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F o r e w o r d

T h is  is the f if th  e d itio n  o f  O ur Living (h ians, 
the report card on the state o f the  U .S. l iv in g  m a­

rine  resources prepared by the N a tio n a l O ceanic  

and A tm o sp he ric  A d m in is tra t io n ’s N a tio n a l M a ­

rin e  Fisheries Service. These reports  are ne ithe r 

m andated n o r in tended to fu l f i l l  any legal requ ire ­

m ent. Rather, they are w r itte n  to  p rov ide  an over­

v iew  o f  and a perspective on a very com p lex .sub­

ject fo r the in terested reader.

T h e  fu ll set o f O ur Living Oceans spans a pe­

r io d  o l trem endous change in the m anagem ent of 

l iv in g  m arine  resources in  the U n ite d  States. Since 

1991 w hen the firs t e d itio n  was pub lished , there 

have been several p ro fo u n d  legal and conceptua l 

changes in  the m anagem ent landscape- no tab ly , 

m a jo r revisions to the M a r in e  M a m m a l Protec­

tio n  A c t (1994) and the M agnuson-S tevens F ish­

ery C onse rva tion  and M anagem ent A c t (1996). 

In te rn a tio n a lly , the deve lo pm e n t o f the U n ite d  

N a tio n s  T re a ty  on S tra d d lin g  Fish S tocks and 

H ig h ly  M ig ra to ry  Fish Stocks and a m a jo r new 

emphasis m i the use o f a p recau tio n a ry  approach 

to fishery  m anagem ent have refocused e ffo rts  on 

dea ling  w ith  the p rob lem s o f  ove rfish ing . These 

nationa l and in te rna tiona l legal changes d irec t fish­

ery m anagem ent a u th o rit ie s  to  im p le m e n t p ro ­

grams tha t end o ve rfish in g  q u ic k ly  and reb u ild  

overfished resources in  a t im e ly  m anner.

O u r  m arine  resource leg is la tion  is am ong  the 

strongest in the w o r ld . T h e  M agnuson-S tevens 

F ishery C onse rva tion  and M anagem en t A c t re­

quires s tr ic t deadlines fo r the deve lopm ent o l f ish ­

ery m anagem ent plans, ve ry conservative manage­

m e n t ta rge ts, t ig h t  tim e fra m e s  fo r  re b u ild in g  

stocks, and cons ide ra tion  o f  a broader scope o f  

resource issues, rang ing  fro m  h a b ita t im pacts to 

bycatch, and to im pacts on fish in g  co m m u n itie s . 

I o r Federa lly  p ro tected  species, s im ila r ly  s tr ic t 

mandates to rebu ild  depleted stocks are no w  in 

place.

O ur Living ( )ceam 1999  reflects the beg in n ing  

o f im p le m e n ta tio n  o f  m an y  new  m anagem ent 

im peratives. B io log ica l p o p u la tio n s  o ften  respond 

s low ly  to  m anagem ent changes. T h e  fis h in g  com ­

m un itie s  w h ic h  depend on m arine  life  fo r food  

and com m erce also need tim e  to ad just to  changes 

in  m anagem ent practices, th o ug h  in  m any cases 

e ffo rts  to  address ove rfish in g  have been underw ay 

fo r m any years. F u rth e rm o re , as th is  repo rt clearly 

shows, the  m a jo r ity  o f  o u r  m a r in e  stocks are 

hea lthy  o r at least im p ro v in g .

U ltim a te ly , i t  is n o t just the passage o f new 

laws tha t w i l l  im p ro ve  the c o n d it io n  o f o u r liv in g  

m arine  resources; i t  is changes on the w ate r tha t 

m atte r m ost. T h is  repo rt does n o t te ll the A m e ri­

can p u b lic  tha t the  job  is done, b u t tha t it  has 

begun, rims i t  describes o u r e ffo rts  to  im prove  

the conserva tion  and m anagem ent o f the N a tio n ’s 

liv in g  m arine  resources so th a t th e ir  lu l l  and eno r­

mous benefits are available fo r a ll Am ericans.

A n d re w  A . Rosenberg, P h .D .

D e p u ty  Assistant A d m in is tra to r  fo r Fisheries

S ilver S pring , M a ry la n d  

|u ne 1999
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P reface

W h e n  the inau g ura l e d it io n  o t O ur liv in g  
Oceans was released in  N o vem ber 1991 it was to 

he the firs t in  a series o f  na tiona l status reviews 

prepared by the N a tio n a l M a rin e  Fisheries Service. 

F rom  the b e g in n ing  its purpose has been to  serve 

as a repo rt card to  the N a tio n  on the b io log ica l 

health o f  U .S. liv in g  m arine  resources. Subsequent 

e d itio n s  have been com p le ted  fo r the 3-year re­

p o rt in g  periods en d in g  in  1992, 1993, and 1993. 

O ve r tim e , th is  re p o rtin g  e ffo rt has evolved to  a 

m u lti-ye a r cycle to  be tter reflect the extended tim e  

pe riod  tha t is o ften  requ ired  to  observe and d o cu ­

m en t change in  the m arine  e n v iro n m e n t.

B u ild in g  on the reception o f the b io log ica l re­

p o rt card, Our Living Oceans: The Economic Sta­
tus o f  LI.S. Fisheries was released to  the A m erican  

p u b lic  in  Decem ber 1996. T h is  com pan ion  report 

de fined  and characterized econom ic  su s ta in ab ility

in  the N a tio n ’s fisheries, and presented a p re lim i­

nary assessment o f  th e ir  econom ic  hea lth . W o rk  

on a th ird  repo rt th a t w i l l  present the in it ia l as­

sessment on the status and hea lth  o f m arine  and 

coastal hab ita ts  im p o r ta n t to  l iv in g  m arine  re­

sources is n o w  u n d e rw a y . W h e n  O ur L iving  
Oceans: The Status o f  H abitat fo r  U.S. L iving M a­
rine Resources is released in  2001, the envis ioned 

Our Living Oceans series covering stock status, eco­

nom ics, and h a b ita t w i l l  be in  place.

Our Living Oceans 2.999 is the f if th  e d itio n  on 

the status o t U .S. liv in g  m arine  resources. T h is  

report presents new data analyses covering the years 

1 9 9 5 -9 7 . O n  the eve o f  the  21st C e n tu ry , it o f­

fers a progress repo rt and discusses im p o r ta n t is­

sues im p a c tin g  o u r liv in g  ocean heritage and the 

challenges th a t rem a in .

vu
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National Overview
INTRODUCTION

The conservation and management o f liv in g  m arine resources (L M R ’s) in  the U n ited  

States is entrusted to the N a tiona l Oceanic and A tm ospheric  A d m in is tra tio n ’s N ationa l 

M arine  Fisheries Service (N M F S ), w h ich  carries o u t its charge under m any laws, treaties, 

and legislative mandates from  the U.S. Congress. M ost of the agency’s stewardship respon­

sib ilities come from  five statutes:

• The Magnuson-Stevens Fishery C Conservation and M anagement A ct (M S F C M A ) 

regulates fisheries w ith in  the U.S. Exclusive Econom ic Zone (F E Z ),

•  T he  Endangered Species A ct (ESA) protects species that are in  danger of extinc­

tion  or like ly  to become an endangered species,

• T he  M arine  M am m al P rotection A ct (M M P A ) regulates the tak ing  o f marine 

mammals,

•  T he  Fish and W ild life  C o o rd in a tio n  A ct (E W C A ) authorizes co llection  o f fish­

eries data and coo rd ina tion  w ith  other agencies fo r environm enta l decisions 

a ffecting L M R ’s, and

• T he  Federal Power Act provides for concurrent responsibilities w ith  the U.S. 

Fish and W ild life  Service (U SFW S) in p ro tecting  aquatic habitat.

The N M F S  regulates fisheries in  the 3 -2 0 0  nautica l m ile  (m in i.)  Federal EEZ sea­

ward o f  the 48 contiguous states, Alaska, H aw a ii, and U .S .-a ffilia ted  islands (Figure 1). 

W ith in  the 0 -3  n .nri. te rrito ria l sea,1 management ju r isd ic tio n  belongs to the coastal states 

and m ultis ta te  fisheries com m issions. In te rna tiona l waters outside the U.S. EEZ are regu-

'T e rr ito r i.il waters extend 9 na n i, o ft the shores o t Texas, the F lo rida G u ii Coast, and Puerto Rico.

3
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Figure 1

O u r L iv in g  Oceans 1999 di 

v ide s  the  200 n a u tica l-m ile  

U.S. E x c lu s iv e  E c o n o m ic  

Zone (EEZ) in to  fiv e  reg ions 

fo r  p u rp o se s  o f re p o rtin g  

the  s ta tus  o f U.S. liv in g  ma 

rine  resources.

1 a io ii by applicable in te rna tiona l laws and m u ltila te ra l agreements am ong sovereign gov­

ernm ents, anoi the agency plays an im p o rta n t role on behalt o f  the U n ited  States in the 

im p lem en ta tion  o f  those in te rna tiona l arrangements. Federal resource conservation laws 

require that the best sc ien tific  in fo rm a tio n  be used as the basis fo r management actions. 

N M F S  scientists collect and analyze much o f these data. From these data bases, the agency 

prepares sc ien tific  reports and makes technical presentations to fishery managers, indus try  

groups, and the p ub lic  fo r use in  fo rm u la tin g  sound policies governing the long-te rm  p ro ­

tection and sustainable use of LI.S. I .M R ’s.

U ltim a te ly , the Secretary o f C om m erce has management responsib ility  fo r most ma­

rine life  in U.S. waters. Fishery resources are managed largely th rough fishery management 

plans (F M I’ s). These plans are generally developed by fishery management councils (F M ( ’s) 

th rough  extensive consultations w ith  state and other Federal agencies, affected industry  

sectors, pub lic  interest groups, and, in pertinent cases, in te rna tiona l science and manage­

m ent organizations.

1
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F M P ’s tor EEZ stocks orig ina te  th rough the M S F C M A , w h ich  established eight re­

gional F M C ’s (A ppend ix 2). T he  F M C ’s represent diverse interests th rough the ir members, 

w ho arc nom inated by state governors in caeli region and appointed by the Secretary o f  

Commerce. For most m arine fisheries and fo r Federally protected m arine mammals and 

sea turtles, F M P ’s and protected species recovery plans may be developed by N M F S  w ith  

in p u t from  the pub lic  and by d irection  of the F M C ’s.

O ur L iv in g  Oceans 1999  ( O LO  99) covers the m a jo rity  o f L M R ’s tha t are o f  interest 

fo r com m ercial, recreational, subsistence, and aesthetic or in tr in s ic  reasons to the LInited 

States. The b io logical status o f  U.S. fishery resources is reported. C urren t and potentia l 

harvest levels are presented, along w ith  in fo rm a tio n  on the degree o f  u tiliza tio n  of each 

resource by its fishery and a discussion of s ign ifican t management issues. Selected nearshore 

species, largely the respons ib ility  o f  the coastal states, are also discussed, and the status o f  

U.S. stocks of m arine m am m als and sea turtles are summarized.

In fo rm a tio n  in th is report has been collected from  m any sources. Ideally, the latest 

peer-reviewed stock-assessntent reports and publica tions, w h ich  serve as the sc ien tific  basis 

fo r management, are used. For some species, stock assessments may no t be com plete, due 

to lack o f data, b u t they may still be adequate fo r fishery scientists to  exercise professional 

judgm ents as to stock status and the m agnitude o f po ten tia l fishery y ie ld. W hen in fo rm a ­

tion  is inadequate, the stock or fishery status is classified as unknow n . In such cases, po ten­

tia l y ie ld  is estimated from  the most recent catch statistics. M ore  detailed in fo rm a tio n  can 

be obtained from  regional reports produced by N M F S  fisheries science centers around the 

coun try  (A ppendix 3) and from  state natural resource agencies.

CONTENTS

Part 1 contains the nationa l overview  of s ign ifican t L .M R ’s and the ir fisheries. It in ­

cludes this in tro d u c tio n , a b r ie f review of com m on terms, L M R  summaries and trends, 

issues of national concern, and a discussion o f near-term ou tlook .

Part 2 includes tbree feature articles— an exam ination o f  the precautionary approach 

in U.S. marine fisheries management, an essay on the management h is to ry of the N o rth ­

east groundfish fishery, and a review o f  the G u lf o f  M exico ’s k in g  mackerel fishery.
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Part 3 presents in greater detail the b io log ica l status o l L M R ’s in  25 separate units. 

These u n it synopses describe im p o rta n t species o r species groups tha t are linked  geographi­

cally, ecologically, or by characteristics o l the ir fisheries.

Part 4 includes appendices lo r acknow ledgm ents, regional F M C ’s and FMP's, p r in c i­

pal N M F S  fac ilities around the country, stock assessment p rinc ip les and terms, a detailed 

(bu t no t exhaustive) lis tin g  ol the sc ien tific  and com m on names o f  species covered in this 

report, and acronyms and abbreviations.

COMMON TERMS

M ost o f  the technical terms or phrases used in this report are defined in A ppend ix 4; 

the most im p o rta n t are reviewed here.

Stock ideally refers to a b io log ica lly  d is tinc t group of organisms that are genetically

related or reproductive ly  isolated from  o ther segments ol a larger popu la tion . Since stocks

in te rm ix  in the m arine ecosystem, it may be necessary to consider all o l the ind iv idua ls  o f

a species, o r several co-occurring  species w ith in  a geographical area, as one fishery stock

when it is im practica l to  d iffe ren tia te  between them . Thus, a stock u n it defined fo r fishery

M id w a te r ira w i catch of Pa- management purposes may n o t  necessarily correspond to a discrete genetic u n it, 
cific  w h itin g , O regon  coast.

Recent average y ield (RAY) is equivalent to  the recent catch history. RAY is the re­

ported fishery landings averaged lo r the most recent 3-year period o l w orkable  data, usu­

a lly  1995—97, unless otherw ise ind icated.

C u rre n t po te n tia l y ie ld  (CRY) is the po ten tia l catch that cari he taken depending on 

the curren t stock abundance and preva iling ecosystem considerations.2 T h is  term  is analo­

gous to acceptable b io log ica l catch (A B C ) that is specified in some F M P ’s.

lo r  m any stocks, I T I ’Y or C T V  may he u n know n . I o r the purpose of re po rtin g  tota l I T I ’V and C IA  across 

resources w ith in  the various fishery un its  and fo r the N a tio n  as a whole , it ( I ’Y was un know n  RAY was 

substitu ted w hen ca lcu la ting  a u n it ,  regional, or na tiona l to ta l C I’ Y. Il I I P  Y was un know n  (IP Y  was substi­

tu ted , or, ta ilin g  tha t, RAY was substitu ted  in ca lcu la ting  totals.

(i
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Long -te rm  p o te n tia l y ie ld  (LTPY) is the m axim um  long -te rm  average catch that can 

be achieved from  the resource.2 T h is  term  is analogous to the concept o f  m ax im um  sustain­

able y ie ld  (jYISY) in fisheries science.

S tock level re la tive to  LT P Y  is a measure o l a stock’s b io log ica l status. T he  current 

abundance level o f  the stock is compared to the level of abundance that, on average, w ou ld  

support the LTPY. T h is  level is expressed as below, near, above, o r unknow n  relative to the 

abundance level that w ou ld  produce LTPY. '

Status o l resource u tiliz a t io n  describes the degree to w h ich  a stock is u tilized  bv its 

fishery (i.e. underu tilized , fu ll}- u tilized , overutilized, or unknow n). It shows how  the exist­

ing fish ing  e ffo rt compares w ith  levels necessary to achieve LTPY from  the resource. Alaska snow crab.

7 hreatened or endangered are terms specifically defined under the ESA. A  species is 

considered endangered if it is in  danger o f e x tinc tion  th roughou t a s ign ifican t p o rtio n  o f  its 

range; it  is threatened if it  is like ly  to become an endangered species w ith in  the foreseeable 

future.

Potentia l b io log ica l rem oval (PBR) is a concept that establishes a quan tita tive  p ro ­

cess fo r setting levels o f  take such that m arine m am m al stocks w il l  equ ilib ra te  w ith in  their 

op tim a l popu la tion  size. PBR (calculated in numbers o f  animals) is the sustainable removal 

level defined by the M M P A  1994 A m endm ents. Stocks fo r w h ich  bycatch levels exceed 

PBR are classified as strategic (stocks listed as depleted under the M M P A , or threatened or 

endangered under the ESA, are also considered strategic regardless o f  the level o f  take).

PRODUCTIVITY OF STOCKS

The  U n ited  States is ranked f if th  in the w o rld  fo r fisheries landings as reported by the 

Food and A g ricu ltu re  O rgan iza tion  (FA Q ) of the U n ited  N ations fo r 1996, its latest survey

'Since 199"’ , NM FS has heen required to produce .ui .innu.il “ Report to Congress on the Status of Fisheries o f 

the United States,” which classifies stocks as overfished, not overfished, or approaching an overfished condi­

tion. As explained in Appendix 4, there is not a one-to-one correspondence between the status classifications 

in O ur liv in g  Oceans and those in the Report to Congress.
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O U R  L I V I N G  O C E A N S

Total p roductiv ity  (t) over the en tire  range o f s tock

------------------------------------------------------------------------------------------  P rorated p roductiv ity

Total recent Total cu rren t Total long-term  (t) w ith in  the  U.S. EEZ

average yield po tentia l y ie ld  po tentia l yie ld -------------------- -— —-------------------------------

Unit num ber and fishe ry  (RAY) (CPY) (LTPY) U S RAY U .S LTPY

1 Northeast demersal 159,875

2 Northeast pelagic 158.500

3. Atlantic anadromous 9,408

4 Northeast invertebrate 130,500

5 Atlantic highly m igratory pelagic 352,800

6. Atlantic shark 7,393

7 Atlantic coastal m igratory pelagic 15,454

8 Atlantic, Gulf o f Mexico, and Caribbean reef fish 25,737

9 Southeast drum and croaker 33,623

10 Southeast menhaden 860,000

11 Southeast and Caribbean invertebrate 119,376

12 Pacific Coast salmon 17,304

13 Alaska salmon 376,100

14 Pacific Coast and Alaska pelagic 153,500

15 Pacific Coast groundfish 353,264

16 W estern Pacific invertebrate 109

17 W estern Pacific bottom fish and armorhead 492

18 Pacific highly m igratory pelagic 2,049,418

19 Alaska groundfish (total) 2,033,982

Eastern Bering Sea and Aleutian Islands 1,775,600

Gulf of Alaska 211,922

Pacific halibut 46,460

20 Alaska shellfish 52,131

21 Nearshore 312.700

Total 7,221,666

134,475 317,500 142.215 253,555

711,550 701,700 121,300 462.000

9,208 9,208 9,408 9,208

109,300 138,000 127,200 133,900

315,470 348,300 18,300 18,100

6,430 6,430 7,393 6,430

20,339 26,448 15,454 26,448

24,641 37,136 25,737 37,136

31,420 78,835 33.623 78,835

860,000 1,140,000 860,000 1,140,000

116,575 120,953 119,376 120,953

33,312 33,312 17,304 33,312

310,600 310,600 376,100 310,600

334,200 455,200 112,500 348,400

395,958 462,800 268,085 391,796

160 222 109 222

470 2,802 492 2,802

3,439,825 3,435,031 253,606 253,116

3,100,410 3,983,420 2,026,272 3,963,290

2,499,900 3,478,700 1.775,600 3,478,700

548,770 452,980 211,922 452,980

51,740 51,740 38,750 31,610

52,131 113,218 52.131 113,218

312,700 312,700 312,700 312,700

10,319,174 12,033,815 4,899.305 8,016,021

(t) o f fisheries resources uti 

lized by the  U n ited  S tates.

Table 1

P ro d u c tiv ity  in m e tric  tons year (FA O , 1997). The U.S. catch was 4 .5%  o f  the w o r ld ’s total catch (121 m illio n  m etric

tons (t)) of m arine and freshwater fisheries products. The FAO  also ranked the U n ited  

States second in value fo r w o rld  im ports  ( 12 .5%  o f the $56.9 b ill io n  w o rld  to ta l), and th ird  

(5 .6% ) in the $52.9 b illio n  in te rna tiona l trade in  w o rld  exports o f  fish and fishery p rod ­

ucts, in c lu d in g  aquaculture, in 1996 (FA O , 1997).

The p ro d u c tiv ity  (dable I)  and status o f  fishery resources u tilized by the U nited States 

are summ arized in U n its  1 -21 . I .M R  p ro d u c tiv ity  is represented by RAY, (IPY, and L Í PY.

8
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Total long­

te rm  potentia l 

y ield (LTPY)

(x 1,000,000 t)

13

12

11

10

9

7

6

5

4

3

2

1

0

U.S share 

o f LTPY by 

percentage

Figure 2

To ta l lo n g - te rm  p o te n t ia l 

y ie ld  a n d  U .S . p ro ra te d  

s h a re  o f f is h e r ie s  r e ­

sources, in m e tr ic  to n s  (t) 

and by percen tage.

76% 100% 82% 100% 60%

Ó Ó O Ó Ó Ö
Region

All

com bined

W estern

Pacific Alaska

Pacific

Coast S outheast Northeast

For some stocks, the U n ited  States shares p ro d u c tiv ity  w ith  o ther fish ing  nations because 

these stocks range beyond the U.S. F.F.Z. For the purposes of this report, the p ro d u c tiv ity  

o f transboundary species is com piled fo r the entire stock and sometimes provided fo r the 

prorated p o rtio n  of the stock w ith in  the U.S. F.EZ. O LO  '99 reports both  to ta l p ro d u c tiv ­

ity  and the prorated U.S. share o f the stocks based on the ra tio  of the U.S. RAY to total 

RAY. T he  U.S. RAY is taken p rim a rily  w ith in  the U.S. F.EZ.

9
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Tab le  2

R e g io n a l p r o d u c t iv i ty  in  

m e tr ic  to n s  (t) o f fishe ries  

re s o u rc e s  u tiliz e d  b y  the  

U n ited  States.

O U R  L I V I N G  O C E A N S

Total p roduc tiv ity  (t) over the  en tire  range o f stock

-----------------------------------------------------------------------------------------  Prorated p roductiv ity

Total recent Total curren t Total long-term  (t) w ith in  the U S. EEZ

average yield po tentia l y ield po tentia l yield

Region (RAYI (CPY) (LTPY) U.S RAY U.S LTPY

Northeast 885,533 1,354,453 1,589,158 492,873 951,213

Southeast 1,155,123 1.152,945 1,503,342 1,155,123 1,503,342

Alas! a 2,509,633 3,519,656 4,472,638 2,509.633 4,472,638

Pacific Coast 619,938 850,245 1,033,087 486,049 852,263

W estern Pacific 2,051,439 3,441,875 3,439,475 255,627 257,560

Total 7,221,666 10,319,174 12,042,700 4,899,305 8,037,016

Fite to ta l LTPY of all U.S. fisher) resources, across the ir entire  range, is estimated to 

he 12,033,815 m etric tons (t) (Table 1). Tota l C PY  is 10,319,174 t, ind ica ting  that the 

present p ro d u c tiv ity  ol the stocks is 14% below the long-te rm  poten tia l. Tota l ILA Y is 

7 ,221 ,666  t, o r 40%  below the long-te rm  potentia l.

W hen o n ly  the U.S. prorated share ol the resources is considered, the U.S. LTPY is 

8,016,021 t o r 33%  below to ta l LTPY (Figure 2). By region, the percentage d is tr ib u tio n  o l 

U.S. 1T P Y ’s is 55%  for Alaska, 19% for the Southeast, 12% for the N ortheast, 1 1 %  fo r the 

Pacific ( oast, and 3%  fo r the Western Pacific Region ( Fable 2, Figure 3).

The  U.S. RAY' is 4 ,899,305 t o r 39%  below U.S. LTPY'. T he  m issing 39%  potentia l 

y ie ld  was not realized because some rtf the stocks were underu tilized  w h ile  some have been 

overexploited and therefore were no t p roduc ing  at the ir fu ll long-te rm  potentia l. By re­

g ion, the percentage d is tr ib u tio n  o f  U.S. RAY is 5 1 %  Alaska, 24%  Southeast, 1 0%  N o rth ­

east, 10% Pacific Coast, and 3%  Western Pacific ( Table 2, Figure 4).

STATUS OF STOCKS

T he  status o f stocks is classified according to  the current level o f  abundance relative 

to the level that w ou ld  produce LTPY'. Fable 3 summarizes the classifications fo r the 283 

stock groups addressed in this report as being 31"u  below, 31%  near, 8%  above, and 30%  

unknow n relative to the levels tha t w ou ld  produce I I PY'. I his sum m ary includes 80 stock

I o
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N A T I O N A L  O V E R V I E W

U.S Long­

te rm  potentia l 

y ield (LTPY)

(x 1,000,000 t)

4 5 

4 0 

3.5

3.0

2.5

2 0

1.5

1.0

0.5

Regional 

percentage 

o f U S LTPY

3c'o 55% 1 1 %

F igure  3

R eg iona l a p p o rtio n m e n t o f 

lo n g -te rm  p o te n tia l y ie ld  of 

the  U.S. p ro ra te d  share of 

fish e rie s  resources, in m e t­

ric  to n s  (t) and by p e rce n t­

age.

19%

O 0 0 O Ô
12%

Region W estern  Pacific Alaska Pacific Coast S outheast Northeast

groups o f nearshore resources that are under the purv iew  o f  coastal states. 1 he 85 stocks 

classified as unknow n con tribu ted  6 .6%  o f  U.S. RAY.

E xclud ing nearshore resources, the rem ain ing 203 stock groups tha t are under fe d ­

eral ju risd ic tion  have been classified as being 36%  below, 31%  near, 11% above, and 22%  

unknow n  relative to the abundance levels tha t w ou ld  produce U.S. LTPY (1 ¡gure 5). The 

22%  unknow n category comprises 45 ou t of 203 stock groups. 'I hese 45 stock groups are 

generally o f low  abundance and con tribu ted  o n ly  2 .5%  of U.S. RAY.

I I
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O U R  L I V I N G  O C E A N S

U S. recent 

average yield (RAY) 

(x 1 ,000,000 t)

3 0  

2 5 

2 0

Regional 

percentage 

of U S  RAY

1 5

0 5

5% 51%

Figure 4

R egional a p p o rtio n m e n t o f 

recent average  y ie ld  o f the 

U.S. p ro ra ted  share o f f is h ­

e ries resou rces, in m e tr ic  

tons (t) and by percen tage.

10% 24% 10%

Ô Ô O O O
Region W estern  Pacific Alaska Pacific Coast Southeast N ortheast

There are 158 stock groups whose status is “ know n that fall under N M F S  purv iew  

(U n its  1—20 inT ab le  3). In  th is category, a high percentage o f  stock groups (46% , or 73 out 

o f  1 58 groups w ith  know n status) are below  levels that w ou ld  produce h l PY. The m a jo rity  

u l  these low  abundance cases occurred in U n it 1 (2 1  stocks o l N ortheast demersal species). 

U n it  8 (n ine stocks o f  A tla n tic  and G u ii u l  M exico  reef fish), and U n it I 5 (eight stocks of 

Pacific Coast g roundfish). Less pronounced cases of low  abundance can be found  in all 

regions. T he  rem ain ing stocks (85 o u t o f 158 know n-stock status) have been classified as 

39%  near and 1 5%  above the levels that w ou ld  produce I I PY. Assum ing that stocks near 

or above levels that w ou ld  produce LTPY are stocks in healthy co n d itio n , 54%  o f the 

know n-status groups are at hea lthy abundance levels.

1 2
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N A T I O N A L  O V E R V I E W

C urrent sta tus re lative 

to  the level producing LTPY

U nit num ber and fishery B e low Near A bove U n ln o w n  Total

1 Northeast demersal

2 Northeast pelagic

3 Atlantic anadromous

4 Northeast invertebrate

5 Atlantic highly m igratory pelagic

6 Atlantic shark

7 Atlantic coastal m igratory pelagic

8 Atlantic, Gulf of Mexico, and Caribbean reef fish

9 Southeast drum and croaker

10. Southeast menhaden

11. Southeast and Caribbean invertebrate

12. Pacific Coast salmon

13 Alaska salmon

14 Pacific Coast and Alaska pelagic

15 Pacific Coast groundfish

15 W estern Pacific invertebrate

17 W estern Pacific bottom fish  and armorhead

18 Pacific highly m igratory pelagic

19 Alaska groundfish (total)

20. Alaska shellfish

21 Nearshore

21

1

4

1
7

1

1
9

3

0
2

2

1
0

2

1
5

3

14

2

0
0
4

2

0
3

3

0
2

7

3 

1 
6

4 

0 
4

11 
10 
0 

26

2

0
0
2

1

1

3 

16

4

0
5 

0 
0
0
5

0

0

1
4

1
40

25

4

5 

8

10

3

7

28

7

2

14

5

5 
7

19

1

6 

IE 

27

5

Table 3

S ta tu s  o f s to ck  le v e ls  o f 

U .S . f is h e r ie s  re s o u rc e s , 

1995-97.

Subtotal of Units 1-20 73 62 23 45 203

% of Subtotal 36% 31% 11% 22%

% of 158 "known' stock groups 46% 39% 15%

Total of Units 1-21 87 88 23 85 283

% of Total 31% 31% 8% 30%

% of 198 "known" stock groups 44% 44% 12%

DEGREE OF UTILIZATION

T he  degree o f u tiliza tio n  describes the level o f  use o f  a fisheries resource as being 

underu tilized , fu lly  u tilized , overutilized, o r unknow n. It compares existing fish ing  e ffo rt 

w ith  the appropriate levels necessary to achieve LTPY.

1 3
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F igure 5

The n u m b e r and p e rc e n t­

age o f stocks unde r NMFS 

p u rv ie w  th a t a re  a b o v e , 

near, o r b e lo w  the  p o p u la ­

tio n  leve l tha t w o u ld  p ro ­

d uce  lo n g  te rm  p o te n t ia l 

y ie ld

O U I !  LI  VI  NT. O C E A N S

N um ber 

of stocks 

re lative to 

long-term  

po tentia l 

y ie ld  (LTPY)

73

62

45

23

Percentage 

o f stocks 

re lative to 

LTPY

36% 31% 11%

O  ©  Ô  o
22%

Status o f stocks B elow Near Above U nknow n

lubie 4 summarizes the classifications to r the 283 stock groups addressed in this 

report as being 13% underu tilized , 3P% fu lly  u tilized , 22%  overutilized, and 27%  un ­

know n. I his g roup ing  includes 80 stock groups ot nearshore resources that are under the 

purv iew  o f  coastal states. Exclud ing  nearshore resources, the rem ain ing  203 stock groups 

that are under N M l S purv iew  have heen classified as 15% underu tilized , 37%  fu lly  u t i­

lized, 27%  overutilized, and 210b unknow n  (Figure 6).

There is s till a h igh percentage of stocks, 21%  (in vo lv in g  43 out of 203 stock groups), 

whose degree of u tiliza tio n  is unknow n . T h e  m a jo rin ' o f these 43 unknow n  stock groups 

are found  in the Southeast Region, where assessments of coastal m ig ra to ry  species, reel 

fishes, and invertebrates are com plex and incom plete  because o f the huge d iversity of spe- 

I ies and fisheries. I his category also includes 7 stock groups from  U n it 18 in the Western 

Pacific Region, where the highly m ig ra to r)' species of tunas move long distances across 

m a il)’ nationa l ju risd ic tions, m aking assessment of stock u tiliza tion  d iff ic u lt.

I t
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N A T I O N A L  O V E R V I E W

D egree o f fisheries utilization o f the  resource

U n it n u m b e r and fis h e ry U nd e r Full O v e r Unk n o w n T ota l

1 Northeast demersal 0 7 16 2 25

2 Northeast pelagic 3 0 1 0 4

3 Atlantic anadromous 0 1 4 0 5

4 Northeast invertebrate 1 3 2 2 8

5 Atlantic highly m igratory pelagic C 2 7 1 10

6 Atlantic shark 0 1 1 1 3

7 Atlantic coastal m igratory pelagic 1 2 1 3 7

8 Atlantic, Gulf of Mexico, and Caribbean reef fish 1 3 10 14 28

9 Southeast drum and croaker 0 0 3 4 7

10 Southeast menhaden 0 2 0 0 2

11 Southeast and Caribbean invertebrate 0 7 2 5 14

12 Pacific Coast salmon 0 3 2 0 5

13 Alaska salmon 0 5 0 0 5

14 Pacific Coast and Alaska pelagic 2 5 0 0 7

15 Pacific Coast groundfish 5 10 2 2 19

16 W estern Pacific invertebrate 0 1 0 0 1

17 W estern Pacific bottom fish and armorhead 3 1 2 0 6

18 Pacific highly m igratory pelagic 5 2 1 7 15

19 Alaska groundfish (total) 9 16 0 2 27

20 Alaska shellfish 1 4 0 0 5

21 Nearshore 5 34 8 33 80

Subtotal of Units 1-20 31 75 54 43 203

%, of Subtotal

% of 160 "k nown" stock groups

15%

19%

37%

47%

27%

34%,

21 %,

Total of Units 1-21 36 109 62 76 283

% of Total

% of 207 "k nown" stock groups

13%

17%,

39%

53%

22%

30%

27%,

I here are 160 stock groups classified as being o f know n status that are under N M F S  

purv iew  (U n its  1 -20  in  Table 4). O t these, 34%  (%  out of 160 know n-status groups) are 

overutilized. The m a jo rity  o f these overutilized cases occurred m U n it 1 (16 stocks from  

the N ortheast demersal u n it) and U n it 8 (10 stocks of A tla n tic  and G u ii o f M exico reel 

fish). The rem ain ing stocks have been classified as 19% underu tilized  and 47%  fu lly  u t i­

lized, tor a com bined tota l of 66%  no t overutilized.

1 ">

Table 4

Status of utilization levels 

o f U.S. fisheries resources, 

1995-97.
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O U R  L I V I N G  O C E A N S

Figure  6

N um b e r and percen tage  of 

stock g roups  c lass ified  by 

th e ir s ta tus o f u tiliza tio n  fo r 

s to cks  u n d e r  N M FS  p u r ­

v iew .
N um ber

of stocks

Percentage 

of stocks

U tilization level 

o f stocks

15%

6
37%

Ô
27%

Ô
21%

Ô
Under Fully Over U nknow n

REGIONALAND SPECIES-GROUP SYNOPSES

Northeast Region

The  N ortheast Region’s fin  fish and invertebrates are grouped under demersal, pe- 

lagic, anadromous, invertebrate, h ig h ly  m ig ra to ry  pelagic, and nearshore resources. 1 heir 

com bined northeastern U.S. IT P Y  is 951,213 t (dable 5) ou t o f a tota l (U.S. and ( anada) 

IT P Y  o f  1 ,589 ,138  t fo r the reg ion . T h e  lo w e r U.S. LT P Y  reflects the sharing  o f 

transboundary resources w ith  Canada. T he  U.S. RAY totaled on ly  492,873 t, o r 52%  o f  

the U.S. IT P Y , because 29 species, p rinc ipa lly  g roundfish , are overutilized and below  the 

stock levels necessary to produce LTPY. T he  RAY ol 492,873 t excluded 300,000 t of 

menhaden that were taken in the Northeast. T h a t am ount has been added to the Southeast 

menhaden data (U n it 10) as it is an integral part o f the South A tla n tic  menhaden stock.

1 6
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N A T I O N A L  O V E R V I E W

Total p roductiv ity  (t) over the 

en tire  range o f s tock (U.S. and Canada)

P ro ra te d  p ro d u c tiv ity

T o ta l re c e n t T o ta l c u rre n t T o ta l lo n g -te rm (t) w ith in  th e  U.S EEZ

avera g e  y ie ld p o te n t ia l y ie ld p o te n t ia l y ie ld

U n it n u m b e r and  f is h e ry (RAY) (CPY) (LTPY) U.S. RAY U S LTPY

1 Northeast demersal 159,875 134,475 317,500 142,215 253,555

2 Northeast pelagic 158,500 711,550 701,700 121,300 462,000

3. Atlantic anadromous 9,408 9,208 9,208 9,408 9,208

4 Northeast invertebrate 130.500 109,300 138,000 127,200 133,900

5 Atlantic highly m igratory pelagic 352,800 315,470 348,300 18,300 18.100

21 Northeast nearshore resources 74.450 74.450 74,450 74,450 74,450

Total 885,533 1,354,453 1,589,158 492,873 951,213

1 he mixed-species ground fish  fishery has trad itio n a lly  been the most valuable
Table 5

, fo l- P ro d u c tiv ity  in m e tr ic  tons

lowed by Am erican lobster an 

as A tla n tic  cod, w in te r flo u n tf

d A tla n tic  sea scallop. Recreational fisheries fo r species 

er, A tla n tic  mackerel, striped bass, b luefish, and b lue fin

it) o f fish e rie s  resources o f 

th e  N o r th e a s t  R e g io n , 

t u n a  1995-97.

are also im p o rta n t to the region’s economy.

Principal g roundfish  and flounders in  the N ortheast, p a rticu la rly  cod, haddock, and 

ye llow ta il flounder, have been severely overfished, reaching record low  levels in  spawning- 

stock biomass in 1993—94, bu t thev have since begun to rebu ild .H D ogfish  ami skates, 

w h ich  increased in abundance beg inn ing  in the 1970's as ground fish  and flounders de­

clined, cu rren tly  com prise a substantial frac tion  of the to ta l fish biomass on Georges Bank 

and have supported larger catches in recent years. Since 1990, however, the ir abundances 

have also begun to decrease. Catches of o the r g roundfish have become more im p o rta n t in 

recent years as the preferred species con tinued  to decline in number. In 1994, the U.S. 

catch o f  goosefish exceeded the catch o f  A tla n tic  cod fo r the firs t tim e.

Five species, m a in ly  pelagic fishes, are presently underu tilized , and the CPY of the 

tw o most abundant o f these, A tla n tic  mackerel and herring, is about 355,300 t h igher than 

the ir com bined R A '). I he anadrom ous striped bass, driven to very low  levels o f  abundance

r I he haddock p o pu la tio n  started to  rebu ild  a round 1 9 94 -9 5 , and has heen im p ro v in g  steadily.

1 7
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O U K  L I V ' I N G  O C E A N S

in  the early 1980 s and subjected to severe catch restrictions beg inn ing  in the m id  1980’s, 

was declared fu lly  restored in early 199e). T he  region’s valuable crustaceans and bivalve 

m ollusks, both  offshore (e.g. Am erican lobster, sea scallop, surfclam , and ocean qttahog) 

and inshore (e.g. blue crab, oyster, b lue mussel, and hard and sohshell clam) are nearly all 

fu lly  o r overexploited.

M ost N ortheast Region fisheries are governed by F M P ’s tha t are e ither in place or 

under developm ent. Despite the goals of F M P ’s, overexp lo ita tion of the ir respective species 

has occurred in m any cases, and efforts to rebu ild  have generally not yet succeeded in fu lly  

restoring depleted stocks. S triped bass (managed since 1981 bv an A tla n tic  States M arine  

Fisheries Com m ission (A S M F C ) PM P). herring, mackerel, short-finned squid, and surfclams 

(managed by Federal FMP's) are the on ly  species to have fu lly  recovered from  overu tiliza tion . 

Both sum m er flounder and weakfish have experienced marked increases in abundance and 

reductions in fish ing m o rta lity  as a result o f regulatory constraints imposed by F M P ’s, 

a lthough target levels have not vet been )n ilv  achieved. A m endm ent 5 to the Northeast 

M ultispecies FMP, approved in M arch 199-t, was intended to l im it  com m ercia l fish ing  

e ffo rt on g roundfish  in  N ew  Fngland and b ring  recover}- w ith in  5—10 years. However, 

scientific  advice issued in August 1994, ind ica ting  that the Georges Bank stocks o f  cod, 

haddock, and ye llow ta il flounde r had collapsed or were in danger of collapsing, led to the 

Secretar}’ o f Com m erce approving, in  Decem ber 1994, an emergency closure o f portions 

o l Georges Bank and severely restric ting  fish ing  fo r haddock. In a d d ition , the New Fai- 

H e a d b o a t, B e im a r, N e w  gland Fishery M anagem ent C o u n c il (N F F M C ) developed and im plem ented A m endm ent
Jersey. ^

7 to the M ultispecies FM P  to fu rth e r reduce fish ing  m o rta lity  on these stocks by means of 

even stricter restrictions on fish ing. As a result, some rebu ild ing  has occurred fo r stocks on 

Georges Bank, bu t add itiona l restrictions are in the process of being im plem ented to achieve 

management objectives to r the cod stock in the G u ii of M aine. C oncurren tly , Canada has 

tightened contro ls on its groundfish  fishery on the eastern part o f Georges Bank to p ro ­

m ote stock rebu ild ing , and these meastnes have resulted i i i  im proved abundance in those 

waters.

A m endm ent 4 to the Sea Scallop FMP, im plem ented in  199-t, was intended to con­

tro l fish ing  e ffo rt bv l im it in g  the days at sea fo r each vessel, p lacing a m ora to rium  on new 

entrants, and im posing  a larger m esh-ring size fo r dredges. Since fish ing  m o rta lity  on sea 

scallops has remained well above the overfish ing level, fu rthe r measures fo r reducing e ffo rt 

and pro tecting  undersized scallops (closed areas in the M id -A tla n tic  area) are being devcl-

1 8
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oped. Some pro tection  o í scallops lias been achieved by the closure, since December 1 994, 

o f po rtions of Georges Bank to all fish ing  fo r the p ro tection  ot g round fish . A m endm en t 3 

to  the A S M F C  Am erican Lobster FMP, approved in December 1997, in troduced  e ffo rt 

con tro l and various other measures aimed at reducing the cu rren tly  high fish ing  m o rta lity  

on lobsters.

The  h igh ly  m ig ra to ry  pelagic species (U n it 3) are im p o rta n t com ponents o( domestic 

fisheries in the N ortheast and Southeast Regions, and fo r in te rna tiona l fisheries elsewhere 

in the A tla n tic  Ocean. For the purpose o f sum m ariz ing the in fo rm a tio n , they have been 

inc luded in the N ortheast Region. U.S. RAY is 3.2%  o f  the tota l RAY fo r these stocks over 

the range o f the ir d is tr ib u tio n . T he  western A tla n tic  b lue fin  tuna is well below  h isto ric  

popu la tion  levels. M arlins  (blue and w h ite ) and sailfish are below as w ell. Swordfish in  the 

N o rth  A tla n tic  is also below  the level that w ou ld  produce m axim um  long-te rm  yie ld . Yel- 

lo w fin  tuna, w h ich  accounts fo r 39%  o f  the to ta l RAY to r these stocks, is presently fu lly  

exp lo ited and near its m axim um  long-te rm  yie ld . Bigeye tuna exp lo ita tion  has recently 

increased, but curren t yields are not expected to be m ainta ined because they are about 20%  

above ITP Y .

Southeast Region

The  Southeast Region covers the G u lf o f  M exico, the Southeast A tla n tic , and the 

Caribbean Sea. Its im p o rta n t resources are A tla n tic  sharks, A tla n tic  and G u lf o f M exico 

coastal m ig ra to ry  pelagics, A tla n tic  and G u lf o t M exico reef fish, d rum  and croaker, m en­

haden. Southeast A tla n tic  and Caribbean invertebrates, h igh ly  m ig ra to ry  pelagic fishes (see 

the Northeast Region sum m ary), and nearshore resources. A  conservative estimate ol the 

tota l LTPY of fisheries resources is 1,303,342 t, and v ir tu a lly  all are available to the U nited 

States (Table 6). T he  Southeast RAY is 1,133,123 t o r 77%  ot the estimated Southeast 

LTPY.

Menhaden com prise about 74%  ot both  the U.S. LTP Y  and U.S. RAY in th is region.

Menhaden are considered fu llv  u tilized  in both  the G u lf o f  M exico  and A tla n tic  Ocean, 

w ith  some grow th  overfish ing occu rring  in  the A tlan tic .

Shrim p led the region’s fisheries in value, a lthough they are on ly  10% of the total
S h r im p  tra w le rs .  T a rp on

Southeast LTPY and RAY. T he  three m ajor species (brow n, w h ite , and p in k ) are considered S prings , F lo rida .

1 9



1999

O U R  L I V I N G  O C E A N S

Total p roduc tiv ity  (t) over the  en tire  range of stock

Total recent 

average yield

U nit num ber and fishe ry  (RAY)

6 Atlantic shaif 7,393

7 Atlantic coastal m igratory pelagic 15,454

8 Atlantic, Gulf o f Mexico, and Caribbean reef fish 25,737

9 Southeast drum  and croaker 33,623

10 Southeast menhaden 860,000

11 Southeast and Caribbean invertebrate 119,376

21 Southeast nearshore species 93,540

Total 1,155,123

---------------------------------------------------------- Prorated p roductiv ity

Total curren t Total long -te rm  (t) w ith in  the U S E EZ

po ten tia l yie ld  po ten tia l y ield

(CPY) (LTPY) U S RAY U S  LTPY

6,430 6,430 7,393 6,430

20,339 26,448 15,454 26,448

24,641 37,136 25,737 37,136

31,420 78,835 33,623 78,835

860,000 1,140,000 860,000 1,140,000

116,575 120,953 119,376 120,953

93,540 93,540 93,540 93,540

1,152,945 1,503,342 1,155,123 1.503,342

Table 6

P ro d u c tiv ity  in m e tr ic  tons 

(t) o f fishe ries  resources o f 

th e  S o u th e a s t R e g io n , 

1995-97.

fu ll} ' u tilized  in both the G u ii o l M exico  and A tla n tic . Yields are no t now  closely tied to 

sh rim p ing  e ffo rt— about half the curren t e ffo rt in  the G u ii cou ld  produce about the same 

long-te rm  average yield.

In fo rm a tio n  is incom ple te  on the status o l invertebrates o ther than shrim p. Spiny 

lobster o ff the southeastern U.S. coast is apparently overu iilized  and below the I I I ’V level. 

I lie recreational catch of spinv lobster is unknow n  hu t though t to he s ign ifican t. The 

Caribbean sp iny lobster status is uncerta in , but that species is possibly overutilized and 

experiencing grow th overfish ing. Stone crab appears to be fu lly  u tilized . Queen conch o ff 

the southeastern U.S. coast has been below the 1 I PY level fo r some tim e, despite a jo in t 

state-federal p ro tection  program .

Y e llo w ta il snapper, French- 
to w n  Harbor, U S. V irg in  Is ­
lands.

RAY for A tla n tic  sharks is less than 1% o f the tota l fo r the Southeast Region. H o w ­

ever, sharks are a vert' im p o rta n t com ponent of the ecosystem. Because of the ir low  repro­

ductive capacity, sharks are considered to be pa rticu la rly  vulnerable to overfishing. Large- 

coastal sharks (as a group consisting ol 17 species) mav be overutili/.ed, but the status ol 

each species is presentí}' unknow n . W hen managed in aggregate, it is like ly  that some stocks 

w ill be overfished w h ile  others w ill go underu tilized . Im provem ents in  data co llection  arc 

necessary before these stocks can be assessed more adequately on an ind iv idua l basis.

2 0
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Coastal m ig ra to ry  pelagic fishes account fo r 1.3%  o f  the Southeast RAY (Table 6). 

Spanish mackerel appear to be fu lly  u tilized  in both the G u lf  o f M exico and A tla n tic . K ing  

mackerel are below  the LTPY level in  the G u lf, where a stringent rebu ild ing  program  has 

been in place fo r the last several years. In  the A tlan tic , k ing  mackerel are unde ru tilized  and 

have the potentia l to produce add itiona l y ie ld. T h e  status of other coastal m ig ra to ry  pelagic 

species in  the region is unknow n.

Reef fish in  the Southeast Region inc lude over 200 stocks o f  more than 100 species 

cu rren tly  c o n tr ib u tin g  25 ,737 t in  fisher}’ yie ld. The degree o f  u tiliza tio n  and status relative 

to LTPY are unknow n  fo r m any o f these stocks, but several o f  the m a jo r species have been 

assessed. In the G u lf  o f  M exico, red snapper are overfished, and a rebu ild ing  plan has 

begun. RAY is about 40%  greater than CPY, w hich mav slow or impede stock recovery. 

T he  success o f  this rebu ild ing  program hinges p rim a rily  tin  the reduction  o f bycatch of 

juvenile  red snapper in the G u lf sh rim p  fishery. Red grouper appears to  be fu lly  u tilized  in 

the G u lf o f M exico. In  the A tla n tic , m any of the key species are considered overutilized 

(e.g. ve rm ilion  and other snappers, red porgy, several groupers, amberjacks, and jewfish). 

In the Caribbean, Nassau grouper and jewfish are considered overutilized; the status o f 

other species is unknow n.

T he status o f d rum , spot, croaker, seatrouts, and k ing fish  stocks, w h ich  con tribu te  

about 3%  o f the Southeast RAY, is largely unknow n. These species constitu te  the b u lk  of a 

bycatch that averaged 175,000 t d u rin g  the 1980's, when b illio n s  o f juveniles were dis­

carded annually. Bycatch has become a m ajor management issue, and efforts are underway 

to reduce bycatch th rough  new gear designs. Red d rum  harvests in  the U.S. E E Z  o f the 

G u lf  o f M exico and South A tla n tic  have been p roh ib ited , and harvests in state waters have 

been reduced fo r several years due to low  spawning levels. A ll ind ica tions are tha t recru it­

ment is increasing, and recovery is expected, a lthough no t necessarily in rhc im m ediate 

future.

As noted above, the h ig h ly  m ig ra to ry  pelagic species (U n it 5) are im p o rta n t com po­

nents of domestic fisheries in the Southeast and Northeast Regions, and fo r in te rna tiona l 

fisheries elsewhere in  the A tla n tic . In particu lar, the Southeast Region includes m ajor com ­

ponents o f the fisheries fo r swordfish, m arlins, sailtish and ye llow fin . However, for p u r­

poses of sum m ariz ing the in fo rm a tio n , these have been included in the N ortheast Region 

and were discussed in that section.

2 1

M ix e d  b y c a tc h  f r o m  a 
s h r im p  tra w l net, in c lu d in g  
ju v e n ile  red s n a p p e r and 
b lue  crab, Gulf o f M ex ico .
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U nit num ber and fishe ry

Total p roductiv ity  (t) ove r the en tire  range of s tocf

Total recent 

average yield 

(RAY)

Total current 

po ten tia l yield 

(CPY)

Total long-term  

po tentia l yield 

LTPY)

P ro ra te d  p ro d u c tiv ity

(t) w ith in  th e  U .S. EEZ

U S. RAY U S. LTPY

13 Alaska salmon 376,100 310.600 310,600 376.100 310,600

14 Alaska herring 45.500 55.200 55,200 45.500 55,200

19 Alaska groundfish

Eastern Bering Sea and Aleutian Islands 1.775,600 2,499.900 3,478.700 1,775,600 3,478,700

Gulf o f Alaska 211,922 548,770 452,980 211.922 452,980

Halibut (Alaska) 38,180 42.855 51,740 38.180 51,740

20 Alaska shellfish 52,131 52,131 1 13,218 52,131 113,218

21 Alaska nearshore species 10,200 10,200 10,200 10,200 10,200

Total 2,509,633 3,519,656 4.472,638 2,509,633 4.472,638

Table 7

P ro d u c tiv ity  In m e tric  to n s  

(t) o f fish e rie s  resources of 

the  A laska R egion, 1995-97.

P u rs in g  a s a lm o n  s e in e , 
D u lch  Harbor, A laska.

Alaska Region

Thu  Alaska Region dom inates in the tonnage o t fisheries resources tha t could he 

obta ined in  the long term  lo r the U n ited  States. Its m ajor resources are Pacific salmon, 

g round fish . Pacific ha libu t, shellfish, and herring. I he ir com bined U.S. 1 T P \ is 4 ,4 72,63S 

t ( fable 7). T he  resources are generally healthy, w ith  regional C PY 22%  below  1,1 PY. 1 he 

U.S. RAY has been steady at about 2 ,510 ,000  t, o r 4 4 uo below UT PY. Catches are substan­

tia lly  below  the long-term  potentia l because many o f  the resources, pa rticu la rly  fla tfish 

species, are underu tilized .

Alaska's salmon stocks have generally produced bum per harvests in recent years, al­

though some stocks have been dow n. 1 he IvAY ol 376,100 t is actually 21%  above 1.1 PY, 

because re tu rn ing  salmon runs have been pa rticu la rly  successful. Five species of Pacific 

salmon (ch inook, coho, sockeve, p ink , and chum ) con tr ibu te  to the catch.

The  developm ent o f domestic g roundfish  fisheries o ff Alaska has been a great success 

under the M S h C M A . U n til its im p lem en ta tion  in 1077, Alaska’s g roundfish  fisheries, ex­

cept lo r Pacific ha libu t, were dom inated bv foreign fishing. Then, w ith in  a few years under 

the new management regime, the U.S. fishery largely replaced the foreign fish ing  fleets.
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Total p roductiv ity  (t) ove r the en tire  range of stoe l

Total recent Total current Total long-term

P ro ra te d  p ro d u c tiv ity

(t) w ith in  th e  U S. EEZ

Unit n u m b e r and fishe ry

a v e ra g e  y ie ld  

(RAY)

p o te n tia l y ie ld  

(CPY)

p o te n tia l y ie ld  

(LTPY) U S RAY U S LTPY

12 Pacific Coast salmon 17,304 33,312 33,312 17.304 33,312

14 Pacific Coast pelagic 108,000 279,000 400,000 67.000 293,200

15 Pacific Coast groundfish 353,264 395.953 462,800 268.085 391,796

19 Halibut (Can., Wash , Oreg , and Calif ) 8,280 8,885 8,885 570 865

21 Pacific Coast nearshore species 133,090 133,090 133,090 133,090 133,090

Total 619,938 850,245 1.038.087 486,049 852,263

For the Eastern Bering Sea and A leu tian  Islands groundfish , RAY is 1,775,600 t (Table 

7), 40%  below LTPY. The m a jo r species groups harvested are walleye po llock, Pacific cod, 

flatfishes. A tka  mackerel, rockfish, and sablefish. Greenland tu rb o t and sablefish are below 

LTPY levels. A ll fla tfish  species are high in  abundance and in excellent co n d ition . Walleye 

po llock and Pacific cod abundances are m uch lower than the ir recent h igh levels, bu t arc- 

s till close to the levels that w ou ld  produce LTPY.

Table 8

P ro d u c tiv ity  in m e tr ic  to n s  

(t) o f fish e rie s  resources o f 

th e  P a c ific  C oast R eg ion , 

1995-97.

For G u ii o l Alaska g roundfish , RAY is 211,622 t, 53%  below LTPY. T he m ajor spe­

cies groups harvested include walleye po llock. Pacific cod, sablefish, flatfishes, and slope 

rockfish. Walleve po llock, sablefish and slope rockfish are below the ir respective IT IA  

levels. Pacific cod and thornyhead rockfish are high in abundance, and the status o l the 

rem ain ing  groundfish  stocks is unknow n .

In add ition  to the general g roundfish  com plex, Pacific ha libu t is a g roundfish  species 

that has supported an im p o rta n t trad itiona l fishery lo r both the U n ited  States and Canada. 

This resource is h illy  u tilized  and managed by the In te rna tiona l Pacific I la lib u t C om m is ­

sion. Abundance has been stable since 1693.

Pacific herring  stocks are p roduc ing  about 45 ,500 t, perhaps s ligh tly  below the ir 

lT P Y ’s. Three shellfish resources, Tanner crab, k ing  crab, and sh rim p  are below  the ir LTPY
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levels, w ith  a com bined IvAY 84%  below  the ir long-te rm  potentia l. Snow crab stocks are in 

good co n d ition , bu t the RAY has decreased substantia lly  since the early 1990’s.

Pacific Coast Region

.«a  * r

C om m erc ia l t ro lle rs  o ff Pt. 
Año N uevo, C a lifo rn ia .

Pacific Coast fisheries resources have a prorated U.S. LTPY of 852,263 t (Table 8). 

The m ajor species are Pacific salmon, coastal pelagic fishes, g round fish , Pacific ha libu t, and 

nearshore resources. T he  to ta l U.S. R A \ is 6 1 9,938 t o r 73%  of LTPY. T he  lower RAY is 

due m a in ly  to u nde ru tiliza tion  of some species and to low  abundance of some stocks. M ost 

stocks are either fu lly  u tilized  or overutilized.

A ll five salmon species are fu lly  o r overutilized. T he RAY of 17,304 t is 52%  o f its 

I I PY. Depressed p roduc tion  is p a rtly  due ro generally unfavorable ocean cond itions  fo r 

salmon o ff the Pacific Coast since the late 1970's and o ther factors such as habitat degrada­

tio n . Some stocks arc depleted and have triggered ESA designations and status reviews.

Coastal pelagic fishes typ ica lly  fluctua te  w ide l) in abundance, and m ost stocks arc- 

low in abundance relative to historical levels and are fu lly  utilized. T he  tota l RAY of 1 08,000 

t is o n ly  27%  o l LTPY. t he Pacific sardine popu la tion  has been increasing a lte r decades of 

low  abundance levels and now  accounts fo r 52%  o l the U.S. RAY fo r coastal pelagic fishes. 

Jack mackerel and northern  anchovy are underu tilized .

The g roundfish  fishery harvests a vast array of b o tto m -d w e llin g  species from  Wash­

ing ton  to C a lifo rn ia . T he to ta l RAY of 353,264 t is 76%  of LT PY. T he  difference between 

RAY and LTPY is due to a varie ty  of factors, in c lu d in g  the d iversity of th is fishery com plex. 

Some species are overexploited, some have experienced periods of low  recru itm ent, and 

some are underu tilized . Despite being below LTPY, Pacific w h it in g  dom inates the com ­

mercial U.S. RAY, accounting fo r 78%  o f the west coast groundfish  catch. Rockfi,sites and 

lingcod also support popu lar recreational fisheries. C erta in  stocks, sueli as Pacific ocean 

perch, need to be re b u ilt fo llo w in g  ove ru tiliza tio n  and a period  o f poor recru itm en t. 

S hortbe llv  rockfish is underu tilized  because of a lack o l market.

Pacific Coast shellfish resources are diverse anti im po rtan t both  com m ercia lly  and 

recreationally. Shrim p, crab, clam, and abalone fisheries are relative ly small in terms of

'J  I
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Total p roductiv ity  (t) over the en tire  range o f stock

Total recent 

average yield

Total current 

po tentia l yield

Total long-term  

po tentia l yield

P ro ra te d  p ro d u c tiv ity

(t) w ith in  th e  U S. EEZ

U n it num ber and  fis h e ry (RAY) (CPY) (LTPY) U.S RAY U S LTPY

16. W estern Pacific invertebrate 109 160 222 109 222

17 W estern Pacific bottom fish and armorhead 492 470 2,802 492 2,802

18 Pacific highly m igratory pelagic 2,049.418 3,439,825 3,435,031 253,606 253,1 16

21 W estern Pacific nearshore species 1,420 1,420 1,420 1,420 1,420

Total 2,051,439 3,441,875 3,439,475 255,627 257,560

tonnage landed, b lit  they con tribu te  substantia lly  to the value o f the fisheries, due to the 

high prices they com m and. M ost shellfish species are fu lly  u tilized .

Recreational fisheries are im portan t along the Pacific ( .’oast and especially so in southern 

C a lifo rn ia . A w ide  variety of species is taken, and the recreational catch of some greatly 

exceeds the com m ercial catch. M a n y  are nearshore resources. Ciamefishes such as albacore, 

b illtishes, rockfish, and salmon are h ig h i}’ prized. Recreational crabbing, clam d igg ing , and 

abalone d iv in g  activities are also s ign ifican t.

Table 9

P ro d u c tiv ity  in m e tr ic  to n s  

(t) o f f is h e rie s  resources o f 

th e W e ste rn  Pacific  R egion, 

1995-97.

Western Pacific Region

The  vast area that encompass this region stretches across the central and western 

Pacific and includes the H aw aiian Islands and the U .S .-a ffilia ted  islands of A m erican Sa­

moa, Guam , and the N o rth e rn  Marianas (F igure 1). These are trop ica l and subtropical 

island waters w ith  a large d ivers ity  ot species but relatively low  sustainable yields due to 

lim ite d  ocean nutrien ts . T ho u g h  the m agnitude of the fisheries may be relative ly small 

(U.S. RAY and U.S. LTPY  are on ly  s ligh tly  above 250,000 t: Table 9) when compared to 

certain larger m ain land fisheries, they are valued h igh ly  and are im p o rta n t cu ltu ra lly  and 

socially in H aw aii and the Pacific islands. A dd itiona lly , certain transboundary fisheries 

ho ld  considerable in te rna tiona l interest, w ith  high collective im portance and value to Pa­

c ific  R im  nations and U.S. fleets fish ing  w ith in  and beyond the U.S. EEZ. Fishery re­

sources include h igh ly  m ig ra to ry  pelagic fishes, bottom fishes, nearshore reef fishes, and
F ish  s u rv e y . R ose A to l l ,  
A m e rica n  Sam oa.
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invertebrates. T he  region also supports protected species such as the H aw aiian m onk seal, 

sea turtles, whales, and do lphins.

The  h ig h ly  m ig ra to ry  stocks (tunas, b ill Fishes, swordfish, sharks, and others) range 

the h igh seas, often beyond ITS. fisheries management ju risd ic tion . Tunas are the m ajor 

catch com ponent and m igrate across m u ltip le  ju risd ic tions in the Pacific. The  com bined 

LTPY o f  these stocks th roughou t the ir m ig ra to ry  range is 3,435,031 t, w h ile  the prorated 

U.S. LTPY is on ly  about 7 .5%  o f  that. O f  the 1 5 stock groups o l h ig h ly  m ig ra to ry  pelagic 

fishes, 1 1 stocks are near the levels tha t w ou ld  produce the ir l.T P Y ’s, 1 is below L I PY (blue 

m arlin ), 2 are above (ye llow fin  and skip jack in the central-western Pacific), and 1 (pelagic 

sharks) is o l unknow n status. Together, these stocks account fo r 90%  o l the region’s RAY in 

tonnage and support some o l the most valuable fisheries in the w orld .

Western Pacific bottom fishes (snappers, jacks, grouper, emperors) are harvested lronr 

a variety o f  rock and coral habitats around H aw aii and western Pacific islands. A bou t 90%  

of the catch is taken in the M a in  H aw aiian Islands, where stock assessments ind icate some 

im p o rta n t species are o n ly  at 1 0 -3 0 %  o l o rig ina l stock levels in  some areas. But when the 

resources are considered across the region, the U.S. RAY ot 492 t is o n ly  18% o l L Í PY, 

m a in ly  because stocks in the N orthw estern  H aw aiian Islands, Am erican Samoa, and the 

M ariana Islands are underu tilized .

Pelagic armorhead was harvested Irom  1968 to the late 1980's o r early 1990’s by 

foreign fleets on the sum m its and slopes o f submerged seamounts along the southern hm - 

pero r-no rthe rn  Hawaiian Ridge. O f  these undersea m ounta ins, the o n ly  group under U.S. 

ju risd ic tio n  is the H ancock Seamounts (representing less than 5%  ot the to ta l fish ing  

grounds). F ishing there has been p roh ib ited  since 198u, to a llow  the stock to recover a lter 

fore ign catch rates declined to low  levels. T he  U n ited  States has never fished pelagic 

arm orhead, bu t because o f  its fishery po ten tia l, the resource is regulated under a Seamount 

G round fish  FMP.

T h e  m o s t  im p o r t a n t  i n v e r te b ra te  f isher ies  i n  th e  W e s te rn  P a c i f ic  R e g io n  are l o r  s p in y  

a n d  s l ip p e r  lobs te rs .  T h e y  are p r i m a r i l y  f ished  in  th e  N o r th w e s t e r n  H a w a i ia n  Is lands. I his 

f is h e ry  began in  1 9 7 7  a n d  reached its peak  d u r i n g  th e  m id  1 9 8 0 ’s, b u t  i t  has s ince  d e c l in e d .  

T h e  p r i m a r y  cause o f  th e  d e c l in e  is t h o u g h t  to  be a genera l  r e d u c t io n  in  lo b s te r  p r o d u c t i v ­

i t y  a n d  r e c r u i t m e n t  s ince  1 9 8 9 ,  s t e m m in g  I r o m  m esosca le  o c e a n o g ra p h ic  changes. S ince

L’ (S



1 9 9 9

N A T I O N A L  O V E R V I E W

1 991. a lim ited  en try  and harvest gu ideline regulatory regime has been im plem ented, w hich 

has allowed some recover}' in the fishery. The lobster tota l RAY o l 109 t is 49%  o l LTPY.

Nearshore Resources

In th is report, nearshore fishery resources are those coastal and estuarine species u n ­

der the contro l o l coastal states and lo r w h ich  N M F S  does not have d irect responsibility.

M a n y  o f  these species provide the basis to r loca lly  im p o rta n t com m ercia l and recreational 

fisheries. T hey vary w ide ly  in species d ivers ity  and abundance. M any are h igh ly  prized 

gamefish. O thers are small fishes used to r bait, lood, and industria l products. Those ot 

greatest interest include invertebrate species like  crabs, shrimps, abalones, clams, scallops, 

and oysters.

Because it is d if f ic u lt  to  assess the co n d itio n  o f  m any o f  the N a tio n ’s nearshore re­

sources, a high percentage are o f unknow n  status. N o firm  estimates exist to r LTPY  or (IPY.

Thus, the RAY o l 312,700 t (Table 1) has been used to  indicate m in im u m  am ounts tor 

C PY  and LTPY. T he  R A \ itself may have been underestimated due to incom plete landings 

in fo rm a tio n , and it excludes landings o f large-scale nearshore fisheries like  anchovy, sar­

dine, herring, and invertebrate resources, w h ich  are reported in  o ther units.

Because the com position  o l nearshore resources is diverse and management is spread 

o u t am ong the m any coastal states and o ther local authorities, a comprehensive treatm ent R azor c la m  s h e ll, P a c ific  

o f  them  has not been attem pted in  this report. U n it 21 presents in fo rm a tio n  on the more 

s ign ifican t species and the ir general status.

Marine Mammals

T he  M arine  M am m al Protection A ct Am endm ents o l 1994 (Public Law 103-238) 

require the Secretary o f Com m erce and the Secretary o f  In te rio r to develop stock assess­

m ent reports (SAR ’s) to r all m arine m am m al stocks tha t are found w ith in  U.S. waters. 

N M F  S is responsible to r assessing and managing stocks o f  whales, do lph ins, porpoises, 

seals, sea lions, and fu r seals. USFW S has au th o rity  over stocks o t Pacific walrus, Alaska 

polar bear, Alaska and Pacific C .oast sea otter, and West Ind ian  manatee.
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Table 10

S tatus and trends of m arine  

m a m m a ls  and sea tu rtles , 

1995-97.

U nit num ber, area, and species

N um ber

of stocks S tra teg ic Endangered Threatened D eple ted

22 Alaska marine mammals 33 10

23 Pacific Coast and Hawaii marine m ammals 55 11

24 Atlantic Coast and Gulf of M exico marine m am m als 57 26

Total 145 47 23

25 Atlantic and Pacific sea turtles 13

The  1994 Am endm ents require N M F S  to include, am ong o ther th ings, in fo rm a tio n  

on how  a stock is defined, a m in im u m  abundance estimate, the stocks curren t and m axi­

m um  net p ro d u c tiv ity  rate, curren t popu la tion  trend, a calculation of po ten tia l b io logical 

removal (PBR), assessment o l whether inc identa l fishery takes are “ ins ign ifican t and ap­

proaching zero m o rta lity  and serious in ju ry  rate,” and an assessment ol w hether the level ol 

human-caused m o rta lity  and serious in ju ry  is like ly  to  reduce the s to rk  to below  o p tim u m  

sustainable popu la tion  (OSP) o r w hether the stock should be classified as a strategic stock. 

Strategic stocks are those that are listed as endangered or threatened under the ESA or 

dec lin ing  and like ly  to be listed in the foreseeable future, those designated as depleted 

under the M M P A  (i.e. below  OSP), and those lo i w h ich  human-caused m o rta lity  exceeds 

the PBR. SAR ’s are to be reviewed annua lly  lo i strategic stocks and lo i stocks to r w hich 

new in fo rm a tio n  is available, and at least once every 3 tears to r all o ther stocks.  T he  1994 

A m endm ents also require that take reduction teams in vo lv in g  user groups and env iron ­

mental groups be form ed lo r each strategic stock and charges them w ith  developing plans 

Bearded seal, A laska. to reduce takes to below the PB R ’s.

N M F S  SAR ’s are produced fo r three regions and more than 143 stocks— Alaska (33); 

the Pacific Ocean, in c lu d in g  I law aii (33); and the A tla n tic  Ocean, in c lu d in g  the G u ii of 

M exico  (37). C urren tly , 47 m arine m am m al stocks are classified as strategic (Table 10). 

These inc lude stocks tha t are considered depleted (2) under the M M P A , listed as th rea t­

ened (2) and endangered (23) under the ESA, 1 3 stocks fo r w h ich  the tota l annual m o rta l­

ité  equals o r exceeds PBR, and 46 stocks lo r w h ich  popu la tion  status or fisheries related 

m o rta lity  is uncerta in. A lth o u g h  e xp lic itly  excluded from  U.S. management under the 

PBR section ol tlte M M P A , 2 ol 10 stocks of eastern tropical Pacific do lph ins are listed as 

depleted.

2 a
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There are su ffic ien t long-te rm  popu la tion  data to assign trends fo r o n ly  IS stocks 

(12% ), w ith  the rem ain ing  stocks undeterm ined. W here reliable in fo rm a tio n  is available, 3 

are dec lin ing, 6 are stable, and 9 are increasing. Alaska has 13 o f  33 stocks that are o fD O

know n status. T he  A tla n tic  Ocean and G u lf  o f  M exico have o n ly  6 stocks o f  know n sta­

tus— the harbor, gray, harp, and hooded seals, harbor porpoise, and the western N o rth  

A tla n tic  coastal stock o f  bottlenose d o lp h in . Upwards o f  33 pu ta tive  stocks o f  bottlenose 

do lph ins in G u lf o f  M exico  estuaries, bays, and sounds are o f  indeterm inate  status. There 

are insu ffic ien t data to assign an abundance trend to any Pacific Ocean o r H aw aiian m arine 

m am m al stock.

Sea Turtles

Six species o f  sea turtles regularly spend all o r part o f  the ir lives o f f  the U.S. A tla n tic  

and Pacific Coasts and in U.S. te rrito ria l waters o f the Caribbean Sea and western Pacific 

Ocean. A ll sea turtles are listed e ither as endangered or threatened under the ESA (Table 

10). T he  Kem ps ridley, haw ksbill, and leathcrback are listed as endangered th roughou t 

the ir range. The loggerhead and olive rid ley are listed as threatened th roughou t the ir U.S. 

range, as is the green tu rtle , except the F lorida nesting popu la tion , w h ich  is listed as endan­

gered.

T he  large Pacific green tu rtle  p opu la tion  at French Frigate Shoals in  the Hawaiian 

Islands is though t to be increasing, bu t there is co n tin u in g  concern about fib ropap illom a , 

a tumor-associated disease. Leatherbacks are seriously dec lin ing  on the ir m a jor nesting 

beaches th roughou t the Pacific. T he  collapse o f  these nesting popu la tions is due to the 

inc identa l m o rta lity  from  fish ing  and d irect harvest o f adults and eggs.

Several d is tinc t loggerhead popu la tions have been iden tified  fo r the A tla n tic  and G u lf 

o f  M exico. The southern F lorida nesting popu la tion  appears to be increasing; in contrast, 

the popu la tion  tha t nests no rth  o f  ( 'ape ( anaveral th rough N o rth  C Carolina is dec lin ing. In 

the western N o rth  A tla n tic  and G u lf o f M exico, the K em p’s rid ley popu la tion  appears to be- 

in  the earliest stages o f  recovery. T h is  can be a ttribu ted  to the fu ll p ro tection  o f  nesting 

turtles and the ir nests in M exico and the requirem ent to use tu rtle  excluder devices in 

sh rim p trawls.
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A lth o u g h  much progress has heen made towards e lim in a tin g  the k ill in g  ot sea turtles 

in  sh rim p and sum m er flounder traw l gear, there continues to he a problem  Irom  longlines, 

d rihne ts , and gi 11 nets Irom  o ther fisheries.

RECENT TRENDS

Successive editions ol O u r L iv in g  Oceans have sought to m a in ta in  consistency in  the 

way stocks are classified and in the way data are reported, and theretore to provide a basis 

to r exam in ing  overall trends in the degree o f  u tiliza tio n  ot fishery resources. A n  exam ina­

tion  ol recent trends is presented here by com paring  the data reported in 01.0  92  and 

0 L 0  99. Since these ed itions generally perta in to stock status averaged over 1988 -90  and 

1 995 -97 , respectively, the comparisons provide an idea ol trends over a 7- to 9-year tim e 

trame. Readers w ish ing  to obta in  more detailed accounting  o t in terannual changes fo r 

stocks o t interest should reter to the reference sources listed at the end o t each un it.

