as radar and Doppler, carry spare parts for most
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Quarterly swordfish landings per unit effort in the Ha-
waii longline fishery, 1991-93.
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Quarterly swordfish landings per unit effort by target-
species trip type in the Hawaii longline fishery, 1991-93.
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Quarterly size-specific swordfish landings per unit ef-
fort for mixed-target trips in the Hawaii longline fish-
ery, 1991-93. L = large swordfish; M = medium sword-
fish; S = small swordfish.




Di Nardo & Kwok: Spatiotemporal Dynamics of Swordfish Landings in the North Pacific

61

N

1991 1992 1993

—_
o
°

@

Landings per unit effort (number fish/1000 hooks)

Quarter

Figure 12
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fort for swordfish-targeted trips in the Hawaii longline
fishery, 1991-93. L = large swordfish; M = medium
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Figure 13
Quarterly swordfish landings per unit effort in the Ha-
waii longline fishery, 1991-93, by maturity phase. M =
mature and I = immature swordfish.
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Quarterly swordfish landings per unit effort for mixed-
target trips in the Hawaii longline fishery, 1991-93, by
maturity phase. M = mature and I = immature swordfish.
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Quarterly swordfish landings per unit effort for sword-
fish-targeted trips in the Hawaii longline fishery, 1991—
93, by maturity phase. M = mature and [ = immature
swordfish.
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on-board electronics and mechanical equipment, and
are more seaworthy than vessels targeting a mixed catch
(Dollar%). In contrast, many of the vessels targeting a
mixed catch are converted shrimp trawlers from the
Gulf of Mexico or small and medium-sized local vessels,
and are generally not designed for distant water opera-
tions. Many of these vessels are not capable of produc-
ing ice and lack on-board electronic equipment (Ito?).
Some exceptions nonetheless exist.

Distributional changes in fishing effort based on learn-
ing result from longliners becoming increasingly famil-
iar with large-scale persistent oceanographic features.
The North Pacific transition zone, subarctic boundary,
and subarctic frontal zone are three such features. These
areas are characterized by multiple fronts (rapid changes
in sea-surface temperature or salinity) with high pro-
ductivity and distinct endemic species of nekton
(Mishima, 1981; Pearcy, 1991; Roden, 1991). Squid, the
primary prey of swordfish (Stillwell and Kohler, 1985;
Bello, 1991), are known to form dense seasonal con-
centrations in these areas (Sinclair, 1991). One of the
more abundant species of squid endemic to the North
Pacific Ocean is the neon flying squid, Ommastrephes
bartramii (Pearcy, 1991).

Between 1991 and 1993, longline fishing effort gradu-
ally moved north and west, with high concentrations in
the North Pacific transition zone, along the subarctic
boundary, and in the subarctic frontal zone. The sea-
sonal distribution of fishing effortin 1993 was similar to
the typical seasonal distribution of neon flying squid
(Sinclair, 1991; Gong et al., 1993; Murata and Hayase,
1993).

While the similarity in seasonal distributions suggest
a possible biological link, Hawaii longliners at best indi-
rectly target squid concentrations. Longline vessels ac-
tively search for thermal fronts, where they set the
gear. Podesta et al. (1993) found higher swordfish
catch rates in the vicinity of thermal fronts, but did not
have enough data to link the higher catch rates to other
physical or biological factors associated with frontal
regimes. However, concentrations of neon flying squid
are higher near thermal fronts (Gong et al., 1993)
which in turn may attract swordfish.

It has been suggested that spatial targeting by Hawaii
longliners may have been influenced by interactions
with vessels participating in the North Pacific high-seas
drift gillnet fishery (Travis’). Reportedly, some long-

6 Dollar, R. 1994. Honolulu Lab., SWFSC/NMFS/NOAA, 2570
Dole St., Honolulu, HI 96822-2396. Personal commun.

7 Ito, R. Y. 1994. Honolulu Lab., SWFSC/NMFS/NOAA, 2570
Dole St., Honolulu, HI 96822-2396. Personal commun.

8 Fishery Monitoring and Economics Program, Honolulu Lab., South-
west Fisheries Science Center, NMFS, NOAA, Honolulu, HI 96822-
2396. Unpublished data.

liners would observe the operations of drift gillnet ves-
sels and set their gear in areas associated with large
catches. Presently it is not clear if longliners used drift
gillnet vessels to identify concentrations of squid, sword-
fish, or the location of thermal fronts, but the reported
commensalism represents an interesting form of fish-
ery interaction.

Swordfish Size Dynamics

The observed annual variations in swordfish weight
composition (Fig. 4) most likely result from changes in
fleet dynamics rather than from increased fishing ef-
fort. The continuing decline in the number of small
swordfish landed is probably confounded with changes
in spatial distribution of the fleet and in landing prac-
tices. As the fleet moved farther west and north, the size
of landed swordfish increased. Because larger sword-
fish receive a higher unit price than smaller swordfish,
there is an economic incentive to land only the larger
fish (Ito et al., 1998). Thus, small swordfish, which were
traditionally landed, are caught less frequently due to
the northwestward movement of the fleet, and are of-
ten discarded for economic reasons.

Although data to compute swordfish discard rates
are collected through the logbook program, weight of
each swordfish caught is not recorded. Only average
annual discard rates, pooled over all sizes, can be esti-
mated (4.4%-6.6%). However, these rates will be con-
founded with recent changes in fishing strategy (in-
creased targeting of larger swordfish by longliners and
shifting spatial distribution of fishing effort) and most
likely underestimate discard rates for small swordfish.

The northwestward movement of fishing effort, and
subsequent increase in size of swordfish landed, will
affect the sex ratio of landed swordfish. Results from
Kume and Joseph (1969) in the Pacific Ocean and Lee
and Arocha (1993) in the Atlantic Ocean show that
larger swordfish tend to be female. While there are no
recent swordfish sex-ratio data from the Pacific Ocean,
we have no reason to believe that larger swordfish landed
in the Hawaii longline fishery are not mainly females.

We have shown that intra-annual variation in mean
RW decreases with increasing latitude (Fig. 6). More-
over, intra-annual variability in monthly mean RW within
latitudinal bins decreased with increasing latitude, with
significant seasonal variation in mean RW in bin 3 (Fig.
7). These results, although limited in scope, suggest
seasonal movement of swordfish in the North Pacific
Ocean. However, the direction of movement (north—

9 Travis, M. 1994. JIMAR, Univ. Hawaii, 1000 Pope Rd., Hono-
lulu, HI 96822. Personal commun.



south, east-west, or some combination) cannot be in-
ferred from existing data. While tagging studies in the
Atlantic Ocean suggest north—south movement patterns
(Berkley, 1989), additional data are required before mi-
gration patterns in the Pacific Ocean can be identified.

Indices of Fishery Performance

Fishing for swordfish in the Hawaii longline fishery is a
recent phenomenon. The increasing trend in quarterly
LPUE (Fig. 9), accompanied by decreasing intra-an-
nual variability and modulation of the seasonal signal,
exemplifies the effects of learning by longliners in a
developing fishery. Prior to 1993 the catch of swordfish
was seasonal: higher landing rates in the first and sec-
ond quarters, followed by lower rates in the third and
fourth quarters. By 1993, however, seasonality in sword-
fish landings disappeared. Swordfish were being landed at
similar rates throughout the year, suggesting a change in
fishing strategy. We hypothesize that change in strategy to
be the exploitation of temperature breaks which are fre-
quently associated with persistent large-scale oceanographic
features by longliners, the same oceanographic features
important in the seasonal distribution of swordfish.

The quarterly LPUE’s computed for the Hawaiian
longline fishery are among the highest reported for
swordfish in the North Pacific Ocean. Estimates of sword-
fish catch-per-unit-effort (CPUE) from the Japanese
tuna longline fishery in the North Pacific Ocean ranged
between 3.0 and 4.0 fish /1,000 hooks in 1952-62 (Bartoo
and Coan, 1989) and were generally less than 2.0 fish/
1,000 hooks between 1963 and 1980 (Bartoo and Coan,
1989; Ueyanagi etal., 1989). During earlier years (1952-
62), swordfish and albacore were targeted by the Japa-
nese longline fleet, which accounts for the higher CPUE.
Between 1962 and 1963, the target species of the Japa-
nese longline fleet changed to tunas for the sashimi
market, and swordfish became an incidental catch
(Sakagawa, 1989). The lower CPUE in this period most
likely reflects the change in target species.

We have shown that quarterly swordfish LPUE is gener-
ally less for mixed-target trips compared to swordfish-
targeted trips (Fig. 10). We argue that the differences
in computed performance indices are indicative of dif-
ferences in fishing strategy. Gear and vessel characteris-
tics differ between the two target-species trip types, and
these differences affect catchability (DiNardo, 1993).

As larger swordfish tend to be female, the increased
targeting of larger swordfish suggests increasing selec-
tion for females. Because larger swordfish are more
valuable, it is unlikely that there will be a reversal of this
trend. The extent and potential impact of selecting for
females must be addressed as more data become avail-
able; one potential result is recruitment failure. This
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necessitates the need for sex ratio data on swordfish
catches and reliable estimates of age at maturity. Be-
cause of the potential consequences of selecting for
females, we argue that swordfish fishery performance
indicators in the Pacific Ocean need to be size-based.

Sources of Variability

Assessing the status of swordfish in the Pacific Ocean
requires standardized metrics of fishery performance
from fisheries targeting swordfish, as well as estimates
of population dynamics parameters. Although we iden-
tified factors affecting performance indices in the Ha-
waii longline fishery, our list of factors is not intended
to be exhaustive. Rather, the identified factors repre-
sent a point of departure for future research and col-
laboration. Identified factors include fishing location,
time, fishing strategy, vessel characteristics, fish size,
and oceanographic features.

Additional data on vessel operations and fishing strat-
egy are being collected by fishery technicians aboard
vessels of the Hawaii longline fishery. These data will be
used to identify additional factors (e.g. vessel captain)
that affect measures of fishery performance, and to
quantify standardized measures of swordfish CPUE.
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ABSTRACT

Broadbill swordfish, Xiphias gladius, is harvested commercially throughout the area of
its distribution, with catches averaging about 78,000 metric tons per yr. In the North Pacific
it is harvested in both coastal and high-seas fisheries by numerous nations. This paper
provides a description of the swordfish fisheries off the west coasts of the United States and
northern Mexico and summaries of other fisheries in the eastern North Pacific.

Introduction

Broadbill swordfish, Xiphias gladius, is a large migratory
oceanic species widely distributed in all of the world’s
tropical and temperate oceans and most major seas. It
inhabits surface waters above 13°C, but seasonally may
enter cooler waters (Nakamura, 1985). The swordfish is
known to descend to depths of 300-500 m, where tem-
peratures are 5°-8°C, presumably for feeding (Carey
and Robison, 1981; Holts et al.!). It is found in greater
abundance in areas of rich production where small
pelagic prey are plentiful, such as in frontal zones and
where water currents merge or where temperature and
salinity gradients occur (Sakagawa, 1989; Sosa-Nishizaki
and Shimizu, 1991). In the Pacific Ocean there are at
least four such areas: the coastal and offshore waters of
the California Current, the Kuroshiro Current off Ja-
pan, the Peru Current off northern Chile, and the
current systems east of Australia.

Swordfish is harvested commercially throughout its
area of distribution. It is highly desired, and sold both
fresh and frozen in seafood and sushi markets around

I Holts, D. B., N. W. Bartoo, and D. W. Bedford. 1994. Swordfish
tracking in the southern California bight. U.S. Dep. Commer.,
NOAA, Natl. Mar. Fish. Serv., SWFSC Admin. Rep. LJ-94-15, 9
p. Available from SWFCS, NMFS, 8604 La Jolla Shores Dr., La
Jolla, CA 92083.

the world. Individual swordfish may exceed 500 kg in
the Pacific. Worldwide landings peaked at 81,000 met-
ric tons (t) in 1988 (Table 1), and currently average
about 76,400 t. Total annual catch in the Atlantic Ocean
and Mediterranean Sea averages about 44,000 t, repre-
senting 56.8% of the world catch. In these areas sword-
fish production is declining and the stock(s) appear to be
overexploited. The International Commission for the Con-
servation of Atlantic Tunas (ICCAT) therefore set Atlantic
quotas in 1991 to gradually reduce catches to below the
current estimated maximum sustained yield (MSY).
Catches in the Pacific and Indian Oceans, where there is
no international management regime, represent 38.7%
and 4.5% of world production, respectively (Fig. 1).
The north Pacific swordfish resource was considered
stable at the time of the most recent assessments (Saka-
gawa and Bell, 1980; Bartoo and Coan, 1989; Sakagawa,
1989; Skillman, 1989). However, the data used in these
studies were complete only through 1981. The global
market and product value have remained steady. In
response to continued demand, and reduced supply
from the Atlantic, swordfish catches in the Pacific have
increased. Data assembled by the Food and Agriculture
Organization (FAO) of the United Nations indicate
substantial production increases in all three of its east-
ern Pacific statistical fishery areas (67, 77, and 87),
especially from the United States (U.S.), Mexico, Chile,
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Table 1
Swordfish catch (metric tons) for the eastern Pacific
Ocean, entire Pacific, and world (data from Food and
Agriculture Organization, 1986-93).
Eastern Pacific

Northern Central Southern Pacific World
Year Area 67 Arsa 77  Area 87 total total
1970 0 6,000 3,600 9,600 40,500
1971 0 2,800 500 3,300 26,678
1972 0 3,602 800 4,402 28,417
1973 0 4,504 2,600 7,104 32,183
1974 0 2,814 904 3,718 25,911
1975 0 2,697 540 3,237 28,819
1976 0 3,908 544 4,452 31,465
1977 0 3,216 832 4,048 33,380
1978 1 3,760 1,119 4,880 39,864
1979 0 3,215 572 3,787 37,992
1980 0 4,308 896 5,204 37,489
1981 8 5,634 900 6,442 38,663
1982 14 4,926 804 5,744 43,716
1983 26 4,168 1,316 5,510 46,587
1984 35 4,794 1,073 5,902 53,517
1985 162 4,995 688 5,845 59,121
1986 25 4,927 1,239 6,191 61,036
1987 28 5,903 2,662 8,593 67,028
1988 74 5,977 5,508 11,5659 81,036
1989 86 5,217 6,318 11,621 78,704
1990 30 8,463 6,072 14,565 76,235
1991 4,004 9,390 8,403 21,797 71,639

and other Central and South American countries (Food
and Agriculture Organization, 1986-93; Table 1). Many
U.S. commercial swordfish vessels transferred their op-
erations from the Atlantic and Gulf states to the eastern
North Pacific in 1993. This increase in potential pro-
duction raised fears that the Pacific stock(s) may also
be vulnerable to overfishing, and created an urgent
need for new assessments utilizing current data (Joseph
et al.?).

Imports of swordfish into the U.S. have increased
from less than 1,000 t prior to 1984, to over 4,000 t per
yr in 1985-89. Generally priced well below domestic
market prices, imports have continued to increase to
more than 7,000 t per yr in recent years (1989-92) with
an annual value in excess of $40,000,000 (]acobson3).
Imports from the Pacific Ocean are currently about
67% of total U.S. swordfish imports.

2 Joseph, J., W. H. Bayliff, and M. G. Hinton. 1994. A review of
information on the biology, fisheries, marketing and utilization,
fishing regulations, and stock assessment of swordfish, Xiphias
gladius, in the Pacific Ocean. Inter-Am. Trop. Tuna Comm. Int.
Rep. 24, 81 p. Available from IATTC, La Jolla, CA 92037-1508.

% Jacobson, R.  1994. Statistics and Market News, Natl. Mar. Fish.
Serv., NOAA, Long Beach, CA 90802. Personal commun.
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Figure 1
Worldwide swordfish production by major ocean sys-
tem, 1987-92 (data from Food and Agriculture Organi-
zation, 1986-93).

This description of the swordfish fisheries off the
west coast of the U.S. and Mexico east of 140°W longi-
tude includes the harpoon, driftnet, and longline fish-
eries operating out of U.S. west coast ports and the
driftnet and longline fisheries of Mexico, through the
1993 fishing season (Fig. 2). Summaries of the longline
fisheries of Japan, Taiwan, and Korea in the eastern
North Pacific and that of Hawaii are also presented.

Fisheries

Japan

Japanese longline vessels began operations in the Pa-
cific in 1952 and were fishing the entire eastern Pacific
between 40°S and 35°N by 1968 (Nakano and Bayliff,
1992; Squire and Mubhlia-Melo*). Directed fishing ef-
fort changed seasonally and annually to target the most
lucrative species of billfish and tunas available. Japa-
nese Pacific-wide swordfish catches varied between
10,000 and 18,000 t and accounted for at least 80% of
Japan’s catch of swordfish during 1952-68. The three
areas of the eastern Pacific with the highest swordfish
catch rates were off northern Mexico, east of 120°W; off
northern Chile; and at 10°-15°S and 95°-110°W
(Nakano and Bayliff, 1992). Japan has had up to 600

4 Squire, J. L., Jr.,and A. F. Muhlia-Melo. 1993. A review of striped
marlin, swordfish, and sailfish fisheries and resource management
by Mexico and the United States in the northeast Pacific
Ocean. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., South-
west Fish. Sci. Cent. Admin Rep. L]-93-06. 44 p. Available from
SWFSC, NMFS, 8604 La Jolla Shores Dr., La Jolla, CA 92038.
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Swordfish fisheries operating in the eastern North Pacific.

longline vessels operating in the eastern Pacific in a
single year (Sakagawa, 1989).

Japanese longline fishing effort in the North Pacific
increased from 100 million hooks deployed annually in
the 1950’s to 230 million hooks by 1967, and has re-
mained above 200 million since. Fishing effort in the
eastern North Pacific increased from approximately
100,000 hooks during the late 1950’s to over 20 million
in 1968, and averaged 9.5 million (range 6.4-13.7 mil-
lion) between 1970 and 1980. This effort was directed
primarily at tuna, although striped marlin, Tetrapturus
audax, and swordfish were targeted around the tip of
the peninsula of Baja California, Mexico. During the
late 1980’s, 49%—-58% of Japan’s total longline fishing
effort in the Pacific was concentrated in the eastern
North Pacific, north of 10°N and east of 140°W.

