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Introduction 

Commercial fishing operations di- 
rected toward various shark species have, 
in the past, been relatively short lived. A 
few shark fisheries, such as that for the 
spiny dogfish, Squalus acanthias, have 
been sustained over long periods. These 
fisheries generally p d u c t d  minimum 
ex-vessel prices and fluctuating yields in 
a market with uncertain demand. Aggres- 
sive small-vessel fisheries grew on the 
U S .  west coast as new markets offering 
high yields and profits developed for 
shark meat. Responding to the new de- 
mand, these new fleets began landing 
large quantities of sharks. Elasmobranch 
fisheries such as the welldocumented 
soupfin shark, Galeorhiw zyoptencc , 
fisheries in the early 1940’s and the re- 

ABSTRACT-The economic history of 
elasmobranch fisheries generally indicates 
the need for a high catch per unit of effort 
because of fluctuating commercial value 
and market demand. Growth and repro- 
duction in most elasmobranch species are 
extremely slow. and as a result there is a 
close relationship between stock size and 
recruitment. Because of this relationship, 
only a small amount of that stock is avail- 
able to support a sustained fishery. The 
increased &mand for shark as a food fish 
has put tremendous fishing pressure on 
some species. Two of these, the common 
thresher, Alopias vulpinus. and Pacific an- 
gel shark, Squatina californica. have no1 
responded well to this increased pressure. 
Several other stocks appear healthy even 
though some warning signs of overfishing 
are appearing. The need for reducedfish- 
ing on some stocks and increased monitor- 
ing uf catch for others is warranted. 

cent decline of the drift gillnet @GN) 
fishery for thresher shark, Alopius vu@- 
w, and the setnet fishery for Pacific 
angel shark, Squatina ca l~omika,  in 
southern California are examples. 

Although sharks are vulnerable to a 
wide variety of fishing gears, the primary 
rcaSOn they are not able to support high- 
yield fisheries is their apparent inability 
to respond to i n d  fishing pressure. 
Unlike teleosts, most elasmobranch spe- 
cies have a low rate of reproduction, slow 
growth, and relatively late maturity. 
Consequently, any rapid increase in fish- 
ing mortality can lower the rate of re- 
cruitment to a very low level. These facts 
are well documented (Ripley, 1w6, 
Holden, 1973, 1974, 1977). When re- 
cruitment falls below the abiiity to re- 
spond to increased fishing pressure, that 
population will decline until fishing ef- 
fort is reduced or the fishery collapses. 
Unfortunately, elasmobranchs are so vul- 
nerable to ovmxploitation by expanding 
fisheries that long-tenn depletion prob 
lems may already exist before fishery 
managers are able to assess the problem 
with standard monitoring techniques and 
analysis. Notwithstanding the additional 
pressure from political and special inter- 
est groups, population declines for many 
of these stocics could continue for some 
time even if fishing effort were removed 
immediately. 

Background 
Before the 1970’s various species of 

shark were used commercially in the 
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United States for food, vitamin-rich liver 
oils, pet food, leather, as curios, and for 
reduction to protein and fertilizer. These 
products did not generate much demand 
a d  only commandtd mediocre market 
prices. Shark demand as a food fish 
began to increase on the west coast dur- 
ing the middle-1970’s. Consumer re- 
sponse to this high protein, low fat meat 
WBS very good, and shark was finally ac- 
cepted as a nutritious and flavorful alter- 
native to red meat and the more hadi- 
tional seafoods as well. 

Ex-vessel prices for shark meat rose 
sharply in nsponse to this consumer de- 
mand and several species of shark be- 
came important west coast fisheries. 
Thresher shark prices, for example, in- 
Enased 500 percent between 1977 and 
1986. West coast fish buyers paid in- 
cnascd prices for dressed Pacific angel, 
soupfm, and shordm mako, Isurus 
oxyrinchus, shark (called bonito shark 
locally). They were also test marketing 
white shark, Charchardon carcharias; 
salmon shark,  lam^ ditropis; sevengill 
shark, Notorynchus maculatus; leopard 
shark, Triakis semifarciata; spiny dog- 
fish, and other shark species as well. 
Markets that formally sold shark only as 
“grayfish,” now advertised fresh shark at 
retail prices as high as $4 and $5 per 
pound. Commercial buyers were ship 
ping fresh shark meat throughout the na- 
tion, and many prestigious restaurants 
featured shark meat in their specials and 
as the catch of the day. The growth in 
reported landings along the U.S. west 
coast over the past 12 years is shown in 
Table 1. 