Stock Level Status and Degree of Utilization

The degree ot fishery u tiliza tio n  (underu tilized , fu lly  u tilized , o r overutilized) shows 

how  the level o t fish ing  e lfo rt exerted on the resource compares to the level necessary to 

achieve LTPY. In  general, management actions'“should seek to prevent changes that w ou ld  

cause the u tiliza tion  level to  worsen (go from  underu tilized  or fu lly  u tilized  to ove ru ti­

lized), and should encourage changes that w ou ld  reverse ove ru tiliza tion  (go trom  ove ru ti­

lized to fu lly  utilized or underu tilized ). By 1999 (not coun ting  nearshore resources for 

w h ich  N M K S  does not have p rim a ry  m o n ito r in g  responsibilities), the status ol 17 stocks 

im proved, changing from  overutilized to fu lly  u tilized  ( + 16) o r underu tilized  (+1) (Tahle 

1 1 ). Those im p rov ing  were po llock, ye llow ta il flounder, haddock, and red fish in the N o r th ­

east Region; Spanish mackerel in the L iu li ol M exico and A tla n tic  (2 stocks); A tla n tic  

menhaden; p ink , brow n and w h ite  shrim p in the C u lt of M exico  and A tla n tic  (6 stocks); 

p ink , sockeye, and chum  salmon o ti the Pacific Coast; and albacore in the N o rth  Pacific. 

N in e  stocks experienced changes in the opposite d irection , from  under- or fu lly  u tilized  to 

overutilized: red hake, sp iny dogfish, silver hake, w indow pane flounder, black sea bass, and

I lie actual management actions taken hy the regional lich e n  management councils  aie lin ked  to the ir own 

technical d e fin itio n s  n( ove rfish ing  and overiishetl status, w h ich  do not alwavs correspond to the lichen ' 

u t i l i /a n o n  and stock level status used in O u r  l i v i n g  ( h a n v .

,i 0
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T o ta l n u m b e r o f s to c k s  b y  N u m b e r o f s to c k s  b y  d e g re e

d e g re e  o f f is h e ry  u tiliz a tio n  in O L O  '9 2  o f f is h e ry  u tiliz a tio n  in O L O  9 9

__________________________________________  ___________________________________________________________________  Table 11

C hange in degree o f fish e ry

D e g re e  o f O ve r Full U n d e r U n k n o w n  u tiliz a tio n  (above ) and in

f is h e ry  u tiliza tio n  (and (and (and (and stock level sta tus re la tive  to

(1992) T o ta l ch an g e ) c h a n g e ) ch an g e ) ch an g e ) i_TPY (be low ) be tw een  OLO

‘92  and OLO ‘99 (U n its  1 -

Over 59 42 (-17) 16 (+16) 1 (+1) 0 (01

Full 56 6 (+6) 41 (-15) 7 ( + 7) 2 ( + 2)

Under 26 3 ( + 3) 4 (+4) 18 (-8) 1 (+1)

Unknown 47 3 ( + 3) 8 ( + 8) 3 (+3) 33 (-14)

Total 188 54 (-5) 69 (+131 29 (+3) 36 (-11)

To ta l n u m b e r o f s to c k s  b y  s to c k - 

leve l s ta tu s  re la tiv e  to  LTPY in O L O  '92

N u m b e r o f s to c k s  by s to c k - 

leve l s ta tu s  re la tiv e  to  LTPY in O L O  '99

S to ck - 

leve l s ta tu s  

(1992) T o ta l

B e lo w

(and

change )

N ear

(and

change )

A b o v e

(and

ch an g e )

U n k n o w n

(and

change )

Below 56 49 (-7) 5 ( + 5) 2 ( + 2) 0 IO)

Near 64 14 (+14) 42 (-22) 7 ( + 7) 1 (+1)

Above 25 4 ( + 4) 5 ( + 5) 14 (-11) 2 ( + 2)

Unknown 43 4 (+4) 5 ( + 5) 1 (+1) 33 (-101

Total 188 71 (+15) 57 (-7) 24 (-1) 36 (-7)

Table shows the number of stocks in each OLO 92  category (over, full, under, below, near, above, and unknown) that have 

stayed in the same category or shifted to a different category in OLO '99 These comparisons can be interpreted as changes 

between the late 1980's and the mid 1990's Stocks not appearing in both OLO ‘92  and OLO '99  are not included in this 

sum m ary Entries of "variable by river" from  OLO ‘92 for alewife, American shad, and sturgeons (Unit 3} have been inter­

preted as overutilized and below  LTPY in OLO '99

bluefish in the N ortheast Region; and albacore, blue m ad ia , and bigeye tuna in the N o rth  

east and Southeast Regions. In aggregate, then, the changes in u tiliza tio n  levels were posi­

tive d u rin g  this tim e  period, resulting in a net reduction in the num ber ol overutilized 

stocks. In terms o f  sc ien tific  understanding, the u tiliza tion  level became know n fo r 14
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stocks tha t were previously classified as unknow n . I his is in contrast to on ly  3 stocks whose 

u tiliza tio n  level was reclassified as unknow n .

The  stock level relative to I T P Y  shows how  the stock size compares to the level ol 

abundance w hich on average w ou ld  support the LTPY harvest. In  general, management 

actions should prevent stocks from  fa lling  below 1 I PY, or rebuild  them (i.e. to  change 

from  below  LTPY to near o r above LTPY). In terms of stock level relative to LTPY, 7 stocks 

changed status from  below LTPY to near or above LTPY: po llock in the N ortheast Region, 

A tla n tic  menhaden, G u lf of M exico p in k  shrim p. Pacific sardine, N o rth  Pacific albacore, 

thornvhead rockfish in  the ( iu l f  o f Alaska, and western Pacific spiny and slipper lobsters. 

In contrast, 18 stocks changed status from  near o r above Id  PY to  below IT P Y : A tla n tic  

cod, w indow pane flounder, sp iny dogfish, red hake, w h ite  hake, b luefish, sea scallop, alba­

core, and bigeye tuna in the Northeast Region; coho salmon, Pacific w h it in g , sablefish, 

w id o w  rockfish, canary rockfish, and ve llow ra il rockfish o ff the Pacific Coast (O regon- 

Vancottver Island); Tanner crabs o ff Alaska; and sablefish in  the Lastern Bering Sea and 

A leu tian  Islands and C u lf  o f  Alaska (2 stocks). Lite status of 10 stocks was reclassified as 

know 'll, compared to 3 stocks that were reclassified as unknow n.

S h o r ts p in e  ih o rn y h e a d
rock fish , N ew port, O regon. Changes in the degree of u tiliza tion  by the fishery can occur more rap id ly  than changes

in stock status relative to LTPY. Lor example, a fishery can be regulated such that the stock’s 

classification changes fron t overutilized to underu tilized  in a single year by restric ting  the 

num ber o f  days-at-sea o f  fish ing  vessels, by closing large areas to fish ing, o r by o ther regu­

lators' measures, l i i  contrast, a llow ing  a stock to rebu ild  from  below to above LTPY can 

take many years, depending on the stock’s in tr in s ic  natura l capacity to  grow', on its in itia l 

level o f  dep le tion , and on the regulatory measures pu t in place d u rin g  the rebu ild ing  p ro ­

gram. S im ilarly , de terio ration  in stock status from , fo r example, near to below I I IA  is a 

process that cannot alwavs be halted instantaneously.

In a d d ition , changes in how  stocks are classified in terms o f  popu la tion  status and 

u tiliza tio n  by the fishery can be due to im proved sc ientific  understanding o l the ir long­

term potentia l and o f how  fish ing  affects stock abundance over tim e. Lven though N M F S  

has intended to use terms like IT P Y  in a consistent manner in every ed ition  o f  O u r L iv ing  

Oceans, ou r a b ility  to quantify ' LTPY improves as we accumulate more b io log ica l and fish­

ers' in fo rm a tio n , w hich can result in substantive changes. For example, the two stocks that 

experienced the largest positive and negative changes in estimates of Id  PY between O IO

:t 2



1 9 9 9

N A T I O N A L  O V E R V I E W

U S RAY U S RAY Change Change

Unit num ber and fishe ry ' O L O  '92  OLO '99 (t) (%)

1 Northeast demersal 170.221 142,215 -28,006 -16%

2 Northeast pelagic 101,100 121,300 20,200 20%

3 Atlantic anadromous 3,773 9,408 5,635 149%

4 Northeast invertebrate* 129,400 126,200 -3,200 -2%

5 Atlantic highly m igratory pelagic 16,512 18,300 1,788 11%

6 Atlantic sharks 9,530 7,393 -2,137 -22%

7 Atlantic coastal m igratory pelagic 15,838 15,454 -384 -2%

8 Atlantic, Gulf of Mexico, and Caribbean reef fish 35,186 25,737 -9,449 -27%

9 Southeast drum and croaker 25,808 33,623 7,815 30%

10 Southeast menhaden 920,000 860.000 -60.000 -7%

11 Southeast and Caribbean invertebrate 126,960 119,376 -7,584 -6%

12 Pacific Coast salmon 43,360 17,304 -26,056 -60%

13 Alaska salmon 318,104 376,100 57,996 18%

14 Pacific Coast and Alaska pelagic 120,400 106,500 -13,900 -12%

15 Pacific Coast groundfish 288,538 268,085 -20.453 -7%

16 W estern Pacific invertebrate 395 109 -286 -72%

17 W estern Pacific bottom fish and armorhead 558 492 -66 -12%

18 Pacific highly m igratory pelagic 430,061 253,606 -176,455 -41%

19 Alaska groundfish (total) 1,903,324 2,026.272 122,948 6%

Eastern Bering Sea and Aleutian Islands 1,661,766 1,775.600 113,834 7%

Gulf of Alaska* 202,308 21 1,049 8,741 4" i

Pacific halibut (less Canada) 39,250 38,750 -500 -1%

20 Alaska shellfish 123,821 52,131 -71,690 -58%

21 Nearshore 225,185 312,700 87,515 39'%

Total 5,008,074 4,891,432 -116,642 -2%.

'Som e stocks w e re  listed under d iffe ren t units in 1992 Unit group ings correspond to  OLO '99

•Som e stocks w ere  not listed in both reports  For com parability, these RAY totals exclude the fo llow ing  red crab, Unit 4. 1999, butterfish . Unit 

10, 1992, Pacific herring. Unit 14, 1999, Atka mackerel, Unit 19 (Gulf o f Alaska). 1999

92  and O LO  99  were rock sole in the Eastern Bering Sea (a 285,000 t increase) and Pacific 

cod in the G u i) o f  Alaska (a 321,000 t decrease). In  some cases, changes in estimates of 

LTPY coincide w ith  changes in status classification. A n  example is w indow pane flounder 

in the N ortheast Region, fo r w h ich  an in it ia l LTPY value of 3,000 t fo r O LO  92  and O LO

93 was provisional, based on h istorica l landings. In O LO  '03, LTPY  was estimated to be 

much lower (2,100 t), and at the same tim e the stock status classification changed from  

near LTPY to below LTPY.

Table 12

C om p a riso n  o f U.S. recent 

average  y ie ld  (RAY) in m e t­

ric to n s  (t) repo rted  by OLO 

'92 and OLO '99.
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Stock Region

Unit

num ber

U S. re c e n t 

average yield 

(RAY) 

OLO 92

U S. recent 

average yield 

(RAY) 

OLO 99

Change

(t)

Change

(% )

S tatus relat 

to  long-ter 

po ten tia l yi 

(LTPY)

Tanner (including snow) crabs Alas) a 20 109,910 41,910 -68,000 -62% Below

Atlantic cod Northeast 1 58,600 15,200 -43,400 -74% Beiow

Bluefish Northeast 2 25,100 11,200 -13,900 -55% Below

Sea scallop Northeast 4 16,100 7,100 -9,000 -56% Below

Yellowtarl flounder Northeast 1 9,200 2,400 -6,800 -74% Below

Jack mackerel Pacific Coast 14 8,766 2,000 -6,766 -77% Above

Coho salmon Pacific Coast 12 7,944 1,421 -6,523 -82% Below

Pollock Northeast 1 9,300 3,800 -5,500 -59% Near

Scup Northeast 1 7,400 3,300 -4,100 -55% Below

Northern anchovy Pacific Coast 14 7,997 4,000 -3,997 -50% Near

Porgies (Gulf of Mexico) Southeast 8 3,798 125 -3,673 -97% Un) nown

Sockeye salmon Pacific Coast 12 5,097 1,740 -3,357 -66% Near

Sablefish (Bering Sea and Aleutian Islands) Alaska 19 4,100 1,600 -2,500 -61% Below

Small coastal sharks Southeast 6 3,000 685 -2,315 -77% Above

Wrndowpane flounder Northeast 1 2,700 800 -1,900 -70% Below

Ocean pout Northeast 1 1,300 60 -1,240 -95% Near

Pacific cod Pacific Coast 15 1,687 515 -1,172 -69% Unknown

Haddocf Northeast 1 2,000 900 -1,100 -55% Below

Other porgies (Atlantic) Southeast 8 844 67 -777 -92% Unknown

W reckfish (Atlantic) Southeast 8 1,100 349 -751 -68% Near

Alew ife/bluebac) Northeast 3 1,200 500 -700 -58% Below

Cus) W estern Pacific 1 1,200 600 -600 -50% Below

Spiny and slipper lobsters W estern Pacific 16 395 109 -286 -72% Above

Nassau grouper and lew fish (Gulf of Mexico) Southeast 8 73 2 -71 -97% Below

Sturgeons Northeast 3 73 7 -66 -90% Below

Nassau grouper and lew fish (Atlantic) Southeast 8 7 1 -6 -86% Below

Total 288,892 100,391 -188,501 -65%

Tab le  13

C o m p a r is o n  o f re c e n t a v e ra g e  

y ie ld  (RAY, U.S. share o n ly ) in m et 

ric  to n s  (t), excep t fo r  h ig h ly  m i­

g ra to ry  s tocks  (U n its  5 a n d  18, 

w h ich  have a ve ry  h ig h  percentage 

o f n o n -U .S . la n d in g s )  b e tw e e n  

OLO '92  and OLO '99. O n ly  stocks 

w ith  RAY c h an g e s  g re a te r  th a n  

50%  a re  l is te d . N e a rs h o re  re ­

sources are n o t inc luded .

1 herefore, the sum m ary p ic tu re  oí recent trends presented in  1 able 1 1 should 

be in terpreted w ith  care. It is evident that most stock status classifications in O LO  ‘99  

remained the same as in O LO  ‘92. Nevertheless, it  appears tha t more stocks have- 

im proved in u tiliza tio n  level ( I I 7 stocks) than have worsened (9 stocks). A t the same- 

tim e, more stocks have worsened in stock-level status (18) than have im proved (7). 

O vera ll, this im plies some net progress in b rin g in g  excessive fish ing  m o rta lity  rates
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under con tro l, bu t it  does not appear tha t there has been an overall net im provem ent in 

stock status. In  fact, th is sum m ary serves to co n firm  tha t a trans ition  to e lim ina te  overfish­

ing  and rebu ild  overfished stocks has begun, bu t it does not reflect the very real and sub­

stantive management measures that have been enacted in recent rears nor the im proved 

sc ien tific  understanding ol resource dynam ics and poten tia l. A  case in po in t is that o f  

N ortheast demersal fisheries, w h ich  have recently (since 1996 -97 ) been subjected to very 

substantial reductions in fish ing  m o rta lity  in order to begin re b u ild ing  programs tha t are 

designed to meet specific long-te rm  targets (see Feature A rtic le  2). Strengthened manage­

m ent measures designed to reduce overfish ing and in itia te  re b u ild in g  are also cu rren tly  

being im plem ented in  m any o ther fisheries, and this should result in an acceleration in  the 

rate o f im provem ent of stock status and degree of fishery u tiliza tio n  in the near future.

Recent Yields

O verall, average yields (U.S. share) o f the fishery resources reported in  U n its  f -2 1  

declined by 2%  between the tim e periods considered by O LO  '92 and O LO  '99. T h is  

corresponds to a decrease o f more than 1 16,600 t (Table 1 2). Fhe largest declines occurred 

fo r Pacific h igh ly  m ig ra to ry  fish stocks (-1 7 6 ,4 5 5  t), Alaska shellfish (—71,690 t), and 

Southeast menhaden (-6 0 ,0 0 0  t). The  largest gains were fo r F.istern Bering Sea groundfish 

(1 13,834 t), Alaska salmon (57,996 t), and N ortheast pelagic fisheries (20,200 t).

Table 13 lists the in d iv id u a l stocks or stock groups fo r w h ich  RAY decreased by 80%  

or more between O LO  '92 and O LO  99. In  terms of tonnage, the largest reduction  in  RAY 

was fo r Tanner crabs in Alaska, after an a ll-t im e  high in  the early 1990’s (Tanner crab 

landings, in c lu d in g  snow crab, declined from  109,910 t i n  1991 to 41 ,910 t i n  1996). RAY 

fo r A tla n tic  cod in the N ortheast Region also declined substantia lly  d u rin g  th is tim e  pe­

riod, due to the low  stock abundance caused by overfish ing and to current fish ing  restric­

tions aimed at rebu ild ing  the stock. For the same reasons, m any of the stocks that experi­

enced large percentage declines in RAY are from  the N ortheast (Table 13). Some stocks 

experienced large percentage declines in RA3 although the absolute m agnitude o f the land­

ings is small. Examples are Nassau grouper and jewfish in the C ittlf o f  M exico  and A tla n tic , 

severely depleted stocks fo r w h ich  management aims to e lim ina te  catches u n til rebu ild ing  

is achieved. O verall, 26 stock groups experienced a decrease in  RAY o f 50%  or more, 

accounting for a 188,801 t decrease between OL.O 5 2  and this report.
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Stock Region

Unit

num ber

U.S recent 

average yield 

(RAY) 

OLO '92

U.S recent 

average yield 

(RAY) 

OLO 99

Change

(t)

Change

(% )

Status relative 

to  long-term  

potentia l yield 

(LTPY)

At) a mackerel (Bering Sea, Aleutians) Alaska 19 21,100 83,800 62,700 297% Near

Atlantic herring Northeast 2 46,800 92,700 45,900 98% Above

Chum salmon Alaska 13 28,694 70,800 42,106 147% Above

Bigeye tuna (Atlantic) Northeast 5 63,233 100,700 37,467 59% Below

Pacific sardine Pacific Coast 14 3,511 35,000 31,489 897% Near

Roc) sole (Bering Sea. Aleutians) Alaska 19 31,600 56,500 24,900 79% Above

Flatfish (Gulf of Alaska) Alaska 19 13,548 36.294 22,746 168% Unknown

Other fish (Bering Sea, Aleutians) Alaska 19 4,200 24,000 19,800 471% Above

Other flatfish (Bering Sea, Aleutians) Alaska 19 18,400 38,100 19,700 107% Above

Pacific herring (Bering Sea) Alaska 14 15,715 34,000 18,285 1 16% Near

Goosefish Noitheast 1 11,700 27,600 15,900 136% Below

Spiny dogfish Northeast 1 10,600 23,900 13,300 125% Below

Striped bass Northeast 3 1,400 8,300 6,900 493% Above

Pacific halibut (Bering Sea) Alaska 19 3,200 8,930 5,730 179% Near

Arrow tooth  flounder (Bering Sea, Aleutians) Alaska 19 5,600 11,300 5,700 102%. Above

Pin) shrimp (Gulf of M euco) Southeast 11 5,454 1 1,009 5,555 102% Near

Other rockfish (Bering Sea, Aleutians) Alas) a 19 800 5,800 5,000 625% Above

Seatrouts Southeast 9 6,250 10,820 4,570 737, Variable

Northern shrimp Northeast 4 3,800 7,600 3,800 100% Unknown

Blue marlin (Atlantic) Northeast 5 1,086 4,100 3,014 278% Below

Rock shrimp Southeast 1 1 3,419 6,240 2,821 83% Un) nown

Atlantic croaker Southeast 9 4,946 7,657 2,711 55% Below

Red drum (Gulf of Mexico) Southeast 9 2,828 5,031 2,203 78% Below

Stone crab Southeast 11 1,264 2,961 1,697 134% Near

Seabob shrimp Southeast 11 2,269 3,947 1,678 74% Un) nown

Red snapper (Gulf of Me eco) Southeast 8 2,228 3,815 1,587 71% Below

Pelagic shelf rockfish (Gulf of Alas) a) Alaska 19 1,179 2,605 1,426 121%. Un) nown

Shrimp Alaska 20 340 1,637 1,297 381 'Vo Below

W hite marlin (Atlantic) Northeast 5 262 1,600 1,338 511% Below

Spot Northeast 1 1,500 2,500 1,000 677,. Un) nown

Tilefish Northeast 1 800 1,200 400 507, Below

Pacific halibut (Wash , Ore , Calif ) Pacific Coast 19 250 570 320 1287, Near

Snappers (Caribbean) Southeast 8 224 422 198 88% Un) nown

Royal red shrimp Southeast 11 143 250 107 757, Un) nown

Bottom fish iNW  Hawaiian Islands) W estern Pacific 17 98 184 86 88%, Near

Queei conch (Puerto Rico) Southeast 11 55 91 36 657, Below

Wah oo W estern Pacific 18 101 160 59 587, Near

Subtota w itho it i.m ts 5 and 18) 253,915 625,563 371 648 1467

Total (all into) 318,597 732,123 413,526 1307,

.i 6
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Table 14 lists the ind iv idua l stock groups to r w h ich  RAY increased by 50%  or more

d u rin g  the same tim e  period. M any of these stocks are from  the Alaska Region, where

overfish ing has not been widespread in  the past. Examples o f Alaska stocks w ith  large gains

in RAY include A tka  mackerel, chun i salmon, rock sole, and various o ther flatfishes (1'able

14). In the Northeast Region, RAY increased fo r striped bass after an aggressive rebu ild ing

program  and a series o f  good recru itm ents. O the r Northeast stocks tha t experienced large

gains in  RAY are often less trad itiona l species like  spiny dogfish, w h ich  replaced the more

trad itiona l stocks when they became depleted. In the Southeast Region, large relative gains

in  RAY were observed fo r shrim ps and, despite low  popu la tion  sizes, fo r stocks such as red

snapper and red d rum  in the G u lf of M exico. E nvironm enta l cond itions  often m odulate

long-te rm  trends in stock abundance. T he  increased levels of RAY fo r coastal pelagic fishes

like  herrings and sardine are p a rtly  due to m ore favorable environm enta l cond itions . The

overall gain in  RAY fo r the 37 stocks in  'fiable 14 amounts to 413,500  t. However, part of

that to ta l includes catches of tuna and tuna -like  species made by other countries. T he  total

gain exclud ing these stocks am ounts to nearly 372,000 t. s ta c k in g  a s a lm o n  p u rse
seine, Dutch Harbor, Alaska.

It  is evident from  Table 13 that m any o f  the stocks that experienced declines in  land- 

ings arc below the level that supports LTPY  (65%  o f the stocks of know n status in  Table 13 

are below  LTPY). T h a t is, the landings lo r m any o f  these stocks decreased because the ir 

popu la tion  sizes can no longer support h istorica l levels o l catch, o r because of restrictive 

management regulations aimed at rebu ild ing  the stocks, o r both . In contrast, m any o f the 

stocks that had very large increases in  landings had p opu la tion  sizes tha t could support 

LTP Y  ((»2 0,o o f the stocks o f know n status in fiable 14 are near or above LTPY).

Protected Resources

Table 14 {fac ing  page) 

C om parison  o f recen t aver­

age y ie ld  {RAY, U.S. share 

on ly , in m e tr ic  to n s  (t) ex­

ce p t fo r  h ig h ly  m ig ra to ry  

stocks fro m  U n its  5 and  18, 

w hich  have a ve ry  h ig h  per­

centage  o f non-U .S . la n d ­

ings) be tw een  OLO '92  and 

OLO '99. O n ly  stocks w ith  

RAY changes g rea te r than 

+50% are lis ted . N earshore  

resources are not inc luded .

Perhaps the most positive developm ent over the period 

since enactm ent of the 1994 M M P A  A m endm ents has been 

the increase in q u a lity  o f N M F S  stock assessment in lo rm a - 

tio n  covering a greater num ber o f  separate stocks. O LO  92  

reported on 82 stocks of m arine mammals and sea turtles 

from  the A tla n tic  and Pacific Regions, but w ith  fu lly  74%  

having unknow n  status. In  th is report, about tw ice that n u m ­

ber of m arine mam mal and sea tu rtle  stocks (188) are enu­

merated. S till p rob lem atic is that trends can o n ly  be assigned

3 7
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to 12"o ot m arine m am m al stocks, and that no trend characterizations, o ther than fo r sea 

turtles, can he made in the Pacific Ocean. T h e  designation of strategic stock confers special 

status w h ich  requires N M F S  to prepare recovery plans fo r impacted stocks and closer scru­

tin y  th rough  annual status assessments.

Marine M am m als  O f f  the A tla n tic  Coast, on ly  the northeastern U.S. hottlenose do lp h in  

stock changed from  unknow n  to stable trend status. Because the to ta l annual m o rta lity  

estimate was higher than PBR, this stock was listed as depleted in  1998. M in im u m  popu ­

la tion  estimates, as compared to 1992, are equivocal fo r tin , hum pback, p ilo t, and n o rth ­

ern righ t whales, and trends cannot be assigned. N orthw est A tla n tic  harbor porpoise and 

harbor seals are the o n ly  species w ith  increasing abundance over 1992 levels. In the G u ii of 

M exico , abundance estimates arc available fo r six stocks of bottlenose do lph ins, but there 

are m ore than 33 ind iv idua l groups found  in bays, estuaries, and sounds that are of u n ­

know n status.

1 he I law aiian m onk seal remains c ritica lly  endangered th roughou t its range, w ith  

no d iscern ib le im provem ent in stock size since last reported in O LO  '95. 1 hree Pacific 

Coast stocks ot harbor seal arc increasing, bu t lit t le  else can be said about rhe rem ain ing 

species. In the eastern trop ica l Pacific, several d o lp h in  stocks are though t to  have stabilized, 

largely from  sign ifican t reductions in bvcatch m o rta lity  associated w ith  the tuna pursc- 

seine fishery.

Recent stock assessments in  Alaska show continued increm ental im provem ent fo r 

bowhead whales, gray whales, and Southeast Alaska harbor seals. A lthough  the threatened 

eastern Pacific stock ot Steller sea lions (east of long. 144~W) has shown some im prove­

m ent, the western U.S. Pacific stock (west of long. 1 14 W ) continues to decline p rec ip i­

tously and has been placed in  endangered status. In  late 1 998 ,  N M F S  issued a b io log ica l 

o p in io n  fin d in g  the western U.S. Pacific stock to be in jeopardy and im plem ented em er­

gency rules p rio r to  the January open ing  of the 1 9 9 9  walleye po llock  fishery. C o n tin u in g  

the ir dec lin ing  trend are harbor seals in the G u ii of Alaska and Bering Sea. I he northernO  C*

fu r seal popu la tion  remains stable, bu t retains its depleted status under the M M P A . I he 

eastern stock o f  N o rth  Pacific gray whale has the d is tinc tion  of being the first m arine 

m am m al to  be removed from  ESA lis ting . 1 his species has fu lly  recovered and is ar or aboce 

its in it ia l ttnexp lo ited stock size.
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Sea Turtles ESA status fo r all species o f  sea turtles remains unchanged from  the ir in it ia l 

listings in the 1970’s, bu t progress has been made in developing new trend data and sepa­

ration o t populations. Im provem ents over 1992 include estimates o l nesting females now 

available fo r the A tla n tic  popu la tions of leatherback, and fo r several nesting popu la tions in 

the Pacific oi the leatherback, loggerhead, and olive ridley. Recent w o rk  in genetic stock 

iden tifica tion  has iden tified  three loggerhead popula tions in  the southeastern U n ited  States 

and a fou rth  o ft M exico ’s Yucatán Coast.

Recent assessments suggest im p rov ing  cond itions in several stocks. Green turtles con­

tinue to increase from  1992 levels th roughou t the ir U.S. range. Increases were also ob ­

served fo r central-southwest F lo rida  loggerhead (from  stable in 1992), and tor o live rid ley 

in the Pacific (from  unknow n  in 1992). Conservation efforts fo r the A tla n tic  K em p’s rieflet’ 

has reversed an estimated 3 ° o  annual rate of decline (since 197S) to a sustained increase in 

the num ber o f  nests beg inn ing  in the early 1990’s. T he  leatherback has gone from  un­

know n status th roughou t its U.S. range to stable in the A tla n tic  but dec lin ing  in the Pa­

c ific . T he  Pacific stocks o f  loggerhead and haw ksbill are now  considered stable relative toD O

unknow n status in 1992. Less p rom is ing  circumstances are noted fo r tw o loggerhead stocks 

(northe rn  F lo rid a -N o rth  C aro lina  and F lorida Panhandle) and the A tla n tic  haw ksbill as 

they are in dec lin ing  or unknow n  status.

ISSUES OF NATIONAL CONCERN

T he  management o f  liv in g  m arine resources is com plex and involves m any b io lo g i­

cal, econom ic, social, and po litica l factors. Each region and fishery discussed in th is report, 

even those fisheries that are cu rren tly  well managed and y ie ld ing  near the ir long-te rm  po­

ten tia l fo r the nationa l benefit, m ust co n tin u a lly  adjust and adapt to ever-changing co n d i­

tions. To increase long-te rm  benefits from  cu rren tly  overutilized and depleted fishery re­

sources, the d if f ic u lt  issues and practices, w h ich  have resulted in ove ru tiliza tion  and re­

source dep letion m ust be confron ted. In all 23 units, m a jo r issues affecting the resources 

and th e ir management are raised. A lthough  each resource u n it has un ique features, com ­

m on themes arc s ign ifican t to many, i f  no t all of them ; they are discussed below.
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Resource Conservation and Utilization by the Fishery

T he  p rim a ry  concern of fishery management is conservation— the p ro tection  and 

wise use o f the N a tio n ’s liv in g  m arine resources. M anagem ent strategies must consider 

w h ich  stocks are overutilized and too low  to produce LTPY. Table 3 indicates that 46%  of 

the stocks under N M F S  purview, whose status is know n (73 ou t of 1 58 stock groups), are 

below the abundance levels that w ou ld  produce LTPY. S im ila r com p ila tions indicate that 

34%  o f  the stocks (54 ou t of 160 stock groups) are overutilized ( f able 4).

T he  list of stocks that are overu tilized  or below  the levels required to produce LTPY 

includes some of our most valuable fisher)' resources, such as N ew  England g roundfish , 

A tla n tic  sea scallops, several pelagic h igh ly  m ig ra to ry  fish stocks (in c lu d in g  A tla n tic  b lue fin  

tuna and swordfish), some Pacific salmon stocks, some rockfish o f f  Alaska, and Alaska k ing  

crab. M a m ’ nearshore stocks ( in c lu d in g  several oyster popula tions, bay scallops, a balones, 

and Pacific striped bass) are also ovcrurilized.

T he  N ortheast Region presents the w orst case of overutilized stocks (Tables 3 and 4). 

C od, haddock, and ye llow ta il flounder, h is to rica lly  the most im p o rta n t g roundfish  species 

on Georges Bank o ff N ew  England, are presently am ong the most depleted stocks in U.S. 

waters. By 1994, the Georges Bank haddock and ye llow ta il flounde r stocks had collapsed, 

and Georges Bank cod was in danger of collapse. Restrictive contro ls on fish ing  e ffo rt, and 

closure of large areas on Georges Bank, have heen im plem ented to reduce fish ing  m orta lity , 

and haddock and ye llow ta il flounder stocks are now  im proving."’

Examples of resource ove ru tiliza tion  can also be found  in  all o tber regions. In some 

cases, like  Pacific salmon, the main causes (or the ir decline appear to be changing ocean 

cond itions  and habitat a lterations, a lthough intense fish ing  pressure from  com peting  user 

groups has exacerbated tbe problem . O th e r stocks are d isp ropo rtiona te ly  im pacted by fish­

ing ow ing  to the ir low  numbers in relation to more abundant target species.

t  In  ( feorges Bank, the spaw ning-stock biomass of haddock is cu rren tly  about o n e -lo u rth  to  o n e -th ird  o l the 

h is to rica l average. I he spawning-stock biomass o t ye llow ta il flo u n d e r has rebounded to its highest level since

4 t)
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In  recent years, there has been g row ing  awareness o f  Federal actions to m itiga te  over­

u tilized  situations. 1 h roughou t the early and m id  1990’s, Federal F M P ’s were amended to 

specify num erical d e fin ition s  of overfish ing  levels according to sound popu la tion  dynamics 

princip les (see A ppend ix  4). The fisheries managed by those IM F 's  need to m a in ta in  fish­

ing m o rta lity  at levels lower than the d e fin itio n  o f overfishing, w h ich  can be accomplished 

by a num ber of contro ls  such as l im it in g  catches. As the previous section on recent trends 

indicates, i t  is s till too early to realize the fu ll benefits o f  related conservation actions that 

have been taken in all regions. M ore  recently, concurrent w ith  the w r it in g  o f th is report, all 

F M P ’s are being amended again to revise the overfish ing de fin itions , if  necessary, to  com ­

p ly  w ith  changes made to the M S I C M A  when it was reauthorized in O ctober 1996. The 

amended Act has been in te rpre ted  by N M F S  as being consistent w ith  the precautionary 

approach, a fram ew ork fo r ensuring that conservation objectives take precedence over sho rt­

term  econom ic considerations (see Feature A rtic le  1). T he  A ct, fo r example, dictates that 

management needs to m a in ta in  the abundance o f  stocks at levels capable of producing  

LTPY (or M SY). As a result, i t  is expected that management measures designed to e lim i­

nate overfish ing w ill be strengthened in the near future.

In the case o f stocks that are below LTPY, the amended M S F C M A  requires plans to 

rebu ild  the stocks as q u ick ly  as possible. T h e  benefits of rebu ild ing  are no t triv ia l. A  very 

conservative estimate of the po ten tia l gain in yie ld  from  restoring overuulized stocks (those 

below LTPY) is 138,700 t, o r a 39%  increase of the ir com bined RAY (Table 1 3). M a n y  o f  

these stocks are extrem ely valuable, no t on ly  com m ercia lly  and to recreational anglers, but 

also as im p o rta n t com ponents of the ecosystems that they are a part o f, such tha t the true 

benefits to  the N a tion  are d iff ic u lt to quantify.

It is im p o rta n t to recognize tha t the benefits of rebu ild ing  depleted stocks cannot be 

realized im m edia te ly  after the rebu ild ing  plans become operational. T he  am oun t o f  tim e 

required to rebu ild  a stock depends on the species’ longev ity  and grow th  po ten tia l, on 

environm enta l influences, and on the management contro ls pu t in place. For example, a 

stock of long-lived rockfish that has been overfished fo r decades cannot be rebu ilt in  10 

years under average environm enta l cond itions , even under a com plete m ora to rium  on fish ­

ing. W here fisheries are overcapitalized and pe rfo rm ing  poo rly  in  econom ic terms, as many 

LJ.S. fisheries are, short-te rm  econom ic concerns have tended to receive undue w eight rela­

tive to the steps needed to cut back harvests—sometimes fo r m any years—and achieve long ­

term biological and econom ic goals. The reauthorized M S F C M A  effectively lim its  the weight

4 1
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Stocks Region

Recent 

average yield 

(RAY)

Long-term  

potentia l yield 

(LTPY)

Change

(t)

Changi

(% )

American plaice Northeast 4,300 7,200 2,900 67%

Atlantic cod Northeast 15,200 40,000 24,800 163%

Atlantic halibut Northeast 15 300 285 1,900%

Black sea bass Northeast 3,500 Unknown Uni- nown Unknown

Cusk Northeast 600 Unknown Unknown Unknown

Goosefish Northeast 27,600 Uni nown Uni nown Unknown

Red hake Northeast 1,400 Unknown Unknown Unknown

Scup Northeast 3,300 Unknown Uni nown Unknown

Silver hake Northeast 15,500 Unknown Uni nown Unknown

Spiny dogfish Northeast 23,900 Unknown Unknown Uni nown

Sum m er flounder Northeast 9,700 24,500 14,800 153%

T ilef ish Northeast 1,200 1,200 0 0%

W mdowpane flounder Northeast 800 1,900 1,100 138%

W inter flounder Northeast 5,500 12,900 7.400 135%

W itch flounder Northeast 2,000 2,900 900 45%

W olffish Northeast 400 Unknown Unknown Unknown

Bluefish Northeast 11,200 42,700 31,500 281%

Alew ife/b luebacl Northeast 500 Unknown Unknown Unknown

American shad Northeast 600 Unknown Unknown Unknown

Atlantic salmon Northeast 1 Unknown Unknown U ni nown

Sturgeons Northeast 7 Unk nown Unknown Uni nown

Sea scallop Northeast 7,100 9,310 2,210 31%

Bigeye tuna Northeast 100,700 80,000 -20,700 -21%

Albacore (North Atlantic) Northeast 31,900 32,000 100 0%

Blue marlin (Atlantici Northeast 4,100 4,500 400 10%

Bluefin tuna (West Atlantic) Northeast 2,300 5,250 2,950 128%

Sailfish (West Atlantic) Northeast 900 700 -200 -22%

Swordfish (North Atlantic) Northeast 14,800 13,000 -1,800 -12%

W hite Marlin (North Atlantic) Northeast 1,600 2,200 600 38%

Table co n tin u e d  on the  next page

that can be given to short-te rm  econom ic concerns when .t stock’s LTPY is in jeopardy. As 

a result, management measures designed to achieve rebu ild ing  should also be strengthened 

over the near future.

A  lew  abundant resources, such as some pelagic stocks o f  A tla n tic  mackerel and her­

ring  in the Northeast Region (U n it 2), jack mackerel o f f  C a lifo rn ia  (L 'n it 14), flatfishes o ff

Tab le  15

P o ten tia l gam s in y ie ld  in 

m e tric  tons (t) fro m  re b u ild ­

ing  o ve ru tilize d  stocks tha t 

are c u rre n tly  b e lo w  LTPY. 

RAY a n d  LTPY a re  U .S . 

share only, except fo r tunas 

and  b illfish e s .T h e  to ta l is a 

co nse rva tive  e s tim a te , as­

s u m in g  th a t LTPY e qu a ls  

RAY w he n  RAY is unknow n.
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Stocks Region

Recent 

average yield 

(RAY)

Long-term  

po tentia l yield 

(LTPY)

Change

(t)

Change

(% )

Large coastal sharks Southeast 5,216 Unknown Unknown Unknown

King maci erel (Gulf o f Mexico) Southeast 3,307 9,750 6,443 195%

Nassau grouper and jew fish  (Gulf of Mexico) Southeast 2 Unknown Unknown Unknown

Red snapper (Gulf of Mexico) Southeast 3,815 15,000 11,185 293%

Nassau grouper and jew fish  (Atlantic) Southeast 1 Unknown Unknown Unknown

Other groupers (Atlantic) Southeast 1,150 Unknown Unknown Unknown

Other snappers (Atlantic) Southeast 652 Unknown Unknown Unknown

Red porgy (Atlantic) Southeast 236 450 214 91%

Red snapper (Atlantic) Southeast 155 Unknown Unknown Unknown

Vermilion snapper (Atlantic) Southeast 564 Unknown Unknown Unknown

Nassau grouper and lewfish (Caribbean) Southeast 4 Unknown Unknown Unknown

Atlantic croaker Southeast 7,657 50,000 42,343 553%

Red drum (Atlantic) Southeast 800 Unknown Unknown Unknown

Red drum (Gulf of Mexico) Southeast 5,031 7,900 2,869 57%

Queen conch Southeast 91 Unknown Unknown Unknown

Spiny lobster (southeast United States) Southeast 3,325 3,565 240 7%

Chinook salmon Pacific Coast 7,444 1 1,460 4,016 54%

Coho salmon Pacific Coast 1,421 5,300 3,879 273%

Lingcod Pacific Coast 1,966 1,943 -23 -1%

Pacific ocean perch Pacific Coast 800 1,100 300 38%

Bottom fish (Main Hawaiian Islands) W estern Pacific 249 254 5 2%

Pelagic armorhead W estern Pacific 0 2,123 2,123 N/A

Blue marlin W estern Pacific 23,278 23,278 Unknown Unknown

Subtotal for "known" LTPY 271,844 410,560 138,716 51%

Subtotal for "known” LTPY excluding tuna and billfish 115,544 272,910 157,366 136%

Total 357,787 496,503 138,716 39%

Table 15

Alaska (U n it 19), and tunas in the central-western Pacific, are currently underu tilized . A C o n tin u e d  fro m  p re v io u s

m uch larger fishery' y ie ld  can po te n tia lly  be obtained from  these stocks, perhaps as h igh as

an extra 1,270,000 t (exclud ing tunas. Table 16). However, m arket cond itions or bycatch

lim ita tio n s  have kept the harvest fo r m any o f these stocks at low  levels. S h ifting  fish ing

pressure from  overutilized to underu tilized  stocks may relieve pressure on stressed stocks

and aid in  the rebu ild ing  o f depleted stocks. However, the habitats of the stocks often

overlap and effective harvesting strategies m ust be developed to fish one stock w h ile  not

jeopardizing others.
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Recent 

average yield

Long-term  

po tentia l yield Change Change

S to c k s R eg ion (RAY) (LTPY) (1) <%)

Atlantic herring Northeast 92,700 266.000 173,300 187%

Atlantic m aci erel Northeast 14.600 140,000 125,400 859%

Butterfish Northeast 2,800 16,000 13.200 471%

Jack mackerel Pacific Coast 2.000 100,000 98,000 4.900%

English sole Pacific Coast 1.263 3.100 1,837 145%

Shortbelly rockfish Pacific Coast 38 23.500 23.462 61.742%

Skipjack tuna (central-western Pacific) W estern Pacific 950.527 2,000,000 1,049,473 110%

Yellowfin tuna (central-western Pacific) W estern Pacific 335.451 600,000 264.549 79%

Arrow tooth flounder Alaska 11.300 230,000 218,700 1,935%

Other fish Alaska 24,000 27.800 3,800 16%

Other flatfish Alaska 38,100 253,000 214.900 564%

Other ro d  fish Alaska 5,800 8.300 2,500 43%

Rock sole Alaska 56,500 449,000 392,500 695%

Subtotal w ithout tunas 249,101 1.516,700 1,267,599 509%

Total .535.079 4.116,700 2,581.621

Table 16

P o ten tia l ga ins in y ie ld  in 

m e tr ic  to n s  (t) fro m  fu lly  

u t i l i z in g  u n d e r u t i l iz e d  

s to cks  th a t a re  c u r re n t ly  

above LTPV RAY and LTPY 

are U.S. share on ly , except 

fo r tunas.

In add ition  to requirem ents fo r preventing overfish ing, end ing  overfish ing  of cu r­

ren tly  depressed stocks, and re b u ild in g  depleted stocks, the reauthorized M S F C M A  also 

contains provisions lo r reducing bycatch and m in im iz in g  the m o rta lity  o f  unavoidable 

bycatch, designating and conserving essential hab ita t, re fo rm ing  the approval process fo r 

fishery management plans and regulations, reducing conflic ts  of interest on regional fish­

ery management councils, and establishing user fees. T he  orig ina l 1 976 M agnuson Fishery 

C onservation and M anagem ent Act contained seven national standards dealing w ith  over­

fish ing  and o p tim u m  yie ld , best available science, management units, a llocation of fish ing  

privileges, econom ic efficiency, accounting fo r varia tion in stocks and fisheries, and m in i­

m iz ing  management costs. There  are now .111 add itiona l three new national standards on 

fish ing  com m un ities , bycatch, and safety at sea. Since the M S F C M A  was reauthorized, 

N M F S  and the fishery management councils have succeeded in im p lem en ting  m any of its 

requirements, in c lu d in g  the developm ent ol new guidelines 011 most of the nationa l stan­

dards and d e fin itions  o f essential habitat, IM P  amendments, fo rm a tion  of several special 

com m ittees and advisory panels, and preparation o f  numerous studies and reports.
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A lm ost all m a jo r U.S. fisheries now  have some fo rm  o f lim ite d  access in  recognition 

o f  pervasive problems o f  overcapacity and overcapita lization and the ir effects on overfish­

ing. Four U.S. fisheries (Alaska h a libu t and sablefish, w reckfish, and surfclams-ocean qua- 

hogs) have ind iv idua l fish ing  quotas ( IF Q ’s), a mechanism considered to be effective at 

m atch ing  fish ing e ffo rt to  resource p roduc tiv ity , bu t often perceived to result in o ther p rob ­

lems. In 1996, the U.S. Congress established a m o ra to rium  on new IF Q  programs pending 

review by a N a tiona l Academ y o f Sciences com m ittee. T h a t review was recently (Decem ber 

1998) com pleted and is generally favorable towards IF Q ’s, a lthough recognizing tha t this 

system o f  management is no t a panacea and may not be applicable fo r all fisheries (N R C , 

1999a). The  U n ited  States has also been involved in several FAO -sponsored in itia tives 

concerned w ith  the issue o f  excess fish ing  capacity.

Sable fish  subsam p le , A leu- 
tia n  Is la nd s  b o tto m  tra w l 
assessm ent survey.

Transboundary Jurisdiction

M any liv in g  m arine resources often cross po litica l o r geographic boundaries, c o m p li­

cating the ir assessment and management. T he  boundaries can be between states, between 

adjacent countries, o r even between d is tan t countries in in te rna tiona l waters. Sometimes 

boundaries are crossed by juven ile  or adu lt fish d u rin g  m igrations, and sometimes the 

boundaries are crossed by larvae d r if t in g  w ith  ocean currents. In  all cases, these movements 

com plicate even the most comprehensive fisheries assessment and management regimes. 

Effective oversight o f  these species requires coord ina tion , cooperation, and agreement among 

all interested parties.

Stocks located p rim a rily  w ith in  Federal waters are managed under F M P ’s prepared by 

regional F M C ’s and im plem ented and enforced by N M F S . Stocks whose d is tr ib u tio n  over­

laps the ju risd ic tion  o f  more than one regional F M C  require the pa rtic ipa tion  o f  m u ltip le  

F M C ’s. M ost stocks that extend beyond the U.S. F E Z  are managed w h o lly  o r in  part under 

in te rna tiona l conventions.

Stocks located largely w ith in  the waters o f more than one state are, to  an increasing 

extent, managed by interstate mechanisms. O ne example o f  successful interstate manage­

m ent is the recovery o f A tla n tic  striped bass under a rebu ild ing  plan developed by the 

A tla n tic  States M arine  Fisheries C om m ission ; striped bass were considered to be fu lly  re­

stored in  1995. Examples o f  other resources that require interstate coo rd ina tion  of m an­

agement are menhaden and mackerels in the A tla n tic  and C u lf o f M exico.
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The  U n ited  States shares im p o rta n t resources w ith  its con tinen ta l neighbors. Several 

g roundfish  stocks in the N ortheast Region are shared w ith  Canada. A lth o u g h  there is no 

form al mechanism to manage these stocks jo in tly , there is considerable in te raction  between 

the tw o countries in terms o f sharing know ledge and in fo rm a tio n  and in conducting  jo in t 

assessments and reviews, fn a d d ition , the tw o countries share a s im ila r objective of m a in ­

ta in ing  fish ing  m o rta lity  levels below  the same threshold. Pacific ha libu t represent an ex­

ample o f a form al arrangement to assess and manage stocks shared by the U.S. and t lanada 

jo in t ly  th rough the In te rna tiona l Pacific 1 fa lib ttt C om m ission.

To the south, other valuable resources are shared w ith  M exico: G u lf of M exico m igra­

to r} ’ pelagios (mackerels) and Pacific Coast pelagios (mackerels, sardine, and anchovy), as 

well as h igh ly  m ig ra to ry  stocks of tunas, swordfish, and sharks. N o bila tera l agreements are 

yet in place fo r the assessment and management of these stocks, a lthough the foundations 

fo r these jo in t and m u ltila te ra l agreements are being developed th rough M E X U S -G u lf and 

M E X U N -P ac ific  b ilateral discussions, as well as th rough  M exico ’s developing interest in 

jo in in g  the In te rna tiona l C om m ission  fo r the C onservation ol A tla n tic  Tunas (1C C A T).

In the A tla n tic , h ig h ly  m ig ra to ry  b lue fin  tuna and swordfish fall under the ju risd ic ­

tion  o l 1C C A E  Regulation o f  these pa rticu la r species is d iff ic u lt, since in te rna tiona l con-

S potted  sp iny  lobste r. Car sensus on catch levels fo r these h igh-valued fish is not always reached or agreed on. fu rth e r, 
ibbean Sss ,  ^

enacted measures must always be successfully enforced by all nations to be effective. H ig h ly  

m ig ra to ry  tuna and b ill fish also cross in te rna tiona l borders in the Pacific, and some range 

across the Pacific. W h ile  in te rna tiona l exchange of sc ientific  in fo rm a tio n  has been h is to ri­

ca lly good, progress on jo in t management has been slow. In the absence o f cooperative 

in te rna tiona l management regimes, most stocks are regulated by ind iv idua l coastal nations.

In some cases, fore ign fisheries targeting m ig ra ting  U .S .-o rig in  stocks outside the 

U.S. E E Z can  underm ine Federal management of those stocks. Salmon on both the A tla n ­

tic and Pacific Coast begin life  in freshwater and m igrate to the open ocean to feed and 

m ature before re tu rn ing  to the ir natal streams to spawn. D u rin g  th is period, salmon are 

subject to fish ing  pressure outside U.S. waters. Heavy exp lo ita tion  o f  U .S .-o rig in  A tla n tic  

salmon in the com m ercia l fisheries o il N ew found land  and Creen lanei has recently been 

reduced th rough  a Canadian closure of the N ew found land  fishery and th rough measures 

im plem ented hv the N o rth  A tla n tic  Salmon Conservation O rgan iza tion . O ff the Pacific 

Coast, sonic U .S .-o rig in  salmon are intercepted by Canadian fisherm en w h ile  m ig ra ting

i <;
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th rough Canadian waters, and some sockeye and p in k  salmon o rig ina ting  in Canada’s Fraser 

R iver are caught by U.S. fisherm en w h ile  trans iting  U.S. waters. T he  ever contentious 

a llocation o f  expected catches from  stocks o rig in a tin g  from  each co u n try  to fisherm en o l 

both  nations is handled by the U .S.-Canada Pacific Salmon C om m ission . Some U.S. p o l­

lock from  the Eastern Bering Sea m igrate in to  the Russian zone in the northw estern Bering 

Sea where they are subject to exp lo ita tion  by Russian fisheries. W h ile  there is scientific- 

exchange on this issue between Russia and the U n ited  States, a jo in t management scheme 

has no t yet been fo rm ula ted .

O th e r stocks m igrate over in te rna tiona l borders th rough larval d r ift .  Caribbean spiny 

lobsters, d is tribu ted  from  Brazil to Berm uda, produce larvae that can live from  4 to 9 

m onths in the p lank ton , thus having the po ten tia l to move long distances. As yet, there is 

no in te rna tiona l mechanism fo r the rou tine  analysis and co m p ila tion  o f data that w ou ld  

facilita te  C aribbean-w ide m anagement schemes fo r lobsters. A  s im ila r s itua tion  results in 

the need fo r in te rna tiona l plans to manage pelagic arm orhead fisheries o ff seamounts in the 

Western Pacific Region.

Bycatch

Bycatch, the incidenta l take o f nontarget species or sizes in  fish ing  operations, is a 

w o rldw ide  problem  that results in  17 ,900 ,000 -39 ,500 ,000  t o f  the w o r ld ’s com m ercial 

fish catch being discarded (Alverson et ah, 1994). Bycatch not o n ly  creates waste bu t also 

makes it nearly impossible to meet management objectives sim ultaneously fo r the m ix  of 

species caught and, in  m any cases, bycatch results in the ove ru tiliza tion  o f stocks.

Bycatch is a ub iqu itous problem , as can be appreciated from  m any units in Part 2 o f 

th is report. In all regions, bycatch results in ove ru tiliza tion  o r und e ru tiliza tio n  of resources, 

conflic ts  o f  a llocation between com peting  user groups, o r unwanted interactions w ith  p ro ­

tected resources like  m arine mammals, birds, and sea turtles. G round fish  fisheries have 

no to rious ly  visible bycatch problems. T he  fisheries, w hether conducted w ith  traw l gear, 

longlines, o r pot gear, catch and discard large volumes o f  animals that are of the w rong  size, 

w rong  species, w rong  m a tu rity  stage, o r arc otherwise unw anted. For instance, as m uch as 

60—80%  o f the rock sole caught in  recent years in  the Eastern Bering Sea were discarded 

because they are no t the valuable roe-bearing female fish. Several Alaska groundfish stocks 

are underu tilized  because the ir fisheries also catch other depleted stocks or stocks that are
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Loggerhead  escap ing  ou t a 
tu r tle  exc lu d e r dev ice , G u lf 
o f M exico .

under s tric t quota management, such as ha libu t o r k in g  and Tanner crabs. 1 he bycatch o f 

juvenile  red snapper in  the G u lf  of M exico  sh rim p  fisheries restricts the speed at w h ich  the 

snapper stock can be rebu ilt. Funa and swordfish fisheries often catch m arlins and sailfish, 

prized targets fo r recreational anglers. 1 here are m any o ther examples.

M itig a tio n  o f bycatch problem s is com plex. T he problem  is pa rtly  b io log ica l and 

partly  technological. Some technological innovations can w ork to reduce bycatch, such as 

the use o f tu r tle  excluder devices to m in im ize  im pacts on sea turtles in  the sh rim p fisheries 

o f  the G u lf of M exico  or fish excluder devices to reduce bycatch o f  g roundfish in the 

northern shrim p fishery o f  the Northeast Region. Research by N M F S , industry, and academia 

continues to develop fish ing  gears that are more species-selective. In some cases, however, 

new technologies cannot resolve the prob lem  adequately and it may be necessary to use 

closed-area and closed-season contro ls  on fish ing. In the Northeast Region, fo r instance, 

scallop ing is p roh ib ited  in some areas to aid in the rebu ild ing  o f  A tla n tic  cod and ye llow ta il 

flounder. Tim e-area closures are also being used to reduce salmon bycatch in Alaska g round ­

fish fisheries. T ime-area closures may require con tinuous adjustm ents when the dynam ics 

and abundance of the species o f concern change in tim e  and space and therefore require 

rou tine  sc ien tific  m o n ito r in g .

H a b ita t

T he  requirem ent to id e n tify  essential fish habita t (1.1’H ) was one o f the m ost sub­

stantive changes in the 1996 reauthorization o f the M S F C M A . W ith  the f f 11 and related 

provisions, the amended A ct gives heightened consideration to  fish habita t in resource 

management decisions, and provides s ign ifican t new tools to assist resource managers to 

conserve the habitats o f  marine, estuarine, and anadromous fish and shellfish resources.

EFH  is iden tified  as “ those waters and substrate necessary to fish fo r spawning, breed­

ing, feeding or g row th  to m a tu rity .” T h e  M S F C M A  requires tha t fishery management 

plans id e n tify  and describe I TT 1 fo r all life  stages of each species Federally managed w ith in  

the U.S. FE Z , using the best sc ien tific  in fo rm a tio n  available. W ith in  areas iden tified  as 

EFf 1, fisher}' management councils must m in im ize  to the extent practicable adverse effects 

on the habitat caused by fish ing  practices. T hey must also id e n tify  adverse impacts from  

non fish ing  activities and consider conservation and enhancement measures to m itiga te  

those impacts. Federal agencies that authorize, fund , o r undertake actions that may ad-
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versely affect E FH  m ust consult w ith  the Secretary of C om m erce, th rough  N M F S , regard­

ing the effects o f  the ir actions on the habita t and on the associated fisheries. N M F S  can 

provide conservation and enhancement recom m endations where appropriate, designed to 

m in im ize  adverse impacts to E FH . These new policies incorporate the precautionary ap­

proach in to  the management o f  fish habitats.

Coastal zones conta in  the most p roductive  m arine ecosystems, p ro v id in g  habitats 

and essential spawning and nursery areas fo r most of the m ajor com m ercia l and recre­

ational fishery species. T he  habitats o f  the coastal zone also provide a num ber of c ritica l 

services tha t m a in ta in  the health and s tab ility  o f  the coastal ecosystems bene fiting  the o r­

ganisms tha t depend on the system and man. Coastal and riparian wetlands serve as e ff i­

c ient filters for contam inants derived from  land-based runo ff, moderate the effects of flo o d ­

ing, and, along w ith  coral reefs, bu ffe r storm  surges and help retard coastal erosion. Coastal 

habitats (mangrove swamps, estuarine oyster beds, salt marsh wetlands, seagrass beds, coral 

reefs, etc.), a lthough h igh ly  productive , are fragile, and susceptible to degradation th rough 

hum an activities. It is here, where the shore meets the sea, and where people are most

inc lined  to bu ild , m anufacture, and recreate, that the most susceptible and diverse aspects Sockeye sa lm on  in spaw n- 
r  . . . ing river. Pacific N orthw est,

of m arine life  exist.

As the world 's most b io log ica lly  diverse m arine ecosystems, coral reefs are hom e to 

one -th ird  o f  all m arine fish species and tens o f  thousands o f  o ther species. C oral reef areas 

under U.S. ju risd ic tion  cover approxim ately 16,879 square kilom eters. In the U n ited  States, 

coral reefs appear threatened wherever they are close to large concentrations of people; 

however, data are available to m o n ito r the status and trends o f  U.S. coral reefs in o n ly  a few 

sites. The In te rna tiona l Year o f  the Reef, 1997, and the 1998 Executive O rde r on Coral 

Reef Protection are p ro v id in g  im petus to new reef m o n ito r in g  programs that should greatly 

increase ou r understanding of the status and o u tlo o k  fo r coral reels w orldw ide .

I f  coral reefs represent the most diverse marine com m unities, coastal wetlands and 

estuaries rank among the most productive ecosystems. These systems, inc lud ing  salt marshes, 

seagrass beds, and mangroves, are associated w ith  some o f the w o rld ’s greatest fisheries, and 

provide habitat fo r m ig ra ting  shorebirds and w aterfow l. T hey also provide critica l ecologi­

cal functions supp ly ing  nu trien ts  fo r nearshore produc tio n , f ilte r in g  land runo ff, and stabi­

liz ing  coastal lands. A pp rox im a te ly  7^ percent, by w eight, of the N a tio n ’s com m ercia l fish
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catch is composed o f  fish and shellfish that depend on estuaries at some critica l stage in 

the ir lile  cycle.

U n til qu ite  recently, the U n ited  States was losing wetlands at a rapid rate. The  Clean 

W ater Act and other Federal environm enta l laws have been instrum enta l in decreasing 

w etland losses since that tim e. D u rin g  1982—92, the losses totaled 31,000 acres of w etland 

per year, down from  137,000 acres per year in 19 7 4 -8 3 , and dow n fu rther from  the 398,000 

acres per year in 1934-74 . However, despite regu la tory programs and natura l resource 

management plans, hum an popu la tion  grow th  and developm ent con tinue  to result in  a net 

loss o l habita t acreage and fu n c tio n .

In add ition  to the coastal and cstuarine habitats, fishery managers must also extend 

the ir concern to the riverine and riparian  ecosystems ol anadrom ous species and to  the 

deeper offshore ecosystems that support m ig ra to ry  and pelagic species. A lthough  m any fish 

stocks are stable in  Alaska, many other west coast salmon stocks are so d im in ished  that they 

are now  listed, proposed fo r lis ting , or under consideration fo r lis ting  under tile  I SA. 

Declines in abundance have been a ttribu ted  to habitat loss and degradation Iront the cu­

m ula tive  impacts of hum an activities, in c lu d in g  hydropow er dams, irr ig a tio n  diversions, 

logging, m in in g , grazing, u rban iza tion , etc. Loss of these species from  the ir trad itiona l 

river reaches has devastating effects on the b io log ica l in te g rity  of those ecosystems.

A lth o u g h  pelagic fishes usually are not correlated w ith  the types of areas com m on ly  

though t of as fish habitat (e.g. wetlands and b o tto m  substrate), physiographic and hydro- 

graphic structures w ith  w h ich  m ig ra to ry  pelagic fishes are often associated (e.g. seamounts, 

current boundaries, tem perature d iscon tinu ities) can be characterized as habitat. In spite of 

the distance from  shore, these habitats are susceptible to adverse effects from  both inshore 

and offshore activities due to the transport o f  materials to these locations, and to damage 

(e.g. to  seamounts) caused by certain types o f fish ing  gears.

M a n y  changes in the env ironm ent are not d irec tly  caused by hum an activities. For 

example, the decline in ocean survival fo r coho and ch inook salmon in the Pacific d u rin g  

the last 2 decades coincides w ith  a change in the oceanographic regime o ff the west coast. 

As another example, the abundance o l some species, notab ly sardine and anchovies, ty p i­

cally oscillates in cycles that last fo r decades. In all cases, however, hum an actions can 

accelerate the declines in popu la tion  either Iron t o ther changes to the habitat (e.g. fo r
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salmon ¡11 the rivers o f  the Pacific Coast), o r from  overfish ing (e.g. fo r Pacific sardine in the 

1970’s), and may p ro long  the period o f  low  abundance.

Marine Mammals and Protected Species

M a n y  protected m arine m am m al stocks and all U.S. sea turtles are listed as either 

endangered or threatened under the ESA. D evelop ing and im p lem en ting  management 

strategies to m in im ize  the adverse im pact o f hum an activities on these animals and a id ing 

the ir recovery, w h ile  no t unnecessarily restric ting  com m ercial and recreational fisheries, is a 

m ajor challenge.

S ign ifican t progress has been made towards the recovery o f  tu rtle  stocks d u rin g  the 

last decade. M anagem ent strategies are being strengthened in order to ensure tha t these 

stocks con tinue  on the path to recovery, fn  1998, N M P S  and the U SFW S published recov­

ery plans fo r five species o f  Pacific turtles and fo r one d is tin c t tu rtle  nesting popu la tion . 

E fforts are also underw ay to revise some o f the existing recovery plans fo r A tla n tic  popu la ­

tions.

M u ch  progress has also been made towards the p ro tection  and recovery o f marine 

m am m al stocks. The 1994 reauthorization o f  the M M  PA strengthened requirem ents fo r 

classification o f  stocks in terms o f the m agnitude of levels o f  bycatch compared to popu la ­

tion  size and p roductiv ity . E fforts at reducing hum an-induced m orta lity , especially bycatch, 

are being focused on those stocks where the prob lem  is more severe. Bycatch m itig a tio n  

efforts have been focused th rough take reduction teams, and take reduction plans are in 

preparation or have been adopted fo r several stocks and fisheries.

T he  m ain issues fo r several selected high pro file  m arine m am m al species are sum m a­

rized here.

Southeastern U.S. bottlenose dolphins O u r understanding o f the status o f bottlenose 

do lph ins in  the southeastern U n ited  States has im proved greatly th rough use of p h o to ­

graphic id en tifica tion , rad io tracking , and b iom olectila r analyses. In the A tla n tic , tw o d is­

tin c t ecotypes have been iden tified , a coastal fo rm  occurring  in shallow  warm  waters and an 

offshore fo rm  occurring  in deep colder water. T he coastal fo rm  is considered to be a strate­

gic stock because it is classified as depleted under the .VIMPA due to an earlier epizootic,

5 1



1999

O U R  L I V I N G  O C E A N S

and because current levels o f bycatch s ligh tly  exceed the proper PBR level. In the C ¡uít of 

M exico , 33 stocks o f  bottlenose do lph ins  have been iden tified  in bay, sound, and estuarine 

areas, w h ich  are m ostly qu ite  small. Five add itiona l stocks have been iden tified  from  the 

coastal and offshore areas. Estimates o f  d irect hum an-induced annual m orta lities are o n ly  a 

small fraction  o f the abundances fo r these five stocks, so none are classified as strategic. 

Three anomalous m o rta lity  events have been docum ented fo r bottlenose do lph ins, sug­

gesting that these stocks may be physio log ica lly  stressed.

A tlan tic  harbor porpoise A  harbor porpoise take reduction plan fo r the N ortheast Region’s 

s ink g illne t and M id -A tla n tic  coastal g ili net fisheries was im plem ented in I )ecember 1998. 

The  bycatch of the C iu lf o f M aine-B ay of Fundy harbor porpoise in g illnets has exceeded 

the PBR since first estimated in 1990. Ehe fishery has been subject to seasonal and spatial 

regulation in the G u lf o f M aine, and this may be part of the reason that it has in tensified in 

the M id -A tla n tic  Region in recent years. T he  take reduction plan defines specific areas and 

seasons that are closed to fish ing  or where either acoustic deterrents o r net m od ifica tions 

are required to be used. The  success o f the plan at reducing bycatch below PBR ’s w ill be 

closely m on ito red  using observer programs and o ther at-sea research.

S te lle r  sea l io n .  G u lf  o f 
A laska.

Steller sea lions Im proved estimates o f Steller sea lion  abundance were obta ined fo r 1998. 

T he western U.S. Pacific stock has con tinued  to decline, w h ile  the eastern Pacific stock 

appears to be either stable or increasing slightly. T h e  human-caused m o rta lity  exceeded 

PBR fo r the western U.S. Pacific stock, bu t no t fo r the eastern Pacific stock. N ew ly  in s ti­

tu ted management actions (in  early 1999) include a no-en try  zone around rookeries, a 

p ro h ib it io n  o f groundfish tra w lin g  w ith in  10 -2 0  n .m i. o f  most Alaskan rookeries and im ­

po rtan t hau lou t sites, and spatial and tem poral a llocation of Eastern Bering Sea and ( i ul t o f  

Alaska A tka  mackerel and walleye po llock  catches.

Eastern tropical Pacific dolphins T he  1997 In te rna tiona l D o lp h in  Conservation Program 

Act mandated new research to determ ine w hether o r not encirclem ent of do lph ins du ring  

tuna purse-seine fish ing in the eastern trop ica l Pacific has an adverse affect on the animals. 

I he status of several eastern trop ica l Pacific do lp h in  stocks continues to be of concern, 

especially fo r tw o stocks classified as depleted becatise o f  inc identa l m o rta lity  that has oc­

curred in the fishery since the early 1960’s, even though inc identa l m o rta lity  o f  do lph ins 

has been substantia lly reduced since the early 1990’s. Research is underway to c la rify  the 

status of these stocks and to determ ine the effects of chase and recapture.
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Adequacy of Scientific 

Information and Assessments

O ne o f  the most im p o rta n t national issues is the q u a lity  and q u a n tity  o f  data on 

w h ich  stock assessments and m anagement decisions are based. S tock assessments and other 

sc ientific  in fo rm a tio n  are the founda tion  fo r the rational and sustainable u tiliza tio n  of 

renewable resources. Stock assessments require data on the b io logy o f the species, catches, 

abundance trends, and stock characteristics such as age com position , w h ich  are pu t to ­

gether to  estimate the curren t status o f  the stock and its past history. T h is  understanding 

aids managers in the selection o f  fish ing  targets to be achieved and thresholds or lim its  to 

be avoided.

Basic in fo rm a tio n  is s till lacking to construct adequate assessments fo r m any U.S. 

L M R ’s. T h is  is the m ain reason w hy  21%  o f  the stocks reported in U n its  1 -2 0  have u n ­

know n u tiliza tio n  levels (Tables 3 and 4 ). These stocks o f  unknow n  status account fo r less 

than 3%  o f  the U.S. RAY, bu t inc lude im p o rta n t species, such as sharks and m any reef fish, 

fo r w h ich  not even the catch is recorded on a species-by-species basis. Progress has been 

made d u rin g  the last few years, as 14 stock groups whose u tiliza tio n  level was unknow n  in 

O LO  '92 are now  o f  know n  status (Table 11). But sound, sc ien tifica lly  based fisheries 

management requires m ore than the a b ility  to classify the status o f  stocks. Relatively pre­

cise estimates o f  actual abundance, fish ing  m orta lity , and potentia l y ie ld  (e.g. (IP Y  and 

LTPY) are more desirable. To im prove on these estimates, more comprehensive data and 

research are needed.

W e igh in g  a subsa m p le  o f 
longsp ine  tho rnyhead  rock- 
fish , w e s t coas t u p p e r con 
tin e n ta l s lope  assessm ent 
survey.

The  recent s tudy of stock assessment methods conducted by the N a tiona l Academy 

o f  Sciences (N R C , 1998) suggests tha t one o f  the key pieces o f  in fo rm a tio n  required to 

assess a stock is an adequate index o f  relative abundance. Abundance indices can be ob­

tained from  analyses o f  catch rates in  the fishery, or from  sc ien tifica lly  designed research 

surveys. T he  form er type is often prob lem atic  because fish ing  operations tend to occur in 

areas o f  h igh fish density, thus in tro d u c in g  potentia l biases o f  serious consequence. Por 

instance, an increasing trend in  the e ffic iency o f fish ing operations over tim e  could  mask a 

decline in abundance. Research surveys do not suffer from  the same prob lem , b u t they 

tend to be more imprecise and survey data are more expensive to collect.
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S a m p lin g  ta b le  and m ixed  
ca tch  o n  c h a r te re d  c o m ­
m e rc ia l tra w le r , tr ie n n ia l 
w e s t coast g ro u n d fis h  as­
sessm ent survey.

N¡

O U R  L I V I N G  O C E A N S

1 he N ortheast Region has t lie longest h is to ry  o f  surveys, w h ich  have been conducted 

since the 1960’s for g round fish , and more recently also fo r pelagic and invertebrate re­

sources. A ll regions have fishery-independent surveys fo r some of the ir more im p o rta n t 

resources, and efforts are underw ay to im prove N M F S ’ a b ility  to ob ta in  abundance indices 

th rough  a data acquis ition plan in vo lv in g  the deploym ent o f new replacement fisheries 

research vessels and increases in the use of charter vessels. T he  new vessels are urgently  

needed because existing N O A  A fisheries research vessels average 34 years o ld , are techno­

log ica lly  obsolete, and are approaching the end o f the ir useful service life. To ensure the 

c o n tin u ity  and sc ientific  in te g rity  o f  N M F S ’ survey time-series, each replacement vessel 

m ust be calibrated w ith  its o lder counterpart, w h ile  it  is still operational.

M a n y  o f  the issues discussed in  the previous sections end up, in one way or another, 

affecting the a llocation of fisher}' resources. A lloca tion  can be between countries, between 

states, between several com m ercial sectors, com m ercial-recreational, inshore-offshore, triba l- 

n o n tr ib a l, and com binations of these. A llo ca tio n  decisions require precise and accurate 

know ledge o f user-specific harvest levels in a d d ition  to an understanding of the spatial 

segregation o f  the resource. Recreational fisheries have increased considerably in im p o r­

tance and are now  the m ain source o f fish ing  m o rta lity  fo r m att}’ stocks, pa rticu la rly  in 

coastal waters (U n it 21). But, because o f  the ir dispersed nature, recreational fish ing  im ­

pacts are d iff ic u lt to quantify. T he  m ain source of data fo r recreational fisheries is the N M F S  

m arine recreational fisheries statistics surveys (M R FSS1’) w h ich  now  constitutes a 20-year 

continuous tim e series. In recent years, there have been several efforts to increase levels of 

sam pling (e.g. fo r k ing  mackerel in  the Southeast Region) and to conduct region-w ide 

surveys to collect data on the dem ographics and economics of recreational fisheries (in  the 

Northeast Region in 1994 and 1998, the Southeast Region in 1997, and the Pacific Coast 

Region in 1998). Cooperative programs to im prove the co llection of data on charter boat 

operations have also recently been in itia ted  in M aine, N ew H am pshire, N o rth  C aro lina, 

and the G u lf  o f M exico. Hata on recreational fisheries ate now available to the pub lic  on 

the W orld  W ide  Web.

’M R  I S S (M arine Recreational Tisheries Statistics Survey). N M IS  Office of Science and Technology, hsher- 

ies Statistics and Economics D ivision, Silver Spring, M D 20910.

Im p ://www. st. nmts.gov/sr 1 / récréât lonal/datahase/index. htm  I

5 1
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N ew  insight in to  the b io logy of some species is reshaping the ir stock assessments. For 

example, an im proved understanding of the popu la tion  structure o f  several A tla n tic  tunas 

is being obtained from  genetic studies and from  research using b io log ica l markers and new 

tagging technologies. N ew  technologies may also plat' an im portan t role in enhancing N M F S ’ 

capacity to  provide more e ffic ien t and accurate fish surveys th rough , fo r example, the de­

ve lopm ent o f advanced, integrated acoustic and laser-based systems and sensor p latform s. 

In  most cases, the acoustic and laser-based optica l technologies are com plem entan', ad­

dressing specific com ponents o f  an overall assessment prob lem . For example, an integrated 

lig h t detection and ranging (LJD A R ) system could p o te n tia lly  be developed to survey 

m idw ate r species, fo r w h ich  the L ID A R  system could be used to estimate fish size or iden­

t ify  species, and the integrated acoustic sensor could be used to provide abundance esti­

mates from  greater water volumes than cou ld  be obtained using L ID A R  alone.