Substantial numbers of Japanese longline vessels
fished within 12 nautical miles (n. mi.; 22 km) of the
coast of Baja California in 1964, targeting swordfish,
marlins, and sailfish. Japan began targeting bigeye tuna,
Thunnus obesus, in about 1975, using deep longline
technology (Miyabe and Bayliff, 1987; Nakano and
Bayliff, 1992). That technology employs longer float-
lines and fewer floats, increasing the distance between

floats and allowing the hooks to fish deeper in the water
column where bigeye tuna are more abundant. Deep
longlining was more commonly used south of 10°N and
was used only about 25%-45% of the time off Baja
California.

Conventional Japanese longline fishing effort con-
tinued off northern Mexico for swordfish, and the high-
est catch rates (catch per hundred hooks) were re-
ported from 1975 to 1983 and again in 1986 and 1987
(Miyabe and Bayliff, 1987; Nakano and Bayliff, 1992).
Mexico prohibited longline fishing within its Exclusive
Economic Zone (EEZ) from late 1984 through most of
1985.

Catch of swordfish north of 10°N and east of 140°W
peaked between 1968 and 1973 at an average of nearly
14,200 fish, and represented 9.5% of Japan’s total sword-
fish catch in the Pacific. Between 1974 and 1980, the
Japanese catch in the eastern North Pacific declined to
4,400 swordfish (3.1% of their Pacific-wide catch) as a
result of targeting on other billfish and tunas. The most
recent data available indicate swordfish catches in 1984
and 1985 were the lowest since the early 1960’s.

Japanese longline catch rates for swordfish were high-
est during the mid-1960’s from 10°N to 30°N, off Baja
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California Sur and Mexico and east of Hawaii. Catch
rates were 0.1-0.3 fish per 100 hooks off Baja California
in the 1960’s and 1970’s and fluctuated from <0.1-0.4
as fishermen switched target species between swordfish
and other billfish off Baja California in the 1980’s
(Nakano and Bayliff, 1992). Mexico began enforcing its
EEZ in 1978, allowing foreign longline effort within the
EEZ on a permit basis only. These permits were limited
to joint-venture operations in 1978-91 and were with-
drawn for a period in 1984-85. All longline effort,
foreign and domestic, was abolished within Mexico’s
EEZ in 1991. During 1981-87, the greatest Japanese
longline catch rates occurred at 30°-35°N and east of
135°W (off Baja California Sur) throughout the year
and west of 135°W in the fall and winter.

Considerable variation exists in the length-frequency
data. Swordfish less than 80 cm and greater than 200
cm, measured from posterior margin of the eye to fork
in tail (EFL), were most common off Baja California
Sur. Although clear trends were not identified, recruit-
ment into the longline fishery apparently occurs
throughout the year and over a broad area and wide
range of sizes (Nakano and Bayliff, 1992).

Japan’s high-seas driftnet fleet did not enter the east-
ern North Pacific, although it did fish for swordfish,
billfish, and tunas in the South Pacific in 1972-92.

Taiwan

Taiwan’s high-seas longline fleet began fishing in the
South Pacific in the 1960’s and had expanded into the
North Pacific by 1967. Its fishing effort was primarily
directed at albacore, Thunnus alalunga, and yellowfin
tuna, Thunnus albacares, in the western Pacific. Taiwan’s
longline fishing effort exceeded 2 million hooks in
1976, but declined steadily through 1991. Fishing effort
in the eastern North Pacific occurred in only two years
(1980 and 1987) and was directed toward tunas. Inci-
dental swordfish catches were insignificant.

Korea

Korea’s high-seas longline fishery targeted on tropical
tunas began in the South Pacific and had expanded
into the eastern Pacific by 1975. Fishing effort in the
North Pacific averaged 10 million hooks from 1975 to
1987 (range 4.5-21.0 million). Most of this effort tar-
geted tuna between 10°N and the equator. Effort in the
eastern North Pacific averaged 1.0 million hooks in
1975-87 (range 0.2-3.5 million). Effort decreased after
1984, possibly because of restrictive licensing agreements
within Mexico’s EEZ. Catches of swordfish were inciden-
tal, averaging only 230 swordfish per year (range 0-1,018).

United States

Harpoon Fishery—Fishing for swordfish with hand-held
harpoons began off southern California in the early
1900’s. Swordfish (and striped marlin) could be taken
by both recreational and commercial fishermen until
1935, when harpooning for sport was banned by the
California Fish and Game Commission (CFGC). Har-
poon fishing remained the primary fishery for sword-
fish until 1980, when it was essentially displaced by the
driftnet fishery for pelagic sharks and swordfish.

Traditionally the swordfish harpoon fishery extended
seasonally north as far as Oregon and south well beyond
the U.S.—Mexico border. It was, however, concentrated in
warmer waters (18°-22°C) within the Southern California
Bight from about Santa Barbara to the Mexican border
and out about 60 n. mi. (110 km). The harpoon season
peaks in the summer and fall, when generally mild weather
conditions exist. Changes in climate and current patterns
have influenced the catch distribution (Coan et al., 1998).
Fishing vessels search for swordfish “finning” or basking at
or near the surface. Because fish are usually sighted from
the vessel’s mast or from airplanes, calm weather and sea
conditions are critical to locating the fish.

Harpoon vessels average about 6-26 m in length,
with a bow plank of about 6-8 m. They normally oper-
ate with a crew of at least two, who search with binocu-
lars for swordfish. When a swordfish is sighted, one
crew member maneuvers the vessel’s bow plank over
the fish while the other throws the harpoon from the
end of the bow plank. The catch is often stored on ice
during short trips of a few days.

The number of vessels with harpoon permits remained
fairly steady prior to 1970. In 1971, levels of total mercury
in swordfish exceeded the allowable level of 0.5 ppm.
Local demand dropped for two years, but recovered in
1973. Imports of swordfish were severely restricted for
several years, but domestic swordfish, sold locally, was not
subject to inspection. The level of methyl mercury legally
allowable in swordfish was increased to 1.0 ppm in 1978.
With reduced competition from imports and renewed
consumer acceptance, the number of permits increased
from 150 to over 1,200 by 1980 (Bedford and Hagerman,
1983), although the number of vessels landing harpooned
swordfish exceeded 300 only in 1978 and 1980.

Harpoon vessels began using aircraft to assist in lo-
cating swordfish at or near the surface in 1970. In 1973,
the harpoon was designated the only commercial gear
for swordfish by the CFGC. Aircraft proved extremely
efficient in locating swordfish and improving catches
for those vessels employing their use (Bedford®). Air-

> Bedford, D. W. 1985. Pelagic shark/swordfish drift gill net
fishery. Calif. Dep. Fish Game Manage. Info. Doc., 74 p.  Available
from CDFG, 1416 Ninth St., Sacramento, CA 95814.



craft use was prohibited for a short time in 1976, but its
effectiveness had been demonstrated by both increased
catch rates and landings. Use of aircraft was resumed
but only to locate areas of fish, and aircraft were re-
quired to remain at least 5 mi. from the fishing vessel
with which they were working. Legislation was passed in
1980 allowing swordfish taken in the driftnet fishery to
be landed and sold in California. Competition between
the two fisheries became intense, and harpoon fishers
lobbied for and received, in 1984, unrestricted use of
aircraft (Squire and Muhlia-Melo?).

Many of the owners of harpoon and driftnet vessels
obtained dual permits for taking both harpooned and
net-caught swordfish during the same trip. These dual
permittees set their nets at night and spent their days
searching for swordfish to harpoon (Hanan etal., 1993).

Fishing effort for the harpoon fleet peaked in 1979 at
nearly 13,000 fishing days, and then fell rapidly in 1980-
83 as competition from the driftnet fishery increased.
Days fished by the harpoon fleet have averaged about
1,000 per yr since 1989 (Coan et al., 1998).

The first sizable harpoon catch, landed in 1927, was
59 t. Landings fluctuated between 100 and 500 t through-
out the 1930’s and 1940’s, then declined to 10-200 t,
where it remained throughout the 1950’s and 1960’s.
Catches averaged about 320 tin 1970-80 and peaked at
1,172 tin 1978 (Table 2). Between 1981 and 1992 catches
of harpooned swordfish averaged 92 t, and they increased
to 116 tin 1993 with a fleet of less than 40 vessels.

Measured swordfish from the harpoon fishery ranged
between 64 and 217 cm alternate length® (AL) and
averaged 85 kg dressed weight (Coan etal., 1998). Dressed
weight of swordfish is estimated at 55% of whole body
weight for tax purposes by the California Department of
Fish and Game (CDFG, 1995, Chap. 371, p. 2).

Driftnet Fishery—The driftnet fishery off the coast of
southern California began in 1978, primarily for pe-
lagic sharks. Major changes have occurred in almost
every aspect of this fishery including vessels, gear, fish-
ing techniques, regulations, fishing areas, seasons, and
targeted species. By 1980, Pacific broadbill swordfish
was the target of the fishery. The early success of the
fishery was attributed to the abundance of Pacific sword-
fish and pelagic sharks (thresher, Alopias vulpinus, and
shortfin mako, Isurus oxyrinchus) in coastal waters, popu-
lar consumer acceptance of both swordfish and sharks,
and lower operating expenses than in the swordfish
harpoon fishery, primarily due to greater fuel efficiency.

6 Alternate length (AL) for swordfish is measured from the anterior
margin of the cleithrum to the fork of the tail. The regression
equation to convert to EFL (length post-orbit to the fork of the
tail) in centimeters is EFL = 1.09(AL) + 10.13.
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Table 2

Reported landings in metric tons by the California
swordfish fisheries, 1970-93, by fishery type. DGN=drift
gillnet.

Year Harpoon DGN Other Total
1970 199.3 229.3 428.6
1971 45.2 24.6 69.8
1972 86.4 34.2 120.6
1973 194.9 83.5 278.4
1974 193.7 101.1 294.8
1975 297.8 94.9 392.7
1976 22.4 15.7 38.1
1977 187.1 44.6 231.7
1978 1,173.7 9.2 1,180.9
1979 2224 43.8 266.2
1980 389.7 110.2 429 542.8
1981 178.6 319.7 20.0 518.4
1982 107.6 629.9 29.4 766.9
1983 39.8 922.4 250.9 1,213.1
1984 73.0 1,488.8 430.4 1,992.2
1985 145.0 1,659.4 552.5 2,356.8
1986 162.6 1,169.1 412.4 1,744.2
1987 145.0 895.7 202.4 1,243.0
1988 123.7 759:2 243.6 1,126.5
1989 37.2 730.1 530.1 1,297.5
1990 34.7 717.4 96.8 849.0
1991 11.3 577.8 120.7 709.7
1992 44.2 898.9 110.8 1,053.9
1993 116.1 905.0 67.3 1,088.4

Continued market demand encouraged development,
and fishers began exploring new areas farther offshore
and as far north as Oregon and Washington, although
few landings were made outside California. Both effort
and catch expanded, reaching highs in 1984 and 1985.

Several fishery-related conflicts emerged in the early
years of this fishery. Commercial swordfish harpoon
fishers feared reduced catches of swordfish and lobbied
against netting, as did recreational anglers, who were
concerned about striped marlin. A related problem was
the incidental bycatch of marine mammals (Hanan et
al., 1993; Hanan and Scholl’; Diamond et al.8).

7 Hanan, D. A, and J. P. Scholl. 1985. Shark drift gill net fishery
observation program (May-June, 1983). In D. A. Hanan (ed.),
California Department of Fish and Game coastal marine mammal
study, annual report for the period July 1, 1982—June 30, 1983,
p- 10-12.  U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., South-
west Fish. Sci. Cent. Admin. Rep. LJ-85-10C. Available from
SWFCS, NMFS, P.O. Box 271, La Jolla, CA 92038-0271.

8 Diamond, S. L., D. A. Hanan, and J. P. Scholl. 1986. Drift gill
net observations for the 1984-85 fishing season. In D. A. Hanan
(ed.), California Department of Fish and Game coastal marine
mammal study, annual report for the period July 1, 1984—June 30,
1985, p. 9-26 and 45-46. U.S. Dep. Commer., NOAA, Natl. Mar.
Fish. Serv., Southwest Fish Sci. Cent. Admin. Rep. LJ-86-25C.  Available
from SWFCS, NMFS, P.O. Box 271, La Jolla, CA 92038.
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Observer programs were mandated by CDFG in 1980
to address the incidental take of marine mammals.
These documented incidental catches during the early
years of this fishery. The CDFG observed hauls from
443 net sets during 1980-85. There were no systematic
observations during the 1986-89 fishing seasons. As man-
dated by the U.S. Marine Mammal Protection Act (MMPA),
the National Marine Fisheries Service (NMFS) established
an observer program in 1990. Data were recorded by
observers onboard driftnet vessels during observed net
pulls (Hanan et al., 1993; Lennert et al., 1994). Coverage
in observed trips has been 10%-14% since 1990.

The incidental catch of marine mammals was consid-
ered relatively high in the developing years of the fish-
ery. Time and area closures around the Channel Is-
lands and along the mainland were successful in reduc-
ing that bycatch. Currently, the bycatch of marine mam-
mals in this fishery is apparently low and not compro-
mising any stocks (Hanan et al., 1993). Bycatch of other
species does not appear to be a problem, except possi-
bly for blue sharks, Prionace glauca, which average 10-15
per set. Blue sharks that are not marketable in the U.S.
are discarded at sea (Julian and Beeson, 1998).

The first vessels in the driftnet fishery were converted
from sea bass and halibut set-net vessels, most of which
had wooden or fiberglass hulls. Many harpoon fishers
also converted their vessels for driftnet fishing. Effort
was concentrated around nearshore banks, canyons,
and escarpments, and the offshore islands. As the suc-
cess of this fishery continued, many of the smaller and
older vessels were replaced with larger steel and alumi-
num vessels with increased speed and range. Fish hold
space increased, and cooling capabilities evolved from ice
to brine-spray and blast freezers. Several vessels now have
large-capacity ice makers and limit the length of trips to
less than about 3 wk to obtain the best market price.

As the driftnet fishery prospered, the number of
vessels increased and competition for available sword-
fish became intense. Airplanes were often hired to lo-
cate areas of fish and to observe catches of other vessels
(Hanan et al., 1993). In 1980, the California legislature
made the driftnet fishery a limited-entry fishery, setting
the maximum number of permits at 150, but allowing
those fishers already involved to continue fishing. The
actual number of permits issued reached a high of 300
in 1985. Driftnet vessels landing swordfish in California
numbered 173 in 1991, 169 in 1992, and 162 in 1993.
There were, however, rarely more than 100 active ves-
sels fishing throughout any one season.

Drift nets are usually fished 4-10 m below the surface
to allow small vessels to pass over without entangling
them and to avoid catching non-target surface-swim-
ming species. The nets are deployed at sundown and
retrieved in the early morning after a soak of 8-12 hr.
The length of the drift nets is limited to 1 n. mi. (1.8

km). The nets vary in depth between 50 and 100 meshes,
and fish a vertical depth of 15-30 m. The size of each
mesh is limited to a minimum of 40 ¢cm (18 in) al-
though 48 cm (22 in) is more common. The fishing
season originally started on 1 April and ended on 31
January of the following year. To reduce fishing effort
and to protect thresher sharks migrating northward
along the California coast, the season start was pushed
back to 15 August (Hanan et al., 1993).

Swordfish are removed from the net by first cutting
off the bill and removing the fins. Swordfish (and sharks)
are dressed (head removed, and eviscerated ), unwanted
parts discarded, and the carcasses washed with sea water
and placed in the hold at just above freezing (0°-2°C)
until the vessel returns to port. Most swordfish are sold in
local markets (Herrick and Hanan, 1988; Cailliet et al.,
1993; Hanan etal., 1993). Ex-vessel price for swordfish has
ranged from about $4.40 to $8.50 per kg since 1990.

Hanan et al. (1993) summarized the available drift-
net data from the California logbook system, landing
receipts, and market sampling program for the 1981-
90 fishing seasons. Logbooks collected from driftnet
skippers under a mandatory logbook system (Huppert
and Odemar, 1986) include catches (number of fish)
by species, date, geographical position, gear and set
data, and various other information, such as vessel reg-
istration and permit numbers. Fishing effort is desig-
nated in logbooks as number of sets, a set being one
deployment and retrieval of the net.

Landing receipts are collected from commercial fish
brokers each time a vessel delivers its catch to a Califor-
nia market. The receipts report landings in pounds,
along with location and date of catch and type of fish-
ing gear used. Problems associated with reporting of
gear types resulted in the development of criteria to
estimate actual landings of the driftnet fishery (Hanan
et al., 1993). This convention was used in the determi-
nation of 1991-93 effort data in this report. Combined
logbook and landing-receipt data provided improved
estimates of effort (Julian and Beeson, 1998; Beeson
and Hanan?) and are used here to estimate effort and
catch for the 1991-93 fishing seasons.

Skipper compliance with logbook reporting regula-
tions was estimated to be greater than 90% (Hanan et
al., 1993; Miller et al.!?). The effort data reported in

Y Beeson, M., and D. Hanan. 1991. Effort estimates of California
gill net fisheries: halibut-angel shark set net and shark-swordfish
drift net for the 1990-91 fishing year (April 1, 1990-March 31,
1991). Final rep. NA9OAA-HFC401 and NA86-ABD-00201 submit-
ted to Natl. Mar. Fish. Serv., Southwest Region, Terminal Island, CA.