The tremendous success of these shark 
fisheries raised concerns that some stocks 
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probably could not sustain directed fish- 
ing pressure. This was particularly evi- 
dent for the rapidly expanding effort di- 
rected at southern California thresher and 
angel shark fisheries. Complicating mat- 
ters was the fact that little information 
necessary for management purposes was 
known about many of these species. 
Some basic life history information was 
known, or inferred, from related species, 
but few data on stock size, distribution 
and range, migratory behavior, age at 
maturity, fecundity, and mortality were 
available for most of the shark species 
undergoing increased exploitation. Addi- 
tionally, the techniques for aging elasmo- 
branchs were not worked out for most 
species, although some progress was 
being made (Cailliet et al., 1983). 

In this paper, I review the current 
status of some of the more important 
shark fisheries along the west coast of the 
United States. Landings, fishing effort, 
and related biological and life history in- 
formation are discussed for each species 
taken in these fisheries. Shark fisheries 
from Alaska and Canada (except British 
Columbia's spiny dogfish catch) have not 
been included in this review. General life 

history information included in the de- 
scriptions is summarized from Casu0 
(1983) and Compagno (1984). 

known to use their long tail to stun their 
prey before eating them. Neither the 
magnitude of the population nor the dis- 
tribution of individual stocks is known. 
Stock structure is unknown and differ- 
ences in size at maturity and number of 
offspring suggest that Pacific common 
threshers may be isolated from those in 
the Indian Ocean. 

All three species are ovoviviparous. 
Females produce one litter each spring 
and mating occurs later that summer. 
Gestation lasts about 9 months. Litters 
usually consist of two, four. or six fully 
formed pups weighing 5-6 kg (12 
pounds) each. Using x-radiography to 
delineate the circuli on 143 common 
threshers collected off California, Cail- 
liet and Bedford (1983). prepared a von 
Bertalanffy growth curve. The growth 
curve indicated that females mature at 
about age 7 (390 cm total length), and 
.males mature at about 5 years or about 
333 cm. The sex ratio of common thresh- 
ers from this population appears to be 
nearly equal, although sexually segre- 
gated schools do occur. Estimates of nat- 
ural mortality are assumed to be low 
since pups are born fully formed and both 

Thresher Shark Fishery 
The fishery for thresher sharks is cen- 

tered off southern California, between 
San Diego and the Mendocino Escarp- 
ment, north and offshore of San Fran- 
cisco. Three species, the common 
thresher, Alopias vulpinus , the bigeye 
thresher, A .  superciliosus, and the 
pelagic thresher, A. pelagicus, are 
caught in the fishery, although the com- 
mon thresher is the principal species. 

All three forms are considered highly 
migratory throughout the warm and tem- 
perate areas of the oceans. They feed on 
squid and small schooling fishes, includ- 
ing clupeoids, scombroids, and several 
types of bottomfish. Fishermen have re- 
cently reported common threshers taking 
significant numbers of salmon off the 
coasts of Oregon and Washington, al- 
though this has not been described as a 
major prey species of the thresher. Al- 
though there are some differences in 
feeding behavior, all three forms are 

2 Marine Fisheries Review 



the growth and reproduction rates are 
low. 

The fishery began as a minor operation 
with only about 15 vessels landing sharks 
primarily as a by-catch during more lu- 
crative fishing operations. The growth of 
the fishery was also stimulated by the 
valuable take of swordfish, Xiphius glad- 
ius, and a favorable ruling by the Califor- 
nia Fish and Game Commission (CFGC) 
to allow drift gillnet boats to land and sell 
swordfish. The ex-vessel price for com- 
mon thresher incrcascd from $0.291 
pound in 1977 to $0.73/pound in 1980 
and reached $l.Wpound in 1986. The 
fleet grew to over 200 vessels by 1980, 
and entry into the fishery became limited 
by law (Bedford and Hagerman, 1983). 
Swordfish was now the primary target of 
the California DGN fleet. By 1985 the 
number of licensed vessels totaled 227 
with another 33 vessels holding permits 
to fish only north of Point Arguello, 
Calif. 

During the spring, the common 
thresher is the primary target of this fish- 
ery in the northern area. The bigeye 
thresher is also commonly landcd. Big- 
eye threshers have soft-textured meat that 
tends to shrink while cooking and has 
met with only moderate success in the 
hrsh-fish markets. Landings have in- 
creased in recent years due to better han- 
dling methods. The pelagic thresher is 
rarely taken in the catch because of its 
soft and bitter tasting meat and low abun- 
dance in productive fishing anas. 

