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8.0 DESCRIPTION OF THE FISHERY
8.1 Description of Stocks

8.1.1 Species and Its Distribution

The swordfish, Xiphias gladius, is considered to be a single species
over its worldwide distribution from about 45° N to 45° S in all tropical,

subtropical and temperate seas (Palko et al., 1979).

8.1.2 Life History

8.1.2.1  Reproduction ,
Swordfish are heterosexual; however, there are no known external

characteristics to separate males from females although several authors
indicate that larger swordfish are usually females (Palko et al., 1979).
Age at first spawning was reported to be five or six years (Yabe et

‘al., 1959), which is at an orbit-fork length of approximately 160 to 185 em

(64 to 74 in). This is equivalent to a lower jaw-fork length of 219 to 245
em (86 to 97 in) calculated as follows (S. Berkeley, Research Associate,
Univ. Miami, Miami, FL; pers. comm.): lower jaw-fork length = 13.39 +
1.053 (orbit-fork length). Estimates of sexual maturity off the southeast
coast of the U.S. are 21 kg (49.3 1b) for males and 74 kg (163.1 1b) for
females (Berkeley, 1981).

Fecundity estimates range from 3 million to 16 million eggs produced
per spawning (Fish, 1926; Yabe et al., 1959; Uchiyama and Shomura, 1974).
Recent estimates of fecundity, defined as the number of ova in the most
advanced mode within the ovary, for south Florida waters ranged from 1.41
to 4.20 million (Berkeley, 1981). Further, fecundity is related to weight by

~ the following linear relationship:

F=077+0.0144 W

where:
F = fecundity in millions of ova
W = whole weight of. female in kg

Mean relative feeundity, defined as ova per gram body weight, was 17.8
(Bekeley, 1981).
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In comparison, a 33 kg (72.8 1b) sailfish was estimated to release up
to 4.8 million ova per season (Jolley, 1977). Jolley (1977) also observed
that fecundity increased -with fish size. Fecundity estimates for white
marlin between 26.8 and 37.2 kg (59 and 82 1b) ranged from 3.8 to 10.5
million eggs (Baglin, 1979).

Historical evidence exists to classify swordfish as single, multiple or
partial spawners (Yabe et al.,, 1959; Cavaliere, 1963; Uchiyama and ‘
Shomura, 1974). However, recent data from south Florida waters indicate
that they are multiple spawners and that fecundity estimates will need to
be modified to include less developed ova for a final estimate that will
significantly increase initial estimates (Berkeley, 1981) which included only
more developed ova (S. Berkeley, Research Associate, Univ. Miami,
Miami, FL; pers. ‘comm.).

Fertilization is external (Palko et al., 1979). The peak spawning
period in the western North Atlantic Ocean occurs during late fall and
winter months (Arata, 1954; Taning, 1955; Tibbo and Lauzier, 1969; Markle,
1974; Fahay, 1975; Grall et al., 1981); however, larvae have been collected
in the northwest Atlantic in all months which suggests a longer spawning
period. Three main spawning areas were reported by Grall et al. (1981):
(1) Straits of Yucatan, (2) Straits of Florida, and (3) near the Lesser
Antilles. \
8.1.2.2 Age and Growth 7

Adult swordfish lack scales which makes scale-reading for age

assessment impossible. However, Artuz (1963) reported rings on the dorsal
fin spines of Sea of Marmara swordfish which he thought to be annual
marks. More recently Berkeley and Houde (1980, 1981) have used anal fin |
spines to age swordfish. They found a good linear relationship between
fork length and fin spine radius of 439 swordfish (1981 paper):

L = 58.50 + 23.90 S r=.,94
where:
L = lower jaw-fork length (cm)

S
r

anal fin spine radius (mm)

correlation coefficient
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There was no difference by sex reported. Berkeley and Houde (1981)
then used the relationship and the measured radii to each presumed annulus
to back calculate mean lengths at each annulus. They then converted
lengths to weight (from their length-weight relationship) in order to
. estimate mean weights at different ages: '

Males Females Both Sexes

Whole Dressed Whole Dressed Whole Dressed
Age* weight weight** weight weight** weight  weight**

