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Introduction 

Recent fisheries for elasmdranchs along the west coast of the United States 
beganinthe~te197osandhavecontinwd~Oppresent(caillietand~~1983, 
Holts1988). Therewerep;trlywamingsthat~fisherieswouldmostlikelysuffer 
from over- qloitatim during early developent (Holden 1974,1977, CaiEet and 
Bedford1983). ~fisheries~tinuedtoexpand untjlproblemswereveryevident 

Elasmobranchs have low reproductive rates due to their low fecundity, slow 
growth rates, and late age of maturity (J30ldtm 1974, lm.  These qualities, along 
withanatural hqubitiveness andlackofkar,makethemvuherab1e to overfishing 
(Andemnl990,Compgnol990). Aftertfaededineofthesouphshark(Galeorhinus 
zyapterus ( = G. galeus, Eschmeyer et aL 19833) fkhexy for vitamin A-rich liver oilm 
the1940s,shar~wereviewedasarewrurceoflittlevalue Inthelatel!37Os,popdar 
interestmsharkmeatcreatednewmarketdemands. Domesticlandingsandimpis 
of numerous shark specks increased severalfoldduringthelastdecadeandhave 
sincededined(HoItsls88), Althaughthereasomforthgevariationsmmy,the 
most identiliable are market fluctuations and SuSceptibility of these stocks to over- 
exploitation 
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Itisnowobviousthat~nanaganentopticarstakenwerrinsuffid 
the pxedicted declines (Bedford 1987, Rirhards 1987, Holts 1988). Because of this, 
thereisanincreasingneedforcadulmonitoringof exploitedsharkpopdaticmscm 
the westcoasttopmmt stock depletion m these fisheries similar to actions now 
proposed for the east and gulf coasts of the United states (Hoff and Musick 1990). 
Twowestcoastsharkspecies (~~~~,AIopias~nusandPadf icangel ,  
squatina~~)showsi~ofdepletionando~arebeingharvesaedatnear- 
record levels. 

Thepurposeofthispaperisto: l)updatethestatusofthesefishexies,basedupon 
catch data collectedby the ftsheries agmciesfor the three west-mast states and the 
U~tedStatesNationalMarineFisheriesServi 
Administra tion); 2)d~curresltmanagementsh.ategiesand 
proposeideasthat canbeused to e f f e c t i v e y ~ t e e i a s m o b r a n c h ~ e s .  

GeneralTrendsinWestCoastSharkFiiheries 

through 1985, but have since declined (Table 1, Figme 1). 
M Y  Shark landings along the west coast of the United States increased 

Early landing W ~ I V  almost 7 million pom~ds (-3,180 Metric To~s) in 1976 and 
1977, hllowed by later peaks at appmximately 11 million Ibs (-5,000 MT) m four 
different years (Pm, 1m, 1984, and 1987). 
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abundant shark species overall in the commercial catch have been the common 
*, shortfin mako (m myrinchus), Pacific an& soupfin, blue (PriOMce 
glaum) and leopard sharks (T* sm@s&in). 

Table 2 California conunexial shark landiqs (in pounds) 

Species 1989 1988 1987 

Pacific angel 268252 491,348 940,187 
Thresher, bigeye =P93 12033 2535 
Blue 13,fj21 7,147 3,410 
Mako, sho& 388322 489,217 612om 
Smoothound, brown 10,%7 15,522 l2,916 

Thresher, common 649,174 536,7l1 525,104 
cow 131 156 358 

Horn 32 137 53 
Smoothound, grey 412 20 

9,449 41,737 sm 
249 m 2294 
351 268 255 
13 21 170 

20 55 

Hammerhead, smooth 158 537 1807 
soupfin 16630.5 14,566 201,48!3 
spiny Dogssh 3,430 3339 53,935 
swell 4 2 
Great White 1312 2,1% 1343 
Urywcifiedshark 28H1 442% 167fi7 