Off southern California, highest catch 
rates occur in the spring. Fishing effort 
shifts to swordfish during the summer 
and fall months. Common threshers 
move into the Southern California Bight 
in the early spring for pupping and breed- 
ing. Large threshers appear to follow the 
warmwater isotherms northward into 
central and northern California areas, and 
good catches have been taken through 
August. Fishable stocks appear to be lim- 
ited to within about 75 n.mi. of shore, 
islands, seamounts, or shallow banks. 
The southern extension of the population 
is unknown because U.S. commercial 
fishing boats are not permitted within the 
Mexican Fishery Conservation Zone. 
Mexican-Japanese joint ventures have 
operated long-line vessels off Baja Cali- 
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fornia for many years. Although their pri- 
mary targets are tunas and billfishes, sub  
stantial amounts of common and bigeye 
thresher sharks are reportedly landed. 
Catch statistics are not available for 
either species. 

Prior to 1986, landings north of the 
Mendocino Escarpment were few. The 
1982 and 1983 seasons were affected by 
a strong El Niiio that caused warm waters 
to extend furtkr north than normal. This 
warming condition may have caused a 
shift in the population centers of both the 
common and pelagic forms to the north. 
Oregon and Washington issued 3 experi- 
mental gillnet permits for thresher sharlcs 
in 1983 and 34 in 1984. Initial catches in 
1983 indicated availability of fish outside 
southern California and possible expan- 
sion of the fishery. Most common thresh- 
ers taken in 1983 were caught off central 
California, while bigeye and pelagic 
threshers were caught off southern Cali- 
fornia. Large catches in 1985 continued 
off central and southern California under 
normal conditions. 

CFGC regulations implemented in 
1986 were designed to reduce fishing 
mortality on the thresher shark popula- 
tions. Already a limited entry fishery. 
these additional regulations included 
time and area closures, reduced the num- 
ber of fishing days per season. and imple- 
mented new pear restrictions to 75 miles 
offshore. California vessels landed 
380.390 pounds of common thresher and 
38,079 pounds of bigeye thresher shark 
in this 30-day opening. At the end of this 
period, the fishery shifted to the north. 

Operating with experimental fishing per- 
mits these vessels produced good catches 
of common thresher off Oregon and 
Washington (Table 2). Under these per- 

gon) Oregon nceived 454,748 pounds 
from 33 vessels and 21 vessels landed 
200.000 pounds in Washington's coastal 
ports. An additional 173,000 pounds 
were landed in California during the 1986 
swordfish season. 

The dressed weight of fish taken in 
these northern ports was in excess of 210 
pounds, compared with the average of 
only 40 pounds for those taken off south- 
ern California. 'Ihe sex ratio for these 
threshers was nearly even off California 
but catches off Oregon and Washington 
were mostly large males (Brian Culver, 
Wash. Dep. Fish. Personal commun., 
March 1986). 

Although considered highly migra- 
tory, catch data indicate common thresh- 
ers may have local population centers 
that move along the coast in relation to 
various environmental conditions. A tag- 
ging program to describe these move- 
ments is currently being conducted by the' 
California Department of Fish and Game 
(CDFG). although results are not yet 
available. There is evidence in the litera- 
ture (Compagno. 1984) of sexually seg- 
regated movements. and landing receipts 
of the current west coast fishery indicate 
threshers caught off Oregon and Wash- 
ington were nearly all adult male. Such 
movements in other shark species tend to 
occur near the range limits of the popula- 
tion. This information along with the ap- 

mits (57 to Washington and 35 to Ore- 
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parent shift of population centers during 
the 1982-1983 El N i b  event suggests 
that this population, as a fishery stock, is 
not widely distributed but may be more 
geographically limited than previously 
thought. 

Common thresher landings in Califor- 
nia pealred in 1982 and they have de- 
clined since. Catch per unit of effort 
(CPUE) has decreased since the 1982 
season (Bedford, 1985). Further evi- 
dence that the stocks are not able to sup 
port the cumnt level of exploitation 
comes from the length-frequency data 
collected by the CDFG. These data show 
a steady decline in total length from 1981 
to the present and that the number of 
subadult threshers has been significantly 
r e d u d  off California. The catch off Or- 
egon and Washington is dominated by 
large adults and has not included 
subadults to any extent. 