10 Miller, D. J., M. J. Herder, and J. P. Scholl. 1983. California
marine mammal-fishery interaction study, 1979-1981. U.S. Dep.
Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fish. Sci. Cent.
Admin. Rep. LJ-83-13C, 233 p. Available from SWFSC, NMFS,
8604 La Jolla Shores Dr., La Jolla, CA 92038-0271.
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Table 3
Reported and estimated swordfish catch and effort in
the California driftnet fishery.
Reported Estimated
Effort Effort Catch Effort  Catch
(landings) (sets) (fish) (sets) (fish)
1981 2,388 6,710 3,871
1982 3,282 10,452 12,925
1983 3,021 11,160 21,878
1984 2,912 9,688 25,725
1985 2,860 9,238 23,062
1986 2,411 11,243 23,454
1987 2,258 8,382 12,690
1988 1,572 6,047 11,289
1989 1,376 6,028 11,511
1990 1,545 4,392 9,367 4,504 15,211
1991 1,335 4,643 7,771 4,752 11,517
1992 1,119 3,898 10,460 4,504 16,360
1993 1,305 5,380 11,680 5,380 13,706

logbooks were therefore assumed accurate. The annual
distribution of effort in the driftnet fishery shifted geo-
graphically from nearshore southern California to
northward and offshore. Prior to 1982, fishing effort
during spring was concentrated on sharks in the South-
ern California Bight, then shifted northward and off-
shore, targeting swordfish as the season progressed.
During the height of the fishery, effort was concentrated
around the offshore seamounts of central and northern
California, and northward to Oregon and Washington.
Most effort off Oregon and Washington was directed at
thresher sharks, and few swordfish were caught. Be-
cause most of these vessels were based in California,
their catches were likewise landed in California.

Total reported annual driftnet effort nearly doubled
in the first 5 yr to a high of 11,243 sets in the 1986
fishing season, and subsequently declined to a low of
3,898 sets in the 1992 season. This effort increased in
1993 to 5,380 sets. The decline in effort resulted from
increasing regulations and laws governing the fishery.
Concern about possible overfishing of some pelagic
sharks resulted in the fishing season being shortened in
1985 to 15 August-30 January, and in prohibition of
sets within 75 n. mi. (139 km) of the coast and nearby
islands to avoid the directed spring thresher shark fish-
ery. Effort decreased almost 60% by 1993, correspond-
ing to decreased total landings. Reported driftnet land-
ings increased to a high of 3,500 in the 1983 season,
then decreased steadily to a low of 1,500 in the 1990
season, and have averaged 1,223 during the 1991-93
seasons. Estimates of effort that incorporate NMFS ob-
server data closely correspond to reported effort for the
1990-93 fishing seasons (Table 3).

B BN

[] 0-499
500 - 1,999
2,000 - 4,999
B 5,000 - 14,999

Il 15,000 - 30,000
40°N

30°N

|||||l|ll|||!Tll’ll|ll||l\|rl

20°N -
130°W 120°W 110°W

Figure 3
Geographical distribution of swordfish catch (number
of fish) reported in CDFG logbooks for the California
driftnet fishery, 1981-93 fishing seasons.

The driftnet fishery catches swordfish mostly in wa-
ters off San Diego to San Francisco, and within 500 km
of shore. Catches of swordfish usually peak in October
and November and taper off in December and January.
During the 1981 and 1982 seasons, the areas of highest
catch were in the Southern California Bight. Small
numbers of swordfish were also caught between San
Francisco and the California—Oregon border and within
200 km of shore. As effort expanded, good catches were
taken offshore of Monterey and San Francisco. Few
catches of swordfish occurred north of Oregon (Fig. 3).

Logbook data closely followed landings data, show-
ing a peak catch of 25,725 swordfish in the 1984 season
followed by a decrease to 7,771 swordfish in the 1991
season and then an increase to 11,680 in 1993 (Table
3). Mean annual landings were 898 t of swordfish for
the 1981-93 seasons. Average landings for 1990-93
were 775 t, with improved landings in 1992 and 1993
(Table 2). Estimates that incorporate NMFS observer
data indicate that swordfish catch may be under-re-
ported from 15% in 1993 to 38% in 1990 (Julian and
Beeson, 1998).

Swordfish dominated driftnet landings during 1983-
93. Swordfish landings increased from 110 t in the
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1980’s to a high of 1,659 t in the 1985 season, and then
declined to 578 t by 1991. Landings subsequently in-
creased to 941 t and 897 tin 1992 and 1993, respectively.
Shark landings are a significant product of this fishery,
and actually dominated the catch prior to 1983. Shark
landings have decreased steadily from a high of 1,000 t in
1981 to about 500 t in recent years (Hanan et al., 1993).

The CDFG market sampling program began in 1981
(Bedford, 1987). Market samplers made routine visits
to primary California fish markets in San Diego, San
Pedro, Santa Barbara, Ventura, Morro Bay, Monterey,
Moss Landing, and the San Francisco Bay area. They
recorded weight and AL for swordfish carcasses deliv-
ered for sale.

Swordfish sampled during the 1981-93 seasons
(24,401 fish) measured 37-250 cm AL (mean 144 cm).
Annual mean ranged from 128 to 152 cm (Fig. 4).
Larger swordfish (150-160 cm AL) tended to be caught
off northern California, north of 35°N, with smaller
fish (130-145 cm AL) taken farther south (Hanan et
al., 1993). Atsea measurements by NMFS observers
between 1990 and 1993 indicate that fish caught north
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Figure 4
(A) Mean alternate length of swordfish and (B) smaller
coverage in number of swordfish measured by CDFG
market samplers and NMFS observers, 1981-93.

of 35°N averaged 8.6-17.5 cm AL longer than those
caught south of 35°N. CDFG market samplers mea-
sured fewer swordfish after 1991, while measurements
by NMFS observers increased (Fig. 4). A large propor-
tion of swordfish measured by NMFS observers between
1990 and 1993 were caught north of 35°N. Coverage
rates for NMFS observation averaged 5%-28% of re-
ported trips.

Longline Fishery—Traditionally there has been little
longline effort for swordfish along the west coast of the
U.S. and only moderate effort in waters around Hawaii.
In California, only harpoon and driftnet fishing for
swordfish were allowed within the EEZ. Catches of sword-
fish taken by high-seas longlining started arriving in
southern California in 1991. Swordfish are rarely landed
by any fishery in Oregon or Washington.

Longline vessels based in Hawaii have fished for a
variety of tunas and billfish since the 1950’s. In the
beginning, this was primarily a near-shore, daytime tuna
fishery. In 1987 the Hawaii-based fishery expanded with
technology adapted from the successful longline sword-
fish fishery in the Atlantic Ocean, employing night
fishing with chemically-activated light sticks attached
near each baited hook. Expansion was encouraged by
new export markets for fresh tuna in Japan and for
swordfish in the U.S.

This fishery mostly operates west of 140°W, although
some fishing occurs to the east. By 1990, annual sword-
fish landings in Hawaii had jumped from <40 t to >1,600 t
(Boggs and Ito, 1993), greatly exceeding landings on
the west coast of the U.S. In 1991, the longline catch of
swordfish totaled 4,500 t and represented 68% of total
landings in Hawaii. Landings exceeded 6,000 t in 1993
and were valued in excess of US$27 million (Ito et al.,
1998; Skillman, 1998).

Hawaii-based longline vessels targeting only sword-
fish deployed 6—7 million hooks annually between 1991
and 1993. As the fishery expanded farther than 200 n.
mi. (370 km) from Hawaii, higher catch rates were
obtained to the north and east. Swordfish CPUE varied
between 10 per 1,000 hooks in the most productive
areas to less than 4 per 1,000 hooks nearer the Islands.

Longlining for swordfish in waters off California and
Mexico began prior to 1950. This daytime effort met
with little success, and was banned within California by
the CFGC in 1971, when harpoons were designated the
only legal commercial fishing gear for swordfish in
California.

In the fall of 1993, four longliners arrived in Ventura,
California, from the U.S. east-coast swordfish fishery
and began longline operations for swordfish in the
waters beyond 200 n. mi. They ranged north to 42°N
and west to at least 135°W (Vojkovich and Barsky, 1998).
These vessels had encouraging catches, and by the spring



of 1994 another 15-20 vessels had departed the sword-
fish fisheries in the Atlantic and Gulf of Mexico for the
west coast. A few local vessels also converted to longline
gear, and by late 1994 nearly 30 California-based longline
vessels were fishing swordfish. They set from 300 to
1,300 hooks per set, depending on location and sea-
surface conditions. Like the Hawaiian fishery, they set
at night with light sticks and used large squid for bait.

In 1994 it was legal to land longline-caught swordfish
in California only if taken outside the EEZ. Preliminary
data indicate catch was 100 t for the last part of 1993
and nearly 543 t for 1994 (Barsky!!). These fish ranged
between 73 and 226 cm AL, and averaged 63 kg dressed
weight (Vojkovich and Barsky, 1998).

In 1994 the CFGC approved a regulation to require
all longline vessels operating beyond the EEZ from
California ports to complete and submit logbooks of
daily fishing activity to the CDFG.

Recreational Fishery—The California recreational fish-
ery for swordfish developed along with that for striped
marlin in southern California about the turn of the
century. Because of the size and strength of swordfish,
anglers still consider them one of the finest of all tro-
phy game fish. Although highly prized by the recre-
ational community, catch is insignificant compared to
the commercial catch in the same areas (Bedford and
Hagerman, 1983).

Swordfish in California was first listed as a game fish
in 1931, and required a sport fishing license issued by
the CDFG. Recreational anglers were allowed the use of
hand-held harpoons as well as sport rod-and-reel fish-
ing tackle until 1971, when the CFGC restricted har-
pooning to the commercial fishery.

The rod-and-reel season for swordfish can begin as
early as May and continue through December, although
most fish are taken from July to September. Fishing
occurs from about Santa Barbara south at least to the
U.S.—Mexico border, and out to about 100 km. Most
fishing is done during the day from private boats target-
ing striped marlin. Swordfish is a minor component of
the sport catch of billfish in California, equalling only
1% or less of total marlin catch. Swordfish commonly
fin or bask at or near the water’s surface in the area
between the Channel Islands and the coast of southern
California. When anglers sight swordfish, they will offer
them live bait or artificial lures, although swordfish are
usually not receptive to bait presented while basking.

Catch records of swordfish are kept by the various
sportfishing clubs in California. The Balboa Angling
Club, San Diego Marlin Club, and the Tuna Club
(Avalon) are three of the major clubs where anglers

1 Barsky, K. 1994. Marine Resources Div., CDFG, 530 E. Montecito
St., Ste. 104, Santa Barbara, CA 93103. Personal commun.
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have their swordfish catches recorded and weighed.
Catches have averaged 3-4 fish per yr, except for 1969—
80, when they averaged 30.5 fish, and peaked in 1978
with 127 swordfish reported (Fig. 5). The increased
catches in 1969-80 corresponded to a similar increase
in landings from California’s harpoon fishery, and may
have reflected a generally higher abundance of sword-
fish in southern California waters during that time.
Higher abundances were also reported for the north-
ern anchovy, Engraulis mordax, and bluefin tuna, Thunnus
thynnus, during the same period (Squire, 1993). There
were four El Nino episodes during this time, and it is
possible that increased catches occur in the years fol-
lowing EI Nino events (Coan et al., 1998).

The whole weight of recreationally-caught swordfish
is less than the weight of fish taken in the harpoon
fishery. Of 45 swordfish weighed at major sport fishing
clubs between 1981 and 1992, the average whole body
weight was 107.5 kg (range 58.5-177 kg).

The only estimate of recreational fishing effort for
swordfish is from the NMFS’s Billfish Angler Survey
(Squire and Muhlia-Melo*; SWFSC!213). The survey re-
quests individual angler data on fishing effort and catch
of all billfish and swordfish in the Pacific Ocean. The
survey cannot, however, identify effort directed specifi-
cally at swordfish. Effort is primarily directed at striped

12 Southwest Fisheries Science Center (SWFSC). 1994. 1993 Bill-
fish Newsletter. U.S. Dep. Commer., NOAA, Natl. Mar. Fish.
Serv., SWFSC, 9 p. Available from SWFSC, NMFS, 8604 La Jolla
Shores Dr., La Jolla, CA 92083.

13 Southwest Fisheries Science Center (SWFSC). 1995. 1994 Bill-
fish Newsletter. U.S. Dep. Commer., NOAA, Natl. Mar. Fish.
Serv., SWFSC, 12 p.  Available from SWFSC, NMFS, 8604 La Jolla
Shores Dr., La Jolla, CA 92083.
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Figure 5
Recreational swordfish catch by southern California an-
glers, as reported by major sportfishing clubs, 1940-93.
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Table 4
Reported swordfish effort and catch from the Japanese
longline fishery within the Mexican EEZ, 1961-85.
Catch
Year Hooks (number of fish)
1961 74,700 36
1962 429,198 62
1963 502,124 76
1964 10,502,535 20,624
1965 12,797,567 12,235
1966 8,524,654 10,722
1967 7,169,512 6,363
1968 14,393,695 14,770
1969 7,679,938 10,667
1970 7,754,116 14,490
1971 7,269,733 12,092
1972 8,453,797 16,575
1973 8,883,135 12,593
1974 8,365,245 6,214
1975 4,316,486 5,749
1976 7,405,134 11,441
1977 1,844,845 2,997
1978 287,515 115
1979 699,044 233
1980 2,676,935 1,790
1981 1,569,164 3,657
1982 4,601,736 9,275
1983 3,538,430 4,537
1984 1,899,067 1,994
1985 62,984 7

marlin in southern California, and is directed at all billfishes
in Mexico. Effort estimates (catch per angler day) for
swordfish are therefore very low. Anglers fishing in south-
ern California and northern Mexico reported swordfish
catches of 0-0.002 fish per day in 1990-93.

Mexico

Longline Fishery—In 1967, the Mexican government
increased its Exclusive Fishing Zone from 9 to 12 n. mi.
(from 17 to 22 km). Prior to this, foreign commercial
fishing for swordfish, billfish, and tunas was essentially
unrestricted beyond 17 km from the coast. Between
1967 and 1976, Mexico issued permits to Japan’s longline
fleet to fish for swordfish, billfish, and tunas off north-
ern and central Mexico, 22 km and further from the
coast. Fishing effort averaged 8.2 million hooks and
catch averaged over 11,000 swordfish per yr during that
10-yr period (Table 4).

Mexico established its EEZ in 1976 and withheld all
longline permits for swordfish, billfish, and tuna be-
tween 1977 and 1980, although some fishing contin-
ued. Between 1980 and 1984, only vessels registered in

Table 5
Reported swordfish landings and catch rates for fishing
vessels landing swordfish in the driftnet fishery of
Mexico, 1985-93.

Landings Mean catch
Year (metric tons) (kg/day) Vessels
1986 286 2
1987 471 3
1988 385 88.8 11
1989 407 250.9 14
1990 661 287.6 21
1991 831 215.5 28
1992 552 115.6 29
1993 372 105.7 31

Mexico and joint-venture longline vessels fished coastal
waters. Fishing effort increased within Mexico’s EEZ,
averaging 2.4 million hooks in 1981-83. In 1983, a 50-n.
mi. (93-km) sportfishing-only zone was established along
the coast of Mexico to protect billfish, swordfish, and
other popular species and to manage them for the
recreation and tourist industries. Longline permits were
not issued from mid-1984 until late 1985, and effort
decreased (Table 4). Longline permits were again is-
sued in 1987 under stricter regulations, allowing only
about 15 fishing vessels within the EEZ. Operating un-
der new permits, the Japanese/Mexican joint-venture
fleet increased fishing effort to 2.3 million hooks be-
tween 1986 and 1988 (Squire and Muhlia-Melo*). All
longline permits for swordfish, billfish, and tunas within
Mexico’s EEZ were repealed in 1990. Longline fishing
operations have not been conducted since.

Most of the swordfish and marlin catches from the
joint-venture vessels were shipped to Japan and the
U.S., while other catches were canned or used in do-
mestic markets. The most productive area was 20°—
27°N, east of 115°W.

Longline catches from Mexico’s joint-venture fisher-
ies peaked in 1982 with 9,275 swordfish (after alow of 115
in 1978). Catches of swordfish subsequently increased to
at least 5,000 through 1988, before being terminated in
1990 (Squire and Muhlia-Melo?). CPUE fell dramatically
in 1983 and 1984, possibly due to the prohibition of
fishing within the 50-n. mi. sportfishing-only zone.

Driftnet Fishery—In 1986 a small fleet of driftnet ves-
sels appeared in northern Baja California. This fishery
was stimulated both by the reduction in longline per-
mits and by the local abundance of swordfish and other
marketable bycatch products, including several species
of large pelagic sharks. The number of vessels had
grown to 20 by 1990, and to 31 by 1993 (Table 5). These
vessels operate out of Ensenada and are similar in de-
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Total reported fishing effort for the driftnet fishery in

Mexico, 1988-94.

sign and size (18-25 m) to the U.S. driftnet vessels
operating just 100 km to the north. The nets are similar
in design to the U.S. drift nets, although they may be up
to 4.5 km long, whereas U.S. nets are limited to 1 n. mi.
(1.8 km). Operational procedures are virtually identi-
cal to those in the U.S.

The fishing season usually begins in the waters off
Ensenada in the fall and moves south to central Baja
California between 25° and 27°N during December
and January.

Swordfish landings from Mexican driftnet vessels were
first reported in 1986. They increased steadily to a high
of 831 tin 1991, and averaged 535 t in 1988-93 (Table
5). The low catch in 1993 forced some fishing vessels to
look for alternate resources including coastal and pe-
lagic sharks in the Gulf of California. The number of
vessels driftnetting for swordfish in the first half of 1994
fell to 16.

Total driftnet fishing effort for swordfish increased
from about 15 days per mo in 1989 to 20-30+ days per
mo in 1993 (Fig. 6). CPUE increased from about 100
kg/day in 1989 to over 800 kg/day by the end of 1990,
but has generally declined through 1994 (Fig. 7). The
best catches occur in the winter months of October—
February (Fig. 8)

A coperative program was established by commercial
driftnet fishermen operating out of Ensenada and sci-
entists at Centro de Investigacion Cientifica y de
Educacion (CICESE), Ensenada, Mexico in 1992. Crew
members and scientists measured 1,412 swordfish dur-
ing the 1992 and 1993 seasons (Sosa-Nishizaki et al.,
1993). Most fish were taken from the southern Baja
California peninsula between 25° and 28°N. Mean length
(EFL) was 164 cm and fish length ranged from 60 to
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Figure 7
CPUE by month for the driftnet fishery in Mexico,
1988-94. The break in 1989 represents missing data.
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Figure 8
CPUE by month for the driftnet fishery in Mexico,
1988-94.

245 cm. Larger fish were reported taken during March
and October, mostly in waters off Baja California Sur
(Sosa-Nishizaki et al., 1993).