In add ition  to uncerta inties in the status o f stocks and abundance estimates or trends, 

there are critica l gaps in  ou r know ledge about ecosystem effects on L M R ’s. These gaps 

inc lude the effects o f environm enta l va ria b ility  and changes caused by c lim ate, functiona l 

habitat a lteration, and long -te rm  environm enta l degradation. A lso included are gaps in 

know ledge about multispecies in teractions. Several recent studies have stressed the need to 

incorporate  ecosystem considerations and m ultispecies in teractions in to  fish stock assess­

ments and management advice. T he  N a tiona l Academy o f Sciences indicates that in  order 

to restore fish popula tions and protect ecosystems, it w ill p robably be necessary to substan­

tia lly  reduce fish ing  m orta lities  on most species (N R C , 1999b).

O u tlo o k

Issues of N a tiona l concern have not changed substantia lly since O u r Laving Occam 

was first published in 1991. Indeed, it  cou ld  be said that they have not changed m uch 

d u rin g  the past 2 decades and that they are found  in all corners o f the w o rld : concerns 

about overcapacity, overfish ing, and the a b ility  to rebuild  overfished stocks; bycatch; a llo ­

cation between user groups; m anagement o f stocks that straddle d iffe ren t ju risd ic tions; 

hab ita t degradation; fish ing  interactions w ith  protected species; and the adequacy of scien­

tif ic  in fo rm a tio n  in a com plex environm ent.

Substantial advances have been made, and con tinue  to be made, on all issues. But 

because each stock has its own characteristics, each fishery has its own peculiarities, and

5 5
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each set o f available data is un ique in some way, the progress made towards resolving these 

problem s on the w hole seems slow.

N o t o n ly  is each s itua tion  un ique, bu t the forces g iv ing  rise to the problem s also seem 

to g row  over tim e. Ever in tens ify ing  fish ing  e ffo rt and deploym ent o f  more pow erfu l and 

sophisticated fish ing  gear and e lectronic fish -fin d in g  equ ipm ent have resulted in gross over­

capacity and overfish ing o f resources that were previously considered to be at near-optim al 

exp lo ita tion . T he  increasing dem and fo r fishery products or fo r the fish ing  experience in ­

creases the pressure on L M R ’s constantly. U rban iza tion  of coastal zones and popu la tion  

grow th  also pu t con tinuous ly  increasing pressure on the nearshore habitats that m any spe­

cies depend on as nursery areas. Long-te rm  impacts from  causes such as global w arm ing  

and biophysical changes to ecosystems w ill like ly  also affect m any L M R ’s in ways that are 

d if f ic u lt  to forecast.

P acific  sand lance, Pacific

fh e  available sc ien tific  in fo rm a tio n  and the a b ility  to  im p lem ent and enforce effec­

tive management regulations have been, in m any cases, insu ffic ien t to manage L M R ’s at 

the ir m axim um  potentia l w ith o u t in cu rrin g  s ign ifican t conservation risks. In the face o f  

such uncerta inty, fish ing  should he allowed to proceed conservatively, setting aside part o f  

the resource potentia l as insurance against unknow n  risks. But the m any increasing pres­

sures acting upon L M R ’s have given rise to un d u ly  favoring short-te rm  econom ic gain at 

the expense o f  long-te rm  sustainable u tiliza tio n . In  fact, in the face of uncerta in ty, fish ing  

has generally proceeded less conservatively.

This s itua tion  began to be reversed in the early 1990’s, when F M P ’s were required to 

contain measurable de fin itions of overfishing, a conservation threshold or l im it to be avoided 

irrespective o f  any short-te rm  considerations. Today, F M P ’s are required to  make the de fi­

n itions o f  overfish ing consistent w ith  avo id ing  fish ing  levels higher than those that support 

MSY. If adequately im p lem ented, the new requirem ents should result in im m ediate  ac­

tions to e lim ina te  overfish ing, rebu ild  depleted stocks, and prevent o ther stocks from  be­

com ing  overfished. However, it is im p o rta n t to realize that stock re b u ild ing  w ill be slow in 

m any cases, perhaps o f the order o f  a generation or more fo r some species.

Parallel to strengthened management measures, there is a need fo r strengthened sci­

ence: I f  more is know n about a stock and the effects of fish ing  upon it, then it becomes 

possible to fine-tune its management and protect the stock w ith  less need to r conservatism.

5 6
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There are m any sc ien tific  elements that can be strengthened, and some may be un ique to 

each s itua tion . A  com m on one to most s ituations is to  set up perm anent m o n ito r in g  p ro ­

grams to measure relative abundance trom  fishery-independent data. Such efforts should 

im prove the qua lity  ot m any stock assessments and w ou ld  also serve as an im proved basis 

fo r the understanding o f popu la tion  dynamics.

The  o u tlo o k  fo r the N a tio n ’s liv in g  m arine resources depends in  good part on the 

management actions that are being taken at present. I he decline in the abundance of m any 

stocks in  all U.S. regions d u rin g  the past few decades was p rim a rily  the result o f overfish ing 

(sometimes com pounded by environm enta l changes). T h e  strengthened m anagement mea­

sures, designed to reduce overfish ing  and begin rebu ild ing , that are being im plem ented 

should result in an acceleration in  the rate o f  im provem ent o f  stock status and fishery 

u tiliza tio n  levels. T h e ir  success depends on how  effective ly they can be im plem ented over 

the foreseeable fu tu re . S hort-te rm  losses in  y ie ld are expected as an im m edia te  cost o f  re­

b u ild in g  overfished stocks. However, judg ing  from  the remarkable a b ility  o f  m any stocks 

to recover from  overfish ing, the o u tlo o k  is very positive over the long  term , and should 

result in the potentia l fo r h igher sustainable yields w ith  reduced risk to the resources.

Edw in  S .Taylor fish in g  pier, 
F o lly  Beach, S ou th  C a ro ­
lina.
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The Precautionary Approach: 
A New Paradigm 
or Business as Usual?

p re #ca u » tion  \ ’p r i- ’ ko-shen\ n [F précaution, fr. L L praecaution-, praecautio, 
fr. I. praecautus, pp. o f pmecavere ro guard against, fr. prae- + carere to  be 

on one’s gua rd— m ore at h e a r ]  1 : care taken in  advance : FO R E SIG H T 

<w arned o f  the need fo r ->  2 : a measure taken be forehand to prevent 

harm  o r secure good : SAFEG UARD— p re ^ c a u ^ tio n ^ a ry  \-she -,ner-e \ adj

a p p ro a ch  n i a :  an act o r instance o f approach ing  < the -  o f sum m e rs  b 

: a p p r o x im a t io n  < in  th is  b ook  he makes his closest -  to  greatness> 2 a : 

the ta k in g  o f p re lim in a ry  steps tow a rd  a p a rticu la r purpose e x p e r im e n t ­

in g  w ith  new lines o f ->  b : a p a rtic u la r  m anner o f ta k in g  such steps <a 

h ig h ly  in d iv id u a l -  to  la n g u a g o  3 : a means o f  access : a v e n i^ ^ B

INTRO DUCTIO N

I 'h e  te rm  P recautionary A pproach  has been 

rece iv ing considerable a tte n tio n  in  fisheries. I t  is a 

p rin c ip a l focus o f  recent sc ie n tif ic  docum en ts  and 

technical gu idelines fo r fishery  m anagem ent agree­

m ents, and it  con tinues to  be a focus o f  m any 

workshops be ing  held th ro u g h o u t the w o rld . As

T he first definition of precaution, and the second definition 
o f approach. IV  permission, from Merriam-Wcbster's ( oh 
legiate® Dictionary, Tenth Edition ©1998 by M errum - 
Webster, Incorporated

exp la ined below, the P recautionary A pp roach  is a 

p ro to co l fo r  ensu ring  tha t resource conservation  

takes precedence over o ther— usually sh o rt-te rm —  

objectives. B ut the need fo r  conservation measures 

in  the use o f renewable resources like  fisheries is 

n o th in g  new. H ence the question  asked by m any 

people, in c lu d in g  fisherm en, managers, and sci­

entists, is th is : A re  these s im p ly  buzzw ords that 

w ill com e and go, o r does the P recau tionary  A p ­

proach represent so m e th ing  new  tha t is needed 

now? In th is  feature, we exp la in  w h a t the Precau­

tio n a ry  A pp roach  is about and how  it  relates to 

co n tem p o ra ry  fishe ry  m anagem ent needs in  the 

U n ite d  States and elsewhere.
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OUR LIVING OCEANS

B ering  Sea crab boats and 
s h o re s id e  p ro c e s s o rs  in  
D u tc h  H a rb o r -U n a la s k a , 
A laska, the  N ation 's  lead ing  
f is h in g  p o rt by landed catch 
and va lue.

THE CONSERVATION RECORD

It lias lo n g  been recognized th .it fishe ry  re­

sources are no t inexhaustib le , and tha t m anage­

m e n t measures are needed to  ensure tha t they are 

harvested in  a susta inable m anner. I he concept u l 

ove rfish ing , and the need to  avo id  it o r reverse its 

effects, achieved lore-most p rom inence  in the 19T6 

law  th a t regulates m arine  fisheries in the U .S. Ex- 

elusive E conom ic  Z one  —  the  M agnuson  Fishery 

C onse rva tion  and M anagem ent A c t ( M I  G M A 2). 

T h a t A c t ’s p r in c ip a l purpose is "to take im m e d i 

ate ac tion  to  conserve and manage the fishe ry  re­

sources lo u n d  o il the coasts o f the U n ite d  States

W h e n  the leg is la tion  became effective, several 

fishery resources were considered to be overfished, 

hav ing  dec lined  “ to  the p o in t w here th e ir  su rv iva l 

is th rea tened,’’ and the M F C M A  sought to  reverse

T h e  MFC M A  h.is heen am ended m any  tim es, m ost recen tly  

d u r in g  r c . iu th o n /a t io n  bv  C o n g re ss  m  O c to b e r  

th ro u g h  the S ust.un.ib le  Fisheries A ct. It is c u rre n tly  referred 

to  as the M agnuson-S tevens Fishery C o n s c rv jt io n  and M a n ­

agem ent \ c i (M S I ( M A ) .

6 2

th is  s itu a tio n  fo r those stocks, w h ile  p re ve n tin g  it 

in  o th e r stocks by m anag ing  a ll resources fo r o p t i­

m a l lo n g - te rm  use. T o  a c c o m p lis h  th is ,  th e  

M F C M A  established e ight reg ional fishery  m an ­

agem ent counc ils  and en trusted  them  w ith  pre ­

pa ring  fishers- m anagem ent plans that “w ill achieve 

and m a in ta in , on a c o n tin u in g  basis, the  o p tim u m  

yie ld  fro m  each fishery.’’ In  a d d itio n , the M F C M A  

sought to  encourage the deve lopm en t o f the U .S. 

fis h in g  in d u s try  bv phas ing  o u t fo re ign  fis h in g  

w h ich  was then perceived to  be the m a in  cause o f 

ove rfish ing .

( V e r  20 w ars  have elapsed since the  M I C M A  

came in to  effect, b u t m any  stocks rem ain over­

fished. ( Operational d e fin it io n s  of o ve rfish in g  and 

re b u ild in g  plans to r overfished stocks have been 

fo rm a lly  requ ired in  Federal fishery m anagem ent 

plans since 1989 , b u t i t  is o n ly  in  the last lew  years 

that stock recoveries have begun to m ateria lize . In 

a 1998 repo rt to  Congress on the status o l U.S. 

fisheries (N M F S , 1998), N C A A ’s N a tio n a l M a ­

r in e  F isheries Service (N M F S )  ca tegorized  90 

stocks as be ing overfished, 10 as approach ing  an 

overfished c o n d it io n , 200 as no t overfished , and 

Sa t as hav ing  u n k n o w n  status re la tive  to  ove rfish ­

in g  (a lthough  the stocks of u n k n o w n  status repre­

sent less than .V o  of U .S. land ings). I bus, o f the
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Not
overfished

24%
Unknown

status
64%

Overfished
12%

All stocks considered 
n=844

300 stocks whose status was kn o w n , 3 3 %  were 

e ither overfished o r approach ing  an overfished con­

d it io n  (F igure  1). M a n y  o f  the u n k n o w n  stocks 

m ay be overfished as w e ll and N M F S  expects that 

the percentage o f  overfished stocks w i l l  increase 

w ith  p lanned am endm ents to  a lm ost all fishery  

m anagem ent plans c u rre n tly  in  progress.

T h e  U n ite d  States is no t a lone in  hav ing  a sig­

n ific a n t p o rtio n  o f its stocks in an overfished state. 

Based on data up to  1992, the Food and A g r ic u l­

tu re  O rg a n iza tio n  (F A O ) o t the U n ite d  N a tio n s  

(U N )  estim ated tha t o f  those stocks fo r  w h ich  fo r ­

mal assessments were available, 4 4 %  were cons id ­

ered in tens ive ly  to fu l ly  e xp lo ite d , and 2 5 %  were 

considered ove rexp lo ited , deple ted, o r recovering. 

Using a d iffe re n t c lass ifica tion  system and co n s id ­

e ring  the top  200 o f the w o r ld ’s fisheries in  1994, 

F A O  estim ated tha t abou t 6 0 %  can be consid 

ered “ m a tu re ” o r “ senescent.” 1

WHAT IS THE 

PRECAUTIONARY APPROACH?

T h e  P recau tiona ry  A p p ro ach  has been p ro ­

posed as a w ay o f  th in k in g  a bou t fisheries and 

m ak ing  m anagem ent decisions that can he lp  p re ­

ven t ove rfish in g  and reb u ild  dep le ted stocks. T he 

P recau tionary  A pproach  is adapted Irom  the Pre­

ca u tio na ry  P rinc ip le . T he  la tte r a im s to  prevent 

irreversib le damage to  the e n v iro n m e n t by  im p le ­

m en tin g  s tr ic t conserva tion  measures, even in  the

TAG reports  anti press releases can he fo u n d  on the W o rld  

W id e  W eb at h ttp t/A vw w .fa o .o rg

A R T IC L E  1 

O N A R Y  A P P R O A C H

Overfished
33%

Not
overfished

67%

K nown stocks 
n=300

absence o f sc ie n tif ic  evidence th a t e n v iro n m e n ta l 

degradation  is be ing  caused by h um an  in te rv e n ­

tio n . T h e  P rin c ip le  is ra ther r ig id  and im p lies  an 

extrem e to rm  o f  reversal o f the bu rden  o f p roo f 

(in  its extrem e, hum an actions w o u ld  be cons id ­

ered h a rm fu l unless proven o therw ise). If  s tr ic tly  

app lied to  fisheries, the P rin c ip le  w o u ld  o n ly  a l­

lo w  fish in g  in  cases w here it  cou ld  he proven that 

fish in g  activ ities  w o u ld  n o t harm  fishe ry  resources 

o r th e ir  ecosystems. T h e  P recau tiona ry  A pproach  

is a re laxation  o l the  P rin c ip le , developed to  deal 

w ith  systems th a t are s low ly  reversible b u t often 

d if f ic u lt  to  c o n tro l, n o t w e ll unders tood , and may 

be subject to  chang ing  e n v iro n m e n t and hum an 

values. T h u s , the P recau tiona ry  A pp roach  is pa r­

t ic u la r ly  advocated fo r renewable resources like  

fisheries.

As w ith  the P rin c ip le , the reversal o f the b u r­

den of p ro o f s till perta ins in  a p p ly in g  the Precau­

tio n a ry  A pp roach . As such, it  is recognized that: 

1 ) all fish ing  activ ities have env ironm en ta l im pacts, 

and it  is n o t a p p rop ria te  to  assume tha t these are 

n e g lig ib le  u n t i l  p roven  o th e rw ise , 2) a lth o ug h  

some fish in g  im pacts m ay be po ten tia lis  d e tr im e n ­

tal, th is does no t im p ly  tha t all fish in g  shou ld  cease 

u n til all po ten tia l im pacts have been evaluated and 

de te rm ined  to be neg lig ib le , and 3) in  cases where 

the lik e lv  im pacts o f  fish in g  ac tiv itie s  are uncer­

ta in , p r io r ity  shou ld  be given to  conserv ing  the 

p ro d u c tive  capacity  o f  the fishe ry  resources. A c ­

co rd in g  to F A O  ( 1995a), the standard o f  p ro o f to 

be used in  decisions regard ing  a u th o riz a tio n  of 

fish ing  activ ities should be com m ensurate w ith  the 

po ten tia l risk to  the resource, w h ile  also tak ing  in to  

account the expected benefits o f the activ ities .
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S ta tu s  o f  f is h e r ie s  o f th e  
U n ite d  S ta te s  re p o rte d  to  
C ongress (NM FS, 1998).
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T h e  collapse o f  fish stocks in  the U n ite d  States 

and elsewhere has o ften  heen p rec ip ita ted  by the 

in a b il ity  to  im p le m e n t tim ely conserva tion  mea­

sures w ith o u t irre fu ta b le  sc ie n tif ic  p ro o f o f  over­

fish ing . T h a t is, managers have freq u e n tly  delayed, 

postponed, o r fa iled to  im p le m e n t corrective  m an­

agem ent actions w hen sc ie n tific  in fo rm a tio n  on 

the status o f  stocks and the im pacts o f e x p lo ita ­

tio n  was n o t beyond d o u b t. A  s h ift in  the  burden 

o f p ro o l is a na tu ra l rem edy to  reverse the s itua ­

tio n .

As discussed below, it  is d if f ic u lt  to  de fine  the 

P recau tiona ry  A pp roach  succinctly , because i t  has 

so m any com ponents. However, the fo llo w in g  sen­

tence represents one a tte m p t to  do so:

I n  f is h e r ie s , i h i P r e c a u t io n a r y  A ppro ach  is

ABOUT A lT IY IN t, |U I)I( IDUS AND RESPONS] Bí I- 

OSMERUS MANA!,I M IN T  PRA< IK  IS, BASI I) ON 

SOUND SCIENFIFK RLSEARCH AND ANALYSIS,

PR( > * |§ T I Y  (TO AVOID OR REVI RSI- UVERFXP1 o l -  

IATION) RAIIILR I I I  AN RLAt 11VI1Y (ONI I A ll  

DOUBT HAS BIEN Rl MOVED AND IMF RFSnllRCL 

IS SEVERE! Y OVERl XPLOITI l l ) ,  l o  INSURF. THE 

SUSTAINABIllTY OF FISIIFRY RESOURCES AND AS­

SOI IATFD Ft OSYSIEMS FOR IH I RI NI I II OF FU­

TURE AS SX’I 1 1 AS t URRENT GENERATIONS.

INTERNATIO NAL EVO LUTIO N

1 he U n ite d  N a tio n s  ( ( in v e n tio n  on the Law 

o f the Sea o f 1982 p rov ided  several m echanism s 

to  p ro m o te  responsib le m anagem ent o f  m arine  

fisheries. H ow ever, n o t u n t il the 1990 ’s d id  w o rk  

begin on d e ve lop ing  a p recau tiona ry  approach to 

fisheries m anagem ent. In  1991, the PAC > s ( i im -  

m ittee  on Fisheries ( ( ’O F !)  requested the FAC) to 

deve lop  an In te rn a tio n a l C ode  o f C o n d u c t lo r  

Fisheries. Subsequently, L A O  and the G overnm ent 

o l M ex ico  sponsored an In te rn a tio n a l C onference 

on Responsible F ish ing , he ld  in  C ancún  in  M ay  

1992. R eso lu tions fo rm u la te d  in  C ancún  were 

presented at the U n ite d  N a tio n s  C onfe rence  on 

F .nv ironm ent and I )eve lopm ent (U N C F T  )) in  R io 

de Janeiro, B razil, in  June 1992. I lie  R io  m eeting  

h ig h lig h te d  the im portance  o f the P recautionary 

A pproach  in  the R io  D ec la ra tion  and Agenda 21. 

l o i exam ple, P rin c ip le  15 o f the R io D ec la ra tion  

states that
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“ In  O RDER 'IO  PRO EEC T  IM F  I N V 1 R O N M F N T , F i l l

Pri-i a h i b in a r y  A ppro ach  si ia i e bí wildi i y ar­

pi i eld by S pates a c c o r d in i , io  t h e ir  ( arabii i-

T1F.S. W llF .R I  I H I Rl ARE FURI APS OF si R IO Lls OR 

IRREVI RSIB1 E D A M A G E , I ACK O l L U I I  S C IEN TIFK  

CERTAIN  I D S IIA I I .  N U I ’ Rl USED AS A REASON FOR 

POS1 P O N 1N I, ( O ST-EEI E C FIVF MEASURES IO  PRI­

V E N '!' E N V IR O N M E N T A L  111 C K A D A  T it  IN . ”

Several b in d in g  and n o n h in d in g  agreements 

e m b o d y in g  the P recau tionary  A pproach  were de­

veloped and concluded d u rin g  1 9 9 1 -9 6 .T h e  most 

com prehensive o f these is t ile  P A O  In te rn a tio n a l 

C ode o f C o n d u c t, com p le ted  in late 1995 (FA ( ), 

1995b). I he C ode of C o n d u c t addresses six key 

themes: I)  fisheries m anagem ent, 2) fis h in g  o p ­

era tions, 3) aquacu ltu re  deve lopm ent, 4) in teg ra ­

tio n  o f  fisheries in to  coastal area m anagem ent, 5) 

post-harvest practices and trade, and 6) fisheries 

research. In to ta l, there are 19 general p rinc ip les  

and 210  standards in the Code. W h ile  the Pre­

ca u tio na ry  A pp roach  is in tegra l to  all themes, i t  is 

app lied  p a rtic u la r ly  to  fisheries m anagem ent:

“ S ta ie s  s im u m  app iy  i h i  P re i a c t io n a r y  Ap- 

PROAl I I  W ID I I Y T O  CO NSERVATIO N, MANAG E.M I N T ,

A N D  EXPI O F IA P IO N  O l I 1V1NG A Q IIA T K  RF.SOUKOI S 

IN  O RDER IO  P R O IE C F  H U M  A N D  PRES!-KVI PI IF 

AQIJA1 l( I N V IR O N M E N  1 . ”

Ï lie ( ode o f C o n d u c t ilso emphasizes that 

“ T h e  absi n c f  o f  a id iq u a i i  si i i m ii eh in e o rm a -

1 H IN  S IIO I I D  N O I’ BI L SEI) AS A Rl ASON I I IR  P( IS T- 

P O N 1N I, O R 1 A IL IN G  l o  1 AKI ( .ONSF.RVA1 IO N  A N D  

M A N A G E M E N T  ME.ASURES."

F he( ode o f  C o n d u c t isa vo lun tarv , n o n h in d ­

in g  agreem ent. How ever, it con ta ins sections that 

are s im ila r to those in  tw o  recently concluded b in d ­

in g  agreem ents: 1) the A g re e m e n t to  P rom ote  

C o m p lia nce  w ith  In te rn a tio n a l C onserva tion  and 

M anagem ent Measures by F ish ing  Vessels on the 

H ig h  .Seas (the  ( om phancc A greem ent), and 2) 

the Agreem ent fo r the Im p le m e n ta tio n  o f the Pro­

visions o l the U n ite d  N a tio n s  C o n v e n tio n  on the 

Law o f the Sea o f  10 D ecem ber 1982 R e la ting  to 

the C onserva tion  and M anagem ent o l S tra d d lin g  

Fish Stocks and H ig h ly  M ig ra to ry  Fish Stocks (o f­
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f ic ia l ly  a b b re v ia te d  as the  L 'N  Im p le m e n t in g  

Agreem ent o r L 'N IA ,  b u t c o m m o n ly  referred to 

as the S tra d d lin g  Stocks A greem en t) (U N , 1995).

T h e  C o m p lia nce  A greem ent was adopted by 

F A O  C onference in  N ovem ber 1993. It  specifies 

the ob lig a tio ns  o f Parties whose vessels fish on the 

h igh  seas, in c lu d in g  the o b lig a tio n  to ensure tha t 

such vessels do no t u n d e rm in e  in te rn a tio n a l f ish ­

ery conservation and m anagem ent measures. T he  

C o m p lia nce  A greem ent is considered to  he an in ­

tegral part o f  the C ode o f C o n d u c t. T h e  U n ite d  

States im p le m e n te d  the C o m p lia n ce  Agreem ent 

th ro u g h  the H ig h  Seas F ish ing  Vessel ( om p liance  

A c t o f 1995 (16  U .S .C . 5550 et. seq.).

T h e  S tra d d lin g  Stocks A greem en t, negotia ted 

over a s im ila r pe riod  as the F A O  C ode  o f C o n ­

duct and no w  in  the process o f be ing  ra tifie d , co n ­

tains nearly  id e n tica l language as the C ode  on 

m any issues, in c lu d in g  the P re ca u tio n a ry  A p ­

proach and G eneral P rinc ip les fo r the conserva­

tio n  and m anagem ent o f  liv in g  m arine  resources. 

A lth o u g h  the  S tra d d lin g  S tocks A g re e m e n t is 

s tr ic t ly  app licab le  to  s tra d d lin g  fish  stocks and 

h ig h ly  m ig ra to ry  fish stocks, m uch  o f it  is also re l­

evant to  fishery  resources w ith in  na tio na l exc lu ­

sive econom ic zones. Indeed, rhe S tradd ling  Stocks 

Agreem ent is be ing used as the basis fo r deve lop­

ing  p recau tiona ry  approaches to  fisheries manage­

m ent in m any in d iv id u a l coun tries , as w e ll as in 

several in te rgovernm enta l organizations such as the 

N o r th w e s t  A t la n t ic  F is h e rie s  O r g a n iz a t io n  

(N A F ( )) and the In te rn a tio n a l Clo u n c il fo r the F„x- 

p lo ra tio n  o f the Sea ( l (  FS).

SCOPE OFTHE  

PRECAUTIONARY APPROACH

Fhe P recautionary A pproach  to  fisheries m an ­

agement is m u ltifa ce te d  and broad in  scope. As 

stated by F A O  ( 19 9 A a ), it  applies at all levels of 

fisheries systems: deve lopm ent p la n n in g , manage­

m ent, research, techno logy developm ent and trans­

fer, legal and in s titu t io n a l fram ew orks, fish cap­

tu re  and processing, fisheries enhancem ent, and 

aquacu ltu re . FA O 's Techn ica l G u ide lines  on the 

P recautionary A pproach  to C ap tu re  Fisheries and 

Species In tro d u c tio n s  (F A O , 1995a) groups the 

elements o f  the Precautionary A pproach  in to  three 

categories: 1) fisheries m anagem ent, 2) fisheries

research, and 3) fisheries techno logy. T h e  Precau­

tiona ry  A pproach  to fisheries m anagem ent requires 

avoidance o f o ve rfish in g , res to ra tion  o f  a lready 

overfished stocks, e xp lic it specifica tion  o f manage­

m en t objectives in c lu d in g  ope ra tiona l targets and 

constra in ts  (e.g. target and l im it  reference po in ts), 

ta k in g  account o f  u n ce rta in ty  by be ing  m ore co n ­

servative, avoidance o f excess harvest capacity, es­

ta b lish m e n t o f rules fo r c o n tro llin g  access, data 

re p o rtin g  requ irem en ts , deve lo pm e n t o f sound 

m anagem ent p la n n in g  processes in v o lv in g  exten­

sive co n su lta tio n , and e ffective  systems fo r m o n i­

to r in g  and en forcem ent. Research in  su p p o rt o f 

p recau tiona ry  m anagem ent shou ld  be designed to 

prov ide  accurate and com p le te  data and analyses 

o f relevance to  fisheries m anagem ent, to  develop 

opera tiona l targets and constra in ts , to  p rov ide  sci­

e n tif ic  eva lua tion  o f  the consequences o f manage­

m ent actions, to  inco rpo ra te  u n ce rta in ty  in to  as­

sessments and m a n a g e m e n t, and to  p ro m o te  

m u ltid is c ip lin a ry  (b io log ica l, econom ic , and so­

cia l) research. In  term s o f fisheries technology', the 

P recau tiona ry  A p p ro ach  p r im a r ily  invo lves the 

p ro m o tio n  of research to evaluate and im prove  

ex is ting  technolog ies and encourage deve lopm ent 

o l appropria te  new technologies, p a rticu la r ly  those 

tha t w ill p reven t damage to  the e n v iro n m e n t, im ­

prove econom ic  and social benefits, and im p rove  

safety.

KEY ELEM ENTS OF 

PRECAUTIONARY M A N A G E M E N T  

STRATEGIES

F o llo w in g  co m p le tio n  o f the C ode o f  C o n ­

d uc t and F A O 's  techn ica l gu ide lines on the Pre­

cau tiona ry  A pp roach , the facets of the P recau tion­

ary A pproach  tha t have received by far the  most 

a tte n tio n  are: 1 ) d e fin it io n s  o f ove rfish in g  in c o r­

p o ra tin g  target and l im it  reference po in ts , 2) fo r­

m u la tio n  o f decision rules that stipu la te  in  advance 

w ha t actions w ill be taken to prevent ove rfish ing  

and p rom o te  stock reb u ild in g , and 3) in co rp o ra ­

tio n  of u n ce rta in ty  by using a risk-averse approach 

to calculate targets, constra in  fish ing  m orta lity , and 

rebu ild  s tock biomass. These facets have been the 

focus o f num erous w orkshops conduc ted  by in ­

tergovernm enta l o rganizations (e.g. ICRS, N A IA ) ,  

N o r th  A t la n t ic  Salm on C onse rva tion  O rgan iza-
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tu rn  (N A M  (.)), and the In te rn a tio n a l C om m is - 

sion fo r the C onserva tion  o f  A t la n t ic  Innas) as 

w ell as nationa l governm ents, in c lu d in g  the U n ite d  

States. T h e y  w ill also be the focus o l the rem a in ­

der o f th is  a rtic le .

LIM IT  AN D TA R G ET  

REFERENCE POINTS

L im it  and target reference po in ts  are signposts, 

usua lly expressed in terms o ff is h in g  m o rta lity  rates 

o r s tock biomass, th a t p rov ide  benchm arks w ith  

w h ic h to  com pare the state ot the  stock and status 

o f  e x p lo ita tio n  and w h ich  can be used to  gu ide  

fisheries m anagem ent. L im it  reference po in ts  set 

boundaries tha t are designed to constra in  e x p lo i­

ta tio n  w ith in  safe b io log ica l lim its  so th a t stocks 

reta in the a b il ity  to  p roduce  m a x im u m  susta in­

able y ie ld . Target reference p o in ts  id e n t ify  desired 

outcom es fo r the fisher}' and are therefore in tended 

to  meet m anagem ent goals and objectives. T h e  

basic idea o f  us ing  reference p o in ts  in  a Precau­

tio n a ry  A pproach  to fisheries m anagem ent is that 

targets shou ld  be set s u ff ic ie n tly  be low  lim its  so 

tha t the lim its  w il l  be avoided w ith  h igh  p ro b a b il­

i ty  and targets w il l  be a tta ined  on average.

T h e  U n ite d  States had already made substan­

tia l progress in addressing ove rfish in g  p r io r  to  the 

deve lopm en t o l the P recau tionary A pp roach . In  

1 ‘189, N M 1 S pub lished  gu ide lines (§50  ( P R  Part 

(>02, G u id e lin e s  fo r  the p re p a ra tio n  o f  fishe ry  

m anagem ent plans under the MFC N IA ) (c o m ­

m o n ly  relerred to  as the (>02 G u ide lines) in te r ­

p re tin g  N a tio n a l S tandard 1 o f the  M F G M A  w ith  

respect to  o ve rfish ing . T h e  602  G u ide lines  p ro ­

v ided  a fo rm a l d e f in it io n  o f ove rfish ing :

“ O v iR L I s H I N l ,  IS A LEVEL OR R A IL  O L M S IIIN c , 

M O R T A L IT Y  IH A I ' JEOPARDIZES IH I-  I O N I , - I I RM 

( A l’A U ITY  O L A STO CK O R S TO CK C O M P I I \  LO 

PRIMUM L [M A X IM U M  S U S T A IN A B K  Y I L I t l ]  O N  A 

( O N  I I N l ' I N l , BASIS."

T h e  602 G u ide lines  requ ired  th a t all fishery 

m anagem ent plans (FM P 's) be amended to  inc lude  

measurable d e fin it io n s  of ove rfish ing  fo r each stock 

o r stock com p lex covered bv tha t PMP. In  m ost 

1 M P 's, th is  d irec tive  was in te rp re ted  as a requ ire ­

m ent lo r  d e fin in g  re c ru itm e n t ove rfish in g  w h ich
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was genera lly specified in  term s o f a l im it  fish in g  

m o rta lity . A  rev iew  by Rosenherg et al. (1994 ) of 

m ore than 100 such d e fin it io n s  conc luded  tha t 

m ost d e fin it io n s  were b io lo g ic a lly  sensible and at 

least n e u tra lly  conservative in  p ro te c tin g  against 

re c ru itm e n t ove rfish ing , a lth o ug h  there was room  

fo r im p ro ve m en t especially in  term s o f the l in k ­

age to  m anagem ent actions. T he m ost co m m o n  

d e fin it io n s  o l re c ru itm e n t ove rfish in g  were fis h ­

in g  m o r ta lity  rates associated w ith  e ithe r 2 0 %  o r 

3 0 %  o f the m ax im u m  spaw n ing  biomass ¡ser re­

c ru it  (i.e. f , 0% and F ,(l%, see A p p e n d ix  4).

O nce  ove rfish in g  d e fin it io n s  were developed 

and accepted, fishe ry  m anagem ent counc ils  were 

requ ired  to  deve lop  and im p le m e n t re b u ild in g  

plans fo r overfished stocks. M a n y  o f  these plans 

were w e ll underw ay, and some stocks had even 

been  p ro c la im e d  " r e b u i l t ” w h e n  th e  A c t  

(M S F C M A ) was reau thorized  in  1996 (Susta in­

able Fisheries A c t, P u b lic  Law  1 0 4 -2 9 7 ). T he 

M S F C M A  in tro d u ce d  several new requ irem ents 

fo r specify ing  ob jec tive  and measurable crite ria  fo r 

d e te rm in in g  o ve rfish in g  and also in tro d u ce d  new 

o r revised d e fin it io n s  fo r  a n u m b e r o l term s re­

la ted  to  l im its  and targets. M o s t n o ta b ly , the 

M SFC M A  rede fin e d  o p t im u m  y ie ld  to  he no 

greater than m ax im u m  sustainable y ie ld  (Tahle 1 ). 

T h e  new d e fin it io n  o f o p tim u m  yield also included 

the p ro te c tio n  o f m arine  ecosystems as a na tiona l 

b e n e fit to  be considered in  se tting  targets. In  ad­

d it io n ,  the MSFC M A  inco rp o ra ted  the d e f in it io n  

o l ove rfish in g  firs t presented in  the 1989 G u id e ­

lines, and m andated tha t specific  rem edia l actions 

he taken to prevent ove rfish in g  and re b u ild  over­

fished stocks.

I he trea tm en t o f M S Y a s  a m anagem ent c o n ­

s tra in t in  the M S F C M A  is consistent w ith  A nnex 

11 o l the U .N . S tra d d lin g  Stocks A greem en t (U N , 

1 995 ) w h ich  states:

"T ill I ISH IN c, M O R TA I IT S RAI I W IM I 11 1,1 N l RAI I S 

M A X IM U M  SDSI’A IN A B ir  Y ll I D  S H O U ID  HI R l -  

t .A K P I D AS A M IN IM U M  S T A N D A R D  I O R I I M IT 

R LLLR I NUF P O IN  I s . "

In  M ay 1998, N M F S  pub lished  new N a tio n a l 

Standard G uide lines (Federal Register, Vol. 6.3, N o. 

S lO, p. 242 12 -2 4 .32 7 , M a y  1, 1998) tha i in te r ­

pret the amended A c t ( fab le  1 and the d e fin it io n
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o f  ove rfish ing ) and d irec ted  th a t fishery manage­

m en t plans be am ended to  requ ire  "status de te r­

m in a tio n  c r ite r ia " th a t inc lu d e  separate parts fo r 

b o th  the  act o f  o ve rfish ing  and the c o n d it io n  o f  

be ing  overfished:

"E a c h  F M P  m u s t sp e c ify , t o  t u i  e x te n t  pos­

s ib le , OBJECTIVE AND Ml ASURABLE STAT US DE IT R- 

MINATION ( RITTERIA FOR EACH STOCK OR STOCK 

COMPLEX COVERFD BY THAT FMP AND PROVIDE 

AN ANALYSIS OF HOW THE STATUS DETERMINATION 

CRITERIA WERF CHOSEN AND HOW rH iY  RELATE 

TO REPRODUCTIVE POTENTIAL. S LATUS DETERMI­

NATION CRITERIA MUST BE EXPRESSED IN A WAY 

THAT ENARI ES I HE COUNCIL AND THE SECRETARY 

TO MONITOR I HE STOCK OR STOCK O  IMPLEX AND 

DETERMINE ANNUALLY WHETHER OVERFISHING IS 

OCCURRING AND WHETHER THE STOCK OR STOCK 

COMPLEX IS OVERFISHED. In  A l l  CASES, STATUS 

DETERMINATION CRITERIA MUST SPECIFY BOTH Ol 

THE FOLLOWING: (i) A  MAXIMUM FISHING MOR­

TALITY THRESHOLD OR REASONABLE PROXY 

THEREOF. ... 'I HE. FISHING, MORTALITY THRESHOLD 

MUST NOT EXCEED THE FISHING M ORTA I IT Y RATE 

OR LEVI L ASSOCIATED WITH THE R E LEV A N T M SY 

CONTROL RULE. F.XCEED1NG THE FISHING M O R ­

TALITY THRESHOLD FOR A PERIOD OF 1 YEAR OR 

MORE CONSTITUTES OVEREISHINt.. (il) A MINIMUM 

STOCK SIZE THRESHOLD OR REASONABLE PROXY

THERTOF. . ..  S h o u ld  t h e  a c t u a i  s iz e  o f  t h e

S TO C K  O R  STOC K C O M P LEX  IN  A G IV E N  YEAR FALL 

BELOW T H IS  T H R E S H O LD , THE STO CK OR S IO ' K 

C O M P LEX  IS C O N S ID E R E D  O V E R F IS H E D .”

T h e  M S F C M A  does n o t e x p lic it ly  requ ire  that O Y  

(the  target) be set safely be low  M S Y  (the  l im it ) ,  

w h ic h  is w ha t w o u ld  be expected us ing  a Precau­

tio n a ry  A pproach . H ow ever, the N a tio n a l S tan­

dard G u ide lines  pub lished  in  M a y  1998 recom ­

m end that the fishery m anagem ent councils “ adopt 

a P recautionary A pp roach ”  to  fisheries manage­

m ent characterized by:

“ T a r g et  reference p o in t s , s u c h  a* O Y .s h o u l d

BE SFT SAFELY BELO W  L IM IT  REFERENCE POINTS 

[ I .E . ,  T U I O V I R I-IS H IN G  d e f i n i t i o n s ] . . . ”

“ A  STO CK O R STOCK C O M P LEX  T H A T  Is HI 1 ( >W EHE 

SIZE T H A T  W O U L D  PRO DUCE M SY S H O U L D  BE

HARVESTED AT A LOW ER RATE O R LEVEL OF FISH­

IN G  M O R T A L IT Y  T H A N  IF T H F  STO CK O R STOCK 

t OMPLEX W LIU  ABOVE T H E  SIZE TH A T  W l lU L D  PRO­

DUCE MSY.”

“ C r i t e r i a  u s e d  f o  s e t  t a r g e t  c a t c h  l e v e l s

S H O U L D  BE E X P LIC IT LY  RISK AVERSE, SO T H A T  TH E

GREATER U N C E R T A IN T Y  R E G AR D IN G  T H E  STATUS 

OR REPR O D IK  1 1 VF CAPAC ITY  O L I H I  STO CK OR 

S TO CK C O M P L E X  CO RRESPO N DS T O  A GREATER 

C A U T IO N  IN  S ETT IN G  TARG ET C A TC H  LEVE ES.”

HARVEST CONTROL  

RULES A N D REBUILDING

H a rves t c o n tro l ru les (also ca lled  dec is ion  

rules) are preagreed p ro toco ls  to r c o n tro llin g  fish ­

ing  ac tiv ities  w ith  respect to  s tock status and the 

l im it  and target reference po in ts . 1 o r  exam ple, a 

harvest c o n tro l ru le  m ig h t specify h o w  the fish ing  

m o r ta l i ty  rate (o r, e q u iv a le n tly , the  a llo w a b le  

catches) shou ld  vary as a fu n c t io n  o f the size o f 

the stock.

T he  1996 M S F C M A  d e fin it io n  o f o p t im u m  

yie ld  instructs  that target catch levels fo r overfished 

stocks need to a llo w  fo r re b u ild in g  to the M S Y  

level ( Fable 1 ). M o re  specifica lly, the M S F C M A  

requires the fishe ry  m anagem ent counc ils  to  take 

rem edia l ac tion  to  end o ve rfish in g  and re b u ild  

overfished stocks to  M S Y  levels very ra p id ly  (gen­

era lly in  10 years o r less). T h e  d e fin it io n  o f o p t i­

m um  y ie ld  does n o t p ro v id e  m uch  gu idance  fo r 

cases in  w h ich  an overfished c o n d it io n  is be ing 

approached fro m  the oppos ite  d ire c tio n  (i.e. fro m  

a h e a lthy  s tock c o n d it io n ) .  H ow ever, b o th  the 

M S F C M A  and the N a tio n a l Standards G u ide lines 

de fine  o ve rfish in g  as a level o r rate o f fis h in g  m o r­

ta lity ' tha t jeopardizes the capacity of a stock o r 

stock com p lex to  produce  M S Y  on a c o n tin u in g  

basis. U nde r a P recau tiona ry  A pp roach , th is  im ­

plies tha t target catch levels shou ld  decrease n io n o - 

to n ic a llv  w hen a stock is be low  its M S Y  level to  

avoid im p e r ilin g  the s tock ’s p ro d u c tiv ity .

F igure 2 dep icts an exam ple o l l im it  and ta r­

get harvest c o n tro l rules tha t are c o m p a tib le  w ith  

the N a tio n a l S tandard G uide lines. I he l im it  (solid 

line ) is used to  decide w h a t level o l fis h in g  m o r­

ta lity ' ind ica tes “ o ve rfish in g ,”  and w hen the stock
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Table 1
D efin itions  o f o p tim u m  yie ld  
in the  F ishery C onse rva tion  
and M a na g e m en t A c t (e m ­
phasis added).

1976 MFCMA 1996 MSFCMA

the  am ount of fish  -

(A) w h ich  w ill provide the g rea tes t overall bene fit to 

th e  N a tio n , w i th  p a r t ic u la r  re fe re n c e  to  fo o d  

production  and recreational opportun ities ; and

(B) w h ich  is prescribed as such on the basis o f the 

m ax im um  susta inab le  yie ld  fro m  such fishery, as 

m o d i f i e d  by any re le v a n t e c o n o m ic , so c ia l, or 

eco logical fac to r "

is in  an “ overfished c o n d it io n ."  T h e  harvest ( ta r­

ge t) c o n tro l ru le  (dashed lin e ) is des igned  to  

achieve O Y , w h ic h  in  th is  exam ple  perta ins  to  

m a in ta in in g  a balance betw een a ch ie v in g  h igh  

y ie lds and a vo id in g  ove rfish ing ; it  the stock size is 

be low  its M S Y  level, the decreasing target fish in g  

m o r ta lity  a llow s fo r  re b u ild in g  back to  the M S Y  

level. S pec ify ing  l im it  and target harvest c o n tro l 

rules th a t arc c o m p a tib le  w ith  the N a tio n a l S tan­

dard G u ide lines  can be a com p lica ted  exercise that 

s h o u ld  take  in to  a cco u n t th e  b io lo g y  o l the  

stock(s), the characteristics o l the fisheries (e.g. gear 

se lec tiv ity ), the a b il ity  to  assess the s tock ’s status 

and p rodu c tiv ity ', and the re lative  im p o rta n ce  to 

be assigned to the various m anagem ent objectives. 

Restrepo et al. (1998 ) p rov ide  techn ica l gu idance 

fo r d e fin in g  l im it  and target harvest c o n tro l rules 

tha t are m accordance w ith  the G u ide lines , and 

where, in the s p ir it  o l the Precautionary A pproach , 

resource conserva tion  takes precedence ovei o th e r 

m anagem ent objectives.

RISK AVERSIO N

I he concept of risk aversion has a long  th e o ­

retica l t ra d it io n  in  fisheries, a lth o ug h  it  is no t fre ­

q u e n tly  app lied  in  practice. R isk-averse manage­

m ent means tha t when there is greater u n ce rta in ty  

regard ing  the status o r p ro d u c tive  capacity o f a

the am ount o f fish w h ich  -

(A) w ill provide the  g rea tes t overall b e ne fit to  the 

Nation, particularly w ith  respec t to  food production 

and re c re a tio n a l o p p o r tu n it ie s ,  and  ta k in g  in to  

account the  p ro tec tion  of m arine ecosystem s,

(B) is p r e s c r ib e d  as s u c h  on  th e  b a s is  o f th e  

m a x im u m  sus ta in a b le  y ie ld  fro m  the  fish e ry , as 

r e d u c e d  by an y  re le v a n t e c o n o m ic , s o c ia l, o r 

eco logical factor, and

(C) in the  case of an ove rfished fishery, provides for 

rebuild ing to  a level cons is ten t w ith  producing the 

m ax im um  susta inable y ield in such fishe ry  "

stuck, greater cau tion  is used in  se tting  target catch 

levels. In  the co n tex t of the P recau tiona ry  A p ­

proach , risk-aversion is the m echanism  to r  revers­

in g  the burden of p roo f.

For exam ple, cons ider the case in  w h ich  m an­

agers w ished to  de fine  the average O Y  as land ings 

close to  M SY, M S Y  be ing  a l im it  reference p o in t 

(n o t to  be exceeded w ith  any substan tia l p ro b a b il­

ity ) and O Y  be ing  the target reference p o in t (to  

be achieved on average). A  risk-averse P recau tion ­

ary A pproach  w o u ld  set (. A ’ be low  M S Y  as a fu n c ­

t io n  o f uncerta in ty , viz: the greater the uncerta in ty , 

the greater the  d istance between the tw o . In  th is  

exam ple, o n ly  in  the case o f perfect know ledge (fo r 

b o th  M S Y  and stock status) and perfect c o m p li­

ance co u ld  O Y  be set exactly  at M SY. In  the ex­

am ple o f 1 ¡gure 2, the 2 5 %  d iffe rence  between 

the l im it  and target at h igh  stock sizes provides 

lo r  a safety m arg in  to  guard  against u n c e rta in ty  in  

perceived stock status, in  im p le m e n ta tio n  of m a n ­

agement con tro ls , and in  na tu ra l abundance f lu c ­

tua tions.

S c ie n tif ic  analyses u n d e rp in  the P recau tion ­

ary A pproach  in that they are-the basis fo r d e te r­

m in in g  reference po in ts , assessing stock abundance 

and e x p lo ita tio n  levels, q u a n tify in g  unce rta in ty , 

and assessing the r isk  associated w ith  d iffe re n t 

m anagem ent op tio ns , l ile  second N a tio n a l S tan­

dard ui the M S F ( M A  states tha t:



FEATURE ARTICLE 1
THE PRECAUTI ONARY APPROACH

“ C ONSERVATION AND MANAGEMENT MEASURES

SHALL BE BASED UPON THE BEST SC IENTIFIC IN­

FORMATION AVA]LABI F.”

T o  the extent tlm t sc ie n tific  research can re­

duce uncerta in ties, the distance between targets 

and lim its  can he reduced w hen using a Precau­

tio n a ry  A pproach  to  m anagem ent.

CO NCLUSIO N

Taken ind iv id u a llv , elements o l the P recaution­

a ry  A p p ro ach , sueli as the need to  he p roactive , 

m anagem ent based on reference p o in ts , and risk- 

averse decis ion m ak ing , are no t nove l, a lth o u g h  

all e lem ents have se ldom , i l  ever, been app lied  in 

c o m b in a tio n . VChat the P recau tiona ry  A pproach  

does is in tegra te  these and o th e r elements in to  a 

fo rm a l ope ra tiona l fram e w o rk  to r decis ion m ak­

ing  (or, in  the d ic t io n a ry  d e f in it io n  u l approach, 

“a p a rticu la r m anner o l ta k in g  such steps"). T h e  

p a rtic u la r o rde r in  w h ic h  those steps shou ld  be 

taken under the P recautionary  A pp ro ach  is th a t 

co n se rva tio n  con s tra in ts  sh o u ld  be m et before  

o th e r objectives. A t face value, th is does n o t sound 

like  a n y th in g  new. 1 low ever, the rea lity  o l the fish ­

eries m anagem ent experience in  m ost instances to 

date is tha t sh o rt-te rm  ob jectives have genera lly 

taken precedence over lo n g -te rm  ones.

There  are tw o  o th e r aspects o l the P recau tion ­

a ry A pp ro ach  tha t, w h ile  they m ay no t he co m ­

p le te ly  novel, challenge the n o tio n  th a t it  may be 

possible to  equate adherence to  the P recau tionary 

A pproach  w ith  business as usual. I lie  f irs t is the 

n o tio n  o l MSY-based relerence p o in ts  as lim its  to 

be avoided, rather than  targets to  be achieved (or 

exceeded). A lth o u g h  th is  is no t a r ig id  requ irem ent 

o l the P recau tionary A p p roach , i t  is spec ifica lly  

suggested in  A nnex 11 o l the S tra d d lin g  Stocks 

A greem ent (U N , 19 ‘)S), and is being seriously co n ­

sidered bv 1CLS, NA1 t ), N A S I X  ), and the LbS. 

G o v e rn m e n t.  I t  is a lso  c o n s is te n t  w i th  th e  

M S F C M A . Second, the P recau tionary A pp roach  

is an e x p lic it and deta iled  a trem pt to  a rticu la te  the 

need lo r, and means o l, b r in g in g  to  f ru it io n  the 

pa rad igm  s h ilt tha t is c u rre n tly  in  progress. I t  is 

apparent tha t fisheries are in tran s itio n  tro m  a para­

d ig m  o f “ i t  is not possible to  ove rexp lo it m arine

Fishing m orta lity rate 
divided by the fishing 

m ortality rate result-

sustainable yield 

(F/FmJ

O verfisl nng 
rate

O ptim um -yie ld  
harvest contro l 
rule

Current stoel* size divided 
by the stock size associated 

w ith  maximum sustainable yield

(B/Bm5v)

resources”  to  one o l “ it  is n o t acceptable to  over­

e xp lo it m arine  resources,” bu t tha t at the g lobal 

level th is  tra n s itio n  is o n ly  in its in fancy. C o m p le ­

tio n  o l th is  tra n s itio n  w il l  requ ire  a change in  busi­

ness as usual by  all levels o f pa rtic ip a n ts  in  fish in g  

opera tions and d e c is io n m a k in g ; i.e. p o litic ia n s , 

managers, scientists, fishe rm en , and consumers. 

For m ost players, a com p le te  change in  m ind-se t 

is needed to  be p roactive  ra ther than reactive, to 

p u t conserva tion  objectives ahead o f sh o rt-te rm  

gain, to  proceed w ith  ca u tio n , to  treat fis h in g  as a 

p riv ilege  (w ith  associated o b lig a tio ns  and respon­

s ib ilities) ra the r than  a b ir th r ig h t ,  to  reject the sta­

tus quo w hen  it  is obv ious th a t the  status quo  is 

n o t v iab le  in  the lo n g  te rm , and, perhaps m ost 

im p o rta n tly , to  realize and accept the lact tha t o n ly  

a lim ite d  n u m b e r o t p a rtic ip a n ts  can derive a live ­

lih o o d  tro m  cap ture  fish in g . Advances tha t are a l­

ready in progress m ust be taken seriously; fo r ex­

ample, 1 ) the specifica tion  o l l im it  relerence po in ts 

tha t w i l l  constra in  fish in g  w ith in  sate b io log ica l 

lim its , 2) the estab lishm ent ot m anagem ent ta r­

gets tha t are e x p lic it ly  risk-averse, and 3) reversal 

o f the burden  ot p roo f.

F ig u re  2

H yp o th e tica l exam p le  illu s ­
tra tin g  lim it  and ta rg e t har 
vest c o n tro l ru les. The lim it 
{thick horizonta l line) defines 
o v e r f is h in g  as any  f is h in g  
m o rta lity  rate {F) h ig h e rth a n  
th a t w h ich  m ax im izes  lo n g ­
te rm  y ie ld  (Fmsy). In the  ex ­
am ple , the  stock is said to  be 
o v e r f is h e d  w h e n  its  s tock 
size (B) fa lls  b e lo w  o ne -h a lf 
o f the  M SY stock size level 
( 1/2 Bmsy, ve rtica l w h ite  line). 
The exam p le  ta rg e t (dashed 
line) is in ten d e d  to  achieve 
h ig h  y ie ld s  w h ile  a v o id in g  
o v e r f is h in g :  A t " h e a lth y "  
stock sizes, i.e. at o r above 
th e  Bms le v e l, th e  ta rg e t 
f is h in g  m o rta lity  is set 25% 
be lo w  the  lim it;  if th e  stock 
is b e lo w  th e  Bmsy leve l, the  
ta rge t fish in g  m o rta lity  is re ­
duced  m o n o to n ic a lly  so as 
to  a llo w  fo r re b u ild in g  back 
to  13 .



S e ttin g  a b o tto m  tra w i net 
o ff W es tpo rt, W a sh in g to n .
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New England Groundfish

there u w  no sound except the splash o f the sinkers overside, the flapping o f the cod. and the whack o f  
muckles as the men stunned them. I t  was wonderful fishing. ’’

— Rudyard K ipling
“ Captains Courageous”

INTRO DUC TIO N

Some g ro u n d fish  resources o f f  N e w  E ng land  

are no w  recovering fro m  record lo w  s tock sizes and 

landings observed in  the early 1990 ’s. O th e r stocks, 

however, co n tin u e  to  dec line  because o f  excessive 

fis h in g  m o r ta lity  and below-average re c ru itm e n t. 

D ec lines in  some stocks occu rred  s tead ily  over 

t im e , w h ile  others happened m ore recen tly  and 

a b rup tly . Resources m ore sensitive to  o ve rfish in g  

dec lined  and were supp lan ted  by o th e r target spe­

cies in .1 sequentia l pa tte rn  of resource e x p lo ita ­

t io n . T h e  N e w  E ngland g ro u n d fish  fishe ry  is n o w  

supported  by  species m ost res ilien t to  e x p lo ita tio n  

and o thers n o t here to fo re  considered m arketab le . 

G ro u n d fish  resources and th e ir  dependent fishe r­

ies are w e ll docum en ted  by land ings  statistics d a t­

in g  back over a cen tury , and by  standard ized re­

search vessel survey e ffo rts  w h ic h  began over 3 

decades ago. T h is  a rtic le  reviews the h is to ry  o f the 

N e w  Eng land  g round fish  fishery, its m anagem ent, 

a n d  p ro s p e c ts  fo r  lo n g - te r m  re c o v e ry  a n d  

sus ta inab ility .

BACKGROUND

N e w  England has been id e n tifie d  econom ica lly  

and c u ltu ra lly  w ith  the harvest o f g roundfishes, 

fo r over 400  years. A  m ix tu re  o f b o tto m -d w e llin g  

species in c lu d in g  A t la n t ic  cod, haddock, redfish, 

hakes, and  flou n de rs  c o n s titu te  the g ro u n d fish

resource (Table 1). T h e  com p lex  h is to ry  o f  the 

reg ion ’s g ro u n d fish  resources and th e ir  e xp lo ita ­

tio n  can be de fined  in to  several un iq u e  stanzas 

since the tu rn  o f the cen tury . Some o f the im p o r ­

tan t techno log ica l developm ents and resource con­

d itio n s  associated w ith  these various stanzas are 

described below.

Conversion from  Sail 
to  S team  (1900-20)

In the late 19th and early 2 0 th centuries, large 

fleets o f sa ilin g  vessels fro m  G loucester, Boston, 

and o th e r N e w  E ng land  ports  ranged th ro u g h o u t 

the  coastal areas and o ffshore  banks fro m  Cape 

C od  to  the G rand  Ranks o ff N e w fo u n d la n d  (F ig ­

ure 1 ). A t la n t ic  cod  catches, p r im a r ily  fo r salt cod, 

supported  over 800  d o ry  schooners and a m u l t i­

tude  o f shore-side businesses, in c lu d in g  salt m in ­

ing , ice harvesting , and an active b o a t-b u ild in g  in ­

dustry, necessitated by  substan tia l losses o f bo th  

ships and m en to the vagaries o t the N o r th  A t la n ­

tic . Ehe catch fro m  d is ta n t fish in g  g rounds was 

ge n e ra lly  sa lted (schooners  f is h in g  w ith  these 

m ethods were term ed “ salt bankers” ), w h ile  catches 

fro m  the G u lf  o f  M a in e  and Georges Bank, bv 

schooners called “ m a rke t”  o r “ shack boats, were 

genera lly stored on  ice and sold fresh.

A t the tu rn  o f the 2 0 '1' cen tury, m a jo r techno ­

lo g ic a l in n o v a t io n s  w e re  in t ro d u c e d  w h ic h  

changed h ow  fish were caught, hand led , processed.
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Skates, caugh t and used fo r 
lo b s te r  b a it, P o in t J u d ith , 
Rhode Island.

Table 1

Species and stocks c o m p ris ­
ing the  New England g rou n d ­
fis h  re s o u rc e . S tocks  th a t 
are regu la ted  as part o f  the  
N ew  E ngland F ishery M a n ­
a g e m e n t C o u n c il's  N o r th ­
e as t M u lt is p e c ie s  F is h e ry  
M anagem ent Plan (FMP) are 
ind ica ted .

OUR LIVING OCEANS

Pait of
NE

Common name Management stock * FM P?

Atlantic cod Georges Bank, South Gulf of Maine Yes

Haddock Georges B a n i, Gulf of Maine Yes

Ocean perch (Acadian redfish) Gulf o f Maine Yes

Pollock Gulf of Maine Yes

W hite  hake Gulf of Maine Yes

Red hake Gulf of Maine and North Georges B a n i, South Georges Bank and M iddle Atlantic Yes

Silver hake Gulf of Maine and North Georges Bank, South Georges Bani- and M iddle A tlantic Yes

Ocean pout Gulf o f Maine and South New England Yes

Atlantic halibut Gulf of Maine Yes

W inter flounder Georges B an). Gulf of Maine, South New England Yes

W itch flounder Gulf of Maine Yes

Yellowtail flounder Georges B a n i, South New England, Cape Cod, M iddle Atlantic Yes

American plaice Gulf of Maine Yes

W indowpane Gulf of Maine and North Georges Bank, South Georges Bank and South N ew  England Yes
Cusk Gulf of Maine No

Atlantic w o lffish  Gulf of Maine No

Spiny dogfish Northeast United States and Canada No

Skates (seven species) Gulf of Maine and M iddle Atlantic No

Goosefish (monkf sh) Gulf of Maine and North Georges Bank, South Georges Bant and M iddle Atlantic No

Summer flounder Georges Bank and M iddle Atlantic No
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F ig u re  2

O tter tra w l vessels at Boston 
Fish Pier, ca. 1931. A t the  end 
o f the  p ie r is the Spray, b u ilt 
in  1905 , th e  f i r s t  s te a m  
tra w le r in the  N ew  Eng land 
g ro u n d fis h  fleet.

d is tr ib u te d , and sold. T h e  in tro d u c t io n  o f better 

h a n d lin g  ( f i l le t in g  and freezing) and d is tr ib u t io n  

m ethods (tra in , re frigera ted storage) m eant tha t 

fresh and frozen fish cou ld  be sold in  markets across 

the cou n try , thereby red u c in g  the d om inance  o f  

salt cod as a pre ferred p ro d u c t.

S team -pow ered tra w l vessels, in tro d u c e d  to 

harvest flounders and haddock on s m o o th -b o tto m  

areas, rap id ly  replaced the trad itio n a l sa iling  schoo­

ners. T h e  firs t traw ler. Spray, was in tro d u ce d  in 

Roston in  1906 (F igure  2), and the traw le r fleet 

q u ic k ly  grew to  over 300 vessels by 1930. Steam 

pow er was supp lanted by diesel pow er a fte r W o rld  

W ar I. T h e  trans ition  to o tte r tra w lin g  as the d o m i­

nan t fish in g  m e thod  was, however, n o t w ith o u t 

con troversy. O b je c tio n s  to  d e ve lo pm e n t o f  the 

o tte r  tra w l fishe ry  centered on the p o te n tia l fo r 

ecological damage to b o tto m -d w e llin g  anim als and 

p lants, and econom ic  c o m p e tit io n  w ith  ex is ting  

fixed-gear fisheries. M an a g e m en t recom m enda­

tions resu lting  fro m  s c ie n tific  investiga tions o f  the 

“ traw le r p ro b le m ’ inc luded  d e lim it in g  areas where 

traw ls cou ld  and cou ld  n o t be used; however, these 

recom m enda tions  were n o t im p le m e n te d . Even 

before 1900, some species, especially the  A t la n t ic  

h a lib u t (F igure 3), showed signs o f decline  due to 

o v e rfis h in g  by h o o k -a n d -lin e  fisheries. H a lib u t  

land ings had begun to  decline  by the KSSO’s, and 

bv the 1890 ’s a lm ost a ll o f the  A t la n t ic  h a lib u t 

sold in  ( iloucester came fro m  Iceland. Pacific h a li­

bu t were shipped to  Boston via tra in  bv the tu rn  

o l the century. O v e rfis h in g  and resource decline  

w o u ld  accelerate w ith  the increased in te n s ity  of 

the fisheries and the expand ing  lis t o f target spe­

cies.

Figure 3

U n lo a d in g  A lla n tic  h a lib u t, 
ca. 1930, at the  B oston  Fish 
Pier. N ote  tra d it io n a l do rie s  
nested  to g e th e r a boa rd  the  
vessel in the  fo re g ro u n d
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The Rise of the  

Trawl Fishery (1920-60)

T h e  species co m p o s itio n  o t g ro u n d fish  la n d ­

ings changed d ra m a tica lly  fo llo w in g  the in tro d u c ­

t io n  o f  tra w lin g , as the traw l fishe ry  targeted had­

dock rather than cod (F igure 4) and then expanded 

to o the r stocks. P rio r to  1900, haddock land ings 

were re la tive ly  low  ( -2 0 ,0 0 0  m e tr ic  tons (t)/yea r) 

since the species d id  n o t preserve w e ll when salted. 

By the late 1920 ’s, haddock  land ings increased to 

over 100 ,000  t (Figure 4). T h is  level o t catch, ho w ­

ever, was n o t sustainable, and land ings (p r im a r ily  

fro m  Georges Bank) w o u ld  p lu m m e t in the early 

1 930's.

Bv 1930 the g ro u n d fish  flee t had g row n  too  

large re la tive  to  the na tu ra l capacity o t the had­

d ock  stocks to  p roduce increased yie lds. G ro w th  

o ve rfish ing  was revealed by sam p ling  o f the catches 

b y  at-sea observers. In  1930, 3 7 ,0 0 0 ,0 0 0  haddock 

w e re  la n d e d  a t B o s to n ,  b u t  an e s t im a te d  

7 0 ,0 0 0 ,0 0 0 -9 0 ,0 0 0 ,0 0 0  ju ve n ile  haddock  were 

discarded dead at sea, due to  the very sm all mesh 

used in  the o tte r  traw l nets. S u rp ris ing ly , m esli- 

size regu la tions to p ro te c t haddock w o u ld  n o t be 

im p le m e n te d  u n t il 1953.

T h e  crash in  Georges B ank haddock land ings 

p ro m p te d  a great deal o f  new  research to investi­

gate the causes and recom m end new m anagem ent 

measures. M o d e rn  research p rogram s to  s tudy the 

p o p u la tio n  dynam ics and dem ograph ics o f N e w  

Eng land  g ro u n d fish  date back to  w o rk  begun in 

the 1930's by W il l ia m  H e rr in g to n  and  his c o l­

leagues at 1 la rvard  U n iv e rs ity  and the U .S. B u ­

reau o f C om m e rc ia l Fisheries ( fo re ru n n e r to  the 

N a tio n a l M a r in e  Fisheries Service). C K v ing  p a rtly  

to  a sh ift o f the fishe ry  to  resources on Browns 

B ank o ff  N ova Scotia, the Georges B ank haddock 

resource recovered in  the m id  1930's, and la n d ­

ings subsequently averaged a bou t 50 ,000  t/yea r 

between 1935 and 1960 (F igure  -i). 1 fa d do ck  re­

m ained the m ainstay o f  the N e w  E ngland g ro u n d ­

fish fishery  u n t il the m id  1960 ’s. G od land ings 

genera lly  rem ained stable th ro u g h o u t the 1915— 

40  pe riod , as haddock, red fish , and o th e r species 

were the species o f p rim a ry  in terest to  consumers 

(F igure  4).

T h e  w ar years (W o rld  W ar 11) were prosper­

ous fo r the in d u s try  as fish was canned to r m ili-

Landings 
(■ 1,000 ml)

Dislan l-w ater 
fleets appear

Trawling supplants 
hook-and-line gear, 
favors haddock over

MFCMA

cod

Cod

Yellowtail flounder

i i 1 - 1- 1 - J.I I l i l i l í

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Year

ta rv  use, and p ro te in  dem ands and ra tio n in g  ne­

cessitated increased fish c o n s u m p tio n  at hom e. 

T h e  fleet was also reduced at th is  tim e , as m an y  o f 

the largest traw lers were requ is itioned  to r war d u ty  

as m in e  sweepers. D eve lo p m e n t o f new  m arkets 

(i.e. fo r ocean perch (redfish), w h ich  was later m ar­

keted in  the m idw este rn  U n ite d  States as a substi­

tu te  fo r G reat Lakes ye llow  perch) sustained a p o r­

tio n  o f the o ffshore  fleet d u r in g  the  w ar years. 

M a n y  g o v e rn m e n t  s u b s id y  p ro g ra m s  w ere  

launched a fte r the w ar w hen dem and fo r g ro u n d - 

fish declined .

T he  redfish  fisher)’ began in  the 1930's, peaked 

in  U .S. waters by the 1940 ’s and expanded east­

w a rd  to  the  S co tia n  S he lf, g ro w in g  to  a b o u t

120 ,000  t/yea r d u r in g  the early 19 5 0 ’s. T his long - 

lived, s lo w -g ro w in g  resource was fished d ow n  to 

m oderate levels in the G u lf  o f M a in e  d u r in g  the 

1 93 0 ’s and 19-tO’s, and the stock collapsed fo llo w ­

ing  the re tu rn  o f the fleet fro m  C anad ian  waters 

in  the m id  1970 ’s. F la tfish  land ings were d o m i­

nated by catches o f w in te r  flo u n de r, w itc h  f lo u n ­

der, and A m e rican  plaice u n t i l  the 1 9-40’s. 1 here­

after, ye llo w ta il flo u n d e r became the m ost im p o r ­

tan t fla tfish of N ew  England, b u t it  declined greatly 

in  abundance and land ings th ro u g h  the 194()’s and 

1950 -, (F igure  -i). Reasons fo r the ye llo w ta il f lo u n ­

der decline d u r in g  th is  p e riod  are n o t kn o w n , but

F igure  4
Total lan d ing s  (- 1,000 t) o f 
G eorges Bank cod  and had ­
dock. and la n d in g s  o f y e l­
lo w ta i l  f lo u n d e r  f ro m  a ll 
New  Eng land  w aters , 1893- 
1997.
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Landings
( x  1 , 0 0 0  0  

800 “

Abundance 
survey index 
(kg /  tow)

Landings

:y in d e x

_L_ i I _L_ _L_
1965 1970 1975 1980

Year

1995

F ig u re  5

Land ings <■ 1,000 t) and re la tive  a bu ndance  (s tra tifie d  m ean catch per to w  in kg 
fro m  NEFSC b o tto m  tra w l su rveys) fo r  p r in c ip a l g ro u n d fis h  and f lo u n d e r stocks 
o ff the  U.S. northeast, 1960-97.

Abundance
(kg/tow)

70

60

50 - CPUE
(t/day)

_i i I i i

Year

F ig u re  6

R ela tive  abundance  (fro m  s tra tifie d  m ean catch per to w  in kg fro m  NEFSC b o t­
to m  tra w l su rveys) and co m m e rc ia l tra w le r CPUE (catch per un it o f e ffo rt, in 
m e tric  to n s  per day fished , s tandard ized  fo r vessel size) fo r p r in c ip a l g ro u n d fish  
and flo u n d e r stocks o ff the U.S. northeast, 1963-97.

re c ru itm e n t declined  steadil\ d u r in g  the period .

( l ib e r  im p o rta n t g ro u n d fish  stocks su p p o rtin g  the 

fishery  p r io r  to  the 19(i()’s inc lu d e d  silver hake and 

p o llo c k , w ith  sm all am oun ts  of red hake, w h ite  

hake, and others. Because o f the m odest harvest 

rates on m ost stocks, re c ru itm e n t o ve rfish in g  d id  

n o t occu r o r was n o t persistent. W h e n  stocks de­

c lined , the fleet m oved to  o th e r species, o r to  d if  

fe rent stocks o f the same species (e.g. o f f  Canada).

D istant-W ater Fleets (1960-76)

T h e  g ro w th  o f d is tan t-w a te r fo re ign  fish in g  o f f  

the northeaste rn  U n ite d  States in  the early 1960 ’s 

inc luded  fleets o f factory-based traw lers fro m  east­

ern Europe, Asia, and elsewhere. S co u tin g  vessels 

fo r the Soviet fleets firs t ven tured  in to  N ew  E n­

g land waters in  1961. T h e ir  in it ia l target was A t ­

la n tic  he rring , and the d is ta n t-w a te r fleet caught 

about 63 ,000  t tha t year. In  subsequent years, her­

r in g  catches increased (peak ing  at 2 2 3 ,0 0 0  t in 

1963), and o th e r species were also targeted, in ­

c lu d in g  silver and red hake, haddock, and A t la n ­

tic m ackerel. F rom  1960 to  1963, to ta l g ro u n d - 

fish land ings increased fro m  2 0 0 ,0 0 0  t to  about

7 6 0 ,0 0 0  t (F igure  3). H a d d o ck  land ings reached 

a record h igh 1 34 ,000  t in  1963 and declined  rap­

id ly  the rea fte r. Betw een 196-4 and 1967 to ta l 

g ro u n d fish  land ings were com posed p r im a r ily  o f  

silver hake, haddock, red hake, flounders, and cod.

The in te n s ifie d  in te rn a tio n a l fishery o i l  the 

northeaste rn  U n ite d  States p ro m p te d  the devel­

o p m e n t o t system atic  m u ltispe c ie s  m o n ito r in g  

surveys, w h ich  were in it ia te d  in the a u tum n  of 

1963. S tra tif ie d -r.m d o m  b o tto m -tra w l surveys o f  

the co n tin e n ta l shelf waters fro m  N ova Scotia to  

H udson C anyon and later to  Cape Harteras, N o rth  

C aro lina , have been conducted every au tum n  since 

1963 and every sp ring  since 1968. A bundance, 

measured by these surveys, declined rap id ly  as va ri­

ous com ponen ts  of the  demersal and pelagic sys­

tems were pu lse-fished1 (Figures 3 and 6 ) .T h e  par­

allel decline  in  g ro u n d fish  abundance and la n d ­

ings was rap id  and severe between 1966 and 19 _70 

(F igure  3).

B e g inn ing  in  19"7!), quota-based m anagem ent

In te rm it te n t,  h ig h  f is h in g  e ffo rt.
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was in s titu te d  fo r the o ffshore  N ew  E ng land  w a­

ters under the auspices of the In te rn a tio n a l C o m ­

m iss io n  fo r  the  N o r th w e s t A t la n t ic  F isheries 

( IC N A F ).  Q uotas fo r each species were allocated 

by co u n try , w ith  the suni o f each species equal to  

the to ta l recom m ended  rem ovals. A d d it io n a lly ,  

second-tie r quotas, less than  the sum  o f a c o u n try ’s 

species a lloca tions, were in te n de d  to  m itig a te  the 

effects o f non ta rge t bycatch, so tha t species q u o ­

tas w o u ld  n o t he exceeded. T h e  q uo ta  system u ii 

der IC N A F  e ffec tive ly  ended d irec ted  d is ta n t-w a ­

ter fisheries on N ew  England g round fish  resources, 

as these resources were de te rm in e d  to  have l i t t le  

capacity  to  support fisheries bevond the levels that 

w o u ld  be taken by the U n ite d  States and C anada. 

Q uotas were progressively low ered on m ackere l, 

herring , lo n g in i and sh o rfin  squids, and o th e r spe­

cies, as these resources dec lined  as w e ll.

