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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
Gonzilez, 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 arusanal 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

600
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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 etal., 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

Barbieri et al.: Development and Present State of the Swordfish Fishery in Chile 5

Table 2
Nonparametric statistical test (Kruskal-Wallis) for dif-
ferences in CPUE between boat length classes.

Boat length
Years range (m) (K-W)! (32?2

o

Conclusion?

3

1987 11-17 11 15 7 accept H,
1988 11-16 8 13 6 accept Hy
1989 11-16 17 13 6 reject H,
1990 11-16 5 13 6 accept H;
1991 12-17 10 13 6 accept Hj
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.

4 Hy: no differences between boal categories.
H,: boat categories are different.
H, is accepted if K-W < x.

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 (1) (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
(Gonzilez, 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 CPUE, as f = C,/CPUE,.

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
adelicate 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(~0.2925 x (¢ - 0.1085))]
males:  LJFL, = 250[1- exp(-0.3216x ( +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: (Fig. 11).

Proportions of the Sexes

Leiva (1993) estimated the proportions of males and
females in artisanal catches of swordfish obtained with
harpoon and gilinet during the fishing season of 1989
in the central zone (Table 4). During the first 4 months
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Figure 6
Relation between total landings (artisanal and indus-
trial), CPUE (artisanal) and total effort of the sword-
fish fishery in Chile (1?=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 Fermale Male Female Male Female Male

Jan-Apr 85 15 100 0 925 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-
fish caught by the artisanal and industrial fleets in 1994
(n = number of fishes; x = mean weight).

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
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Stomach contents of swordfish captured in Chile dur-
ing 1989. I = longtailed hake, Macruronus magellanicus,
Il =jack mackerel, Trachurus murphyi;, 11l = shrimp,
Heterocarpus reedi, IV = other fish remains; V = squids, Loligo
gahiand 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 fr?.

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 loghook-reported catch for the last 5 yr was

continued
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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?).

! Goadby, P. 1994. 38 Stirling Ave., North Rocks, NSW 2151,
Australia. Personal commun.

% Pepperell,]. 1994.
NSW 2229, Australia.

Pepperell Research, P.O. Box 818, Caringbah,
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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of the Australian mainland and
around southern and western
South Tasmania (Fig. 5) are relatively

Equatorial . .
Current low despite substantial long-
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&' '%\“ in austral summer. Swordfish
Coral l are usually found in waters with
Sea Y] surface temperatures greater
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1994). The southern range of
swordfish catches is reasonably
consistent with the August (aus-
tral winter) 13°C mean sea-sur-
face isotherm for eastern Aus-
tralia (Fig. 6), although in Feb-
ruary (austral summer) the
13°C isotherm is well south of
Tasmania. Even so, swordfish
are rare in the summer catches
of longliners southwest of Tas-
mania; there may not be much
interchange in the cool temper-
ate region between the eastern
and southwestern AFZ. Re-
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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;

¢ 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.

S

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 5
Distribution (by l-degree square) of swordfish catch (number of fish) by Japanese
bilateral-licensed and joint-venture longliners in the Australian Fishing Zone during
May-October (top) and November-April (center), and yearly (bottom), 1979-93 com-
bined (from Australian Fishing Zone Information System logbook data).
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for western and southern Australia.

Austral summer (February; top) and winter (August; bottom) mean sea-surface temperature isotherms
adjacent to Australia from Edwards (1979) for eastern Australia and Hydrographic Department (1992)
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Japanese and Joint Australia—Japan Longline Fisheries

Substantial Japanese longline activity occurs in eastern,
southeastern, and western areas of the AFZ,% and sword-

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
and was not renewed, and may not be unless Australia and Japan
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



Caton et al.: Swordfish and the Fisheries for Tunas and Billfishes in the Australian Fishing Zone

~_d  uY

P B |

I'NDONESIA .
RSt~ 0 7 %&S&,
Lo R f S J
Limit of A= .
m Australian

Fighing Zone

= h N i
1
Northem o
Territory o
Loo° A 4
20° )0
Indian °
Ocean *
Westemn Queenstand
_ A i T
12 nautical South L Norlolk is
mile contour Australia ©
30° (not to scale; 1
indicative only
New Zealand b

a0 I:I Permanent closure
: Longiine onty

[ - Seasonal Closure
- Longline and handline

100°E 10° 120° 130° 140° 150° 160° I7|0"
L L L L 1 1

Southern Ocean

Tasman Sea

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).