Totalsharks 1,603,936 1786,435 2,603,939 

skate, unspwfied 168211 127B1 169,7l2 
stingray 36 298 

AU weights are unloaded weights Only the -, horn and spiny dogfish are Wed 
round Weight. All others are market dressed in thefia 

Cdlifomiasharkcatrheswwhiiemastdiverse,haveshownaconsistentdedinein 
the last three years Qabk 2). Landings in 1987 were 2.6 million lbs (-1,812 h4T), 
dominatedbyPadficangelshortfinmako,andcommonthreshershar~ By1989, 
the landings w e  down to 1.6 million Ibs (-727 h4T), and those of the common 
thresher dominated, with Pacific angel and shortfin mako shark catches showing 
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s i p i i h n t  declints Due to the short6n mako longluae fishery, their landmgs 
Thesouphshadtcakhhasreaained fairlyconsktmt,but 

spmydog6ish,whichwerefairlycommonm 1987,hadmuc€dowercatrhesduring 
thenexttwoyears. 

Table 3. Oregon o m m d  shadc tndings Ci pounds) 

sgedg 1989 1988 1987 

Thmher,common 30 sS,w 1 0 1 ~  
S i  135 

3 3 5  3p29 17,511 
698 1,110 225 

soupfin 

159 67 3B5 
spiny- 
unspecified- 

Totalsharks 7550 93,163 mP4.5 

Table 4. Washington commercial shark landings (in pounds) . 

Spedes 1989 1988 1987 



18 

TheSpinyDogfishFishery 

olegon 

698 
1,110 

22!5 
363 
290 
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califomi 

3,430 
3,789 
53,935 
9,061 
1P02 

17,181 
54532 
555'1 
193% 
15280 

117,512 
Mrn 
384,177 
22fi97 

ThespinydogGshisoneofthemostabmdantsharksm -mperatewatesaround 
the world, and it has been an importantcommeroal speciesinmanyareasofthe 
world @etchen 1986,Hanchetl988,Holtsl988). Overthepastl3years,catcheshave 
g c m e t h r o u g h r a d i c a l C h a n g e s , ~ i n ~  . waters(Table5). Inthemiddle 
1 9 7 0 s , ~ w a s v i r h L a l l y M > O t c h o f s p i n y d ~ ~ o f W ~ ~ t ~ ~  

~ ~ ~ c o n s i s t e n t o t c h e s m W ~ w h i c h h a v e v a r i e d f r o m a p e a k y e a r 9 . 4  

from Canadian waters but landed in the United States have paralled those from 
Washington The Q ~ C ~ C S  from OIPgon and California have never amounted to 
much (Table 5). 

have steadily increased from 1983 to the present This hasbeenparalleledby 

rmllion ibs (-4,273m in 1979 to3.1 million pounds (-1,409 Id") in1989. G ~ ~ w s  

- 
1989 
1988 
1987 
1386 
1985 
1984 
1983 
1982 
1981 
1980 
1979 
1978 
1977 
1976 - 

W k  Water: 

333% 
3$20296 
3,46706 
1,9l3,7l4 
2837,927 
4P57.235 
3,9l5,984 
W h l 3  
45QAa 
7@9,17l 
9,435m 
6031300 
5,mm 
5 m 2 9 5  

" 
Zan W a h  TotalWA. 