(kg)+ (kg) (kg) (kg) (kg) (kg)
I 12.0 9.0 9.8 7.4 10.9 8.2
I 21.6  16.2 19.6 14.7 20.6 15.5
I 31.7 23.8 33.3 25.0 32.5 24 .4
v 41.8 31.4 49.2 36.9 45.5 34.1
v 54.4 40.8 67.2 50.4 . 60.8 45.6
VI 66.7 50.0 85.3 64.0 76.0 57.0
VII 75.8 56.9 109.1 81.8 92.4 69.3
Vi 82.0  61.5 135.9 101.9 109.0 81.8

* Older fish (XI+) have been aged but due to small sample sizes they
were excluded from this analysis.
**  Dressed wt = 0.75 whole weight
+ 1 kg = 2.2046 1b
Beckett (1974) estimated a faster growth rate using modal size
frequencies and tagging data from the Canadian fishery. Females grow
faster than males after age II and attain a larger size (Berkeley and Houde,
1980, 1981). The largest female aged in Florida weighed more than 300 kg
(661.4 1b; 11 years old) while the largest males were less than 140 kg (308.6
1b). _
Berkeley and Houde (1981) fitted the von Bertalanffy growth model
to their fork length at age data for males, females and sexes combined; the
result is shown in Figure 8-1. The equations, population parameter
estimates, back-calculated lengths at age, as well as predicted lengths at
age are presented in Table 8-1.
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The differential growth rates of the sexes is elearly shown by growth
coefficients of 0.1948 and 0.09465 for males and females respectively. In
addition, the sexes do not oeeur in equal proportions in the Florida fishery
where males predominate by a ratio of 1.7:1 (Berkeley and Houde, 1981).
They further report that the sex ratio changes with age:

Age I o II v \' VI vii VI

Males:Females 2.1:1 1.5:1 3.6:1 2.6:1 1.9:1 1.2:1 1.1:1 0.4:1

Note that, after age 8, females represent virtually 100 percent of the
catch. Due to the unequal sex ratios, Berkeley and Houde (1981) averaged
estimates of length and weight at age for males and females to give the
combined estimates.

Beardsley (1978) summarized Caddy's (1977) estimated parameters of
the von 'Bertalanffy growth equation based upon swordfish taken by
Canadian fishermen in the northwest Atlantic. These are: ‘

L,o=144in (365 cm)

K =0.230

Calculated ages at size from Caddy (1976):

Age (years) Fork Length 1 Round Weight
in em Ib kg
1 19.7-35.4 50-90 3.1-19.4 1.4-8.8
2 39.4-43.3 100-110 26.9-36.1 12.2-16.4
3 47.2-59.0 120-150 47.3-94.4 21.4-42.9
4 63.0-70.9 160-180 115.3-166.1 52.2-75.3
5 74.8-86.6 190-220 196.4-309.2 89.1-140.3
6+ 90.6+ - 230+ 354.9+ 160.9+

1.  Tip of lower jaw to caudal fork.
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In 1977 and 1978, Beardsley et al. (1978) sarmpled 168 swordfish
‘caught 'at.night by recreational fishermen using rod and reel which ranged
in size from 3.5 kg (7.72 1b) to 268.0 kg (590.83 1b). They reported the
following length-weight relationship:

Y =-5.5669 + 3.2994 L  std. error 0370

N = 166

where:
Y= log10 weight
L= log10 lower jaw - fork length
Berkeley and Houde (1981) observed fish in age classes 0 to XI in
south Florida longline catches; however, more than 50 percent of the catch
was composed of ages 1-4 (Figure 8-2). It is important to note that while
landings are dominated by catches of relatively small swordfish (mostly
males), the fishery depends to a large extent on the relatively infrequent
catches of large, older and mostly female fish, which contributed greater '
than 30 percent of the landings by weight in the Florida Strait's fishery
(Berkeley and Houde, 1980) and bring a higher price per pound than smaller
fish. C
8.1.2.3  Mortality
Total mortality rates were estimated by Berkeley and Houde (1981)
using several methods.* The maximum likelihood estimate (Robson and
Chapman, 1961) of the instantaneous mortality coefficients with .95
confidence limits for males, females and both sexes combined are:

Males Females Both Sexes
Z = 0.44 +0.07 Z = 0.33 +0.06 Z = 0.40 +0.05
N = 245 N = 139 N = 391

A second estimate based on the expected relationship between
growth and annual mortality rate (Beverton and Holt, 1956) was obtained
from: '

7 = Ko -0
-1

where: 1' = length of smallest fish fully represented in the sample

1 = average length of all fish above I'

*Portions are taken directly from Berkeley and Houde (198 1).
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The results are:

| Males Females Both Sexes
Z =10.36 Z =10.26 Z =10.35

1' =127 em 1" = 130 em 1I' =130 em
1 = 158.7cm 1 = 185.6 cm 1 = 168.6cm
L00 = 2174 cm Loo = 340.0 em Loo = 297.1 em
K = 0.1948 K = 0,0946 K = 0.1054

A third estimate was obtained from (Ssentongo and Larkin, 1973):
1

Z =K (D —)
Y - Ve
where:. n = sample size
- 1
y =-In (1 - )
Lo
ye=-In (1-—4) '
c Lo

Using the above values for Loo’ 1, 1, and K, the results are:

Males Females ___Both Sexes
Z =045 ' Z =030 Z =040
n =190 n =98 n =291

Natural mortality rates were estimated from the equation relating
natural mortality, growth parameters and mean environmental temperature
determined empirically by Pauly (1980): '

log M = 0.1228 - 0.1912 log Loo + 0.7485 log K + 0.23%1 log T
Assuming a mean environmental temperature of 15°C (59° F) and using the
previously determined growth parameters the estimates are:

Males Females Both Sexes
M = 0.27 M = 0.14 M = 40.16
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Caddy (1977), using the Beverton and Holt (1956) method, reported
that total mortality was in the range of 0.12 to 0.65 for the Canadian
harpoon fishery and 0.16 to 0.58 for the Canadian longline fishery.

Using Berkeley and Houde's (1981) mortality data, the estimated
fishing mortality coefficient (F) was in the range 0.10-0.24 for males,
0.13-0.25 for females and 0.19-0.29 for both sexes.

8.1.3 Ecological Relationshi@
8.1.3.1 Larval Ecology
Swordfish larvae can be recognized by their long snouts, prominent

supraorbital crest, heavily pigmented, elongate bodies. When longer than
8.0 mm (0.32 in) they possess one or more rows of spinous scales on each
side of the dorsal and anal fins, with those along the anal fins continuing
forward to the level of the pectoral fin (Matsumoto and Kazama, 1974;
Palko et al., 1979). .

Swofdfish larvae oceur at or near the surface during all times of the
day and thus do not exhibit negative phototrophism (Arata, 1954; Taning,
1955; Tibbo and Lauzier, 1969; Markle, 19743. Larvae feed on fish larvae
and copepod crustaceans. The juveniles and a&ults of tunas, dolphins,
mackerels, snake mackerels, flying fish and billfish are predators of
swordfish during their early life. Cannibalism may result in scattered
distribution of swordfish larvae (Arata, 1954). Larval growth rates range
from 0.6 to 2.0 mm (0.02-0.08 in) per day (Arata, 1954; Taning, 1955; Yabe
et al., 1959; Tibbo and Lauzier, 1969; Uchiyama and Shomura, 1974).