In  response to the d e c lin in g  abundance and 

land ings o l tra d it io n a l N e w  Eng land  o ffshore  re­

sources and elsewhere, the M agnuson Fisheri- C o n ­

servation and M anagem ent A c t (M F C M A )  was 

p ro m u lg a ted  in  1976. T h is  measure e ffe c tive ly  

ended d is ta n t-w a te r flee t p a rt ic ip a tio n  in  N e w  

Eng land  fisheries, a lth o ug h  some coun tries  were 

a llow ed to  harvest surpluses o l squids, hake, b u t- 

te rfish , and mackerel fo r  a few  years fo llo w in g  en-

Groundfish Fisheries Under 

the M agnuson Act (1976-99)

"No one knew exactly how many newcomers 
had arrived during the last four months o f  
197"7, hut according to one report, new boats 
entered the fishery at the astounding rate o f  
about one every fou r days. "

— M argare t D ew ar 

“ In d u s try  in  T ro u b le "

W ith  the im p le m e n ta tio n  of the M agnuson  

Fishers- C o n s e rv a t io n  and  M a n a g e m e n t A c t 

(M F C M A )  in 1977, the northeast U .S. g ro u n d - 

fish fleet, once do m in a te d  by w ooden s ide -traw l- 

ers, was replaced re la tive ly  q u ic k ly  by steel stern 

traw lers equ ipped w ith  m ore  m odern  techno logy  

fo r loca ting , ca tch ing, and h a n d lin g  fish. Relatively 

s trong year classes o f  cod, haddock, and some o ther
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g round fish  stocks were produced in  197 S, and they 

later resulted in  im p ro ve d  resource c o n d itio n s  and 

increased g ro u n d fish  abundance and e ffo rt in  the 

late 197 0 s  and early 1980's (Figures 8 and 6). As 

a result o f the e lim in a tio n  o f the d is ta n t-w a te r 

fleets, U .S. and C anadian fis h in g  e ffo rt o f f  N ew  

E ng land  expanded rap id ly . Between 1976 and 

1984, U.S. o tte r- tra w l fish in g  e ffo rt doub led . Fish­

ers- land ings expanded q u ick ly , w ith  the Georges 

B ank co m p o n e n t o f  the land ings d o m in a te d  by 

cod, haddock, and ye llo w ta il flo u n d e r (F igure  7). 

Trends in g ro u n d fish  traw le r catch per u n it  o f  e f­

fo rt (C P U E  in m e tr ic  tons per day fished) para l­

leled the abundance ind ices from  research vessel 

surveys (F igure  6). C a tch  rates increased rap id lv

F igure 7
U.S. la n d in g s  (< 1,000 t) of 
cod, haddock, and ye llo w ta il 
f lo u n d e r  ( to p  p a n e l)  and  
g o o s e fis h , s p in y  d o g f is h , 
s h o rtfin  s q u id  and lo n g fin  
squid , (b o tto m  panel), 1976- 
97.
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F igure 8
S p a w n ing  stock b iom ass (x 
1 .000 t) and e xp lo ita tion  rate 
fo r  fo u r  G e o rg e s  B ank 

g ro u n d fis h  stocks, 1973-98.

after 1976, b u t by tile  earlv 1980's they bad peaked 

and began to  decline. By the m id  1 980's, co m ­

m ercia l catch rates had d ropped  by ha lf, as had 

the overa ll abundance o f  the resource. The c o l­

lapse o f  the ( icorges Bank haddock stock, and then 

Georges Bank and S outhern  N ew  H ngland ve llow - 

ta il flo u n d e r resources, resulted in  an a lm ost co m ­

plete reliance bv the fishery  on cod (F igure  7).

Reduced land ings o f  the  tra d it io n a l g ro u n d fish  

stocks, co m h ined  w ith  s trong  m arke t dem and fo r 

fish, p ro m p te d  the deve lopm en t o f fisheries fo r 

» lternative species such as squids, sp iny  dog fish , 

skates, and goosefish (m o n k fis h ) (F igure  7). Ex­

p lo ita t io n  rates o f m ost g ro u n d fish  resotirces rose 

s ig n ifica n tly , and spaw n ing  s tock biomasses de­

c lined  (Figures 8 - 1 0).

T h e  N e w  E n g la n d  F is h e ry  M a n a g e m e n t 

C o u n c il in it ia lly  reta ined the quota-based fishery  

m anagem ent system fo r g ro u n d fish  it  in h e rite d  

fro m  the earlier m anagem ent schemes adopted by 

IC N A F , bu t e ve n tua lly  abandoned d irec t con tro ls  

on fis h in g  m o r ta lity  in  1982 in  favor of regula­

tions based p r im a r ily  on m in im u m  mesh and fish 

sizes and o the r in d ire c t f ishe ry  con tro ls .

In  a d d itio n  to  increases in  dom estic  fish in g  

e ffo rt, d e lim ita t io n  of the m a r it im e  b o u nd a ry  be­

tween the U n ited  States and ( lanada in 1985 ended 

fis h in g  by N e w  E ngland fleets on the eastern p o r­

t io n  o f Georges Bank and on the Scotian Shell o f f  

C anada and resulted in  even greater pressure on 

stocks in  U.S. waters.

E x p lo ita t io n  rates of g ro u n d fish  reached th e ir  

h ighest levels in  the early 1990's, as stock h io m - 

asses fe ll, in m any cases, to  record lows (Figures 

8 -1 0 ) .  In d ire c t con tro ls  had n o t resulted in  s u ff i­

c ien t conserva tion  o f  the resources, and e n v iro n ­

m enta l groups sued the U.S. D ep a rtm e n t o f C o m ­

merce over th is  fa ilu re . \ \  ha t emerged was a series 

o f f ishe ry  m anagem ent p lan am endm ents , firs t 

im p le m e n te d  in 1994, tha t reduced days at sea by 

a ll fleet sectors to  50%  o f  the p re -1994 levels. A d ­

d it io n a lly , these am endm ents  closed over 5 ,000  

square nau tica l m iles of p rim e  g ro u n d fis h in g  ar­

eas (F igure  I ) ,  increased m in im u m  net mesh sizes, 

im p lem en ted  a m o ra to riu m  on vessel entrants, and 

requ ired  m an d a to ry  vessel and dealer re p o rtin g  of 

catches. Flic new regulations also im p lem en ted  tr ip  

lim its  to  reduce catches of dep le ted species and 

in s titu te d  “ ta rge t" to ta l a llow ab le  catches ( F A C ’s) 

to  serve as a gu ide  to measure the effectiveness o f  

conservation measures. Reacting to the im p le m e n ­

ta tio n  of d irec t con tro ls  on fish in g  e ffo rt. C o n ­

gress in s titu te d  a b u y o u t o f fis h in g  e ffo rt w h ich  

resulted in a fleet red u c tio n  o f  79 g ro u n d fis h in g  

vessels.

As a result o f m anagem ent measures enacted 

since 199?, e x p lo ita tio n  rates, p a r t ic u la r ly  on
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I Georges B ank g ro u n d fish  stocks, have dec lined  to  

levels n o t seen in  several decades ( f ig u re  8). M o d -  

!  est increases in  spawning stock biomass fo r Georges 

I Bank cod and haddock  have occurred . Georges 

Bank y e llo w ta il flo u n d e r biomass has rebounded 

the fastest to  levels n o t seen since the early 1970's. 

C o n tin u e d  re b u ild in g  o f these stocks is c o n t in ­

gent on im proved  recru itm en t, w h ich  has occurred 

fo r  Georges B ank ye llo w ta il f lo u n d e r  and , appar­

ently, in  1998 fo r  haddock, b u t con tinues to  be 

poor fo r  m ost o the r g ro u n d fish  stocks.

In  the G u lf  o f M a in e , e x p lo ita tio n  rates have 

rem ained h igh , w h ile  spaw n ing  biomasses o f cod, 

A m e rican  p la ice, and w h ite  hake have dec lined  to  

near record lows (F igure  9). T h e  lack o f success in 

reduc ing  e x p lo ita tio n  fo r G u lf  o t M a in e  g ro u n d ­

fish is due to  several factors. O ve ra ll, g ro u n d fish  

e ffo rt has declined substan tia lly ; however, the large 

closed areas on Georges Rank (F igure 2), com b ined  

w ith  days-at-sea regu la tions, have resulted in  d is ­

p lacem ent o f fish in g  e ffo rt to  inshore  areas and a 

concentra tions  o f tra w l, g illn e t and h o o k  a c tiv ity  

in  the nearshore fish in g  g rounds o f the G u lf  o f 

M a ine . R e c ru itm e n t to  m ost m a jo r g ro u n d fish  

stocks in  the G u lf  o f M a ine  reg ion  has been be­

lo w  average in  recent years.

E x p lo ita tio n  rates fo r  S ou the rn  N e w  Eng land  

flatfishes (w in te r  and y e llo w ta il f lo u n de r) have de­

c lined  subs tan tia lly  since 1992 (F igure  10). T h e  

sp a w n in g  biom ass lo r  w in te r  f lo u n d e r  has in ­

creased m ore  than  tw o fo ld  over the tim e  series lo w  

observed in  1994. Biomass o f y e llo w ta il flo u n de r, 

a lthough  increasing, is w e ll be low  levels necessary 

to  sustain a s ig n ifica n t fishery  (F igure  10).

O vera ll, the N ew  England g round fish  resource 

is b e g in n ing  to  increase in  abundance (F igure  6), 

and e x p lo ita tio n  rates lo r  m any o f the key stocks 

are at levels w h ich  shou ld  a llo w  s tock reb u ild in g . 

R e c ru itm e n t has been genera lly  p o o r in  recent 

years, and e xp lo ita tio n  o t some stocks (e.g. in  the 

G u lf o f M a in e ) rem ains excessive.

PROSPECTS FOR THE 

RESOURCE AND FISHERY

G ro u n d fish  abundance and land ings fro m  the 

o ffshore  N e w  England region have varied cons id ­

erably over the past 100 years, p r im a r ily  due to 

th e ir e x p lo ita tio n  h is to ry . D ra m a tic  reductions in
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m ost o ffshore  stocks occurred  due to the d is ta n t- 

w ater fleets, w h o  pu lse-fished the w ide  array of 

available species. A fte r  e lim in a tio n  of the  fore ign 

fleets, some stocks rebounded to  h igh  levels, o n ly  

to  be overfished again b y  dom estic  (leets in  the

F igure  9
S p a w n ing  stock b iom ass (• 
1,000 t) and e xp lo ita tio n  rate 
fo r  fo u r  G u lf  o f  M a in e  
g ro u n d fis h  stocks, 1980-98.
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F igure  10
S p a w n ing  stock b iom ass (■ 
1,000 t l  and e xp lo ita tion  rate 
(U ) fo r  tw o  s o u th e rn  N ew  
E ng land  g ro u n d fish  stocks, 
1973-98.

1980 s and earl}' 1990 ’s.

P ro jections o l stock recover) in c lu d e d  i i i  rc 

cent g ro u n d fish  fishery  m anagem ent p lan ame nd 

m ents ind ica te  tha t under e x p lo ita tio n  rates such 

as those observed c u rre n t ly  lo r  G eorges Bank 

stocks, recovery tim es o f  abou t a decade were re­

qu ired  fo r m ost species, w ith  some stocks re b u ild ­

in g  sooner (ye llo w ta il f lo u n d e r) and some later 

(h a d d o ck ). T h is  process has c le a rly  begun on 

Georges Bank and in S outhern N ew  1 ng land , bu t 

a d d itio n a l conserva tion  measures are requ ired  lo r  

m any G u ii o l M a ine  stocks. Managers are cu rre n tly  

eva lua ting  specific proposals fo r a d d it io n a l closed 

areas, e ffo rt reductions, and o th e r measures to  meet 

these goals.

Passage o f  the Sustainable Fisheries A c t o t 1996 

has placed s tr ing e n t new requ irem en ts  lo r  conser­

va tion  and m anagem ent o f  a ll fishe ry  resources, 

in c lu d in g  N ew  England g round fish . T h e  new stat

ute requires tha t overfished p o p u la tio n s  he reb u ilt 

to  levels that w o u ld  p roduce  m ax im u m  susta in ­

able y ie lds over the lo n g  te rm . ( t ir re n t re b u ild in g  

target e x p lo ita tio n  rates lo r  New England g ro u n d ­

fish w il l ,  in  m any  cases, also be the lo n g -te rm  

m anagem ent goals requ ired  under the new  law.

M an a g e m en t measures enacted s ince 1994 

have had s ig n ifica n t pos itive  benefits lo r  m any o f  

the resources, reflected in  reduced e x p lo ita tio n  

rates, increased spaw n ing  stock sizes, and m ore ba l­

anced p o p u la tio n  age and size structures. O n e  tac­

to r im p lica ted  in  the dec line  o l m any g round fish  

stocks was the increased re liance  on f irs t- t im e  

spawners, a consequence o f h igh  and increasing 

e x p lo ita tio n  rates. Reduced e l io t i  on  some stocks 

has resulted in  greater p ro p o rtio n s  o l fish spaw n­

in g  tw o  o r m ore tim es before capture . A  m ore  ba l­

anced age s tru c tu re  is an im p o r ta n t e lem ent re­

b u ild in g  stocks (and fisheries) th a t can sustain 

n o rm a l yea r-to -ye a r v a ria tio n s  in  re c ru itm e n t, 

w h ich  m ay be extrem e. L ikew ise, closed areas have 

been benefic ia l in  p ro m o tin g  the recover)1 ot the 

w estern ( ieorges Bank spaw n ing  com ponen ts  of 

cod and haddock, w h ich  were fished to  very low  

levels p r io r  to  1995.

1 he N ew  E ng land  g ro u n d fish  resource has 

shown rem arkable resiliency to  changes in  fleet size, 

target species shifts, and techno log ica l change over 

the past century. H ow ever, in  some cases, stocks 

sens itive  to  o v e rfis h in g  (h a lib u t,  red fish ) were 

“ w r i t t e n - o f f "  in  favo r o f  m ore  p ro d u c tiv e  re­

sources. N ew  fishe ry  m anagem ent leg is la tion  (i.e. 

the Sustainable Fisheries A ct o f  1996) requires that 

dep le ted  resources be restored, and cu rre n tly  p ro ­

duc tive  resources rem ain  so. F ish ing  at sustainable 

e x p lo ita tio n  rates w i l l  e ven tua lly  result in  m uch 

h ighe r y ie lds w ith  less year-to -year va ria tio n  in 

land ings, m ore d iverse catches (flou n d e rs , cod, 

haddock, red fish , p o llo c k , e tc .), and m ore  stable 

catch rates in  the fishery.
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INTRODUCTION

T h is  feature reviews the b io lo g y  o f k in g  m ack­

erel, the h is to ry  and m anagem ent o f  the  fisheries 

fo r i t  in  the  G u lf  o f  M e x ico , and the issues o f  co n ­

cern as the resource is recovered fro m  be ing  over­

fished. T h is  review is based on the m ost recent 

s tock assessment w h ic h  was ca rried  o u t in  the 

sp ring  o f  1998. T he status o f  k in g  m ackerel and 

o th e r coastal m ig ra to ry  pelagios is described in  

U n it  7.

T he k in g  mackerel is a m ig ra to ry  coastal pe­

lagic species fo u n d  in  the western A t la n t ic  Ocean 

fro m  N e w  England to Brazil and in  the G u lf  o f 

M ex ico . T w o  groups are c u rre n tly  recognized in  

U .S. waters fo r m anagem ent purposes: the A t la n ­

t ic  g roup  and the G u lf  o f M ex ico  g roup . B o th  

groups undergo long-d istance m ig ra tions each year 

fro m  the n o rth e rn  pa rt o f  th e ir  range in  the sum ­

mer, w here thev spawn, to  the sou the rn  pa rt o f 

th e ir  range in  the w in te r, w here they feed on large 

schools o f b a itf is h .T h e  G u lf o f  M ex ico  g roup  splits 

d u r in g  the w in te r  m ig ra tio n  w ith  some fish go ing  

to M ex ican  waters and o thers go ing  to  sou thern  

F lo rid a  waters where they in te rm in g le  w ith  the 

A tla n tic  g roup . G enetic  studies have fo u n d  some 

differences between the A t la n t ic  and G u lf  groups, 

h u t they have conc luded  tha t there is some gene 

flo w  herween the tw o groups. S im ila r genetic s tud ­

ies w ith in  the G u lf  o f M ex ico  have fo u n d  m uch 

sm alle r d ifferences between k in g  m ackerel in  the 

eastern and western G u lf.

Based on m ark-recap tu re  studies conducted

d u rin g  1973—'79, the boundary between the A t ­

la n t ic  and G u lf  o t M e x ic o  g ro u p s  was set at 

F lo rida ’s V o lus ia -F lag le r C o u n ty  b o rde r in  w in te r  

(1 N ovem ber- 31 M arch ) and the M o n ro e -C o llie r  

C o u n ty  bo rde r in  sum m er (1 A p r i l- 3 1  O c to b e r). 

T h e  area herween these tw o  boundaries, the sou th ­

east coast o f F lo rida , is kn o w n  as the m ix in g  zone 

w ith  fish fro m  b o th  groups present in  the w in te r, 

a lth o ug h  fo r m anagem ent purposes a ll the  fish 

caught in th is  area in  the w in te r  are assigned to 

the G u lf  o f  M ex ico  g roup.

K in g  m ackerel are re la tive ly  fast g ro w in g  fish 

th a t fo rm  large schools and eat voraciously. T he y  

reach m a tu r ity  q u ick ly , as early as 2 years, and can 

live up to 20 years, a lthough  the m a jo r ity  o f catches 

are younger than  6 years o ld . The ir large size (up 

to  40+ kg fo r females), appea ling  taste, and strong 

f ig h t in g  a b ility  w hen hooked  m ake them  a target 

fo r b o th  com m erc ia l and recreational fisherm en. 

Land ings fro m  the com m erc ia l sector a lone have 

been valued at a p p ro x im a te ly  $ 6 ,00 0 ,0 0 0  on av­

erage over the past few  years.

HISTORY

Large-scale e x p lo ita tio n  o t k in g  m ackerel be­

gan in F lo rida  in the early 19 0 0 ’s. S a iling  s k if f  

operators, us ing  h o o k -a n d -lin e , processed the fish 

fo r bo th  local co n su m p tio n  and fo r sale as a d ried  

and salted p rod u c t. T h e  in tro d u c tio n  o f ice houses 

in  the area led to  an increase in  fish in g  pressure 

because the fish cou ld  now  he shipped frozen, com ­

m an d in g  a h ighe r price. T o ta l com m erc ia l catches
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K ing and Spanish  m ackere l, 
W a ts o n  Is la n d , M ia m i,
F lo rida .

averaged a p p rox im a te ly  1,814 m e tr ic  tons (t) an­

n u a lly  d u r in g  the 1920 ’s and 1930’s. These catches 

decreased in  the early 1950 ’s to  about 1 ,134 t and 

then increased to  about 3 ,6 29  t in  the 19TVs.

R ecreational f ish in g  fo r k in g  mackerel in  the 

G u lf  o l M ex ico  became im p o r ta n t s ta rtin g  in  the 

19 8 0 ’s and 1960's as boats and te chno logy  to r o f f ­

shore fis h in g  became available to  large num bers 

o l people. T h e  increasing n u m b e r o f recreational 

anglers, co m b in e d  w ith  advances in te chno logy  

sueli as larger and m ore p o w e rfu l boats, t ile  g loba l 

p o s itio n in g  system (GPS), and gear im provem ents, 

has increased cons ide rab ly  the recreational fish ­

ing  pressure on the k in g  m ackere l. K in g  m ackerel 

have tra d it io n a lly  been an im p o r ta n t com p o n e n t 

o f  the cha rte rboa t fishery  in  the G u lf o f M ex ico , 

and large num bers  are taken fro m  p riva te  and 

renta l boats. Size and b a g - lim it  regu la tions were 

begun in  1986 in  an a tte m p t to  reduce the fish in g  

pressure fro m  the recreational sector.

CURRENT FISHERIES  

Recreational

I he recreational f ish in g  sector ta rge ting  the 

G u lf  o f  M ex ico  g roup  is c u rre n tly  a llocated 68 %  

o f the to ta l acceptable catch (TAC ), m a k in g  it  the 

largest c o m p o n e n t o f the G u lf  k in g  m ackerel f ls li-  

erv. 1 lo o k -a n d - lin e  gear is em p loyed  in th is  sector 

fro m  p riva te  and renta l boats, chartered fis h in g  

tr ips , and headboats. 1 he fishe ry  is concentra ted  

in  F lo rida , w h ich  accounts fo r about 80 %  o f the 

recreational land ings. C u rre n t m anagem ent regu­

la tions in  th is  fishery  are a 2 0 -in ch  (-SO cm ) fo rk  

leng th  m in im u m  size and a d a ily  bag l im it  o f tw o  

k in g  m ackere l. Fish caught under the recreational 

bag l im it  are occasionally sold, p a rtic u la r ly  by the 

capta in  and crew  in  the charte r boat fleet. These 

sales are especia lly  im p o r ta n t and c o n te n tio u s  

w hen the com m erc ia l fishe ry  has been closed due 

to  f i l l in g  its quo ta . In general, the recreational sec­

to r  seeks the largest k in g  m ackerel w h ile  the c o m ­

m erc ia l sector seeks the highest dens ity  o f fish. 

1 hits, on average the recreational sector catches 

b igger and o lder k in g  mackerel than does the co m ­

m ercia l sector.

Com m ercial

Ih e  com m erc ia l fish in g  sector ta rge ting  the 

G u lf o f M ex ico  g roup  is cu rre n tly  a llocated 32 %  

o f  the I A C  w h ich  is fu rth e r subd iv ided  between 

the eastern and western sections of the G u lf. T he  

eastern G u lf (east o f the F lo rida -A labam a border) 

is a llocated 6 9 %  o f the to ta l com m erc ia l quo ta  

(2 2 %  of the T A C ) w ith  the western G u lf  a llowed 

to  catch the rem a in in g  3 1 %  o f the com m erc ia l 

quota, f l ic  fleet is m a in ly  h o o k -a n d -line  w ith  some 

g illn e tt in g  done in  Federal waters. T he ban on en­

tang ling  nets in F lorida  state waters enacted in 1994 

was no t as im p o r ta n t in  this fishery  as it was m the 

Spanish mackerel fishery where com m ercia l catches 

were reduced app rox im a te ly  7 0 % . T h e  k in g  m ack­

erel g illn e t fleet consists of larger boats (tha t fish 

fu rth e r offshore  in  the U.S. Exclusive E conom ic  

Zone) than  the Spanish m ackerel g illn e t fleet. The 

fish caught by the com m erc ia l sector are m a in ly  

sold w ho le  and iced to  wholesalers, w ho  m ay p ro ­

duce fille ts  o r steaks before they reach the m arket, 

o r d ire c tly  to  restaurants s tra igh t fro m  the boats.

Bycatch in ShrinipTraw ls

A n a d d itio na l source o f  k in g  mackerel m o r­

ta lity  in  the G u lf  o f  M ex ico  is the catch o f  ju ve ­

niles by the sh rim p  traw l fleet. A lth o u g h  the cap­

ture o f a k in g  m ackerel in  a sh rim p  traw l is rela­

t ive ly  rare (<S %  o f tow s), there  are hundreds o f  

thousands o f days spent tra w lin g  by the fleet each 

year, resu lting  in  annua l bycatch estimates rang­

in g  from  300 ,000  to 1,300,000 fish. 1 he estimated 

catches o f k in g  m ackerel in the sh rim p  tra w l fish ­

e ry have been h ighe r in  recent years than  p r io r  to  

the start o f  k in g  mackerel fishery  m anagem ent. 

Im p le m e n ta tio n  o f bycatch reduc tion  devices in 

the sh rim p  tra w l nets is expected to reduce th is 

large bycatch, bu t the am oun t of reduction  in  terms 

o f f ish in g  m o rta lity  tha t w i l l  result is not kn o w n .

M anagem ent

Large catches by  b o th  com m erc ia l and recre­

a tio n a l fishe rm en  in  the late 19T0 ’s and early  

1980 ’s, associated w ith  perceived declines in  catch 

rates, were the im petus fo r  the in c lu s io n  o f k in g  

m ackere l C oasta l M ig ra to ry  Pelagic Resources
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Fishery M anagem ent Plan in  1985. H ie  goal o t 

m anagem ent is to  achieve m a x im u m  sustainable 

y ie ld  (M S Y ), the largest catch w h ich  can consis­

te n tly  he taken from  the p o p u la tio n  w h ile  preven t­

in g  the stock (ro n i co llapsing . T h e  C u lt  o f M ex ico  

F ishery M anagem ent C o u n c il sets the T A C  to r the 

G u lf  o f  M ex ico  g roup  o f k in g  m ackere l as w e ll as 

determ ines the a lloca tions am ongst user groups 

and specific regulations such as m in im u m  size and 

bag lim its . I he T A C  is based upon  a specific  fish ­

in g  m o r ta lity  rate c rite ria  chosen by the C o u n c il.  

T he  S tock Assessment Panel provides ihe scien­

t i f ic  advice on the catches th a t w il l  achieve the 

target fis h in g  m o r ta lity  rate in  the fo rm  o f a range 

o f  acceptable b io lo g ica l catches re fle c tin g  unce r­

ta in ty  in  the level o f  catch tha t w il l  achieve the 

target fis h in g  m o rta lity ' rate. 1 he range o f  accept­

able b io lo g ica l catch is de te rm ined  by a p o p u la ­

t io n  analysis using a m ixe d  M o n te  ( a r lo /b o o t-  

s tra p 1 a lg o r ith m  tha t in co rp o ra tes  u n c e rta in ty  

about a n u m b e r ot im p o r ta n t life -h is to ry  param ­

eters and catch statistics (Leg .iu lt et al., 1998). T he  

S tock Assessment Panel recom m ends a spec ific  

level o f catch fro m  w ith in  th is  range, tra d it io n a lly  

the risk -n e u tra l m edian of the range. T h e  C o u n ­

c il also incorpora tes recom m enda tions fro m  the 

S oc ioeconom ic  Panel and angler anecdotes w hen 

se tting  the IA C .  For m anagem ent purposes, the 

fis h in g  y'ear fo r the I A C  is de fined  as b e g in n in g  

on 1 July and end ing  on  30 June o f the fo llo w in g  

calendar y'ear.

O rig ina lly ', the T A C  was set acco rd ing  to an 

F0 strategy to achieve the goal o f M SY. Im p le ­

m en ta tio n  o l the 602 G u ide lines  (§50  C F R  Part 

602  gu ide lines fo r  the p repa ra tion  o f fishery' m an ­

agement plans) in  1991 requ ired  a d e f in it io n  o f  

the act o f  o ve rfish ing  and a measure of overfished 

status. F lic  spaw n ing  p o te n tia l ra tio  (SPR), the 

ra tio  between the n u m b e r o f  p rogeny th a t w o u ld  

be p roduced under cu rre n t fis h in g  levels to  tha t 

w h ich  w o u ld  have occurred  in  a v irg in  p o p u la ­

tio n , was chosen as th is  measure. 1 he m anner in

'M o n te  C a rlo  and bo o ts tra p  are tw o  re sa m p lin g  schemes used 

to  estim a te  u n c e rta in ty  in  the  results. The re sa m p lin g  is done 

Iro n t an assum ed d is tr ib u t io n  {M o n te  L ia rlo ) o r Iro n t the 

o r ig itta l da ta  (b o o ts tra p ).

-A t  F „ ,, o n ly  a 10n,o increase in  y ie ld  per re c ru it occurs fo l­

lo w in g  an a d d it io n a l u n it  o l f is h in g  e ffo r t (See A p p e n d ix  4).

w h ic h  the spaw n ing  p o te n tia l ra tio  has been cal­

cu la ted, as w e ll as a n u m b e r o t im p o r ta n t life  h is­

to ry  parameters, such as the na tura l m o rta lity  rate, 

have changed over tim e . T h e  m o d e l- tu n in g  in d i­

ces used in  the assessments have changed over tim e  

as w e ll. H ow ever, k in g  m ackere l o f the G u lf  of 

M ex ico  G ro u p  have genera lly  rem ained classified 

as overfished, b u t im p ro v in g , since 1991. C u r ­

rently, an unw e ig h te d  SPR o f 30°o is b o th  the ta r­

get o t m anagem ent and the th resho ld  fo r over­

fish ing , a c o n flic t w h ich  shou ld  be resolved clue 

to the im p le m e n ta tio n  o f new Federal gu ide lines 

on d e fin it io n s  o f ove rfish ing .

M anagem ent o t the d irec ted  fisheries to r  k in g  

m ackerel in  the G u lf  o f  M ex ico  has been success­

fu l in  reduc ing  the average fis h in g  m o r ta lity  rate 

and inc reas ing  th e  b iom ass (F igures 1 and 2) 

(MSAP, 1998). These changes have occurred even 

w ith  a general increasing trend  in  catch and ac­

ceptable b io lo g ica l catch since 1987. T hu s , m an­

agement has im p ro ve d  the biomass level w h ile  also 

increasing the fishe ry  y ie ld . T h is  has been possible 

due to regu la tions on m in im u m  size o f fish  a l­

low ed to  be kep t, gear types, and closed fish ing  

seasons, as w e ll as some years of increased re c ru it­

m en t. H ow ever, the goal o l recovering the stock 

fro m  an overfished c o n d it io n  has no t ve t been ac­

com p lished .

T h e  C o u n c il has alway's been r isk -p rone  in  its 

IA C  selection, choos ing  fro m  the upper end o f 

the range of acceptable b io lo g ica l catch prov ided  

bv the S tock Assessment Panel. F urth e rm o re , the 

T A C  a llo ca tio n s  have been ove rru n  everv year, 

s low ing  the recovery fro m  an overfished c o n d i­

tio n . These a llo ca tio n  overruns have occurred  in 

bo th  the recreational and com m ercia l fisheries, hut 

have been larger b o th  in  percentage and am oun t 

o f fish in  the recreational fishery. 1 he com m erc ia l 

fishery  is m o n ito re d  closely d u rin g  the fish in g  sea­

son th ro u g h  a t r ip  tic ke t re p o rtin g  system, and 

each p o rtio n  of the com m erc ia l fishe ry  is closed 

once its quo ta  is fille d . 1 he recreational fishe ry  is 

m on ito re d  th ro u g h  the M a r in e  Recreational I is li- 

eries S c ie n tific  Survey (M R F S S 5), w h ic h  provides 

es tim a tes o f re c re a tio n a l catches in  2 -m o n th  

blocks. Bag lim its  and m in im u m  size regulations

'N M F S  F isheries S ta tis tics  and  E co n o m ics  L h v is io n , O ff ic e  

o t Science and  te ch n o lo g y , S ilve r S p ring , M D  209 1 0 .
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M ortality
rate

F igure 1
A verage  fish in g  m o rta lity  rate (F) fo r  fish  ages 4 and o ld e r 
in the  G u lf o f M e x ico  g ro u p  o f the  k ing  m ackere l fishery . 
The red line  deno tes the  best e s tim a te , and the  shad ing
represen ts  a p p ro x im a te  80% co n fid e n ce  in te rva ls .

Fish o l aye 4 years and older

L

i i i i i i i i i i i i i i i i

ö l 8 2 - 8 3 -  8 4 -  8 5 -  8 6 -  87 8 8 -  8 9 -  9 0 - 9 1 -  9 2 -  9 3 -  94 95 96-
82 89 84 85 86 87 88 89 90 91 92 93 94 95 96 97

Fishing year

b lo c k  b io  m a s s  

(X 1.000,000 
p o u n d s )

50 -

F igure 2
Stock b iom ass  {x 1,000,000 pounds) fo r  fish  ages 4 and 
o ld e r in the  G u lf o f M ex ico  g ro u p  o f the  k ing  m ackere l 
fishery . The red line  denotes the best e s tim a te , and the 
sh ad in g  rep resen ts  a p p ro x im a te  80% co n fid e n ce  in te r­
va ls.

agr* 4 years and ¡ Ider

I I I 1 I I I I I I I I I I I I

91 83 84 r i1. S 6  87 öb b 'j -  90- 91 92 93- 94 95 96
HJ 84 85 dú 87 : : ;> < 90 9 1 92 43 94 95 - je  97

F is h in g  ye a r

.ire used in .in a tte m p t to  l im it  the am oun t o t t u u l i  

due to  the reereational sector, thus the fishe ry  is 

no longer closed d u r in g  ,1 fis h in g  season, a lthough  

it has been in the past. I hese regu la tions have not 

been successful, resu ltin g  in  annua l overruns ot 

the  recrea tiona l a llo c a tio n  o l t l ” c> on  average 

( l ')8 6 -% ).

8 4

ISSUES OF CONCERN  

Stock Defin ition

As m ore in fo rm a tio n  becomes available, par­

t ic u la r ly  a recent o to lith -sh a p e  analysis, it is be­

c o m in g  apparent tha t the  k in g  mackerel caught 

in  the  m ix in g  zone in the w in te r  are m ore  lik e ly  

to  be (ron i the A tla n tic  g ro u p  than  fro m  the G u lf 

o f M ex ico  g roup , l ile  repercussions of chang ing  

the g roup  des ignation  fo r these fish are no t tr iv ia l. 

P re lim in a ry  ca lcu la tions suggest tha t c lass ify ing  

these fish as ot the A t la n t ic  g ro u p  increases the­

rm a l acceptable catch and S l’R in  the A tla n tic  and 

decreases the to ta l acceptable catch and SPR in 

the ( lu ll o f  M exico. I hese IA C  changes are s ligh tly  

greater than the a m o u n t of fish caught w ith in  the 

m ix in g  zone, and thus it cou ld  p o te n tia lly  he a 

net benefit to  the fisherm en in  the A tla n tic  and a 

net loss to  fisherm en in the G u lf  o f M ex ico .

A d d it io n a lly . M e x ico ’s k in g  m ackerel catches 

are c u rre n tly  n o t in c lu d e d  in  s tock assessments. 

I he level of catch is no t w e ll kn o w n  b u t th o u g h t 

to  be large, especially re la tive  to  the catches from  

the western G u lf  o f M ex ico . I t  has been h y p o th ­

esized that there  are tw o  stocks o f k in g  mackerel 

w ith in  the G u lf  o l M ex ico , eastern and western, 

w h ich  m ix  in  the sum m er in  the n o rth e rn  <■ m il o f 

M ex ico . II th is  hypothesis  is correc t, the M exican  

catches are m ost lik e ly  the largest source o f m o r­

ta lity  fo r the western G u lf  stock, and coopera tive  

m an a g e m e n t be tw een  th e  U n ite d  States and 

M e x ico  w ill have to  be undertaken  to  successfully 

evaluate and regulate th is  fishery.

Allocation

I lie  sub d iv is io n  o f the I A C  is a con ten tio u s  

issue clue to  its zero-sum  nature ; fo r one sector to 

increase its p o rt io n , at least one o the r m ust de­

crease. I his is especially im p o rta n t d u r in g  the re­

covery phase w hen catches shou ld  be reduced rela­

tive  to  the status quo . ( lu ce  tile  fishery  has recov­

ered, t ile  I A C  shou ld  increase and reduce th is  

source o f c o n flic t.

O f special no te  in  the con text o f a lloca tion  is 

the fact that reductions in  the I A C  im pact m a in ly  

the com m erc ia l fishery  due to  its s tr ing e n t m o n i­

to r in g  and the a b il ity  to  close the fish in g  season,
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w h ile  the recreational sector is a llow ed to co n tin ué  

to  fish th ro u g h o u t the year. T h is  d is p a rity  in  im ­

pact o f sm alle r T A C ’s c o u ld  be reduced by  lo w e r­

in g  the recreational hag l im it  o r c los ing  parts o f 

the fis h in g  season or specific  areas fo r recreational 

fish in g  (SEP, 1998).

Total Acceptable Catch Overruns

A  related p o in t is the consis tent overruns o f 

the  T A C  a lloca tions b y  b o th  the recreational and 

com m erc ia l sectors every year since m anagem ent 

began. These overruns s ig n if ic a n t ly  reduce the 

a b il ity  o f k in g  m ackerel to  recover fro m  an over­

fished state, especially w hen the I AC set is risk- 

p rone  fro m  the start. These overruns are expected 

to  co n tin u e  in  the recreational sector due to  h u ­

m an p o p u la tio n  increases and increases in  fis h in g  

power, fo r exam ple, th ro u g h  b igger boats, be tter 

loca tion  devices (G PS), and im p ro ve d  gear, and 

as a c c u m u la te d  in fo rm a t io n  re g a rd in g  w h e n , 

where, and how  to fish spreads ra p id ly  th ro u g h  

the s p o rtfis h in g  m edia. As k in g  mackerel recover, 

m ore fish w i l l  become available, and thus a c o n ­

stant bag l im it  w il l  a llo w  m ore fish to  be caught, 

thereby increasing the p ro b a b ility  o f recreational 

fishery  a llo ca tio n  overruns. T h u s , recreational an­

glers m ay be faced w ith  the  c o u n te r in tu it iv e  s itu ­

a tion  o f  reduced bag lim its  as the fish become m ore 

abundan t, at least u n t i l  fu ll recovery is achieved 

(SEP, 1998).

Recovery Tim es

T h e  G u lf  o f  M ex ico  g ro u p  o f k in g  mackerel 

was supposed to have been recovered to  a level o f  

3 0 °o SPR by the 1 9 9 7 -9 8  fis h in g  season, based 

on the Coasta) M ig ra to ry  Pelagic Resources F ish­

ery M anagem ent Plan begun in  198S, the im p le ­

m en ta tio n  o l the 602  G u ide lines  in  1991 and a 

12-year generation tim e . T h e  genera tion  tim e  is a 

measure o f  ho w  q u ic k ly  a fish is able to  replace 

itself in  the  stock, on  average, under c o n d it io n s  o f 

no fish ing . Ib is  recovery plan has n o t been m et. 

T he  re d e fin it io n  o f  ove rfish in g  gu ide lines w h ich  

are in  review  in  1999 w il l  m ost lik e ly  increase the 

recovery SPR goal. It  is unclear w h e th e r a new 

12-year pe riod  w ill be a llow ed fo r recovery to  th is 

level o r if a shorte r recovery tim e  w il l  be requ ired.

Spawning 
potential 
ratio (%)

ABC midpoint

0 35
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0 25
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0 00

8 6 -  8 7 -  8 8 -
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9 2 -
93

9 3 -
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9 4 - 9 5 -  9 6 -  9 7 -  9 8 -
95 96 97 98  99

Fishing year

W hat Could Have Happened

T h e  k in g  m a cke re l g ro u p  in  the  G u l f  o f 

M ex ico  cou ld  have been recovered already to  lev­

els a p p ro x im a tin g  m a x im u m  sus ta inab le  y ie ld  

(40 %  SPR) if the  m id p o in t  o f the acceptable b io ­

logical catch range p rov id e d  bv the Stock Assess­

m en t Panel had been caught (F igure  3) (see Pow­

ers, 1996). A d d it io n a lly ,  if  the  T A C  had been 

caught w ith o u t overruns, the stock w o u ld  cu rren tly  

be de fined  as n o t overfished (F igure  3). O f  course, 

these gains in  spaw n ing  po ten tia l ra tio  w o u ld  have 

com e at the expense o l catches d u r in g  th is  tim e  

p e riod  (F igu re  4 ). I t  sh o u ld  be no ted  th a t the 

m ethods used to  estim ate the acceptable b io lo g i­

cal catch ranges, as w e ll as im p o r ta n t param eter 

values sueli as na tu ra l m o r ta lity  and tu n in g  in d i­

ces, have changed d u r in g  th is  tim e  pe riod . T hus, 

these scenarios do n o t accura te ly reflect upon  the 

m anagem ent of the fishery; rather, they p rov ide  a 

d e m o n s tra tio n  o f w h a t co u ld  have happened. 

These “ w h a t if  " scenarios were generated by s ta rt­

in g  at the estim ated 1 9 8 6 -8 7  fish in g  season, p ro ­

jec ting  the p o p u la tio n  fo rw a rd  under a m o d ifie d  

catch us ing  the same estim ated h is to rica l se lectiv­

ity  pa ttern  and re c ru itm e n t values. T h is  was re­

peated 400  tim es in c o rp o ra tin g  u n ce rta in ty  in  the 

inpu ts .

II the cu rren t m ethods, param eter values, and 

risk-neu tra l l AC' s associated w ith  a 3 0 %  SPR fish-

F igure  3
S p a w n ing  p o te n tia l ra tio , a 
m e a s u re  o f s to c k  h e a lth  
w he re  b ig g e r va lues are b e t­
ter, und e r th ree  scenarios o f 
w h a t cou ld  have happened 
a n d  w h a t  a c tu a lly  h a p ­
pened. The th ree  scenarios 
are: 1) the  m id p o in t o f the 
accep tab le  b io lo g ica l catch 
(ABC) range p rov id e d  by the  
Stock A ssessm ent Panel had 
been caugh t, 2) theTAC cho­
sen by the  C ouncil had been 
c a u g h t w ith o u t  o v e rru n s , 
and 3) th e  cu rren t m e th o ds  
and p a ra m e te r va lues had 
been used to  set a r is k -n e u ­
tra l TAC, w h ic h  w as  th e n  
caugh t w ith o u t overruns.
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Landings 
(X  1,000.000 

pounds)
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F igure  4
T o ta l c a tc h  (x 1 ,0 0 0 ,0 0 0  
p o u n d s ) th a t a c tu a lly  o c ­
c u rred  in the  fis h e ry  c o m ­
pared to  the th ree  scena rios  
d escribed  in F igure  3.

Fishing year

m g m o r ta lity  rate t l  ,(,„ ■*) had heen app lied , the 

tra je c to ry  o f SPR w o u ld  have been a gen tle  in ­

crease to the recovery level d u r in g  the recovery 

p e rio d , as expected (F igure  3 ). C o m p a r in g  the 

catches fro m  the F „,„  tra je c to ry  w ith  those fro m  

the a c tu a l'1 A C  and A B C  m id p o in t tra jecto ries, i t  

is seen tha t the F A C ’s chosen w o u ld  in fact be risk- 

averse re lative  to  the F ,„„  values, at least in it ia lly , 

and thus a llo w  a faster recovery. H ad risk -p ro n e  

F A C ’s been set each year, tha t is F A C ’s larger than 

those co rre sp o n d ing  to  the F i(|% tra jec to ry , the 

k in g  m ackerel w o u ld  n o t have recovered to levels 

o f 3 0 %  SPR d u r in g  th is tim e  period . In  fact, these 

“ w ha t i f ”  scenarios are conservative in  th a t they 

assume the same re c ru itm e n t occurred . I f  re c ru it­

m en t had fu r th e r  increased w ith  the increase in 

biomass ( it  appears there is a re la tio n sh ip  in th is 

s tock), then th is  w o u ld  accentuate the d ifferences 

between the scenarios.

D ISCU SSIO N

T h e  G u lf  o f M ex ico  k in g  m ackerel fishe ry  is 

an exam ple ot how  catches can increase w h ile  fish-

* I he spaw n in g  p o te n t ia l la u o  is th e  a m o u n t o f  re p ro d u c tiv e  

o u tp u t  to r  on e  re c ru it  re la tive  to  the  a m o u n t expected u n d e r 

no  f is h in g  (see A p p e n d ix  4). I*MI, i a n d  are th e  f is h in g  

m o r ta l ity  rates expected to  p ro d u ce  SPR and »l)no SI*R, 

respec tive ly

in g  m o rta lity  rate(s) decreases, and biomass in ­

creases, a w in -w in  s itu a tio n  to r the fishery  and the 

fish  stock. A ll tha t is le ft is to  take the fin a l step to 

fu ll recovery o f  the species, w h ich  w i l l  requ ire  a 

red u c tio n  in  catches a n d /o r  fu rth e r im p ro ve m en t 

in  re c ru itm e n t. A lth o u g h  it is a com p lex fishery 

cons is ting  o f  m ig ra to ry  groups w h ich  overlap in  

d is tr ib u t io n  and are e xp lo ite d  m a in ly  by recre­

a tiona l anglers whose to ta l catch cannot be easily 

measured, the  p o te n tia l exists to  fu lly  recover the 

stocks w h ile  p ro v id in g  food , e m p lo ym e n t, and so­

cial benefits to  the N a tio n  fo r generations to come. 

T h is  recovery w i l l  requ ire  n o t jus t the se tting  o f  

risk -n e u tra l 7 A C ’s, b u t also a recovery tra je c to ry  

and a p lan to  com pensate w hen the TAC ’ a lloca­

tions are n o t fille d  exactly, thereby m o v in g  away 

fro m  the recovery tra je c to ry  (Rowers, 1996). T h e  

seem ingly random  nature o f rec ru itm en t levels and 

possib le in flu e n ce  o f  e n v iro n m e n ta l c o n d it io n s  

means there w il l  always be im p erfe c t im p le m e n ­

ta tio n  o f a recovery tra jecto ry. T h e  a b il ity  to  c o m ­

pensate fo r fa llin g  he h in d  the p lanned tra je c to ry  

or to  take advantage o f im proved co n d itio ns  w o u ld  

s ig n ific a n tie  increase the p ro b a b ility  o f  ach iev ing  

stock recovery w h ile  m a in ta in in g  v iab le  fisheries.
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Northeast Demersal Fisheries

INTRO DUCTIO N

Northeast demersal (groundfish) fisheries in ­
clude about 3e) species and stocks, primarily in 
New England waters, but also o ff  the M id-A tlan­
tic states. In New England, the groundfish com­
plex is dominated by members of the cod family 
(cod, haddock, hakes, and pollock), flounders, 
goosefish, dogfish sharks, and skates. The M id- 
Atlantic groundfish fisheries are primarily for sum­
mer flounder, scup, goosefish, and black sea bass.

Northeast groundfish fishermen employ fish­
ing gears such as otter trawls, gillnets, traps, and 
set lines. ( >tter trawling is the predominant fish­
ing method for groundfish throughout the region,o o o o
w ith 1,229 registered otter trawl vessels in the 
Northeast region in 1996. Gillnets contribute a 
substantial proportion of the catch, particularly 
in the G uii o f Maine, w ith 472 gillnet vessels reg­
istered in 1996. Many o f the vessels participating 
in the groundfish fisheries switch gears on a sea­

sonal basis. Recent average (1995-97) landings 
(U.S., Canadian, and recreational) of mixed 
groundfish in the Northeast region were about
160,000 metric tons (t) (Table 1 -1 ), w ith the 1997 
total being 156,700 t, less than one-half of the 
long-term potential yield.

Groundfish resources in the Northeast occur 
in mixed-specics aggregations, resulting in signifi­
cant bycatch interactions among fisheries directed 
to particular target species or species groups. Man­
agement is complex because of these interactions. 
This complexity is reflected, for example, in the 
use of different mesh, gear, m inim um landing size, 
and seasonal closure regulations set hv the various 
management bodies in the region (e.g. New En­
gland Fishery Management Conned (NF.FMC), 
M id -A tla n tic  Fishery M anagem ent C ounc il 
(M AFM C ), Atlantic States Marine Fisheries Com­
mission (ASMFC), individual states, and the Ca­
nadian government). New England groundfish ( 13 
species) are managed prim arily under the North-

Unit
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T a b le  1-1

P ro d u c tiv ity  in m e tr ic  tons 
and sta tus  of N ortheast d e ­
m ersal fishe ries  resources.

Species

Recent 
average yield 

(RAY)

C uiren l 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock leve 
relative tc 

LTPY

Atlantic cod2-5'1 17,300 6.500 45,400 Over Below

Silver hake 15,500 Unk nown Unknown Over Below

Pollock-’ 30 14.100 Unknown 37,000 Full Near

Sum m er flounder' 9,700 8,400 24,500 Over Below

W inter flounder3 5,500 Unknown 12.900 Over Below

Am erican plaice 4,300 Unknown 7.200 Over Below

Haddock26 3,800 4,800 52,000 Full Below

Yellowtail flounder2-7 2,900 3,500 31,900 Full Below

W itch flounder 2,000 Unknown 2,900 Over Below

Red hake 1,400 Unknown Uni nown Over Below

W mdowpane flounder 800 Unknown 1,900 Over Below

Redfish 400 Unknown 14.000 Full Below

Spiny dogfish2-3 23,900 10,000 Unknown Over Below

Skates 10,700 Unknown Unknown Unknown Unknown

Goosefish2'8 27.900 Unknown Unknown Over Below

W eakfish3 4,200 3.900 Unknown Full Below

W hite  hake29 3,800 Unknown 5,700 Full Below

Black sea bass7 3,500 2,800 Unknown Over Below

Scup3 3.300 3,300 Unknown Over Below

Spot 2,500 Uni- nown Unknown Unknown Unknown

T ilef ish 1,200 Unk nown 1,200 Over Below

Cusk210 700 Uni nown U ni nown Over Below

W olffish 400 Uni nown Unknown Over Below

Ocean pout 60 Unknown 1,500 Full Near

Atlantic halibut 15 Unknown 300 Over Below

Total

U S Subtotal

159,875

142,215

134,475

118.230

317,500

253,555

1995-97 a^eiage (n c ljd in g  foreign and recreational landings' 

Includes m ore than 100 t/year of fore ign  (Canadian) landings 

Includes m ore than 100 t/year of recreational landings 

JFor cod. U S portion o f RAY is 15,200 t (88%  of total)

-Fo« pollock. U S portion of RAY is 3 ,800 t 127".. o f total)

"For Madder I . U S portion  o f RAY is 900 t (24r>< of total)

For ye llow tail t ounder U S portion o f RAY is 2.400 1 183°«» n f totali 

"For goosefish, U S portion of RAY is 27.G00 t (99 'v< of total)

'’Foi w h ite  h a le . U S portion of RAY is 3.300 t (87'-".. o f total)

'For cusk. U S RAY is 600 t (86'ü. o f total)

east M u ltispec ies  F ishery M anagem en t Plan, as 

w e ll as p e r ip h e ra lly  u n d e r  p ro v is io n s  o l the  

A S M I ( S N o rth e rn  S h rim p  Fishery M anagem ent 

P lan. S um m er flounder, scup, and b lack se t bass 

are managed under a jo in t A S M P C -M A F M C  fish­

ers’ m anagem ent p lan, and w eakfish  is managed 

under an A S M P C  fishery m anagem ent p lan . D e ­

mersal fisheries in  New E ng land  were t ra d it io n ­

a lly  managed p r im a r ily  by in d ire c t m ethods such 

as mesh sizes, m in im u m  fish lengths, and some 

area closures, t he p rin c ip a l regu la to r)' measures 

c u rre n tly  in  place to r the m a jo r  N ew  Eng land  

g ro u n d fish  stocks are a llow able  das s at sea to r fish ­

in g  coup led  w ith  closed areas, t r ip  l im its  ( fo r  cod

and haddock) and target to ta l a llow able catch co r­

respond ing  to  target fish in g  m o r ta lity  rates. 1 Ile 

S um m er F lounder, Scup, and Black Sea Bass Fish­

ery M anagem ent Plan includes provisions lo r  catch 

quo ta  targets a im ed at res to ring  these stocks.

Extensive h is to rica l data lo r  the N ortheast de­

mersal fisheries h a w  been derived  I to u i b o th  fish ­

e ry-dependent (i.e. catch and el fo rt m o n ito r in g )  

and fish e ry -independen t (e.g. N a tio n a l O ceanic 

and A tm o sp he ric  A d m in is tra t io n  research vessel) 

sam p ling  program s (since 1P63). Since IMS1), a 

sea sam p ling  p rogram  has been conducted  aboard 

com m erc ia l f ish in g  vessels fo r d o c u m e n tin g  d is ­

card rates and co lle c tin g  h igh  qua lity , h igh resolu-

9 0
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tion data on their catch. Despite the past manage­
ment record, some of the Northeast demersal 
stocks (cod, yellowtail flounder, haddock, Am eri­
can plaice, and summer flounder) are among the 
best understood and assessed fishery resources in 
the country.

SPECIES AND STATUS

Principal Groundfish and Flounders

The principal groundfish and flounders group 
includes important species in the cod fam ily (A t­
lantic cod, haddock, silver hake, red hake, and pol­
lock), flounders (yellowtail, summer, winter, witch, 
windowpane, and American plaice) and redfish 
(Figure 1-1). Recent annual landings o f these 12 
species (representing 19 stocks) have averaged 
77,7011 t (70% U.S. commercial, 21"o Canadian, 
and 9% U.S. recreational), compared w ith a com­
bined long-term potential yield ol 246,600 t ( lable
1-1). Total ex-vessel revenue from the principal 
U.S. groundfish and flounder commercial land­
ings in 1997 was $109 m illion compared to $121 
m illion in 1994. The Northeast groundfish com­
plex supports important recreational fisheries for 
species including summer flounder, A tlantic cod, 
winter flounder, and pollock.

Fishing effort restrictions have been imple­
mented under Amendments 5 and 7 to the N orth ­
east M ultispecies Fishers’ Management Plan 
through days-at-sea allocations based on either in ­
dividual vessel or fleet-level performance criteria. 
Under the individual vessel category, the total 
number of permitted vessels and the allocated 
number ol days at sea declined continuously he­
rween 1995 and 1997. The total number o f ves­
sels in the fleet-level category rose between 1995 
and 1996 when the fixed-gear sector was brought 
under the fishery management plan following the 
adoption of Amendment 7. Both vessel numbers 
and their associated days at sea declined substan­
tially between 1996 and 1997 as restrictions on 
the fixed-gear sector were implemented.

The research vessel survey abundance index 
for this group of species declined by almost 70% 
between 1963 and 1974 (Figure 1-1), reflecting 
substantial increases in exploitation associated with 
the advent of distant-water fleets. Many stocks in

Landings 
l> 1,000 t)

600 -
Abundance 
survey index 
(kg /  tow)

Landings

1980 1 9 8 5

Survey inde*

1995

60

-  46
-  30

-  15

-  0

Year

this group declined sharply, notably Georges Bank 
haddock, most silver and red hake stocks, and most 
flatfish stocks. By 1974, indices of abundance for 
many of these species had dropped to the lowest 
ever recorded.

Groundfish partially recovered during the mid- 
to-late 1970's because o f reduced fishing effort as­
sociated w ith increasingly restrictive management 
under the Internationa l Commission fo r the 
Northwest A tlantic Fisheries in the early 1970’s, 
and implementation of the Magnuson Fishery 
Conservation and Management Act in 197“  
(Mayo et ah, 1992). Cod and haddock abundance 
increased markedly, stock biomass o f pollock in­
creased more or less continually, and recruitment 
and abundance also increased for several flatfish 
stocks. The aggregate index peaked in 1978, hut 
subsequently declined, reaching new lows in 1987 
and 1988. I he 1989 and 1990 abundance values 
were slightly higher than the previous two years, 
primarily due to recruitment o f moderate 1987 
year classes of Atlantic cod, haddock, and yellow­
tail flounder. 1 lowever, subsequent abundance in­
dices declined due in large part to the rapid deple­
tion o f the 1987 yellowtail flounder year class, and 
declining cod abundance. 1 he overall index tor 
the principal groundfish and flounders reached a 
30-year low in 1992 and during 1995-97 had in ­
creased hv about 35%. Landings of most of these 
species declined substantially from 1994 through

F ig u re  1-1

Land ings in m e tr ic  tons  (t) 
and  a b u n d a n c e  in d e x  o f 
p r in c ip a l g ro u n d f is h  and  
flo u n d e rs , 1960-97.
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Landings 
(X 1.000t)

50 -

Survey index

1990

Year

Abundance 
survey index 
(kg /  tow)

-  140

-  120

-  ino

-  fo
-  60

Figure 1-2

Land ings  in m e tric  to n s  (t) 
and  a b u n d a n c e  in d e x  o f 
ska te s  and  s p in y  d o g f is h , 
1960-97.

1 997  and were predicted to  decline  fu rth e r in  19 VS 

in  the tace o f genera lly  poo r re c ru itm e n t and co n ­

tin u e d  res tric tions  on days at sea a n d /o r reduced 

target to ta l a llow ab le  catches. Land ings of cod in 

1997 were the lowest on record , w h ile  those fo r 

h a d d o c k  and  y e l lo w ta il f lo u n d e r 1 im p ro v e d  

s lig h tlv  in  1996 and 1997 as a resu lt o f im p ro ve ­

m ents in  stock biomass and sharp reductions in 

fish in g  m o r ta lity  b e g in n in g  in  1995 (N o rtheas t 

Fisheries Science C enter, 1997c,d ) as a result o f 

reg u la to ry  measures. A  m ore  deta iled  d e sc rip tio n  

o f  these changes is con ta ined  in  the feature a rtic le  

on the re b u ild in g  o f N ew  E ng land  g ro u n d fis h  

stocks.

S um m er flo u n de r, one o l the m ost valuable 

g ro u n d fish  species in  the M id -A tla n t ic  area, is the 

focus o f b o th  com m erc ia l and recreational fishe r­

ies, w ith  about 6 0 %  of the land ings com m erc ia l 

and 4 0 %  recreational. 1’r io r  to  the im p le m e n ta ­

tion  o f m anagem ent measures in  1988, stock ab u n ­

dance had been steadily d e c lin in g  and fish in g  m o r­

ta lity ' rates had been excessively h igh . H ow ever, 

spaw n ing  s tock biomass subsequently  increased 

over th ree fo ld  from  1989 to 1996 (N ortheast f is h ­

eries Science C enter, 1 997e ,f), and fish in g  m o r­

ta lity  has dec lined , p a rtic u la r ly  after 1992 w hen 

g rea tly  reduced target fish in g  m o r ta lity  rates fo r

!'[ \v o  o u t o i to u r  s tocks o f  y e llo w ta il f lo u n d e r  and  o n e  o u t o f 

tw o  h a d d o ck  s tocks im p ro ve d .

9 2

1993 and subsequent years were adopted . L and ­

ings have rem a in e d  re la t iv e ly  s teady at a b o u t

10,000 t annua lly  d u rin g  1990—97, com pared w ith  

a lo n g -te rm  p o te n tia l y ie ld  o l 24 ,50 0  t (Table 1- 

1).

Dogfish and Skates

D og fish  and skates are a s ig n ifica n t part o f  the 

aggregate g ro u n d fish  stock biomass in  the N o r th ­

east (F igure  I -2). O f the tw o  dogfishes (sp iny  and 

sm oo th ), the sp iny  dog fish  is d o m in a n t by  far. 

Seven species o f skates, in c lu d in g  lit t le ,  w in te r, 

ba rndoo r, clearnose tho rny , rosette, and sm oo th , 

occur on the N o rtheas t shelf— w in te r, lit t le ,  and 

th o rn y  skates account fo r m ost o f the landings.

Skate and sp iny  dog fish  land ings und e rw e n t a 

m arked increase Iro n t 2 ,9 0 0  t in  1978 to 3 1 ,5 0 0  t 

in  1992, increasing fu r th e r  to  record h igh  levels 

o f 4 2 ,5 0 0  t in  1996. Recent annua l land ings aver­

aged 34 ,600  t (Table 1-1). D iscards o f b o th  spe­

cies in fish in g  ac tiv ities  d irected  towards o th e r spe­

cies are th o u g h t to  be equ iva len t to  the am ounts  

landed. A bundance  o f  skates and dogfish  increased 

th ro u g h o u t the  1970's and 1980 s, peaked in 1990, 

and dec lined  each year since (F igure  1 -2 ). D esp ite  

these recent declines, overa ll abundance of skates 

an il dog fish  co n tinues  to  rem ain  h igh , a lth o ug h  a 

1997 assessment (N ortheast Fisheries Science C en ­

ter, 1998a,b) in d ica ted  tha t the biomass o f  m a­

tu re  female sp iny  dog fish  had decreased by over 

5 0 %  fro m  a peak in  1989 to  199”  and tha t the 

stock is overexp lo ited .

O ther Finfish

O th e r  g ro u n d fish  species taken p r im a r ily  as 

bvcateh in  the C u lt  o f M a in e  in c lu d e  goosefish, 

w h ite  hake, ocean p o u t, d is k , w o lff is h , and A t ­

la n tic  h a lib u t. In  S outhern  N e w  E ng land , ocean 

p o u t are taken as bycatch, w h ile  goosefish are p r i­

m a r ily  taken in  d irec ted  fisheries. In  the M id -A t ­

la n tic , goosefish, scup, w eakfish , b lack sea bass, 

spot, tile fish , and several o thers are landed e ithe r 

in  d irected  fisheries o r as bycatch. As a g roup , they 

can be characterized genera lly  as ove rexp lo ited , 

w ith  recent a n n ua l land in g s  to ta lin g  4 ” ,575  t 

(Table 1 -1 ); in d iv id u a lly , some have land ings well 

be low  th e ir  lo n g -te rm  m a x im u m  as a result o f he-
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in g  deple ted, w h ile  fo r o thers (e.g. goosefish), re­

cent landings have been w ell in excess o f th e ir  long ­

te rm  m a x im u m  as a consequence o f  ove rexp lo ita ­

tio n . M o s t o f  these stocks are m anaged im p lic it ly  

w ith  o ther species inc luded  in  various fisher)' m an­

agement plans. For example, w h ite  hake, goosefish, 

cusk, w o lff is h , and A t la n t ic  h a lib u t are taken in  

various g ro u n d fish  fisheries regulated under the 

N o rth e a s t M u ltis p e c ie s  F isheries M an a g e m e n t 

Plan. Scup and black sea bass represent m a jo r com ­

ponents o f  the sum m er flo u n d e r d irec ted  fishery, 

and those three species are m anaged under a single 

fishe ry  m anagem ent p lan. W eakfish , a stock that 

has responded w ell to  m anagem ent con tro ls  (u n ­

der an A S M F C  fishe ry  m anagem ent p lan) has ex­

perienced a recent substan tia l decline  in  fish in g  

m o r ta lity  and increase in  stock biomass (N o r th ­

east Fisheries Science C ente r, 1998a,h).

In  recent years, goosefish has become one o f 

the  m ost im p o rta n t species in  the N o rtheas t re­

g ion . U .S. land ings increased fro m  a yearly  aver­

age o f  a round  300  t d u r in g  1 9 6 4 -7 2  to about 

8 ,800  t d u r in g  1 9 8 0 -8 8 , and then  c o n tin u e d  to 

c lim b  to a record h igh  o l 28 ,80 0  t, valued at $35 

m il l io n ,  in  1997 m ak ing  it  the to p -ra n ked  d em ­

ersal species in  b o th  land ings and value in  the 

N o rtheas t reg ion . T h e  recent average y ie ld  was 

2 7 ,90 0  t (Table 1-1). T h is  d ram a tic  increase in 

land ings resulted fro m  a d ive rs ion  o f f ish in g  e f­

fo r t  and a tte n tio n  caused bv the decline  in  a b u n ­

dance o f  the p rin c ip a l g ro u n d fish  and flounders  

as w e ll as increased m arke t dem and and prices. As 

a consequence, goosefish abundance has d ropped  

to  lo w  levels and the s tock is n ow  ove rexp lo ited  

(N ortheast Fisheries Science Center, 1997a ,b ).The  

g ro w th  o f th is  fishery has p ro m p te d  deve lopm en t 

o f regu la tions to  co n tro l b o th  land ings and the 

size o f fish landed. Since land ings occur b o th  fro m  

d irec ted  f is h in g  (p r im a r ily  by  o tte r  traw ls  and 

g illne ts) and as bycatch fro m  fis h in g  d irec ted  to ­

wards m any o ther species, regu la to ry  measures be­

in g  developed under a jo in t  N e w  E ng land  C o u n ­

c il and M id -A tla n t ic  C o u n c il G oosefish F ishery 

M anagem ent Plan are extensive and com p lica ted .

Si ri,
CF¿M*

"TR?

sh
U S A  / Canada

C
Western 
Gulf of Mame 
Closure Area

Gulf o f Maine
;

42 i ,A
Area I 

Closure

/U -
i  Southern 
N ew  England

Nantucle t Lightship 
Closed Area

ISSUES

M an ag em en t Concerns

U n ti l  the early 1990 ’s, N e w  E ng land  g ro u n d - 

fish harvests were regulated by in d ire c t con tro ls  

on fish in g  m o rta lity , such as mesh and m in im u m  

fish size res tric tions  and some area closures. H o w ­

ever, as a result o f  l it ig a t io n  file d  by the C onserva­

t io n  Law  F o u n d a tio n  an d  the  M assachuse tts  

A u d u b o n  Society, w h ic h  s ig n if ic a n tly  raised pu b ­

lic  awareness and concern and s tim u la ted  demands 

fo r s trong  ac tion  to  e lim in a te  o ve rfish ing  and re­

store depleted stocks o f cod, haddock, and yel­

lo w ta il flo u n de r, regu la to ry  measures since 1994 

have been m ore  s tr ing e n t and focused. A m e n d ­

m e n t 5 to  the  N E F M C ’s M u ltisp e c ie s  F ishery 

M anagem ent P lan, im p le m e n te d  in  M arch  1994, 

m arked the b e g in n in g  o f  an e ffo rt red u c tio n  p ro ­

gram  to address the requ irem en t to  e lim in a te  the 

overfished c o n d it io n  o f cod and ve llo w ta il f lo u n ­

der in  5 years and haddock in  10 years. T h e  regu­

la to ry  package in c lu d e d  a m o ra to r iu m  on new 

vessel en tran ts, a schedule o f  redu c tio n  in  days at 

sea fo r traw l and g illn e t vessels, increases in  regu­

lated mesh size, and expanded closed areas to  p ro -

Georges
Bank

Area I 
Closure

F ig u re  1-3

Areas c losed  year-round  to 
protect New England ground- 
fish .
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G oose fish . tect haddock. T h e  ob jec tive  o f the p lan was to

g ra d u a lly  e lim in a te  the overfished c o n d it io n  o f  

cod, y e llo w ta il flo u n de r, and haddock over 5—7 

years. Since D ecem ber 1994, three large areas (i.e. 

C losed Areas I and II on Georges B ank and N a n ­

tucke t L ig h ts h ip  C losed Area) (F igure  1-3) have 

been closed th ro u g h  em ergency ac tion  by the Sec­

re ta ry  o f C o m m e rc e  to  p ro te c t th e  regu la ted  

g ro u n d fish , p a rtic u la r ly  spaw n ing  fish. In  v iew  o l 

a S pec ia l A d v is o ry  on G ro u n d f is h  S ta tus on 

Georges Bank (N o rtheas t Fisheries Science C e n ­

ter, 1994), based on new assessments w h ich  in d i­

cated tha t the stocks o f haddock and ye llo w ta il 

flo u n d e r had a lready collapsed and tha t cod was 

in  im m in e n t danger o f also co llaps ing , A m e n d ­

m ent 7 to  the N ortheast M uhispecies Fishery M a n ­

agement Plan was developed and im p lem en ted  (in  

1996) to  accelerate the ex is ting  days-at-sea reduc­

t io n  schedule established in  A m e n d m e n t 5 and 

im pose o th e r tig h te r  res tric tions, in c lu d in g  three 

closed areas in  the G u lf  o f M a in e , in  o rde r to  re­

duce fis h in g  m o r ta lity  to  the Fn ( leve l.2 Since 

1994, the M u ltispec ies  Plan has been m o d ifie d  by 

a series o f fram e w o rk  ad jus tm ents , w ith  Fram e­

w o rk  25 ( im p le m e n te d  in  A p r i l  1998) im p os ing

’ L ,  ! and l ' m^  are tw o  reference rates o f f is h in g  m o r ta l ity  used 

in  fisheries m anagem ent (see A p p e n d ix  4 ). m axim izes

the a m o u n t o f y ie ld  fro m  li le  average re c ru it to  l i le  s tock ; h [( , 

results in  nearly  as m u c h  y ie ld  per re c ru it h u i is m ore  conse r­

va tive  than  f 'm„ -

reduced tr ip  lim its  and area closures to achieve 

m anagem ent ob jec tives to r cod in  the G u l f  o f  

M a in e  (i.e. reduce land ings and fish in g  m o rta lity  

to ta rget levels).

T h e  jo in t  M A F M C -A S M F C  S um m er F lo u n ­

der F ishery M anagem ent P lan, in it ia l ly  approved 

in  1988 bu t subsequently  m o d ifie d  by a series o f 

am endm ents, has a strategy to  reduce fish in g  m o r­

ta lity  to  F ,- the level chosen as the o ve rfish ingJ JTUX f
d e fin it io n  lo r  th is  stock. I he S tim m er f lo u n d e r 

Plan uses com m erc ia l catch quotas, a llocated by 

state and season, and recreational harvest lim its  

and possession size lim its  to  achieve these m an ­

agem ent goals. Increased re c ru itm e n t levels, co m ­

b ined  w ith  low er fish in g  m o r ta lity  rates t im in g  

1 9 9 3 -9 6 , have resulted in  increased biomass.

Transboundary Stocks and Jurisdiction

S ign ifican t catches are taken from  transbound ­

ary stocks o f  A tla n tic  cod, haddock, and p o llo ck  

fro m  C anad ian  waters o f  Georges Bank and the 

G u lf  o f  M a ine . In  1997, 18%  o f  the cod, 6 4 %  o f 

the haddock, and 73 %  of the po llo ck  landings were 

taken by C anadian fisherm en. M anagem ent regu­

la tions em p loyed  by the tw o  coun tries , a lthough  

d iffe re n t, are based on a co m m o n  o b je c tive  o f  

m a in ta in in g  fis h in g  m o r ta lity  at o r be low  F(1 r  
T he re  is c o o rd in a tio n  o f  s tock assessment a c tiv i­

ties between the countries, and b e g in n ing  in  1998, 

the tw o  coun tries  em barked on a jo in t  process fo r 

a n n u a lly  p e rfo rm in g  and peer rev iew ing  the as­

sessments o l these transboundary  stocks. I he tw o  

countries w ill,  however, co n tin ue  to  independen tly  

prepare m anagem ent advice on the basis o f jo in t ly  

prepared and review ed assessments. T here is no 

fo rm a l jo in t m anagem ent o f these shared resources, 

a lth o ug h  regular in fo rm a l discussions take place 

between governm ent o ffic ia ls , managers, and in ­

d u s try  representatives of the tw o  countries.

Economics

R ebu ilt stocks eventua lly  w ill p rov ide  increased 

net benefits to  producers and consum ers, b u t in 

the short te rm , e ffo rt reductions w ill c u rta il rev­

enues to  fisherm en and m ay raise prices to  co n ­

sumers. Recent analyses (N e w  Eng land  F ishery 

M anagem ent C o u n c il,  1997) ind ica te  tha t fish-
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ing m ortality rates in 1997 for the (ieorges Bank 
stocks o f cod, haddock, and yellowtail flounder 
and the Southern New England stock of yellow­
tail were at or below the overfishing definitions 
for those stocks and helow the more restrictive 
Amendment 7 targets (FQ j) for all but Georges 
Bank cod. For G u lf o f Maine cod, however, fish­
ing mortality in 1997 was well above both the over­
fishing definition and the target (F ). Substan­
tial reductions in fishing effort have occurred in 
the New England area in recent years. For example, 
the total number o f lim ited access permitted ves­
sels with individual days-at-sea allocations declined 
from 197 in 1995 to 162 in 1997, and the total 
days at sea allocated to these vessels declined from 
37,320 in 1995 to 18,295 in 1997. The fixed-gear 
sector was brought into the lim ited access category 
in 1996, and the total number of days allocated 
to the fleet days-at-sea category decreased from 
187,372 in 1996 to 109,888 in 1997. In addition 
to these reductions in days at sea for fishing ves­
sels, a vessel buyout program, authorized by the 
Secretary o f Commerce and administered by the 
National Oceanic and Atmospheric Adm inistra­
tion, was initiated in 1995, first as a pilot project 
and later as a comprehensive fishing capacity re­
duction project. The program was designed to pro­
vide economic assistance to fishermen adversely 
affected by the collapse o f the groundfish fishery 
and who voluntarily chose to remove their vessels 
permanently from the fishery, while helping fish 
stocks recover to a sustainable level by reducing 
the excess fishing capacity in the Northeast. The 
vessel buyout program, which concluded early in 
1998, removed 79 fishing vessels at a cost of nearly 
$25 m illion and resulted in an approximate 209o 
reduction in fish ing  e ffo rt in the Northeast 
groundfish fishery. The ultimate net benefits o f 
all these e ffo rt reductions for the Northeast 
groundfish resources will be both positive and sub­
stantial to the Nation as a whole.

Progress

( Considerable progress in the development and 
implementation ol management alternatives lor 
the Northeast demersal resources has been made 
since 1994. The implemented measures include 
reductions in days at sea, increased m inim um mesh

sizes, a moratorium  on new vessels, expanded W in te r flo un d e r,

closed areas to fishing (Figure 1-3), and trip  lim its 
lor depleted cod and haddock stocks. An annual 
review provision allows the level of effort reduc­
tion measures to be changed, depending on the 
actual state of fishing m ortality relative to plan 
targets. Mandatory reporting systems for N orth ­
east resources have been developed to better moni­
tor the performance o f the fishery. New assess­
ments for principal species including cod, had­
dock, and yellowtail flounder have documented 
patterns ol fishing mortality, discarding, and re­
cruitment, and form the basis lor additional regu­
latory proposals.