I N Y
o

I NDONEZ SI A | AN
P
L "&S“&
10 - Qh B
Cacas Limit of
2 @ Australian *
® Giifsrnasils Fishing Zone .
44 :
v
Northern o
Territory o
e . o |
20 Indian 2y
O citag 1 50 nautical °
; mile contour .
Western H (not to scale;
i 50 nautical : indicative only B
mile contour
(not to scale; i
indicative only Af:llr’a‘\rl’ia ................... = i Noﬂoélk 8
L 300 \ §
New South
Wales

New Zealand b

i I:I Permanent closure
E Longline only

L - Handtine onty

m Longline and handiine

100°E 1 l|0° 120° 130° 140° 150° 160" 170°
L I L 1 1 s

Southern Ocean
Tasman Sea

Figure 8
Gear and operational area restraints applying to Japanese tuna longline vessels in the Australian Fishing Zone,
1993-1994 (from Caton and Ward, 1996b).




20 NOAA Technical Report NMFS 142

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 theijr 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).

Calch Catch
Year (V) Year ()
1988-89 12.6 1991-92 315
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 bairt 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 Reet Game Fish Angling Club in
1937, stated, “No broadbill swordfish hasyet 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 jointventure) 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 (105 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 23.93 7,901 3,029
1979-1993, are indicated in Figure 5. The central area
35 of the eastern AFZ has consistently been the main area
« 30 . :
2 25 of swordfish catch. Current operations are subject to
2 4 the permanent closure of the area inshore of 50 n. mi.
g 15 from the coast. Japanese longliner access to eastern
= 19 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
® D DB DD DD P DD O are shown in Figure 12. There is some annual variation
[ =] ] o] (o] > (2] =] D (2] 2] » [o2) (o2
- - - - - - - - - - - - - - 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)f patterns of targe::peci?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.
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1993

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

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-
2800 _E creased off southern and southwestgm
@ Australia. There has been a resumption

2600 § of incidental swordfish catches there, but
T the central southern region and south-

2400 western Tasmanian regions still show
| 2200 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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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 nota primary target) and in the southeast, southern
bluefin tuna. In contrast, the western region supports a
mixed fishery in which bigeye has been an imporiant

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 jointventure 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 (x 10%)  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 11,982 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 62,247 138 477 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 j22 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 1,110 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 18,317 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 Biue Black
Region Year (x 108 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 34,975 101,857 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 28,270 806,127 13,450 18,422 5,292 1,501 2,609
1990 27.15 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 23.93 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 jointventure 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 8,053 7.431 1.08
1982 3,985 3.724 1.07 14,908 7.414 2.01
1983 5,313 2.365 2.25 9,189 5.152 1.78
1984 454 0.787 0.38 9,903 6.261 1.58
1985 315 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 0.38 13,882 7.380 1.88
1988 948 1.474 0.64 22,395 11.600 1.94
1989 1,595 1.577 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 3.227 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 piled from data gathered by Australian observers on

the Japanese vessels (Fig. 16) do not show a clear trend
Average weights of swordfish (processed weight of gross of increase in modal length with latitude. The observed
catch/number of fish in gross catch) calculated from occurrence of swordfish >200 cm orbit-to-fork length9

Japanese longline logbook data for 1984-90 combined
Sh?W a trend of mncreasing size with mfzrefismg latitude qengith from the eye to the caudal fork, using the posterior of the
(Fig. 15). However, length frequency distributions com- boney surround of the eye as the forward reference point.
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(OFL), i.e. >320 cm bill-to-fork length,'? 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
lower-jaw-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

{0 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 lightstick 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/1,600
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-
tons 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—]apan 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 10~ OFL286%8 (cm)
Filleted weight (kg) = 1.6151 x 10-® OFL2%%! (cm).