From available evidence it is clear that 
the local thresher shark population is not 
large and that immigration from adjacent 
waters is not sufficient to sustain the cur- 
rent fishing pressure. This was fmt spec- 
ulated by b a n  (1984). The fishery has 
been in a steady decline since 1983 and 
the CDFG has decidcd that “the Califor- 
nia drift gill net shark fishery may be in 
precarious condition” (Bedford, 1985); 
the causes of that condition are discussed 
by Bedford (1987). 

Pacitic Angel Shark Fishery 
The fishery for the Pacific angel shark, 

Squatim cal~ornica , started in 1978 as 
an offshoot of the very successful Pacific 
halibut, Hippoglossus stenolepis, setnet 
fishery near Santa Barbara, Wi. This 
fishery is currently undergoing tremen- 
dous growth similar to that of the local 
thresher shark fishery. This small- to 
medium-sized, bottom dwelling shark is 
reported to occur in shallow coastal 
waters from Alaska to Baja California. It 
is the only species of the family Squa- 
tinidae in the north Pacific and is reported 
to be extremely abundant around Santa 
Barbara and the California Channel Is- 
lands. 

The angel shark is a nocturnal fish, 
foraging at night for bottom and epiben- 
thic fishes and squid. It is relatively inac- 
tive during the day, resting on the bottom 

sand or mud with only its eyes and back 
exposed. Angel sharks tagged with ulha- 
sonic transmitters at Santa Catalina Is- 
land (Isthmus Cove) exhibited maximum 
activity periods at dusk and at midnight 
(Standora and Nelson, 1978). Tagging 
also showed that angel sharks have a 
home range and will return to the same 
general a m  after a night of foraging. 
More recent tag return data further sup 
port the home range concept, but also 
indicate that some angel sharks circum- 
navigate the local islands and can move 
across the Santa Barbara C h m l  from 
the mainland to the Channel Islands 

viser, Goleta, Calif. Personal commun., 
Feb. 1986). Seasonal changes in the pop 
ulation centers have not been shown in 

Nelson (1978) suggest that angel sharks 
are more plentiful in June and July than in 
the winter months. 

The Me history and distribution of the 
angel shark may be the least known of 
any of the sharks s u p - g  a major west 
coast fishery. Reproduction is ovovivi- 
p u s ,  but has not beendescribed in the 
litcrature for this species. Both male and 
female angel sharks mature at about 90 to 
100 cm. Femaks have a gestation period 
of 10 months and bear an average of six 
fully formed young per litter, each aver- 
aging 255 mm long (Natanson 1984). 
Pamuition occurs from March through 
June, followed by mating. Determination 
of growth rates and age has so far been 
impossible with stamlard methods. Angel 

theii vertebrae, and appmently one or 
more growth bands are laid per year in a 
manner not fully understood. Natanson 
(1984) believes the rate of band deposi- 
tion is dated to somatic growth rather 
than annual, seasonal, or lunar cycles. 
The whole proctss may be complicated 
by major physiological events and possi- 
bly plonged gestation (Cailliet et al., 
1983). 

The fishery began expanding after ini- 
tial development and marketing problems 
were worked out in 1976. The major por- 
tion of this fishery occurs in and around 
Santa Barbara and the Channel Islands. 
The greatest catch is taken in waters <20 
m deep and within 1 mile from shm 

(John Richards, Sea Grant Marine Ad- 

the local areas, although Standora and 

sharks are born with 6-7 growth bands in 

(Collins et al., 1984; Collins et al., 
1985). The angel shark fishery has not 
spread north of Point Conception and 
only incidental landings have occurred in 
Chegon and Washington. Prior to 1982 
only 6-8 California vessels fished for 
angel sharks. Fishing effort increased in 
1982 as the El Nhio caused the northern 
displacement of other preferred species. 
California landings jumped to 317,000 
pounds in 1982, doubled by 1984, and 
reached 1.3 million pounds in 1985. Ex- 
vessel prices paid to fishermen rose from 
SO.lS/pound in 1978 to $0.45 in 1984. 
Landings of 1.1 million pounds in 1986 
marked the first decline in catch since the 
fishery began expandmg. 
The CPUE estimates are only prelimi- 

nary at this time but do not appear to be 
decreasing. The length-frequency of ob- 
served catch has just begun to show signs 

is very much in question. There are no 
published growth rates or longevity esti- 
mates for this species. Little is known of 
the angel shark’s distribution north or 
south of the Channel Islands where fish- 

mation to suggest that fishable quantities 
of angel sharks exist very far to the north 
or south of the Channel Islands or that 
immigmon from surrounding areas is 
occuning. The few facts that are known 
suggest angel sharks are vulnerable to di- 
rected fisheries. 