Recreational Fishery—Recreational fishing for marlin
around the Baja California peninsula is extremely popu-
lar world-wide. Angling for swordfish in these waters is
opportunistic and incidental to the large marlin catch.
Although the recreational catch of swordfish is unre-
ported, the greatest catches of swordfish appear to be
off Guaymas and Mazatlan. Swordfish, like marlin, are
included under the existing regulations which allow a
maximum catch of one billfish per day.
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ABSTRACT

This report profiles the Hawaii-based domestic longline fishery for broadbill swordfish,
Xiphias gladius. This fishery grew rapidly during 1989-91, mostly due to the arrival and
participation of recent entrants. Swordfish became the dominant species landed by Hawaii’s
fisheries in 1990 and the most important in terms of ex-vessel revenue in 1991. In 1993, 88
longliners fishing for swordfish logged 650 trips, fished 7,533 days, set 6.6 million hooks,
and landed 6,000 metric tons of swordfish with an estimated ex-vessel value of $26.5 million.
Swordfish is delivered as a fresh product. Most swordfish landed in Hawaii is exported to

mainland U.S. cities by air freight.

Introduction

Longlining for broadbill swordfish is a relatively new
fishery in Hawaii. In 1988, the fishing vessel Magic Dragon
began experimentally targeting swordfish using tech-
niques based on the Florida longline fishery. During
1989, a few Hawaii tuna longline and lobster vessels
experimented with longlining for swordfish for at least
part of the year. Good catches by those vessels led to
increased effort as well as national attention (Freeman,
1989).

Domestic U.S. longline vessels from the Gulf of Mexico
(Gulf vessels) were among the first to join the growing
longline fleet operating from Hawaii (Kawamoto et
al.!). These new participants initially targeted yellowfin
and bigeye tuna, but in early 1990 some vessels began
targeting swordfish. Longlining for swordfish by many
of the Gulf vessels was discouraging at first due to poor
catches and the high cost of bait and light sticks. Catches
of swordfish increased as these fishermen became more
experienced.

I Kawamoto, K. E., R. Y. Ito, R. P. Clarke, and A. A. Chun. 1989.
Status of the tuna longline fishery in Hawaii, 1987-88. U.S. Dep.
Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fish. Cent.
Admin. Rep. H-89-10, 34 p. Honolulu Lab., NMFS, 2750 Dole St.,
Honolulu, HI 96822-2396.

The decline in Atlantic swordfish landings, catch rate,
and average fish size in the late 1980’s (Berkeley, 1989;
Pollack, 1990) as well as prospects of good swordfish
catches in Hawaii influenced many Atlantic swordfish
longline fishermen to relocate to Hawaii. These experi-
enced fishermen from the U.S. east coast began arriv-
ing in Hawaii in early 1990. A few longline vessels from
the west coast also entered the fishery at the same time
as Gulf longliners and east coast longliners. In addi-
tion, many tuna longline vessels were able to switch to
targeting swordfish with minor modification to gear
and operations.

By the end of 1990, swordfish were the dominant
species landed in Hawaii (Ito?) with landings (by weight)
exceeding those of any other species. By 1991, the
monofilament main line, hydraulic reel, and other tech-
niques of the swordfish fishery were widespread through-
out the longline fleet. The Western Pacific Regional
Fishery Management Council (WPRFMC) passed an
emergency rule in October 1990 to arrest the rapid
growth of the longline fishery. The emergency rule was
replaced by a 3-yr moratorium on new entry in April

2 Jto, R. Y. 1992. Western Pacific pelagic fisheries in 1991. U.S.
Dep. Commer., NOAA, Natl. Mar. Fish Serv., Southwest Fish. Cent.
Admin. Rep. H-92-15, 38 p. Honolulu Lab., SWFSC, NMFS, 2570
Dole St., Honolulu, HI 96822-2396.
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1991. The moratorium was to provide a period of stabil-
ity during which data could be collected for assessing
the impacts of the increased longline effort on small-
boat pelagic fisheries in Hawaii. The longline fishery is
now under a limited-entry plan.

Despite the initial rapid growth, participation of ves-
sels in the longline fishery declined slightly in 1992-93.
Increasing operational costs from longer trips and lower
swordfish prices were the primary reasons for decreased
activity. Most of the longliners exiting the fishery were
vessels originally from the Gulf and west coast. How-
ever, longlining for swordfish is still the largest com-
mercial fishery in Hawaii.

Hawaii has gained the reputation of being an impor-
tant source of fresh swordfish for U.S. mainland mar-
kets. Characteristics and operations of this segment of
the Hawaii-based longline fleet, catch per unit effort
(CPUE), landings, size of fish, and the swordfish mar-
ket are described here, and data sources and problems
reviewed. We also discuss trends and outlook for this
fishery.

Data and Methods

Monitoring of longline fleet activity in Hawaii is con-
ducted primarily by the Fisheries Monitoring and Eco-
nomics Program (FMEP) of the National Marine Fish-
eries Service (NMFS) Honolulu Laboratory. Hawaii-
based domestic longline fishing vessels either target
swordfish or bigeye and yellowfin tuna, or follow a
mixed-species target strategy. Trip types® contributing
substantial amounts of swordfish are from longliners
targeting either swordfish or mixed species. Longliners
targeting tunas make incidental catches of swordfish
and contribute only a small fraction of total swordfish
catch (Yoshida, 1974; Kawamoto et al.!). Therefore,
only data from swordfish and mixed-target longline
trips are used in this report. The data originate from
shore-side samples, federal longline logbooks, federal
longline permit applications, voluntary observer reports,
and personal interviews.

Estimates of landings were derived from shore-side
sampling conducted by FMEP in conjunction with the
Hawaii Division of Aquatic Resources (HDAR) during
1989-93, and from a combination of this sampling and
Federal longline logbooks for 1991-93. In the sampling
program, weights of individual fish were recorded along

3 Criteria for determining trip type from logbook data are described
in Dollar, R. A. 1994. Annual report of the 1993 longline west-
ern Pacific longline fishery. U.S. Dep. Commer., NOAA, Natl.
Mar. Fish. Serv., Southwest Fish. Cent. Admin. Rep. H-94-06, 38
p. Honolulu Lab., SWFSC, NMFS, 2750 Dole St., Honolulu, HI
96822-2396.

with observations on degree of processing or damage.
Landed swordfish have typically been headed, gilled,
and gutted. The sample weight of each fish was raised
to an estimated whole weight. Raising factors, which
were species-specific, varied from 1.1 to 1.5 depending
on degree of processing or damage. The raising factors
were based on rates used by the seafood industry in
Hawaii.

Numbers of vessels and trips were derived from the
shore-side sampling data for 1989-90 and from federal
logbooks for 1991-93. The federal logbooks were also
the source of detailed information on fishing opera-
tion: effort (i.e. vessels, trips, sets, hooks), fishing area,
and CPUE (number caught per 1,000 hooks).

Landings for 1992-93 were estimated as the product
of the number of each species kept, from logbook data,
and the corresponding average weight from shore-side
sample data (Ito?). Logbook data were not used to
estimate landings in 1991 due to a number of problems
with implementation of the logbook program in the
first year (Dollar?). Shore-side sample data were used
for 1991. Logbook data were compared for accuracy
with the shore-side data for total numbers and species
identification. Proper species identification for marlins
and total number kept were inaccurate during the first
year (1991). Accuracy in total numbers improved in
1992 and 1993, but improper species identification,
especially for marlins, is an ongoing problem requiring
education of fishermen.?

Vessel characteristics were summarized from the fish-
ing permit applications of vessels actively longlining for
swordfish. All domestic longline vessels based in Hawaii
have been required to have a federal longline fishing
permit since 1990. Gear and technology, fishing proce-
dures, processing and storage of the catch, and market
information were derived from voluntary observer re-
ports (Dollar% Dollar et al.7) and personal interviews
with industry personnel.

* Dollar, R. A.  1992. Annual report of the 1991 longline western
Pacific longline fishery. U.S. Dep. Commer., NOAA, Natl. Mar.
Fish. Serv., Southwest Fish. Cent. Admin. Rep. H-92-11, 26
p.- Honolulu Lab., NMFS, 2750 Dole St., Honolulu, HI 96822-
2396.

Proper marlin identification has been encouraged by the distribu-
tion of informational material by FMEP staff to vessel operators.

o

o

Dollar, R.A.  1991. Summary of swordfish longline observations
in Hawaii, July 1990-March 1991. U.S. Dep. Commer., NOAA,
Natl. Mar. Fish. Serv., Southwest Fish. Cent. Admin. Rep. H-91-09,
13 p. Honolulu Lab., NMFS, 2750 Dole St., Honolulu, HI 96822-
2396.

Dollar, R. A, R. Y. Ito, K. E. Kawamoto, and K. C. Landgraf. 1991.
Summary of swordfish longline observations in Hawaii, July-Octo-
ber 1990. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv.,
Southwest Fish. Cent. Admin. Rep. H-91-03, 10 p. Honolulu Lab.,
NMFS, 2750 Dole St., Honolulu, HI 96822-2396.
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The Fishery
Vessel Characteristics

Hawaii-based longliners that
fished for swordfish at least 2
yr during 1991-93 (N=93) were
typically steel- or fiberglass-hull
vessels with a mean age of 11
and 12 yr respectively (Table
1). Most vessels were 20-24 m
in length, though they ranged
from 8 to 30 m (mean = 20 m;
Fig. 1). Steel-hulled vessels were
slightly larger than fiberglass-
hulled vessels. All vessels had
diesel engines, with an average
of 460 horsepower (hp; range
200-700 hp).

Fishing Gear and Technology

Figure 1
A typical Hawaii-based swordfish longline vessel.

Longlining for swordfish em-
ploys hundreds of branch lines

attached to a single main line set horizontally
below the ocean’s surface. The monofilament main
line is stored on a large hydraulic-powered reel
(Fig. 2A); over 80 km of main line can be stored
on one reel. Larger vessels may also have an addi-
tional main-line reel to store spare main line or to
sometimes set more than one reel of main line.
Monofilament branch lines are stored in plywood
boxes or plastic bins (Fig. 2B). Alternatively, small
spools (hand carts) are sometimes used to store
monofilament branch lines and float lines (Fig.

Table 1

Characteristics of Hawaii-based swordfish longline vessels
(from National Marine Fisheries Service, Pacific Area Office
permit data).

Length (m)
Mean age
Hull type ~ Number (yr) Mean Maximum Minimum
Steel 84 11 23 30 16
Fiberglass 9 12 19 24 8

2C). The most commonly used float is an orange
high-density foam buoy (Fig. 2D). Large polyeth-
ylene floats, floats with radar reflectors, radio buoys,
and strobe-light buoys are also used. These buoys and
floats support the main line and aid in locating the
gear. Gear characteristics are detailed in Table 2. With
minor modifications to gear and techniques, vessel op-
erators can set gear to target swordfish, bigeye tuna, or
yellowfin tuna.

Many of the larger vessels use temperature probes,
satellite or global positioning system (GPS) navigation,
automated track plotting, satellite weather imaging, and
communications systems to aid in locating fish. How-
ever, some longliners take a low-technology approach
to keep capital and operating costs down.

Longline gear is deployed by spooling the main line
off the reel while maintaining a slight tension on the
drag. A few vessels are equipped with a line shooter to
maintain tension on the main line from the reel to the

point where it leaves the boat. The depth of fishing is
controlled by a number of factors including branch
line and float line length, weights attached to branch
lines, length of main line set between floats, and amount
of tension or slack in the main line. The high frequency
of floats used in longlining for swordfish keeps the
main line close to the surface. The shape of the cat-
enary formed by the main line is not as deep as that
formed when longline gear is set to target bigeye tuna
(Suzuki and Warashina, 1977; Berkeley et al., 1981;
Sakagawa et al., 1987, Boggs, 1992).

Light sticks greatly increase efficiency in catching
swordfish (Freeman, 1989) either by attracting sword-
fish directly or by attracting swordfish prey (Berkeley et
al., 1981). A chemical light stick is attached to the
branch line about 2 m above the hook (Dollar®). Chemi-
cal light sticks glow for up to 12 hr.



Figure 2
Main components of swordfish longline gear: (A) hydraulic reel with main line, (B) leader bin with branch lines, (C) hand cart with branch lines, and (D) orange
high-density foam buoy.
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Table 2

Characteristics of swordfish longline gear used on Ha-
waii-based longline vessels (Dollar!).

Gear

Characteristics

Lines

Main line length
Main line diameter

Estimated distance
between floats

Branch line length
Branch line diameter
Hooks

Hooks per set

Monofilament stored on hydraulic
reels

30-80 km
3.0-4.0 mm

90-160 m

13 m

2.1 mm

8/0-10/0 Mustad?

Range 450-1800, mean 724

Lightsticks Cyalume? (break-activated) and
World Plastics (thaw-activated)
Bait Argentine shortfin squid,
Illex argentinus
! Dollar, R.A.  1991. Summary of swordfish longline obser-

vations in Hawaii, July 1990-March 1991. U.S. Dep.
Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fish.
Cent. Admin. Rep. H-91-09, 13 p. Honolulu Lab., NMFS,
2750 Dole St., Honolulu, HI 96822-2396.

2 Reference to trade names or commercial firms does not imply
endorsement by the National Marine Fisheries Service, NOAA.

Large high-quality Argentine shortfin squid, [llex
argentinus, was the preferred bait, with whole squid hooked
in the mante. Dyes were sometimes used to color the
squid in an attempt to make them more appealing.

Longline gear, technology, and fishing techniques
used by the Hawaii-based longline fishery for swordfish
originate from the U.S. east coast and the Gulf longline
fisheries. The major differences between the east coast
and Gulf styles are the number of hooks set between floats
and the frequency at which the light sticks are attached
(Fig. 3). The east coast style of swordfish longlining is
similar to the Florida style, in which 2-3 hooks are set
between floats (Berkeley et al., 1981); a light stick is at-
tached to each branch line with a rubber band. The Gulf
style is similar to the method of longlining for yellowfin in
the Gulf of Mexico (Wilson, 1988). The Gulf longliners
set about 3-5 hooks between floats and attach one light
stick for every 3-5 branch lines. Both styles of gear con-
figuration are utilized by Hawaii-based longliners fishing
for swordfish, and both styles are effective.

Fishing Area

Most effort by Hawaii-based longliners fishing for sword-
fish occurred north of the Hawaiian Islands. Fishing

Figure 3
(A) East coast and (B) Gulf style longline gear configura-
tions used by Hawaii-based longliners fishing for swordfish.

extended from 50 mi. off the main and northwestern
Hawaiian Islands to far outside the Hawaii Exclusive
Economic Zone (EEZ), with some trips in excess of
2,000 mi. from Honolulu. The northern range of the
fishery approached 50°N, the northernmost distribu-
tion of swordfish as described by Bartoo and Coan
(1989). The fishery extended latitudinally from 5° to
48°N and longitudinally from 175°E to 140°W (Fig. 4).
In general, area fished expanded westerly from 1991
through 1993.

As a vessel approaches the fishing grounds, fisher-
men look for frontal zones where a rapid change in sea-
surface temperature occurs (Sakagawa, 1989), and ex-
ploratory fishing for swordfish is focused in these areas.
Concentrated fishing follows if a productive area is
located. Fishing activity is also affected by moon phase.
Fishermen have remarked that swordfish catch is better
near the full moon, so more fishing occurs then.

The most seaworthy Hawaii-based longline vessels
have the capability to fish in the North Pacific through-
out the year. However, the majority of longliners fish-
ing for swordfish traveled farther to fishing grounds
during the summer, when seas were calm, and tended
to fish closer to the Hawaiian Islands in the fall and
winter, when seas become rough. Many longliners also
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fish close to Hawaii during the spring months, when
swordfish abundance near the Islands exhibits a sea-

50°N
40°N
30°N
20°N
10°N .
1991 :
0 I T 1; T
1992
o L— — .
1993
0° I T T T : T T
180° 160°'W 140°W
Figure 4

Geographic area fished by the Hawaii-based longline
fleet fishing for swordfish, 1991-93.

sonal peak (Uchiyama and Shomura, 1974; Dollar®).
The high price and increased abundance of bigeye
tuna influences many vessel operators to target tunas
during the winter season.

Fishing Procedures

Swordfish longline gear is usually set during the late
afternoon or evening (Table 3). Setting the gear takes
about 4-6 hr depending on the amount of gear and sea
conditions. Typically, about 48-64 km of longline gear
is set. After setting the gear the vessel either idles near
the end of the longline or travels back to the starting
point of the set. The boat maintains visual and radio
contact with the longline by attaching a strobe buoy
and a radio buoy at the end of the gear. The longline
gear is soaked overnight for 6-10 hr.

Retrieval begins early in the morning. The vessel
approaches and hauls aboard the strobe and radio buoys.
The main line is tied to the main line reel and the haul-
back process begins. Branch lines are coiled in the bins
or on hand carts. The vessel slows down to haul fish
aboard. Fish are processed and iced down soon after
they are caught. Bait for the next day of fishing is
removed from the freezer and allowed to thaw midway
through the haul-back process. Retrieval time can vary
considerably depending on number of fish caught and
on sea conditions.

8 Dollar, R. A.  1993. Annual report of the 1992 longline western
Pacific longline fishery. U.S. Dep. Commer., NOAA, Natl. Mar.
Fish. Serv., Southwest Fish. Cent. Admin. Rep. H-93-12, 25
p. Honolulu Lab., SWFSC, NMFS, 2570 Dole St., Honolulu, HI
96822-2396.

Table 3
Typical operating schedule of a Hawaii-based longline
vessel fishing for swordfish.

Time Activity

1630-1730 Gear preparation for setting longline.

1730-1930 Start setting gear (start time varies daily).

2130-2330 End set and clean up (approximately 4 hr to
set gear).

2330-0500 Soak gear overnight and sleep.

0500-0600 Search for light/radio buoy.

0600-1430 Haul gear, process and store fish (approxi-

mately 8 hr to haul gear; however, the time to
complete hauling gear depends on amount of
gear set, number of fish caught, and tangles
and breakage in the main line).