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

1990-93
Longline Effort

Hooks ('000s)
® 501 to 16800 | i
e 401 to 500 N _ @ ON\U &
s 301 to 400
= 201 to 300
101 to 200
tto 100\
| ) ) | ! !
100 120 140

1990-93
Catch
No. of Swordfish
e 501 to 800
e 401 to 500
s 301 to 400
= 201 to 300
+ 101 to 200
. 1 to 100
| t 1 1 | 1
100 120 140

Figure 17

Fishing Zone Information System logbooks).

Distribution of longline effort (top) and catch in number of swordfish
(bottom) for 1990-93 by Australian longliners in the AFZ (from Australian

200 cm OFL. Off eastern Australia,
. observer data indicate little change
, in sex ratio with size (Fig. 19). The
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-
I tion of a trend in sex ratio with size
or with latitude south of 20°S. The
ratio for the most northern band is

- 40

14 Gilled and gutted, head removed ante-
ricr to cleithrum, and tail removed pos-
terior to caudal keels.
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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?

Number Number  Number Number Sex

Number

of hooks
observed

of
hooks set

of

observer days

of
cruises

collected

Bill

Orbit

Trunked Filleted Whole weight Lower Jaw

Female

swordfish Male

Year

17
35
27

2
3
4

1980
1981

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

19
18

2
3
1

5

11

el

16
26
23
111
1,025
1,201

27

16
20
78
855
697

84

21

80
192
814
778

1,044

8
19
67

91
902
420
500
248

13
843
961

11
44]
303

32
434
500
368

13
178

843
849
624

127
236

1,335,440

2,287,226
2,304,812

124

1,612,755

63

1992
1993

16

663
259

695
301

77

176

125

925
398

3,164,857 2,252,956

1,844,941

86
53

59

108 194

155

36

1,246,803

583

1994!

! 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
197493, and peaked in 1974, 1978, 1985, and 1993, usually 1-2 yr after an EI 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 4.6-3.5 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-f1)
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, seasurface 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 2,275
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, ], 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. L]-94-01, 46 p.

8 Holt, S. 1978. Economic analysis of the swordfish harpoon
fishery. Pacific billfish management plan, 47 p. Prepared under
contract no. 7820 for PFMC. Available from Pac. Fish. Manage.
Counc., 45 S.E. 82nd Dr., Ste. 100, Gladstone, OR 97027-25922.

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 ol
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 vesse] 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.
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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 8km (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.

4 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]-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 Nifo 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 Nino 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
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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 Nifio years. 82-83 El Nifio 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 Niho 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. Inter-American Tropical Tuna Comm., 8604 La
Jolla Shores Dr., La jolla, CA 92037-1508. Pers. commun.
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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.
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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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Figure 9
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 Nifo
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-
ceptin 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 c¢m 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. 153),
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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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 problems in reporting of the appropriate gear. These
problems could be especially frequent during periods
when drift gill net swordfish landings were not allowed
to exceed shark landings. Many of these problems could

be alleviated and the quality of the landing statistics
improved if buyers more carefully verified gear types
used to capture purchased fish.

Rates of logbook data coverage are very high and
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 El 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 dressed weight for each landed fish, many times these
some environmental conditions that affect fishing suc- were unreasonably high and probably actually repre-
cess. Some confusion was noted in the reporting of sented estimates of whole fish weight. A possible solu-
weights associated with landed fish. While the vessel tion to this type of confusion would be to distribute an

captains were instructed to enter their best estimates of 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

40

35 82-83 EL NINO

30
25 NORMAL

20

PERCENT SWORDFISH CATCH

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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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 1o National Oceanic
and Atmospheric Administration Award no. NA37R]J0199.

2 {to, 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 tin 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. Waestern 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-
wali 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 target-species 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
logbook 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.,
SWFS(;, 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 H=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
NMEFS 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 #, and the end of the interval was