Cumntly there are no regulations for 
the angel shark fishery other than general 
state and county regulations for all set net 
use. ’Ibe CDFG has proposed new “gu- 
lations that will limit the size and style of 
mts used. times and areas fished, and 
size limits for small fish. This fishery 
warrants close mutiny and possible pre- 
cautionary action to forestall what some 
fishery biologists see as an almost un- 
avoidable overexploitation of the local 
angel shark population. 

Shorttin Mako or 
Bonito Shark Fishery 

The shodin mako, Isurus oxyrinchus , 
is known locally as the bonito shark. It is 
taken as a welcome by-catch by Califor- 
nia drift gillnet vessels. Like several 
members of the family Lamnidae, the 
bonito shark is found in all tropical and 

of dccrulsing. The future of this fishery 

ing pRssurc is greatest. There is no infor- 
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temperate oceans and in both coastal and 
open ocean habitats. They are highly mi- 
gratory and are considered one of the 
fastest and most active @tors. Both 
adults and juveniles are abundant off 
California and Baja California in the 
summer months. 

Reproduction is ovoviviparous with 2- 
10 pups per litter. Gestation is about 1 
year, with parturition occurring in late 
spring. Pratt and Casey (1983) used sil- 
ver nitrate to delineate the circuli in the 
vertebra to construct a von Bertalanffy 
growth curve for 109 Atlanticcaught 
shortfii mako sharks. They determined 
that the age of maturity was 2 years for 
males and 6 years for females. The 
growth rate of males and females was 
similar although females grew larger. 
There are no mortality estimates (natural 
or fishing) for this species. The size in the 
catch is small (the average is 9-14 kg, 
dnssed), but the length-frequency profile 
has not declined. Few landings have been 
reported north of California (only 10 per- 
cent in 1983 and none in 1984). 

'zhe bonito shark has good quality 
meat and is the object of long-line fish- 
eries throughout the world. The calior- 
nia catch is almost entidy composed of 
juveniles taken in the drift gill net fishery 
for thresher sharks and swordfish. These 
small bonito sharks bring a wholesale 

Many southem California anglers con- 
sider the bonito shark a prime game fish 
because the fish fights and jumps when 
hooked. Shark derbies have become in- 
creasingly popular in a n t  years and if 
the trend continues, these catches may 
conmbute significantly to overall land- 
ings. 

Catch rates, length frequency, and es- 
timates of CPUE provide little informa- 
tion on the magnitude, structure or distri- 
bution of the bonito shark stock(s). 
Estimates of CPUE are not reliable be- 
cause the bonito shark is an incidental 
rather than a target species. Catch rates 
increased dramatically in 1980, peaked 
in 1982, and declined over the following 
three seasons. Although this decline in 
catch may indicate the first signs of over- 
fishing, it may also have been caused by 
a change in fishing strategy aimed at 
thresher sharks or even a result of a pop 

price of $0.75-s1.25/pouad. 

ulation shift brought on by the 1982 El 
Niio. Landings were back to normal in 
1986, length-frequency data have not 
changed, and there is no evidence that 
this stock has been significantly altered 
by current fishing pressure. 

This fishery should continue to be 
monitored until there are sufficient data 
to assess the strength of the stock(s). De- 
clines could occur if increased fishing ef- 
fort were d m t e d  at the bonito shark, 
especially adults, or if stocks are smaller 
than expected. 

Soupfm Shark Fishery 
The soupfin shark, Galeorhinus 

galeus, has a long history of involvement 
in commercial fisheries. In addition to 
the west coast fishery, the soupfm (also 
called the school shark and tope shark) is 
fished in the southwest Atlantic, off 
south Africa, and off the southem coast 
of Australia. This species supported the 
large and well publicized fishcry off Cali- 
fornia (and South Africa) in the late 
1930's and early 1940's. 'Ibose fisheries 
focused on the vitamin-rich liver oil of 

ing and the advent of synthetic vitamin A 
developed during World War II. 

In the eastern Pacific Ocean the soup 
fin shark is found in the temperate conti- 
nental and insular waters north and south 
of the equator. It is an active, coastal- 
pelagic shark found from the surf line, 
shallow bays, and submarine canyons to 
depths near 500 m in some offshore 
areas. It is highly migratory and travels in 
small schools. This species exhibits 
marked sexual sewgation, with adult 
males favoring the northern mge ,  al- 
though in central California there are 
equal proportions of males and females. 
Major pupping ams are south of Point 
Conception. The cumnt fishery is cen- 
tered off southern California, with mod- 
erate production in Oregon and Washing- 
ton. 