Processing and Storage of the Catch

Swordfish are headed, gutted, and finned immediately
upon capture. The kidneys are removed and the vis-
ceral cavity scraped to remove any remaining slime or
tissue. In general, marlins, tunas, and other fishes are
left whole. Tunas and other pelagic species deteriorate
in quality faster than swordfish, so bycatch is sometimes
released alive or discarded early in the trip. Another
reason for releasing or discarding bycatch is to con-
serve space for swordfish in the fish hold.

Most vessels have well-insulated, refrigerated fish holds.
In addition, some have on-board saltwater ice makers. Salt-
water ice, which is colder than freshwater ice, is used to
chill and store the swordfish. To prevent tunas and other
bycatch from freezing, they are packed in freshwater ice.

Effort

Number of Vessels

The number of Hawaii-based longliners that fished for
swordfish increased more than 10-fold during 1989-93,
from 11 in 1989 to a high of 114 in 1991, and then
decreased to 88 vessels in 1993 (Fig. 5). Of 93 longline
vessels that fished for swordfish in 1991-93, 50 were
originally from the Gulf, 18 from the east coast, 15 from
the west coast, and 10 were Hawaii longline vessels.

Trips and Sets

The number of swordfish-targeted and mixed-target trips
increased dramatically from an estimated 43 in 1989 to
1,115 in 1991, and then declined to 650 in 1993 (Fig. 6).
The total number of sets directed at swordfish and at

Number of vessels

Year

Figure 5
Hawaii-based longline vessels fishing for swordfish,
1989-93.
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mixed species including swordfish also decreased from
8,331 in 1991 to 7,533 in 1993. However, sets inside the
Hawaii EEZ decreased dramatically, while sets outside
increased (Fig. 7). The main reasons for the shift in fishing
areas were higher swordfish catch rates outside the EEZ,
and emergency federal regulations implemented in 1991,
which closed areas around the Hawaiian Islands.?

9 The area around the northwestern Hawaiian Islands was closed due to
interactions with the Hawaiian monk seal, Monachus schauinslandi,
and near-shore areas around the main Islands were closed due to gear
conflicts with small trolling and handline vessels (Western Pacific
Fishery Management Plan amendments #3 and #5 respectively).
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Figure 6

Trips by Hawaii-based longline vessels fishing for sword-
fish, 1989-93.
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Sets made by Hawaii-based longline vessels fishing for
swordfish, 1991-93, inside and outside the Hawaii EEZ.
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Quarterly number of sets made by Hawaii-based longline
vessels fishing for swordfish inside and outside the
Hawaii EEZ, 1991-93.

Average number of sets per trip increased from 7.5 in
1991 to 11.6 in 1993. Sets per trip ranged from 5 to 27.
The distance covered on trips and the number of fish-
ing days increased. Transit time to the fishing grounds
varies throughout the year, increasing during spring
and summer (10-12 days) and decreasing during win-
ter (5-7 days). The number of sets was highest during
the second quarter and lowest in the third or fourth
quarter of each year (Fig. 8).

Hooks

The total number of hooks set by longliners fishing for
swordfish in 1991 was 7.1 million. Hooks set decreased
to 6.5 million in 1992 and remained about the same in
1993 (Fig. 9). The decreased effort was a direct result of
fewer vessels fishing in 1992 and 1993. Slightly more
hooks were set inside than outside the EEZ in 1991, but
more hooks were set on the high seas outside the EEZ
in 1992 and 1993. The average number of hooks set per
vessel per day changed little during 1991-93 (range:
842 hooks in 1992 to 868 hooks in 1993).

CPUE

Swordfish CPUE (catch per 1,000 hooks for swordfish
and mixed-target trips) rose from 9.0 in 1991 to 11.9 in
1993 (Fig. 10). Swordfish catch rates were much higher
outside than inside the EEZ. However, fishermen com-
mented that they had to travel farther from Hawaii to
sustain high catch rates.
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Figure 9
Hooks set by Hawaii-based longline vessels fishing for
swordfish inside and outside the Hawaii EEZ, 1991-93.
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Hawaii swordfish catch per 1,000 hooks inside and
outside the Hawaii EEZ, 1991-93.

Swordfish CPUE varied considerably throughout the
year (Fig. 11). CPUE outside the EEZ was consistently
higher than CPUE inside; it peaked in the first quarter
and was lowest in the second or third quarter. CPUE
within the EEZ was highest in the second quarter and
lowest in the fourth quarter. Peak CPUE outside the
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Quarterly swordfish catch per 1,000 hooks by Hawaii-
based longline vessels, 1991-93.

EEZ occurred one quarter earlier than peak CPUE
within the EEZ throughout 1991-93.

Landings

Swordfish

It has been estimated that Hawaii-based longliners ac-
counted for about 15% of the Pacific-wide harvest and
about 42% of the total eastern central Pacific catch
(WPRFMC!%). Hawaii-based longline landings of sword-
fish increased dramatically between 1989 and 1992. In
1990, swordfish became the dominant species landed in
Hawaii’s pelagic fisheries (Ito?). Estimated landings of
swordfish by longliners fishing for swordfish increased
from about 200 tin 1989 to 6,000 tin 1993 (Fig. 12). Much
of the increase during the past 3 yr is a result of fishermen
acquiring more knowledge of the fishery, modifying fish-
ing techniques, and expanding the area of fishing.

Species Composition

The swordfish component of total longline landings
(by weight) ranged from 60% in 1989 to 74% in 1992,
and averaged 68% over the 5-yr period (Fig. 13). Tunas
were the next largest component of total landings. Big-
eye tuna (10.8%), yellowfin tuna (6.0%), and albacore
(2.4%) were the most important tuna species repre-
sented. Marlin landings were composed mostly of striped

19 Western Pacific Regional Fishery Management Council. 1994.
Amendment 7 to the Fishery Management Plan for the Pelagic
Fisheries of the Western Pacific Region. WPRFMC, 1164 Bishop
St., Rm. 1405, Honolulu, HI 96813.
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Figure 12

Swordfish landings by Hawaii-based longline vessels
fishing for swordfish, 1989-93.

Swordfish (67.9%)

Tunas (19.6%)

Miscellaneous (6.1%) Marlins (6.5%)

Figure 13
Species composition of landings by Hawaii-based
longliners fishing for swordfish, 1989-93.

marlin (3.3%) and Pacific blue marlin (2.8%). Other
marketable species, mainly mahimahi (dolphin), moon-
fish, ono, pomfrets, and sharks, contribute a small por-
tion of the landings (all species combined, 6.1%).
Sharks are the largest portion (by number) of longline
catch in Hawaii (Dollar*®!), but relatively few are
landed. The estimates of sharks landed were of those
sold fresh, and do not include sharks that had been
finned. Mako and thresher sharks were sold as a fresh
product but nearly all blue and other sharks were re-
leased. Since shark fins were not observed in the shore-
side sample, the volume and value of shark fins could
not be estimated. The names of pelagic species

' Dollar, R. A. 1994, Annual report of the 1993 western Pacific
longline fishery. U.S. Dep. Commer., NOAA, Natl. Mar. Fish.
Serv., Southwest Fish. Cent. Admin. Rep. H-94-06, 38
p. Honolulu Lab., SWFCS, NMFS, 2750 Dole St., Honolulu, HI
96822-2396
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commmonly caught by longliners fishing for swordfish
are listed in Table 4.

Size of Fish

Small and badly damaged (i.e. eaten by sharks or whales)
swordfish have little or no commercial value and are
often discarded at sea or given away to friends at port
upon the vessel’s return. Data on these fish were not
available based on the current sampling protocol, and
therefore the shore-side sample was biased towards a
higher number of larger, more marketable fish.

Mean weight of whole swordfish showed a slight net
increase in 1989-93 (Table 5), increasing from 67.0 kg
in 1989 to 81.3 kg in 1992, then decreasing to 80.0 kg in
1993. Weights of individual fish were broadly distrib-
uted, with standard deviation exceeding 45 kg. Sword-
fish landed in 1989-93 (Fig. 14) appeared to have a
higher frequency of large fish than those landed in
1987-88 (Ito?), prior to the exploitation of swordfish by
Hawaii-based longliners. The weight-frequency distri-
butions were bi-modal in most years, but uni-modal in

1990. The modes of these distributions were below the
71-80 kg size class in all years except 1993, when a
mode was observed at 81-90 kg. The modal peaks shifted
by 1-2 size classes each year.

Market

U.S. swordfish consumption increased dramatically dur-
ing the early 1980’s (Lipton, 1986). Swordfish landed
in Hawaii are either sold by open auction or brokered
by Hawaii seafood dealers; almost all are exported to
the U.S. mainland. Swordfish are chilled with gel ice
packs placed in the gut cavity, individually wrapped in
plastic bags, packed in insulated air freight containers
(LD-3’s), and exported via air freight. The cost of freight
and handling ranges from $0.25 to $0.50 a pound.
Some of the more common destinations are Boston,
New York, Los Angeles, and San Francisco.

Currently, the volume of swordfish consumed in Ha-
waii is low. Local consumers are not familiar with sword-
fish, and the demand for the product is low. Most local
sales of swordfish are to restaurants.
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Hawaii-based longliners fishing for swordfish, 1989-93.
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Ex-vessel Revenue

Estimated annual ex-vessel revenue generated by
swordfish rose dramatically from 1989 through
1993, from $980,000 to $26.5 million (Fig. 15).
Ex-vessel revenue for swordfish has been the high-
est of all fish species in Hawaii since 1991.

Average Prices

Estimated ex-vessel prices were based on dressed
weights. The swordfish size categories used by the
seafood market industry are: rats (<22.7 kg), pups
(22.7-44.9 kg), and markers (>44.9 kg). Larger
fish receive a higher unit price than smaller fish
(Table 6). In general, mean prices for all sizes of
swordfish were depressed in 1992-93. Estimated
prices for rats and pups decreased from 1990 to
1992-93. Estimated price for markers declined
from a high in 1990 to a low in 1992 and in-
creased slightly in 1993.

Protected Species Interactions

Allegations of incidental takes of the Hawaiian
monk seal, Monachus schauinslandi, in the prox-
imity of certain islands and atolls of the north-
western Hawaiian Islands (NWHI), and a rapid
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Table 4
Common and scientific names of common pelagic spe-
cies caught by Hawaii-based longliners fishing for sword-

fish.

Common name

Scientific name

Billfish
Swordfish
Pacific blue marlin
Black marlin
Striped marlin
Shortbill spearfish
Sailfish

Tunas
Bigeye tuna
Yellowfin tuna
Albacore
Northern bluefin tuna
Skipjack tuna

Sharks
Bigeye thresher
Shortfin mako
Oceanic whitetip shark
Blue shark
Miscellaneous requiem sharks

Miscellaneous species
Mahimahi (dolphin)
Ono (wahoo)
Moonfish
Escolar
Lancetfishes
Pelagic stingray

Xiphias gladius
Makaira mazara

M. indica
Tetrapturus audax

T. angustirostris
Istiophorus platypterus

Thunnus obesus

T. albacares

T. alalunga

T. thynnus orientalis
Katsuwonus pelamis

Alopias superciliosus
Isurus oxyrinchus
Carcharhinus longimanus
Prionace glauca
Carcharhinidae

Coryphaena hippurus
Acanthocybium solandri
Lampris guttatus
Lepidocybium flavobrunneum
Alepisaurus spp.

Dasyatis violacea

Table 5
Mean whole weight and standard deviation (kg) of
swordfish landed by Hawaii-based longline vessels fish-
ing for swordfish, 1989-93.

1989 1990 1991 1992 1993
Mean 67.0 73.8 71.3 81.3 80.0
S.D. 45.9 51.1 49.8 54.9 51.6

increase in the number of longline vessels in Hawaii
prompted the WPRFMC to take regulatory action (55
FR 49285, on 27 November 1990). Regulations required
longline vessels to maintain a fishing logbook, to have
permits, and to take an observer if an operator in-
tended to fish in the study zone around atolls and
islands of the NWHI. Based on further reports of monk
seals taken by the fishery, the study zone was closed
permanently to longlining on 18 October 1991 (Regu-
lation 56 FR 52214). According to logbook data, the
area closures around the NWHI appear to have elimi-

Table 6
Hawaii ex-vessel swordfish prices (dollars per kg), 1989—
93.

1989 1990 1991 1992 1993

Rats (<22.7 kg)

Mean 298 4.87 333 258 258
S.D. 1.23 115 1221 121 :0.95
Pups (22.7-44.9 kg)
Mean 467 536 5.14 428 3.77
S.D. .12 1.39 1.12 141 1.08
Markers (>44.9 kg)
Mean 534 547 540 494 5.07
S.D. 1.17 139 119 139 1.15
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Figure 15

Swordfish ex-vessel revenue from the Hawaii-based
longline fishery, 1989-93.

nated interaction incidents with Hawaiian monk seals.
The area closure resulted in the loss of several banks
where swordfish congregate during the spring months,
a loss felt by many of the smaller longline vessels.

Due to uncertainty over the frequency of turtle inter-
action with longline gear based on logbook reports, the
low level of authorized incidental take, and greater
than anticipated level of longlining effort, an observer
program was initiated.'? The main objective of the ob-
server program was to document incidental take of sea
turtles and to verify logging of interactions by vessel
operators. Observers began embarking on longline ves-
sels whose captains volunteered to host them in the last
quarter of 1993 (Dollar!!). A regulation issued by the
Secretary of Commerce in January 1994 made it man-
datory for all permitted Hawaii-based longline vessels

12 Endangered Species Act Section 7 Biological Opinion Consulta-
tion, conducted by NMFS in 1993.
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to give notification 72 hr in advance of departure and
to accommodate an observer. The initial authorized
level of total turtle take and mortality was modified
upward in light of the uncertainty regarding the actual
level of incidental take.

The first objective of Amendment 7 to the Fishery
Management Plan (FMP) for the Pelagic Fisheries of
the Western Pacific Region is to regulate effort “. . . by
limiting potential increases in effort in order to mini-
mize the risk of adverse impacts on the longline fishery,
other fisheries, the stocks, and protected resources such
as sea turtles” (WPRFMC!?). The limited entry and
observer regulations reduce the chance of much higher
levels of effort which might affect turtles, allow NMFS
to more accurately estimate the impact of longlining on
protected sea turtles, and may temporarily dissuade
NMFS from imposing conservation measures either
under regulations implementing the pelagics FMP, or
under the Endangered Species Act based on the earlier
authorized level of incidental take of sea turtles.

Conclusions

The Hawaii-based longline fishery for swordfish grew at
a rapid pace beginning in 1989 and is now the largest
commercial fishery in Hawaii. This growth has raised
concern regarding over-utilization of the swordfish stock
(WPRFMC!%). However, the rate at which the fishery
has grown in the past 2 yr has slowed in comparison to
1989-91. The number of vessels decreased in both 1992
and 1993. Total fishing effort, in number of sets and
hooks, remained about the same during 1991-93 but
the effort shifted to outside the EEZ. Swordfish CPUE
changed little during 1991-93, but fishermen were mak-
ing longer trips and fishing farther from Hawaii.

Swordfish landings, ex-vessel revenue, and size of fish
have not declined in this new fishery. Indicators pre-
sented in this report are helpful in understanding the
swordfish in the central Pacific. However, monitoring
of the Hawaii-based longline fishery must be continued
to see what kind of long-term impact it has on swordfish
of the North Pacific.
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ABSTRACT

A substantial increase in French longlining activity targeted on swordfish has been
observed between 5°S and 35°S in the western Indian Ocean since 1992. The domestic fleet
increased from one unitin 1991 to 15 in 1994. Other countries active in the area are Taiwan,
with an estimated 150 longliners, and Spain, with five 45-m longliners. Initially concentrated
near the island of Reunion, French activity presently extends to the entire French Exclusive
Economic Zone surrounding Reunion and southward to 26°S.

The catch of the Reunion fleet increased from 41 metric tons (t) in 1992 to approxi-
mately 700 t in 1994. In 1994, swordfish represented 65% of the catch (in number); mean
catch was 14 fish per 1,000 hooks, and mean weight of fish was 50 kg. Sales on the local
market are low. The high-quality product is transhipped fresh by air to Europe, and the
lower grade is frozen.

The development of this fishery stresses the need to develop a program in cooperation
with other countries in the southwestern Indian Ocean to improve knowledge of the biology
of swordfish, its relation to the environment, and fishing activity, in order to assess and

manage the stocks in the long term.

Introduction

The domestic swordfish, Xiphias gladius, fishery was vir-
tually nonexistent a few years ago around the island of
La Reunion, an overseas department of France in the
southwestern Indian Ocean. Beginning in 1991, two
factors promoted the rapid development of this fishery.
First, the favorable conditions for swordfish in the south-
western Indian Ocean and the success of the Asian fleet
based on the island inspired a local fisherman to begin
longline trials with a 12-m boat. Second, new tax regula-
tions offering exemption for certain investments in
French overseas departments encouraged fishing com-
panies from the mainland to come to Reunion. Four
16-m longliners based at Pointe des Galets harbor started

operating in 1992, targeting bigeye tuna destined for
the Japanese market. Information on the success of this
fishery spread rapidly. There have since been signifi-
cant changes in various aspects of the swordfish fishery,
including the evolution of boat and gear characteris-
tics, fishing techniques, fishing grounds and seasonal
activity, target species, and markets.

In 1993, the Institut Francais de Recherche pour I'Exploi-
tation de la Mer (IFREMER) began a program in Reunion
to study and monitor the swordfish fishery, analyse the
catch, and improve knowledge on the biology of sword-
fish and billfish from the southwestern Indian Ocean. The
Institut Francais de Recherche Scientifique pour le Dével-
oppement en Coopération (ORSTOM) contributes to
this program, specifically by producing weekly surface

89



90 NOAA Technical Report NMFS 142

temperature charts from satellite images. These charts,
which are produced for the Regional Tuna Project, Phase
2, of the Commission de 1'Océan Indien (COI), are dis-
tributed to participating countries: Comoros, France, Mada-
gascar, Mauritius, and Seychelles.

This paper describes the swordfish fisheries in the
southwestern Indian Ocean and the data which have
been collected on them, and presents an analysis and
evaluation of geographical swordfish distribution, catches,
and catch per unit effort. Along with brief histories of the
fisheries, we describe the fishing strategies of the various
fleets operating in the zone, to examine their fundamen-
tal differences and to draw out the positive developments
of the emerging fishery based at Reunion Island.