6,498,116 
7,4932w 
8mm 
5,144235 
5 m m  
7?.635,957 
5343,940 
4587613 
4,817735 
7,126309 
9,445m 
6M6811 
5rmm 
5m295 

Total US. 
vestcoast 

Hkbridy,  the spiny dogfish fishery has been subject to a "boom or bust" 
scenario(Anaerson1990). Thismaybeduetoitsuniquelniquelifehistoryaorzga 
l977;worldwidereviewinHanchet19&3). ftgrowsvqslawh/,,lalongtime, 
has a very late age at first reproductim, low feclmdity, and long gestation period, 
andisvirtuallyabsentfromcommerdalfishedareasforapproxima~ythefirst20 
years of life Without effort statist&, it is imposible to accumtely depict what is 
happmiq to this populatioh However, it appearsthat it is Commony susceptible 
t o ~ b i t s ~ ~ ~ ~ f r o m ~ ~ ~ r n u ~ ~ i t s ~ l y  
lifeallmittombackwithvigor. Itspresentreaweryisbothapositivesignand 
awamingto careflluy watchthenorthPacifkpaPulatian 
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The Common Thresher Shark Elshery 
Thedriftgillnetfisheryforarmmontfireshersharksbegandevelopingoff the 

southern California coast m the late 19ms Market demand grew rapidly and the 
Gsherywasfurther~~~bytheaarevaluableby-ca~ofswo~(xipfiias 
gZudjus)(CaillietandBedford1983,Holis1988). Despiteseveralattemptstolimitthe 
fkhery, it grewand expanded for several years Swordfishbecame the primary 
target- and thenumber of vessels grew to over XOby 1982 Fa& year after 
1982broughtmorenorthemscpansion,firstboMorn,Bay,thenM~~andSan 
Francisco,andultiIM~ytooregondwashingtwl 

Commonthrrsher sharkhdingspeakedm 1982at 24milliOnIbs (-1,091 MT, 
dressed weight) and then- (Table 1,Figure2). Thecoastwide fishery fw this 
onceabundantsharkisnow~athingofhpast. Itmaybemanyyearsbefoxestdcs 
cansupportthedemandsofannmercialstploitatioa 

f500.000, 

.?,000.000 

!2 

i 
P 
* 1.sOom 

9 
I 

9 

4 

v1 1,m,ooo 

2 

76 77 rr) 79 80 81 82 8.9 84 85 86 87 88 89 
YEAR a C.!!FIRESHER 

Fig. 2Trends mannd westcoastcOmmer0al . cnnmon~(Alopinsmrlpinus) hdlngs(in 
polmds, dressed weight) from 1976 through 1989. 

LegisLationpassedin1986limi~thedirecbedcommonthreshersharkfisheryto 
30daysduringthemonthofhhy. A p p m x i m a t d y 5 0 p d & m d a ~ w a s  
taken during this period while the Lemainder was taken as a by-catch m the 
swordfish~during~fal landwintermosl ths  SmaIinumbersofcOmmon 

declined drastically after 1988 (seeTable4). AlldirecQd fisheris for this species 
WeIEtelmlna . iedpriortothe 1990seasonandatri-stateistatemanagementplan tolimitthe 

taken and sold as a by-catch in the California drift Mety for swordlkh- 
While technically these sharks are not targetted during the swordfish season.. 

~ s h a r k s ~ ~ ~ d ~ i n W a s h i n g t o n d o r e g O n d u r i n g t h e m i d - l ~ , b u t  

fisherywasimplemented m October, 1990. common tfirrsher sharks can stillbe 
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nevertheks their landings are steady at about 0.6 million lbs (-273 MI') of one and 
two yearold fish However,onlyimmatUrefish(avaagingtwoyearsold)aretaken 
(Calir0Izlia-t of FishdGane1991). 

The ShortfinMako ShadcElsherg 

shortfin mako (=bonito) sharks were taken primady as an incidental but 
valuablebycatchmthecalifomiadriftgillnetfishgy~~o~andthresher 
shark Only a few individualshaveeverbeentakenoff Oregonand Washingtan 
There are a couple of good mwns why the shordin mako shark is, only now, 