Berkeley and Houde (1980) recently completed a search of published
and unpublished data to examine areas of occurrence of larval swordfish
and to relate their occurrence to spawning distributions and abundances of
adults. Their conclusions were as follows:

"Larval swordfish have been collected in every month of the year
from the western North Atlantic Ocean. Of 545 larval observations, 207
(38 percent) were from the Gulf of Mexico and 64 (11.7 percent) were from
the Caribbean Sea. The majority of larvae (75.1 percent) were collected
when surface temperature ranged from 25%-30°C. Most Gulf of Mexico
swordfish larvae (76.8 percent) were collected when surface temperatures
exceeded 27°C, indicating that a spawning population is present in the Gulf
throughout the summer months. In the Caribbean Sea most swordfish
larvae have been collected from November to February, when surface
temperature was less than 27°C, indicating a possible distributional shift
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toward the tropies by adults during the winter\ months. In areas other than
the Gulf or Caribbean most larvae (75.8 percent) were collected from May
to November. For the entire western North Atlantie, 22.5 percent of
larvae were collected from January to April, 48.7 percent from May to
August and 28.8 percent from September to December. Céncentrations of
larval occurrences were noted in the east-central Gulf of Mexico, Straits
of Florida and eastern Caribbean Sea. Because sampling effort among
areas is not known, we cannot be certain that those areas are the most
important spawning sites, but they are areas where significant spawning
occurs in the western North Atlantie.”

Grall et al. (1981) studied the distribution and seasonality of a
collection of 961 lérva_l swordfish from the Atlantic, Pacific and Indian
Oceans. In the western North Atlantic larvae were most abundant in the
Straits of Florida, Straits of Yucatan and the Lesser Antilles. They
appeared most numerous during the fall and winter (September-February)
but were found year round. Also, most were collected in the open ocean
greater than 200 m (656.2 ft).
8.1.3.2 Food-Chain Relationships

Swordfish are opportunistic feeders that feed on fish and squid from
the surface to about 914.4 m (3,000 ft) In adults, the vertical distribution
(see Section 8.1.3.4.1) of these upper trophic level predators is believed to

be linked to the diurnal movements of their prey, and the species
composition of prey found in the stomach of swordfish varies with the
geographical area, depth and concentration of forage (Bigelow and
Schroeder, 1953; Yabe et al., 1959; Tibbo et al.,, 1961; Squire, 1962;
Cavaliere, 1963; Guitart-Manday, 1964; Scott and Tibbo, 1968; Maksimov,
1969; Ovchinnikov, 1970; Torin 1971; Beckett, 1974.)

Stomach contents from 65 swordfish caught in the Florida Straits
were énalyzed (Toll and Hess, 1981) and results indicated that cephalopods
account for over 90 percent of total weight of contents in 69 percent of
the stomachs. Of these, squid (Illex) were the most important prey items.
The diversity of prey found in this study confirms the postulated
opportunistic feeding strategy of swordfish. "Analysis of the vertical
distribution of cephalopod prey indicated that swordfish feeding is most
concentrated in epipelag'ic and upper mesopelagic waters" (Toll and Hess,
1981). The following fish were found in the stomachs: (1) scads
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(Trachurus spp.); (2) round herring (Etrumeus teres); (3) scombrids; (4)

various pelagic midwater species; and (5) demersal parrotfishes (family
Scaridae). Berkeley (1981) noted that prey such as parrotfishes implies
that swordfish must make feeding forays onto reef areas of relatively
shallow depth. '

In temperate waters of the Atlantic, swordfish have been seen
basking on the surface; this is thought to facilitate digestion (Palko et al.,
1979). There is evidence from stomach contents (Tibbo et al., 1961) and
the long dorso-ventrally ecompressed sword (Scott and Tibbo, 1968) that.
indicate swordfish may use their sword to kill prey. Swordfish have been
observed stunning small fish in a school and later swallowing these fish
(Goode, 1883). Scott and Tibbo (1968) found fish in swordfish stomachs
that may have been cut with the sword, damaging the musele and vertébrgl_
column. The use of their sword to kill prey was verified by Toll and Hess
(1981).
8.1.3.3 Predator-Prey Relationships

-" The intraspecific and interspecific relationships of swordfish*are not
well understood (Parin, 1967, 1968; Ovchinnikov, 1970). Swordfish do not
school like tunas and are generally classified as solitary fish. Tibbo et al.
(1961) and Ovechinnikov (1970) reported that nonspawning swordfish are
commonly separated by a distance of about 9.1 to 91.4 m (30 to 300 ft).
However, catch rates at depth (i.e., where several fish are hooked in a
particular location during a short period of time) suggest that swordfish
may aggregate to some degree.