The Fisheries

Vessels

Domestic Fleet—The characteristics of the vessels com-
posing the Reunion fleet are summarized in Table 1.
Four companies are represented, operating a total of
15 vessels.

Taiwanese Fleet—The Taiwanese longline fishery is very
active in the Indian Ocean, with probably 150 longliners
operating in the French Exclusive Economic Zone (EEZ)
around Reunion Island. In 1994, 28 vessels received
licenses to fish in the EEZ, on condition that the catch
is landed in Reunion. These vessels are 35-45 m long,
between 145 and 380 horsepower, and have a capacity
of at least 100 metric tons (t), with 18-30 men on
board. A large proportion are equipped with freezing
holds (-60°C).

Spanish Fleet—There is little or no information avail-
able on the Spanish fleet. Five 45-m longliners operate

occasionally in international waters in the southwestern
Indian Ocean. These vessels were redeployed from the
Spanish fleet of longliners in the northeast Atlantic.
They arrived on an exploratory cruise at the end of
1993 and in early 1994.

Fishing Gears and Methods

All the Reunion vessels use a system of drifting longline
which utilizes a main spool and a line shooter. The
main line is a nylon monofilament 3.5 or 4 mm in
diameter and approximately 45-80 km long. The line
can be weighted to control its depth in strong currents.
The leaders with hooks (size 8/0 or 9/0) are 10 m long
and 2 mm diameter, and are attached to the main line
with snaps. Depth is controlled by a series of intermedi-
ate floats attached to the main line with leaders of 5-25
m. In addition a larger float is used to separate the
various sections of 60-100 hooks. Between 500 and
1,400 hooks are utilized for each set. The buoys at the
end of the longline are equipped with a strobe light
and a radio system to assist in retrieval. There may be
various modifications to the fishing gear, these being
determined by the requirements of individual skippers.

Because swordfish is the target species, the longline
is always set in the evening. Kume and Joseph (1969)
have shown that lines set at night are more productive
for capturing swordfish than lines set during the day. A
line shooter draws the line from the main spool and
controls its setting speed. Clipping of the leaders on the
main line and baiting of the hooks takes place progres-
sively during each set. Squid is generally used as bait in
addition to a light stick (Cyalume!) placed 1 m above
the hook. This whole operation requires three crew-

! Reference to trade names or commercial firms does not imply
endorsement by the National Marine Fisheries Service, NOAA.

Table 1
Specifications of the longliners of the Reunion fleet.
Company
Compagnie des Longliners Sopesud  Pointe de la Table Creole

Number of units 3 1 8 1 I 1
Length (m) 25 20 16 12 12 12
Bunker capacity (m?®) 48 23 13 2.5 2
Crew 9 7 6 5 4 4
Horsepower 600 2 x 350 350 200 250 213
Insulated hold (m?) 120 50 28 20 12 9
Ice machine yes yes yes no no no
Regulated hold (0°C/-20°C) yes yes yes no no no
Regulated hold (-40°C) yes yes yes no no no




men on deck and one at the helm. The longline is set in
4-6 hr cruising downwind.

The line is hauled after sunrise. The duration of the
haul depends on the catch and sea conditions. The
number of days at sea varies according to vessel size and
capacity, and weather conditions. Small vessels stay at
sea from 2 to 8 days, while vessels longer than 16 m stay
at sea 7-18 days.

Very little information is available on the fishing
techniques of the Taiwanese fleet. Itis known, however,
that the Taiwanese do not use a monofilament longline
and therefore require a large crew. At least 2,000-2,500
hooks are utilised for each set. The target species are
albacore and bluefin, bigeye, and yellowfin tuna. Mack-
erel is generally utilized as bait.

No information is available concerning techniques
utilized by the Spanish fleet. These are most likely as
described by Rey and Alot (1984).

Onboard Catch Processing

Handling and treatment of the catch depends on the
type of vessel and market requirements. Two process-
ing techniques are utilized: swordfish are headed and
gutted (H&G): head, guts, gills and fins are discarded;
or the fish are gutted only: guts are discarded and the
head is left on, with the gill discarded. The latter treat-
ment is generally carried out on pieces of less than 20
kg. In Reunion, fish destined for export are carefully
and individually processed on board on ice in order to
conserve quality.

On Taiwanese albacore longliners, the entire catch is
placed in —45° or —-60°C holds after processing (H&G).
Billfishes are not subject to any particular special treat-
ment. On Taiwanese longliners targeting bluefin, big-
eye, and yellowfin tuna (“sashimi boats”), the entire
catch is placed in —60°C holds. Fish are carefully treated
taking into account the special requirements of sashimi
buyers.

Marketing

Reunion Longliners—In an effort to control the re-
gional market, only local companies are presently al-
lowed to sell on the Reunion market. The portion of
the catch destined for export is processed by a special-
ized company. Swordfish and tuna loins of 3 kg are
vacuum-packed in temperature-controlled packaging
and air-freighted to Europe.

The Compagnie des Longliners exports its entire
catch, for which purpose it has established a joint ven-
ture with an American company which specializes in
the marketing of fresh swordfish and high-quality tuna.
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Quality control is carried out before export. The fresh
products are primarily exported to Europe (90%) and
the United States (10%). Fresh fish that are not of
export quality are frozen and exported at a later date to
other markets.

As the result of a flooded market following the first
year of production, there was a sharp drop in the price
in Spain, France, Italy, and Germany. The world de-
mand for fresh swordfish allowed profitable returns of
around US$4 per kilo.

The various strategies for exporting fresh fish by air
from Reunion, including techniques of preservation
and controlled packaging, have been determining fac-
tors in the evolution of the industry and have added
value to this limited resource.

Taiwanese and Spanish Vessels—The Star Kist com-
pany purchases the catch of the Taiwanese albacore
longliners, which is exported in bulk-freezer vessels to
canneries in Puerto Rico. The sashimi boats transship
their catch in Japanese shuttle vessels equipped with
bulk deep-freezers; it is purchased by traders in Japan.
The marketing of the catch from the Spanish fleet is
undocumented.

Data Collection

Domestic Fleet

Logbooks were distributed to all Reunion longliners to
collect information on fishing positions, number of
hooks per set, light sticks used, fishing gear techniques,
times that line is set and hauled, number of fish caught
by species, and their estimated weights. Environmental
and weather conditions (sea-surface temperature, wind
speed and direction, etc.) are also recorded. The log-
books are collected regularly from the skippers or com-
pany managers.

Fishing statistics for Reunion’s fleet are determined
on the basis of voluntary declarations of catches by
skippers and companies to the Fisheries Administra-
tion. Available data on catches represent the compre-
hensive results of fishing operations by all registered
companies. The companies must declare the date of
the departure and arrival of each of their vessels as well
as the total catch by species (13 species). In order to
confirm the information received, port sampling and
on-board observer programs are also conducted.

Other Fleets

Authorization to fish in the French EEZ for a period of
one year was granted to 28 Taiwanese longliners in
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November 1993. This agreement requires that Star Kist
hand over logbooks completed by captains and indicat-
ing precise fishing positions, number of hooks per set,
and total catch transhipped at the port of Pointe des
Galets.

Fishing statistics on the Asian fleet are organized and
published by the Indo-Pacific Tuna Development and
Management Programme (IPTP) of the FAO, based on

declarations from individual countries. No data are
available on the Spanish fishery.

Results and Discussion

Because the logbooks only cover a portion of fishing
activities, a coverage rate has been established, defined
as the ratio between the number of trips
listed in the logbooks and the estimated

number of total trips by the entire Reunion
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fleet. The coverage rate was 24% in 1992,
40% in 1993, and 95% in 1994.

- Fishing Grounds

Figures 1 and 2 show the distribution of the
Reunion longliner fleet in 1993 and 1994.
Each cross represents the starting position
of a set during one fishing day. Figure 3
= shows the fishing operations of the 21 Tai-

wanese longliners in winter 1993 and sum-
mer 1994.

Species Caught

An exhaustive list of species caught was be-

gun by compilation of fishing logbooks and
was completed by scientific observers dur-
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ing trips onboard longliners based in Re-
union (Table 2). The processing carried
out on the catch by the Taiwanese longliners
makes species identification difficult; how-
ever, Lampris guttatus was detected in the
catch.

Quantities Caught

| 20 Figure 4 shows swordfish catches by the ma-
jor countries fishing for swordfish in zone
51 of the FAO (30°-80°E) during 1984-93
(IPTP?). The increasing catches of sword-
fish and albacore by the Reunion fleet dur-
ing 1991-94 are depicted in Figure 5. In-
creasing targeting on swordfish by the Re-
L5 union longliners during 1992-42 is reflected
S in Figure 6, which shows the proportions of

T T T
Figure 1

(upper) and winter (lower).

Distribution of the Reunion longliner fleet in 1993 in summer

major species caught during that time. The

2 Indo-Pacific Tuna Development and Management
Programe (IPTP). 1994. Indian Ocean and South-
east Asian tuna fisheries data summary for 1994.
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monthly variation by species of catch by
Taiwanese longliners is presented by num-

ber of fish in Figure 7, and by percentages
in Figure 8.

Effort

Not only the number, but the size of French
longliners based in Reunion have increased
since 1991 (Fig. 9). Between 1991 and 1994,

i (\‘\) s
MADAGASCAR
# MAURITIUS

both the number of boat days at sea and the q L, 0 =
amount of effort, estimated as the number LQ’Q
of hooks set, increased more than 20-fold * NEJ&
(Table 3). The seasonal distribution of ef- REUNION
fort by the Taiwanese fleet from July 1993
to February 1994 is presented in Table 4.

| N .

+

+
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Catch Per Unit of Effort

The 1993-94 spatial distribution of sword-

fish catch per unit effort (CPUE) of the
Reunion longliner fleet is illustrated in Fig-
ure 10, and that of the 21 Taiwanese long-
liners in Figure 11. CPUE by species for the
Reunion longliners (in weight per boat-day
at sea) from March 1992-September 1994
is shown in Figure 12. Monthly CPUE (fish
caught per 1,000 hooks) for swordfish, alba-
core, and other species) caught by the Re-
union and Taiwanese longliner fleets is pre-
sented in Figure 13.

4 50 55 E J
MADAGASCAR
+, MAURITIUS
W tEs B . |5
H o+ 7 O

. . ¥ + +
Discussion T
i #*g : 5
Reliability of the Data 1 e =
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Most companies and skippers have cooper- l ' N
ated well with the new system of collecting Figure 2

catch logbooks, introduced in November
1993. In exchange for the data, complete

Distribution of the Reunion longliner fleet in 1994 in summer
(upper) and winter (lower).

confidentiality is guaranteed. Raw (unag-
gregated) data are not disclosed or pub-
lished. These logbooks provide very solid information
on the position of sets, techniques used, environmental
conditions, and number of fish caught by species.
Analysis of the data has shown some limitations to
this system. When total daily catch is compared with the
actual transshipment figures, differences of up to 20%
appear; therefore, the catch estimates provided by the
skippers must be viewed cautiously. There was also dis-
crepancy between data on fishing periods collected by
the Fisheries Administration and by ourselves, for ex-

ample, the dates of the start and end of fishing trips
were different.

It would be useful in the future 1) to include a
recapitulation table in the declaration forms, in which
the number and weight of fish unloaded would be
summarized by species; 2) to furnish a size-weight con-
version table to each skipper in order to improve esti-
mates; and 3) to add to the declaration forms further
required information, such as number of sets per trip
and number of each species caught.
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Concerning the catch declarations of Taiwanese
longliners, two types of information are provided, the
number of fish caught and the total tonnage of each
species unloaded. There are many inconsistencies, prob-

ably as a result of transshipment at sea and at other ports.
In order to improve the quality of the data it would be
necessary to place observers aboard and to monitor this
fishery on a regional level, over the entire Indian Ocean.
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Figure 3

Distribution of 21 Taiwanese longliners during winter 1993 (Jul.
93-Oct. 93; upper) and summer 1994 (Nov. 1993-Feb. 1994;

lower).

Fishing Grounds and Seasons

Domestic Fleet—The fishing grounds of the
Reunion longliners are to the west and south
of Reunion in the French EEZ and in interna-
tional waters. No longliners are authorized to
fish within a zone of 30 nautical miles (n. mi.)
from Reunion, in order to avoid conflicts with
the artisanal tuna fishery.

The period of the most intensive fishing
activity corresponds to austral summer. It ap-
pears that the seasonal abundance around
Reunion could be related to the migration of
mature fish, which congregate in this zone
during summer.

The youngest females observed, stage 6 on
the scale of maturity (Uchiyama and Shomura,
1974), were observed in the month of No-
vember; females in the phase of atresia have
been observed in April near Reunion Island.
During the month of January, swordfish lar-
vae have been observed in the Mozambique
Channel (Kondritskaya, 1970) as well as off
the east coast of Madagascar (Gorbunova,
1969).

The violent trade winds that characterize
the southern winter limit boats of the domes-
tic fleet, which are not designed for distant
water operations. In addition, the smaller ves-
sels are incapable of manufacturing ice. Thus
during the winter 12-m vessels prefer to pur-
sue demersal fishes on banks off the Mauritian
islands of Rodrigues and Soudan.

The activity of the domestic fleet has sig-
nificantly evolved in the last 3 years. This is
illustrated by Figures 1 and 2, which show the
progressive spatial extension of fishing. The
catch zone west of Reunion in 1993 expanded
to the southwest in 1994, with maximum catches
between 30 and 60 n. mi. to the west and
southwest, extending southwestward beyond
the 200-n. mi. zone. Figure 12 illustrates
changes in the monthly average catch per
unit effort, which displayed strong seasonal
trends. In 1994 there was no winter decrease
in catch rate, a consequence of progressive
mastery of fishing techniques by the crews.
This promoted a positive balance of accounts
for companies in 1994 and ensured a constant
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Figure 4
Swordfish catch by longliners of the main countries
fishing swordfish in FAO zone 51, 1984-93 (from
IPTP!).
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Figure 5
Catches of albacore and swordfish by Reunion
longliners, 1991-94.

supply of exports to penetrate international markets. The
arrival of more powerful vessels, improvement and mas-
tery of fishery techniques, and the discovery of new zones
of exploitation could all bring further notable changes to
current strategies.

Taiwanese Longliners—The seasonality and fishing
grounds of the Asian fleet are not precisely known.
These vessels are constantly on the move, searching for
bigeye, albacore, and bluefin tuna. It seems that this
fleet operates during the austral summer between 10°N
and 25°S, and between 25°S and 35°S during the win-
ter, when they target juvenile albacore. No precise data

per cent

0
1992 1993 1994

O swordfish [ albacore E yellowfin @ billfish [J others

Figure 6
Proportions (by number of fish) of main species caught
by Reunion longliners, 1992-94.

is available on their activity in the EEZ between 35°S
and 40°S. The movements of this fleet are known only
from a sample of 21 boats out of a total fleet of 150 in
the EEZ around Reunion Island and Mauritius between

July 1993 and February 1994. It would appear, accord-

ing to information obtained by scientists from Seychelles,
Mauritius, Madagascar, and the Comoros, that at least
300 vessels were listed during 1994 in the region south-
west of Reunion.?

Spanish Longliners—Contacts have been established
with the S+anish Oceanographic Institute (IEO) and
the European Economic Community (EEC), which
financed the redeployment of vessels from the Atlantic
to the Indian Ocean, to obtain more information on
this venture. These 5 vessels seem to obtain excellent
results to the south of Madagascar and in the
Mozambique Channel, but no data are available to
date.

Catch

Reunion Fleet—A considerable and progressive increase
in swordfish landings by the domestic longline fleet was
recorded during 1992, 1993, and 1994, from approxi-
mately 1 tin 1992 to 600 tin 1994 (Fig. 5). The number

* Statistical meeting of the Regional Tuna Project, phase 2 (PTR2)
of the Indian Ocean Commission. Albion, Mauritius, July 1994.
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Figure 7
Catch (number of fish) by species of the 21 Taiwanese longliners
between July 1993 and February 1994.

Table 2
Fish species caught by the longliners of the Reunion fleet.

Target species

Bycatch species

Swordfish, Xiphias gladius

Albacore, Thunnus alalunga

Yellowfin tuna, Thunnus albacares

Bigeye tuna, Thunnus obesus

Dolphin fish, Coryphaena hippurus

Sailfish, Istiophorus platypterus

Blue marlin, Makaira nigricans

Shortbill spearfish, Tetrapturus angustirostris
Shortfin mako, Isurus oxyrinchus

Oceanic whitetip shark, Carcharinus longimanus
Scalloped hammerhead, Sphyrna lewini
Smooth hammerhead, Sphyrna zygaena
Blue shark, Prionace glauca

Skate, unidentified

Ocean sunfish, Mola mola

Snoek, Thyrsitoides sp.

Oilfish, Ruvettus sp.

Remora, Remora sp.

Crocodile shark, Pseudocarcharias kamoharai
Silky shark, Carcharinus falciformis

of swordfish caught from March 1993 to December
1994 can reasonably be estimated at 8,000, correspond-
ing to 410 t dressed weight. This increase in the catch
has made this fleet one of the major players in the
Indian Ocean (Fig. 4).

Taiwanese Fleet—Changes in the Taiwanese catch by
species and by month has been calculated from log-
book data on fish caught by 21 vessels. In 8 mo, 4,152
swordfish were caught. Representation in weight is not
useful because landing tonnage does not match the
catch, due to long trips and transfers at sea.

Spanish Fleet—The Spanish catch cannot be quanti-
fied at present.

Effort

Reunion Fleet-——During 1991-94 there was a regular
and rapid increase of fishing effort (Table 3). This
seems mainly due to an increase in the national fleet,
which has grown from 1 to 15 vessels in 3 yr (Fig. 9);
increased numbers of trips and sets, with a transition from
a seasonal to a year-round operation; an increase in the



Poisson et al.: Swordfish Longline Fisheries near Reunion Island, Southwestern Indian Ocean

97

number of hooks per set; and a major expansion
of the fishing grounds.

Taiwanese Fleet—The effort of the Taiwanese
fleet is known only from the declaration made
by 21 vessels from July 1993 to February 1994,
indicating a probable presence of approxi-
mately 150 vessels. These figures would have
to be multiplied by 7 or 8 to give a more
realistic indication of the Taiwanese fishing
effort.