a l e ,  they average only 34 lbs (-155 kg) dxessed wd&t off southem 
~~~~tothe15oIb(-68kg)averageforcommonMreshersmthelate 

longlines hasbeen almastentidy composed ofjuveniles (one, two, and three year 
olds:califomiaDqparbmentofFishandGame1991), althoughsomematureadults 
were'taken.AslongasthethresherswereplentifuL~paidlittleattentionto 
theShOrt6nmako. 

becomingtheprimarytargetofa -1kmglinefishel-y. Althoughreadily 

1970s (cajlliet and Bedford 1983). nus, t h e c a t c h h  both drift gill nets and 

smortfin mako drift gillnet catch rates peaked at 537,000 Ibs (-244 m 1982, 
andfollavingthecommonihreshersharkfishery,dedinedto215,000Ibs(-98~ 
by 1985 flable 1, Figm 3). A few longhe vessels began working the southern 
California Bight m 1986 and 1987. Landingsincleased but have subsequentty 
decliraedtoalevelbebw4UO~Ibs (-182hfI'). Ittookthisentirelynewfishinggear 
tocreatearmmeroal - interestmthe*makOshark. 

'OO'Orn' 

P 
f 
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In1988,theCalif~FishandGamecommissonestablishedan~tal, 
lOvesseZ langlirae shark fishery for shortfin mako and blue shark The gear is 
composed of a 3 to4 mile (4.8 to 6.4 km) long stainless steel cable, to which leadm 
andbaitedhooksareatbched. Theentirrcableisbuoyed,atinkwakofappmxhately 
250-300feet(75too90m),sothattheentirelengtfioflineranainsmthenearsurface 
me. 

Continuationof thisexperimentalfisherymto199orequiredthemoststri.ngent 
regulationsyetimposedonashark~. Thgerrgulationsstatedfhatttterpwill 
be: 1) only& (6) permits; 2) time/areadosuFesaway fromsport fishing areas; 3) 
atotalall~~iandingquotasetat~~Ibs(-80MTl;4)4)amarketdevelopedto 
utilizethebluesharkby-caaand 5)  areductionofblue sharkmortality. After three 
years, little progress has been made taward developing a market for blue shark. 
However, ithasbeend~~beyondanydoubt,thatlonglinesareapotent 
fp?arforcaptuIingmakoshark Duringthefirstyearofoperati~~lMdingsof 
appximately 240,000 pounds (-109 h4q WeLe larger than the quota established 
laterandequalledtheen~"inridentalca~"bythe25ovesseldriftgillnetfl~ 

Thescperimentalcomaeraal . lq-line fisherywas scpected to continue on a 
year-teyearbasisbCaWmia'sfirstsuccess at "resourcestewardship" of an 

Ibs((-8OMT)of~~makosharklanded. Bluesharkmortalitywasreducedto 
near Z2% and a d scperimentalmarketwas established. In addition, the six 
permittees, in coopemtion with the califania Department of Fish and Game, 
qmrted tamand releasing 600 shortfjnmako sharks for dis&ibution and 
abundancestudies. 

elasmoblaIlch fishery. The 1990 season endedonSeptember30,1990 with 1i3m 

Theshortfjnmakosharkpopulation~Likeothercsharks,isbelievedtoobe 
healthy, and relatively unexploited. Adults do not frequent CaWomSs coastal 
waters, and soa~notsubject to local fisheries But a real &mat to this shark 

ovemcploitationby iisherb within the coastal "nusery" areas. This &mat is 
particularlyinsidious , since the effect ofover-fishing may not manifest itself for a 
number of yeas, until the missing juveniles would have hemselves become the 
spawning stock A sudden population collapse might follow. It appears fhat the 
lessons leamed from the common thresh= shark and others ammd the world 

populationoff~andelsavherrinthe~Pacificligjnthepobentialfor 
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inspired a far more amservative approach to this fiskry‘s management, resulting 

~taldriftlonglinefisheryforshort6nmakosharksm1992 Inaddition, m 