Fishing e llort in the Northeast demersal fish­
eries has been reduced substantially since 1994 
when Amendment 6 to the Northeast Multispecies 
Fishery Management Plan became effective. Be­
ginning in March 1994, Amendment 5 introduced 
a phased-in, 5-vear, 50% reduction in days at sea, 
and expanded Closed Area 11 on the Northeast 
Peak o f Georges Bank. Closed Areas I and II were 
closed on a year-round basis by emergency action 
in December 1994, and the closures became per­
manent following implementation o f Framework 
9 in A pril 1996. Amendment 7, which became 
effective in July 1996, incorporated the essential 
features of Am endm ent 6 and Framework 9.
Amendment 7 introduced further restrictions on 
days at sea to cover fixed-gear as well as mobile- 
gear sectors, accelerated the days-at-sea reduction 
schedule, and adopted biomass targets. These tar-
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Ju ven ile  skate fro m  research 
tra w l catch, G eorges Bank.

gets were keyed to rebuilding the spawning stock 
through fishing mortality' levels well below the 
20% maximum spawning potential overfishing 
definition. Annual adjustments to the allowed days 
at sea are determined by monitoring a series ol 
target total allowable catches keyed to the fishing 
m ortality rates.

Management ol the summer flounder stock 
has proceeded w ith a goal ol reducing fishing mor­
tality to F . A series o f state-by-state allocations'  max -

ol the annual quota has been the primary regula­
to ry  measure. W ith  im proved recru itm en t, 
coupled w ith reduced fishing mortality, catch rates 
tor the commercial and recreational sectors im ­
proved during 1993-96. Lower fishing mortality 
rates and slightly improved recruitment w ill re­
sult in increased landings and a rebuilding o f the 
spawning stock biomass and its age structure (cur­
rently comprised primarily o f fish aged 2 years or 
younger).
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INTRO DUC TIO N

N ortheast pelagic fisheries target sm all schoo l­

in g  species in  the U .S. Exclusive E conom ic  Zone, 

p a rt ic u la r ly  A t la n t ic  m ackere l, A t la n t ic  he rring , 

b lue fish , and h u tte rfish . T h e  fisheries on these 

stocks are seasonal and reflect the m ig ra to ry  p a t­

terns and a va ila b ility  o f  these species. G enerally, 

these species ove rw in te r in  re lative ly  w arm  offshore 

waters o f the M id -A tla n t ic  co n tin e n ta l she lf and 

sou thw ard  to  avo id  seasonal co o lin g  o f nearshore 

n o rth e rn  waters. T h is  is fo llo w e d  by a n o rth w a rd  

and inshore  m ig ra tio n  d u r in g  the sp ring  and Stim ­

m er to  feed and reproduce.

Various fish in g  gears in c lu d in g  b o tto m  traw ls, 

m id w a te r traw ls, g illne ts , and seines are em ployed  

to harvest pclagics in the N o rtheas t Region. D u r -

fl.ong- and short-finned squid are described in Unit a tor 
taxonomic consistency.

in g  1 9 9 5 -9 7 , to ta l land in g s  averaged 158 ,500  

m e tr ic  tons (t) (Table 2 -1 ), 7 7 %  by the U n ite d  

States and 2 3 %  by Canada, in c lu d in g  recreational 

la n d in g s  ( p r im a r i ly  b lu e fis h  and  m ackere l) o t 

about 9 ,000  t. T h e  ex-vessel value o f the 1997 U.S. 

com m erc ia l land ings was about $28 m ill io n . Rec­

reational land ings o f b lue fish  and m ackerel are also 

im p o rta n t in  the N ortheast Region. For example, 

over $300 m ill io n  is spent ann ua lly  by recreational 

anglers fish in g  lo r  b lue fish .

T h e  tw o  p rin c ip a l N o rtheas t pelagios, A t la n ­

tic  m ackerel and A t la n t ic  he rrin g , were exp lo ited  

heavily  by  d is ta n t-w a te r fleets d u r in g  the early 

1970 ’s. As a result, stock sizes and y ields, declined 

to  very lo w  levels by  the late 197()’s. A bundance  

has since increased due to lo w  harvest rates and 

im proved recru itm en t. ( a irren t stock sizes fo r these 

species are at h is to ric a lly  h igh  levels.

N ortheast pelagic fisheries are managed u n ­

der three fishe ry  m anagem ent plans, the firs t de­

veloped by the M id -A tla n t ic  F ishery M anagem ent A tla n tic  herring .



1999

T a b le  2-1

P ro d u c tiv ity  in m e tr ic  tons  
and s ta tus  of N ortheast pe 
lag ic fishe ries  resources.

Th is page' A tlan tic  mackerel, 
o p p o s ite  page: A tla n tic  her 
ring  on catch tab le

OUR LIVING OCEANS

le

Recent 
average yield 

(RAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stocf level 
relative to 

LTPY

A t  . i t  < J 1 11,000 317,000 317,000 Under Above

Aí antn mackerel 33,500 383,000 326,000 Under Above

Bluefish 11,200 4,350 42,700 Over Below

Butterfish 2,800 7,200 16,000 Under Above

Total 158,500 711.550 701,700

U S Subtotal 121,300 439,350 462.000

1995-97 average Inu uding fort .gn ..1 recreational landings) ‘For herring, U S p o ition  o f RAY is 92,700 t <84% of total)

Inc udes s iqm ficant fore ign  (Canadian) landings 'For mackerel, U S portion o f RAY is 14,600 t (44%  o f total)

■Includes significant lec ieationa l landings

C o u n c il,  the second jo in t ly  by the M id -A tla n t ic  

C o u n c il and the A tla n t ic  States M a r in e  Fisheries 

C o m m iss io n , and the th ird  bv  the N ew  Eng land  

Fishery M anagem ent C o u n c il in  coo rd in a tio n  w ith  

the  A t la n t ic  States M a r in e  F isheries C o m m is ­

sion the A tla n tic  M ackere l, S qu id , and R u tre r- 

fish Fishers M anagem ent P lan, the A t la n t ic  B lue- 

lish  F ishery M anagem ent P lan, and the A tla n tic  

Sea H e rr in g  F ishery M anagem ent P lan.

SPECIES AND STATUS

The N ortheast pelagic fisheries are d o m in a te d  

by lo u r  species: A t la n t ic  m ackere l, A t la n t ic  her­

rin g , b lue fish , and b u tte rfish . Three o f these are 

considered to  be u n d e ru tilize d  (m ackerel, he rring , 

and b u tte r fis h ), w h ile  b luefish  is considered to  be 

o ve ru tilize d . 1 lie  abundance o f  m ackere l, he rring , 

and bu tte rfish  is presently above average, w h ile  that 

ot b lue fish  is be low  average.

1 lie  lo n g -te rm  p o p u la tio n  trends fo r m ack­

erel and he rrin g , as measured by research vessel 

survey data, have fluc tua ted  cons ide rab ly  d u r in g  

the last 25 years (F igure  2-1 ) I he com b ined  a b u n ­

dance index to r these tw o  species reached m in i­

mal levels in  the m id -to - la te  19"7( ) \ ,  re flec ting  p ro ­

nounced declines lo r  bo th  and a collapse o f the 

( Jeorges Bank he rrin g  stock, b u t it  c lim bed  steadily 

because o t the  re b u ild in g  o f b o th  species and 

reached a peak in  199-1. T h e  abundance of bo th  

species has rem ained at a h igh  level in  recent t ears 

and \\ il l  be reassessed in 1999.

Atlantic M ackerel

I lie  A tla n tic  m ackerel s tock recovered d u rin g  

the 1980 ’x, and t ile  m ost recent s tock assessment 

(N o rtheas t Fisheries Science C enter, 1996a,b) in ­

d ica te d  th a t the  s p a w n in g  s to ck  b iom ass was 

a round  2 m ill io n  t in  1994. A bundance  indices 

I rom  research vessel surveys have rem ained fa irly  

stable in subsequent years suggesting that stock 

biomass has rem ained a p p ro x im a te ly  at tha i level. 

In  com parison , recent annual land ings were about 

3 3 ,50 0  t ( Fable 2-1 ), o f w h ic h  5_'°<i was taken by 

Canada. A lth o u g h  the size o f the mackerel stock 

is im precise ly kn o w n  (because of lo w  harvest rates, 

and abundance ind ices t r o l l i  b o tto m  t ia w l surveys 

are no t the m ost e ffic ie n t m ethod to index schoo l­

ing  species), mackerel land ings cou ld  he increased 

severa llo ld  w ith o u t jeopa rd iz ing  stock p ro d u c tiv ­

ity. U .S. com m erc ia l land ings o t m ackerel nearly 

d o u b led  I to u i 1995 (8 ,500  t) to  1996 (15 ,8 0 0  t) 

due to  increased e ffo rt on  mackerel because ot im ­

proved w o r ld  m arkets lo r  m ackerel and c o lu m ­

ned lo w  a b undance  o l t r a d it io n a l g ro im d lis h

1 0 0
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I  stocks. There are indications that growth and ma­
turity rates ot mackerel declined as stock size in ­
creased during the 1980 s.

Atlantic Herring

The A tlantic  herring stock complex in the 
Northeast Region is considered to he underutilized 
(Northeast Fisheries Science Center, 1996c,d). 
Total landings o f herring were 118,900 t in 1997 
(U.S. landings were 98,200 t), down slightly trona 
1996 and about 29% higher than in 1995. Re­
cent average landings totaled 110,S00 t ( I'ahle 2-
1). T he coastal stock complex consists ot three 
major stock groups in U.S. waters: C u lt ot Maine, 
Georges Bank, and Nantucket Shoals. ( 'anadian 
catches o ff New Brunswick have also been included 
in the combined stock analysis since these fish mix 
w ith those trona the other stocks during portions 
ot the year. The Georges Bank herring stock had 
collapsed hv 1976 atter intensive exploitation by 
distant-water fleets during the 196()’s and early 
1970’s. Although the stock complex is capable ot 
supporting much higher levels ul landings than 
presently taken, there is concern that the G u lf ot 
Maine stock, from which the majority ot the land­
ings have recently been taken, may be fu lly  ex­
ploited.

Bluefish

Bluefish landings peaked in 1981 at S 1,400 t, 
but have declined to a recent annual average ot 
only 11,200 t (Table 2-1). About two-thirds of 
the recent bluefish landings have been taken by 
recreational fishermen. The recent downward 
trend in recreational and commercial landings cor­
responds to a decline in stock biomass. C Currently, 
the bluefish stock is overutilized and at a low level

Landings
1,000t)

800 -

Survey index

400 -

200 -

Total landings

Abundance
survey
inde'

F ig u re  2-1

ot abundance (Northeast Fisheries Science Cen- L and ings  in m e tr ic  to n s  (t) 

ter 1 997a b) ant  ̂ a b u n d a n c e  in d e x  of
p r in c ip a l  p e la g ic  s to c k s , 
1960-97.

Butterfish

The butte rfish  stock is considered to be 
underutilized based on current research survey 
results and historic landing patterns. Butterfish 
landings have declined significantly in recent years 
to less than 3,000 t/year, prim arily due to reduced 
export demand. The stock is currently being fished 
well below its long-term potential yield (Table 2- 
I ) and is considered to be above average in abun­
dance based on research survey indices.

ISSUES

Scientific Advice and 
Adequacy of Stock Assessm ents

Although historical catch data (except perhaps 
tor bluefish) are generally adequate tor assessment 
purposes, stock assessments for the Northeast pe­
lagic resources are relatively imprecise, owing to 
the highly variable trawl survey indices of abun­
dance used tor calibrating cohort analysis models, 
the short life-span of some stocks (butterfish), and 
current low exploitation rates o f some species 
(mackerel and herring). I he development of more 
precise assessments w il l  requ ire  the use o f

l  o 1
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hvdroacottstic and midwater trawl surveys to esti­
mate herring and mackerel abundance, and alter­
native types of sampling surveys to estimate blue­
fish abundance. A modest elfort to improve stock 
assessments using these methods has begun.

Underutilized  Species

All o l the pelagic species, except bluefish, are 
considered to be underutilized. Total recent aver­
age yields (158,500 t) could be quadrupled and 
still not reach the aggregate long-term potential 
yield for the Northeast pelagics (477,700 t. Table
2-1). The aggregate curren t po ten tia l yield 
(477,550 t) is nearly five times the total recent 
average yields. Although current estimates ol stock 
sizes for the principal pelagic stocks are relatively 
imprecise (see abos e), the foregone yields (or mack­
erel and herring arc substantial, and domestic har­
vests could be increased w ithout jeopardizing the 
productivity o f these stocks.

Bycatch and M ultispecies Interactions

Concentrations of schooling fish such as the 
Northeast pelagics are utilized b\' a wide variets' of 
predatory fish, marine mammals, and birds. In 
w inter months, the fisheries directed for Atlantic

mackerel and herring historically have taken some 
marine mammals, including pilot whales and com­
mon dolphins, as bvcatch. An intensification o f 
these fisheries to take advantage of these under­
utilized resources might result in greater marine 
mammal takes. Choosing the correct lim e and 
place for fisheries could keep these takes at m in i­
mal levels.
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Atlantic Anadromous Fisheries

INTRO DUC TIO N

The anadrom ous fishes o f the A t la n t ic  sea­

board are a diverse g roup, in c lu d in g  rive r herrings 

(a lew ife  and b lueback h e rr in g ), A m e rican  shad, 

h ic k o ry  shad, s triped  bass, A t la n t ic  sa lm on, s tu r­

geons (A tla n tic  and shortnose), and ra inbow  sm elt. 

R egu la tion  o f  these stocks is likew ise  diverse: the 

A t la n t ic  States M a r in e  F isheries C o m m is s io n  

(ASMFC ) has im p le m e n te d  fishe ry  m anagem ent 

plans fo r  shad, rive r h e rrin g , and A t la n t ic  s tu r­

geon, w h ile  shortnose sturgeon are m anaged u n ­

der a recovery plan prepared under the E n d a n ­

gered Species A ct. A t la n t ic  sa lm on are regulated 

by  a N e w  Eng land  F ishery M anagem ent C o u n c il 

fishery m anagem ent p lan and by the N o r th  A t ­

la n t ic  S a lm o n  C o n s e rv a t io n  O r g a n iz a t io n  

(N A S C O ). S triped  bass are regulated u nder an

A S M F C  fishery  m anagem ent p lan and by special 

Congressiona l a u th o r in ' u nder the S triped  Bass 

C onserva tion  A c t ( im p le m e n te d  by the N a tio n a l 

M a r in e  Fisheries Service (N M F S ) and the U.S. 

Fish and W ild l i fe  Service).

Recent average land ings of A tla n t ic  anadro­

m ous species (Table 3-1 ; Figures 3-1 and 3 -2 ) are 

a bou t 9 ,400  m e tr ic  tons (t), fa r below  h is to ric  lev­

els. Several species have recreational im p o rta n ce  

to  the reg ion ( in c lu d in g  A m e rican  shad, striped 

bass, and A t la n t ic  sa lm on). 1 he recreational p o r­

tio n  o f the recent average land ings is d om ina ted  

bv s triped bass w h ic h  averaged 6 ,3 00  t annua lly  

d u r in g  1995—97.

Landings o l m ost A t la n t ic  anadrom ous spe­

cies have dec lined  g rea tly  in recent vears. R iver 

he rr in g  catches peaked in  1965 at about 28 ,000  t 

coast-w ide, b u t have since dec lined  to  less than

Unit

3
EMORY D. ANDERSON 

JO HN F KOCIK 

GARY R SHEPHERD

NMFS N ortheast F isheries 
Science Center

W oods Hole 
M assachusetts

S trip ed  bass.
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T a b le  3-1

P ro d u c tiv ity  in m e tr ic  tons 
a n d  s ta tu s  o f A t la n t ic  
a n a d ro m o u s  fis h e r ie s  re ­
sources.

Species

Recent 
average yield 

(RAY)1

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock level 
relative to 

LTPY

Striped bass-’ 8,300 8,100 Unknown Full Above

American shad 600 Unknown Uni nown Over Below

Alew ife/b lueback 500 Unknown Unknown Over Below

Sturgeons 7 Unknown Unknown Over Below

Atlantic salmon 1 Unknown Unknown Over Below

Total 9,408 9,208 9,208

1995-97 average (irouding recreational landings)
■includes significant recreational landings

Number of fish 
lx  1 ,0 0 0 )

14

i S and foreign 
landings12

10

Number of fish 

|x  1 ,0 0 0 )
8

4

U S run size

2

o
±

1990 1995

Year

F ig u re  3-1

Size o f s p aw n ing  run o f A t­
lan tic  sa lm o n  re tu rn in g  to  
M aine  rivers, and to ta l catch 
by U.S. ang le rs  fro m  M aine 
r ive rs  and by at-sea fo re ig n  
fisheries , 1968 97.The catch 
fo r  1980 w as n o t repo rted  
Catches since 1994 are not 
e s tim a te d  because o f f is h ­
ery c losures.

5 0 0  t annually. 1 ikewise, commercial landings ol 
American shad had a peak ol over 2 , SOI) t in 1970,  

hut are now only averaging 600 t. Striped hass 
commercial landings were over 6 ,0 0 0  t in 11>~3, 
hut decreased to less than 1 ,0 0 0  t hv 19 85 .  Fol­
lowing several vears ol sharply reduced landings 
ol about 4 0 0  t due to severe management restric­
tions, commercial landings of striped bass in ­
creased to 2,200 t in 1997. C latches of U.S.-origin 
Atlantic salmon, taken primarily in foreign com­
mercial fisheries, were in excess ol 1 0 ,0 0 0  fish an­
nually during the 1980 s. Currently, domestic and 
foreign fisheries tor U.S.-origin Atlantic salmon 
are closed by regulation or private quota purchase 
agreement.

SPECIES AND STATUS

Unlike most of the offshore resources in the 
Northeast region, Atlantic anadromous stocks have 
been greatly influenced by nunflshing human ac­
tivities in the coastal zone. Damming of rivers pre­
venting access to former spawning grounds was a 
major fic to r in the decline o f Atlantic salmon, stur­
geons, river herrings, and shad. Environmental 
contamination is implicated in the decline o f sev­
eral species. Today, these species are threatened by 
coastal pollution and development as well as re­
duced population sizes from which recovery is un­
certain.

A tlan tic  Salm on

In the United States, A tlantic salmon were in ­
digenous from the I lousatonic River in ( onnecti- 
cut to tributaries ol the St. John River in northern 
Maine. As a consequence of industrial and agri­
cultural development, all native runs south of the 
Kennebec River in Maine were extirpated. The 
only prim arily self-sustaining U.S. runs now oc­
cur in several small (<100 km) risers in eastern 
Maine, and these populations are perilously small 
w ith total run sizes of less than 300 spawners an­
nually. In addition, the Penobscot River in Maine 
has remained the largest U.S. population, but it is 
heavily supplemented by hatchery production 
Iront returning adults. ( tirrent rehabilitation of 
these stocks in Maine is being undertaken w ith an 
innovative river-specific fry stocking program. 
W ild  parr or returning adults are collected and 
held until spawning time, and their progeny are 
scatter-stocked as fry in their natal rivers. In adeli-
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Female 
spawning 

stock biomass 
(* 1,000 t)
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12 -

Landings 
(x 1.000 t)
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,_L j_L J_L , I 1i_L j_L j_L
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1985 1990 1995

6 -
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t io n , resto ra tion  e ffo rts , in  the fo rm  o f s tock in g  

and fish passage co n s tru c tio n , are underw ay in  the 

C o n n e c tic u t, Pawcatuck, M e rr im a c k , and Saco 

rivers. In  these rivers, as w e ll as in  the Penobscot 

River, some A tla n tic  sa lm on are also stocked as 

sm olts. T h e  d o n o r stocks fo r these program s are 

la rge ly from  the Penobscot R iver. N M F S  is in ­

vo lved in assessing the v ia b il ity  o f these p o p u la ­

tions, the success o f  supp lem en ta tion , and the co n ­

servation o f these un iq u e  genetic resources.

In  U .S. rivers, juven ile  sa lm on are resident in 

freshwater streams fo r 2 o r 3 vears before m ig ra t­

ing  to the sea where they ty p ic a lly  rem ain  fo r tw o  

w in te rs . W h ile  at sea, they genera lly  undergo  ex­

tens ive  m ig ra t io n s  to  w aters  o f f  C anada and 

G reen land  before re tu rn in g  to  th e ir  natal rivers in 

June and spaw n ing  in N ovem ber.

T h e  abundance o f A t la n t ic  sa lm on stocks in 

M aine  rivers is represented by estimates o f catch 

and run  size (F igure  3 -1 ). T h e  abundance o f ex­

ta n t U .S . s to cks , l ik e  m os t s to cks  in  N o r th  

A m erica , has dec lined  d u r in g  the past decade. 

H o m e-w a te r fisheries (those in  U .S. waters) are 

lim ite d  to  catch and release ang ling  in  M a ine . Tag­

g ing  experim ents conducted  bv  the N M F S  have 

d e m o n s tra te d  th a t d is ta n t-w a te r  c o m m e rc ia l 

gi 11 net fisheries o ff C anada and G reen land  had 

p rev ious ly  exp lo ited  U .S. stocks at ap p ro x im a te ly  

50% . Those com m erc ia l oceanic fisheries are now  

regulated m ore s tr in g e n tly  under the auspices of

N A S C O . C anad ian  in te rc e p tio n  fisheries have 

heen g reatly  cu rta ile d , and the ( ireen land  fishery 

is quo ta  c o n tro lle d  to a llo w  fo r adequate spaw n­

ing  escapement. D esp ite  these conserva tion  mea­

sures, the overa ll abundance o f A tla n t ic  salm on 

th ro u g h o u t N o r th  A m erica  con tinues to  decline, 

and several p o p u la tio n s  w o u ld  be e x tirp a te d  if 

supp lem en ta tion  o f them  d id  n o t co n tin ue .

Striped Bass

Four p rim a ry  stocks o f striped bass occur along 

the A t la n t ic  coast: H udson  River, Delaware Bay, 

Chesapeake Bay, and Roanoke R iver (N o rth  C a ro ­

lin a ). S triped  bass stocks h is to r ic a lly  have sup­

po rted  im p o r ta n t co m m e rc ia l and recrea tiona l 

fisheries, w ith  recreational harvests o ften  equal­

in g  o r exceeding com m erc ia l land ings (F igure  3-

2 ). C o m m e rc ia l fisheries use a va rie ty  o f  gears in ­

c lu d in g  haul seines, traw ls, pound  nets, g illne ts , 

and h o o k -a n d -line .

C om m erc ia l landings peaked in 1973 and then 

began a p rec ip itous  decline . T h e  d e c lin in g  la n d ­

ings coup led  w ith  cons is ten tly  poo r re c ru itm en t 

ind ices in  the Chesapeake Bay p rov ided  the im ­

petus fo r h ig h ly  res tric tive  m anagem ent actions 

taken by ASMFC in the m id  1980 ’s. A d d it io n a lly , 

Congress passed the S triped Bass C ionservation A ct 

w h ich  em powered the D epartm en ts  o f C om m erce  

and In te r io r  to  im pose a m o ra to r iu m  on striped

Female
spawning s toc l 
b iom ass

Recruitm ent

Recruitment 
(number of fish 
at age 1 year
X 1,000,000)

-  o
i i ■ ■ ■ i i i i i i i  ■ . ■ i ■ i

1980 1985 1990 1995

F igure 3-2

C o m m e rc ia l  a n d  r e c r e ­
a tion a l la n d in g s  and fem a le  
sp a w n in g  stock b io m a ss  in 
m e tric  to n s  (t), and re c ru it­
m e n t o f s tr ip e d  bass, 1954- 
97.
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S tr ip e d  bass fro m  C hesa ­
peake Bay.

hass fis h in g  in  any state w h ic h  A S M F C  fo u nd  n o t 

in  com p liance  w ith  its fishery m anagem ent p lan.

T h e  fisheries were m o n ito re d  closei)' and u n ­

der severe m anagem ent res tric tions. H ow ever, a 

h igh  re c ru itm e n t index in  1989 in  the Chesapeake 

Bay triggered a s ligh t re laxation o f m anagem ent 

res tric tions and a llow ed increased fis h in g  on m i­

g ra to ry  A t la n t ic  s triped  bass stocks the fo llo w in g  

year. R e c ru itm e n t has c o n tin u e d  to  im p rove , and 

the g ro w th  o l the p o p u la tio n  has reached a level 

o l abundance equ iva len t to  the m id l9 7 0s  (p r io r  

to  the decline). O w in g  to the im proved cond itions , 

A S M F C  has declared A tla n tic  s triped  bass fu lly  

restored, a llo w in g  a fu rth e r re laxation  o f  m anage­

m en t re s tr ic tio n s  in  the co m m e rc ia l and recre­

a tiona l fisheries.

A  recent assessment o f the  s triped  bass coastal 

co m p le x  (N o rth e a s t F isheries Science C e n te r, 

1998a,b ) ind ica tes that the cu rre n t level o f fish ­

ing  m o r ta lity  is at the  target level established in 

the fish e rv  m anagem ent p lan . T h e  large recre­

a tiona l fisherv, w h ich  includes h o th  land ings and 

discard losses, accounted fo r the m a jo r ity  of the 

fish in g  m o rta lity . I he recent average vie ld  is about

8 ,300  t ( Table 3-1 ), (W o  o f w h ich  is a ttr ib u te d  to

recreational land ings. I he spaw n ing  stock b io m ­

ass has c o n tin u a lly  increased since the reopen ing  

o f the fishery in  1990 (F igure  3 -2 ). R ec ru itm e n t 

o f  h is to rica lly  large year classes in  1993 and 1996 

(F igure  3 -2 ) shou ld  result in  a co n tin u e d  po p u la ­

t io n  increase under the cu rre n t levels o f  Fishing 

m o rta lity .

ISSUES  

Transboundary Stocks and Jurisdiction

T h e  in te rc e p t io n  o f  U .S .- o r ig in  A t la n t ic  

sa lm on in  com m erc ia l fisheries o f f  C anada and 

West G reen land  is an im p e d im e n t to  the restora­

t io n  of runs and U .S. fisheries. H ow ever, beg in ­

n in g  in  1992, the largest p o rt io n  o f the C anadian 

fishery, that a round N evdound land , was closed and 

re m a in s  S e ve re ly  r e s t r ic te d .  L ik e w is e ,  th e  

G reen land fishery  quo ta , set to  meet spaw n ing  es­

capements to  N o r th  A m e rican  rivers, shou ld  p ro ­

v ide  adequate p ro te c tio n . I f  these conserva tion  

too ls rem ain  in place, the th rea t o f those in te rcep t 

fisheries to  U .S. sa lm on is g rea tly  reduced.

Endangered Species Concerns

A n a d ro m o u s  A t la n t ic  sa lm on  p o p u la tio n s  

th ro u g h o u t th e ir  U .S. range were p e tit io n e d  fo r 

lis tin g  under the Fndangered Species A ct. T h e  N a ­

tio n a l M a rin e  Fisheries Service and the LT.S. Fish 

and W ild l i fe  Service, w o rk in g  in  p a rtn e rs h ip , 

fo rm ed  a b io log ica l review  team to evaluate the 

status o f these p o p u la tio n s . T h is  team de te rm ined  

tha t available b io lo g ica l evidence in d ica ted  tha t 

the p o p u la tio n  s truc tu re  described in  the p e tit io n  

d id  no t meet the d e f in it io n  o f species under the 

Endangered Species A c t. I he team also concluded 

th a t na tive  p o p u la t io n  segm ents sou th  o f the 

Kennebec R iver were extirpa ted . However, the tw o 

Federal agencies proposed a ru le  to  lis t a p o p u la ­

tio n  com p lex in  several M a in e  rivers c o n ta in in g  

rem nan t na tive  p o p u la tio n s  as th rea tened. The 

proposed rule has been w ith d ra w n  in  lieu o f a co n ­

servation p lan pu t fo rw a rd  by the State o f  M a ine . 

T h e  N a tio n a l M a r in e  Fisheries Service now  lists 

th is  p o p u la tio n  segment as a “ species o t concern” 

and is c o m m itte d  to  im p ro v in g  the health of these 

stocks to  make them  v iab le  p o p u la tio n s  w ith  sns-
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tam able  fisheries th ro u g h  its pa rtne rsh ip  in  sup­

p o rt o f  the M a in e  conserva tion  p lan . Shortnose 

sturgeons are lis ted  as endangered, and a status 

review  o f  A t la n t ic  sturgeon is c u rre n tly  underw ay.

M an ag em en t Controls

A n  issue o l p a rticu la r concern  fo r s triped  hass 

is the p o ten tia l im pac t o f  discard m o rta lity . Rec­

reationa l fis h in g  e flo rt to r s triped  hass c u rre n tly  

far exceeds com m erc ia l e ffo rt, and over 90 %  o f  

the recreational catch was released alive d u r in g  the 

1990 ’s. Even w ith  h igh  su rv iva l rates o f  hooked 

and released s triped  bass, the large n u m b e r o f fish 

subjected to  h o o k in g  m o r ta lity  m ay com prom ise  

the conservation benefit fro m  h igh  m in im u m -s ize  

regu la tions. A n o th e r concern as the s triped  bass 

p o p u la tio n  increases is the greater l ik e lih o o d  o f

s triped  bass bycatch in  non d ire c te d  com m erc ia l 

fisheries. T he re  is a desire by all interests n o t to 

negate the progress made in  re b u ild in g  the severely 

depleted spaw n ing  stocks in  Chesapeake Bay.
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INTRO DUC TIO N

O ffshore  fisheries fo r crustaceans and m ollusks 

are am ong the m ost va luable in  the reg ion. U.S. 

com m erc ia l land ings o f  A m e rican  lobste r (32 ,100  

m etric  tons ( r ) ) and sea scallops (6 ,0 0 0  t) in  1997 

ranked firs t and second in  overa ll ex-vessel value 

w ith  $223  m ill io n  and $87  m ill io n ,  respectively. 

A d d itio n a lly , landings of surfclams, ocean quahogs, 

squids, and n o rth e rn  sh rim p  c o n tr ib u te d  ano the r 

$100 m ill io n  in  revenue. T h e  com b in e d  value of 

these fisheries exceeds th a t fo r a ll N o rtheas t o f f ­

shore f in f is h  fisheries co m b ined .

Four separate fishery  m anagem ent plans regu­

late the harvest o f  these inve rteb ra te  species. T w o  

o f  these are the M id -A tla n t ic  F isher)’ M anagem ent 

C o u n c il’s S urfc lam  and Ocean Q u a ho g  F ishery 

M anagem ent Plan and the N e w  England F ishery 

M anagem ent C o u n c il’s Sea Scallop F ishery M a n ­

agement Plan. The n o rth e rn  sh rim p  and A m e r i­

can lobster fisheries are regulated by the A tla n t ic

States M a r in e  Fisheries C Commission under the A t­

la n tic  Coastal Fisheries C oopera tive  M anagem ent 

A c t.

SPECIES AND STATUS  

Am erican Lobster

C o m p re h e n s iv e  s to c k  assessments o f the 

A m erican  lobster resource, last com p le ted  in  1996 

(N ortheast Fisheries Science C enter, 1996a,b), in ­

d ica ted tha t recent fish in g  m o r ta lity  rates on the 

G u lf  o f M a in e  p o rt io n  o t the  resource were nearly 

double the ove rfish ing  level. For the resource fished 

insho re  fro m  C ape C o d  th ro u g h  L o n g  Is land 

Sound, fis h in g  m o rta lity  was subs tan tia lly  greater 

and nearly three tim es h ighe r than the ove rfish ing  

level. T h ro u g h o u t the range, the fishery  has be­

com e increas ing ly  dependent on n ew ly  recru ited 

anim als ( in  some areas m ore than 90°o o f the lo b ­

sters landed are n ew ly  recru ited  to the fisherv),

W oods H ole 
M assachusetts

A m e rica n  lo b s te r o ff M a ine  
coast.
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Tab le  4 1

P ro d u c tiv ity  in m e tr ic  to n s  
and s ta tus of N ortheast in ­
v e r te b ra te  f is h e r ie s  re ­
sources.

Landings 

- 1 ,000 t)

35 -  

30 -

5 -

I i . i . I ...............

1940 1Ü60

F ig u re  4 1

Land ings  o f A m e rica n  lob 
s te r  in  th e  n o r th e a s te rn  
U n ite d  S ta tes, 1940 97, in 
m e tr ic  to n s  (t). The in d e x  
show s the  average num ber 
o f le g a l-s iz e d  lo b s te rs  
c a u g h t per tra p  a ve ra g e d  
o v e r  a 2 4 -h o u r  p e r io d  in 
M a ine  inshore  w aters.

OUR LIVING OCEANS

Recent 
average yield 

(RAYI

Current 
potential yield 

tCPYt

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock level 
relative to 

LTPY

Arne an lobster 32,300 20,000 Unknown Over Above

J ijr fc la m s -14 27,700 19,800 22,000 Under Near

'Lean quahogs- 21,200 18,100 25,000 Full Near

Longfin squid 15,600 21,000 26,000 Full Near

Shortfin squid 14,900 19,000 24,000 Full Near

Sea scallops- '1 10,200 3,700 13,300 Over Below

Northern shrimp 7,600 5,000 5,000 Unknown6 Unknown

Red crab 1,000 2,700 2,700 Unknown Unknown

Total 130,500 109,300 138,000

U S subtotal 127,200 108,100 133,900

1995-97 aveiage (including foreign landings) "'CPY and LTPY re fers only to  EEZ

-Data for bivalve species are in shuc ted  meat w e ig h ts  ‘’For sea scallops. U S portion of RAY is 7,100 t (70% of total)

RAY includes landings fro m  both m shoie  (state) and o ffsh o ie  (U S EEZ) areas '’H igh fish ing m orta lity No overfishing defin ition  currently in place

^andmgu

ndex

Maine
inshore
waters
index

-  i u
-  IJO
-  os
-  0 7
-  OR
-  0 c 

1 -  04
— 1
-  0 .

Year

with .1 great majority of all lobsters landed not yet 
sexualis mature. Fishing mortality races for both 
inshore and offshore populations greatly exceed 
the rates that would provide maximum yields. 
Recent average landings ol lobsters have been
32,300 t (Table 4-1), with landings in 1997 also 
at that level (Figure 4 -1 ).

Sea Scallop

Sea scallops are harvested on the continental 
shelf from the Virginia Gapes to the "Hague I ine,”

which separates the U.S and Canadian portions 
ol Georges Bank and in the Gulf o f Maine. Ca­
nadian landings on Georges Bank represent a sig­
nificant part ot the total (Figure 4-2), i.e. 30% 
(3,100 t) of the recent average yield ( 1 able 4-1). 
Sea scallops are harvested p r im a r ily  using 
epibenthic dredges in the G u lf o f Maine, Georges 
Bank and the M id-A tlantic Bight. A small but 
rapidb growing proportion of the landings is taken 
w ith otter trawls in the M id-A tlantic Bight.

Management ol the sea scallop fisher)' by the 
New England Fishery Management C ouncil 
changed markedly in 1994 as maximum meat 
count regulations (numbers of scallop meats per 
pound) were eliminated. In their place, controls 
on the number of days at sea, reduced crew size, 
and increased dredge mesh-ring sizes were instt 
tuted. Also, the harvesting of sea scallops w ithin 
three areas in the Georges Bank and Nantucket 
Shoals region, closed to protect depressed ground- 
fish stocks, has been prohibited since December 
1994.

A comprehensive assessment completed i i i  the 
fall ol 1996 (Northeast Fisheries Science Center, 
1997a,b) indicated that sea scallops were overfished 
both on Georges Bank and in the M id-A tlantic 
Bight and were at a low overall level of abundance. 
Reductions in days at sea and crew size and an 
increase in mesh-ring size have shown lim ited ef­
fectiveness in preventing the resources Iront being 
overfished. In contrast, the sea scallop biomass
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w ith in  the closed groundfish areas tripled during 
the first 20 months o f closure. Sea scallop popula­
tions are characterized by wide variability in year- 
class strength and little relationship among dom i­
nant cohorts between the M id-A tlantic Bight and 
Georges Bank. Several strong year classes resulted 
in record high U.S. landings in 1990—91 of about 
17,000 t (Figure 4-2), but landings dropped 
abruptly in 1993 to only 7,400 t, remaining at 
about that level during 1994-96. Sea scallop land­
ings declined further to about 6,000 t in 1997, 
reflecting much poorer recruitment in recent years. 
Fisheries in all areas depend almost entirely on the 
growth of new recruits into the exploitable size 
range. In the M id-A tlantic Bight, current land­
ings are dependent on poor 1996 and 1997 year 
classes. Additional areas in the M id-A tlantic Bight 
were closed in April 1998 under the authority o f 
the Secretary o f Commerce. Given the rapid 
growth, low natural m ortality rates, and early age 
at entry into the fishery by this species, consider­
able yield is currently being foregone because o f 
growth overfishing.

A tlantic Surfclam s  

and Ocean Quahogs

These shellfish are harvested w ith hydraulic 
dredges in the U.S. Exclusive Economic Zone 
(EEZ). The majority ot surfclams are taken oft 
New Jersey, while the majority of landings of ocean 
quahogs now come from Southern New England 
and Long Island waters. Small quantities of ocean 
quahogs are also taken o ff the coast ot Maine and 
sold at a higher price to the raw seafood restau­
rant trade (halfshell market). Fisheries for borh o f 
these species have been closed on Georges Bank 
since late 1989 due to the risk of paralytic shell­
fish poisoning. They are managed under the 
Surfclam and ( Kean Quahog Fishery Management 
Plan o f the M id-A tlantic Fisheries Management 
Council. The primar}' management tool is a sys­
tem o f individual transferable quotas allocated on 
the basis o f historical participation in the fisher­
ies.

Surfclam landings increased steadily during the 
1960’s and early 1970’s, peaking in l l>74. Subse­
quently, a succession o f poor year classes, com­
bined w ith a large d ie-off of the surfclam resource

Landings
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stock biomass and reduced landings. Since 1977, b v  th e  U m ,e d  S ta te s  and
.. . . . i i i  Canada, 1940-97,

a fishery management plan has regulated total an­
nual surfclam landings from the 200-mile Federal 
zone (where most landings are derived) and has 
addressed the earlier significant overcapitalization 
in the fishery. Large year classes spawned in 1976 
and 1977 o ff New Jersey and the Delmarva Pen­
insula supported the fisher}'throughout the 1980’s.
Evidence from the most recent assessment (N orth­
east Fisheries Science Center, 199Sa,b) suggests 
consistent but modest levels of recruitment. New 
incoming year classes have supported the fishery 
in the 1990’s. Based on surfclam biomass produc­
tion o ff New Jersey, where most harvesting takes 
place, there are adequate resources to support the 
fishery at the current harvest level in the near fu­
ture. Recent annual landings from state and Fed­
eral waters averaged 27,700 t (Table 4-1).

Ocean quahog landings increased rapidly as 
the surfclam resource declined in the mid 1970’s, 
and a market substitute for processed clam prod­
ucts developed. Ocean quahogs inhabit relatively 
deep waters ol the M id-A tlantic continental shelf 
and Georges Bank. In the G u lf ot Maine, they are 
found relatively near the shore in these cooler wa­
ters. Ocean quahogs are one of the longest living 
(>100 years) and slowest growing marine bivalves 
in the world. Current annual landings (recent av-
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A tla n tic  lo n g fin  squid . erage yield is 2 1,200 t, Table 4 - 1 ) can be sustained 
tor the next 54—76 years in existing fishable areas 
(Northeast Fisheries Science Center, 1998c,d). 
Over the past two decades, ocean quahog fisher­
ies have moved progressively northward from the 
M id-A tlan tic  Bight to Southern New England. 
Large resources still exist o ff Southern New En­
gland and on ( leorges Bank, but portions ol these 
areas cannot be easily fished w ith existing tech­
nology due to depth or bottom type.

Northern Shrim p

C u ll of Maine northern shrimp arc at the 
southern extent o f their geographical range, and 
abundance is generally associated w ith low water 
temperatures. Northern shrimp are harvested us­
ing small-mcsh trawls and inshore traps. The fish­
ery began as an inshore w inter fishery, hut ex­
panded during the 1960’s to a year-round ollshore 
fishery until the stock collapsed in the 1970’s, fo l­
lowing peak landings of 12,800 t in 1969, which 
prompted a closure ot the fishery. A restricted sea­
sonal fishery resumed in the 1980’s. Landings have 
increased substantially since 1994, peaked at 9,500 
t in 1996, declined to 6,400 t in 1997, and aver­
aged 7,600 t during 1995-97 ( I ’ahle 4-1). In re­
sponse to concerns that the stock cannot sustain 
recent increases in fishing effort, which were asso­
ciated w ith restrictions on the groundfish trawl 
fisher)', a new analytical assessment was completed 
in 1997 (Northeast Fisheries Science Center,

1997c,d) which indicated that the stock is cur­
rently at a low level o f biomass and the fishing 
mortality rate exceeds sustainable levels.

Longfin Inshore Squid

Longfin inshore squid form commercially sig­
nificant aggregations that sustain otter trawl and 
trap fisheries from Georges Bank to ( ape Hatteras, 
N.C. Recent research shows that longfin squid gen­
erally live for less than 1 year, grow rapidly, and 
spawn year-round. I he original fishery began in 
the 1 800’s as a bait fishery, and a valuable market 
for human consumption developed in the 1960’s. 
Annual landings fluctuate widely because squid 
generations have little  overlap from year to year, 
and seasonal dynamics are sensitive to environ­
mental (actors. Fishing patterns reflect the seasonal 
distribution of the stock— offshore from C fctober 
to March, then inshore from April to September. 
In recent years, most landings were taken in the 
offshore fishery. The most recent stock assessment 
o f longfin squid (Northeast Fisheries Science ( (en­
ter, 1996c,d) indicated that the stock was fully ex­
ploited and at an above-average biomass level. 
Recent average landings were 15,600 t ( fable 4- 
1 ), w ith 16,200 t landed in 1997 which generated 
826 m illion in ex-vessel revenue.

Northern Shortfin  Squid

Northern shortfin squid are fished commer­
cially from Cape Hatteras, N.G., to Newfound­
land, ( an., and are considered a single stock 
throughout that range. I bis species exhibits rapid 
growth, has a lifespan ol ahout 1 year, and under­
goes long-distance migrations. Both its distribu­
tion and annual abundance are strongly influenced 
by oceanographic factors. The domestic fishery 
generally occurs during summer and autumn in 
ollshore waters south o f New Jersey and is con­
ducted by otter trawl vessels, the larger of which 
Ireeze the whole squid at sea, while the smaller 
vessels deliver fresh squid. A robust distant-watcr 
fisherv existed during the 1970’s and 1980’s, w ith 
the bulk o f the landings occurring off ( inada. I’eak 
international landings of nearly 180,000 t were 
taken in 1979, 90% o f which were from ( ana­
dian waters. T his fishery subsequently collapsed
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in the early 1980 s, and annual landings during 
1983-96 averaged only about 3,300 t, but dem- 

I onstrated a significant increase to 15,400 t in  1997.
U.S. landings increased steadily from 1988 to a 

I record high o f 18,350 t in 1994, but they have 
dropped somewhat to a recent average yield o f 
14,900 t (Table 4-1). This decline has been due 
primarily to a weak export market. I he stock was 
classified as lu ll}' utilized and at a medium level ot 
biomass when it was last assessed (Northeast Fish- 

I eries Science Center, 1996c,d).

ISSUES AND PROGRESS  

Individual Transferable Quota

An individual transferable quota system for the 
s u rf lani and ocean quahog fisheries was imple­
mented in 1990 (Amendment 8 to the fishery 
management plan). This system eliminated the 
need tor complex restrictions on the amount o f 
effort and time each vessel could fish, which had 
been characteristic of the management system 
undei the M id -A tla n tic  Fishery Management 
Council since 1977. As a consequence o f the in ­
dividual transferable quota, the number o f vessels 
in the surfclam fleet has decreased substantially, 
w ith a reduction from about K ill to fewer than 
100 vessels in the first year alone. Further consoli­
dation of fishing effort, as well as construction of 
new and more efficient vessels to reduce overhead, 
is expected in the future. Fewer than 00 vessels are 
now used to fish foi both surfclams and ocean 
quahogs.

Scientific Advice and 

Adequacy of Assessments

Considerable progress has been made in the 
past several years in assessing the status of many 
of the exploited invertebrate stocks of the N orth ­
east region. In 1996, an independent panel ot in ­
ternationally recognized scientists, convened by the 
A tlantic States Marine Fisheries Commission and 
the National Marine Fisheries Service (NMFS), 
reviewed and endorsed the scientific basis tor the 
existing overfishing definition for lobsters and the 
validity of current assessment methods. This panel 
offered a number of recommendations for im ­

provements (Atlantic States Marine Fisheries C oni 
mission, 1996). A major benchmark assessment 
o f American lobsters fo llowed later in 1996 
(Northeast Fisheries Science Center, 1996a) and 
employed lengrh-based cohort analysis, life-his­
tory-stage-based population estimation models, 
and an improved egg-production-per-recru it 
model as the basis tor management advice. In 
1997, a major breakthrough was made in the abil­
ity  to provide reliable swept-area estimates of 
surfclam and ocean quahog populations from re­
search vessel dredge surveys as a result o f success­
ful NMFS-academia-industry field experiments to 
estimate efficiency of the research dredge and im ­
proved capability to m onitor dredge performance 
(Northeast Fisheries Science Center 199Sa). Also 
in 1997, a first-time analytical assessment o f Gulf 
o f Maine northern shrimp was conducted inte­
grating catch and survey abundance indices into 
estimates ol stock size and fishing m ortality rates 
(Northeast Fisheries Science Center, 1997c).

M anagem ent Controls

Fishing m ortality on sea scallops is well above 
the level defined as constituting overfishing, lii 
1994, the New England Fishery Management 
Council implemented Amendment 4 to the fish­
ery management plan which was aimed at reduc­
ing fishing m ortality on sea scallops. Measures in ­
cluded provisions to reduce fishing effort through 
days-at-sea reductions and a moratorium on new 
vessel entrants, while removing the meat count re­
quirement. Meat count regulations did not con­
trol the overall rate o f fishing mortality, but redi­
rected mortality onto older scallops. To reduce fish­
ing m ortality rates on smaller scallops, the m in i­
mum ring diameter in the chain hag at the end ot 
the scallop dredges was increased to 3-1/2 inches 
(87.5 nun). This was intended to compensate for 
the removal ol the meat count requirement by re­
ducing fishing m ortality on small scallops. Given 
the current overfished status ot the sea scallop re­
source, the New England Fishery Management 
Council is currently considering additional man­
agement measures for reducing fishing mortality, 
protecting undersized scallops in the M id-A tlan­
tic region by means o f closed areas, and possibly 
allowing lim ited scalloping in the three ground-
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L o b s te r  tra p s , B o o th b a y , 
M aine.

fish closure areas in the Georges H.rnk-Nantucket 
Shoals region.

To comply w ith the overfishing definition, the 
fishing mortality rate of the lobster fishery needs 
to he reduced significantly. Recent increases in 
landings stem trom increased effort and apparent 
increases in abundance most likely due to favor­
able environmental conditions lor the survival of 
pre-recruits. The lobster fishery is almost exclu­
sively supported by animals recently molted, most 
of which are not sexually mature. A t present, 
American lobster populations are regulated p ri­
marily by a m inim um carapace length set at 3-1/4 
inches (81.3 mm). Amendment 3 to the Am eri­
can Lobster Fishery Management Plan, approved 
in December I ')1)- , incorporates effort reduction 
and area management and contains regulations on 
m inim um  and maximum landing sizes, proh ib i­
tion of berried and v-notched1 female lobsters, lim ­
its on gauge size, trap sizes and numbers, lim its 
on nontrap fishermen landings, and requirements 
for biodegradable mesh panels and escape vents 
in traps. U.S. management effort continues to be 
complicated by the international trade in live lob­
sters from Canada.

1 Ire Atlantic States Marine Fisheries C Commis­
sion regulates the northern shrimp fishery in the

V  n o tc h in g  is a m a rk  inscribes! on  th e  carapaces o í be rried  

tenía les so tha t d ie t st i l l  be recognized as ten ía le  and  released, 

even w h e n  run c a r ry in g  eggs

G u lf of Maine. Regulations control the duration 
of the harvesting season (December to Mav) and 
gear specifications. However, the fishery has open 
access, and an overfishing threshold is not defined 
by the current fishery management plan despite 
concerns that the stock is overfished.

I lie M id-Atlantic Fishery Management Coun­
cil develops management measures for squids un­
der provisions of the Atlantic Mackerel, Squid, and 
Butterfish Fishery Management Plan. Manage­
ment targets for both species of,squid were recently 
reevaluated according to new research results on 
life history parameters. Research continues to im ­
prove our understanding of squid growth, matu­
rity, and reproductive dynamics to better assess ap­
propriate levels of sustainable fishing. The United 
States, which joined the Northwest Atlantic Fish­
eries Organization at the end o f 1993, is actively 
prom oting efforts to implement more realistic 
management goals for this species. Real-time man­
agement of both squid species is desirable to avoid 
recruitment overfishing during periods of poor 
recruitment and to maximize landings during pe­
riods of good recruitment.

Surfclams and ocean quahogs have been man­
aged since 1977 and by individual transferable 
quotas since 1990 (Amendment 8 to the fishery 
management plan). In 1996, Am endm ent 9 
changed overfishing definitions lor both species 
from a maximum sustainable yield basis to a maxi­
mum spawning potential basis. Amendment 10, 
currently under consideration, w ill specify man­
agement regulations tor an ocean quahog fishery 
off the coast of Maine.

Bycatch and M ultispecies Interactions

Bycatch and associated discard ofgroundfish 
in the Gulf of Maine trawl fishery for northern 
shrimp, which had earlier been considerable, has 
been reduced following the adoption of a fish-ex­
cluding device, the “ Nordmorc Grate,” as a con­
dition ol participation in this fishery. Sea sampling 
efforts continue to monitor this fishery. Bvcatch 
of goosefish and flounder in the sea scallop fish­
ery continues to be a concern as a source of fish­
ing mortality on these stocks as a whole, and par­
ticularly on verv small fish. Scalloping, either by 
dredges or otter trawls, is prohibited in several large
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areas of Southern New England and Georges Bank 
which have been closed since December 1994 to 
assist in rebuilding depleted stocks of cod, had­
dock, and yellowtail flounder.
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Atlantic Highly 
Migratory Pelagic Fisheries

INTRO DUC TIO N

Oceanic pelagic fish are highly migratory spe­
cies that include swordfish, bluefin tuna, yellow- 
fin tuna, bigeye tuna, albacore, skipjack tuna, blue 
and white marlin, sailfish, longbill spearfish, and 
others. In the Atlantic Ocean, swordfish and blue­
fin tuna have long provided important fisheries, 
while in recent years yellowfin tuna and bigeye 
tuna have increased in significance to U.S. fisher­
men. Many recreational anglers target yellowfin 
and bluefin tuna, blue marlin, white marlin, and 
sailfish in U.S. waters and occasionally longbill 
spearfish. A ll commercial retention ot the latter 
tour billfish species is now banned in U.S. waters; 
however, they are still incidentally caught in tuna 
and swordfish longline fisheries.

Because these large pelagic fish migrate widely 
and are harvested over broad ocean areas bv U.S.

and foreign fishermen, both national and inter­
national management measures are necessary. In 
all cases, stock assessments are conducted using 
aggregate data and provide the basis tor regula­
tions. U.S. fleets operate in the western Atlantic 
Ocean, Caribbean Sea, and C ult ot Mexico. These 
fleets are regulated under the Magnuson-Stevens 
Fishery Conservation and Management Act and 
the Atlantic Tunas Convention Act, whis.li pro­
vides authority to implement international agree­
ments reached by the International Commission 
tor the Conservation ot Atlantic Tunas (1CCAT). 
A draft I ishery Management Plan (FMP) tor A t­
lantic tunas, sharks, and swordfish, and Amend­
ment One to the A tlantic Billfish FMP (which 
addresses blue marlin, white marlin, sailfish, and 
spearfish) were proposed in 1998 and are slated to 
be finalized in t l>99. Management ot Atlantic tu­
nas and swordfish has been based largely on rec­

Unit

5
STEVETURNER

NM FS S ou theast F isheries 
Science C enter

M iam i

F lo rida

B lue fin  tuna.

1 1 7



1999

OUR LIVING OCEANS

Table 5-1

P ro d u c tiv ity  in m e tr ic  to n s  
and sta tus  of h ig h ly  m ig ra ­
to ry  pe lag ic  fishe ries  in U.S. 
w a te rs  o f the  A tla n tic  Ocean

C a tch  o f  y e l lo w f in  tu n a . 
M anteo, N orth  C aro lina

Specie: and area

Recent 
average yield 

(RAY)12

Current 
potential yield 

(CPY)3

Long-term 
potential yield 

(LTPY)3

Fishery
utilization

level

Stock le\ 
relative i 

LTPY

Yellowfin tuna (Atlantic) 137,500 -137,500 147.500-155.800 Full Near

Bigeye tuna (Atlantic) 100,700 60,000-80,000 70,000-90,000 Over Below

Albacore (N Atlantic) 31,900 Unknown 32,000 Over Below

S) ipiack tuna (W Atlantic) 27,100 Unknown Unknown Possibly full Near

Bluefin tuna (W Atlantic) 2,300 2.000-2,500 2,800-7,700 Over Below

Other tunas (Atlantic) 31,900 Unknown Unknown Unknown Unknown

Swordfish (N Atlantic) 14,800 11,400 13,000 Over Below

Blue marlin (Atlantic) 4.100 1,920 4,500 Ovei Below

W hite  marlin (Atlantic) 1,600 900 2,200 Over Below

Sailfish (W Atlantic) 900 600 700 Over Below

Total

U S subtotal

352.800

18,300

315,470

16,400

348,300

18,100

'Total LTPV, CPY, and RAY under present fish ing patterns by U S and foreign  nationals 

•’ 1995-97 average fro m  ICCAT (1998a) (1994-96  average used for b illfishes!

•ICCAT (In press (a))

in d iv id u a l LTPV  s. CPY's and RAY's based on entire stoel* regardless o f harvesting nation

ommend.itions by IC C AT and implemented via 
regulatory articles under the Atlantic Tunas C on­
vention. IC C AT has set and allocated western 
bluefin tuna quotas by country since 1982 and 
eastern bluefin quotas since 1994. I t  C A l first es­
tablished catch lim ita tions for north A tlan tic  
swordfish in 1991 and south Atlantic swordfish 
in 1994; country-specific quotas have since been 
adopted tor both stocks.

SPECIES AND STATUS

From the early 1960 s through 1977, U.S. fish­
ermen caught an average o f about 5,000 metric 
tons (t) per year (2,000 12,000 t/year) o f the 
highly m igratory pelagic species (Figure 5-1). 
D uring the late 1970‘s and early 1980’s, U.S. fish­
ermen caught 8,000 t or more per year, and since 
1985 they have caught 15,000 20,000 t/year. ‘1 he 
U.S. share of current potential yield for the highly 
migratory pelagic resource is 16,400 t/year, and 
long-term potential yield to the U.S. fleet is esti­
mated at 18,100 t/year (Table 5-1) (ICC AT, 
1998a).

Since 1900, the top species bv volume in the 
U.S. harvest has changed from bluefin tuna to 
swordfish to yellow fin tuna (Figure 5-1) as each 
species declined due to fishing pressure and U.S. 
fishing effort shifted. During 1961—73, bluefin

tuna represented 45—80% o f the U.S. western A t­
lantic catch of large pelagios. But since 1980, the 
percentage has dropped to less than 1 5%, reflect­
ing the decline in the bluefin tuna population, 
catch restrictions, and the increasing harvests of 
alternative species. D uring 1961-73, swordfish 
represented 5-20%  of the U.S. catch, rose to 65% 
in 1982, but has since dropped to about 25%. 
During 1961—83, the percentage o f yellowfin tuna 
in the U.S. north A tlantic catch was usually less 
than 10%, but that has since risen to 35-45% .
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The U.S. dockside ex-vessel revenue from these 
fishes soared from about $20 m illion (early 1980’s) 
to nearly $100 m illion in 1988. The average an­
nual commercial ex-vessel value has continued at 
about this level since.

Angler harvests of large pelagic fishes are esti­
mated from dockside and telephone surveys. The 
average annual catch by recreational anglers for 
1995-97 is estimated conservatively at 7,500 t. 
Fishing tournament surveys indicate a substantial 
increase in billfish fishing since 1972. Although 
the practice of tagging and releasing ol large 
pelagics has grown in recent years, more data are 
needed to quantity the recreational fishery trends 
for these fishes in U.S. Atlantic and Gulf ot Mexico 
waters.

The value of the recreational fisheries tor 
highly migrators' species has not been estimated 
for all species; however, prelim inary estimates in ­
dicate that they arc highly valued.

NM FS has classified the follow ing Atlantic 
highly migratory species (HMS) as overfished: west 
Atlantic bluefin tuna, north A tlantic swordfish, 
bigeye tuna, blue marlin, white marlin, and sail- 
fish. Other oceanic pelagics in the HMS FMP are 
considered fu lly fished. The H M S F MT' and B ill­
fish Amendment include rebuilding plans (or the 
overfished species as well as measures designed to 
maintain healthy stocks at the optim um  yield. 
Catch o f blue and white marlin by domestic and 
foreign fleets has resulted in overharvesting these 
stocks. Fishing mortality rates on swordfish have 
been excessive in recent years, prompting the de­
velopment of international agreements to substan­
tially reduce catches beginning in 1991. U.S. har­
vests since July 1991 are consistent w ith IC C A T ’s 
recommendations designed to reduce the risk of 
further declines. W hile yellowfin and bigeye tu­
nas are fu lly and over utilized respectively, no catch 
quotas are in place for either of these species. 
Western Atlantic bluefin tuna have been overhar­
vested to the point of being severely depleted, and 
as a result the harvest of this species has been re­
stricted since 1982. The most recent assessment 
indicates that current quotas may res lí 11 in a 
gradual rebuilding of the spawning stock in the 
future.

Landings (t) 
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ISSUES  

Transboundary Stocks

Regulation of species that migrate across in­
ternational boundaries is d ifficu lt. Domestic regu­
lation w ithout international agreements inherently 
is lim ited, but international agreements can be 
d ifficu lt to achieve. The latter is particularly true 
if the primar)’ fishing nations cannot agree on fish­
ing and conservation objectives, or do not abide 
by agreements once they are adopted. An addi­
tional problem is that not all fishing nations are 
members of fCCAT. The recent United Nations 
agreement on straddling fish stocks and highi)’ m i­
gratory fish stocks may help to resolve these prob­
lems.

F ig u re  5-1

Land ings  in m e tric  to n s  (t) 
and percen tage  o f lan d ing s  
o f b lu e fin  tu n a , y e llo w f in  
tuna , and s w o rd fis h  in U.S. 
w a te rs  o f the A tla n tic  Ocean, 
1961-96.

Bycatch and M ultispecies Interactions

Marlin and sailfish bycatch in tuna and sword­
fish fisheries are a major concern, especially as 
commercial fisheries encounter concentrations of 
billfish important to recreational anglers. Expan­
sion o f the U.S. longline fishery for Gulf of Mexico 
yellowfin tuna and Spanish longline fishing in the 
tropical eastern Atlantic have heightened concern 
for distressed stock of A tlantic tunas, swordfish, 
and the billfish sought bv recreational anglers.

1 1 9
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Dom estic M anagem ent

A lth o u g h  the n u m b e r o f p e rm its  to r  large 

pelagics increased subs tan tia lly  d u r in g  the 1990s, 

actual levels o f e ffo rt in  the lo n g lin e  fishe ry  have 

d ec lined  in  recent years. N M F S  has proposed a 

lim ite d  access system fo r the sw o rd fish , shark, and 

tuna  lo n g lin e  fisheries as pa rt of the d ra ft H M S  

F M P  in o rde r to  reduce la ten t e llo r t  and prevent 

fu tu re  expansion o f these fleets.

Progress

In  recent years scientists fro m  the U n ite d  States 

and several o th e r na tions have m ade substan tia l 

progress tow ards im p ro v in g  o u r u n d e rs ta n d in g  of 

the b io lo g ica l basis to r m anag ing  A tla n t ic  h ig h ly  

m ig ra to ry  fisheries. Analyses o f the genetic s tru t 

tu ru  ol A tla n tic  and M ed ite rranean  sw ordfish  have 

been com p le ted  and have co rrobo ra ted  some of 

the stock s truc tu re  assum ptions m ade hy IC C A T . 

( lene tic  studies of o th e r large pelagic species, and 

b lu e fin  tuna  in p a rticu la r, are underw ay. A d d i­

tio n a l studies o f b lu e fin  tuna  stock s truc tu re  us­

ing  various tagg ing  m ethods and b io lo g ica l m a rk ­

ers are in  various stages of im p le m e n ta tio n . Sev­

eral years o f research on the g ro w th  and rep roduc­

tive  b io lo g y  of m ale and female sw ordfish  is be ing

used to  increase the und e rs ta n d in g  o f  the  e llec t o f  

fis h in g  on the n o rth  A t la n t ic  and M ed ite rranean  

m anagem ent un its . A t  recent IC C A T  m eetings 

(1 9 9 6 -9 8 ) , several recom m enda tions and reso lu­

tions have been adopted tha t, i f  fu lly  im p lem en ted , 

w i l l  result in  substan tia l progress in  conserv ing  

stocks and ach iev ing  the fo llo w in g  m anagem ent 

objectives: I )  a d o p tio n  o f recovery plans and re­

b u ild in g  strategies fo r b lu e fin  tuna  and sw ord fish , i 

2) es tab lishm en t o f  c o u n try -s p e c ific  quotas fo r 

sw o rd fish  and eastern b lu e fin  tuna , 3) redu c tio n  

o f b lue and w h ite  m a rlin  catches, and 4) a d o p tio n  

o f  measures fa c ilita t in g  the m o n ito r in g  o f  catch 

by b o th  m em ber and no n m e m b er coun tries , and 

the use of trade measures fo r n o n m e m b er na tions 

th a t fish in a m anner tha t d im in ish es  the effec­

tiveness o f  m anagem ent measures (ICC AT, 1997, 

1998b, and In  press (h )).

A t the dom estic  level, discussions on p roce­

dures to establish lim ite d  access fo r  some large 

pelagics are c u rre n tly  w e ll underw ay.
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Atlantic Shark Fisheries

INTRO DUC TIO N

Sharks have been managed under a Federal fisher­
ies management plan (FMP) developed by the Na­
tional Marine Fisheries Service for the Secretary 
of Commerce since 1993 (NMFS, 1993, 1996). 
Since then, management activities tor shark spe­
cies have escalated and currently include annual 
shark evaluation workshops and meetings of the 
H ighly M igratory Species Advisor}’ Panel. A draft 
Fishery Management Plan for tunas, sharks, and 
swordfish was proposed in 1998, and w ill be f i ­
nalized in 1999 (NMFS, 1998). T his new frame­
work w ill replace the 1993 shark FMP.

Species and S tatus

Currently, Atlantic shark fisheries are divided 
into three management groups: 1) Large coastal 
sharks, which include tiger, lemon, smooth ham­
merhead, scalloped hammerhead, great hammer­

head, blacktip, sandbar, dusky, spinner, silky, bull, 
bignose, C aribbean reef. Galapagos, n igh t, 
narrowtooth, and nurse: 2) small coasta) sharks, 
which include Atlantic and Caribbean sharpnose, 
finetooth, blacknose, bonnethead, smalltail and 
Atlantic angel; and 3) pelagic sharks, which in­
clude longfin and shortfim mako, blue, porbeagle, 
thresher, bigeye thresher, oceanic w h ite tip , 
sevengill, sixgill, and bigeve sixgill.

C )l these three management groups, species in 
the large coastal group are overutilized and, con­
sequently, they are the subject of more intense 
management attention than the other two groups, 
in 1997, possession of five additional species of 
large pelagic sharks was prohibited (i.e. whale, 
basking, sand tiger, bigeye sand tiger, and white 
sharks). Species in the pelagic and small coastal 
groups are considered to be fully utilized. Rough 
indications of the status of these three manage­
ment groups are presented in Table 6-1.

Determ ining the quantity of sharks that are

1 2 1
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Table 6-1
bpe.töä and area

Recent 
average 

yield (RAY)1

Current 
potential 

yield (CPY)

Long-term 
potential 

yield (LTPY)

Fishery
utilization

level

Stock level 
relative to 

LTPY

P ro d u c tiv ity  in m e tric  tons 
and sta tus o f A tla n tic  shark 
fisheries .

Large coastal shark s- 

Small coastal sharks4 

Pelagic sharks1.

5,216

685

1.492

4.253

n/a

Uni nown

n/a3

n/a

Unknown

Over

Full

Unknown

Below

Above

Unknown

Totals 7,393 6,430 6,430

1994-96 average

■Includes sandbar, Caribbean reef, blacktip, dus ty . spinner, s ilty , bull, b ignose. Galapagos, night, tiger, lemon, nurse, narrow too th . scalloped, sm ooth 

and great ham m erhead s h a fts

T h e  LTPV for large coastal shah species by num ber o f individuals is 143-149

4lncludes A tlan tic  and Caribbean sharpnose. fine too lh . b lactnose, bonnethead, smallta il. and A tlantic angel sharks

''Includes longfm  and shortfm  m a to , blue, porbeagle, thresher, b igeye thresher, oceanic w h ite tip , sevengill. sixgill, and b igeye six-gill sharts

_ - f í a
- r . t jr

$  -  fVv-V |í,<-

W h ite tip  reef sharks. landed in weight measurements is d ifficu lt tor two 
reasons. F irst, weight estimates tor recreational 
catches are highly variable because a relatively small 
number of animals are measured and weighed by 
the biologists that collect recreational statistics. 
Second, a significant amount ot the commercial 
catch is only reported under the general category 
ol “sharks.” and the species identification either 
cannot he or is not reported. As a result, these land­
ings are assigned to one of the management groups 
analytically lor statistical purposes.

1 bus, another set of estimated mean weights 
per fish for recreational catches or another set of 
assumptions regarding the allocation of the uni­
dentified commercial shark landings is likely to 
produce different total weights for the recent av 
erage yield (RAY). Fo help m in im i/e  some of the

effects of these two Iac tors, the landings and catch 
statistics used in the stock assessments are com­
piled in numbers ol animals instead of weight mea­
surements. Thus, the estimates o f long-term po­
tential yield (1.1 PY) in Fable 6.1 are presented as 
ranges in numbers of fish.

The numbers that were reported landed or dis­
carded for sharks in the large coastal management 
group for 1988 through 1997 are presented in 
Figure 6-1. Although fishery statistics for sharks 
were collected prior to 1988, these earlier statis­
tics are not considered as suitable for assessment 
and management purposes. Fhe decreasing trend 
in these data is apparent beginning in 1992: how­
ever, estimates of the numbers o f sharks that arc- 
discarded by commercial fishing were not avail­
able prior to 1993. Also, the data for 1997 are 
prelim inary and likely to change as the final re­
views are completed on these data.

The 1996 Shark [ .valuation Workshop report 
(SEFSC, 1996) concluded that catch rates of many 
of the species and species groups declined by about 
30—73% from the early 19” 0’s to the mid 1980’s. 
However, the rapid rate of decline in the catch 
rates that characterized the stocks in the early 
1980’s had slowed significantly in the 1990’s. 
Partly based on results from the 1996 workshop 
(.SEFSC, 1996), a 50% reduction in catches of 
large coastal species (i.e. relative to 1995) was tar­
geted. This reduction was to be achieved by a 50% 
reduction in tile commercial quota for the large 
coastal management group and a reduction ol the 
recreationul bag lim it to two fish (the previously 
established recreational bag lim it was four fish per

1 2 2
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ATLANTIC SHARK FISHERIES

boat per day). D uring the 1998 Shark 1 valuation 
Workshop (SEFSC, 1998), prelim inary data lor
1997 were presented and reviewed, and the ind i­
cations are that commercial catches, in numbers 
o f animals, were reduced from 1996 by more than 
50%, but recreational catches were reduced by only 
12%.

Two important points were recognized at the
1998 workshop (SEFSC, 1998). First, to continue 
to improve shark stock assessments, it is critical to 
I)  continue to improve species- and si/e-specific 
catch (landed and discarded animals) and effort 
data and 2) improve fishery-independent measures 
o f shark abundance and productivity. Second, it 
was recognized that every effort should be made 
to manage shark species separately. New analyses 
indicate that individual species are responding d if­
ferently to exploitation. Thus, management of 
large coastal aggregates can result in excessive regu­
lation on some species and excessive risk of over­
fishing on others. The draft highly migratory spe­
cies FMP (NMFS, 1998) includes a number of 
proposed measures for sharks, including the fo l­
lowing: the addition o f fifteen Atlantic sharks to 
the prohibited species list, the separation of the 
large coastal shark management group in to  
ridgeback1 and non-ridgeback species, a m inimum 
size for ridgeback sharks, a quota reduction for 
non-ridgeback sharks, a quota reduction for small 
coastal sharks, and catch-and-release only for small 
coastal sharks and large coastal sharks. The final 
FMP is slated to be published in 1999.

ISSUES  

Scientific Inform ation and 

Adequacy of Assessments

I he lack of extensive time series and species-spe­
cific landings and effort data continues to be a 
problem tor stock assessments. W ithout reliable

'A  nunthcr ol species in tile large coastal shark management 
unit arc characterized hy a mid dorsal ridge that is easily iden­
tified even after the fish lias heen gutted and finned. This 
mid-dorsal ridge is useful as diagnostic characteristic lor man­
agement and enforcement purposes. Ridgeback sharks in ­
clude sandbar, dusky, silks', night, and bignose sharks Non- 
ridgehack sharks include blacktip, spinner, bull, tiger, nurse, 
lemon, narrowtooth, and hammerhead sharks.

Number of sharks 
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F igure 6-1

species-defined data and stock assessments, man- L a n d in g s  of la rg e  c o a s ta l

agement measures w ill necessarily continue lo be sharks, 1988-97.

based on species aggregates (e.g. 22 species of large
coastal sharks), and they may be more broad-
brushed and restrictive than otherwise might be
possible.

M an ag em en t Concerns

Recreational and commercial fishermen have 
both voiced concern about declining shark popu­
lations. As shark stocks declined before the 1993 
FMP was implemented, derby-style fishing con­
ditions developed in the commercial fisheries (“ tho­
race for fish” ), and recreational fisheries experi­
enced reduced fishing opportunities. Such condi­
tions often result in fishermen fishing further in­
shore than they might otherwise in order to m in i­
mize transit time from fishing grounds to off-load­
ing sites. Fishing in inshore areas where immature 
sharks predominate can have several negative eco­
logical ramifications, including higher fishing ef­
fort and higher catches of immature fish w ith as­
sociated higher effective fishing m ortality rates, 
because more small fish than large fish must be 
caught to reach the same weight-based quota. Ad­
ditionally, concerns about high fishing mortality 
o f juvenile sharks in recreational fisheries were 
raised a t the 1998 Shark Evaluation Workshop.

1 2 3
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D ress ing  shark  ca tch  near 
F o lly  Beach. S ou th  C aro lina

In both commercial and recreational fisheries, spe­
cies identification problems continue and may only 
be remedied through extensive public outreach and 
cd uca t io n al p r< >gra ms.

Progress

Considerable progress has been made since the 
original 1993 Atlantic shark FMP. Since that time 
(when 98% ol commercial landings was reported 
as “sharks” ), mandatory commercial perm itting 
and reporting has increased the level o f  fishery- 
dependent species-specific information such thai 
less than 17% ol landings are now reported as 
“sharks. I he National Marine Fisheries Service 
has also funded an observer program since 1 9 9 4  

in the directed shark fishery that has provided ex­
tensive information on species and size composi­
tion of catches, disposition ol catches, fishing ef­
fort and distribution, and bycatch in these fisher­
ies. Additionally, several fishery-independent nurs­
ery area and tagging studies in die Atlantic and 
C u ll of Mexico have been expanded and incorpo­
rated into stock assessments. Population model­
ing on several species lias also contributed sub­
stantially to stock assessments.

Progress has also been made in both domestic 
and international management. In the United 
States, the National M arine fisheries Services’ 
H ighly M igratory Species Management Division 
is responsible for developing management mea­
sures consistent w ith the requirements ol the 
Magnuson-Stevens Fishery Conservation and 
Management Act. To that end, a H ighly M igra­
tory Species Advisory Panel was formed and is pre­
paring a H ighly M igratory Species FMP for A t­
lantic lunas. Swordfish, and Sharks, which will 
amend the original 1993 shark FMP The new 
FMP w ill establish rebuilding programs for the 
overfished large coastal sharks, prevent overfish­
ing on the fu lly  fished pelagic and small coastal 
sharks, and lim it access to the commercial shark 
fishery. Internationally, the United States contin­
ues to play a key role in the United Nations Food 
and Agriculture Organization's Consultation on 
Shark Conservation and Management. This con­
sultation will culminate in a plan o f action to guide 
national, regional, and international science and 
management under the precautionary approach.
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Atlantic and Gulf of Mexico 
Migratory Pelagic Fisheries

i

INTRO DUC TIO N

C oastal pelagic fishes inhabiting waters o ff the 
southeastern United States include king and Span­
ish mackerels, cero, dolphinfish, and cobia. These 
species range in coastal and continental shelf wa­
ters from the northeastern United States through 
the G u lf o f Mexico and the Caribbean Sea and as 
far south as Brazil. Coastal pelagics arc fast swim­
mers that school and feed voraciously, grow rap­
idly, mature early, and spawn over many months.