Reproduction is ovoviviparous with 
one litter of 6-52 pups per year. Mating 
occurs in the spring with gestation lasting 
12 months. Pups average about 35 cm at 
birth. Size at maturity for females is 
about 130- 185 cm with maximum size to 
195cm. Malesmatureat 120-17Ocmand 
reach a maximum of 175 cm. Females 

the Soupfin but collapsed due to OVMSh- 

mature at about 11 years and males ma- 
ture at 8 years of age. Growth of the Cali- 
fornia soupfin was described by Ripley 
(1946) from data collected during the 
early fishery. 

The flesh of the soupfin provides an 
excellent market product. A small west 
coast fishery persisted until the late 
1970's when other shark meat became 
popular. Both the commercial and sport 
fishery for soupfin shark is currently ex- 
panding off our west coast, with annual 
production in excess of 100 metric tons. 

There is little cumnt information con- 
ccrning the structure of the west coast 
soupfin population. Holden (1977) esti- 
mated the unexploited, north Pacific 
stock at 29,000 tons. It is unlikely that 
population levels have returned to these 
pre-War levels, although there are no 
cumnt mortality estimates. The southern 
distribution of the fishery stock extends 
well into Mexico, but catch ltcords are 
not available from the Mexican fisheries. 
The Caliornia fishery is centered off 

San Diego and Orange Counties. Com- 
mercial soupfin operations occur 
throughout the year, but landings are 
greatest between September and Decem- 
ber. Soupfin sharks are usually caught at 
<180 m and withiin 5 miles of shore. In 
California thcrc ate no fishing regula- 
tions directed at the soupfin shark other 

fin sharks are also taken in small numbers 
by related fisheries such as those for hal- 
ibut, sea bass and angel shark. Current 
landings for California indicate increased 
fishing pressure in response to the overall 
increased demand for shark meat. In Ore- 
gon, vessels landed 9,100 pounds in 
1985. Most of this occurred in the winter 
months and most (62 percent) was landed 
in Astoria. The fishery is managed by the 
Pacific Marine Fishery Council (PMFC). 
Thm are no data at this time to indicate 
cumnt fishing pressure has affected the 
local soupfin shark populations. 

Blue Shark Fishery 
The blue shark, Prionacc glauca, is 

not a current target species of any west 
coast fishery. However, it is taken in 
large numbers by the California drift gill- 
net fishery for thresher shark and sword- 
fish. The blue shark is common through- 

than those imposed on all set nets. soup 
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out all tropical and temperate waters both 

common pelagic shark in the world and is 
common off both U.S. coasts. Blue 
sharks are highly migratory and individu- 
als tagged off the U.S. east coast have 
made trans-Atlantic crossings (Casey, et 
al., 1982). Blue sharks are also known to 
make extensive, sexually segregated mi- 
grations, although local collections indi- 
cate large individuals of either sex am 
uncommon off California. Juveniles 
abound in southern California coastal 
waters in the spring and summer months. 
In the spring. individuals tagged in the 
waters off Catalina Island exhibit a 
movement pattern toward the island at 
dusk and retum to the deeper waters in 
the predawn hours. This pattern is not 
Seen in the summer and fall months 
(Sciarrona and Nelson, 1977). 

The blue shark is one of the most pro- 
lific of pelagic sharks and has a vivi- 
parous mode of reproduction. Gestation 
lasts 9-12 months and litter size varies 
between 25 and 50 pups (up to 135 have 
been reported). A von Bertalanffy 
growth curve based on silver Ntrate 
aging techniques for 130 blue sharks in- 
dicates females mature at 5-6 years of age 
(220 cm) and males at 4-5 years (Caillie 
and Bedford, 1983). There are no esti- 
mates of mortality. 

Preliminary estimates indicate that 
about 15,000-20,OOO (300 metric tons) 
blue sharks are taken incidentally in other 
fisheries each year. Gillnet caught blue 
sharks are unmarketable because the urea 
in the muscle tissue rapidly breaks down 
into ammonia soon after death and taint- 
ing the meat. A small, one-vessel, exper- 
imental longline fishery developed off 
southern California from 1980 to 1982. 
This vessel resolved most of the process- 
ing problems and produced a good qual- 
ity product. The warm water conditions 
of 1982 and 1983 displaced the blue 
shark population out of the Southern 
California Bight and interrupted this trial 
fishery. The blue sharks returned to 
southern California in the fall of 1983, 
although the participants in the experi- 
mental fishery have not renewed their ef- 
forts. 