1991 ttreCommissionadoptedspedicbaglimits (Secticm27.60,Xtk l4,CCR) for the 
sporttakeof~o~makoandfiveotherspeciesofshar~ 

i n a d e n i a l b y t h e C F i s h a n d G a m e w  . .  frrpelmitsto-the 

The Blue Shark Fishery 

Prior to theCalifomia experimental longljnefidmy, the onlyfisherydirecting 
effortat blue sharks ooxmd m 1979-1980 when one longiinevessel fished for blue 

greatest sotme of fishing mortality for blue sharks oaxmed from their indmtal 
~pture during the developmental years of the drift gin net fismery off southem 
Cdifomia. preliminary annual mortality estimates were l!5,000 to 20,000 sharks 
duringthat perid Change in gear design and time-azeadosaxesreduced this 
inddentaltake,but there are no current mortaliiy estimates fat this tishery. 

and4),because then? i s v i l t u a u y n o ~  . useyetdevelopedforbbem,and 
most are discarded or used for fishmeaL A small percentage of blue sharks arealso 
takenm the set net fisheries for the Pacific angel shark and California halibut 

andsho~makosharks off southem California (cain;ptand Bedford 1983). The 

Odyaportionofthosetakenbycommeraal - fiSherkarereporied(Tabh1,Z 

(Pmalidtfhys mljfinnicus). 

Thecurrents1**off southemCalifomiaaverages.veragesabout 
foutblue sharks for each shortfin mako shark The fishermen m this 6sheryhave 
reducedthe~den~mortalityofbluesharksthroughthedevelapmentanduseof 
a de-hdcing tool (modified fence pliers) to remove the hooks from live shark 
Pennittees are rrquired to develop amarketforthe blue sharks not d e a d  inthe 
byat& In 1989,9,130 pounds (4 MT) of blue shark were sold and an additional 
43,000 pounds (-20 MT) sold m the 1990 season for jerky and hr”W and chips” 

The Angel Shark Set Net Fiihery 

Alocallisheryforar@sharksbegandevelopiingmthe!SantaBarbaraChannel 
during 1978 (Rkhads 1987). Initial marketing problems mvolved dressing the 
sharlcs at sea, which resulted m a  50% dressed landing weight of t€te live weight 
~wasanadditional5o%lossatthefishmar~witfit€tenetyieldbeing25-3o4/o. 
lhe fishery expanded at an explaiiverate as a r r s u l t o f r n o ~ ~ ~ p n x e s s i n g  
p d m a x t d n e w m a r h .  Thesebottomdwellingsharksgenerallyremainalive 

viablecondition 
in the~~dsmall(<42inches~-1o7~)individuals~retumedtoOtheseain 

In 1985,the angelsharkrepla~the~sharkastheprincipalfoodsharlc 

and 1986,but declined drasticaRybyl989 (Tables 1 andZFigUre4). Thiswasaresult 
of a combinatian of decking aMilability and dtemative sourcg of lowcost 
imported shark meat 

h s o u ~ c a l i f o r n i a .  J.andjngsexreeded12millionIbs(-516~mbotfi1985 
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The Soupfin shark E i h q  

M e  than 24 million Ibs (-10,909 MT) of soupfin &ark were landed from 

souphpopulation.Averysmallbutams&ntsetmtfishery~~~has 
peTsisted over the past ample of decades Ladings m this fishery have mughly 
averagedbetween lsOp00 and250,OOO Ibs (68 to 114m Table 1,Figure 5). It can 
beandbasbeenatargetfmmmdfkhemenhtkm&oftentakenincidental 
toothercommeraal -specig. 

CalifomiaWateTsm theeightyearsending m 1944. 'Ihisfishely decimated the 
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Theleopardshadc m h k i s ~ ) ,  anotfier cwunoninshorr specigs,is 

by-ca~ of ower net fisheries (smitfiand Abramson 1990). Its westcoastl;nsdings 
fishedbothrecreatiohany,majnlybyhookandline,andmnumrhDy,usuallyasa 

havefluctuatedfnnnalof 14,59OIbs(-7~in1976,toahighofoverl~~lbs 