Catch Per Unit of Effort

In 1993, the best CPUE for the domestic fleet
was within 70 n. mi. of Reunion (Fig. 10). The
catch in this area ranged between 10 and 15
fish per 1,000 hooks. In 1994, there was an
important increase in CPUE over the whole

20%

0%

Monthly proportions of species caught by the longliners of
Taiwan.
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Figure 8

fishing grounds, with a zone of optimum catch
distributed around a northeast-southwest axis

50-300 n. mi. from the island. In this zone there were
25-35 captures/ 1,000 hooks. For the Taiwanese fleet in
1993-94, the best CPUE on the entire fishing grounds
was 20 fish /1,000 hooks. This was in a zone situated on
a northeast-southwest axis in the Madagascar EEZ, 100
n. mi. to the southwest of the most productive area
identified by the domestic fleet. Another productive zone
(520 fish /1,000 hooks) appears in the Mozambique chan-
nel southwest of Madagascar.

Analysis shows that these zones of high CPUE are all
situated in the southern tropical convergence zone next
to the Agulhas Current in the Mozambique channel
and the Malagasy Southeast Current off Madagascar.
Oceanographers have found several vortices and mean-
ders in the surface circulation, which can generate a
succession of divergence and convergence zones
(Donguy and Piton, 1991; Marsac, 1994). Even if it is
not possible to model these and to explain them at the

Table 3
Fishing effort of Reunion longliners, 1991-94.

Year Trips Boat days at sea Hooks (x 10%)

1991 20 43 28

1992 59 155 70

1993 142 841 549

1994 173 1,048 690
Table 4

Fishing effort of Taiwanese longliners (21 vessels) off
Reunion, July 1993-February 1994.

Year/quarter Sets Hooks (x 10%)
1993/3 155 505
1993/4 841 3,586
1994/1 1,048 1,386

16

14

12

10

number of longliners

1991 1992

1993 1994

B12m O16m m@20m [m25m

Figure 9
Longliners based in La Reunion, 1991-94, by boat
length.
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present time (Petit, 1991), fishermen are successful in
reducing search time and increasing catch rate by using
satellite temperature data to locate convergence zones.

The spectacular increase in catch rate of the domes-
tic fleet (Fig. 12) is largely due to the ability of crews to
improve on American techniques; accurate targeting of
swordfish with techniques including light sticks, setting
at night, adaptation of gear according to the lunar
cycle, and utilization of XBT profiles and bathymetric
data; and more systematic utilization, since July 1993, of
satellite thermal charts, allowing boats to locate ther-
mal fronts and to position their gear accordingly. These
charts are now considered crucial by the skippers.

Comparison between the domestic and Taiwanese
fleets shows that the catch rates of the domestic fleet
are clearly superior for all species (Fig. 13).

Targeting and Bycatch

Figures 5 and 6 reveal a change in targeting by the domes-
tic fishery. Swordfish accounted for only 7% of the catch
(in number) in 1992, but 65% in 1994. One will also notice a
progressive drop in the catch of billfishes (marlins, sailfish,
and spearfish; Fig. 6) which underscores the specificity of
the techniques employed. This confirms that it is possible
to exploit swordfish without prejudice to recreational game
fishing activities based on billfish in nearby countries. As
for sharks, by reason of their current weak market value,
only dead individuals are preserved and posted as catches.
Live ones, which are usually more numerous, are released.
Capture of sharks remains marginal.

Predation after Capture
Predation is weak (<1%) and seasonal. Nevertheless,
the catch of a set can be totally destroyed by predation,

mainly by sharks, short finned pilot whales, Globicephala
macrorhynchus, and false killer whales, Pseudorca crassidens.

Conclusion

The longline fishery has been operating in the Indian
Ocean for about forty years. This activity was tradition-
ally dominated by Asian fleets until the 1980’s.

The French tuna fishery in the Indian Ocean began
with the arrival of a purse seiner fleet from tropical
Atlantic waters. Reunion Island developed a domestic
longline fishery, which was more suited to the exploita-
tion of pelagic resources in oligotrophic subtropical
waters. In the early stages, tax exemptions and the
arrival of fishermen from the mainland created the
necessary incentives for the development of these ac-
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Figure 10
Average number of swordfish caught per 1,000 hooks
by Reunion longliners by 1° X 1° areas in 1993 (upper)
and 1994 (lower).

tivities. Today, these two factors no longer play a crucial
role. The growing harvest of pelagic resources by Re-
union-based fishermen and companies has involved
regional participation and development in three direct
ways: upgrading of the artisanal fishery using new, spe-
cially-adapted 12-m longliners; involvement of local in-
vestors; and education and training of local fishermen
in longlining techniques.

Some improvements have yet to be undertaken: all
longliners need adequate working space on deck, and
cold storage from 0°C to —-60°C; and local seafood quality
control services should be improved, in particular to meet
the new standards established by EEC regulations.

In addition, management strategies for swordfish
stocks should be developed and improved, based upon
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Figure 11
Average number of swordfish caught per 1,000 hooks by 21 longliners of the Tawainese fleet,

the management problems faced in other geographical
areas. A major program could be structured through

e data collection on catches and transshipments at all
major southern Indian Ocean ports;

e estimation of an index of abundance based on catch
and effort data;

e setting up a biological program to study ageing, re-
production, migration, and behavior;

¢ data collection on bycatch; and

¢ study of the potential effects of environmental condi-
tions on the distribution of swordfish.

Typical swordfish management problems are linked
with the dangers of local overexploitation (which should
be controlled at a EEZ and subregional level) in con-
junction with global ocean problems, which should
be addressed by a future ad hoc Indian Ocean Tuna
Commission.

Effective control of the longlining fleet should be
set up through a number of geographically-limited
subregional organizations to manage migratory and
long-lived species such as swordfish. Only geographi-
cally limited organizations are likely to efficiently
exert control and to be able to enforce edicts of the
larger Indian Ocean Commission. Cooperation will
become more crucial as the catch by the Taiwanese
fleet continues to increase sharply, with no clear con-
trol either inside or outside the EEZ’s of southwest-
ern Indian Ocean countries.
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Figure 12
Catch per unit of effort of swordfish and albacore by
the Reunion longliners, March 1992-September 1994.
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ABSTRACT

The development of the Hawaii longline fishery for swordfish, Xiphias gladius, in the
central North Pacific, which began in 1988, is described. Swordfish landings in the Hawaii
fishery reached 6,000 metric tons in 1993. To put the Hawaii fishery in perspective,
swordfish fisheries and their production in the Pacific and the world are reviewed, along
with swordfish biology and stock dynamics information from the Pacific and Atlantic
Oceans. The fishery monitoring and research strategies of the Honolulu Laboratory are
described, and potential avenues for collaboration are suggested.

Introduction

Prior to 1988, swordfish, Xiphias gladius, was an inciden-
tal component of the Hawaii longline fishery targeted
on tuna. The fishery for swordfish expanded rapidly in
1990 and 1991 until swordfish contributed 51% of
longline landings by weight and 50% by revenue (Ito!).
The Hawaii longline fishery thus became the single
largest swordfish fishery in the central-eastern Pacific
(Skillman et al., 1993). A few boats based in California
and Alaska have also participated in the central Pacific
swordfish longline fishery. The rapid increase in the
Hawaii fishery and the perception based on events in
the western Atlantic fishery (Beardsley, 1978; Miyake
and Rey, 1989) that the species is more sensitive to
exploitation than other large pelagic fishes (e.g., most
tunas) has led to concerns for the long-term stability of
the Hawaii fishery and the status of the resource in the
central Pacific (WPRFMC?).

! Tto, R\ Y. 1992. Western Pacific pelagic fisheries in 1991. U.S.
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fish. Sci.
Cent. Admin. Rep. H-92-15, 38 p. Honolulu Lab., Southwest Fish.
Sci. Cent., NMFS, Honolulu, HI 96822-2396.

2 Western Pacific Regional Fishery Management Council (WPRFMC).
1993. Amendment 7 to the Fishery Management Plan for the
Pacific Fisheries of the Western Pacific. Western Pac. Reg. Fish.
Manage. Counc., 1164 Bishop St., Rm. 1405, Honolulu, HI 96813.

This paper provides an overview of swordfish fisher-
ies with emphasis on the development of the Hawaii
fishery, a review of swordfish biology and stock dynam-
ics, and a description of monitoring activities and stock
assessment and research strategies at the National Ma-
rine Fisheries Service (NMFS) Honolulu Laboratory.

Swordfish Fisheries

Global

Evidence of the harvesting of swordfish dates to 3,000—
4,000 B.C. in Japan (Ueyanagi, 1974) and to Aristotle’s
time (384-322 B.C.) in the Mediterranean (Berkeley,
1989). Commercial harpoon fishing for swordfish be-
gan off the northeast coast of North America by the
1870’s (Berkeley, 1989); the harpoon fishery in Califor-
nia began in the early 1900’s (Beardsley, 1978). Drift
gill nets have today largely displaced the use of har-
poons in coastal fisheries, including off California
(Hanan et al., 1993). High-seas fishing for swordfish
began in the early 1950’s when the Japanese longline
fleet began seasonal targeting in the northwest Pacific
(Yamanaka, 1958). Today, subsurface longline gear re-
mains the dominant gear for harvesting swordfish on
the high seas, though much of the take is a bycatch of
tuna fishing. In addition, minor catches occurred in
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Figure 1
World swordfish landings (FAO, 1993).

the high-seas driftnet fisheries in the central North
Pacific, which ceased at the end of 1992. World catches
of swordfish remained fairly steady during 1965-80 at
around 30,000 metric tons (t) and then increased
through 1988 to a high of 81,000 t (Fig. 1). Reported
landings declined during 1990-91 for the first time
since 1979.

Pacific

Although the Pacific Ocean is approximately twice the
size of the Atlantic Ocean, Pacific landings of swordfish
in 1990 made up only 38% of the reported world catch
(Fig. 2) or approximately 29,000 t (FAO, 1993). The
1990 reported catch in the Atlantic, including the Medi-

* terranean Sea, was about 45,000 t and in the Indian
Ocean only 3,000 t.

In the Pacific, 1990 swordfish landings accounted for
only 1.3% of the harvest of large pelagic finfish (Fig. 3).
The fishery for tuna was by far the largest at 2,155,000 t,
while landings of Istiophorid billfishes at nearly 53,000
t were almost double the swordfish landings. However,
there were more landings of swordfish in 1990 than of
Indo-Pacific blue marlin, Makaira mazara, the Istiophorid
with the most landings (22,000 t). The Japanese fishery
(conprised of pelagic longline, driftnet, set net, and, in

Pacific
38%

Atlantic
58%

Indian TS
4%
Figure 2
Swordfish landings by ocean in 1990 (FAO electronic
database).

Istiophorids Swordfish
2% 1%

\ o
Tuna
97%

Figure 3
Catch composition of large pelagic species in the Pa-
cific in 1990 (FAO electronic database).

the early years, harpoon) accounted for 90% or more
of landings in the Pacific during 1952-60 (Fig. 4). While
Japanese landings, primarily from tuna longline opera-
tions, remained relatively stable after 1960, their pro-
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Area plot of Pacific Ocean swordfish catches by country, 1952-91 (FAO electronic database).

portion of the total catch declined to 40% by 1990 with
the addition of other, primarily coastal, fisheries target-
ing swordfish. With the growth of these other fisheries,
total Pacific landings since 1988 have surpassed the
previous high established by the Japanese fishery in
1961. While the United States (U.S.) fishery has grown,
particularly after 1982, it accounted for more than 10%
of the total Pacific catch only three times through 1991
(Table 1), the most current year of summary statistics.?

In the central-eastern Pacific FAO statistical areas 67
and 77 (Fig. 5), Japan also dominated the fishery in the
early years, accounting for >85% of the reported land-
ings through 1979 (Table 2). The Japanese longline
fishery probably was responsible for the majority of
these landings, given that the large-mesh driftnet fish-
ery targeting billfishes and tunas operated primarily in
the western Pacific and generally accounted for <10%
of the Pacific swordfish landings reported by Japan
(Ueyanagi etal., 1989). While landings by Taiwan ranked
third highest in the entire Pacific, their longline land-
ings in the central-eastern Pacific have been less signifi-
cant; those by Korea were even smaller. After 1979,
landings from the driftnet fisheries based in Mexico
and California increased substantially, while landings
by Japan, Korea, and Taiwan remained fairly steady.
Large landings in the California and Mexico fisheries
have tended to occur in alternate years, possibly in

3 Hawaii landings accounted for >10% of total Pacific landings in
1992-95.
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Figure 5
FAO fishery statistical areas 67 and 77 in the central-
eastern Pacific.

response to the effects of El Nino episodes (Fig. 6). For
example, while California and Mexico accounted for
about 35% of the central-eastern Pacific swordfish har-
vests from 1981 to 1990, California’s landings were half
the size of Mexico’s landings in 1982, 4 times larger in
1986, and one-tenth as large in 1990.

The high-seas longline fisheries have operated
throughout much of the Pacific; this has been particu-
larly true of the Japanese fishery (Fig. 7). Species target-
ing in this fishery has changed over the years, which
accounts for some of the change in the distribution of
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effort. Of course, species targeting varies seasonally as
well. Korean longline fishing effort was initially concen-
trated in the central South Pacific in association with
the albacore fishery and later spread progressively into
the equatorial zone, extending to the coast of Central
America and into the central North Pacific (Fig. 8)
because of targeting on other tuna species. Taiwanese
longline fishing effort was also initially concentrated in
the South Pacific in association with the albacore fish-
ery (Fig. 9) and later spread west to Australia, along
the equator, and into the central and western North
Pacific.

Hawaii

The Hawaii swordfish fishery developed along with the
introduction of longline fishing technology from the
Atlantic Ocean in 1989. Monofilament main line re-
placed the fiber rope used in tuna longline gear, and
hydraulic reels replaced specialized line haulers. Squid
replaced finfishes as bait, consistent with the known diet
of adult swordfish, although finfishes are a significant
portion of the diet (Palko et al., 1981). In addition, light
sticks were added to the hook droppers to improve the
swordfish catch.

Table 1

Pacific Ocean landings of swordfish in metric tons, 1952-91. “Others” includes Ecuador, French Polynesia, Korea, Peru,
and Tonga. From Bartoo and Coan (1989), updated using FAO's electronic database and FAO (1993). See Table 2 for
updates of U.S. data.

Year Japan Chile Taiwan Philippines Mexico USA Others Total

1952 11,182 157 0 11,339
1953 11,604 85 0 11,689
1954 13,301 77 14 0 13,392
1955 16,220 185 80 0 16,485
1956 12,167 254 163 0 12,584
1957 15,771 250 222 0 16,243
1958 20,815 247 279 0 21,341
1959 19,136 262 265 0 19,663
1960 22,944 273 192 0 23,409
1961 23,636 432 218 0 24,286
1962 14,037 544 23 0 14,604
1963 13,775 300 58 0 14,133
1964 9,703 300 109 0 10,112
1965 11,955 200 300 194 300 12,949
1966 13,283 200 600 277 241 14,601
1967 13,083 200 838 181 1,347 15,649
1968 12,983 200 974 118 855 15,230
1969 15,612 300 1,023 610 1,289 18,934
1970 16,100 200 1,053 1,400 0 400 2,515 21,768
1971 10,400 200 1,033 1,500 0 100 315 13,548
1972 10,400 100 1,005 1,600 2 100 715 13,922
1973 11,100 400 1,987 1,700 4 300 2,015 17,506
1974 10,498 218 1,116 1,848 6 295 585 14,566
1975 12,361 137 1,239 1,976 0 393 273 16,379
1976 15,843 13 856 1,558 0 39 739 19,048
1977 13,997 32 902 2,103 0 220 685 17,939
1978 14,333 56 779 890 0 1,009 634 17,701
1979 13,091 40 1,060 3,845 7 249 553 18,845
1980 11,953 104 1,459 1,716 380 489 545 16,646
1981 13,078 294 909 1,940 1,675 443 348 18,587
1982 11,350 285 1,107 3,468 1,365 726 348 18,649
1983 12,511 342 1,268 2,974 120 1,195 360 18,770
1984 11,986 103 1,387 2,274 47 2,009 352 18,158
1985 13,083 342 1,429 2,036 18 2,370 148 19,426
1986 14,271 764 1,357 2,089 422 1,585 70 20,558
1987 14,867 2,059 1,540 2,137 550 1,221 194 22,568
1988 15,496 4,455 1,690 4,034 613 1,086 245 27,619
1989 12,367 5,824 3,692 3,756 690 588 263 27,180
1990 11,767 4,955 4,217 3,187 2,650 2,150 474 29,400
1991 9,889 7,255 2,933 3,139 861 5,626 151 29,754
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Table 2
Central-eastern Pacific swordfish catches in metric tons, 1950-93. “Others” includes Korea, French Polynesia, and Tonga.
Non-U.S. data from Bartoo and Coan (1989), updated using FAO statistics for areas 67 and 77 (FAO, 1993). Data for
Hawaii from SWFSC,! Hamm and Kassman,2 Hamm and Quach,3 Ito,* and WPRFMC?® and for the U.S. west coast from
NMFS Southwest Region summaries of Pacific Fishery Information Network data.