Swordfish are hydrodynamically adapted for swift swimming
(Ovchinnikov, 1968; Aleev, 1971; Kozlov, 1973; Magnuson, 1973). It is
speed that contributes both to protection from predators and to their own
predatory habits. Adult swordfish are often found with tunas, dolphins
(coryphaena), sharks, and other billfishes seeking similar food. The effect
this competition for similar food has on survival is probably minimal since
swordfish can feed on a variety of foods from the surface to the ocean
floor, can travel between tropical and temperate waters, and are opportu-
nistic predators (Palko et al., 1979).

The ecompeting species are predatory upon larval and juvenile sword-
fish. Dolphin frequently contain juvenile swordfish in their stomachs. In
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addition, larval and juvenile swordfish are cannibalistic. Swordfish
compete with sharks (Parin, 1967) for food, and afe preyed on by sharks
(Tibbo et al., 1961; Parin, 1970), sperm and killer whales (Tibbo et al.,
1961). Swordfish attacks on sharks have been documented (Maksimov,
1968).

Although sea lampreys (Petromyzon marinus) have been reported by

~ Tibbo et al. (1961) and Guitart-Manday (1964) to attack migrating sword-

fish, leaving open wounds, it is probably the cookie-cutter shark (Isistius)

that causes these nonserious wounds (Jones, 1971; Amorim et al., 1979).
The following parasites were found in swordfish off Cuba (Guitart-

Manday, 1964): Ascaris incurva in virtually all stomachs, unidentified

Hirudinea in the stomach, unidentified cestoda attached to the outer walls
of the stomach, and an unidentified ectopérasitic Pennella deep in the
subcutaneous muscular tissue. Many nematodes are found in the stomachs
and two Kinds of cestodes are found in the intestinal tract (Artuz, 1963).
Palko et al. '(1979) reported that swordfish in the Sea of Marmara

frequently have a parasitic copepod (Pennellidae) attached.

8.1.3.4 Movement Patterns

8.1.3.4.1 Horizontal and Vertical Movements

Sonic tagging experiments in the eastern Pacific and western
Atlantic Oceans (Carey and Robison, 1977) showed the following move-
ment. During the day swordfish generally stayed inshore and at dusk
headed seaward moving up and down through large depth ranges. They fed
offshore near the surface (1.8-12.8 m; 1-7 fm) after sunset and returned
inshore but at a greater depth, 91.4-128.0 m (50-70 fm), at sunrise. Larger
swordfish did not move inshore; instead, they set up a meandering course
seaward. :

Movements of swordfish were studied using acoustic telemetry to
record water tempefature and depth of swordfish in the Pacific and
Atlantic by Carey and Robison (1980, 1981). Swordfi_sh seem to follow a
diel cycle of movement between an inshore bank during the day and deep
water offshore at night. Swordfish showed definite vertical movement in
response to light, moving down in the water column during daylight hours
and moving up near the surface at night. The maximum depth in their
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experiments was 617 m (2,024.4 ft); however, Church (1968) sighted a
swordfish at 654 m (2,145.8 ft) from a submarine and another submarine
(Alvin) was attacked by a swordfish while on the bottom at 610 m
(Zarudski, 1967). |

The fact that longline vessels fish a narrow range along the edge of
the continental shelf is well known and supported by numerous advisory
panel representatives. This was further confirmed by Berkeley (1981)
where aerial overflights by Florida's Department of Natural Resources
indicated an average density of 0.11 boats per nautical mile. These flights
were conducted along the shelf edge and support a narrow horizontal
distribution for swordfish. '