(-45 MI') in 1983 (Table 1, Figun? 6). 



Althougfitherehasbeenageneraldedinesince then,thereisnoimmediate 
reason fur <nntem ifgmwtfi, natural and Gshing mortality, and demography 
estimates (Smithand Abramsan 1990; KusheretaL 1992; cailliet 1992) are correct 
Evenso,theCalifomiaFishandGamec3xxmus 'onm199ladoptedaminimwnsize 
(36 inches or 981 mm TL) and abag limit (three perfisherman) for recreational 
e-. 
Management Strategies for Elasmohch Fisheries 

It is a tragedy of unsound ~.esourcernanapnent that it tookan obvious decline- 
m f i s h i n g s u c c e s s f o r b ~ ~ a n d a n g e l s h a r k s m ~ t o f i n a I l y  
prompt the state to adopt serious regulations Unfortunately, throughout the 
history of sharkfidmies, this is a common mistake, repeated again and again. 
Resource managers need tb understand more basically the unique limitations 
i m p o s e d b y t h e l i f e h o f ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ w h o ~  
and dam? the regulations that such fisheries need to be seriously limited- 

1) no restrictions at all (ultimately an econarnic soiution); 
2) limited elltlyof ~andvesse l smtothe f i shery;  
3) size limits; 3) bag limifs; 
4) d d  areas and/or sElSCmS; 

5) quotas; 

7)  dosure or total shutdowll of the fishfzy. 
6) gear restrictions; and/or 
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Having no re&ictions at all leads to the rapid decLine of mast elasmobranch 

and possibly altering the ecOSyStemS in which they operate. This option, although 
apparently the one most often used, is not a viable alternative. 

p o p u l a t i c m s , ~ m a w k h c a l e  ~ ~ O f ~ ~ r p X e d a ~ ~  

Limited entry is a viable option if the fishery has not already developed a large 
fleet U ~ ~ , , o n a e ~ t f i r e a t t o a f i s h e r y i s e v  
thenumberof~orvesselsallowedtousetherrsource Thisapproachis 

' e  possible approaches pmve ineffednr 
' yand &any, and shouldbe considered onlyifallother -*-- 

Qosedan?asandseasoIIshavebeenusedwithsomesuocgsincalifomiashark 
fisheck (Bedfod 1987, Richards 1987, Holb 1988). This is Usuany the most 

spawning, lanral or juvenile growtfi, kdhg, eaC) occ~r m a spec& place at a 
specific time, and the fishery canbe direc&d awayfium these Inmost cases, 
havever,thesedetaiisarenotwellknownforelasmobranchfishessubjectbog - sucoessfulwhen movementpattems or important life processes (reproduction, 
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Quotasarean~mana~approachandndthgehavebeenusedin~yone 
s h a r k f i s h e r y , t h e s h o r t f i n m a k o , i n w h i c h a n e w g  
Itistooearlytodetem&ewhetherthisappmachhasLxmsuae&uL Tosetquotas, 
a~tdealof~l~~ofthelifehistoryof~spedesinvohredisreqclire& This 
approach has beenused extensively for northeast Pacific fisheries to regulate 
gFormdfish catches. It often involves some equation, based upon maximum or 
optimum sustlinable yield (MSY or OSY) estimates fram sctensive catch data 
C0;lledionand anah/sis,which leads tothe total allowable catch PAC) and canbe 
~ f m m y e i r t o y e a r , d e p e n d i n g o n ~ c a t c h ~ ~  Theuseoffisfaerig 
m0delsonelasnobranchpo~tionsisreviewedbyAnderson(1990). 

Thefidtwoapproaches, gearrestrictiorrsanddosureor shutdownofa fishery, 
may bethe only viable one for some holnanch- It ishoped, however, 
that&digmtdatagatheringanddecisi~occurpriorto~~ting 
these radical solutions. 
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