Year Japan Taiwan Mexico U.S. west coast Hawaii Others Total
1950 13

1951 17

1952 157 12 157
1953 85 5 85
1954 14 5 14
1955 80 17 80
1956 163 13 163
1957 222 13 222
1958 279 12 279
1959 265 9 265
1960 192 13 192
1961 218 10 218
1962 23 12 23
1963 58 10 58
1964 5,500 0 109 11 5,609
1965 2,700 0 0 194 8 2,894
1966 2,800 0 271 7 3,077
1967 1,900 0 0 181 6 2,081
1968 2,600 0 0 118 5 2,718
1969 4,400 0 0 610 6 5,010
1970 5,600 100 0 400 5 6,100
1971 2,700 0 0 100 1 2,800
1972 3,400 100 2 100 3,602
1973 4,100 100 4 300 0 4,504
1974 2,330 183 6 295 0 2,814
1975 2,139 165 0 393 2,697
1976 3,591 36 0 39 2 242 3,910
1977 2,743 113 0 220 19 140 3,235
1978 2,615 108 0 1,009 14 29 3,775
1979 2,735 181 7 249 12 43 3,227
1980 3,299 117 380 489 15 23 4,323
1981 3,381 105 1,675 443 9 38 5,551
1982 2,666 85 1,365 726 18 98 4,958
1983 2,654 131 120 1,195 16 94 4,210
1984 2,589 133 47 2,009 10 51 4,839
1985 2,578 137 18 2,370 5 54 5,162
1986 2,792 130 422 1,585 7 23 4,959
1987 3,917 150 550 1,176 45 92 5,930
1988 4,123 160 613 1,041 45 68 6,050
1989 3,566 400 690 316 272 58 5,302
1990 3,556 460 2,650 245 1,905 70 8,886
1991 1,029 4,497

1992 1,548 5,735

1993 1,743 6,124

! Southwest Fisheries Science Center (SWFSC). 1993. Annual and average monthly trends in catch of large pelagic species in Hawaii,
1949-78. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., SWFSC Honolulu Lab. Admin. Rep. H-83-24, 74 p. SWFSC, 2570 Dole
St., Honolulu, HI 96822-2396.

2 Hamm, D. C., and T. T. Kassman. 1986. Fishery statistics of the western Pacific, vol. 1. U.S. Dep. Commer., NOAA, Natl. Mar. Fish.
Serv., Southwest Fish. Cent. Admin. Rep. H-86-04, p. var. Available from SWFSC, 2570 Dole St., Honolulu, HI 96822-2396.

% Hamm, D. C., and M. M. Quach. 1988. Fishery statistics of the western Pacific, vol. 3. U.S. Dep. Commer., NOAA, Natl. Mar. Fish.
Serv., Southwest Fish. Cent. Admin. Rep. H-88-04, p. var. Available from SWFSC, 2570 Dole St., Honolulu, HI 96822-2396.

4Tto, R.Y. 1992. Western Pacific pelagic fisheries in 1991. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., Southwest Fish. Sci.
Cent. Admin. Rep. H-92-15, 38 p. Honolulu Lab., SWFSC, NMFS, 2570 Dole St., Honolulu, HI 96822-2296.

® Western Pacific Regional Fishery Management Council (WPRFMC). 1993. Pelagic fisheries of the Western Pacific Region 1992
annual report. Western Pac. Reg. Fish. Manage. Counc., 1164 Bishop St., Rm. 1405, Honolulu, HI 96813.

® Western Pacific Regional Fishery Management Council (WPRFMC). 1994. Pelagic fisheries of the Western Pacific Region 1993
annual report. Western Pac. Reg. Fish. Manage. Counc., 1164 Bishop St., Rm. 1405, Honolulu, HI 96813.
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Figure 6
Area plot of swordfish landings in FAO statistical areas 67 and 77 in the northeast and east-central Pacific (FAO electronic
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Swordfish gear is set at dusk and hauled at dawn or
earlier, rather than being set at dawn and hauled at
midday as is typical with tuna gear. This is consistent
with the observation that swordfish in offshore waters
swim near the surface at night and at depth during the
day (Carey, 1990). Swordfish longline gear is config-
ured to fish at depths of 15-25 m, with 2-3 hcoks
between floats, whereas tuna gear is rigged to fish at
depths of 150-300 m with 5-15 hooks between floats,
depending on the species being targeted.

If a concentration of swordfish is found as the gear is
being hauled, some boats will cut the main line, termi-
nate it with a float or radio beacon, set additional gear
in the area, and then continue to haul the remainder of
the gear. Some vessels fish for both swordfish and tuna
on different portions of a trip or even by having some
segments of the gear along the main line configured
for swordfish, and others for tuna.

The longline fishery in Hawaii underwent a gradual
decline in number of boats from the early 1950’s to
1975-76, during which time the fleet was reduced by
about 80% (Fig. 10). During 1977-87, the trend re-
versed and the number of boats roughly doubled. Then,
from 1987 to 1991, the number of boats nearly qua-
drupled. In April 1991, a moratorium was put into
effect under the authority of a new U.S. federal law, the
Magnuson Fishery Management and Conservation Act.
The moratorium prevented the entry of new boats into
the Hawaii longline fishery and restricted the transfer

of vessel permits. Consequently, in 1992 the number of
boats active in the fishery declined from 140 to 123.
From a single boat in 1988, the estimated number of
boats targeting swordfish on at least one trip per year
increased to 114 in 1991 (Ito, 1998). The swordfish
fleet increased in size when some Hawaii tuna longline
and lobster boats switched to targeting swordfish, and
other boats relocated from U.S. longline fisheries in the
northeast coastal states and the Gulf of Mexico (Ito!).
Prior to 1989, swordfish were an incidental take in
the tuna fishery in Hawaii, with landings averaging 10 t
during 1952-86 (Table 2). Reported swordfish land-
ings increased in 1987 and 1988 to 45 t because of the
large increase in the number of longline boats. The
swordfish fishery began in earnest in 1989, when 11
boats participated in the fishery and landings increased
to nearly 300 t, 500% over the previous high (Fig. 11).
Landings rapidly increased again in 1990 (by 600%)
and then by more modest amounts in 1991, 1992, and
1993 (136%, 28%, and 7%, respectively). By 1990, the
Hawaii fishery accounted for 21% of reported sword-
fish landings in the central-eastern Pacific. Since Cali-
fornia landings were down in 1990, total U.S. landings
accounted for only 24% of total reported landings,
but Mexico and U.S. landings together accounted
for 54%. With 1991 Hawaii landings increasing to
4,500 t, and assuming other catches equal to those in
1990 (more recent data were not available), Hawaii
may have accounted for 40% of the landings in the



region.* Similarly, projected total U.S.
landings and combined U.S. and
Mexican landings for 1991 may have
accounted for 50% and 60%, respec-
tively, of regional landings (Fig. 6).5
The proportion of swordfish in to-
tal pelagic landings in Hawaii has
changed dramatically with the devel-
opment of the swordfish fishery (Fig.
12).In 1977, the species composition
in the Hawaii pelagic fishery was com-
parable to that in the Pacific in 1990
(Fig. 3), except that there was more
marlin (9.5% versus 2.4%) and less tuna
(88.2% versus 96.3%). The proportion
of swordfish had not changed much by
1987, the year prior to the rapid expan-
sion of the fleet (Fig. 12), but the pro-
portion of marlin had increased to
22.2% and tuna had decreased to
74.9%. Subsequently, the proportion
of swordfish increased substantially
while the proportions of tuna and, to a
lesser extent, of marlin declined.
Almost all the swordfish landed in
Hawaii are transshipped fresh to the
U.S. mainland. Some dealers buy only
directly from fishing boats, others do
so on occasion, and the remainder
bid for the fish at the Honolulu fresh
fish auction. Some vessel operators
transship their landings under con-
signment to dealers on the mainland.
The transshipped product has been
headed, gilled, gutted, and finned (all
fins). Fish below 23 kg are marketed
locally only, and processing is limited
to removing the lobes of the caudal
fin and the bill. Shark- or bird-dam-
aged swordfish are also generally mar-
keted locally. The estimated dockside
revenue generated from swordfish
landings in Hawaii has risen in pro-
portion to catches, reaching nearly
$27 million in 1993 (Table 3).
Examination of the distribution of
Hawaii longline fishing effort became
possible in November 1990 when sub-

*In fact, Hawaii catches made up approxi-
mately 37% of regional catches in 1991-93
and then declined to 23% in 1995.

5In fact, U.S. and combined U.S.—Mexican
landings accounted for 38% and 45%, re-
spectively, in 1991; they stayed at about this
level through 1994, then declined to 28%
and 32%, respectively, in 1995.
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Figure 7
Distribution of Japanese longline fishing effort in (A) 1962-69, (B) 1970-
75, and (C) 1976-80.
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Figure 8
Distribution of Korean longline fishing effort in (A) 1966-69, (B) 1975, (C) 1977-80, and (D) 1981-87.
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Figure 9

Distribution of Taiwanese longline fishing effort in (A) 1967-69, (B) 1970-75, (C) 1976-80, and (D) 1981-86.
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mission of logbooks became mandatory. During No-
vember and December 1990, the fleet was limited to
waters around the main Hawaiian Islands and the south-
ernmost of the northwestern Hawaiian Islands (Fig. 13).
In 1991, effort occurred from latitude 0° to 50°N and
from longitude 140°W to 180°. While the highest level of
effort was again in waters around the main islands and
the northwestern islands, considerable effort was ex-
pended south and especially north of the archipelago.
During 1992 and 1993, higher concentrations of effort
extended into the northwestern Hawaiian Islands and
waters to the northwest. Also, the limits of the Hawaii
longline fishery expanded to the north, west, and east.
Effort by the Hawaii fishery reached as far east as Japa-
nese effort through 1980 (Fig. 7), but fell 5° in longi-
tude short of the eastward extent of Korean effort (Fig. 8).

The highest catch rates of swordfish in the Hawaii
longline fishery (Fig. 14) occurred in the farthest north-
western and northern areas into which the fishery ex-
panded (Fig. 13). As will be shown in the section on
resource distribution, the areas of high catch rate by
the Hawaii fleet coincide with the central Pacific por-
tion of a region of high catch rate extending from the
western to the central Pacific (Fig. 15). Thus, it appears
that the Hawaii swordfish fishery developed in a region
of resource abundance and that the expansion of the
fishery to the northwest and north was due to the por-
tion of the Hawaii longline fleet targeted on swordfish.
It is also apparent that a considerable portion of the
fishing effort of the Hawaii fleet is still being expended
near the main Hawaiian Islands in the pursuit of tuna.
An examination of indicators of species targeting and

possibly Gulland’s (1955) concentration index
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could demarcate specific locations of segments
of the fleet targeting swordfish or tuna.

Population Biology and Dynamics

Effective management requires knowledge of
various basic aspects of swordfish biology so
that the dynamics of the resource and the im-
pacts of the fishery and management actions
9 can be assessed.

Range and Distribution

Estimated number of Hawaii longline boats, including those
exclusively targeting swordfish. Data from Hawaii Division of
Aquatic Resources, 1948-53, and NMFS logbook data, 1991-93.
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Figure 11
Annual Hawaii swordfish catches, 1950-96. Data from Hawaii
Division of Aquatic Resources and NMFS shoreside monitoring.

Swordfish distribution was inferred from the
distribution of Japanese longline catch rates
because the fishing effort for this fishery is
distributed more widely than any other (Fig. 7,
8,9). These catch rates are for the most part a
measure of the availability and vulnerability of
swordfish adults to gear not used to target
swordfish. As always, the real abundance and
thus distribution of the resource may differ
from what the fishery statistics indicate. Infor-
mation about fisheries targeting swordfish is
also used here.

Swordfish has a wide distribution in the Pa-
cific, from latitude 50°N to 45°S and from the
western margin of the Pacific to the west coasts
of the American continents, based on sword-
fish catch rates for the Japanese longline fish-
ery during 1962-80 (Fig. 15). In the South
Pacific, catch rates declined toward the south-
ern limit of the effort distribution (Fig. 7), but
in the North Pacific, high catch rates generally
continued up to the northern limit of the ef-
fort distribution. The reasons for this differ-
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ence are not clear; it may be due to the occurrence of
the resource north of the fishery limits, to data aggrega-
tion by 5° latitudinal sections, to strong ecological
boundaries, to fleet licensing restrictions, or to some
combination of these.

There were high catch rates in several areas, with
considerable variation in their extent. The largest, most
consistent region of high catch rates was a broad band
across the North Pacific from Japan eastward to about
140°W. High catch rates also occurred along the west-
ern margin of the Pacific from the equator to the coast
of China; this region extended northeast to Japan and
connected with the North Pacific region in the earlier
periods summarized. Coastal fisheries using harpoon
and other gears also operated in this area. The second
largest region of high catch rates was off Australia,
extending variable distances into the central South Pa-
cific at different times. There appeared to be several
regions of high catch rates off the west coast of the
Americas; one off the coast of California and Mexico
did not extend far enough to the northwest to connect
with the west-central North Pacific region or far enough
south along the coast to connect with another small
region off central America. Drift net fisheries are also

Table 3
Revenue from longline-caught swordfish in Hawaii,
1987-93 (Ito!; WPRFMC(?).

Year U.S. Dollars (thousands)
1987 200
1988 200
1989 1,100
1990 9,700
1991 22,000
1992 24,270
1993 26,830
"'Ito, R.Y. 1992. Western Pacific pelagic fisheries in 1991.

U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., Southwest
Fish. Sci. Cent. Admin. Rep. H-92-15, 38 p. Honolulu Lab.,
SWFSC, NMFS, Honolulu, HI 96822-2396.

2 Western Pacific Regional Fishery Management Council
(WPRFMC). 1994. Pelagic fisheries of the Western Pacific
Region 1993 annual report.  Western Pac. Reg. Fish. Manage.
Counc., 1164 Bishop St., Rm. 1405, Honolulu, HI 96813,

conducted in these coastal waters off California and
Mexico. A region appeared off South America with
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Figure 13

Distribution of Hawaii longline fishing effort in (A) November—December 1990, (B) 1991, (C) 1992, and (D) 1993.
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Figure 14

Swordfish Catch Rate

Swordfish Catch Rate

Distribution of catch rates (swordfish per 1,000 hooks) for the Hawaii longline fishery during (A) November-December 1990, (B) 1991, (C) 1992, and (D) 1993.
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Figure 15

Distribution of catch rates (swordfish per 1,000 hooks) for the Japanese
longline fishery during (A) 1962-69, (B) 1970-75, and (C) 1976-80.

extensions into the central Pacific
along the equator and at middle
southern latitudes, but it never quite
joined with the region extending east-
ward from Australia. The Chilean fish-
ery also takes place in these coastal
waters off South America.

Stock Structure and Movement

The stock structure of swordfish is
poorly understood. For stock assess-
ment purposes, a single, Pacific-wide
stock generally has been assumed,
with the possibility that there are sepa-
rate stocks associated with known fish-
ing grounds in the western-central
North Pacific, eastern Pacific, and
western South Pacific (Sakagawa and
Bell, 1980; Bartoo and Coan, 1989;
Skillman, 1989). Only a single sword-
fish tag recapture has been recorded
in the Pacific. This fish, which weighed
approximately 11 kg when it was
tagged and released from a commer-
cial fishing boat at 29°N, 154°W on
24 April 1992, was recaptured in the
same general area 11 months later at
a weight of 32 kg. Tagging results in
the Atlantic have indicated that sword-
fish movement is primarily latitudi-
nal (Berkeley, 1989) and that fish
tagged in the summer tend to return
to the same locale in subsequent sum-
mers (Beckett, 1974).

Progress on the use of genetics to
determine swordfish stock structure
is reported by Grijalva-Chon et al.
(1996) and in the present publica-
tion (Alvarado Bremer, Leclerc, and
Ely, 1998; Chow, 1998).

Size at Maturity and Spawning

U.S. federal law (the Magnuson Fish-
ery Management and Conservation
Act) requires the prevention of re-
cruitment overfishing. Thus, an esti-
mate of size at maturity is necessary
to assess trends and the dynamics of
the mature, spawning component of
the stock. All of the published esti-
mates (Table 4) are based on small
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lower jaw—fork length, and RWT = round weight.

Table 4
Estimates of swordfish size at maturity. Values are in the units published by the authors: EFL = eye—fork length, LJFL =

Ocean Sex Smallest mature All mature Size at maturity Units N! Source?
Pacific Female 140 170 cm EFL 362 1
83.0 156.5° kg RWT 15 2
150 170 cm EFL ~58 3
Atlantic Female 70 cm LJFL NG 4
74 kg RWT NG D
160 235 171 cm LJFL NG 6
Male 100 cm LJFL NG 4
21 kg RWT NG 5
90 165 113 cm LJFL NG 6

NG = not given.

1

21 =Kume and Joseph (1969), 2 = Uchiyama and Shomura (1974), 3 = Yabe et al. (1959), 4 = Ovchinnikov (1970), 5 = Palko et al. (1981)
referencing personal communication from E. Houde, 6 = Hoey et al. (1989) referencing personal communication from R. Taylor.

3 Median between the smallest and largest mature fish in the sample.

sample sizes, and none are based on modern histologi-
cal techniques necessary to determine maturity in inde-
terminate spawners, which swordfish may be, and to
estimate fecundity.

For the eastern tropical Pacific, Kume and Joseph
(1969) classified ovary samples collected from the Japa-
nese longline fleet using values of the gonado-somatic
index (GSI), the ratio of gonad weight to the cube of
eye orbit—fork length (EFL). While they stated that
there was no established relationship between GSI and
state of maturation for swordfish, they observed that
there was a cluster of samples with low ovary weights
and GSI values <3.0, which they classified as immature
or undeveloped. Mature fish were defined as having
GSI values 23.0.

For the central Pacific, Uchiyama and Shomura (1974)
classified, according to the most mature ovum stage
present, a small sample of ovaries collected from com-
mercial longline boats operating in the vicinity of Ha-
waii. The ovum stages identified were primordial, early
developmental, developing, early ripe, ripe, and re-
sidual. Taking the occurrence of early ripe or later
stages as indicating maturity, I determined that the
mature fish in their samples ranged from 83.0 to 246.3
kg round (unprocessed or whole) weight (RWT), with
the median at 156.5 kg RWT.

For the western Pacific, Yabe et al. (1959) plotted
ovary weight versus EFL of samples collected from the
swordfish fishing grounds (30-45°N, 140°E-180°). They
observed a cluster of points with small ovary weights,
which they interpreted as immature fish, and a length
range in which ovary weight increased rapidly with body
size. They interpreted this range (150-170 cm EFL) as
the size at maturity, and also gave age at maturity as 5-6
years. Sosa-Nishizaki (1990) indicated a similar range

(150-160 cm EFL) using samples collected from across
the Pacific in all seasons.

For the Atlantic Ocean (Table 4), Palko et al. (1981)
provided estimates of size at maturity for female and
male swordfish, referencing Ovchinnikov (1970), with-
out any details of origin of the samples or methods
used. They also provided estimates for swordfish taken
off the southeast coast of the U.S., referencing a per<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>