8.1.3.4.2. Migrations

It is generally believed that swordfish migrate from subtropical
western North Atlantic Ocean waters to temperate waters along the edge
of the continental shelf during spring, after spawning, and then return
south in late autumn and winter to complete the eyele (Tibbo et al., 1961;
Guitart-Manday, 1964; O\/chinqikov, 1969, 1970; Beckett, 1971, 1974;
Caddy, 1976). These contentions are supported in part by a long-range
(3,057.1 km; 1,900 mi) tag return from the Gulf of Mexico to Georges Bank
and two tag returns from Georges Bank to Florida (over 1,000 mi).
Seasonal north-south migration patterns of swordfish are reported for the
eastern North Atlantic Océan and Black Sea and in the Pacific Ocean
(Nakamura et al., 1951; Yabe et al., 1959; Svetovidov, 1964; Ovehinnikov,
1970; Ueyanagi et al., 1970). This is further supported by researchers that
report a seasonal aggregation along the edge of the continental shelf and
on offshore banks in higher latitudes (Rich, 1947; Wise and Davis, 1973).
Ovchinnikov (1969) considers it possible for swordfish and other billfishes
to migrate between the North Atlantic Ocean and the Indian Ocean past
the Cape of Good Hope. It is not known if all life history stages of
swordfish migrate or if migration occurs across the North Atlantic or from
the southern Caribbean Sea or South Atlantic Ocean north into regional
waters. _

8.1.4 Stock ]jefinition
There are no reports in the secientific literature which define the

stoek structure for swordfish in the Atlantic Ocean. However, investi~
gators have commented on stock structure which may be pertinént to this
description of the fishery. Beardsley (1978) réported that the catch-per-
unit of effort (CPUE) from the Japanese longline fishery in the Atlantic
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Ocean shows three seasonal concentrations of broadbills: (1) northwest
coast of Africa, just outside the Mediterranean Sea, in November and
December; (2) northwest Atlantic Ocean in July and again in September
through October; (3) South Atlantie, off the coasts of Uruguay and
Argentina, from April through October. The swordfish fisheries off the
northwest coast of Africa (and Mediterranean Sea) are discussed by
Cordiero (1958), Artuz (1963), Amorim et al. (1979), and Rey and Gonzales-
Garces (1979), while those from the southwest Atlantic are reported on by
Amorim et al. (1979). The fisheries of the northwest Atlantic are discussed
by Goode (1883, 1884), Rich (1947), Tibbo et al. (1961), Torin and Volkov
(1971), and Caddy (1976). | |
Although Beardsley (1978) reported that the existence of three fairly
distinet concentrations located thousands of miles apart suggests that
there are three populations of swordfish in the Atlantie, Japanese CPUE
data provide inconclusive evidence for the purposes of defining unit stocks,
because considerable intermixing is possible among the three areas. In
addition, the Japanese longline fishery targets tunas, not swordfish; thus
the CPUE could be nfisleading. It should be cautioned that swordfish are
taken in almost all areas of the Atlantic Ocean and there does not appear
to be a clear-cut dividing line between the groups. However, the Japanese
longline catch data presented by Wise and Davis (1973) seem to reveal a
general drift of North Atlantic swordfish from the equa;corial region to
northern waters in the northern summer, and a corresponding drift of South
Atlantic swordfish toward the south during the southern summer. Wise and
Davis (1973) pointed out, however, that Japanese CPUE data for swordfish
stock definition may yield invalid interpretations because swordfish
harvested* by Japanese longlines were caught in a fishery which is
primarily a daytime fishery although fishing activities extend into
nighttime hours, whereas the U.S. fishery is primarily a nighttime fishery.

*The Japanese CPUE data discussed in Beardsley (1978), were derived from
catch data before the Preliminary Management Plan for billfishes (Federal
Register January 27, 1978) was effected.
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In the New England Region, commercial catches of swordfish are
taken from June to December in continental shelf and slope waters,
primarily from Georges and Grand Banks to offshore Gulf Stream waters
(Tibbo et al., 1961; Wilson and Bartlett, 1967; Wise and Davis, 1973;
Beckett, 1974; Caddy, 1976). Originally, the fishery from Cape Hatteras
north had been a year-round fishery (M. R. Bartlett, Advisory Panel, pers.
comm.). It is generally believed that each year swordfish migrate south
along the continental shelf edge from New England in late autumn, to
spawn in tropical waters and then return north in the spring. A swordfish
tagged in the Gulf of Mexico was recovered in New England and two
swordfish tagged on Georges Bank were recovered in Florida. In regard to

'stock definition, Beckett (1974) and Caddy (1976) suggest that two races

exist within the seasonal northwest Atlantic fishery. However, Beckett
(pers. ecomm.) reported that the data needed for conclusive stoek
identification were lacking.