U.S. and Mexican commercial fishermen have 
fished Spanish mackerel since the 1850’s and king 
mackerel since the 1880's. The Spanish mackerel 
fishery began o ff New York and New Jersey but 
shifted southward through the decades to the 
southern U.S. Atlantic and G u lf of Mexico. In 
1996, over 90% o f the commercial catch was 
landed in Florida. Although early commercial fish­
eries harvested Spanish mackerel by hook and line, 
nearly all the commercial catch now is taken by

runaround gillnet. A recreational fishery also ex­
ists for Spanish mackerel and accounts for about 
17—40% o f all the G u lf stock and 31-51 % of the 
Atlantic stock o f Spanish mackerel landed.

King mackerel are fished commercially from 
( Chesapeake Bay southward. Four major produc­
tion areas exist: North Carolina, Florida east coast 
(Cape C Canaveral to Palm Beach), the Florida Keys, 
and o ff Grande Isle, La. The Louisiana fishery 
began in the early 1 980’s; the area was helieved to 
harbor older king mackerel females that served as 
a major spawning population for the G u lf of 
Mexico stock. Unrestricted fishing mortality was 
helieved to be high on these fish from the late 
1970's through the early 1980’s, and these stocks 
currently comprise about 3 1 % of the commercial 
quota for the G u lf regulatory group. Landings, 
which approached 680 metric tons (t) in 1983, 
were reduced from one-half to two-thirds by Fed­
eral quota management from the mid 1980s to 
the present.

Unit

7
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NM FS S ou theast F isheries 
Science C enter
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D o lp h in fish
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Figure 7-1

L a n d ing s  and b io m a s s  in ­
dex in m e in e  to n s  (t) o f king 
m ackere l, 1981-97. The b io ­
m ass index is the  es tim a te  
in w e ig h t (t), and the  h ig h ­
est year is g iven  the re la tive  
va lue  o f 1.0.

Year

Commercial king mackerel vessels have em­
ployed gillnets, troll lines, handlines, purse seines, 
otter trawls, and pound nets. K ing mackerel sport 
fisheries exist o il many southeastern states 
throughout the year. Commercial yields were un­
regulated until the mid 1980s. Recreational land­
ings are thought to have heen reduced by an ex­
panding commercial runaround gillnet fishery in 
the 1970’s and a drihnet fishery operating oti 
southeast Florida in tire late 1980 s. l ’urse seines 
were used also to exploit the G u lf o f Mexico king 
mackerel during the 1980’s but are now prohib­
ited as part of the stock recovery plan.

Coastal pelagics are comanaged under the

Coastal M igratory Pelagic Resources Fishery Man­
agement Plan and regulations adopted by the 
South Atlantic and ( m il ol Mexico Fishery M an­
agement Councils anti implemented by the Na­
tional Marine Fisheries Service, dotal allowable 
catch and commercial and recreational allocations 
are established by the Councils lor two separate 
groups o l migratory king and Spanish mackerel: 
the C u lt group and the A tlantic group. Accept­
able biological catches are defined for separate geo­
graphical areas w ith in  the G u ii migratory group. 
Quota management began in the l l),85-86 fish­
ing  year. Presently, bo th  com m erc ia l and 
charterboat operators must apply for and hold 
current Federal permits to fish tor king mackerel, 
Spanish mackerel, or other coastal pelagics. Rec­
reational catches are regulated by creel and size 
lim its. In addition to quota lim its, commercial 
catches must comply w ith m in im um  size restric­
tions and, o il some states as in Florida and North 
( Carolina, daily landing lim its and/or trip  lim its 
apply. In 1998 the National Marine Fisheries Ser­
vice invoked a mandatory reporting requirement 
trom commercial king mackerel fishermen through 
logbook reports for all trips. Currently, only U.S. 
fishermen are regulated, while Mexican fishermen 
fish under no regulations. Mexican catches are 
thought to be large relative to the U.S. fishery.

SPECIES AND STATUS

Recreational fishermen caught 8,000-17,000 
t/year of coastal pelagic species, and commercial 
fishermen caught 5,000-14,000 t/year during

Table 7-1

P ro d u c tiv ity  in m e tr ic  tons 
and sta tus of coastal m ig ra ­
to ry  fishes in the  U.S. A tla n ­
tic  Ocean and G ulf o f Mexico.

Specie b and afea

Recent 
average yield 

(RAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

S tocl level 
relative to 

LTPY

phinf sh 4.642 Uni nown Unknown Uni nown Unknown

Kinq mackerel. Gulf of Mexico 3,307 2,024 9,750 Over Below

I- mg mackerel, Atlantic 2.823 5,581 3,632 Under Near

Spanish mackerel, Gulf of Mexico 1.427 3.956 3,702 Full Near

Spanish mackerel, Atlantic 2,065 2.946 3,702 Full Near

Cobia 1.168 Uni nown 998 Uni nown Unknown

Cero 22 Uni nown Unknown Unknown Unknown

Total 15.454 20,339 26,448

. f ' 1R94-96 avpr.jqe
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UNIT 7

ATLANTI C AND GULF OF MEXICO MIGRATORY PELAGIC FISHERIES

1981—96. King and Spanish mackerel account for 
about 95% o f all coastal pelagic species harvested 
(Figures 7-1 and 7-2). In addition to king and 
Spanish mackerel, Atlantic dolphinfish and cobia 
contributed significantly to the total recreational 
yield o f coastal pelagics. Some cobia are inciden­
tally caught by commercial mackerel fishermen; 
however, cobia are tor the most part a recreationally 
caught species. Cero are relatively unimportant and 
are taken as bycatch in other fisheries, ('oro are 
not known to form large schools and are more 
d ifficu lt ro target individually; in general, they do 
not contribute significantly to coastal pelagic 
catches.

As a group, coastal pelagics yield only about 
C>8% o f their long-term potential (Table 7-1), and 
certain species are fished near or over maximum 
production levels. The G u lf king mackerel stock 
is considered overfished because o f previous 
overexploitation and has been managed under rigid 
rebuilding schedules since 1985.

The mackerels have been managed recently ac­
cording to spawning potential ratio1 (SPR). The 
management benchmark selected for determining 
overfishing is F , ^ . 1 The 1996-97 A tlantic Span­
ish mackerel SPR is estimated to be 39% o f the 
m axim um  potentia l. Fishing m o rta lity  from 
bycatch in the shrimp fishery is believed to be 
greater than currently anticipated. Additional in ­
formation is needed to quantify this source o f mor­
tality. G ulf Spanish mackerel were removed from 
overfished status in 1995 following a period o f 
regulation ro rebuild the stock that began in 1987. 
The 1996-97 estimated SPR is 43% o f the maxi­
mum potential for G u lf Spanish mackerel. Cur­
rently, fishing mortality on G u lf Spanish mack­
erel is less than F,0% SPR, but additional in fo r­
mation is needed on the exact level o f hycatch to 
evaluate the stock status w ith more certainty.

The Gulf king mackerel stock is believed to 
have a large long-term potential yield, but the stock 
is severely depleted. Recent average annual pro­
duction is at 1 5% of its maximum level, and ma­
jor stock reductions were due to excessive harvests

Landings 
(X 1,000 t)

13 -  

12 

11 
10 

9 

8 

7 

6 

5 

4 
3 

2

Landings

Biomass 
index (t)

-  i o
-  0 9
-  08
-  0 7
-  06
-  05
-  04
-  03
-  0 2  
-  01 
-  0 0

88 89  90  91 92 93 94 95

'The spawning potential ratio is the amount ot reproductive 
output tor one recruit relative to the amount expected under 
no fishing (see Appendix -»). FV)„ is ihe fishing mortality 
rate expected to produce 30O/o SPR.

Year

from the late 1970’s through the early 1980’s. Ab­
sence o f fishing effort controls and sparse data 
hampered determining stock status and conserva­
tion efforts until 1986.

The Atlantic king mackerel stock is near its 
long-term potential yield. Catches have remained 
stable since 1981 w ith  annual total allowable 
catches not reached in most years. Bycatch o f A t­
lantic king mackerel is assumed low. The 1996- 
97 estimated SPR level is 27% o f the maximum 
level.

The status ot cobia and dolphinfish stocks re­
mains uncertain. Atlantic cobia yields have ranged 
from 351 to 627 t since 1987. G ulf cobia yields 
are traditionally much larger than those of A tlan­
tic cohia. Fishing m ortality is assumed to be low 
for the Atlantic group, and G u lf cobia are believed 
to be more heavily exploited. The 1994 SPR cal­
culation for Gulf cobia was about 20%. Manage­
ment o f cobia stocks assumes two separate stocks 
for assessment. Cobia and dolphinfish mostly are 
caught by recreational anglers, but data needed to 
assess their long-term potential are lim ited. In ad­
dition, updated information is needed to investi­
gate the possibility o f separating cobia into Gulf 
and Atlantic stocks. Also, refined estimates o f co­
bia bycatch, natural m ortality rate, and increased 
biostatistical sampling throughout the range o f 
cobia are needed to improve assessment o f stock 
status and accurately estimate long-term poten­
tial yields.

F igure  7-2

L a n d in g s  and  b io m a s s  in ­
d e x  in  m e tr ic  to n s  (t)  o f 
S panish  m ackere l, 1984-97. 
The b iom ass  index is the  es­
tim a te  in  w e ig h t <t), and the 
h ig h e s t y e a r  is  g iv e n  th e  
re la tive  va lu e  o f 1.0.
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OUR LIVING OCEANS

L e ft: S p a n is h  m a c k e re l;  
r ig h t; eatch o f d o lp h in fis h , 
M anteo, N orth  C aro lina ISSUES

Transboundary Stocks and Jurisdiction

Effective management o f migratory species will 
continue to require the coordination o f Federal, 
state, and international regulatory actions. Accu­
rate determination of the status of western ( , ulf 
of Mexico resources w ill require an increase in the 
information base on Mexican catches, their asso­
ciated biological data, and cooperation o f inter­
national scientists involved.

Allocation

The division o f total allowable catches between 
recreational and commercial users remains an im ­
portant issue. Future allocation decisions require 
improvements in the precision and accuracy o f 
user-specific harvest levels and in the understand­
ing o f the spatial segregation o f the resource.

FOR FURTHER READING

Tegault, C. M ., N . C um m ings, and P. Phares. 1998. 

Stock assessment analyses on A tla n tic  m ig ra to ry  group 

k ing  mackerel. G u ii o l M exico m ig ra to ry  g roup k ing  

mackerel, A tla n tic  m ig ra to ry  g roup Spanish mackerel,

and G u lf  o f  M ex ico  m ig ra to ry  g roup Spanish m ack­

erel. M ackerel Stock Assessment Panel— 98 /09 . N a­

tional M arine  f  isheries Service, Southeast 1 ishcrics Sci­

ence C enter M IA -9 7 /9 8 -1  5, M ia m i, F lorida, 90 p.

A nonym ous. 1998. 1998 R eport o f  the mackerel stock 

assessment Panel. U npublished report prepared by the 

M ackerel S tock Assessment Panel at the panel m eet­

ing  held M arch 2 3 -2 0 , 1998. G u lf  o f  M ex ico  f is h ­

ery M anagem ent ( .ouncil and South A tla n tic  f ish e ry  

M anagem ent C o u n c il, 23 p.

Thom pson, N . B. 1998. C haracte riza tion  o l the d o l­

p h in  fish ( Corplnnaemdae , Pisces) fishery o f  the U.S. 

western N o rth  A tla n tic  Ocean. M ackerel Stock As­

sessment Panel— 9 8 /0 3 . N a tion a l M a rin e  fisheries 

Service, Southeast Fisheries Science C enter M IA -9 7 / 

98 -15 , M ia m i, f lo r id a , 21 p.

I hom pson , N . B. 1995. A n  assessment o f cobia in 

southeast U.S. waters. M ackerel Stock Assessment 

P a n e l- 9 5 /0 2 . N a tio n a l M a rin e  fishe ries  Service, 

Southeast fisheries Science Center M IA -9 4 /9 5 -3 1 , 

M ia m i, f lo r id a , 1 3 p.
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Atlantic, Gulf of Mexico, 
and Caribbean Reef Fisheries
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INTRO DUC TIO N

Reet fish include more than 100 species that 
prefer coral reefs, artificial structures, or other hard 
bottom areas, and tilefishes that prefer muddy 
bottom areas. They range along the coast to a depth 
o f about 200 m, from ( ape Harteras, N.C ., 
through the t iu l f  of Mexico and the Caribbean 
Sea. Reef fish fisheries are extremely diverse, have 
many users (commercial, artisanal, recreational, 
and scientific), and vary greatly by location and 
species. Anglers fish for food, commerce, sport, 
and trophies. They operate from charterboats, 
headboats, private boats, and shore while using 
fish traps, hook and line, longlines, spears, tram­
mel nets, bang sticks, and barrier nets.

Reef fish fisheries are associated closely w ith 
fisheries tor other reef animals including spiny lob­
ster, conch, stone crab, corals, and liv ing rock and

ornamental aquarium species. Nonconsumptive 
uses of reef resources (e.g. ecotourism, sport div­
ing, education, and scientific research) also are 
economically important and can conflict w ith tra­
ditional commercial and recreational fisheries. 
Although reef fish have been caught for genera­
tions, good statistical data for most areas began to 
accrue in the late 1970’s when recreational fishing 
surveys were started. Fishery data collection re­
mains d ifficu lt because there are diverse users, and 
landings are made at many ports. Fishing pressure 
has increased w ith growing human populations, 
greater demands for fishery products, and tech­
nological improvements, such as longlines, wire 
fish traps, electronic fish finders, and navigational 
aids.

Reef fish fisheries vary widely by area. In most 
cases, the current and long-term potential yields 
are unknown, though for many species they are

Unit

8
M ICHAEL SCHIRRIPA 

PATTY PHARES 

DOUGLAS HARPER

NM FS S ou theas t F isheries 
S cience C enter

M ia m i

F lo r id a

S ch o o lm a s te r snappers.
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T a b le  8-1

P ro d u c tiv ity  in m e tr ic  to n s  
and sta tus  o f A tla n tic , G u lf 
o f M e x ic o , and  C a rrib ea n  
reef fish  fisheries.

OUR LIVING OCEANS

Area and species

Recent 
average yield 

(RAY)'

Current 
potential yield 

(CPY)1

Long-term 
potential yield 

(LTPY)’

Fishery
utilization

level

Stock level 
relative to 

LTPY

Gulf o f Mexico

Red snapper 3,815 2,722 15,000 Over Below

Red grouper 3,322 Unknown Unknown Full Near

Nassau grouper and jew fish3 2 0 Unknown Over Below

Shallow groupers (7 species) 2,197 Unknown Unknown Over Unknown

Other groupers (5 species) 575 Unknown Unknown Unknown Unknown

Other snappers {13 species) 3.479 Unknown Unknown Unknown Unknown

Porgies (6 species) 125 Unknown Unknown Unknown Unknown

Amberjacks {2 species) 1,462 Unknown Unknown Unknown Unknown

Grunts (3 species) 1,358 Unknown Unknown Unknown Unknown

Sea basses {3 species) 364 Unknown Unknown Unknown Unknown

Others (14 species) 1,000 Unknown Unknown Unknown Unknown

Atlantic

W reckfish 349 Unknown Unknown Full Near

Vermillion snapper 564 Unknown Unknown Over Below

Red snapper 155 Unknown Unknown Over Below

Red porgy 236 Unknown 450 Over Below

Nassau grouper and jew fish3 1 0 Unknown Over Below

Other groupers (16 species) 1,150 Unknown Unknown Over Below

Sea basses (3 species) 751 Unknown Unknown Full4 Near

Other snappers {11 species) 652 Unknown Unknown Over Below

Amberjacks (2 species) 1,078 Unknown Unknown Under Unknown

Other porgies (8 species) 67 Unknown Unknown Unknown Unknown

Grunts (11 species) 354 Unknown Unknown Unknown Unknown

Others 1,662 Unknown Unknown Unknown Unknown

Caribbean

Nassau grouper 4 Unknown Unknown Over Below

Snappers {10 species) 422 Unknown Unknown Unknown Unknown

Other groupers (6 species) 61 Unknown Unknown Unknown Unknown

Grunts {5 species) 70 Unknown Unknown Unknown Unknown

Others (50 species) 462 Uni- nown Unknown Unknown Uni nown

Total 25,737 24,641 37,136

'LTPY is probably greatly underestim ated and CPY overestim ated , a lthough potentia l production estim ates are not available for m ost species groups, 

many are probably overutilized 

'1989-91 average

A total fish ing prohib ition has been im posed or is being considered

“Approach ing  full utilization level

probably higher than present recent average \ ¡elds 
would indicate (Table 8-1). Data are often not 
available by species, fishery component, or area. 
Statistics are confounded because species are not 
further identified into market categories (i.e. grou­
pers, snappers, grunts). The reef fish management 
unit includes about 100 species (excluding those 
for the marine aquarium trade). In the Southeast 
Region, reel fish fisheries occurring in the 200- 
111 ¡le U.S. zone are managed by the South Atlantic 
fishery Management Council, the G u lf o f Mexico 
fishery Management Council, and the Caribbean

fishers Management Council. The 3-mile terri­
torial waters are managed by eight coastal states, 
the U.S. Virgin Islands, and the Commonwealth 
ol Puerto Rico.

In the Gulf of Mexico, the Reef f  ish Fishery 
Management Plan prohibits the use of fish traps, 
roller trawls, and powerheads on spearguns w ith in  
an inshore stressed area; places a 38 cm (15-inch) 
total length m inimum size lim it on red snapper; 
and imposes data reporting requirements. A 20% 
spawning potential ratio was established as a basis 
to measure overfishing. Presently, there is a 4-fish

1 3 0



UNIT 8

ATLANTIC.  GULF OF MEXICO,  AND CARI BBEAN REEF FISHERIES

A large  g ro u p e r o f the  Ge­
nus Ep inephe lus  and a re ­
m ora.

recreational bag lim it for red snapper, and the com­
mercial catch is lim ited by an annual quota. For 
grouper, a 5-fish recreational bag lim it and 4,455 
metric ton (t) shallow-water and 727 t deep-water 
commercial quotas were established. Other regu­
lations included a ban on the harvest o f jewfish, a 
framework procedure for establishing total allow­
able catches and allowing the target date for re­
building to be changed depending on scientific 
information, and a revised target year ot 2019 for 
rebuilding the red snapper stock. In 1992, a mora­
torium was established to stop issuing new com­
mercial reef fish permits.

In the southern U.S. Atlantic, the Snapper- 
Grouper Fishery Management Plan emphasizes 
m inim um  size limits, bag lim its, and commercial 
quotas. Seasonal closures exist, and the taking o f 
jewfish and Nassau grouper are prohibited. Vari­
ous gears are restricted, including a prohibition of 
roller trawls and fish traps (except sea bass traps). 
Certain commercial fishing methods are prohib­
ited in designated special management zones 
around some artificial reefs. An individual trans­
ferable quota system has been established for com­
mercial wreckfish fishermen which is based on his­
toric catch. It provides fishermen w ith a quota that 
can be taken any time during the season or bar­

tered or sold to another fisherman.
In the U.S. Caribbean, the Fishery Manage­

ment Plan tor the Shallow Water Reef Fish Fish­
ery of Puerto Rico established regulations to re­
build declining reef fish stocks in the exclusive eco­
nomic zone and reduce conflicts among fishermen. 
It established criteria for the construction of fish 
traps, required owner identification and marking 
of gear and boats; prohibited hauling or tamper­
ing w ith another person’s traps without the owner's 
written consent; prohibited the use o f poisons, 
drugs, other chemicals, and explosives for the tak­
ing o f reef fish; and established a m inim um  size 
lim it on the harvest of yellowtail snapper and 
Nassau grouper. Additional regulatory amend­
ments have been designed to protect and rebuild 
the stocks.

SPECIES A N D STATUS

More than 100 reef fishes are important to 
commercial or sport fishermen (Table 8-1). While 
landings and value for individual species are not 
large, reef fishes overall produce significant land­
ings and values (Figures 8-1, 8-2, and 8-3). Re­
cent average commercial catches for the U.S. A t­
lantic and G u lf have been about 2h ,000 t w ith a

1 3 1
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Landings 
|x  1 .0 0 0  t)

Abundance 
index (iuvenile 
red snapper)

Commercial

Recrea­
tional

F igure 8-1

G u lf  o f M e x ic o  re e f f is h  
land ings, 1975-97, In m e tric  
to n s  (t). The abundance  in ­
dex Is a re la tive  va lue  sh o w ­
in g  f is h  p e r s ta n d a r iz e d  
haul.

Th is  page: Nassau g roupe r, 
fac ing  page: Gustave Quetel 
F ish ing  Center, F renchtow n 
H arbor. U.S. V irg in  Is lands.

Year

dockside ex-vessel revenue ol $48 m illion. Sport 
fishermen make more than 20 m illion angler-trips 
annually.

Reef fishes are vulnerable to overfishing ow­
ing to their long lives, slow growth, ease ot cap­
ture, large body size, delayed reproduction, and 
other factors. Most are probably either fu liv u ti­
lized or overutilized (Table 8-1 ). Red snapper, tra­
ditionally the most important G uii reel fish, is 
overutilized in part as a result of its incidental catch 
by the shrimp fishery. Eight of the ten major spe­
cies in the A tlantic headboat fishery show signifi­
cant size declines since 1972. In the ( aribbean, 
sueli traditional fishery mainstays as Nassau grou­
per have practically disappeared, and total land­
ings ot species ol more recent importance like the 
red hind have declined since the late 1 970’s. Land­
ings of amberjack, lane snapper, vermilion snap­
per, and similar species have increased as catches 
ol traditional species have declined.

ISSUES  

Bycatch and 

M ultispecies Interactions

Reel fish form a complex, diverse multi-spe- 
ctes system. 1 he long-term harvesting ellects on 
reefs are not well understood, requiring cautious 
management controls ot targeted fisheries as well 
as by catch. Removals of apex predators Ironi the 
reef complex may result i i i  shifts of species com­

position. Major bycatch issues currently occur with 
the capture and discarding o f red snapper by ves­
sels fishing tor shrimp w ith small-mesh nets. T his 
bycatch problem means that, in order to meet the 
rebuilding goals for the stock, targeted harvests 
must be even more restricted. Bycatch of other 
species may pose similar difficulties as w ill the cap­
ture ol undersized fish, even if they are released. 
Llie m orta lity rate of released fish is not well 
known.

Scientific Inform ation and 

Adequacy of Stock Assessm ents

Several stocks of reef fish are currently depicted 
and need to be rebuilt (e.g. jewfish and Nassau 
grouper). A variety of management measures need 
to be explored, including the use of artificial reefs 
and the effectiveness of marine parks and reserves 
to protect spawning areas.

There are a number of important scientific is­
sues which need to be addressed to improve the 
advice for management. The long-term potential 
yields lor most ol the reef fish species is unknown. 
Data on catch and the identification o f species are 
inadequate tor many stocks. They should be col­
lected on a routine basis. Additional life history 
and biological data are needed to better under­
stand this complex o f species.

1 3 2
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ATLANTI C.  GULF OF MEXICO.  AND CAR 18 8E AN REEF FISHERIES

Allocation

Reef fish resources are utilized by a wide range 
of groups. Commercial and recreational fishermen 
may come into conflict w ith one another as well 
as w ith other users such as ecotourists. Balancing 
the interests o f these groups ¡s an important man­
agement issue.

Progress

An individual transferable quota system was 
implemented for wreckfish in April 1992. Since 
then, the shares are generally holding their value 
and fish prices have improved.

FOR FURTHER READING

Goodyear, C. P. 1995. Red snapper in U.S. waters o f 

the G u lf  o f  Mexico. National M arine Fisheries Ser­

vice, Southeast Fisheries Science Center, M ia m i, 
Florida, M IA -95 /96-05 .

Goodyear, C. P., and M . J. Schirripa. 1993. The red 
grouper fishery o f  the G u lf  o f Mexico. National M a­

rine Fisheries Service, Southeast Fisheries Science Cen­

ter, M iam i, Florida, M IA -92 /93-75 .
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U.S. A tla n tic  C oast reef fish  
lan d ing s , 1978-97, in  m e tric  
to n s  (t). The abundance  in ­
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Schirripa, M . J. 1998. Status o f  the verm ilion snapper 
fishery o f  the G u lf  o f  Mexico. National M arine Fish­

eries Service, Southeast Fisheries Science Center, M i­

ami, Florida, SFD-97/98.

Schirripa, M . J., and C. P. Goodyear. 1994. Status o f 
the gag stocks of the G u lf o f  Mexico. National M a­

rine Fisheries Service, Southeast Fisheries Science Cen­

ter, M iam i, Florida, M IA -9 3 /9 4 -6 1.

F ig u re  8-3

C arrib ea n  w a te rs  re e f fish  
land ings, 1978-97, in m e tr ic  

to n s  (t).
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and Croaker Fisheries

Unit

9
LARRY M ASSEY 

BEAMY SLATER

NM FS S ou theast F isheries 
Science C enter

M iam i
Florida

INTRO DUCTIO N

Important recreational and commercial spe­
cies in the fam ily Sciaenidae include the Atlantic 
croaker, spot, red drum, black drum, kingfishes 
(whiting), weakfish, spotted seatrout, and other 
seatrouts. T hese have constituted an important 
fishery resource since the late 1800's, although sig­
nificant increases in commercial landings did not 
occur until the 1 950’s when the pet food industry 
began harvesting them in the northern G u lf of 
Mexico. In recent years the recreational harvest of 
sciaenids has roughly paralleled and almost equaled 
commercial landings by weight (Figure 0 -1 ). How­
ever, since most recreational fishing occurs w ith in 
state jurisdiction, it is managed prim arily through 
state authorities. Some states have established regu­
lations heavily lavoring  recreational uses of 
Sciaenidae resources: in particular the prohibition

of commercial fishing for red drum and spotted 
seatrout. The recent average annual yield o f 
sciaenids is estimated at 33,500 metric tons (t)
(Table 9-1 ).

Large numbers of sciaenids are also caught and 
killed as an incidental catch in the shrimp fishery.
The small mesh used in shrimp trawls can catch 
nontarget species such as sea turtles, red snappers, 
croakers, seatrouts, and other species. Sciaenids 
constitute the bulk o f the finfish bycatch biom­
ass, and since many are harvested as juveniles, their 
mortality may slow recovery of overfished stocks 
or otherwise prevent full use o f the adult resource.

SPECIES A N D STATUS

Commercial landings o f drum and croaker in 
the northern G u lf o f Mexico peaked in 1986 at 
over 32,000 t, more than 20,000 t above that of Red drum.
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F ig u re  9-1

Southeast A tla n tic  and  G u lf 
o f M e x ico  g ro u n d fts h  and  
red d rum  land ings, 1970-96, 
in m e tr ic  tons  (t).

1953. This increase tor the most part resulted from 
a demand for sciaenids as raw material in the pro­
duction of canned pet foods, of which about 76% 
were Atlantic croaker and sand and silver seatrout.

Commercial landings o f red drum increased 
rapidly in the mid 1980's when public popularity 
and demand suddenly grew for a new seafood 
preparation called blackened redflsh. To supply this 
demand, a red drum purse-seine fishery evolved 
in the G u lf o f Mexico, prim arily targeting the o ff­
shore adult spawning stock. Prior to this, most red 
drum were harvested in nearshore state waters as 
juveniles. But as the offshore purse-seine fishery

JT

fly
w a r*

m v

developed, it became clear that the schooling adults 
were extremely vulnerable to overexploitation, thus 
jeopardizing recruitment in subsequent years. Fish­
er}- analyses showed that the sustainability oí the 
long-term potential yield depended in a large part 
upon lim iting  the harvest ol larger adult red drum 
in the ollshore waters as well as lim iting  the take 
o f smaller individuals in inshore waters both by 
recreational and commercial fishermen (Goodyear 
1989, 1996).

These conservation measures were established 
by a fishery management plan developed and 
implemented first in the G u lf ol Mexico and later 
in the U.S. Atlantic. The first plan is the Fishery 
Management Flan for the Red Drum Fishery o f 
the’ Gull ol Mexico (administered by the G uii o f 
Mexico Fishery Management Council), and the 
second is the Atlantic Coast Red Drum Fishery 
Management Flan (South Atlantic Fishery Man­
agement ( nunc il). Both plans ban red drum fish-

Tab le  9-1

P ro d u c tiv ity  in m e tric  tons 
and s ta tus of Sou theast Re­
g io n  d rum  and croaker fis h ­

eries resources.

Species and area

Recent 
average yield 

(RAY)2

Current 
potential yield 

(CPY)1

Long-term 
potential yield 

(LTPY)1

Fishery
utilization

level

Stock level 
relative to 

LTPY

B lack drum 3.712 Unknown Unk nown Unknown Unknown

Atlantic croak er 7,657 Unk nown 50,000 Over Below

Spot 4,145 Unknown Unk nown Unknown Unknown

Red drum. Gulf of Mexico 5,031 2,828 7,900 Over Below

Red drum, Atlant c. 800 Un) nown Unk nown Over Below

Seatrouts 10,820 Unknown Unk nown Unknown Variable3

Kingftshes (whitingi 1,458 Unknown Unknown Unknown Unknown

Total 33,623 31,420 78,835

LTPY i p roba t y underestim ated and CPY overestim ated  although 

pt te r  ti il pr< dut t io r estirr a tes are r  ut avai ab e V  r sonto  species 

q rju p - . t expected that they nnay be » veren11 ted

1994-96 average
G rey seatrout. Cynoscion regalis, is overexp lo ited 

but the status o f o ther species in th is group is unknown
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SOUTHEAST  DRUM AND CROAKER FISHERIES

ing w ith in  Federal jurisd iction un til the adult 
population has increased in size. And since state 
management actions have preserved inshore har­
vests and allocated much o f the catch to recre­
ational uses, they in effect bar the development o f 
another adult red drum fishery in Federal waters.

The absence o f an offshore fishery, size lim its, 
lim iting  the daily take o f red drum by recreational 
fishermen, and an increased incidence of fish re­
leased by conservation-oriented anglers are all ex­
pected to help rebuild the red drum spawning 
stock and reduce overall mortality. Current statis­
tics indicate that sueli conservation measures are 
having this desired effect, and fishery-independent 
sampling in Texas, Louisiana, and Mississippi in­
dicate an increased survival rate for juvenile red 
drum in inshore waters. These findings are supple­
mented by those from mark-recapture programs 
that also indicate a decreasing fishing mortality 
from Texas to Florida since the implementation 
of red drum conservation actions by the states. In 
addition, the abundance of newly recruited adults 
has increased in the offshore stock. Thus, taken 
together, these results suggest that state and Fed­
eral conservation measures have substantially in ­
creased the escapement of juveniles from inshore 
capture and thus w ill help replenish the adult o ff­
shore stock for the good o f the resource and its 
users.

ISSUES  

Bycatch

Bycatch o f these resources in the shrimp fish­
ery has a significant impact on their status. Large 
numbers of A tlantic croaker, spot, and seatrout

are caught and discarded dead from shrimp trawls. Left page: spo t; r ig h t page,

Estimates o f as many as 500,000,000 spot, 1 bil- sea troul-
lion seatrout, and 7.5 billion croaker are discarded.
These species constitute the bulk of the fmfish 
bycatch that averaged about 175,000 t during the 
1980’s. The National Marine Fisheries Service and 
the fishing industry have been working together 
to develop gear designs which w ill reduce the 
bycatch. Several promising solutions are under de­
velopment.
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Southeast Menhaden Fisheries

INTRO DUC TIO N

The menhaden is a herring-like species found 
in coastal and estuarine waters o f the U.S. A tlan­
tic and G u lf o f Mexico. They form large schools 
at the surface which are located hy aircraft and are 
harvested hy purse seines to produce fish meal, 
fish oil, and fish solubles. An active baitfish fish­
ery along the Atlantic and G u lf Coasts harvests 
about 5-10%  o f the amount landed by the indus­
trial fishery. These fisheries are managed by ind i­
vidual states, w ith interstate coordination handled 
through the Atlantic States Marine Fisheries Com­
mission and the Gulf States Marine Fisheries C uni- 
mission. Menhaden are prey for many fishes and 
sea birds.

In the Atlantic area, the menhaden resource is 
fu lly utilized w ith a long-term potential yield o f
480,000 metric tons (t) per year and a recent av­
erage yield o f 300,000 t/year (Table 10-1). In the 
G u lf o f Mexico, the menhaden resource is fully

u tilized  w ith  a long-term  poten tia l y ie ld  o f
660.000 t/year and a recent average yield o f
560.000 t/year.

A tlan tic  M enhaden

A tlantic menhaden range from West Palm 
Beach, Fia., to Nova Scotia, Can. As coastal wa­
ters warm in April and May, large surface schools 
form along the coasts o f Florida, ( Georgia, and the 
Carolinas. The schools move slowly northward, 
stratifying by age and size during summer, with 
the older and larger fish generally moving farther 
north. The southward migration begins in early 
fall w ith surface schools disappearing in late De­
cember or early January off the Carolinas. A tlan­
tic menhaden may live 10 years, but most fish 
caught are 3 years old or younger (Smith, 1991).

Menhaden landings rose during the 1940’s and 
early 1950's, peaking at 712,100 t in 1956 (Fig­
ure 10-1 ). Landings remained high during the late
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A eria l photos of an excep- 1950’s and early 1960’s, dropped precipitously
tionally la rge  p u rse  sem e during die mid 1960's, and remained low, bot­

toming out at 161,600 t in 1969. Since 1970, land­
ings have improved bur not to the levels o l the 
late 195() s. Landings peaked in 1983 at 418,600 t.

Landings have been relatively stable in recent years 
at about 300,000 t. W hile spawning stock biom ­
ass recently peaked in 1997 at about 89,000 t, re­
cruitment ol 1 -year-old fish has declined over the 
last decade to recent lows (Cadrin and Vaughan, 
1997). The commercial ex-vessel revenue o f A t­
lantic menhaden for 1994-97 averaged $41.7 m il­
lion/year. In 1998, two menhaden reduction or 
processing plants were in operation, one in 
Reedville, Va., and one in Beaufort, N .C.; the in ­
dustrial purse-seine fleet was comprised of about 
1 5 vessels.

The stock decline in the 1960’s drove Pishing 
effort southward to V irginia and North ( arolina 
where menhaden are generally younger and smaller 
than those in the north. Overutilization owing to 
growth overfishing (catching too many fish be­
fore they grow to full size) has been a prime man­
agement concern for this stock. W hile maximum 
spawning potential estimates have been low (10%), 
estimates o f spawning stock biomass have re­
bounded from the very low levels o f 1965-75, al­
though not to the very high level of the late 1950’s. 
A new fishery management plan was adopted by 
the Atlantic States Marine Fisheries Commission 
in September 1992 which provided for an annual 
review o f six trigger variables (landings in weight, 
percentage of age 0 and adults in numbers in the 
landings, new recruits aged 1 year old, spawning 
stock biomass, and maximum spawning potential) 
(Atlantic Menhaden Advisory Committee, 1992). 
Exceeding prespecified levels of trigger variables 
in conjunction w ith ancillary information w ill de­
termine the need for specific management actions.

Gulf of M exico M enhaden

G u lf menhaden are found from M exico’s 
Yucatán Peninsula to Tampa Bay, I la. They form 
large surface schools that appear in nearshore Guii

Table 10-1

P ro d u c tiv ity  in m e tric  tons 
and sta tus of S ou theast Re­
g io n  m enhaden  fish e ry  re 
sources.

Recent Current Long-term Fishery Stoel level
average yield potential yield potential yield utilization relative to

Area/ • I *  " (RAYI (CPY) (LTPY) level LTPY

Gulf of M e , lí "  Menhaden

A t la r t i c  M e n h a d e n

560.000

300.000

560.000

300.000

660.000

480,000

Full

Full

N e ar

Near

Tota 860,000 860,000 ,140,000
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waters trom April to November. Although no ex­
tensive coastwide migrations are known, some 
evidence suggests that older fish move toward the 
Mississippi River delta. C u lt menhaden may live 
to age 5, but most o f those landed are ages 1 and 
2. In 1998, active C !u lf menhaden reduction plants 
were located in Moss Point, Miss., and in Empire, 
Morgan ( dry, Intracoastal City, and Cameron, La.; 
about 50 purse-seine vessels operate in the G uii 
(Smith, 1991 ).

Historically, landings rose alter W orld War II 
to a peak o f 982,800 t in 198*4 (figure 10-1). Land­
ings were generally high during the mid 1980's 
(greater than 800,000 t for 1982-87), but they 
declined steeply from 894,200 t to 421,400 t be­
tween 1987 and 1992. D uring this period ( 1987— 
92), the number o f processing plants dec lined from 
8 to 6 and vessels fell from 75 to 51. Although 
catch per unit o f effort (expressed as metric tons/ 
vessel-ton-weeks or t/vtw ) showed a similar de­
cline (1.48 t/v tw  in 1987 tea 1.03 t/v tw  in 1992), 
catch per unit o f effort is not useful as an index o f 
population abundance lor menhaden. The com­
mercial ex-vessel revenue o f ( I ul f  menhaden for
1994-97 averaged $66.7 million/year. Landings 
during 1994—98 have averaged 561,000 t. Land­
ings in 1994 o f 761,600 t were the greatest in the 
past 10 years.

Because Gulf menhaden has a short lile cycle 
and a high natural mortality, growth overfishing 
has not been a management concern (Vaughan et 
ah, 1996). Management is coordinated through 
the G u ii States Marine Fishery Commission, and 
consists o f a 28-week fishing season (m id April 
through 1 November) and closure o f inside wa­
ters across the northern G u lf o f Mexico. The most 
recent revision to the G u ii Menhaden Fishery 
Management Plan was completed in 1996 (G uii 
Menhaden Advisory Committee, 1995). Another 
revision is planned for 1999.

Landings 
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ISSUES

M an ag em en t Concerns

F ig u re  10-1

Land ings and sp aw n ing  b io ­
mass o f m enhaden, 1950-97, 
in m e tr ic  tons (t). Top, A tla n ­
tic ; b o tto m . G u lf o f M exico .

Atlantic menhaden continue to be overfished 
(growth overfishing), which reduces the future op­
portunity for greater weight production. O f greater 
concern is the decline in recruitment noted since 
1989 (1988 year class). This is somewhat tempered 
hy the later high estimates for spawning stock bio­
mass (peaking in 1995). Additionally, social con-

Purse boats re triev in g  w in g s  
o f pu rse  se ine
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Nova Scotia, C .inada, were caught o ff Maine by 
U.S. vessels and transported to Canada for pro­
cessing.

Bycatch and  

M ultispecies Interactions

Two Saltonstall-Kennedy studies, funded in 
1992 to investigate bycatch in the Atlantic and 
G ulf menhaden purse-seine fisheries, showed very 
low bycatch incidence ( '0 .1%  o f other species). 
The importance o f menhaden as prey for other 
species should be considered w ith  respect to 
multispecies resource management.
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INTRO DUC TIO N

Important recreational and commercial ma­
rine invertebrates in the southeastern United States 
include shrimp, spiny lobster, stone crab, and 
conch. Some fisheries, as for coral, are almost non­
existent. Others, like the penaeid shrimp fishery, 
are both extensive and extremely valuable, The 
southeast region's shrimp fisheries are one o i the 
most valuable U.S. fisheries based on ex-vessel rev­
enue. Some fisheries, sueli as those lor spiny lob­
ster and stone crab, have only moderate value on 
a national basis but are important locally or re­
gionally. Because of the diversity' in species, fish­
eries, geographic locations, yields, values, etc., each 
species group in the marine invertebrates unit must 
be examined separately for proper perspective.

Penaeid shrimp have been fished commercially

since the late 1800’s. The first fishery used long 
seines in shallow waters, until the otter trawl, in­
troduced in 1915, extended shrimping to deeper 
waters. At first, most vessels towed one large trawl, 
sometimes 120 feet wide at the mouth. Soon, a 
two-trawl arrangement (each about 40-75 leet 
wide at the mouth) was found more effective. 
Some shrimpers are using a tw in-traw l system 
which tows four trawls ol about 40 feet wide at 
the mouth. I he tw in-traw l system is now very 
common gear on commercial offshore shrimpers.

Regulations in the C u lt o l Mexico Shrimp 
Fishery Management Plan restricts shrimping by 
closing two shrimping grounds. There is a seasonal 
closure ol fishing grounds o il Texas tor brown 
shrimp and a closure o il Florida tor pink shrimp. 
There are also size lim its on white shrimp caught 
in Federal waters and landed in Louisiana. These
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F ig u re  11-1

S h rim p  land ings  in the  U.S. 
G u lf o f M exico  and species 
ra tio , 1980-97, in m e tric  Ions 
(t). Index va lues are the  cur­
ren t leve l o f re p ro d u c tiv e - 
age s h r im p  d iv id e d  by the 
o v e r f is h in g  le v e l;  e .g . a 
va lu e  o f 2 m eans th a t the  
cu rren t num ber o f reproduc- 
tive -age  sh rim p  is 2- above 
the  o v e rfish in g  level.

regulations strive to improve the monetary value 
o f the shrimp fishery (Nance, 1998).

In the South Atlantic, white shrimp stocks are 
centered o ff  the (leorgta and South ( arolina 
coasts. Brown shrimp are centered o ff the North 
and South Carolina coasts. The Atlantic fishery is 
much smaller than that of the C ult and currently 
is managed under a Federal fishery management 
plan implemented in November 1993. This pro­
vides for compatible state and Federal closures i f  
needed to protect overwintering shrimp stocks. A 
subsequent amendment added rock shrimp to the 
fishery management [ilan.

Spiny lobsters are managed under a jo in t fish­
ery management plan, coordinated w ith regula­
tions by the State o f Florida. Current regulations 
specify a 3-inch m in im um  carapace length, a 
closed season from 1 April to 5 August, protec­
tion o f egg-bearing females, closure of some nur! 
ery areas, recreational bag lim its, and a controver 
sial 2-dav sport season.

Caribbean spiny lobsters are caught primarily 
In fish traps, lobster traps, and divers. ’Flic Carib­
bean Fishery Management Council’s Spiny lo b ­
ster Fishery Management Plan includes the Fed­
eral waters o f Puerto Rico and the U.S. Virgin Is­
lands. 1 he Federal plan is based on a 3.5-inch 
minimum carapace length and protection ofyoung 
egg-bearing lobsters.

1 he conch fishery targets the queen conch but

also takes other species. Most conch are taken by 
divers, and the resource can be easily depleted. 
Conch are currently protected in state and Fed­
eral waters o ff Florida. A fishery management plan 
is being developed tor the Federal waters oft Puerto 
Rico and the U.S. V irgin Islands by the Carib­
bean Fishery Management Council.

Corals are managed as two groups, hard and 
soft. Because they are generally slow growing and 
provide critical habitat for many fishes, hard cor­
als are protected except for very small collections 
taken by permit for research and educational pur­
poses. Regulations are based on the fact that the 
value o f coral as natural habitat is far more impor­
tant than their commercial use.

Soft corals include gorgonians and sea fans. 
Some gorgonians are taken (about 50,000 colo­
nies annually) for the aquarium and pharmaceu­
tical trade. Growth potential for most species is 
considered lim ited. Sea fans are completely pro­
tected except for research and educational use by 
permit.

Stone crabs are caught mainly off southern 
Florida, though some are landed farther north 
along Florida's west coast. The G u lf o f Mexico 
Stone Crab Fishery Management Plan, approved 
in September 1979, generally extended Florida’s 
regulations in to the U.S. Exclusive Economic 
Zone. These regulations are based on a m inimum 
claw size of 2.75 inches, biodegradable trap pan­
els, protection of egg-bearing females, ami closed 
seasons. M in im um  size regulations assure that 
crabs have reproduced at least once before being 
caught.

SPECIES AND STATUS  

Shrim p Species

Brown, white, and pink shrimp account for 
90% o f the total Gulf of Mexico shrimp catch. In 
1997 alone, these three important species pro­
duced S4,9(>7 t valued aí over $437,000,000 in 
ex-vessel revenue (Figure 11-1). They are found 
in all U.S. Gulf waters inside 120 m depths. Most 
of the offshore brown shrimp catch is taken at 20 - 
40 m depths, white shrimp are caught in 10 m or 
less, and pink shrimp in 20-30 m. Brown shrimp 
are most abundant off the Texas-l.ouisianu coast,
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Species and area

Recent 
average yield 

(RAY)1

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock lev. 
relative 

LTPY

Brown shrimp. Gulf of Mexico 53,080 Unknown 57.6532 Full Near

Brown shrimp, Atlantic 2,645 Unknown 3,4472 Full Near

W hite  shrimp, Gulf o f Mexico 28,942 Unknown 29,9802 Full Near

W hite  shrimp, Atlantic 6,045 Unknown 6.3052 Full Near

Pink shrimp, Gulf o f Mexico 11,009 Unknown 7,4692 Full Near

Pink shrimp, Atlantic 730 Unknown 9552 Full Near

Royal red shrimp 250 Unknown Unknown Unknown Uni nown

Seabob shrimp 3,947 Unknown Unknown Unknown Unknown

Rock shrimp 6,240 Unknown Unf nown Unknown Unknown

Spiny lobster. SE United States3 3,325 2,400 3.565 Over Below

Spiny lobster, Caribbean 111 Unknown Unknown Unknown Unknown

Stone crab4 2,961 1,121 976 Full Near

Queen conchs5 91 55 Unknown Over Below

Coral6 0 0 Unknown Unknown Unknown

Tab le  11-1

P ro d u c tiv ity  in m e tr ic  tons 
and sta tus  o f S ou theast and 
C arribean in ve rte b ra te  f is h ­
eries.

Total 119,376 116,575 120.953

’ 1995-97 average fo r shrimp, 1994-96 average for o ther species

2Long-term  potentia l o f brown, w h ite , and pini- shrim p based upon last observed 10-year average annual yield 11988-97)

^Yields based upon com m ercia l catches, recreational catch is unknow n but may be significant

4Yields are in tons o f claws, declawed crabs regenerate new  claws

la n d in g s  from  Puerto Rico Fishing prohib ited in Florida

^ o ra l harvests prohib ited except for a small ta) e a llow ed for use in aquarium and pharmaceutical industries

and the greatest concentration of p ink shrimp is 
o ff southwestern Florida. In the South Atlantic, 
white shrimp landings are about 2 19o ot their Gulf 
counterparts, while brown and pink shrimp arc 
around 6% o f the Gulf yield. Current, recent, and 
long-term potential yields for these species are 
given in Table 11-1.

G u lf brown and w hite shrim p catches in ­
creased significantly from the late 1 ‘Go's to around 
1990, w ith the most recent years showing a slight 
decrease from these maximum values. Pink shrimp 
catches were stable un til about 1985; then they 
declined and were at an all time low in 1990. In 
recent years the catches have started to increase 
and are slightly above average levels. The num­
bers ofyoung shrimp for each species entering the 
fisheries have generally reflected the level o f catch. 
A ll commercial shrimps are harvested at maximum 
levels. The fishery is believed to have more boats 
and gear than needed (i.e. reducing fishing effort 
would not significantly reduce the shrimp catch) 
(Nance, 1093a and 1997). Reducing the bycatch 
o f the shrimp industry, however, would help pro­
tect finfish resources.

Recruitment overfishing has not been evident

L a n d in g s

(x 1,000 tl

Spiny lobster

Stone crab

85 9570 75 B0 9060 65

Year

in the G u lf o f Mexico shrimp stocks (Klima et al., 
1990; Nance, 1993b). The number of young 
brown shrimp produced per parent increased sig­
nificantly until about 1991 and has remained near

F ig u re  11-2

Land ings o f stone crab (c law  
w e ig h t)  and  s p in y  lobs te r. 
1960-96, in m e tr ic  to n s  (t).
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that level in recent years. W hite and pink shrimp 
have not shown anv general trend, although pink 
shrimp stocks have rebounded trom the low val­
ues experienced in the early 1990's. The brown 
shrimp increase appears related to marsh alter­
ations. Coastal sinking and a sea-level rise in the 
norrhwestern C ult inundates intertidal marshes 
longer, allowing the shrimp to teed tor longer pe­
riods w ith in  the marsh area. In the Gulf, both fac­
tors have also expanded estuarine areas, created 
more marsh edges, and provided more protection 
front predators. As a result, the nursery function 
o f those marshes has been greatly magnified and 
brown shrimp production has expanded. However, 
continued subsidence w ill lead to marsh deterio­
ration and an ultimate loss ot supporting wetlands, 
and current high fishery yields may not he indefi­
nitely sustainable. Parent stock indices for the three 
major G u lf species are shown in Figure 11-1.

Spiny Lobster

Annual Florida spiny lobster landings were 
fa irly  stable during the 1980 s, running about 
2,700 metric tons (t) from the G u lf o f Mexico 
(Figure 11-2), hut yielding recent high landings 
in 1994 o f 3,222 t, with ex-vessel revenue of about 
$30,000,000. On Florida’s Atlantic Coast, land­
ings have averaged 230 t, valued at $2,000,000. 
The fishery is considered overcapitalized w ith ap­
proximately 900,000 lobster traps fished during 
1992. In 1993, a trap reduction program was es­
tablished, not to exceed 10% per year, which would 
maintain or maximize sustainable spint' lobster 
harvest trom the fishery. Excessive effort in the 
fisher)- has been estimated to occur when the num­
ber of traps fished exceeds 300,000/year. Spiny 
lobster fishermen use live undersized lobsters as 
attractants in their traps, hut due to a high mor­
tality rate for these “ live bait" animals, about 3 0 - 
50% ol the potential yield is lost. The recreational 
fisher)' in Florida had over 120,000 participants 
purchasing recreational lobster stamps during the 
1991 season. Recreational spiny lobster catches 
were estimated to comprise T 1 % o f total landings 
during the first month and 22% ol the total 1991 — 
92 season landings.

Annual spinv lobster landings for Puerto Rico 
have averaged 126 t over rhe past 27 years, vary­

ing from 103 t in 1972 toa high of 223 t in 1979. 
No precise data are available on fishing effort, hut 
the Puerto Rican stock produced landings o f 72 t 
in 1992 and now appears to he overutilized. C .8. 
V irgin Islands landings tor 1980-88 were fairly 
stable, averaging 19 t.

Spiny lobster larvae may d ritt at sea for 9 
months, and thus identification ot their source or 
parent stock is almost impossible. There is a prac­
tical management need to know far more about 
their origin and subsequent movement into the 
fishery.

Stone Crab

Annual catches ol stone crab (claw weight) 
varied from 1,200 to 1,400 t on the t iu lfo l Mexico 
and A tlantic coasts through the 1980’s, w ith a 
record 3,065 t landed during 1994 (Figure 1 1-2). 
Recent annual ex-vessel revenue averaged $18 
m illion. Ihe number of stone crab traps fished 
seasonally increased from 295,000 in 1979-80 to
567,00 in 1984-85 to a record 745,000 during 
1992-93. W hile  total landings have increased 
modestly in recent years, it is clear that these land­
ings are the result o f increased fishing effort (num­
ber of traps fished), especially during the early 
months ot the stone crab season.

ISSUES  

H abitat Concerns

Estuarine and marsh loss remove critical habi­
tat for young shrimp. Additional studies are needed 
to further assess the impacts o f human-induced 
changes in habitat availability, environmental con­
ditions, predator abundance, and pollution in the 
nurserv areas. Florida spiny lobsters depend on reef 
habitat and shallow-water algal flats for feeding 
and reproduction. These habitat requirements may 
conflict with expanding coastal developments. The 
productivity ol stone crabs in Florida Bay is re­
lated to water quality and How through the Ever­
glades. Specific water requirements need to be 
identified and maintained through comprehensive 
Everglades water management. A unified program 
to integrate and study the effects of environmen­
tal alterations, fishing technolog)', regulations, and
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economic (actors on shrimp, lobster, and crab pro­
duction and restoration is needed, particularly in 
the reef habitats ot South Florida. Steps need to 
be taken to mitigate or restore lost estuarine habi­
tats.

Transboundary Stocks and 

Fishery M an ag em en t Jurisdiction

Spiny lobster stocks in Florida could be of 
Caribbean origin, being swept into the region hy 
currents o f the G u lf Stream. Another hypothesis 
is that they could comprise a number o f different 
spawning stocks. The actual sources o f all Florida 
and Caribbean lobster stocks (both U.S. and for­
eign) need to be identified and international man­
agement established to prevent overharvesting.

M an ag em en t Concerns

Many small spiny lobsters are caught in the 
Puerto Rican fishery. It these lobsters were allowed 
to grow larger before harvest, there would be a 
substantial increase in yield by weight. M odifica­
tion o f the traps to allow more o f the small lob­
sters to escape needs to be investigated. Small lob­
sters are sometimes used to haii traps in the lob­
ster fishery. This current practice is wasteful and 
hinders rebuilding o f the stock.

The shrimp fisheries are currently overcapi­
talized, w ith more fishing effort being expended 
than needed to harvest the resource. In addition, 
the harvesting of small shrimp inshore is sacrific­
ing yield and value o f the catch hv cutting short 
future growth.

Bycatch and
M ultispecies Interactions

Shrimp fisheries use small-mesh nets and can 
catch nontarget species such as red snappers, croak­
ers, seatrouts, and sea turtles. Juvenile Unfish are 
often harvested, and this may be a major source 
o f mortality for them. Some fish caught by shrimp­
ers are currently at low stock levels (see U nit 9). 
I his bycatch may slow or prevent recovery if not 
mitigated.

As sea turtles are all listed as endangered or 
threatened under the Endangered Species Act,

shrimp vessels have been required to use turtle 
excluder devices in their nets since f 988 to avoid 
capturing sea turtles and thus protect the stocks.

Progress

The National Marine Fisheries Service and the 
fishing industry are working together to finalize 
bycatch-reduction gear development and imple­
mentation to address the problems o f tlnflsh 
bycatch by shrimp fisheries in the Gui! of Mexico 
and South Atlantic.

A gear conflict between stone crab trappers and 
shrimp trawlers o ff southwestern Florida has 
mostly been resolved in the 200-mile Federal zone 
w ith a line separating the fishing areas and sea­
sonal area closures. This approach requires con­
tinued m onitoring to gauge its success and pre­
vent renewal of conflicts.

S tu n e  c ra b  tra p s , F lo r id a  
Keys, F lo rida .
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Pacific Coast Salmon

INTRO DUC TIO N

Pacific salmon support important commercial 
and recreational fisheries in Washington, Oregon, 
and ( alifornia. Salmon are part of the culture and 
heritage o f the Pacific Northwest; having heen 
harvested by Native Americans tor millennia.

Pacific salmon are anadromous. They spawn 
in freshwater and migrate to the ocean where they 
may undergo extensive migrations. A t maturity, 
thev return to their home stream to spawn and 
complete their life cycle.

Pacific salmon include five species: chinook, 
coho, sockeye, pink, and chum salmon. Chinook 
and coho salmon are harvested recreationally and 
commercially in the Pacific Ocean, Puget Sound, 
and in freshwater rivers on their spawning migra­
tions. A ll recreational fisheries use hook-and-line 
gear. Commercial fisheries use a variety ot gear 
depending tin location: in the Pacific Ocean all 
ha rvest is by trolling; in Puget Sound, gi11 nets and

purse seines are also used; gil I nets are used almost 
exclusively in freshwater and estuaries. Pink, chum, 
and sockeye salmon are not harvested in signifi­
cant numbers recreationally nor outside of Puget 
Sound, although there are recreational fisheries 
directed at these species in a few locations. T he 
majority ot harvest is by commercial gi 11 net and 
purse-seine fisheries in Puget Sound and gi 11 net 
fisheries in estuaries. A ll species are also harvested 
by Native American tribes for subsistence and cer­
emonial purposes.

During 1995-97, the average annual commer­
cial salmon catch was 13,100 metric tons (t) and 
provided revenues averaging almost $22,000,000 
at dockside. Recreational catches are more d iffi­
cult to value since the recreational experience as­
sociated w ith the catch cannot be easily measured. 
If recreationally caught fish are \ alued at a conser­
vative $20/fish, the 1995-97 average catch of
661,000 fish w ould  have been w orth  about 
$ 13,000,000 annually.

Unit

12
ROBERT G KOPE

NM FS N orthw e s t F isheries 
S cience C enter

Seattle
W a sh in g to n

S p a w n in g  sockeye sa lm on  
run.
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E m erg ing  sa lm on  fry.

T ab le  12-1

P ro d u c tiv ity  in m e tr ic  Ions 
and s ta tus  of Pacific Coast 
sa lm on  resources.

OUR LIVING OCEANS

f he abundance ol individual stocks ol Pacific 
salmon and the mixture o f stocks contributing to 
fisheries fluctuate considerably. Consequently, 
landings fluctuate. For all species, there is excess 
fishing power and overcapitalization of the fish­
ing fleers. W hile harvest rates in recent years have 
been held near, or below, levels that would pro­
duce the long-term potential yield, environmen­
tal conditions have resulted in poor ocean survival 
of chinook and coho salmon in general and some 
individual stocks of other species. Because of the 
depressed status of many populations of chinook 
and coho salmon, these two species are consid­
ered overexploited while the other species are con­
sidered fully exploited ( Fable f2 - l) .

M an ag em en t S ituation

I he management of this resource is complex, 
involving many stocks originating from various riv­
ers and jurisdictions. Ocean fisheries tor chinook 
and coho salmon are managed under a fishery 
management plan by the Pacific Fishery Manage­
ment Council (PFMC) w ith the cooperation of 
the states and tribal fishery agencies. W ith in  Puget 
Sound and the ( Columbia River, fisheries for these 
two species are managed by the states and tribes, 
l'he other three species (pink, chum, and sockeye 
salmon) are managed prim arily  by the Pacific 
Salmon Commission (PSC), the State of Wash­
ington, and tribal fishery agencies.

Fisheries are managed using a variety o f regu­
lations. Ocean fisheries are managed primarily by 
gear restrictions, m inim um size lim its, and time

and area closures; although harvest quotas have 
heen placed on individual fisheries in recent years. 
The PSC has used harvest quotas, updated on the 
basis of inseason abundance forecasts, and cunni 
lative impact quotas for weak stocks have been used 
to regulate some Columbia River commercial fish­
eries.

Pacific salmon depend on freshwater habitat 
lor spawning and rearing ot juveniles. Because the 
quality ol freshwater habitat is largely a function 
ol land management practices, salmon production 
is heavily influenced by entities not directly in ­
volved in the management ol fisheries. Salmon 
management involves the cooperation of the U.S. 
Forest Service, Bureau o f band Management, U.S. 
Fish and W ild life  Service, Bureau of Reclamation, 
A tun  ( d t ps of Fngineers, Fnvironmental Protec­
tion Agency, Bonneville Power Administration, 
state resource agencies, Indian tribes, municipal 
u tility  districts, agricultural water districts, private 
timber companies, and landowners.

On September 1 2, 1994, in response to an in ­
creasing number ol petitions to list various popu-

species
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PACIFIC COAST SALMON

lations ot Pacific salmon ami anadromous trout as 
endangered species, the National Marine Fisher­
ies Service (NMFS) announced its intent to con­
duct comprehensive, coastwide status reviews o f 
all species o f Pacific salmon. These status reviews 
have been completed for most species and have 
resulted in listings ot coho salmon from central 
C a lifo rn ia  th ro  ugh coastal Oregon, ch inook 
salmon in California's t  entrai Valley and the up­
per Columbia and Snake River Basins, and sock­
eye salmon in the Snake River Basin. In March 
1999, NMFS announced the most comprehen­
sive listing decision yet w ith final listings o f nine 
evolutionarily significant units (ESU's) o l salmon 
(chinook, chum, and sockeye) and steelhead trout 
ranging from the upper Columbia River through 
Puget Sound. These listings include the metropoli­
tan areas o f Portland, Ore., and Seattle, Wash., 
w ith in the boundaries o f the listed ESU’s.

E

Year

RESOURCE STATUS 

Chinook Salmon

Chinook salmon are produced prim arily by 
rivers and hatcheries in Puget Sound in Washing­
ton, the Columbia River, the Umpqua and Rogue 
Rivers in Oregon, and the Klamath and Sacra­
mento Rivers in C aliforn ia. C h inook salmon 
stocks are named tor the season in which they m i­
grate from the ocean to freshwater to spawn, and 
include spring, summer, fall and w inter runs. The 
proportion o f chinook salmon production orig i­
nating from hatcheries has been increasing.

Chinook salmon production tends to fluctu­
ate considerably (Figure 12-1) depending on 
hatchery production, freshwater habitat condi­
tions, and ocean productivity. In recent years, 
freshwater habitat loss and degradation have been 
exacerbated by drought in many areas in the west, 
and ocean conditions have been generally unfa­
vorable for chinook salmon since the late 1970’s. 
This has resulted in historically low levels o f a 
number ol stocks and reduced commercial and 
recreational catches in manyareis. Currently, the 
Snake River spring/summer run and Snake River 
fall run ESU’s are listed as threatened, and the Sac­
ramento River winter-run ESU has been listed as 
an endangered species by the N M f S. In addition,

on 28 February 1998 NMFS proposed listing the 
Sacramento Central Valley spring run and the Up­
per Columbia spring run ESU’s as endangered and 
six additional ESU’s as threatened. Concern for 
the status o f depressed stocks and biological opin­
ions requiring reduced impacts on listed ESU’s has 
led to increasingly restrictive ocean fishing seasons 
in recent years.

Coho Salmon

Coho salmon are produced prim arily by riv­
ers and hatcheries in the Puget Sound area in Wash­
ington, hatcheries on the Columbia River, and 
coastal rivers and hatcheries in Oregon and Cali­
fornia. Hatcheries plav a larger role in the pro­
duction of coho salmon than in the case o f chinook 
salmon, in some areas accounting for over 80% of 
the catch. Recent reductions in landings have re­
sulted from record low abundances o f several stocks 
of coho salmon including Oregon coast natural 
and Columbia River hatchery stocks (Figure 12-
2). To protect the spawning escapement of these 
stocks and to provide fish for the legally-mandated 
tribal allocation, severe restrictions have been 
placed on ocean fisheries since 1993. In May 1994, 
retention of coho salmon was prohibited in all 
ocean fisheries, and no retention of coho salmon

F ig u re  12-1

C h in o o k  s a lm o n  la n d in g s , 
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lus been permitted south ot I ape Falcon in north­
ern Oregon since then. To date, three coho salmon 
I SU's have been listed as threatened: central Cali­
fornia in 1996, northern California-southern O r­
egon in 1997, and the Oregon coast in 199S.

Sockeye, Pink, and Chum  Salm on

Pink and chuni salmon originate prim arily 
from tributaries ot Puget Sound, Washington. 
Chuni salmon are also produced, in lim ited num­
bers, in the Columbia River and coastal streams 
as far south as the central Oregon coast. Sockeye 
salmon originate primarily trom river systems con­
nected to lakes. They are produced in a tew rivers 
in the Puget Sound area, in lim ited numbers in a 
tew coastal rivers on the O lympic Peninsula, and 
in the upper Columbia and Snake River basins. 
Fhe majority ot these species is caught commer­

cially in the Puget Sound region o f Washington. 
Much of the sockeye and pink salmon harvested 
iii Puget Sound originates trom the Fraser River 
in Canaria. 1 hough Fraser River runs have heen 
large in recent years, the L'.S. catch has been lim ­
ited under Pacific Salmon ( ommission rules. His­
torical landings ot the species are shown in Fig­
ures 1 2-3. 1 7-4, and 1 2-5.

F ig u re  12*2

C o h o  s a lm o n  la n d in g s ,  
1960-97.

Recreational Fisheries

Pacific salmon support valuable recreational 
fisheries in saltwater, freshwater, and estuaries. 
Recreational landings o f chinook salmon have av­
eraged about 430,000 fish annually tor the period
1995—97. D uring the same period, recreational 
landings ot coho salmon have averaged about
133.000 salmon from hatchery and natural pro­
duction combined. Fliese represent substantial re­
ductions trom recreational landings in the recent 
past, especially for coho salmon which haii annual 
recreational landings averaging 856,000 salmon 
as recently as the 1990- 92 period.

W h ile  reduced recreational land ings ot 
chinook and coho salmon reflect lower abundance 
o f these two species, declines in abundance are not 
as pronounced as the declines in landings. Much 
o f the decrease in landings is the result ot regula­
tions intended to reduce impacts of both com­
mercial and recreational fisheries on stocks listed 
under the ESA and to provide adequate spawning 
escapement tor healthier stocks. Consequently, 
catch per unit ot etfort and angler success rates 
have remained high.

Recreational landings tor .sockeye, pink, and 
chum salmon combined have averaged about
78.000 fish. Recreational landings of these spe­
cies are much lower than recreational catches of 
chinook and coho salmon, while commercial land­
ings are substantially greater. The reason for this 
lies partly in the life histories and migration pat­
terns ot the individual species. Sockeye, pink and 
chuni salmon migrate tar offshore into the central 
North Pacific Ocean and the Gulf of Alaska. I h lis 
they are oni)- .nailable to recreational fisheries 
briefly during their spawning migration. In addi 
tion, pink and chuni salmon spawn and die shortly 
after entering Ireshwater as adults. Hv the time they 
reach terminal areas where recreational fisheries 
are located, they have undergone physiological 
changes in preparation for spawning. Conse­
quently, their flesh is of poorer quality, and they 
are not as highly prized as chmook, coho and sock 
eye salmon. W hile the recreational fisheries for 
sockeye, pink, and chuni salmon are substantially 
smaller than recreational fisheries for chinook and 
coho salmon, they are still important.
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Com m ercial Landings

For 1995-97, the combined chinook salmon 
harvest from natural and hatchery production av­
eraged about 936,000 Fish. In the same period, 
the commercial catch o f coho salmon averaged 
about 349,000 salmon. This represents a modest 
increase in chinook salmon landings over the
576.000 taken during 1992-94, and a further de­
cline in coho landings which averaged about
512.000 during 1992-94 and produced annual 
landings o f more than 2,000,000 fish as recently 
as 1989. As w ith recreational landings, the decline 
reflects restrictions placed on ocean fisheries be­
ginning in 1993 to protect the spawning escape­
ment ol depressed and F.SA listed stocks. 1 he land­
ings also reflect poor ocean conditions that coho 
and chinook salmon have been experiencing in 
recent years.

Sockeye, pink and chum salmon have not suf­
fered the same recent declines as chinook and coho 
salmon. Trends in the recent landings have gener­
ally been stable or increasing, w ith downturns in 
landings of chum and sockeye salmon in the last 
3 years. W hile the downturn in chum salmon re­
flects an actual decline in abundance in the Puget 
Sound region, sockeye salmon landed in Wash­
ington are primarily from the Fraser River in B rit­
ish Columbia. Fraser River sockeye salmon runs 
have been very strong recently, but ocean condi­
tions have caused a large proportion of the fish to 
migrate north of Vancouver Island where they were 
unavailable to L’ .S. fisheries. Recent average an­
nual catches o f these species were roughly 709,000 
sockeye salmon (1995-97), 660,000 chum salmon 
(1995-97), and 2.2 m illion pink salmon (1993, 
1995, and 1997).

ISSUES A N D  PROGRESS 

Balancing Com peting Users

The decline in chinook and coho salmon 
abundance has forced severe reductions and clo­
sures o f ocean fisheries in recent years. These re­
ductions, in some cases, follow earlier reductions 
legally mandated to allocate salmon to incerior- 
water fisheries for harvest by Native American 
tribes, t )cean salmon fisheries cannot redirect their
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effort to take advantage o f abundant sockeye, pink, 
and chum salmon stocks because the ocean d istri­
bution ot these species keeps them outside the 
range ot coastal fisheries. W ith  the prospect ol even 
further restrictions that may be required to pro­
tect threatened and endangered species, the future 
viability ol these commercial fisheries is uncertain.

Hatchery vs. W ild  Salm on

The use ol hatcheries to mitigate habitat loss 
and tt) enhance fisheries, especially tor chinook 
and coho salmon, has raised concerns about the 
interactions of hatchery and natural fish. W hile 
hatcherv fish can supplement natural production, 
they can also compete w ith naturally produced 
fish. In areas where fisheries arc managed on the 
basis of hatchery production, harvest rates may be 
higher than the natural stocks can sustain. In ad­
d ition, some hatcherv tisii fail to return to the 
hatcherv, spawning in natural areas w ith w ild fish. 
Sonic hatcherv brood stocks are of nonlocal o ri­
gin, and die insertion ot nonlocal genes into natu­
ral populations can compromise the genetic in­
tegrity ol the native stocks and decrease their pro­
ductivity. lo  address these concerns, NMFS has 
drafted an interim policy on artificial propagation 
in the listing and recovery of Pacific salmon un­
der the F.ndangered Species Act.

Bycatch and M ultispecies Interactions

Some salmon, primarily chinook, are caught 
incidentally in the Pacific w hiting fishery. W hile 
the numbers are small, this is a sensitive issue given 
that directed salmon fisheries have been increas­
ingly restricted. Interactions w ith marine mam­
mals have also become a sensitive issue as popula­
tions o f California sea lions have increased. Pre­
dation by sea lions tends to be localized, but it is 
also highly visible.

Transboundary Stocks and Jurisdiction

Because salmon migrate long distances, they 
are subject to interception by fisheries far from 
their region of origin. Issues o f allocation have 
never been easy to resolve and have been addressed 
in a variety of forums. Much of the annual pro­
cess ot managing ocean salmon fisheries by the 
PFMC is concerned w ith the allocation of fish be­
tween different user groups: the United States and 
Canada, ocean and interior-water fisheries, com­
mercial and recreational fisheries, and tribal and 
nontribal fisheries. The PSC oversees the alloca­
tion ol salmon between the United States and 
Canada. In UAM, a breakdown of the U.S.-Canada 
negotiations led to aggressive harvesting that com­
pounded forecasting errors and nearly destroyed 
one of the most productive runs ot sockeye salmon 
from the Fraser River in British ( olumbiu. File 
PSC has not reached an allocation agreement in 
any year since then. The allocation of salmon be­
tween Native American tribes and nontribal users 
continues to be defined in Federal courts.
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Ecosystem Considerations

Coho salmon abundance reached a peak in 
1976, and has declined ever since. Chinook salmon 
abundance has also generally declined since the 
mid 1970’s, although there was a brie f increase in 
chinook salmon abundance in the late 19S0's. 1 his 
decline has affected both hatchery and natural 
stocks and thus appears to indicate a decline in 
ocean survival. This decline is coincident w ith a 
change in the oceanographic regime o ff the west 
coast that occurred around 1978. Since then, the 
coastal waters o ff  California, Oregon, and Wash­
ington, where many chinook and coho salmon 
stocks mature, have been warmer and less produc­
tive than they were in the period from roughly 
I960 to 197S. The decline in ocean productivity 
o ff the Pacific Coast appears to be linked to in ­
creased productivity in the G ulf o f Alaska. Sock­
eye, pink, and chuni salmon, which migrate fu r­
ther offshore than chinook and coho salmon, have 
been relatively stable or increasing during the same 
period that chinook and coho salmon have de­
clined.

Because Pacific salmon depend on freshwater 
habitat for spawning and juvenile rearing, they are 
particularly vulnerable to habitat degradation.

Left page: sp rin g  sp aw n ing  
ch inook sa lm o n , C o lu m b ia  
R iver tr ib u ta ry . R igh t page; 
S a lm on  R iver, near S tanley, 
Idaho.

Throughout their range, their freshwater habitat 
has been degraded by dani construction, logging, 
agriculture, grazing, urbanization, and pollution.
Water extraction and flow manipulation for hy­
dropower, irrigation, flood control, and m unici­
pal needs directly compete w ith salmon for the 
freshwater on which they depend. As the human 
population in the western United States contin­
ues to increase, so w ill the pressures ou salmon 
habitat. The fact that we still have salmon in 
harvestahle quantities is a tribute to the resilience 
o f these fish.
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INTRO DUC TIO N

Pacific salmon occupy a special place in the 
lives ol all Alaskans. Its role in the history and 
modern contemporary life o f the 49th State have 
made the species a keystone resource that contin­
ues to shape Alaska today. Native peoples and their 
heritage have a long, rich tradition of relying on 
salmon for economic, cultural, and subsistence 
purposes. Cooley (1961) described the historical 
focus on salmon by Native Americans along the 
southeastern and southwestern Alaska coast as rep­
resenting the most highly developed aboriginal 
fishing society in North America. Today, residents 
and nonresidents depend heavily on this resource 
for recreation, food, and industry. The commer­
cial fisheries, along w ith a rapidly growing salmon 
and groundfish sport fishery, provides the state 
with its largest private-sector employment.

Alaska salmon harvests have increased over the 
last 3 decades hut may have peaked in 1995

(Figure 13-1 ). After dropping to record low catches 
in the 1970’s, most populations have rebounded, 
and the fisheries are now at or near all-time peak 
levels in ntanv regions of the state (Burger and 
W ertheim er, 1995; W ertheim er, 1997). T he 
record-high commercial catch of 217,000,000 
salmon in 1995 was 17% higher than the previ­
ous record of 196,000,000 recorded in 1994. 
However, the commercial landings declined sig­
nificantly in both 1996 and 1997. Recreational 
fishermen caught over 1,800,000 salmon in 1995 
(Howe et al., 1996), and salmon subsistence fish­
eries in 1994, the most recent year available, har­
vested over 1,000,000 fish (North Pacific Anadro- 
ntous Fish Commission, 1998).