The impact of the drift gillnet opera- 
tions on the blue shark population has 

offshore and inshore. It may be the moSt 
been severe at times, although currently 
there is no west coast fishery directing 
effort at the blue shark. Determining inci- 
dental fishing mortality from both drift 
and setnet fisheries is very difficult be- 
cause the incidental catch of blue shark is 
dumped at sea. Current catch estimates 
are lower than in the past because fisher- 
men are using larger mesh nets that catch 
fewer small sharks and because they tend 
to avoid areas with a high concentration 
of blue sharks. These facts along with the 
fish's relatively high fecundity suggest 
that the continuing incidental catch has 
not resulted in a reduction in the local 
blue shark population. 

Spiny w m h  Fishery 
The spiny dogfish, Squalus uanthias , 

is one of the most abundant sharks in cool 
temperate waters throughout the world's 
oceans. This small bottom dweller is a 
very important commercial species and is 
fished wherever it occurs. In the north- 
east Pacific the spiny dogfish is common 
in both inshore and offshore areas of the 
continental and insular shelf and is com- 
mercially abundant off British Columbia 
and Washington. 
The spiny dogfish is a slow and moder- 

ately inactive swimmer. At times, large, 
sexually segregated schools are formed. 
?hey are opportunistic feeders on small 
bottom and epibenthic fish and some 
pelagic fish such as herring. The compo- 
sition of prey species varies considerably 
depending on location, time, and depth. 
Occasionally large, mixed feeding aggre- 
gations of both sexes and all sizes will 
fom. These schools have caused severe 
losses to fishermen as a result of dam- 
aged fishing gear and lost fishing time 
and catch. The preferred water tempera- 
ture is 7"-15"C and these sharks will 
make vertical depth migrations to remain 
in their comfort zone. Tagging studies 
conducted in British Columbia and 
Washington indicate that spiny dogfish 
are indigenous to the inland waters of 
Puget Sound, Strait of Georgia, and 
Hecate Sound, and that there is consider- 
able movement across the U S -  
Canadian border in both directions. 
These results also showed that less than 2 
percent of those tagged in these inland 
waters were recovered in the open sea. 

Although some individuals have made 
extensive movements, both to the south 
and to the west (2,320 and 7,890 km, 
respectively), the fishable stocks appear 
to move only with the seasonal changes 
in water temperature (Ketchen, 1986). 

Reproduction in the spiny dogfish is 
extremely slow because of the 2-year 
breeding cycle of the females. They are 
ovoviviparous and breeding occurs in the 
fall and early winter months. Litter size is 
from 1 to 20, but averages only 6-8 fully 
formed pups after a gestation period of 
18-24 months. Growth is exceptionally 
slow with maturity averaging 14 years for 
males and 24 years for females. Females 
mature between 70 and 100 cm and live 
at least 30-50 years, with some estimates 
approaching 100 years. Males mature at 
59-72 cm and reach a maximum size of 
83-100 cm. 

The fishery for Pacific dogfish has 
gone through several stages of growth 
and decline since before World War 11. 
Traditional use has been for various food 
products, for export to European and Ori- 
ental markets, for reduction, and as fertil- 
izer in the domestic market. Use of the 
spiny dogfish for food in the U.S. began 
about 1975. Primary use was for fresh, 
smoked, and processed meat. Continued 
growth of this fishery was encouraged by 
a strong European import market that was 
suffering from decreased production in 
the northeast Atlantic. Combined catches 
of spiny dogfish exceeded 2,600 metric 
tons in 1976. peaked at 4,681 metric tons 
in 1979, and has declined in recent years 
to about 2.600 metric tons (Table 3). 
U.S. fishing boats operated in hge t  
Sound where 99 percent of the west coast 
production was taken, with only inciden- 
tal landings reported for Oregon and 
California. 
The British Columbia catch followed 

the same pattern of expansion. Canadian 
vessels operate primarily in the south 
coast areas, which accounts for over 90 
percent of their catch. Substantial 
amounts are also taken in Hecate Strait. 
although production in more distant and 
coastal fishing areas is limited by the lack 
of processing plants and the need for im- 
mediate processing of the catch. Total 
catch from these areas also peaked in 
1979 with 4,757 metric tons landed 
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(Table 3), but then declined to an average 
of 3.000 metric tons between 1982 and 

The MSY and available biological catch 
(ABC) for Washington have been pro- 

T.b* 4- - * yr*wk*prrr 
1985. 