In the South Atlantic and Gulf of Mexico regions, swordfish are
caught in continental shelf and slope' waters of all states (North Carolina to
South Florida, including the Florida Keys, and from the west coast of
Florida to Texas). It is generally believed that the maximum number of
swordfish in Cuba ocecur during the winter and early spring (during
spawning), while a minimum number occur in summer and fall (Guitart-
Manday, 1964).

There are no means to clearly separate stocks based on life histories,
distributions, morphological characteristics, catch and effort records,
parasites or diseases, and biochemical characteristics, as has been done in
the past on other species (Lackey and Herbert, 1977). However, data which
are available concerning the incidence of infection of swordfish from
various parts of the Atlantic with specific parasite species is of interest in
analyzing the stock structure question. The copepod Pennella filosa was
reported by Tibbo et al. (1961), Guitart-Manday (1964) and Amorim et al.
(1979) to occur on swordfish in New England, Cuban and Spanish waters,

respectively, whereas P. filosa, P. instructa and P. orthagorisei were

reported by Amorim et al. (1979) to oceur in Brazilian waters.
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The Task Force for Reevaluation and Analysis of Available Data
Concerning Billfishes and Sharks chose to consider two different swordfish
stocek possibilities in their preliminary assessment of the status of western
North Atlantic billfish and shark stocks. They were (1) a "North Atlantie"
stock with removals from FAO statistical areas 21, 27, 31 and 34, (Figure
8-3) and (2) a "Western North Atlantic" stoek with removals coming from
FAO statistical areas 21 and 31 (Figure 8-3).

Since swordfish are among the most widely distributed species and

| apparently have a very complex migratory pattern, a completely definitive

answer on the problem of stock structure will not be forthcoming.
However, there appears to be sufficient information to adequately assess
stock structure for management purposes. The weight of circumstantial
evidence presently available strongly suggests separate northeastern and
northwestern Atlantie stocks of swordfish:*

1. At least 40-50 swordfish tagged in the western North Atlantic
have been recaptured.+ Most recaptures have been within a relatively
short distance from the point of rel€ase. There has been at least one
swordfish tagged in the Gulf of Mexico and recaptured in waters off New
England. One fish tagged off Norfolk Canyon was recaptured off Cape
Canaveral, Florida. There have been no swordfish tagged in the western
North Pacific recaptured in the eastern Atlantic despite an intensive
fishery there. ,

2. Japanese swordfish catches incidental to their directed high
seas tuna longline fishery show no particular trend relative to changes in
catches or effort in the Canadian or U.S. swordfish fishery. After a few
years of intensive swordfish longlining, the Canadians experienced a
dramatic decline in CPUE and mean size. This was not reflected in the
Japanese swordfish incidental catch.

3.  Swordfish landings in the northeast Atlantic and Mediterranean
do not appear to have fluctuated with major changes in landings in the
northwest Atlantic. Within a few years after the swordfish fishery began
its rapid expansion in Florida and the Gulf of Mexico, there was a decline

*Source: S. Berkeley, Research Associat'e, Univ. Miami, Miami, FL; pers.
comm.)
+The shark tagger annual summaries. Various years. NOAA, NMFS.



Figure 8-3.