A number of factors have contributed to the 
current high abundance of Pacific salmon in 
Alaska. T hese include: 1) pristine habitats with 
minimal impacts from extensive development, 2) 
favorable ocean conditions that allow high survival 
of juveniles, 3) improved management ol the fish-
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eries bv state and Federal agencies, 4) elim ination 
o f high-seas drift-net fisheries by foreign nations,
3) hatchery production, and 6) reduction of 
bycatch in fisheries for other species.

Q uality spawning and nursery habitat, favor­
able oceanic conditions, and sufficient numbers 
of spawning fish arc likely the paramount issues 
affecting current abundance. Alaska salmon man­
agement continues to focus on maintaining pris­
tine habitats and ensuring adequate escapements. 
However, ocean conditions that have favored high 
marine survivals in recent years, fluctuate due to 
interdecadal climate oscillations (Mantua et ah, 
1997). There is recent evidence that a change in 
ocean conditions in the North Pacific ( )cean and 
G u lf o f Alaska may be underway, possibly reflect­
ing the downturn in abundance o f Alaska salmon 
runs in 1996 and 1997.

FISHERY M A N A G E M E N T

Alaska's 34,000-mile coast is nearly two-thirds 
the length ol the coastline o f the conterminous 
18 states. Along this coastline, over I d , 000 inte­
rior water bodies support populations of five 
salmon species. Salmon management over such a 
vast area requires a complex mix of domestic and 
international bodies, treaties, regulations, and 
other agreements. Federal and state agencies co­
operate in managing salmon fisheries. The Alaska

Department o f Fish and Came (ADFG) manages 
salmon fisheries w ith in  state jurisdictional waters 
where the majority of catches occurs. Management 
in the Federal Exclusive Economic Zone (3-200 
miles offshore) is the responsibility of the North 
Pacific Fishery Management Council, which has 
deferred specific regulations to the state. Manage­
ment ol Alaska salmon fisheries is based primarily 
on regional stock groups of each species and on 
time and area harvesting by specific tvpcs of fish­
ing gear.

Over 23 diflerent commercial salmon fisher­
ies are managed w ith a special lim ited-entry per­
m it system that specifies when and what type o f 
fishing gear can be used in each arca o f the state. 
These fisheries, extending from Dixon Entrance 
in southeastern Alaska to Norton Sound in the 
Bering Sea, are allowed to catch salmon in differ­
ent fisheries employing d rift gi 11 nets, set gi 11 ne ts, 
beach seines, purse seines, hand tro ll, power troll 
or fishwheel harvest gear (C ommercial Fisheries 
Entry Commission, 1997). Sport fishing is lim ­
ited to hook and line, while the subsistence fish­
ery may use gili nets, clipnets, or hook and line. 
Additional subsistence harvesting is also regulated 
by special permits.

Management of the fisheries is also negoti­
ated w ith ( anada under the Pacific Salmon Treaty. 
Recent negotiations for most fisheries, however, 
have stalled since agreements between the two 
countries were not reached on catch allocations 
for certain fisheries and species. Major disagree­
ments exist over several issues inc lud ing : 1) 
chinook salmon catches in southeastern Alaska 
where Canadian salmon arc caught along w ith 
other U.S. stocks, 2) fisheries in the Dixon En­
trance area where each country catches salmon 
originating in the other nation, and 3) ( Anadian 
fisheries of t the west coast o f Xam ou ve r Island that 
catch salmon bound lor Washington, ( ’fregón, and 
the ( iolumbia River. A current bright spot in ne­
gotiations w ith Canada involves salmon fisheries 
in the Yukon River where jo int research and man­
agement programs in that large transboundary 
river system are nearing final agreement.

Dn a broader international scope, the man­
agement of salmon harvest in the high seas o f the 
North Pacific Ocean from 1937 to 1992 was au­
thorized bv the International North Pacific Pisli-

1 5 8



UNI T 13

AL ASKA SALMON

eries Commission (IN P F('), and via bilateral and 
multilateral agreements and negotiations w ith Tai­
wan and the Republic of Korea. In 1993, the North 
Pacific Anadromous Fish Commission (NPAFC) 
was formed to replace the 1NPFC. The Commis­
sion (composed ol ( lanada, Japan, the Russian Fed­
eration, and the United States) now provides a 
framework for international cooperation in salmon 
management and research in the North Pacific 
Ocean.

The NPAFC Convention prohibits high seas 
salmon fishing and trafficking o f illegally caught 
salmon. Coupled with United Nations General 
Assembly Resolution 4(>/213. which bans large- 
scale pelagic driftnet fishing in the world's oceans, 
harvesting o f Pacific salmon on the high seas, ex­
cept for illegal fishing, no longer exists. This al­
lows for effective management control to fu ll) re­
turn to the salmon-producing nations.

Because salmon are anadromous fish that 
spend a portion of their life (1 -7  years) at sea and 
then return to freshwater streams, rivers, and lakes 
to spawn and die, their well being and harvest man­
agement practices are also directly influenced by 
land management practices. I he quality of fresh­
water habitats determine the success o f reproduc­
tion and in itia l rearing of juveniles. Several agen­
cies, entities, and groups have significant in flu ­
ence on the quality of freshwater spawning and 
rearing habitats for salmon throughout Alaska. In ­
cluded among these are the U.S. Forest Service, 
Bureau of Land Management, National Park Ser­
vice, National W ild life  Refuges, Alaska State Parks 
anti Forests, Alaska Native Regional and Village 
Corporations, plus municipalities, boroughs, and 
other private landowners that control watersheds 
used by salmon.

SPECIES A N D STATUS Top to  B o tto m : k ing , coho,
c h u m , s o c k e y e , and  p in k  

A ll five species o f Alaska salmon (pink, sock- salmon, 
eye, chuni, coho, and chinook) are fu lly utilized, 
and stocks in most regions of the state generally 
have rebuilt to or beyond previous high levels 
(Table 13-1). Research has been extensive into all 
aspects o f  salmon life  histories (G roo t and 
Margolis, 1991), and this information has been 
used in Alaska to help regulate fisheries on stocks 
by m onitoring escapement size and catch num­
bers by species, season, and area. The unprec­
edented high abundance o f Alaska salmon in re­
cent years should not be interpreted as an absence 
of some of the same factors affecting declines of 
salmon in the Pacific Northwest. Issues and prob­
lems associated w ith overfishing, incidental take 
as bycatch in other fisheries, and losses of spawn­
ing and rearing habitats in freshwater and in 
nearshore ocean areas are also of concern in Alaska.

Species

Recent 
average yield 

(RAY)

Current 
potential yield 

ICPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock lev 
relative t 

LTPY

Pink 153,600 125,700 125,700 Full Above

Sockeye 128,900 116,800 1 16,800 Full Above

Chum 70,800 44,900 44.900 Full Above

Coho 17,700 17.700 17,700 Full Near

Chinook 5.100 5,500 5,500 Full Below

Total 376,100 310,600 310,600

T a b le  13 1

P ro d u c tiv ity  in m e tr ic  tons  
and sta tus  o f A laska sa lm on  
fish e ry  resources.
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Pink Salm on

Pink salmon are the most abundant species o f 
Pacific salmon in Alaska (Figure 13-2), account­
ing for 50-60% of the total harvest each year. D ur­
ing the past 27-year period (1970 -97 ), p ink 
salmon comprised 56% o( the average annual com­
mercial salmon harvest (Figure 13-3). Pink .salmon 
are mostly harvested by purse seines in the south­
eastern, southcentral, and Kodiak Island regions 
o f the state. In Prince W illiam  Sound, hatcheries 
produce a large portion ot the pink salmon catch.

Unique among the five species, pink salmon 
have a fixed life-history cycle whereby the species 
always matures and spawns at 2 years o f age. 1 his 
cycle is genetically fixed so that spawners in even- 
numbered years are always separate and distinct 
trom spawners in odd-numbered years. Through­
out much ot its range the species has viable popu­
lations in both odd- and even numbered years; 
however, in some areas [link salmon only occur in 
one or the other cycle year. In Bristol Bay and west­
ern Alaska, for example, p ink salmon essentially 
occur only in even-numbered years, whereas in the 
Pacific Northwest they occur only in odd-num ­
bered vears.

Sockeye Salm on

Sockeye salmon (I ¡gure 13-4), second in abun­
dance, generally accounted for 30% ot the har­
vest in recent years (Savikko, 1997). Sockeye 
salmon, however, provide greater dollar value to 
fishermen than all other commercially caught 
salmon in Alaska combined, usually yielding trom 
60-70%  of the ex-vessel value ot the annual har­
vest. The Bristol Bay sockeye salmon fishery in 
southwestern Alaska is the most valuable capture 
fishery tor salmon in the world, often yielding 
$300-400 m illion (ex-vessel) per year.

Sockeye salmon are harvested by purse seine 
in the southeastern, Kodiak, and Chignik fisher­
ies and by drift gili net or set gillnet throughout 
the state. The largest fisheries for sockeye salmon 
occur in the Bristol Bay, Cook Inlet, Alaska Pen- 
insula-AIeutian Islands, and Kodiak regions, while 
other significant fisheries for this species also oc- 
cui in the southeast, Prince W illiam  Sound, and 
Chignik regions.

I he most common sockeye salmon lile his­
tory pattern dictates that juveniles rear in lakes 
for 1-2 years before migrating seaward as smolts. 
The large lake complexes on Bristol Bay rivers pro­
vide this necessary lile history component and 
form a critical part of the important fishery in this 
region. 1 he Bristol Bay fishery, based on d rift and 
set gillnet catches, is concentrated in a narrow w in­
dow of time from laie |une until mid July when 
m illions o f returning adult sockeye salmon pour 
into Bristol Bay risers from the ocean.

The 1997 preseason forecast lo r sockeye 
salmon returning to Bristol Bay was estimated to 
be about 34,000,090 fish. Previous forecasts gen­
erally have been in reasonably close agreement with 
actual runs. D uring the previous 6-year period 
(1992—96), returns to Bristol Bay ranged I roni
29.600.000 to 44,400,000 fish and averaged
36.500.000 sockeye salmon per year (Savikko, 
1997). The return to Bristol Bay in 1997, how­
ever, was only 18,900,000, w ith a fishery harvest 
ol 12,300,000. '1 his unexpectedly low return til 
sockeye salmon created a serious shortfall in the 
catch and incomes of fishermen and communi­
ties throughout a large region of southwestern 
Alaska dependent on ibis fishery.

Several hypotheses have been suggested to ex-
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plain the 1997 shortfall of sockeye salmon return­
ing to Bristol Bay. During May, June, and part o f 
July o f 1997 the region experienced unusually 
warm, calm weather that resulted in high water 
temperatures. One hypothesis suggested this 
caused high mortality and changes in migration 
behavior after returning salmon entered Bristol 
Bay. Other suggested causes o f the shortfall in­
clude changes in freshwater or ocean rearing con­
ditions that affected growth and survival o f juve­
niles or immature adults, increased predation at 
sea, interception by other fisheries, disease, and 
overescapements on spawning grounds in recent 
years. The true cause o f the shortfall, which may 
involve a combination o f many factors, remains 
unknown. A  paramount unanswered question, 
however, that arises from 1997 Alaska salmon re­
turns, including those in Bristol Bay, is whether 
or not cyclic changes in oceanic environmental 
conditions have occurred that portends lower sur­
vivals and smaller returns for future runs.

Chum Salm on

C hum salmon (Figure 13-5) are harvested 
commercially by purse seines, d rift and set gillnets, 
and in large western Alaska rivers by fish wheels. 
Statewide, over a 27-year period ( 1970-97), chum 
salmon have accounted for 9% o f Alaska’s salmon 
harvest (Figure 13-3). Over the past 5-year period 
(1993-97), the annua] average chum salmon har­
vest across Alaska was 16,800,000 fish, w ith the 
1997 harvest s lig h tly  below this average at
15,600,000 fish (Savikko, 1997). Currently, 6 0 - 
^0% o f the commercially harvested chum salmon 
occur in Alaska’s southeast region where hatcher­
ies produce a significant portion of the catch.

( hum salmon runs in southwestern and west­
ern Alaska, similar to sockeye salmon, were below 
expectations in 1997 which added to the shortfall 
hardships in those regions. Management o f chuni 
salmon fisheries in western Alaska is complicated 
by another commercial fishery at False Pass in the 
Aleutian Islands. Western Alaska chuni salmon 
may spend part o f their ocean life in the G u lf o f 
Alaska. These salmon, as maturing adults on their 
return migration, funnel through passes herween 
the Aleutian Islands into the Bering Sea. The False 
Pass fishery, targeted primarily on sockeye salmon
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returning to Bristol Ba), must be managed to not 
overharvest chuni salmon destined fo r the 
Kuskolcwim and Yukon Rivers in western Alaska. 
Chuni salmon in western Alaska are an important 
part of commercial fisheries in that region and a 
significant subsistence resource for local residents.
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Coho Salm on

Commercial catches o l coho salmon across 
Alaska in 1997, totaling 2,909,000 fish, were less 
than half the recent 3-vear average harvest levels 
(Savikko, 1997) and similar to record low catches 
in the 1970’s (Figure 13-6). This decline was most 
noticeable in the southeast region where marine 
survivals from hoth w ild and hatchery smolts 
dropped significantly from recent trends. As re­
cently as 1993 over 3,300,000 coho salmon were 
caught in the southeastern fisheries alone.

('oho salmon in Alaska are caught commer­
c ia lly  by purse seines in the southeast and 
southcentral regions, by d rilt or set gi 11 nets in all 
regions, and by hand and power tro ll gear in the 
southeast. Coho, along w ith sockeye and chinook 
salmon are popular target species in recreational 
fisheries throughout the state.

hand and power troll gear in the southeast. In ad­
dition, fislnvheels harvest chinook salmon in west­
ern Alaska rivers for commercial sales and for sub­
sistence uses.

In general, chinook salmon are the first spe­
cies each year to begin spawning migrations into 
Alaska rivers. O nly in a lew Bristol Bay and west­
ern Alaska rivers are fisheries permitted to directly 
target these early re tu rn ing  runs o l ch inook 
salmon. However, in fisheries targeted on other 
salmon, chinook salmon are olten taken inciden­
tally. Sockeye salmon migrations into many larger 
river systems begin during the later portion o f 
chinook salmon runs into the same rivers. In these 
cases, lor example in certain Cook Inlet, and south­
eastern rivers, and in the Copper River near 
( iordova, fisheries that target sockeye salmon may 
catch significant numbers of chinook salmon. 
These fisheries may have a quota lim iting  the catch 
o l chinook salmon.

The chinook salmon harvest in southeastern 
Alaska, where significant numbers o f non-Alaska 
origin fish are caught, is normally regulated by a 
quota under provisions o f the Pacific Salmon 
Treaty. This annual harvest quota is then reallo­
cated among various fisheries by the Alaska Board 
ol Fisheries, a regulatory body empowered to ar­
bitrate which user group gets to catch how many 
salmon. For example, the tro ll fishery (both hand 
and power troll), which historically has been highly 
dependent on chinook salmon, is allocated the 
largest portion ol the southeastern chinook salmon 
quota. Net fisheries in the region (purse seine and 
d rilt gillnet) primarily target pink, chuni, or .sock­
eye salmon hut arc provided a quota to take a lim ­
ited catch of chinook salmon in pursuit ol other 
target species. 1 he remaining allowable quota is 
allocated to guided and unguided sport fisheries.

Chinook Salm on

The annual commercial harvest o f chinook 
salmon in Alaska has averaged 300,000-700,000 
fish iii recent years (Figure 13-7). The statewide 
10-year (1988-97) average annual harvest was
627,000 fish (Savikko, 1997). Chinook salmon, 
like coho salmon, are commercially harvested by 
purse seines in the southeast and southcentral re­
gions, by drift or set gili nets in all regions, and by

ISSUES  

Value of Alaska Salm on

A lthough  comm ercial harvests ol Alaska 
salmon have been at high levels in recent years, 
the value ol the catch has declined significantly 
due to a number o f complex worldwide factors. 
Value o f the record 1993 statewide catch (331,000 
metric tons ( t ) )  was $466,000,000 (ex-vessel), but
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this value was well below that ol the 1992 harvest 
(312,000 t) valued at $546,000,000. A fluctuat­
ing but downward trend in value ot Alaska's salmon 
harvest has persisted over much ot the last decade 
(Figure 13-8). Along w ith  the downward trend in 
value o f Alaska salmon is a rising trend in total 
worldwide salmon production (Alaska Seafood 
Marketing Institute, 1993). Increases in world 
salmon production are due not only to record lev­
els o f w ild salmon caught in Alaska, Japan, and 
Russia, but especially to the continued rapid 
growth in worldwide production o f farmed salmon 
(Folsom et al., 1992). W ild  salmon, in this con­
text, also includes fish produced from hatcheries 
and ocean ranching programs.

Total world salmon production from capture 
and farmed fisheries in 1995 was about 1,500,000 
t as each fishery reached record production levels. 
This 1995 production represents a continuation 
o f recent trends tor increased production in both 
fisheries and in lower prices paid to fishermen 
(Heard, 1996 and 1997). Decreases in prices paid 
for wild-caught salmon in Alaska also character­
izes capture fisheries fo r salm on in Japan 
(Kaeriyanra and Urawa, 1993). The largest quan­
tities ot farmed salmon are raised in Norway and 
Chile. In 1997, Norway’s farmed Atlantic salmon 
production o f 31 5,000 t (Bill Atkinson News Re­
port, 1998) exceeded the total Alaska commercial 
salmon harvest o f 282,800 t.

Recreational Fisheries

Recreational (sport) fishing tor salmon in 
Alaska continues to grow. Part ot this growth is 
due to the fact that many Alaska households use 
sport fishing as convenient method to collect 
wholesome seafood for the table. Some part of the 
total sport fish harvest ot salmon in Alaska, there­
fore, might more appropriately be included in sub­
sistence fishery statistics. But a larger part ot the 
growth is due to increased guided recreational fish­
ing by tourists visiting Alaska. Sport fishing lor 
salmon in Alaska as a recreational outlet is an im ­
portant pursuit for both residents and nonresidents 
alike. A total ot 414,449 Alaska sport fishing li­
censes were issued in 1995, w ith 58% issued to 
nonresident anglers. More nonresident sport fish­
ing licenses have been sold in Alaska than resident
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licenses since 1990 (Howe et al., 1996). Sport fish­
ing for salmon is a vital part o f the recent rapid 
growth in Alaska tourism.r>

Coho salmon were the most popular sport 
caught salmon in Alaska, representing 30.3% ol

F ig u re  13-8

E x-vesse l v a lu e  o f A laska  
c o m m e rc ia l s a lm o n  la n d  
ings, 1970-97.
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S o ckcye  s a lm o n  in p u rs e  
se ine , o ff C h ig n ik , on  the  
south  side o f the  A laska Pen­
insu la .

tlie 1,800,000 s.ilmon caught by recre.ition.il fish­
ermen in 1‘)1) 'S (Howe et al., 1006). Sockeye 
(22.5%) were the second most popular sport- 
caught salmon that year, followed by pink salmon 
(21.3%), chinook salmon (17.7%), and chuni 
salmon (8.2%).

Bycatch and M ultispecies Interactions

Bvcatch ol salmon hv U.S. groundfish fisher­
ies in the Bering Sea and the G u ii ol Alaska re­
mains a problem in fisheries management. A l­
though the groundfish fisheries are prohibited 
(roni retaining a lly salmon they catch, about
60,000 chinook salmon were taken incidentally 
each year between 1002 and 1994 in these trawl 
fisheries, lii that same period, about 173,000 other 
salmon (mosth chum salmon) per year were esti­
mated as trawl bvcatch. The problem is currently 
being addressed by the North Pacific Fishery Man­
agement Council through time-urea closures and 
bvcatch lim its set tor the groundfish fisheries.

Protecting Salm on Habitats

Responsible conservation ol Alaska’s salmon 
resource is a Federal responsibility shared w ith the 
state. Maintaining this renewable resource requires 
considered and planned use for the thousands ol 
miles ol riparian habitat in Alaska that support 
salmon production. ( ompeting uses for this habi­
tat include logging, m ining, oil and gas develop­
ment, and industrial and urban development. A l­
though progress has been made in setting Federal 
and state land use guidelines, conflicts still occur. 
W hile working to change land use laws, natural 
resource managers continually lace increasing de­
mands Irom extractive industries to log, d rill, or 
fill riparian habitars. An example is the continu­
ing debate over the required si/e ol clearcuts and 
butter zones along anadromous fish streams. In 
its recent review ol timber harvest in the Tongass 
National Forest, the U.S. Forest Service concluded 
that long-term application of current timber har­
vest procedures could lead to, or continue, declines 
in habitat productivity and eventual loss o f salm­
onis! stocks. I he recent buy-back of Federal gas 
and oil leases in Bristol Bay is another example of 
long-term protection granted to the salmon re­
source.

In 1996, the Sustainable Fisheries Act 
amended the Magnuson-Stevens Fishery Conser­
vation and Management Act to require the descrip­
tion, identification, conservation, and enhance­
ment ol essential fish habitat (FFI I) in all fishery 
management plans throughout the United States. 
As a result of this legislation the I I I 1 requirements 
lor the Alaska salmon fishery management plan 
are now under development In Nordi Pacific Fish­
ery Management Council and the National Ma­
rine Fisheries Service (NMFS).

Stare resource managers deal w ith increasing 
demands of industrial developments while work­
ing to maintain productive natural habitats that 
support Alaska’s w ild  salmon. To assist in meeting 
dic need tor a better understanding ol the status 
o f w ild stocks, a cooperative study is underway 
between A D F & G , the Alaska Chapter o f the 
American 1 isheries Society, and various other agen­
cies (including the N M f S) to provide a popula­
tion status inventory of Alaska’s salmon resources. 
The first phase ol this program was recently com-
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pieteri lor southeastern Alaska (Baker et al., 1996), 
and is now expanding to other regions of the state. 
In conjunction w ith this stock status survey, a cor­
relative project, funded in part by the National 
Oceanic and Atmospheric Adm inistration’s Earth 
Science Data and Information Management pro­
gram, is integrating available in fo rm ation  on 
Alaska’s salmon stocks into a geographic informa­
tion format.

Hatcheries and Ocean Ranching

Alaska’s salmon enhancement programs pro­
duce significant numbers of fish for commercial 
and sport harvest. W hile most hatcheries are now 
operated by private-sector regional aquaculture 
associations, the state manages to minimize catches 
o f w ild  salmon in fisheries where large numbers 
o f returning hatchery salmon are caught. Over­
fishing is of concern where wild stocks are in low 
abundance and spawning escapement goals may 
not be achieved. Prince W illiam  Sound is an area 
o f particular concern where large returns of hatch­
ery pink salmon mix w ith lower numbers ol w ild 
fish.

The present hatchery program in Alaska 
which began in 1974, contributed 29,400,000 
salmon to commercia 1 fisheries and 280,798 
salmon to s p o rt fisheries in 1 996 (McNair, 1 9 9 7 ). 

M ajor contributions to salmon fisheries from 
Alaska hatcheries vary considerably by species and 
region. 1 fatcheries in southeast made important 
contributions in 1996 to catches ofsockeye, coho, 
chinook, and chum salmon; in Prince W illiam  
Sound to catches of sockeye, p ink, and coho 
salmon; in Cook Inlet to catches of chinook, coho, 
and sockeye salmon; and in Kodiak to catches of 
sockeye, coho, and pink salmon (McNair, 1997).

Interception Fisheries

Significant progress has been made to control 
the interception and incidental take of Alaska's 
salmon resources. First, a formerly legal high-seas 
salmon fishery by Japan, authorized by an inter­
national convention from 1952 to 1992, was ter­
minated under the new ( (invention for the C on­
servation ol Anadromou.s Stocks in the North Pa­
cific Ocean. Second, high-seas driftnct fisheries for

squid by various countries that also intercepted 
U.S.-origin salmon stocks in the central North 
Pacific Ocean have been terminated by United 
Nations General Assembly Resolution 46/215. A 
remaining problem o f salmon bycatch in U.S. 
groundfish fisheries in the Bering Sea and the Gulf 
of Alaska is actively being managed by the North 
Pacific Fishery Management Council through 
time-area closures and bycatch lim its set for the 
groundfish fisheries. Interceptions of nontarget 
salmon species w ith in  state-managed salmon fish­
eries continue to be addressed by the Alaska Board 
o l Fisheries. Negotiations continue between the 
U nited States and Canada, under the Pacific 
Salmon Treaty, to resolve long-standing intercep­
tion issues, particularly in the northern British 
Columbia and Alaska boundary area, and in the 
Yukon River.
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Pacific Coast and 
Alaska Pelagic Fisheries

INTRO DUC TIO N

Several stocks o f small pelagic fish species 
support fisheries along the Pacific Coast from 
northern Mexico to Alaska. The major ones are 
Pacific sardine, northern anchovy, jack mackerel, 
chub (Pacific) mackerel, and Pacific herring. 
Sardine, anchovy, and the two mackerels are 
p r im a r ily  concentra ted  and harvested o ff 
California and Baja California. Pacific herring are 
taken along the west coast from California to 
Alaska.

Sardine and anchovy are the most prominent 
o f the fisheries from a historical perspective. These 
small pelagic fish, like Peruvian anchovy and 
Japanese sardine, tend to fluctuate w idely in 
abundance. Californ ia sardines supported the 
largest fishery in the western hemisphere during

the 1930’s and early 1940’s when total catches 
averaged 300,000 m e tric  tons (t) . Sardine 
abundance and catches declined after W orld War 
II (Figure 14-1 ), and the stock finally collapsed in 
the late 1950’s. In the mid 1940’s, U.S. processors 
began canning anchovy as a substitute for sardine. 
Consumer demand for canned anchovy, however, 
was low, and catches from the mid 194()’s to mid 
1950's averaged only 50,000 t. Catches declined 
and remained low before starting to increase in 
1965. Together with catches from Mexico, the total 
catch increased to 350,000 t during 1975-80. 
Thereafter, U.S. catches declined due mainly to 
significant price reductions for fish meal. Low 
prices and market problems continue to prevent a 
significant U.S. reduction fishery for anchovy in 
recent years. The other small pelagic species also 
have a tendency to fluctuate widely in abundance.
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All t liest,* pelagic Usheri- resources .ire under 
management I lie ancliovv fisheri' is managed 
under the Northern Anchovy fishery Management 
Plan l i i ’ the Pacific Fishery Management Council.

Pacific sardine. Pacific herring, and chuii mackerel 
are managed by the State o f C aliforn ia . |ack 
mackerel north of latitude 39° N are managed as 
part of the Pacific Coast G roundfish Fishery 
Management Plan, And the State of Alaska 
manages its inshore Pacific herring fishery.

PACIFIC COAST PELAGIC FISHERIES  

Pacific Sardine

California's Pacific sardine abundance has gone 
through boom-and-bust cycles (I ¡gure 14-1).The 
decline of the resource, from a biomass of more 
than 3,000,000 t in the 1930 s to immeasurable 
low levels (a feiv thousand metric tons) in the 
1970’s, stimulated much debate as to whether 
fishing or an adverse natural environmental period 
was to blame. In retrospect, the intense fishing 
pressure on the resource at that time probably 
accelerated a long-term pattern of natural decline. 
The biomass of sardines remained negligibly low 
for about 40 years. Since 19S6, sardine biomass 
has increased by 30-40°o annually, and quotas 
have been allowed for commercial fishing. I he 
biomass in 1997 was about 600,000 t.

In the past, sardines were harvested for fish 
meal, bait, and human consumption. Currently, 
there is no fish meal (reduction) fishery. Sardines 
are now taken for human consumption and bait. 
Commercial demand for sardines is strong and, as 
resource abundance grows, the fishery is expected 
to revive. I Inis, the sardine resource is recovering 
rapidly. ( iirrent potential yield is 63,000 t or about 
u4% o f the long-term potential yield (Table 14- 

I).

N orthern Anchovy

Northern .melloi'}', fished ofl California and 
Mexico, are divided into several subpopulations. 
1 lie central subpopulation of the resource is the 

one that supports most of the U.S. fisheries. 
Anchovy are harvested for reduction into fish meal, 
n il, and soluble protein products. O ther uses 
inc lude human consum ption ( fresh, frozen, 
canned, and paste), and as bait (live and frozen) 
for recreational fisheries.

Anchovy landings in California have fluctuated
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Area and species

Recent 
average yield 

IRAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

ILTPY)

Fishery
utilization

level

Stocl level 
relative to 

LTPY

Pacific Coast

Northern anchovy 1 1.000 88,000 120,000 Under Near

(4,000)' (62,000)' (84,500)'

Pacific sardine 69,000 63,000 145,000 Full Near

(35,000)' (32,000)' (73,700)'

Jaci mackerel 2,000' 100,000' 100,000-' Under Above

Chub mackerel 20,000' 22,000' 28,000 Full Near

Pacific herring3 6,000 6,000 7,000 Full Near

Alaska

Pacific herring

Gulf o f Alaska 1 1,500 15,900' Unknown Full Near

Bering Sea 34,000 39,300 ' Unknown Ful Near

Total 153,500 334,200 455,200

Total (U S ) 112,500 277,200 348,400

'U  S (California) only 

2Crude estim ate  

3Uses 1995 data only

Landings 
( X 1,000 t)

more in response to market conditions than to 
stock abundance. Figure 14-2 shows the historical 
catch trend for the United States and Mexico. 
Landings by the United States have varied from 
less than 10,000 t to nearly 140,000 t. Since 1983, 
U.S. landings have been low (less than 10,000 t), 
and they have been used mosti) for live bait and 
other nonreduction uses. The biomass trend tor 
the anchovy resource (Figure 14-2) h it a peak of
1.400.000 t in 1983 and declined steadily to
126.000 t by 1994.

The well being of ecologically related species 
in the marine ecosystem is an important factor iii 
management o f the anchovy resource. The 
endangered brown pelican, for example, depends 
on anchovy as an important food source. Thus, 
the fishery management plan has specified a 
threshold for its optimum -yicld determination to 
prevent anchovy depletion and provide adequate 
forage for marine fishes, mammals, and birtfs.

The anchovy resource is presently at a 
moderate level of abundance. Current potential 
yield is 88,000 t or 72% ot the long-term potential 
yield (Table 14-1), but recent catches have been 
much lower (less than 10,000 t) due to a lack of 
commercial markets.

30

Landings

i i i ■ i ■
60 65

Year

Jack Mackerel

lack mackerel catches have fluctuated widely 
w ith changing market demands and the ability of<r> o
the fleet to fish for other species which were more 
profitable or available, especially sardines and chub 
mackerel l i i  add ition, the availability o f j .i c k

T ab le  14-1

P ro d u c tiv ity  in m e tr ic  to n s  
and s ta tu s  o f Pacific  Coast 
and A laska  pe la g ic  fis h e ry  
resources.

■ ■ ■ i ........... ... i . ■. i i . 11. i ■ i
75 80 85 90 95

F ig u re  14-3

L a n d ing s  o f jack m ackere l 
o ff C a lifo rn ia , 1926-97, in 
m e tric  to n s  {t).
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C om m erc ia l lan d ing s  o f Pa 
c i f ic  h e r r in g , 1970-97, in 
m e tr ic  to n s  (t).

mackerel can also be very erratic. )aek mackerel 
lias two distinct behavior patterns during its life 
cycle: juveniles are found inshore off southern 
California and Baja California, while adult fish

are distributed offshore and farther north, in some 
years as lar as the G u lf of Alaska. A du lt jack 
mackerel found offshore are sometimes caught 
in c id e n ta lly  by traw lers, p a rticu la rly  those 
targeting Pacific whiting.

The foreign traw l fisheries of the 1970’s 
resulted in jack mackerel being placed in the 
groundfish fishery management plan, and a 
bycatch quota of 12,000 t/year (north o f latitude 
39° N) was set. Restrictions on fishing for other 
groundfish species, including Pacific whiting, were 
thus avoided. 1 he recent history of jack mackerel 
commercial landings, mostly as incidental catch, 
is shown in f  igure 14-3. In 1991, interest in jack 
mackerel increased, and the catch lim it was raised 
to 32,000 t to allow a target fishery to operate. 
W hile this fishery has not yet materialized, signs 
o f commercial interest continue. A purse-seine 
fishery tor jack mackerel has continued at a low 
level. ( Currently, it has no catch lim it. Jack mackerel 
have been occasionally important to the partyhoat 
sport fishery off southern California. It is also 
fished recreationally off piers.

Assessment and management of jack mackerel 
are d ifficu lt because of lim ited data and its broad 
distribution, rhe most recent estimate of biomass 
was made in 1983. Spawning biomass was 
estimated at 1,300,000 t, and total biomass at 
1,630,000-1,990,000 t Its potential yield is little  
more than an educated guess at this time ( Table 
14-1).

Chub (Pacific) M ackerel

Chub mackerel has a worldwide distribution 
in temperate and subtropical seas. ( In the Pacific 
coast, it is most abundant south of Po in t 
Conception, ( alii It supported one of C California’s 
major fisheries during the 1930's—tO’s and again 
in the 1980’s. It was second only to sardine during 
the heyday ol the southern C alifornia sardine 
fisheries in the 1930’s—uO’s /I he peak catch reached
73,000 t in 1 935 and declined steadily thereafter. 
In 1970, a moratorium was placed on the fishery 
after the stock collapsed.

A series of successful year classes in the late 
1 9’70 ’s stimulated a recovery of the stock, and the 
fishery was reopened under a quota system in 
1977. The resource is now harvested by three

1 7 0
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separate fisheries: the C a lifo rn ia  commercial 
fishery, a sport fishery, and a Mexican commercial 
fishery. The recent L'.S. harvest history is shown 
in Figure 14-4. From 1980 to 1989, the California 
recreational catch averaged l,4(s2 t/year.

The trend in chuh mackerel biomass is also 
shown in Figure 14-4. Recent peak abundance was
754,000 t in 1982. Abundance has since declined 
to about 20,000 t by 1995 and has stabilized there. 
Analyses o f fish-scale deposits in ocean bottom 
sediments off southern California indicate that the 
prolonged period of high chub mackerel biomass 
levels during the late 1970’s and 1980’s may have 
been unusual and would only be expected to occur, 
on average, about once every 60 years. In 1985, it 
was estimated that chub mackerel might sustain 
average yields between 26,000 and 29,000 t/year 
under management systems s im ila r to that 
currently used to manage the stock by the State ol 
California. The commercial catch is currently 
restricted by a quota o f about 32,000 t. 11 the 
biomass dips below 18,000 t, commercial fishing 
w ill be stopped.

Pacific Herring

Pacific he rring  are fished p r im a r ily  o f! 
California. The fishery in Puget Sound, Wash., is 
small by comparison. The fishery o ff California 
has peaked three times during this century: during 
1916-19 near 3,600 t, during 1947—53 near 4,500 
t, and above 10,000 t in 1982 (Figure 14-5). In 
the earlier years, herring were harvested for 
reduction into fish meal and for pet food and bait. 
Some were canned to supplement the declining 
supply o f sardines. Canned herring proved to be a 
poor substitute for sardines, and the fishery for 
human consumption ended in 1954.

Since 1973, herring in California have been 
harvested primarily for their roe for export to the 
Japanese market. Landings declined in 1984 when 
El N iño caused a corresponding decline in the 
herring population. However, most stocks have 
recovered somewhat and so have catches. The 
herring roe fishery is lim ited to California’s four 
largest herring spawning areas: San I rancisco Ray, 
theTomales-Rodega Ray area, Hum boldt Ray, and 
the Crescent C ity  harbor. San Francisco Rav has 
the largest spawning population ol herring and

Landings (t) 
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supplies over 90 percent o f the state’s herring catch. 
The four spawning areas are managed separately 
by the California Department of Fish and Came, 
w ith catch quotas based on population estimates, 

Another lucrative phase of the herring industry 
is the roe-on-kelp fishery, beginning in 1965, 
scuba divers harvested species o f marine vegetation 
w ith herring eggs attached in ’Lómales and San 
Francisco Rays. This product is exported to Japan 
as a holiday delicacy. The fishery has evolved into 
the present roe-on-kelp fishery. G iant kelp is 
harvested from the Channel Islands o ff southern 
California, brought to San f rancisco Ray, and 
suspended from 60x40 foot floating rafts. 1 he rafts 
are towed to areas where herring spawning is 
expected to occur and are anchored. A fte r 
spawning has ended, the kelp w ith herring eggs 
attached is removed from the rafts and packed in 
salt. Catches have been generally low (Figure 14- 
6) but valuable.

Ehe herring spawning populations in Tómales 
and San Francisco Rays are estimated annually 
from hydroacoustic and spawning ground surveys. 
The spawning biomass has fluctuated widely in 
both areas since the 1983 El N iño through the 
more recent 1997-98 1.1 N ino. The 1996-97 
season estimates were a relatively low 1,331 tons 
in Tómales Ray and a relatively high 81,260 t in 
San Francisco Ray. H um bold t Ray supports a

_i______ i______ i______ i
94 95 96 97

F ig u re  14-6

Land ings o f h e rrin g  roe and 
ke lp  fro m  th e  ro e -o n -k e lp  
fis h e ry  in C a lifo rn ia , 1988- 
97, in m e tr ic  to n s  (t).

Pacific he rring  and ro e -co v­
ered kelp.
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smaller spawning stock, estimated in 1991 at 400 
tons. Population estimates have not been made 
for the Crescent C ity  herring stock, but observed 
spawning suggests that the population is large 
enough to support a m inor fishery there.

ALASKA PELAGIC FISHERIES

Pacific Herring

Pacific herring is the major pelagic species that 
is harvested in Alaska. The fisheries occur in 
specific inshore spawning areas ot the ( lu ll ol 
Alaska and the Bering Sea. In the Gulf of Alaska, 
spawning fish concentrate mainly oti southeast 
Alaska, in Prince W illiam  -Sound, and around the 
Kodiak Island-Cook Inlet area. In the Bering Sea, 
the centers o l abundance are in northern Bristol 
Bay and Norton Sound. This fishery occurs w ith in 
state waters (3-m ile lim it) , and it is therefore 
m o n ito re d  and managed by the Alaska 
Department of Fish and Game by 20 separate 
fishery statistical areas.

Herring spawn every year alter reaching sexual 
maturity at 3 or t years o l age. The number of 
eggs varies w ith the age of the fish and averages 
20,000. Average life span for these fish is about 8 
years in sourheast Alaska and up to 16 years in the 
Berinii Sea.

Alaska’s herring industry began as early as 1878 
when 30,000 pounds were marketed lor human 
consumption. The total value was $000. Bv 1934 
the catch had reached a record 140,000 t. The 
Bering Sea fishery began in the late 1920’s. A large 
foreign offshore fishery developed in the 1950’s 
and peaked dramatically in 1970 at more than
145,000 t. It then fell oti sharply to 16,000 t in 
1975 (Figure 14-7). Since 1977 Bering Sea herring 
have been harvested primarily in inshore sac roe 
fisheries, and carches have since risen slowly but 
steadily, reflecting better s to tk  conditions. A 
portion  ol the Bering Sea harvest is taken as 
bvcatch in the groundfish fishery. Regulations now 
lim it bycatch to about 1,000 t.

From catch records, it is evident that herring 
biomass fluctuates widely due to influences of 
strong and weak year-classes.1 C urren tly  the 
herring populations in Alaska remain at moderate 
levels and are in relatively stable condition, w ith 
the exception o l Prince W illiam  Sound. Herring 
abundance levels typ ica lly  increase abrup tly  
fo llow ing major recruitment events, then decline 
slowly over a number of years because o f natural 
and fishing m orta lity . Prince W illia m  Sound 
herring continue to be depressed from a disease 
outbreak m 1993, but have recovered to above­
threshold levels. In more recent years, statewide 
herring harvests have averaged about 45,000 t w ith 
a value averaging around 530,000,000. About 
10% ol the commercial harvest is taken lor food 
and bait, and the rest is taken in the sac roe 
fisheries. In addition, there is a roe-on-kelp fishery 
that harvests about 40(11 ol product annually with 
a value ol around $3,000,000. The 1998 sac roe 
fisheries was forecast to be about 45,900 t, w ith a 
stock status ranging from moderate to high, while 
the Prince W illiam  Sound status remains at a 
depressed level.

ISSUES  

Transboundary Stocks and Jurisdiction

M ackerels, sardines, and anchovy are 
transboundary stocks exploited by borh I'.8 . and

'A  year-class com prises  the new g en e ra tion  o f y o u n g  fish  en- 

te n n g  «1 s to tk  in  th e  same year.
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G a thering  roe on kelp, Sum  
m it  Is la n d , T o g ia k  Bay, 
A laska.

Mexican fleets, but no bilateral management 
agreement has yet been reached lo r coordinated 
management o f the stocks. Harvest levels are 
increasing in Mexican waters, and the absence o f 
a governing bilateral agreement is compromising 
management ol the same stocks that both countries 
fish.

Underutilized Species

Jack mackerel is an underutilized species, while 
the Pacific sardine is increasing in abundance after 
decades at low levels. These species may support 
an increased harvest by U.S. fishermen in the near 
futu re.

PROGRESS

National Marine Fisheries Service scientists 
continue to work closely w ith state biologists and 
the Pacific Fishery Management C ouncil in 
assessing and m anaging the stocks. Stock 
assessment models have been developed for

northern anchovy. Pacific sardine, and chub 
mackerel. The new models are more reliable and 
precise than earlier ones. The models now tise more 
data, inc lud ing  fish-spotter data from  pilots 
employed bv comm ercial fishermen, and the 
C a liforn ia  Cooperative Oceanic Fisheries In ­
vestigations' long-term ichthyoplankton data base.

FOR FURTHER READING

( California Cooperative Oceania 1 isheries Investigations 

(CALCOF1) Reports, volumes 36-39.

I li l i,  K P .M . Yaremko, b. D . Jacobson, N. C. H . 1 o, 

and D . H anan . 1998. S tock assessment and 

management recommendations for Pacific sardine 
(Sardinops sagax) in  1997. California Department o f 
f ish and Game Adm inistrative Report 98-8.

Yaremko, M .. ) T. Barnes, and I [9. Jacobson 1998. 
Status of the Pacific mackerel resource during 1997 
and management recommendations (or the fishery. 

C a lifo rn ia  D e p a rrm e n t o f Fish and Game 

Adm inistrative Report 98-3.
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Pacific Coast 
Groundfish Fisheries

INTRO DUCTIO N

I he groundfish fishery off Washington, Ore­
gon, and California is conducted across a diverse 
range ot habitats and involves tens o f species and 
several fishing gears. Domestic landings averaged 
about 30,000 metric tons (t) per year prior to the 
early 1970's (PFMC, 1997). A foreign fishery be­
gan in the early 1960’s for Pacific ocean perch and 
Pacific whiting. 1 he long-lived Pacific ocean perch 
stock is still recovering from the excessive foreign 
harvest that occurred during the 1960’s, but the 
fishery for the more productive Pacific whiting 
stock evolved into a healthy jo in t venture, then to 
a wholly domestic fishery in 1901.

By 1977, when work by the Pacific Fishery 
Management Council on the Groundfish Fishery 
Management Plan began, domestic landings of all

groundfish had increased to 60,000 t, and by 1982, 
when the fishery management plan was imple­
mented, landings peaked at 1 16,000 t (PFMC, 
1997). The recent yield o f groundfish (other than 
Pacific whiting) has returned to an average of about
56,000 t .1 Present yields may be sustainable for 
some species involved, but several of the stocks 
are depressed. Many stock assessments do not have 
sufficient data to be precise, and substantial natu­
ral fluctuations occur in some species.

Several assemblages ot fish contributed to the 
$98,500,000 groundfish fisher) in 1 9 9 7  (Figure 
1 5-1 ).The midwater trawl fishery for Pacific whit-

' I  andmgs and value data since l l)81 are available from the 
PacFIN data base, Seattle office of the Pacific States Marine 
Fisheries Commission, 7(>00 Sand Point Way NE, Seattle, 
W A, 9811S.

Unit

15
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T O N Y A  L. BU ILD ER

NM FS N orthw e s t F isheries 
Science Center, H atfie ld  
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C anary rockfish.
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Other
roei fish

Figure 15-1

Relative com ponents  of Pa 
c ific  Coast g rou n d fish  to ta l 
va lue  in 1997

Thornyhead
10%

mg dominated the tonnage ( l a b i o  1 5 -1 ). but Pa­
cific whiting and sablefish contributed equally high 
values in 1997 (Figure 1 5-1). A deep-water trawl 
fishery lor sablefish, thornyheads, and Dover sole 
now operates out to near 1,500 m depths. This 
trawl fishery and a longline and pot fishery for 
sablefish was worth $43,500,000 in 1997, w ith 
sablefish and thornyheads contributing about 63% 
ol this total.

On the continental shell and extending into 
the nearshore reel habitat is a trawl and liook-and- 
1 i ne fishery for tens of rockfish (Sebastes) species 
that was w orth $16,800,000 i i i  1997. W idow 
rockfish contributed 27% and yellowtail rockfish 
contributed 10% of this total value. An associated 
species is lingcod w ith landings worth $ 1,700,000 
in 1997 (PFMC. 1997). In addition, lingcod and 
some species o f rockfish have substantial recre­
ational harvests in some areas.

C atch ol nearshore flatfish (Petrale sole, Fn- 
glish sole, sanddab, sand sole, and starry floun­
der) was worth $6,100,000 in 1997, w ith 64% 
coming from Petrale sole. Fishing and processing 
participants in the groundfish fishery also com­
monly engage in fisheries lor shrimp, halibut. 
Dungeness crab, salmon, and albacore tuna, lii 
199T the groundfish fishery contributed 38% o f 
the total $206,000,00(1 for these named fisheries 
(PFMC 199-).

M an ag em en t S ituation

Recommendations for management ol the 
Pacific Coast groundfish fisheries are developed 
by the Pacific 1 fishery Management Council. The 
C irountlfish Fishery Management Plan t ails (or es­
tablishment of an annual acceptable biological 
catch anti harvest guideline for major groundfish 
species (PI MC , 1997). Although brief, derby-style 
fisheries ot a few weeks or days duration have been 
used for a portion o f the Pacific w hiting and fixed 
gear sablefish harvests, most elements o f the fish­
ery have a goal o f year-round operations.

Achievement o f a year-round fishing oppor­
tun ity  in the lace ot excessive fishing effort has 
been achieved by imposition ol limits on individual 
vessels. Fliese lim its have evolved from trip  lim its 
lor widow rockfish beginning in 1983, to monthly 
cumulative lim its for each vessel for each of sev­
eral species today. Inseason adjustment of these 
lim its has been mostly successful in keeping the 
annual catch close to the harvest guideline while 
allowing year-round fishing opportunities. I low- 
ever, some abrupt changes to the lim its have been 
disruptive to the industry, and the restrictive na­
ture ol these lim its causes discard o f excessive 
catches.

In an attempt to reduce discarding, fishermen 
are presently allowed to bring in tip to 10% over 
their monthly lim it and have the excess deducted 
Irom the other month in designated 2-month pe­
riods (PFMC), 1998). 1 he expected level of dis­
card is taken into account when setting tile an­
nual harvest guideline below the acceptable bio­
logical catch. Development of observer programs 
to estimate the amount ol discard, biological stud­
ies to understand the m ortality rate ol discarded 
fish, and study ol co-occurrence patterns among 
species is needed.

In 1994, a lim ited entry program was imple­
mented for the groundfish fishery (PFMC, 1997). 
The transferable lim ited entry permits have en­
dorsements tor vessel size and primary gear in or­
der to maintain the existing fleet composition. A 
formula lor combining of permits from smaller 
vessels ¡ino a single permit lor a larger vessel has 
allowed several large (>200 it) carcher-processors 
to buy permits and participate in the Pacific w h it­
ing fishery. Implementation of the lim ited entry
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Species and area

Recent 
average yield 

(RAY)'

Current 
potential yield 

(CPY)-1

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock level 
relative to 

LTPY3

Pacific w hiting4-5 291,067 290,000 336,000 Full Below

Pacific w hiting (U S ) 207,971 232,000 268,000

Sablefish 8,022 5,625 9,800 Full Below

Lingcod5-6 2,890 1,532 3,100 Over Below

Lingcod (U S I 1,966 960 1,943

Pacific cod 515 3,200 Unknown Under Unknown

Flatfishes

Arrowtooth flounder 2,257 5,800 Unknown Under Unknown

Dover sole 10,930 9,426 16,300 Full Near

English sole 1.263 3,100 3,100 Under Above

Petrale sole 1 810 2,700 2,700 Full Near

Other fla tfish7 2,278 7,700 Uni nown Unknown Uni nown

Rockfishes

8ocaccio 863 654 -1 ,800 Full Below

Canary rockfish 1,054 1,130 -1 ,250 Full Below

Chilipepper rockfish 1,846 3,400 <4.000 Under Near

Pacific ocean perch 800 2 1,100 Over Below

Shortbelly rockfish 38 23,500 23,500 Under Above

Thornyheads 6,514 4,103 6,600 Full Near

Yellowtail rockfish5 5,232 4,886 <6,700 Full Below

Yellowtail rockfish (U S ) 4.073 3,539 4,853

W idow rockfish 6,426 5,750 6,700 Full Below

Other rockfish6 7,766 8,750 Uni nown Full Unknown

Other groundfish 1,693 14,700 Uni nown Unknown Uriknown

Total (U S I 268,085 336,039 391,796

Total (U S -tCanada) 353.264 395,958 462,800

'RAY is the  average 1995-97 landed com m ercia l catch as reported to  the  Pacific Fisheries Info rm ation  Network (PacFIN} (Pacific States Marine Fisheries 

Com m ission, 45 SE 82nd Drive, Suite 100, G ladstone. OR 97027}

^ P Y  is taken from  th e  Pacific Fisheries M anagem ent C ouncil's  Acceptab le  B iological Catch fo r 1998 (PFMC, 1997}

3Stock s ta tus com pared to  the  stock size tha t w ou ld  produce LTPY 

4lncludes tribal catch

^ to c k  as defined crosses Canadian border Estim ates o f Canadian catch are fro m  M artin  Dorn (personal com m unication, NMFS, AFSC. RACE. 7600. 

Sand Point W av, Seattle, W A  98115) fo r Pacific w h iting , Jack Tagart (personal com m unication, W ash Dept Fish &  W ild i.  Fish M anagem ent Program 

Marine Resources Division, 600 Captial W ay N , O lympia, W A  98501), fo r ye llow tail, and the  1997 lingcod stock assessm ent (PFMC, 1997) Canadian 

catch in 1997 is assum ed equal to  1996

6Recreational catch estim ates w e re  added to  the  com m ercia l catch estim ates 438 t  lingcod, 200 t bocaccio, and 1,980 t o ther rock fish  including 600 t 

black rockfish 

7Does not include halibut

system has beei) beneficial in creating a well-de­
fined set o f participants, but it has not decreased 
the number o f participants sufficientl) to allow 
fo r increases in the m o n th ly  vessel lim its .
Nonpermitted vessels may participate in a small- 
scale, open access fishery.

Other major restrictions on the groundfish 
fishery include a m inim um  mesh size on trawls to 
allow escapement of undersized fish, and area/sea- 
son restrictions on the w hiting fishery to decrease 
bycatch ol salmon.

Species and S tatus

The Pacific coast groundfish fisheries are gen­
erally managed w ith a constant proportional rate 
o f harvest such that the expected level o f egg pro­
duction (or spawning biomass) per recruit w ill be 
35 or 40°o (lor rockfish) ot the unfished level. I lit 
exception is Pacific whiting, which has a more con­
servative and varying harvest rate in recognition 
o f the extreme natural fluctuations in recruitment.

Because many groundfish species have longev-

Tab le  15-1

P ro d u c tiv ity  in  m e tr ic  to n s  
and sta tus  o f Pacific  Coast 
g ro u n d fis h .

Pac i f i c  w h i t i n g .
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ity in the 40 I 00 \ ear range, the annual exploita­
tion rates that achieve the spawning biomass per 
recruit goal are often as low as 5-10"». Thus, it 
has taken many years (or these low exploitation 
rates to reduce the stock abundance from the 
lightly exploited levels of the 1960’s to the fu lly 
exploited levels of ioda)' (Figure 1 S-2). Reductions 
in recommended annual harvest amounts over the 
past decade for sablefish, widow rockfish, and some 
other species has been a direct result of this "fish­
ing down" til the surplus biomass. In no case has 
the fishing down been smoothly along a constant 
rate of exploitation. Rather, imprecise stock assess­
ments, insufficient staff to revise assessments fre­
quently, and natural fluctuations in abundance 
contribute to changes in recommended harvest 
levels.

The groundfish stocks are generally fu lly u ti­
lized, although a few species such as shortbelly 
rockfish remain essentially underutilized because 
of a lack of market. Pacific w hiting is fu lly u ti­
lized, but its abundance has been on a decline be­
cause of a lack of strong recruitment since the 1984 
year class.

I'he four species in the deep-water fishery are 
near full utilization. W ithin this set, sablefish abun­
dance may be below the level needed to produce 
the long-term potential yield, due in ['art to a re­
cent series of weak year classes. Dover sole abun­
dance is slightly increasing as a result of an esti­
mated above-av erage 1990 year class and reduced 
catch levels in 199-1-96. The abundance of

shortspine thornyheads appears to be below its tar­
get level, and the deeper living, smaller bodied 
longspine thornyhead has not yet been fished down 
to its target level. However, tile assessments for all 
four o f these species have considerable uncertainty, 
and the sablefish and shortspine thornyhead as­
sessments have been subject to a high level ofscru­
tiny and criticism from the fishing industry.

W ith in  the set of rockfish, w idow rockfish is 
estimated to be below the target level of abun­
dance, based on estimates of low recent recruit­
ments to the fishery. O ff California, the chilipepper 
rockfish stock is declining w ith the passing o f die 
extremely large 1984 year class, while bocaccio is 
at a low stock level w ith reduced recruitment lev­
els since the 1977 year class (PFMC, 1997). O ff 
Oregon and Washington, the canary rockfish is 
estimated to be below or close to the level needed 
to produce the long-term potential yield, based 
on an estimated downward trend in recruitments 
during 19,S ”’-95.

In that same area, yellowtail rock! ish stock bio­
mass also apparently continues to decline, but there 
is substantial uncertainty in the recent stock esti 
mates. Pacific ocean perch appears to be only 
slowly rebounding from overharvest that occurred 
in the 1960’s. The current level of catch, intended 
as bvcatch in other groundfish fisheries, is close to 
the overfishing level. Black rockfish, an important 
recreational species o ff Oregon and Washington, 
appears tully utilized and probably is near its tar­
get level of abundance.

An assessment of eight additional rockfish spe­
cies indicated that some species have catches much 
greater than their current potential yield, while 
others may be underutilized due to market restric­
tions. However, the precision o f all these rockfish
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assessments appears low, given the amount of avail­
able information. For other species of rockfish, no 
estimates o f abundance and exploitation rates are 
available.

A recent Imgcod assessment in the northern 
area indicated that harvest over the past decade 
has equaled or exceeded the overfishing level since 
1990. The stock has continued to decline due to 
the high exploitation rates and steadily declining 
recruitment since 1980. Among the other flatfish 
species, English sole appears to be at a high level 
o f abundance due to large recent recruitments, and 
Petrale sole is near its target level o f abundance 
and yield.

Recreational Fisheries

The non-salmon recreational fishery harvests 
a diverse collection o f nearshore fishes, including 
many species o f groundfish managed by the Pa­
cific Fishery Management Council. Coastwide 
sampling of the recreational fishery resumed in 
1993 alter a 3-year break. Valuation of the recre­
ational fishery for groundfish is important, but 
more d ifficu lt than estimating the magnitude of 
the catch. In some cases, proxy values from the 
recreational fishery for salmon have been used in 
estimating the economic impact of changing regu­
lations for the recreational groundfish fishery.

Among the groundfish species, the recreational 
component is particularly important for lingcod 
and some species o f rockfish. In 1995, the recre­
ational catch of rockfish off California was esti­
mated at 2,800,000 fish“ . This may represent ap­
proximately 1,400 t, so it was an important com­
ponent of the estimated 8,400 t ot rockfish (ex­
cluding thornyheads and widow rockfish) har­
vested in C alifornia in 1995.

O ff Washington and Oregon, the charter boat 
fishery has relied on black rockfish to offset de­
clining opportunities to fish for salmon. In recent 
\rears, the recreational catch of black rockfish has 
been about 300 t in each of these states. Com­
mercial catch of black rockfish has been less than 
one-third of that amount. The Pacific Fishery

“ M a rine  Recreational Fisheries Statistics Survey data. N M FS  
O ffice of Science and Technolog}'. Fisheries Statistics and Fco- 
nomics D iv is ion , Silver Spring. M D

Landings 
(X 1,000 t)
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Management Council has supported initiatives to 
provide long-term protection for this recreational 
fishing opportunity by recommending spatial seg­
regation herween recreational and commercial fish­
eries for black rockfish, and by imposing restric­
tive trip  lim its and bag lim its on the commercial 
and recreational fisheries, respectively.

F ig u re  1 5 -3

P a c if ic  C oa s t c o m m e rc ia l 
g rou n d fish  land ings in m e t­
ric tons <t), exc lud ing  Pacific 
w h itin g .

Landings

The landed catch of most species is well-moni­
tored through a system o f state fish landing re­
ceipts and collation of computerized copies ot these 
receipts into the centralized Pacific Fisheries In ­
formation Network (PacFIN) database. U nfortu­
nately, funding for biological sampling ot the land­
ings is inadequate, so the species composition of 
mixed rockfish landings is not well known, and 
size and age composition data are not adequate 
for many species.

The combined U.S.-Canada harvest of Pacific 
whiting reached a record level of .358,900 t in 1994 
(o f which 252,700 t were caught in U.S. waters). 
File increase in 1994 was d tie to a new stock as­
sessment based on an expanded and improved sur­
vey. However, the stock’s spawning biomass con­
tinued to decline due to reduced recruitment, re­
sulting m lower available total yields in 1995-97 
(Table 15-1).

The landed catch o f non-whiting groundfish 
has generally declined since 1989, reaching ap-
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L ingcod. proximately 54,000 t in 1997. Several major stocks 
sueli as Dover sole, sablefish, and widow rockfish 
contributed to this decline (l igure 15-3) as the 
stocks were fished down and year classes entering 
the fisheries were estimated to be at low levels 
(PFMC, 1997). Table 15-1 documents the recent 
average yield ( 1995-97) for those species that con­
tributed substantially to the landings, or were iden­
tified w ith a specific landings target (acceptable 
biological catch and/or harvest guideline) by the 
PFMC .

ISSUES AND PROGRESS  

Balancing Betw een Com peting Users

Management of the Pacific coast groundfish 
fisheries involves old and new allocation issues. 
The Pacific whiting available yield is allocated first 
between the United States and Canada and then 
between shoreside and at-sea deliveries w ith in the 
United States. The two countries have not come 
to full agreement on any allocation scheme. Tims, 
tile United States now sets its harvest guideline at 
80°(j ot the overall acceptable biological catch, and 
C añada sets its harvest guideline sueli that it w ill 
be 30°n of the combined harvest guidelines, l ilis 
resulting overharvest has contributed to the stock's 
decline in recent tears.

I Ile sablefish harvest guideline is allocated be­
tween a Native American fishert, an open access 
fishery, lim ited entry trawl, and limited entry fixed

gear. I he allocation between lim ited entry and 
open access is by a fixed percentage lor each spe­
cies as established in the fishery management plan, 
hut the level of allocation to open access has the 
potential to become more contentious for lingcod 
and some rockfish. Direct allocation herween rec­
reational and commercial fisheries has not oc­
curred; however, management actions on black 
rockfish have been designed to preserve recre­
ational fishing opportunities for this species. Re­
cent lingcod management has reduced both the 
commercial and recreational catches to achieve the 
increasingly lower total harvest allowed.

Indirect allocation between high capacity and 
low capacity participants alfects many manage­
ment issues. For Pacific whiting, the direct alloca­
tion between a brief at-sea fishery and a protracted 
fishery for shoreside deliveries is partly a conse­
quence of this issue. For fixed-gear sablefish, the 
dehare in recenr years has been between an ever- 
shortening dcrbv-style fishery, movement to an 
individual transferable quota fishery (which could 
lavor high capacity participants), or movement to 
a protracted trip-1 i mit fishery (which could favor 
low capacity participants). For trawlers, the de­
cline in trip lim its over the past decade has had 
the greatest impact on the vessels that already in­
vested in advanced harvesting capability, vet did 
not greatly deter other vessels from increasing their 
capability.

Bycatch considerations have not much entered 
into allocation arguments, partly because the lack 
of a comprehensive at-sea observer program has 
hindered collection o f data on the magnitude o f 
bvcatch. For example, past arguments over trawl 
versus fixed gear allocation of sablefish hinged on 
intractable questions regarding whether sablefish 
was a target fishery for trawlers or an unavoidable 
bycatch as thcv targeted other species. More re­
cently, an estimate of Pacific halibut bycatch in 
the groundfish trawl fishery has increased the po­
tential for this to become a new allocation isstie. 
Both of these issues need better estimates ol the 
amount ol discards and the survival rate of dis­
carded fi.sh.
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Ecosystem Considerations

Accurare, long-term predictions o l potential 
yield w ill require a substantial increase in our 
knowledge about competitive and predatory in ­
teractions in the biological system that includes 
Pacific Coast groundfish, and about climate ef­
fects on this community. The target exploitation 
rate for most groundfish species is designed to 
achieve a large fraction o f maximum potential 
yield, while reducing the abundance of spawners 
by about two-thirds, in expectation that this w ill 
not reduce the mean recruitment level. However, 
we have been monitoring some of these stocks for 
not much more rhan the span o f just one ot their 
generations. O n ly  decades of m on ito ring  the 
stock’s performance w ill ascertain the long-term 
feasibility o f these targets, and the degree o f natu­
ral fluctuation that w ill occur while maintaining 
these targets. Unfortunately, there is little  histori­
cal data, and the current level of stock assessment 
data is not adequate to precisely track changes in 
abundance for more than a few species. In addi­
tion, only a low level o f effort is directed towards 
food habits studies that may help predict how the 
interactions among species may change as the 
abundance of several major species is reduced be­
low unfished levels.

Models of long-term potential yield depend 
on assumptions o f constant average environmen­
tal conditions or an ability  to predict changing 
conditions. There is evidence of a decline in Zoop­

lankton abundance w ith in the California Coop­
erative Oceanic Fisheries Investigations’ 40-vear 
time series (McGowan et al., 1998), as well as of 
an ocean warming during the late 1970's (Francis 
and Hare, 1997). Dover sole in southern areas and 
bocaccio rockfish and lingcod exhibit declines in 
mean recruitment during this same period. Better 
understanding o f potential linkages between fish 
recruitment and long-term changes in the ocean

climate are key to improved 5- to 10-year fore­
casts o f fishery potential yield.
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INTRO DUC TIO N

The Northwestern Hawaiian Islands (N W H I) 
lobster fishery is the major commercial marine in ­
vertebrate fishery in the western Pacific. A very 
small-scale, primarily recreational, fishery tor lob­
ster also exists in the M ain Hawaiian Islands 
(M III ) ,  American Samoa, Guam, and the N orth ­
ern Mariana Islands. A deepwater shrimp resource 
is found throughout the Pacific islands but is rela­
tively unexploited. A  resource of deepwater pre­
cious coral (gold, bamboo, and pink corals) exists 
in Hawaii and possibly other western Pacific ar­
eas. A short-lived ( 1974—79) domestic fishery op­
erated oft Makapu u Point in Hawaii, but there 
has been no significant precious coral harvest tor 
20 years. I lowever, interest in the fishery has re­
cently resurfaced, and one Federal permit was is­
sued in 1997.

M an ag em en t S ituation

The N W H l lobster fishery, which began in 
1977, harvests spiny and slipper lobsters and is 
governed by the Western Pacific Regional Fishery 
Management Council under a fishery management 
plan. The M H I lobster fishery is managed bv the 
state of Hawaii, although a few offshore banks are 
included in the Fishery Management Plan for the 
Crustacean Fishery of the Western Pacific Region.

This plan was implemented in 1983 and has 
since been amended nine times. Many o f the ear­
lier amendments were in response to requirements 
to eliminate lobster trap interactions w ith the en­
dangered Hawaiian monk seal (Amendments 2 
and 4), protect spiny and slipper lobster repro­
ductive potentials (Amendments 3 and 5), and 
specify overfishing definitions (Amendment 6). 
The most significant change in the plan occurred 
in 1992, In response to continuing declines in
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Figure 16-1

H aw a iian  lo b s te r la n d in g s  
Isp iny  and s lip p e r lobs te rs) 
fo r  1983-97, in m e tr ic  to n s  
(tl.T he  fishery  was c losed  in 
1993 and the seasons s h o r t­
ened in 1994 and 1995

Table 16 1

P ro d u c tiv ity  in m e tr ic  tons 
and sta tus o fW este rn  Pacific 
R eg ion  lo b s te r f is h e ry  re ­
sources.
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Year

connnerci.il lobster catch per tnnt ol el lort, the 
plan was amended (Amendment 7 ) to include an 
annual 6-m onth closed season ( lanuury- June), 
lim it entry into the fishery, and establish an an­
nual catch quota. The plan was amended aya in in 
1996 (Amendment 9) to implement a quota sys­
tem based on a constant harvest rate thor allows 
only a I0 0,o risk ot overfishing in any given year 
and allows the retention ol all lobsters caught.

Precious corals occurring in the U.S. F.xclu 
sive F.conomic Zone also are managed under a fish­
ery management plan implemented in 1983 by 
the Western Pacific Regional Fishery Management 
Council. Very lim ited quotas are allowed under 
regular permits, and experimental permits are re­
quired tor unassessed coral beds.

Fishery Landings

The combined landings of spiny and slipper 
lobster i i i  1997 were 330,000 pounds whole 
weight ( 1 öl) metric tons (t) valued at S 1,900,000)

and consisted o l 1 "75,000 spiny lobster and
135,000 slipper lobster. The fishery in itia lly  tar­
geted spiny lobster, but by 1984 gear modifica­
tions and improved markets led to an increase in 
slipper lobster landings, l andings peaked in 1985 
at 1,300 t (worth $6,000,000), and generally de­
clined Ironi 1986 to 1995. (The fishery was closed 
m 1093 and had shortened seasons in 1994 and 
1995.) Catches ol slipper lobster were significant 
(or a brie! period, 1985 to 1987, and fell into a 
general decline Irom 1989 to 1996. Overall land­
ings increased in 1996 and 1997 due to recovery 
ot the population following several years o f clo­
sures and shortened seasons and changes in the 
fishery management plan, which allowed the re­
tention ol juvenile and egg-bearing lobsters (Fig­
ure 16-1 ).

Most o l the lobster catch is processed at sea 
and landed as frozen tails. In recent years, tile open­
ing of several foreign markets has led to an in ­
crease in live landings. Nonetheless, most lobsters 
are still landed as processed frozen tails.

Since 198.3 the commercial fishery has fished 
plastic traps. Approximately 10 strings of 100 traps 
each are fished overnight at depths generally rang­
ing from 15 to 35 fathoms (27-64 m). H istori­
cally, traps set at the deeper depths caught slipper 
lobster while the shallower sets caught spiny lob­
ster In recent years, slipper lobsters have been 
caught at shallow depths presumably due in part 
to the “ fishing down” ol spins- lobsters and as'.til- 
abilirv of suitable lobster habitat. C tirrent, recent, 
and long-term potential yield s lor these species are 
given in Fable 16-1.

SPECIES AND STATUS 

Lobster

The populations <>( spiny and slipper lobster 
declined dramatically from the mid 1980 s through

Recent Current Long term  Fishery Stock level
average yield potential yield potential yield utilization relative to

(RAYI (CPY) (LTPY) level LTPY

109 160 222 Full1 Above
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the mid 1990’s. Much ot this decline has been at­
tributed to the combined effect of a shift in oceano­
graphic conditions affecting recruitment and fish­
ing mortality in the mid 1980’s. I he spawning 
potential ratio (SPR), which is used to measure 
the status of the stocks, has ranged between 74 
and SS% over the past three seasons (1995-97).

Overfishing is defined in the fishery manage­
ment plan in terms of recruitment overfishing. 
The criterion used to assess overfishing is the SPR: 
the ratio of the spawning potential of a cohort' in 
a fished condition relative to that in an unfished 
condition. The fishery management plan defines 
the 20% level as a m in im um  SPR threshold, be­
low which the stock is considered overfished, and 
establishes a warning SI’R threshold at 50%, in ­
dicating the need for additional conservation 
measures. The NW H1 lobster fishery is managed 
w ith a constant harvest rate such that there is only 
a 10% chance in any given year that the fishing 
mortality w ill exceed the m ortality associated w ith 
the m inim um  SPR threshold. Since 1994, SPR 
values have been substantially above the m inim um 
threshold level, indicating that the levels o f fish­
ing effort exerted during the 1994-97 commer­
cial fishing seasons, and resulting fishing mortal­
ity and exploitation rate, would not cause long­
term recruitment overfishing under equilibrium 
conditions (Table 16-2).

Landings (t) 

3 0  -

2 5 -

2 0

0 5  -

Land'ngs

85 90

Year

Makapu u. Oahu, under a 2-year quota for 2,000 
kilograms (kg) of pink coral and 600 kg each for 
bamboo and gold coral. 1 larvesting began in early 
1998. Historical landings of precious corals are 
shown in Figure 16-2.

ISSUES  

Bank-specific S tatus of Lobster Stocks

F ig u re  16-2

Land ings  o f p rec ious co ra l 
in m e tr ic  to n s  (t), 1966-97.

Coral

Because there has been no fishery on precious 
corals over the past 20 years, little  solid evidence 
is available on recover}' of the population from the 
low levels which existed when the Magnuson- 
Stevens Act was first passed in 1976. However, 
recent video analysis suggests that the unfished 
beds have recovered much of their potential and 
that new beds have been identified. Nonetheless, 
it also appears that illegal foreign fishing in some 
remote areas during the 1980 s had a very signifi­
cant impact on some beds. In 1997, one company 
obtained a pe rm it to fish precious coral at

'R ecru itm ent is the process of new generations of voung fish 
o r  animals entering the stock.

-Recruits fron t the same year are called cohorts.

The proportion of fishing effort and reported 
catch at each bank w ith in  the N\VH1 region has 
varied both spatially and temporally throughout 
the 20-year history of this fishery. W hile as many 
as 16 banks have been fished on an annual basis, 
the majority of fishing effort has been directed at 
four banks: Maro Reef, Gardner Pinnacles, St. 
Rogatien, and Necker Island (Figure 16-3). The 
observed spatial-temporal shifts in fishing effort 
between banks is attributed to declines in the spin}' 
lobster catch per un it of effort: as spiny lobsters 
were fished down and catch rates at one bank fell 
below a m inim um  economic threshold, fishing ef­
fort shifted to a more productive bank. In recent 
years, fishing has generally been lim ited to Necker 
Island, where there has been a relatively higher con­
centration of spiny lobsters.

Year SPR (%)

1994 74

1995 88

1996 80

1997 74

Table 16-2

A nnua l es tim a tes  o f spawn 
ing p o te n tia l ra tio  (SPR) fa r 
NW HI lobs te rs .
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F ig u re  16-3

The M a in  H aw aiian Is lands 
(M HI) and N orthw es te rn  Ha­
w a iia n  Is lands (NW HI).
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F ig u re  16-4

Lobster d iscard  rate (ra tio  of 
lo b s te rs  d isca rded  to  to ta l 
lo b s te rs  ca ug h t), 1983-97. 
The season was c losed  in 
1993. The effect o f new  regu 
la tio n s  to o k  p lace in 1996

Lobster Discards

In the I 'ISO’s, problems were identified related 
to liiy.li catch rates ol then sublegal-sized lobsters 
and associated discard m ortality caused by top- 
level predators (sharks and jacks) and on-deek han­
dling. Lscape vents were mandated in 1987 to re­
lease small lobsters on the bottom or during trap 
hauling. Nonetheless, from 1983 through 1993

the lobster (spiny lobster and si i ppc r lobster com­
bined) discard rate (the reported ratio of lobsters 
discarded to total lobsters caught) generally in­
creased, rising from U.28 in 1983 to 0.62 in 1995 
(Figure 16-4). Although the escape vents reduce 
the number of small lobsters in each trap (based 
on research results), the average size of lobsters in 
the population declined during this period.

After 1995, the discard rate decreased signifi­
cantly dtie to a relaxation of the m inim um legal 
size requirement in favor o f an optional ret.tin-all 
policy-. Implementation of the retain-all policy was 
based on research conducted by the National 
Marine Fisheries Service’s Honolulu Laboratory 
to determine the effects of on-deck exposure on 
the m ortality of sublegal and egg-bearing lobster. 
Handling mortalities tor two on-deck handling 
methods (dry and wet) and a variety of exposure 
times were estimated to be as high as 77% lor spiny 
lobsters and 44% for slipper lobsters, depending 
on the duration of exposure after being brought 
on deck.