Although these catch figures seem to 
indicate a stable fishery, there are some 
waming signs of overfishing. Several im- 
portant fishing areas such as Puget Sound 
and the southern parts of the Strait of 
Georgia show a decrease in abundance. 
Depending on the type of fishery, esti- 
mates of CPUE give a mixed look at 
abundance. Canada’s setline -fishery 
shows no increased effort in the Strait of 
Georgia between 1979 and 1982. On the 
other hand, CPUE for the trawl fishery in 
the same area fell steadily from 0.631 to 
0.160 metric tonslhaul between 1977 and 
1982 (Ketchen, 1986). At this time there 
is no clear indication of the continued 
stability of this fishery. The economics of 
this fishery require a high catch per unit 
of effort because of the low commercial 
value, the need for close proximity to a 
processing plant, and a fluctuating mar- 
ket demand. 

Estimates of stock size in the northeast 
Pacific varied between 300,000 and 
500,000 metric tons before the great liver 
fishery during the 1940’s. Over 250,000 
metric tons of spiny dogfish were caught 
during this period. Current estimates of 
maximum sustained yield (MSY) range 
in the neighborhood of 8,000 to 10,000 
metric tons. 

Management of the spiny dogfish fish- 
ery is under the PMFC groundfish plan. 

T.b* 3 . - ~ n , ~ l  aich ot wny &gfbh In h. norlh- 
.r*m Pmcmc k mms w. mund r*om’. 

Bntah 
Y o u  Colunbu Wash. Gepon w i d .  Toll1 

1970 137 61 8 206 
1971 128 12 2 142 
1972 116 20 k 136 
1973 5.056 6 k  5.062 
1974 1,070 749 1 1  k 1.830 
1075 713 508 10 V 1 .231  
1976 242 2.635 6 10 2.893 
1977 1.730 2.462 122 174 4.488 
1978 3.126 2.759 54 2M 6.1U 
1979 4.757 4,204 344 53 9.438 
1980 4.544 3.232 135 7 7.918 
1981 1.782 2.185 7 3.974 
1982 3.914 2.032 3 5.w9 
1983 3.051 2.423 25 5.499 
Is&( 2.441 3,461 8 5,910 
1585 2.m 1.287 n k 3.967 

posed at 2,900 metric tons (Pedersen and 
DiDonato, 1982) and the MSY for 
British Columbia was set at 8.000- 
10,000 metric tons (Ketchen, 1986). The 
west coast stock appears healthy, even 
though there are some waming signs of 
overexploitation. There is an urgent need 
for a management policy between the 
United States and Canada to ensure a sta- 
ble fishery for the spiny dogfish in the 
inland areas. 

Shark Fisheries in Mexico 
Shark fishing in Mexico is poorly doc- 

umented. Artisand fisheries and cooper- 
ative fishing camps catch various species 
of sharks, skates, and rays for subsis- 
tence uses, as fresh fish for local mar- 
kets, and as curios. There are also up to 
two Mexican longline vessels that target 
exclusively for thresher and mako 
sharks. Records are essentially nonexis- 
tent for most of these catches. The great- 
est amount of sharks taken off Baja Cali- 
fornia is by long-line joint venture 
operations with Japan. 

Japanese long-line vessels have been 
fishing off the coast of Baja California 
since the early 1960’s. The principal 
targets of these operations are striped 
marlin, Teiruprurus uudar; sailfish, Is- 
tiophorus platypierus ; swordfish, and 
tunas. Sharks are taken incidentally and 
delivered to markets in Mexico; the more 
expensive fish are delivered to Japan. 

As many as 18 vessels operated from 
these ports between 1980 and 1984. 
These cooperative fishing operations 
were temporarily suspended between 
1984 and early 1986. Currently, Japan 
and Korea each have six longline vessels 
licensed to operate out of Ensenada, 
B.C., Mex. There are an additional three 
active longliners operating from Mazat- 
Ian, and one from Manzanillo. 

Catches of all shark species are com- 
bined into one shipboard reporting cate- 
gory, and the catch of individual species 
is not recoverable. Although the species 
composition is unknown, both common 
and bigeye threshers and bonito sharks 
reportedly make up the major portion of 
the shark catch. These records indicate 
combined shark catches represent up to 

19801 280 19 1983 17.377 331 
lOB1 181 1m4’ 1.w 33 
1982 a.Sa 191 

‘hmrpw. d8h. 

33 percent by weight (42 percent by num- 
ber) of the total longline catch (Table 4). 
The reported shark catch for these vessels 
averaged 234 metric tons between 1981 
and 1983. 
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