FAO statistical reporting areas (21 = NWAtl,; 27 = NE Atl;
31 = WC Atl,; 34 = EC Atl;; Western NAtl=21,31; Eastern
NAtl=27,34; Source: FAO Yearbook of Fishery Statistics)
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in CPUE in the New England area suggesting that the two areas may be
fishing the same stock. However, a concurrent decline in catch or CPUE
did not occur in the Mediterranean or eastern Atlantic suggesting that
these fish constitute a separate stock. Figure 8-4 shows the reported
swordfish landings for the eastern and western Atlantic between 1960 and
1979. In 1963, the Canadian and American swordfish fisheries changed
from a harpoon fishery to a primarily longline fishery. Reported landings
which had previously fluctuated around 2,500 MT (5.5 million 1b) increased
to 8,500 MT (18.7 million 1b) and then stabilized at around 5,000 MT (11.0
million 1b) until 1970. In the eastern Atlantie, during this period, reported
landings increased steadily from approximately 2,000 MT (4.4 million 1b) to
over 7,000 MT (15.4 million 1b). In 1971, the mercury issue caused the
fishery in Canada and the U.S. to collapse. Although reported landings are
known to underestimate actual landings after 1971, there certainly was a
substantial reduction in catches and effort during this time. Between 1971
and 1978, the allowable level of mercury remained at 0.5 ppm and effort

“ remained relatively low. Reported landings during this period remained at -

less than 2,000 MT (4.4 million lb). In the eastern Atlantie, reported
landings fluctuated between 7,000 and 9,000 MT (15.4-19.9 million 1b). In
1975, the swordfish fishery began expanding in the western North Atlantie,
primarily in Florida, South Carolina and the Gulf of Mexico. In addition,
the raising of the allowable mercury concentration from 0.5 to 1.0 ppm in
1978 encouraged additional effort in the fishery and landings in the western
North Atlantic began increasing. During this time period, landings in the
eastern North Atlantic continued to fluctuate between 7,500 and 9,000 MT
(16.5-19.9 million 1b).

Although these data give no indication of change in landings relative
to effort, they do indicate that changes in landings in one area are
independent of changes in the other area, thus suggesting separate stocks.

4, Spawning information compiled by Beardsley (1977) indicates
that ripe females and larvae occur in the Straits éf Messina in the
Mediterranean from April through September, and in the Caribbean and
throughout the Florida Straits from January through October. Although
larvae have been found over a wide area in the tropical and sub-tropical
Atlantie, concentrated spawning activity in these widely divergent areas
suggests two separate spawning stocks.
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Although some mixing between the eastern and western Atlantie is
not only possible but almost certainly does occur, it appears that this
exchange is insignificant from the standpoint of management. With over
40 tag recaptures, some out as long as nine years, if there were a
significant - amount of interchange between the eastern and western
Atlantice, we would expect at least a smalll number of tag returns from the
eastern Atlantic. '

Landings in the U.S. and Canadian fisheries in the western North
Atlantic and landings in the eastern North Atlantic and Mediterranean
appear to fluctuate independently. The occurrence of spawning adults and
larvae at the same time of year in very widely separated areas also
suggests separate stocks. Although not definitive, the evidence to date
supports the two stock hypothesis in the North Atlantic.

8.1.5 Abundance, Historical Fluctuations, and Present Condition .

Appendix A contains the historical (1960-1976) U.S. swordfish catch
and effort data by Council area. The swordfish catch by distance caught
off U:S. shores is shown in Table 8-2. During 1976 (the most recent data)
68.6 percent of the catch originated in the FCZ, 30.9 percent from

international waters and only 0.5 percent from State territorial seas.

During the first few years of longlining, total U.S. and Canadian
catches increased dramatically (Figure 8-5). Combined landings reached a
high of over 8,000 metric tons (MT) (17.6 million 1b) round weight in 1963
- and then dropped off and stabilized at between 4,500 and 5,000 MT (9.9 and
11.0 million 1b) round weight on an annual basis up until 1970 (Caddy, 1976).
The Canadian fishery accounted for 80 to 95 percent of the total catch
during this period.

Catches by the Canadian fleet after 1962 included many more small
fish (Beckett, 1971). This trend toward the landing of smaller fish
continued until the Canadian fishery closed in 1971 and is illustrated by a
comparison of the size distribution of Canadian landed fish in 1963 and in
1970, as shown in Figure 8-6. The average dressed wéight of fish landed
each year prior to 1963 was approximately 90.7 kg (200 1b); in 1970, it was
approximately 45.4 kg (100 1b) (Beckett, 1971). This change in size
composition of the catch has been partially attributed by Beckett (1971)
and Caddy (1976) to a change to longline gear (harpoon gear is selective for
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