Scientific Inform ation and 

Adequacy of Assessm ents

Despite the multispecies nature of the N W H I 
lobster fishery and regulatory measures, most o f 
the biological research has been directed at spiny
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lobster. Future research is needed to address knowl­
edge shortfalls ot slipper lobster biology. Estimates 
o f the exploitable population ot lobsters in the 
N W H I have been based solely on commercial 
catch and effort data trom the N W H I lobster fish­
ery as a whole. This approach neglects the fact that 
fishermen target areas w ith higher concentrations 
o f lobsters, and may lead to estimates o f exploit­
able biomass that are biased. More accurate as­
sessments w ill require the integration of fishery- 
independent data into assessments in an effort to 
fine-tune the parameter estimates and assessment 
o f exploitable biomass on a bank-specific basis.

Factors Affecting Abundance

In predicting the response ot the N W H I lob­
ster population to fishing harvest, it must be noted 
that research to date has identified a dynamic 
change in the spatial and temporal structure of 
the N W H f lobster population. One major fish­
ing area, Maro Reef, continues to be character­
ized by low spiny lobster abundance. Based on 
oceanographic research, size class and genetic struc­
ture analysis, and trends in catch per unit of ef­
fort, it appears that recruitment in the N W H I 
spiny lobster population differs between the south­
eastern and northwestern segments of the archi­
pelago and remains depressed in the northwest­
ern segment relative to the 1975-85 level. N u­
merous hypotheses have been advanced to explain 
population fluctuations of lobsters in the N W 'H f, 
including environmental, b iotic (e.g. habitat and 
competition), and anthropogenic (e.g. fishing). 
Each hypothesis by itself offers a plausible, how­
ever simple, explanation to a rather complex phe­
nomenon operating in a system of very high d i­
mensionality. ft is likely that population fluctua­
tions of lobsters in the N W H f w ill be more accu­
rately described by a mix o f the hypotheses pre­
sented, each describing a different set of mecha­
nisms.

M ultispecies Interactions

The long-term effects o f fishing on ecosystems 
are not well understood, and cautious management 
controls are required. The removal o f one species, 
or complex o f species, could result in species com­

position shifts. Although both spiny and slipper 
lobsters are harvested in the N W H I lobster fish­
ery, spiny lobster is the primary target at most 
banks. As large numbers o f spiny lobster were be­
ing removed from banks in the N W H I, the abun­
dance and spatial d istribution of slipper lobster 
on these banks apparently increased: areas tradi­
tionally defined as spiny lobster habitat appear now 
to be occupied by slipper lobster.

Progress

Much progress in assessing the status o f ex­
ploited lobster stocks o f the Western Pacific Re­
gion has been made in the past several years. 
Shoreside sampling of the commercial landings was 
started in 1996 and has provided valuable in for­
mation for characterizing the size-structure com­
position of the commercial landings. Likewise, 
sampling of the commercial catch by at-sea ob­
servers was conducted in 1995 and 1997, provid­
ing information to characterize the commercial 
catch, as well as spatial heterogeneity o f lobster 
abundance and size composition. These data were 
used to enhance the annual N W H f lobster fish­
ery-independent survey and provide a more rep­
resentative basis for future stock assessments.
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Western Pacific Bottomfish 
and Armorhead Fisheries

INTRO DUC TIO N

1 lie western Pacific bottomfish fishery geo­
graphically encompasses the Main Hawaiian Is­
lands (M H I), the Northwestern Hawaiian Islands 
(N W H l), Guam, the Northern Mariana Islands, 
and American Samoa (Table 17-1). In contrast, 
the pelagic armorhead is harvested from the sum­
mits and upper slopes of a series o f submerged 
seamounts along the southern Emperor-northern 
Hawaiian Ridge. 1 his chain o f seamounts is lo­
cated just wesr of the International Dateline and 
extends to the northernm ost po rtio n  o f the 
N W H I.

I he Guam, Mariana Islands, American Samoa, 
and M H I fisheries employ relatively small vessels 
on 1-day trips close to port; much ol the catch is 
taken by either part-time or sport fishermen. In

contrast, the N W H I species are fished by full-time 
fishermen on relatively large vessels that range far 
from port on trips of up to 10 days. Fishermen 
use the handlining technique in which a single 
weighted line w ith several baited hooks is raised 
and lowered w ith a powered reel. The bottomfish 
fisheries are managed jo in tly  by the Western Pa­
cific Fishery Management Council and territorial, 
commonwealth, or state authorities.

The com m erc ia l seam ount fishe ry  for 
armorhead was started by bottom-trawl vessels of 
the former .Soviet Union in 100,S. D uring 1969, 
Japanese trawlers entered this fishery, and by 1972 
the catch per unit of effort (( TUPI) (based on Japa­
nese data) peaked at some S4 metric tons (t)/hour 
(Figure 1^-1). T he United States has never been a 
participant. By the end of 197T the two foreign 
fleets had harvested a combined cumulative total
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Table 17-1

P ro d u c tiv ity  in m e tric  to n s  
and status o f w estern  Pacific

Species und area

Recent 
averaqe yield 

(RAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Slock level 
relative to 

LTPY

Bottom fish

MHI 249 111 254 Over Below
b o t to m f is h  a n d  p e la g ic NWHI 184 222 288 Under Near
a rm orhead. American Samoa 18 34 34 Under Near

Guam 24 25 25 Full1 Near

C N M I1 17 78 78 Under Near
Pelagic armorhead 

Hancocl Seamount 0 0 2,123 Over3 Below

Total 492 470 2,802

CPUE
(t/hour)

'Approaching fu ll u tilization level 

-’C om m onw ea lth  o f the  Northern Mariana Islands

'Fishing m ora torium  currently  in e ffec t w ith in  U S EEZ {Hancocl> Seamounts), fishery considered overfished  a t seam ounts outs ide  U S EEZ

of some 1,000,000 t of pelagic armorhead. Facing 
a steady decline in CPUE after 1972, the former 
Soviet fleet left the Fishery after 1975. The com­
bined catch index for all seamounts has remained 
depressed since the late 1970’s. The inclusion in 
1977 of the southernmost seamounts (Hancock 
Seamounts) in to the U.S. Exclusive Economic 
Zone (IT '/.) allowed for a small portion ol the 
fishery to he managed in a lim ited way. A prelim i­
nary fishery management plan was developed that 
year which provided lor lim ited foreign harvest­
ing at the Hancock Seamounts under a permit 
system during 1978-84. However, catches re­
mained low, and all fishing ceased after l l>84. 
Under the Fishery Management Plan for the 
Bottomfish and Seamount Groundlish Fisheries 
of the Western Pacific Region, a 6-year fishing 
moratorium was imposed on the Hancock Sea­
mounts in 1986. The moratorium was extended 
for two additional 6-year periods, the latest start­
ing in 1998 and ending in 2004.

F ig u re  17-1

CPUE in m e tr ic  to n s  (t) per 
h ou r for pe lag ic  a rm orhead  
taken by the  Japanese  tra w l 
fishery.

Year

SPECIES AND STATUS  

Bottom fish

In Hawaii, the bottomfish species fished in 
elude several snappers (elm, onaga, opakapaka), 
jacks (u lua, b u ta g u ch i), and a g rouper 
(hapu tipu u), whereas in the more tropical waters 
ol ( ¡uam, Mariana Islands, and American Samoa, 
the fishes include a more diverse assortment o f spe­
cies w ith in  the same families as well as several spe­
cies o f emperors, fliese species arc found on rock 
and coral bottoms at depths of 50—400 m. Catch 
weight, size, and fishing effort data are collected 
lor each species in the five areas. However, the sam­
pling programs vary in scope between the areas. 
About 90% ol the total catch is taken in Hawaii, 
w ith the majority ol the catch taken in the M i l l  
as compared to the N W H I (Figure 17-2).

Stock assessments, though somewhat lim ited, 
indicate that the spawning stocks of several im ­
portant M H I species (elm, hapu tipu u, onaga, 
opakapaka, and uku) are at only 5-3(1% of orig i­
nal levels. ( hi aga and elm presently appear to be 
the most stressed among M l II bottomfish species.

Pelagic Arm orhead

The seamount groundlish fishery has targeted
just one species: the armorhead. Since 1976, this 
bottom trawl fishery has been almost exclusively 
conducted by Japanese trawlers fishing the sea-

1 9 0
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mourns in in te rna tiona l waters beyond the 
Hancock Seamounts. The fishing grounds com­
prising the Hancock Seamounts represent less than 
5% o f the total fishing grounds. The long-term 
potential yield ( I'ahle 17-1) is 2,123 t, hut recov­
ery to these former levels has not occurred.

Standardized stock assessments were con­
ducted during 1985-93. Research cruises were fo­
cused on Southeast Hancock Seamount, and the 
armorhead stock was sampled w ith  bo ttom  
longlines and calibrated against Japanese trawling 
effort. ( atch rates vary but have not shown the 
increases expected after the fishing moratorium 
was implemented (Figure 17-3). Furthermore, the 
increase in the 1992 seamount-wide CPUE (Fig­
ure 17-1) caused by high recruitment was appar­
ently short-lived, as CPUE declined appreciably 
in 1993 and thereafter. Closure of only the small 
U.S. EEZ portion o f the pelagic armorhead’s de­
mersal habitat may not be sufficient to allow popu­
lation recovery, because these seamounts remain 
the only part o f the fishery currently under man­
agement.

ISSUES  

Scientific Advice and 
Adequacy of Assessm ents

Adequacy of the biological and catch data col­
lected is a primary management concern for the 
western Pacific bottomfish fishery. For example, 
the reproductive biology of many of the im por­
tant species in Guam, Mariana Islands, and Ameri­
can Samoa is unknown, and spawning stock bio­
mass cannot be computed.

Transboundary Stocks  

and M an ag em en t Jurisdictions

Landings (t) 

600 -
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Landings
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CPUE 
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250 -

70  75
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F ig u re  17-2

B o tto m fis h  la n d in g s  in  m e tr ic  to n s  (t) and  
CPUE in  p ounds  per day at the  M a in  H aw a iian  
Is lands (above) and  th e  N o rth w e s te rn  H aw a i­
ian Is lands (b e lo w ). N ote: Th is  fig u re  in O ur 
L iv in g  Oceans 1995d isp layed  the  CPUE fo r  the
N o rthw e s te rn  H aw a iian  Is lands p r io r  to  1988 

a t d o u b le  th e  co rrec t va lue .

200 Landings

CPUE
(Ibs./day)150

1.400

100

00 1 i1 1
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Year

The primary issue for the armorhead seamount 
fishery is how to implement some form of man­
agement on an international basis to provide con­
ditions more conducive for stock recovery. The re­
cruitment event of 1992 and subsequent stock de­
cline (probably from overharvesting) reinforce the 
need to implement some form ol management d 
this fishery is to recover to early 1970's levels.

M anagem ent Concerns

The spawning biomass o f several important 
M H I bottomfish species (ehu, hapu upu’ti, onaga, 
opakapaka, and uku) appears to be at about S— 
30% ol original levels. Thus, overutilization is a 
concern, and the Western Pacific Fishery Manage­
ment Council has recommended that Hawaii take

1 9 1
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CPUE
(lbs /1 .000 hooks)

300

100

CPUE

dergo a 2-year pelagic phase prior to recruitment 
into the fishery and that the seamount popula­
tions comprise a single stock.

_ l_

85

F ig u re  17-3

P e la g ic  a rm o rh e a d  CPUE 
fro m  b o tto m  lo n g lin e  sa m ­
p lin g  d u r in g  re s e a rc h  
c ru ise s . B ian n u a l sam p les  
w e re  taken  fro m  1985-88, 
and annua l sam ples th e re ­
a fte r .  N o s a m p le s  w e re  
taken in 1992.

89

Year

90

B ig e ye  tre v a lly . H anaum a  
Bay. Oahu, Hawaii.

action to prevent overfishing because the fishery 
and the bottomfish habitat are predom inantly 
w ith in  state waters. During the past 2 years, the 
State of Hawaii conducted a series of meetings with 
fishery managers, scientists, and fishermen to de­
velop a management plan for the states bottomfish 
fishery. I n 1998, the state established a new admin­
istrative rule that governs bottomfishing in state 
waters and includes restrictions on fishing gear and 
fishing areas.

Progress

Researchers continue to identify nursery habi­
tat for juvenile snappers and groupers in I lawaii, 
and age and growth curves have heen extended to 
include early juvenile stages. Improvements have 
been made in collection of more complete catch- 
und-effort data from the N W H I fishery. Fishery 
discard patterns and interactions w ith sharks and 
protected species have also been examined.

No progress toward cooperative international 
management is foreseen for the pelagic armorhead. 
Cooperative exchanges of fishery data w ith scien­
tific colleagues in Japan have provided annual com­
mercial catch data by seamount. Recently acquired 
biological data of importance for future manage­
ment considerations indicate that armorhead un-
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Pacific Highly Migratory 
Pelagic Fisheries

INTRO DUC TIO N

The fishes in this group range the high seas 
and often arc outside U.S. fisheries management 
jurisdiction. Some species are sought vigorously 
by both commercial and sport fishermen. The sta­
tus ot many is either uncertain or unknown.

D uring 1976-80, the eastern tropical Pacific 
tuna fishery expanded and was dominated by the 
U.S. fleet. Fishing became less profitable in the 
1980's, and many U.S. fishermen quit or moved 
to the central-western Pacific, leaving Mexico, with 
more than SO purse seiners, the dominant fleet in 
the eastern tropical Pacific. In the next decade, 
the U.S. fleet declined to about 7 vessels in 1993- 
97 in response to domestic regulations that ad­
dressed dolphin mortality concerns. Purse seiners 
(all countries) in the eastern tropical Pacific in

1997 numbered about 189. U n til 1980, the In- 
ter-AmericanTropicalTuna Commission (IATTC) 
regulated the international fishery w ith catch quo­
tas. Since then, IA TTC  regulations have been sus­
pended because Mexico w ith its dominant fleet is 
not a Commission member. Currently, there is no 
international tuna management in the eastern 
tropical Pacific; each coastal nation regulates fish­
ing w ithin its own exclusive economic zone (EEZ).

Also, since there is not yet an overall resource 
management program in the central-western Pa­
cific, the South Pacific Forum Fisheries Agency 
(FFA), which represents the South Pacific island 
nations, has instituted a licensing program tor for­
eign (distant-watcr) fishing fleets through access 
agreements. The U.S. fleet is currently lim ited to 
33 purse seiners in the region under an access 
agreement called the South Pacific Regional lima

Unit

18
N M F S  S O U T H W E S T  

F IS H E R IE S  S C IE N C E  CE N TE R
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Tab le 18-1

P ro d u c tiv ity  in m e tr ic  to n s  
and s ta tus  o f Pacific h ig h ly  
m ig ra to ry  pe lag ic  species.

OUR LIVING OCEANS

Xi ■ es, arta

Recent 
average yield 

(RAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock level 
relative to 

LTPY

V e i- 'W f in  tu n a  (central-western Pacific)' 335.451 600.000 600,000 under above

Y c i lo w f in  tuna (eastern-tropical Pacific)' 257,333 300,000 unknown full near

Skipjack tuna (central-western Pacific)' 950.527 2,000,000 2.000,000 under above

Skipjack tuna (eastern-tropical Pacific)' 135,967 135,967 135,967 under near

Alhacore (North Pacific)' 73,667 80,000 80,000 under near

Albacore (South Pacific)' 36,733 36,733 36,733 unknown near

Bigeye tuna 132.615 160,000 160,000 full near

Blue marltn- 23,278 23,278 23,278 over below

Blac) marlin-' 2.621 2,621 2,621 uni nown near

Striped marlin2 11,649 11,649 11,649 under near

Sailfish and shortbill spearfish2 4.360 4,360 4,360 unknown near

Swordfish2 29,794 29,794 25,000 unknown near

W ahoo2 160 160 160 unknown near

Dolphinfish2 23,020 23,020 23,020 unknown near

Pelagic sharks2 32,243 32,243 32,243 unknown unknown

Total 2,049,418 3.439,825 3,435,031

U S Subtotal4 253,606 253,116 253,116

1995-97 average

1993-95  average

1994-96 average

4U S subto ta l is U S landings o f tunas, sw ord fish , and b illfish  for 1993-95, 1995-97 data are unavailable

Treaty. Ute FFA opened multilateral talks in 1994 
for the purpose ol developing a conservation and 
management treaty tor tropical tuna species and 
South Pacific alhacore. These talks are continuing 
at an accelerated pace.

Currently, there is no international manage­
ment regime for the pelagic species in the North 
Pacific. An informal arrangement has existed be­
tween |apan and the United States lor assessing 
the status ol North Pacific alhacore (scientists from 
Canada, Taiwan, and the Republic ol Korea also 
participate.) Recently, the United States and Ja­
pan, through a bilateral agreement, established the 
Interim Scientific Committee for Tuna and Tuna­
like Species in the North Pacific Ocean to m oni­
tor North Pacific fisheries as a precursor (or a 
management regime.

1 Ile temperate-water blttefin tuna is not con­
sidered here, as most catches have been relatively 
m inor and taken off California in recent years. 1 his 
species is taken incidentally while purse seining 
tor other species (anchovy and mackerel; ycllow- 
Itn and skipjack tunas). It is also taken sporadi­

cally by the Hawaii-based longlme fishery on the 
northern swordfish grounds.

U.S. billfish harvests (except for swordfish) 
have been dwarfed In foreign harvests (mostly 
from longline fisheries). There is no international 
authority managing these species in the Pacific, 
although thev are under consideration in the 1TA 
talks. I ' . S. management authorin ’ lor billfish and 
tuna m the 1 1 /  rests w ith the Western Pacific 
Regional Fishery Management C ottneil for cen­
tral and western Pacific waters, and w ith the Pa­
cific Fishery Management Council for N orth 
American waters. In the past, the latter has del­
egated management to the State of California for 
swordfish, striped marlin, and some sharks. C ur­
rently, there is renewed interest bv the Pacific Fish­
ers' Management Council in developing billfish, 
tuna, and shark management plans.

Species and Status

Highly migratory pelagic species include tropi 
cal tunas (yellowfin, higevc, and skipjack), alha-
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core, marlins, spearfish, sail fish, swordfish, sharks, 
and other large fishes. Most are caught commer­
cially, but some, especially marlins, support im ­
portant recreational fisheries as well.

Tropical Tunas

Longline gear is used to catch yellowfin and 
bigeye tunas across the Pacific, whereas the purse 
seine is the primary gear in the eastern and the 
western tropical Pacific for capture of yellowfin 
and skipjack tunas. Purse seine fishing is conducted 
generally between la titude  20 N and 20'S . 
Longline fishing extends to higher latitudes (e.g. 
to 40°N). Other gears used in the central-western 
Pacific fisheries include ring net, handline, troll, 
and pole-and-line. Purse seiners, dominated by 
LT.S. and Japanese fleets but with substantial fleets 
from Korea and Taiwan, take 30-50%  of the yel­
lowfin tuna catch in the central-western Pacific. 
In 1996, the total number o f purse seiners in the 
central-western Pacific was more than 200, includ­
ing 40 U.S. seiners. V irtually all skipjack tuna is 
taken by pole-and-line and purse seine. Most o f 
the bigeye tuna catch is taken by longline gear.

Mexico is the primary fishing nation in the 
eastern tropical Pacific. ( fthers include the United 
States, Vanuatu, Venezuela, and some other coastal 
nations. M ajor fishing fleets in the central-west­
ern Pacific come from the United States, Japan, 
Republic o f Korea, Philippines, and Taiwan. Cur­
rent, recent, and long-term potential yields for the 
various species are given in Table 18-1.

More skipjack tuna are caught than any other 
tuna species. The recent annual yield o f Pacific 
skipjack tuna taken by U.S. and foreign fleets is 
950,527 metric tons (t) from the central-western 
Pacific and 135,697 t from the eastern tropical 
Pacific (Figure 18-1); recreational catches are small. 
The species is believed to be underutilized, w ith 
the long-term potential yield for the central-west­
ern stock between 4,000,000 and 6,000,000 t. The 
annual dockside ex-vessel revenue o f the U.S. and 
foreign Pacific skipjack tuna catch is about 
5869,000,000, and for yellowfin tuna it is well in 
excess of $4^4,000,000. These figures are based 
on a conservative dockside price of $S00/t for both 
species. T he recent average yield o f yellowfin tuna 
for the entire Pacific is about 592,784 t (Table

Landings 
(■ 1.000 t)

1.200 -

Eastern tropical Pacific

_j I I I I i I 1 I L

70

Year

F ig u re  18-1

Landings o f skipjack tuna in 
the  Pacific Ocean reg ion , 
1970-97, in m etric tons (t).

Landings 
(* 1.000 t)

Centra w este rn  Pacific

Eastern tropical Pacific

I
80 85

Year

18-1), distributed about equally between the east­
ern tropical and the central-western Pacific (Fig­
ure 18-2). Recent assessments of yellowfin tuna

F ig u re  18-2

Landings o f ye llow fin  tuna 
in the Pacific Ocean region, 
1970-97, in m etric tons (t).

Central w es te rn  Pacific

1 9 5



1 9 9 9

OUR L IV ING OCEANS

Landings 
( ' 1.000 t)

South Pacific
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Year

F igure  18-3

L a n d in g s  o f  a lb a c o re  tu n a  in indicate that the long-term potential yield tor the
th e  P a c if ic  O c e a n  r e g io n .  eastern tropical Pacific is about 300.00(1 t, mak-
1970-97, in  m e tr ic  to n s  (t). . . .  . ..

tug this resource fu lly utilized. I lie long-term po­
tential yield for the central-western Pacific is esti 
mated at 600,000 to 670,000 t, indicating the 
stock is underutilized.

1 lie recent average yield of bigeye tuna lor the 
entire Pacific is about 133,000 t ( fable 18-1) gen­
erating ex-vessel revenues o f about Si b illion, with 
most of the catch taken by foreign longline fisher­
ies. Bigeye tuna is mostly sold for raw consump­
tion as Japanese-style “«sh im i" and brings the 
highest dockside price of any tropical tuna (about 
$7,000/t). "I he best available estimates of long­
term and current potential yield are about 160,000 
t (Table 18-1), and the current level of fishing ef- 
lort is the highest recorded to date. Recent catches 
and catch rates have been lower than seen during 
the 1990-92 period, and the stock may be fully 
utilized.

Albacore

Albacore is fished from the northern lim its ol 
tile North Pacific Transition Zone to about lati­
tude IS N. and from ]apan to North America. In 
the South Pacific, it is fished from about latitude 
18' S to the southern lim its of the Subtropical

Convergence Zone and from South America to 
Australia.

In the North Pacific, albacore is fished prima­
rily  by longline, pole-and-line, trolling, and until 
1992, drift gillnet. Longline gear is used in the 
lower latitudes and accounts for about 20-25%  
of the current catches. 1 he surface fisheries (pole- 
and-line, troll) operate in the higher latitudes o f 
the North Pacific Transition Zone and account lor 
75—80% of the carches. I he U.S. fishery extends 
from the middle of the Pacific Ocean to the North 
American coast and uses between 80(1 and 2,000 
vessels. Based on a dockside price of $2,200/t, the 
annual ex-vessel revenue of the North Pacific al­
bacore catch is about S148 m illion.

South Pacific albacore is fished primarily by 
longline and trolling. As in the north, longliners 
operate nearer the equator than (rollers. Surface 
gear is fished in the Tasman Sea and in the Sub­
tropical ( emergence Zone at about longitude 
160 \V. In 1996, about 80 U.S. [rollers fished the 
Sottth Pacific.

Pacific albacore (both the north and south 
stocks) has a long history of exploitation (Figure 
1 8-3). Recent development of a large surface fish­
er)- in the South Pacific, in addition to the longline 
fishery, has changed the previous stock assessments 
from fully exploited, under a longline-nnlv fish­
ery, to unknown. No long-term potential yield has 
yet been estimated, but a comprehensive assess­
ment is needed due to the opposing effects of a 
rapid expansion of the tro ll fishery in the late 
1980’s and termination ol the driftnet fishery in 
1991.

In the North Pacific, total catches, catch rates, 
and fishing effort in the U.S. troll fishery and the 
Japanese pole-and-line fishery declined until the 
earlv 1990’s then began increasing through 1996 
(Figure 18-3). Current assessments estimate long­
term potential yield between 80,000 and 1 04,000 
t. This follows a period ol higher stock utilization 
at or above the long-term potential yield in the 
1970’s, I his early high production, coupled w ith 
a drift gillnet fishery from 1980 to 1992 (for which 
statistics are incomplete), probably overutilized the 
stock. It appears that the stock has recovered from 
the earlier period of overfishing; however, increas­
ing catches may once again threaten the slock.
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Swordfish

Swordfish are distributed throughout the tem­
perate, subtropical, and tropical waters o f the Pa­
cific. Much o f the Pacific-wide catch is taken by 
the Japanese longline fishery directed at tunas, 
some is taken by the U.S. swordfish longline fish­
ery, and the rest is taken by surface gears such as 
harpoons, handlines, coastal d rift gillnets and, until 
1993, high-seas d rift gillnets. Coastal fisheries oc­
cur o ff the United States, Japan, Taiwan, Mexico, 
Chile, and Australia. Catches have increased 
throughout the 1980’s and 1990’s (Figure 18-4), 
averaging about 30,000 t in recent years (Table 
18-1).

The stock structure and status o f Pacific sword­
fish stocks are unclear. Several studies suggest more 
than one Pacific stock. The most recent assessment 
assumed a single Pacific stock and suggested that 
the stock was somewhat underutilized. Ffowever, 
this assessment was lim ited to data through 1980. 
More recent statistics on catch and effort are not 
available, but as total catch has increased so has 
the crude estimate of long-term potential yield. 
The recent average yield for 1993-95 exceeds the 
estimated long-term potential yield ( Table 18-1).

From 1989 to 1993, production from the U.S. 
domestic longline fishery in Hawaii increased rap­
idly, reaching 5,942 t and an ex-vessel revenue o f 
$26,100,000 in 1993- Catches declined to 2,504 
t in 1996. The 1995 production represents 9% o f 
the total Pacific production and 50% o f the cen­
tral-eastern North Pacific production.

The production from the U.S. domestic gillnet 
and harpoon fisheries located prim arily off Cali­
fornia increased markedly from 1975 to 1985, 
when a peak catch o f2,400 t  was landed. The fish­
ery currently has a recent average annual yield of 
1,124 t for about $5,000,000 in ex-vessel revenue.

O ther Billfishes and Pelagios

Species included here are the blue, black, and 
striped marlins; sailfish, shortbill spearfish, wahoo, 
dolphinfish, and several oceanic sharks (requiem, 
thresher, hammerhead, and mackerel). They gen­
erally range from North America to Asia and be­
tween the North and South Pacific convergence 
zones. They are generally more abundant near is-

Landmgs 
(X 1,000 t)

35 -

Entire Pacific

U S eastern-tropical Pacific

I L J  L_ J  L

U S central-western Pacific

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

Year

Landings 
{X  1,000 t)

F ig u re  18-4

Land ings o f sw o rd fis h  in the 
Pacific  Ocean re g io n , 1979- 
97, in m e tr ic  to n s  (t). Pacific- 
w id e  d a ta  u n a v a ila b le  fo r  
1997.

Entire Pacific

U S central-western Pacific

79 80 81 82 83 84 85 86 87 89 90 91 92 93 94 95 96

Year

F ig u re  18-5

L a n d in g s  o f b i l l f i s h  a n d  
sharks in  the  Pacific  Ocean 
re g io n , 1979-96, in  m e tr ic  

to n s  ft) . D ala fo r  1997 n o t 
ava ila b le .

1 9 7



1999

OUR LIVING OCEANS

S tr ip e d  m a r lm . lands, continental slopes, seamounts, and oceanic
Ironts, and many arc important to local econo­
mies. They arc caught by foreign and U.S. recre­
ational and commercial fishermen.

U.S. commercial fishermen in the western and 
central Pacific primarily use longline, tro ll, and 
handline gear to catch marlins, spearfish, walton, 
and dolphinfish. Recreational fishing gears include 
rod-.md-reel and handline. Sharks are taken by 
longline in the central North Pacific and by har­
poon and drift gillnet off North America.

Because of the many species in this “other 
category, no accurate dollar value can be calcu­
lated for the annual catch. 1 fowever, the U.S. catch 
ol blue and striped marlin is worth about $2,00(1/ 
t ex-vessel, and the U.S. catch ol wahoo and 
dolphinfish is worth more than $4,000/t.

I hree species dominate the reported catches 
of “other pelagios’ : blue and striped marlins and 
sharks (Figure 18-S). Catches in this category bv 
U.S. fisheries for the central and western Pacific 
increased steadily through the lOSO’s, leveling out 
in the 1090’s. Pacific-wide shark catches in the 
carcharhinid and requiem shark categories re­
ported to the Food and Agriculture Organization 
of the Lin i ted Nations total about 22,000 t/year, 
but pelagic shark catches are reported by only a 
few nations. The total Pacific harvest of pelagic 
sharks is unknown.

1 he status of most species' stocks is unknown 
or uncertain. Assessments using data through 1 OSS 
indicated that striped marlin were utilized slightly

below their long-term potential yield, and blue 
marlin were fished above their long-term poten­
tial yield; however, new data are needed to con­
firm  or dispute these findings. 1 he condition of 
virtually all shark species remains unknown.

ISSUES  

M an ag em en t Concerns

There are two primary issues for the manage­
ment of pelagic species in the Pacific. The first is 
the development and implementation of compre­
hensive international plans for gathering and re­
porting fishery statistics; the second involves set­
ting up conservation and management regimes to 
encompass all interests and ensure sustainable fish­
eries. Both the South Pacific 1 urtitn  Fisheries 
Agency treaty talks and the recently begun Interim 
Scientific Committee for Funa and funa-like Spe­
cies in the North Pacific Ocean appear to be ad­
dressing these concerns. I he poor quality of some 
data and the lack of current data in several fisher­
ies prevent conducting accurate and up-to-date 
stock assessments, developing informed manage­
ment options, and preparing pragmatic advice for 
rational exploitation and conservation ol the re­
source.

Another major issue affecting virtually all fish­
eries to some extent is the bycatch taken during 
fishing operations. Bycatch is defined as the cap­
ture or mortality of nontarget species and target 
species which are not retained (discards). Some 
examples of bvcatch include catches o f small tuna 
discarded by purse seine fisheries; takes o f seabirds, 
including endangered species, and sharks discarded 
by longline fisheries; the impact of chase and en­
circlement on dolphins in the eastern tropical Pa­
cific purse seine fisherv; and the indiscriminate 
catch, killing, and discarding of nontarget species 
m purse seine operations around fish aggregating 
devices and other floating objects. Both U.S. and 
foreign fisheries are involved in bycatch issues.

W ith in  the L'.S. EEZ of the central-western 
Pacific, inc lud ing  Flawaii, American Samoa, 
Guam, and the Commonwealth of the Northern 
Mariana Islands, the Western Pacific Regional Fish­
ery Management ( ouncil has developed, and the 
Secretary of Commerce has approved, a fishery
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management plan for pelagic species. I lie plan 
specifically addresses concerns about the expanded 
Hawaii longline fleet and the potential for inter­
actions among longliners, trailers, and handliners 
by placing a cap on the number of permits issued 
to longliners and establishing nearshore zones 
closed to longlining. At the Council’s behest, the 
National Marine Fisheries Service implemented a 
mandatory logbook and reporting system in the 
region's domestic longline fleet to collect statistics 
for fishery monitoring. Research is under way to 
analyze the fishery statistics and to evaluate the 
effectiveness of the longline fleet lim its. Also af­
fecting data collection is the recently enacted High 
Seas Fishing Compliance Act, which requires h 
censing and logbooks for all U.S. vessels fishing 
on the high seas.

Although they fish the same swordf ish resource 
as the Hawaii-based vessels, longline vessels oper­
ating out of California and Alaska have not been 
subject to the management regulations developed 
by the Western Pacific Regional Fishery Manage­
ment Council. U ntil their elim ination in 1993, 
high-seas d rift gillnet fisheries had taken a dom i­
nant share o f the N orth Pacific albacore catch. 
Recent developments indicate that the Pacific Fish­
ery Management Council is considering develop­
ment ol regulations in the U.S. west coast EEZ, 
and presumably in common w ith high-seas regu­
lations governing the western Pacific. In the South 
Pacific, the interaction between the established for­
eign longline albacore fishery and the surface fish­
ery (predominantly from the United States) needs 
attention, particularly i f  allocation of available 
yield between the fisheries becomes an issue. A 
domestic longline fishery for albacore has started 
in American Samoa. A similar but larger fisher}’ 
in Western Samoa has raised gear conflicts and 
competition issues.

The N orth Pacific albacore stock appears to 
have been overutilized in the 1970's and 1980’s, 
possibly due to high surface fishery catches and 
decadal changes in ocean productivity. In the 
1990’s, the stock appears to have recovered, aided 
by reduced catches and a productivity increase. 
However, it appears that the stock may not sup­
port catches as high as those taken in the early 
1970’s. Creation of an international arrangement 
to manage the stock is another issue that needs

attention, particularly if the fishing nations want 
to reap the benefits of a recovered stock and pre­
vent another overfishing cycle.

Scientists recognize that at least one billfish 
species, the lndo-Pacific blue marlin, is depleted 
over its range, but no international management 
mechanism exists to rebuild the stock. Similarly, 
thresher and mako sharks taken in the U.S. west 
coast drift gillnet fisher}' may need protection from 
overexploitation. 1 lie Pacific Fishery Management 
Council has the jurisdiction to address this need.

The potential take o f endangered Hawaiian 
monk seals, endangered and threatened sea turtles, 
and seabirds is also o f concern. The monk seal 
problem has been addressed by the Western Pa­
c ific  Regional Fishery Management C ouncil 
through a strict prohibition o f  longlining w ith in 
a 50-mile area surrounding the Northwestern I la- 
vvaiian Islands. Sea turtle and seabird takes are 
monitored using data gathered by fishery observ­
ers on longline vessels.

Scientific Advice and 
Adequacy of Assessm ents

Population levels of the billfishes and other 
species are generally unknown or out of date: I here 
is no comprehensive international mechanism to 
collect and share fishery data on the Pacific-wide 
stocks, including those portions of the stocks that 
range in U.S. waters, although the Interim  Seien-o ’ o
tifie Committee lor luna and Tuna-like Species is 
addressing the issue. Basic biological data (beyond 
catches) are also lacking or grossly inadequate for 
most of these species. This lim its determination 
of the current condition o f the stocks. Bycatch in 
all fisheries is another issue.

The impacts of the U.S. longline fleet oti 
swordfish and other resources in the EEZ around 
Hawaii and in the central Pacific are unknown, 
but the catches are being monitored, and research 
is under way to better assess the stocks.

Progress

Research has been focused on selected issues, 
and progress has been made for several species. 
However, o il the whole, the number of species and 
issues remains more than can he addressed, given
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T a g g in g  a blue s h a rk  o f f  current agency resources.
so u th e rn  C a lifo rn ia . [;()r cen(ra|.westem Pacific tunas, informal in ­

ternational scientific meetings are annually con­
vened by tile South Pacific Forum Fisheries Agency 
to assemble fisheries statistics, evaluate fishery de­
velopments and assess the condition ol the stocks, 
l oi tuna and tuna-like species in the North Pa­
cific, the Interim Scientific Committee has been 
established, and initial meetings have been held 
regarding some species and fishery statistics. For 
many central and South Pacific fisheries, m u lti­
lateral treatv discussions may eventually lead to 
needed management arrangements.

Management ot the domestic fisheries has been 
successful in e lim inating gear conflicts among 
longline, tro ll, and handline fisheries. Lim ited 
en try  and area closures in the Hawaii-based 
longline fishery have limited the growth of the fish­
ery and reduced nearshore longline catches of tuna, 
billfish, and other pelagic species important to troll 
and handline fisheries, thus reducing the poten 
tial lor fishery interaction. A t the same time, the 
total yield ol the Hawaii-based longline fishery has 
increased during the 1990’s due to .111 expansion 
ol fishing effort, modifications of the seasonal lim ­
its of the area closures, and changes in areas o f 
operations. Area closures implemented in the 
Northwestern Hawaiian Islands to prevent inter­
action of the longline fleet w ith the endangered 
Hawaiian monk seal have been fu lly  successful.
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INTRO DUC TIO N

The groundfish complex is the most abundant 
o f all fisheries resources o ff Alaska, totaling more 
than 21,000,000 metric tons (t) of exploitable bio­
mass and contributing more than 2,000,000 t o f 
catch each year. Another 1,000,000 t o f under­
utilized sustainable potential yield is available.

Prior t o  the Magnuson Fisheries ( Conservation 
and Management Act ol 1976, the only ground- 
fish species of.significant domestic catch and value 
was Pacific halibut. A ll other groundfishes were at 
or near full utilization by foreign fisheries. The 
Magnuson Act extended Federal fisheries manage­
ment jurisdiction to 200 nautical miles and stimu­
lated the growth ol a domestic Alaska groundfish 
fishery that rapidly replaced the foreign fisheries. 
Much of the groundfish catches are exported, par­
ticularly to Asia, and such trade contributes prom i­
nently as a major source of revenue for U.S. fish­
ermen.

SPECIES A N D STATUS  

Pacific H alibut

The Pacific halibut is found from the Bering 
Sea to California, w ith the center of abundance in 
the G u lf o f Alaska. The resource is managed by a 
bilateral treaty between the United States and 
Canada and through research and quota recom­
mendations from the International Pacific H a li­
but Commission (1PHC). Pacific halibut, consid­
ered as one large interrelated biological stock, is 
regulated bv subareas through catch quotas, time- 
area restrictions, and (lately ) by individual vessel 
quotas. The commercial fishery has a long tradi­
tion dating back to the 1880’s. There is a growing 
recreational fishery as well.

Most components o f the halibut fishery had a 
very successful year in 1997. The resource was 
healthy, and the total catch was near record levels, 
totaling 53,720 t. The breakdown by fishers' was:

Unit
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commercial fisheries (39,240 t), recreational fish­
eries (S,0SO t), personal use (325 t), bycatch in 
other fisheries (7,l,^5 t), and m ortality due to fish­
ing by lost gear and discards (1,130 t).

'I he nature ol the commercial fisheries has 
changed dramatically in recent years, both ((ana­
dian and Alaskan halibut fisheries have moved 
from an open-acccss fishery w ith short fishing sea­
sons to an individual fishing quota (H Q) fishery 
of nearly 8 month’s duration. In addition, 1FQ 
share allocations have also been implemented for 
Ireatv Indian, commercial, and recreational fish 
cries for the Washington-California region. U n­
der such a tight allocation of quota shares, there 
has been a decline in overall size o f the fishing 
fleet. Vessels licensed to fish in Canada remained 
at 435, while 2,000 vessels fished in the U.S. fish­
eries in 1 9 9 7 , down from 3,400 vessels in 1993. 

lile  assessment of Pacific halibut stocks was

radically revised in 1996 due to a revelation that 
changes in individual growth rates have affected 
fishing selectivity by the gear. The new approach 
(Sullivan and Parma, 1998) takes a model for 
growth, additional information from surveys and 
bycatch observations, and brings in commercial 
catch-at-age and catch-per-unit-cffort (CPUE) 
data to determine the current and historical status 
of the population. I he approach also considers un­
certainties w ith selectivity by age versus length that 
resulted in two biomass estimates for each year. 
Fhe I PI K concluded that the true biomass lies 
between the two estimates. However, for the pur­
pose of being precautionary, the lower of the bio­
mass estimates tor the main range of Pacific hali­
but (G u lf of Alaska, Canada, and Washington- 
California) is shown in f  igure 19-1.

I he exploitable portion of the Pacific halibut 
stocks apparently peaked at 360,000 t in 1988 
(Figure 19-1). 1 he population has since declined 
s lightly  to a rather constant biomass level o f
298,000 -305,000 t over the past 5 years. Fhe long­
term average reproductive biomass for the resource 
was estimated at 130,000 t (Parma, 1998). Fong- 
term average yield (equivalent to the long-term 
potential yield) was estimated by Parma ( 1998) at 
29,750 t, round weight. I he species is lu lly  u ti­
lized. I he recent average yield (1995-97) was 
38,180 i lor the United States and 7,710 t for 
Canada, for a combined total of 45,890 ( tor the 
entire Pacific halibut resource, f his recent aver­
age yield was 6°n higher than the estimated long­
term potential yield, which reflected good condi­
tion of the underlying resource. I he values for re­
cent average yield and current potential yield 
shown in lahle 19-1 are for all catches— commer­
cial, recreational, bycatch, and waste.

Table 19-1

P ro d u c tiv ity  in m e tr ic  tons  
and sta tus  of Pacific ha lib u t 
resources.

Area

Bering Sea 

Gulf of A lasla  

I S Pacif c Coast 

1 inadian Pacific Coast

Recent 
average yield 

(RAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

8.930 

29,200 

570 

7.710

11,280 

31,575 

855 

8.020

Not applicable 

Not applicable 

Not applicable 

Not applicable

Fishery
utilization

level

Full

Full

Full

Full

Stocf level 
relative lo 

LTPY

Near

Near

Near

Near

Tota l rest narce 

cl S subto ta l

46,460

38.750

5 1 .7 4 0

43,720

51.740

31,610

Full

Full

Near

Near
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Bering Sea and Aleutian  

Islands Groundfish

The average Eastern Bering Sea and Aleutian 
Islands groundfish catch during 1995-97 was 
about 1,780,(100 t (Table 19-2, Figure 19-2). The 
total catch in 1997 was 1,740,000 t, valued at 
$405,000,000 (ex-vessel). The dominant species 
harvested were walleye pollock (1,090,000 t val­
ued at $231,000,000), Pacific cod (240,000 t val­
ued at $ 116,000,000), and yellowfin sole ( 1 50,000 
t valued at $26,000,000).

Groundlish populations have been maintained 
at h igh levels since im p lem en ta tion  o l the 
Magnuson-,Stevens Fishery Conservation and 
Management Act. Their long-term potential yield 
totals about 3,500,000 t. I he current potential 
yield ol 2,500,000 t tor 1998 is slightly below the 
long-term potential yield. This potential, however, 
has not been fu lly  utilized because catch quotas 
cannot exceed the 2,000,0001 optimum yield lim it 
set in the groundlish fishery management plan.

W alleye Pollock: Pollock produce the largest 
catch of ant' single species inhabiting the U.S. Ex­
clusive Economic /one . The three main stocks, 
in decreasing order of abundance, are: eastern 
Bering Sea stock, Aleutian Basin stock, and the 
Aleutian Islands stock. Fhe eastern Bering Sea 
stock, sustained by the strong 1989 and 1992 year 
classes, is near the target biomass (i.e. the level that 
produces the long-term potential yield) and fully 
utilized. The Aleutian Islands stock is believed to

Year

be slightly below the target level and increasing.
Until 1992, another large fishery targeted the 

portion of the Aleutian Basin stock residing out­
side of the U.S. and Russian exclusive economic 
zones in the “ nonu t Hole" of the central Bering 
Sea. Historical catches from this stock were ap­
parently too high (well over 1,000,000 t through­
out the late 1980 s) and not sustainable. The abun­
dance o f the Aleutian Basin stock was consequently 
greatly diminished, and all fishing ceased iii 1993.

Pacific Cod: Pacific cod abundance remained 
high and stable throughout the 1980's. Although 
a string o f below-average year classes (those 
spawned in 1986-88) led to a downturn in abun­
dance during the early 1990’s, this trend has been

F igure 19-2

L a n d in g s  and  a b u n d a n c e  
tre n d s  in m e tr ic  to n s  (t) fo r 
B ering  Sea and A le tu tia n  Is­
land g ro u n d fish .

Species

Recent 
average yield 

(RAYI

Current 
potential yield 

ICPY)

Long-term 
potential yield 

(LTPYI

Fishery
utilization

level

Stock let 
relative ’ 

LTPY

Walleye pollock 1,140,400 1,140,000 1, 8 00 ,000 Full Near

Pacific cod 247,800 210,000 328 ,000 Full Near

Yellowfin sole 145,300 220,000 277 .000 Under Near

Greenland turbot 7,400 15.000 18.500 Under Below

Arrowtooth flounder 11,300 147,000 230 .000 Under Above

Rock sole 56,500 312,000 449,000 Under Above

Other flatfish 38,100 164,000 253 ,000 Under Above

Sablefish 1,600 1,300 2 ,160 Full Below

Pacific ocean perch 13.600 13,800 20 ,640 Full Above

Other roei fish 5,800 6,200 8,300 Under Above

Atka mackerel 83,800 134,000 64 ,300 Under Near

Other fish 24 ,000 136,600 27 ,800 Under Above

Total 1, 775,600 2 ,4 99 ,900 3 , 478 ,700

Table 19-2

P ro d u c tiv ity  in m e tr ic  Io n s  
and s ta tus o f Bering Sea and 
A leu tia n  Is lands g ro u n d fis h  

resources.

Biomass

Joint venture
Foreign

Landings 
1,000,000 t)

United S ta te s "

Biomass 
(x 1,000.000 t)

Total landings
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Table 19-3

P ro d u c tiv ity  in m e tr ic  Ions 
and s ta tus of G u lf o f A laska 
g ro u n d fis h  resources.

Spec e area

Recent 
average yield 

(RAY)

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock leve 
relative tc 

LTPY

Walleye Pollock 71,202 130,000 169,000 Full Below

Pacific cod 68,602 77,900 56.700 Full Above

F atfish 36.294 293,920 169,000 Under Unknown

Sablefish 15,957 14.120 23,700 Full Below

Atka mackere 873 600 Unknown Unknown Unknown

Slope rockfish 14,863 24.670 Unknown Full Below

Thornyhead rockfish 1,162 2,000 3,750 Full Above

Pelagic shelf rock fish 2,605 5,000 Unknown Unknown Unknown

Demersal shelf rockfish 364 560 Unknown Full Unknown

Total 211 ,927 548 ,770 452,980

Y e llow eye  rockfish.

reversed due. to a subsequent string ol above-aver­
age year classes (those spawned in 1989-91).The 
cod stotk is now considered to be healthy, though 
declining slightly in abundance, and lu lly utilized.

Flatfishes: A ll flatfish species are underutilized 
and, w ith the exception of Greenland turbot, ap­
pear to be at above-average abundance levels. The 
underutilization of flatfish results front the fish­
ery management plan requirement to maintain 
overall groundfish catches w ith in  the 2,000,000 t 
optimum yield cap and a desire to prevent exces­
sive incidental catches o f Pacific halibut and king 
and Tanner crabs.

Yellowfin sole is the most abundant of the flat­
fishes. W ith in  the overall groundfish complex, 
yellowfin sole ranks second in abundance behind 
walleve pollock. In terms of harvest, yellowfin sole 
ranks third among the groundfish complex behind 
pollock and Pacific cod. Greenland turbot, the only 
flatfish stock below target abundance levels, shows 
a continued decline front the high levels during 
the early 1980’s due to poor spawning success.

Among the other flatfish species, abundance 
continues to be high and stable. Rock sole is now 
the second most abundant o f the flatfishes and 
the third most abundant o f  all groundfish species, 
having increased steadily throughout the survey 
time series (i.e. since 197S).

Sablefish: Sablefislt (or blackcod) is a valuable 
species caught mostly w ith longline and pot gear 
in depths greater than those fished bv trawlers. 
Sablefish is considered to be a single stock Iront 
the Bering Sea and Aleutian Islands region to the 
Guii of Alaska. I he population declined substan­
tially in 1990, perhaps due to migrations into the

G ulf of Alaska and a general retraction of the 
stock’s range. Recent recruitment has been rela­
tively weak, and the stock is considered below its 
long-term average level. Sablefish is fu lly  exploited 
(w ith in the context of allowing stock-rebuilding 
to  occur).

Rockfish Rockllshes are assessed and managed 
as two major groups: Pacific ocean perch and other 
rockfish. I he former's abundance dropped sharply 
owing to intensive foreign fisheries in the 1960’s 
and remained low into the early 1980’s. In recent 
years, catch levels have been set well below cur­
rent potential yield to help rebuild the stocks. I he 
Pacific ocean perch group appears to have recov­
ered and is currently harvested at full utilization 
levels (w ith in the context of risk-averse manage­
ment).

A tka M ackerel: I he Atka mackerel stock lives 
mainly in the Aleutian Islands region. Previously, 
current potential yield for this species had been 
set conservatively low because of uncertainty re­
garding its abundance. However, trawl surveys 
conducted by the Alaska Fisheries Science Center 
in 1986 and 1991 have confirmed a higher abun­
dance than was previously realized, and a gradual 
increase in the rate o f exploitation was phased in 
from 1992. Phis stock is considered at its average 
level, declining slightly, and lu lly  utilized.

O ther Species: In recent years, other species 
have represented l°o  or less o f the total ground- 
fish catch. Sculptus and skates probably consti­
tute most o f this resource, but the abundance of 
pelagic squids, smelts, and sharks is largely un­
known Fhe current potential yield has been set 
at the average catch level.
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Gulf of Alaska Groundfish

Groundfish abundance in the Gulf o f Alaska 
increased since 1977, peaking at 5,300,000 t in 
1982. Abundance since then has remained rela­
tively stable, fluctuating between 4,500,000 and
5,300,000 t. The estimated long-term potential 
yield (451,440 t, Table 19-3) for G u lf of Alaska 
groundfish has not been updated since last re­
ported (NMFS, 1996). The current potential yield 
for the groundfish complex totaled 548,770 t 
which reflects a high abundance of some stocks 
relative to their long-term potential yields. The 
recent average yield o f the complex is 21 1,922 t. 
The wide disparity between the current potential 
yield and the recent average yie ld is due to 
underutilization of some groundfish species, par­
ticularly for flatfish, that could not be fu lly har­
vested w ithout exceeding incidental catch lim its 
o f Pacific halibut set by the North Pacific f isher­
ies Management C ouncil.

G u lf o f Alaska groundfish catches have ranged 
from a low of 129,640 t in 1978 to a high o f 
352,800 t in 1984 (Figure 19-3). I he groundfish 
catches are dominated by pollock, followed by 
Pacific cod, flatfish, and rockfish. Groundfish 
catches since 1989 have fluctuated around 200,000 
t. The 1997 groundfish catch of 225,000 t was 
valued at $144,000,000 (ex-vessel value). Sable­
fish comprised about 55% ($79,000,000). Other 
major revenue-producing species in 1997 were pol­
lock ($19,000,000), Pacific cod ($33,000,000), 
and flatfishes ($7,000,000).

Pollock: Pollock abundance has been increas­
ing in recent years due to strong recruitment from 
the 1994 year class. The western-central G u lf of 
Alaska pollock total allowable catch is further ap­
portioned among three areas and three seasons. 
This temporal and spatial apportionment of the 
pollock quota was implemented to accommodate 
Steller sea lion concerns; pollock are a major prey 
item o f Steller sea lions in the G u lf of Alaska. Pol­
lock are considered fu lly  utilized.

Pacific Cod: Pacific cod are abundant and full)' 
utilized. The Pacific cod stock has been declining 
for the past several years due to a lack o f signifi­
cant recruitment. However, recruitment from the 
1995 year class may reverse this trend in the near 
future. A risk-averse exploitation rate has been

Landings 
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applied to Pacific iod  in light of uncertainty about 
the natural m ortality rate and the proportion of 
the population not sampled by the survey gear.

Flatfish: Flatfish are in general very abundant, 
largely due to great increases in arrowtooth floun­
der biomass. Flathead sole, rex sole, and 
arrowtooth flounder are managed as separate cat­
egories, and the rest of the flatfish are managed as 
deep-water or shallow-warer groups. Flatfish are 
underutilized due to halibut bycatch consider­
ations.

Sablefish: Sablefish are approaching their low­
est observed population level and are projected to 
stabilize just above this lowest level in the near 
future. Sablefish have been on a slowly declining 
trend due to a lack o f strong recruitment. They 
are fu lly utilized. Sablefish have been harvested 
under an individual fishing quota system since 
1995. This has significantly changed the dynam­
ics of the fishery.

Rockfish: For management purposes, rockfish 
in the G u lf o f Alaska are divided into four assem­
blages or species groups: slope rockfish, pelagic 
shelf rockfish, thornyhead rockfish, and demersal 
shelf rockfish. Slope rockfish are at low levels of 
abundance and fu lly utilized. W ith in  this group, 
Pacific ocean perch, shortraker and rougheye rock­
fish, and northern rockfish are managed as sepa­
rate categories. The principal species o f the slope 
group, Pacific ocean perch and shortraker and 
rougheye rockfish, are highly valued. Slope rock-

F ig u re  19-3

L a n d in g s  a n d  a b u n d a n c e  
t re n d s  fo r  G u lf  o f  A la s k a  
g ro u n d fis h .
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fish, particularly Pacific ocean perch, were inten­
sively exploited by foreign fleets in the 1960’s. In 
recent years, Pacific ocean perch have started to 
rebound from the heavy exploitation of three de­
cades ago due to good recruitment from a series 
of year classes. Thornyhead rockfish are highly 
valued and believed to be at average levels of abun­
dance. Dusky rockfish is the dominant species in 
the pelagic shelf rockfish group, but its abundance 
estimate is variable d tie to problems assessing this 
species w ith current trawl survey methodology. De­
mersal shelf rockfish assessment and management 
are focused on the target species, yelloweye rock­
fish. Traditional population assessment methods 
(e.g. trawl surveys) are not considered useful for 
surveying demersal shelf rockfish because of their 
a ffin ity for rough terrain, l'hey are currently be­
ing assessed using a manned submersible. W hile 
estimates o f abundance have been calc tilatcd, there 
is insufficient historical information to determine 
trends. Rockfish in general are conservatively man­
aged due their long life spans and consequent sen­
sitiv ity to overexploitation.

A tka M ackerel: The Atka mackerel stock oc­
curs mainly in the Aleutian Islands region. Its 
abundance in the Ciulf of Alaska is much lower 
and highly variable. 7'he resource supported a large 
foreign fishery in the Gulf through the mid 1980 s 
but disappeared thereafter. Pargeting on the spe­
cies resumed in the Gulf in 1990, as the popula­
tion increased. The absolute abundance of the 
stock has been d ifficu lt to estimate by trawl gear 
since it is a shallow, schooling species that tends 
to reside on rough and rockv bottoms. Due to 
extreme variance in survey catches, it has been con­

cluded that stock abundance cannot be determined 
from trawl survey data. Because there is no reli­
able estimate o f Atka mackerel biomass and this 
species has exhibited vulnerability to fishing pres­
sure in the past. Atka mackerel are managed as a 
bycatch-only species. Quota levels are set at low 
levels which preclude a directed fishery hut accom­
modate bycatch needs in other fisheries.

ISSUES AN D PROGRESS  

Transboundary Stocks and Jurisdiction

Some of the U.S.-origin eastern Bering Sea 
pollock migrate into the Russian zone ol the north­
ern Bering Sea, intermingle w ith Russian stocks, 
and are subject to Russian exploitation. Such ex­
ploitation is o f concern to the United States as it 
could impact U.S. stocks and management. While 
this transboundary issue is a subject of continu­
ing U.S.-Russia scientific studies and discussions, 
a coordinated exp lo ita tion  and management 
scheme has not yet been reached. At this time, the 
United States can only indirectly consider the pos­
sible impact of Russian fishing on the U.S. stocks 
in setting exploitation strategies.

A former unregulated pollock fishery that oc­
curred in the “ Donut Hole” area o f the central 
Bering Sea has not been a problem since the imple­
mentation ol the Convention on the Conserva­
tion and Management of Pollock Resources in the 
Central Bering Sea. Under this C Convention, signed 
by the Russian Federation, Japan, Poland, C 'hina, 
the Republic of Korea, and the United States, a 
central Bering Sea pollock fishery has not been 
authorized because o f low biomass ol the Aleu­
tian Basin pollock stuck. In fact, the moratorium 
on pollock fishing in the central Bering Sea was 
voluntarily imposed from 1993 as negotiations on 
the Convention were proceeding.

Bycatch and M ultispecies Interactions

Pacific halibut, king. Fanner, and snow crabs, 
salmon, herring, and shrimp are considered pro­
hibited species for groundfish fisheries. 1 lie ii in ­
cidental take bv the groundfish fisheries must he 
recorded and returned immediately to the sea up 
to specified amounts set by regulation. W hile the
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problems o f incidental take may be biological be­
cause o f the overharvest by groundfish fisheries, 
they are mostly allocative in nature. Rycatch lim ­
its on such incidentally caught species have been 
set to mitigate the problem and have generally con­
strained further expansion o f the groundfish fish­
eries. W hen any bycatch lim it is reached, the 
groundfish fisheries could get closed, often before 
all of the available groundfish quota is taken.

The North Pacific Fishery Management Coun­
cil has also been testing an incentive program to 
control bycatch. This is an individual vessel in ­
centive program where hycatch rates are established 
for the fleet and regulated by individual vessels. It 
is designed to give a vessel more control over its 
own fishing destiny by holding it directly account­
able for its bycatch rates. The program has resulted 
in some success and is undergoing evaluation and 
change.

Marine mammal interactions w ith fish and 
fisheries are a growing concern to resource man­
agement. Fisheries compete for fish that marine 
mammal and other species, including seabirds, 
depend on for food in the marine ecosystem. The 
impact of fish removals on Steller sea lions has been 
postulated as an important factor for declining sea 
lion populations. The Steller sea lion is listed as 
threatened (eastern Pacific population) and endan­
gered (western U.S. Pacific population) under the 
Endangered Species Act and continues to decline. 
Since sea lions feed on pollock and other fish spe­
cies, groundfish fisheries are being regulated to 
reduce impact on them. In December 1998, the 
National Marine Fisheries Service (NMFS, 1998) 
issued a biological opinion under the Section 7 
Consultation of the Endangered Species Act that 
the Bering Sea and Aleutian Islands and the (¡u ii 
o f Alaska pollock fisheries are likely to jeopardize 
the continued existence of the western population

of Stellar sea lions and adversely modify its c riti­
cal habitat. As a result o f this jeopardy determina­
tion, the NMFS has proposed some reasonable and 
prudent alternatives to disperse the intensity of 
pollock fisheries in the critical habitat o f sea lions 
and enact additional 10—20 nautical mile no-trawl 
zones around sea lion rookeries and haul-out ar­
eas.

As the domestic groundfish fisheries are now 
fully developed and overcapitalized, allocation dis­
putes between tiser groups have also been a con­
tinuing problem. Fliese problems include inshore 
versus offshore, fixed gear versus trawler, and other 
user conflict issues. The N orth  Pacific Fishery 
Management C ouncil has been addressing the 
problems as the}- arise and developing fishery man­
agement plan amendments to mitigate them. Re­
cent amendments have made explicit allocations 
to inshore and offshore sectors of the industry as 
well as specific percentage allocation of target and 
bycatch amounts to specific gear types. The NMFS 
promulgated regulations to implement an ind i­
vidual fishing quota program tor sablefish and Pa­
cific halibut in 1995. Under this program, vessel 
owners are allocated transferable quota shares o f 
sablefish and Pacific halibut to use at their discre­
tion. More efficient use o f the resources are ex­
pected under this system.
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Alaska Shellfish Fisheries

INTRO DUC TIO N

Alaska's major shellfish fisheries developed in 
the 1960's in the Gulf of Alaska, subsequently ex­
panding to the Bering Sea and Aleutian Islands 
region, Shellfish landings in 1997 generated an 
ex-vessel value of $ 1S1,000,000 (preliminary). The 
most important o f these are the king and snow 
crab fisheries at $ 144,000,000. There was no fish­
ery forTanner crab in the Bering Sea in 1997 due 
to low stock abundance. Shrimp resources remain 
depressed, and sea snails are only lightly harvested. 
These and other miscellaneous invertebrate land­
ings contributed about $7,000,000 to ex-vessel 
revenue in 1997.

King and Tanner crab fisheries are managed 
primarily by the State of Alaska, w ith advice from 
a Federal fishery management plan for the Bering 
Sea and Aleutian Islands stocks. The sea snail re­
source falls under management o f a Federal pre­
lim inary fishery management plan. Shrimp and

other nearshore fisheries are managed by the Alaska 
Department o f Fish and Game.

SPECIES AND STATUS 

Crab

Three king crab species (red, blue, and golden 
or brown) and two Tanner crab species (Tanner 
crab and snow crab) have traditionally been har­
vested commercially o ff Alaska. Since the last re­
port (National Marine Fisheries Service, 1996) ex­
ploratory fisheries on new deep-water stocks of 
scarlet king crab, grooved Tanner crab, and tr i­
angle Tanner crab have begun, producing only 
m inor landings to dare. Yield values from these 
fisheries are presented in Table 20- 1. Information 
on current and long-term potential yield is lack­
ing for king and Tanner crabs; thus default values 
were derived from  historical average landings. 
Long-term potential yield is represented by catch

Unit

20
JERRY E REEVES  

B E N J A M IN  J. T U R N O C K

NM FS A laska F isheries 
Science C enter

Seattle
W a sh in g to n

S o rting  sn ow  crab, eastern 
B ering  Sea.
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Tab le  20  1

P ro d u c tiv ity  in m e tric  tons 
and s ta tus  o f A laska s h e ll­
fish  fish e rie s  resources

spec ê

Recent 
average yield 

(RAYI

Current 
potential yield 

(CPY)

Long-term 
potential yield 

(LTPY)

Fishery
utilization

level

Stock level 
relative to 

LTPY

Tam ei crab- 2,857 2,857 21,751 Full Below

m o w  crabs 39,053 39,053 37,202 Full Above

king crabs 7,170 7,170 36.481 Full Below

Shr nip 1,637 1,637 14.722 Full Below

Snails 1,414 1,414 3,062 Under Unknown

Total 52,131 52,131 113,218

andm gs 

< 1,000 t)

Bering Sea

6 0 -

40 -

0-

- Abundance¿J

D

u_L' I . J_L I I . J__L i 'J__L
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(x  1 ,0 0 0 ,0 0 0  

crabs)
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F ig u re  20-1

Land ings in m e tric  tons (t) 
and  a b u n d a n c e  tre n d s  o f 
k in g  c ra b s  in th e  G u lf o f 
A laska and Bering  Sea.

O p p o s ite  p ag e : O re g o n  t r i 

to n

Years

averages; current potential yield is set equal to re­
cent average yield, calculated as the must recent 
three-vear average. Stock status is determined by 
comparison ol tile short term average catches 
against long-term production. I he recent average 
yields for king (7 ,170 metric tons (t) ) and Tanner 
(2,857 t) crabs are below their respective long-term 
potential of 36,481 and 2 1,73 I t. by contrast, the 
recent average vield for snow crab o f 39,033 t is 
above its long-term potential yield o l 37,202 t. 
Alaska crab resources are h illy  utilized.

fhe ex-vessel value tor king crabs in 1997 was 
$56,000,000, S3,b()0,000 to r i  '.inner crabs (South­
east Alaska only), and $88,000,000 for snow crabs, 
t and mgs in 1997 were; king crab (9,200 t), Tan­
ner crab (862 t), and snow crab (53,220 t). A l­
most all this production came trom the Bering Sea, 
where value and landings tor king crab were 
($43,000,000 trom 6.720 t). All snow crab land­
ings came from the Bering Sea, and these dom i­
nated the rotal crab landings, comprising 58% of

value and 82% of catch (Alaska Department o f 
Fish and ( ¡ame, 1998).

The fleet fishing tor Alaska crab is comprised 
of 200-250 vessels, many o f which arc based in 
the Pacific Northwest. C Tibs are captured with 
baited pots, and most of the catch is landed in 
Dutch Harbor, Alaska. Catches are restricted by 
quotas, seasons, and size and sex lim its, w ith land­
ings lim ited to large male crabs. Fishing seasons 
are set at times o f the year which avoid molting, 
mating, and soft-shell periods, both to protect crab 
resources and to maintain product quality.

Catch and abundance trends (Stevens et ah,
1998) tor king crabs are shown in Figure 20-1. 
After a I 964-66 peak, declines were evident. Un­
til 1967, Japanese and Russian fisheries dominated 
Bering Sea landings, but those fisheries were 
phased out by 1974. lii the Bering Sea, domestic 
catches peaked at 74,000 t in 1980 and then 
dropped precipitously in 1981. Since then, the 
catches have remained low. G ulf of Alaska catches 
peaked in 1 ‘ IOS. then varied at a relatively low level 
tor a decade before dropping lower still in 1983. 
Almost all G u lf of Alaska king crab fisheries have 
been closed since 1983.

Fanner and snow crab trends (Stevens et ah, 
1998) are shown in Figure 20-2. The 1965—75 
period was a developmental phase. During 1975— 
85, the catch peaked at about 75,000 t in 1979 
and then declined. Since 1984 the catch increased, 
reaching an all-time high of 168,000 t in 1991, 
and then decreased into 199T Abundance trends 
for Bering Sea stocks indicate that the Tanner crab 
stock declined front a relatively high level in the 
late lODfs to a low in 1985. t he stock recovered 
and then declined again subsequent to 1989. and 
is curretitlv at a low level. From a low in 1985, 
snow crab rebounded sharply, producing the high 
catches of 19 9 1.
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Landings 
(x 1,000 t)

Shrim p and Sea Snail

The northern pink shrimp is the most im por­
tant of the five species making up Alaska shrimp 
landings. The domestic shrimp fisher)' in western 
Alaskan waters is currently at a low level. Shrimp 
abundance is also too low in the Bering Sea to 
support a commercial fishery. The western G u lf 
o f Alaska has been the main area of operation. D ur­
ing the 1970’s, when the fishery was more pro­
ductive, 50-100 vessels trawled tor shrimp at 
Kodiak Island and along the Alaska Peninsula.

Shrimp landings in the western G u lf during 
1960-90 (Figure 20-3) show that catches rose 
steadily to about 58,000 t in 1976 and then de­
c lined precip itously. Since 1988, neg lig ib le  
amounts have been landed, almost all o f it com­
ing from Southeast Alaska. Ex-vessel revenue trom 
the western shrimp fisheries averaged $4,000,000 
annua lly , and yie lded a peak revenue o f  
$14,000,000 in 1977. Bering Sea shrimp catches 
by Russia and Japan peaked at 32,000 t in 1963, 
declining gradually thereafter, un til the fishery 
ended in 1973. As w ith crabs, the potential yields 
o f shrimp stocks in Alaska are not well understood, 
and they have been equated to average catches. 
Shrimp are managed by regulating catch levels ac­
cording to stock abundance. In addition, spring 
“egg hatch” closures are used to protect breeding 
stocks.

The Japanese pot fishery for snails, conducted 
from about 1972 until ending in IOS” , peaked at 
about 13,000 t in 1974. Annual catches averaged 
about 4,800 t during the period of the fishery. The 
snail stocks of the Bering Sea are underutilized be­
cause they are only lightly harvested, w ith five ves­
sels participating in the Bering Sea during 1996.
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F ig u re  20-2

Land ings in  m e tr ic  to n s  (t) 
a n d  a b u n d a n c e  tre n d s  o f 
Tanner and  s n o w  c rabs  in 
th e  G u lf  o f A la s k a  a n d  
B ering  Sea.
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Recent average yield and current potential yield 
equal the 1994-97 average catch, and the long­
term potential yield equals the 19'72 -9 “7 average.

Figure 20-3

Land ings in m e tric  to n s  (t) o f 
sh rim p  and sna ils  in the  G u lf 
o f A laska and B ering  Sea.
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ISSUES AND PROGRESS LITERATURE CITED

Bycatch and M ultispecies Interactions

In general, crab and shrimp resources art dt 
pressed throughout Alaska. Fhe red king and Fan­
ner crab stocks in Bristol Bay are particularly low. 
The red king crab Fishery was closed in 1994 and 
1995, Following assessment o l the spawning stock, 
which has declined to a low level. During the 1996 
Fanner crab fishery only 800 t was landed, and 
the fishery was closed in 1997.

The bveatch o l crabs in trawl and pot fisheries 
continues to be a major issue. Not only is bycatch 
an allocation problem, but unknown mortalities 
from discards ol females and subadult crabs from 
pot and trawl catches could have an impact on 
the crab stocks. When crab abundance is low, the 
unknown bycatch mortality, i f  high enough, could 
impose unacceptable risks to stock recovery.

Alaska D epa rtm e n t o f  Fish and fla m e . 1998. Annual 

management report lo r  the she llfish fisheries o f the 

W estward Region, 1997. Regional In fo rm a tio n  Re­

po rt 4 K 9 8 -4 1 , 26 't p.

Stevens, B. G ., R. S. O tto , J. A . Haaga, and R. A. 

M a c in tosh , 1998. Report to  in d u s try  on the 1996 

eastern Bering Sea crab survey. N a tiona l M a rine  Fish­

eries Service, Alaska Fisheries Science C enter P ro­

cessed Report 98 -02 , S2 p.

N a tiona l M a rine  Fisheries Service. 1996. Alaska she ll­

fish fisheries. / h O u r liv in g  oceans. Report on the sta­

tus o l U.S. liv in g  m arine resources, 199S. U.S. D e­

partm ent o l C om m erce, N ( )AA  Technical Me m oran­

d in ii N M F S -F7S P O -19 , p. 107 -109 .

2 1 2



Nearshore Fisheries

INTRO DUC TIO N

For the purposes of this report, “nearshore fish­
ery resources” are those coasta! and estuarine spe­
cies found in the 0-3 nautical mile zone o f coastal 
state waters, and for which the National Marine 
Fisheries Service (NMFS) has no direct manage­
ment role.

Nearshore resources vary widely in species d i­
versity and abundance. Many are highly-prized 
gamefish. Others are small fishes used for bait, 
food, and industrial products. I he invertebrate 
species o f greatest interest include crabs, shrimps, 
abalones, clams, scallops, and oysters. Recent av­
erage yields from coastal state waters were at least 
310,402 metric tons (t) (Table 21-1 ). This amount 
excludes landings of large-scale nearshore fisher­
ies like anchovy, sardine, herring and the inverte­
brate resources described in earlier chapters.

Because the composition o f the nearshore 
fauna is very diverse and management authority

is shared among the many coastal states and other 
local bodies, Our Living Oceans 1999 does not at­
tempt a detailed treatment o f their status. How­
ever, this unit presents information on the more 
significant species o f national interest. For more 
comprehensive assessments o f individual species, 
readers should refer to reports published by state 
natural resource agencies

NORTHEAST REGION

The 1995-97 recent average yield for the 
northeastern U.S. nearshore species was at least 
74,450 t (Tables 21-1 and 21-2). This estimate is 
conservative and reflects mostly commercial land­
ings; however, recreational harvest estimates for 
many, especially the invertebrates, are lacking. The 
1997 dockside revenue from the commercial land­
ings was an estimated $206,000,000. Nearshore 
recreational value, though not available, is con-

Unit

21
EMORY D ANDERSON

NMFS Northeast 
Fisheries Science Center 

W oods Hole 
Massachusetts

TED CREASER
M aine Departm ent o f 

M arine Resources 
Boothbay Harbor Labora tory 

West Boothbay Harbor 
Maine

CLYDE L. M A CKENZIE. JR.
NMFS Northeast 

Fisheries Science Center 
Jam es J. Howard M arine 

Sciences Labora tory 
H ighlands 

New Jersey

J O S H U A  B E N N E T T
NMFS Southeast 

Fisheries Science Center 
M iam i 

Florida

DO UG LAS A. W OODBY
Alaska Departm ent o f 

Fish and Game 
Juneau 
Alaska

LOH-LEE LOW
NMFS Alaska Fisheries 

Science Center 
Seattle 

W ashington

SUSAN E. SMITH
NMFS Southw est Fisheries 

Science Center 
La Jo lla  

Californ ia

DAVID C HAMM
NMFS Southw est Fisheries 

Science Center 
Hono lu lu  Laboratory 

H onolu lu 
Hawaii

L ingcod  in co ra l o ff C a lifo r­
n ia  coast.
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Tab le 21-1

Recent average  la n d in g s  o f 
n ea rsho re  resources by re ­
g io n s , in  m e tr ic  tons.

Tab le  2 1 2

P ro d u c tiv ity  in m e tr ic  to n s  
and sta tus o f northeast near­
shore  fis h e ry  resources.

Le ft page: b lue  c rab ; r ig h t 
page: co m m e rc ia l catch o f 
b lu e  crab.

OUR L IVING OCEANS

Recent average yield Commercial Recreational
Region IRAY) RAY RAY

Nortiieast 74,450 72,550 1,900s

Southeast 93,540 91,534 3,7672

Pacific 133,090 n/a n/a

W estern Pacific 1,420 n/a n/a

Alaska 10,200 9,700 500

Total 312.700

’Only to r tau tog  and w h ite  perch, recreational harvest estim ates unavailable for invertebrate  species 

‘ Southeast Recreational RAY includes fm fish only N um bers are es tim ates based on surveys

Species/group

Recent 
average yield 

(RAY)1

Fishery
utilization

level

Stock level 
relative to 

LTPY2

Blue crab 42,000 Full Near

Sea urchin 11,400 Over Below

Atlantic hardshell clam 3,400 Over Below

Oyster 3,000 Over Below

Blue mussel 2,600 Unknown Near

Horseshoe crab 2,100 Unknown Unknown

Tautog 1,700 Over Below

Other shads and herring 1,700 Over Below

W hite  perch 1,200 Unknown Unknown

Jonah crab 1,100 Unknown Unknown

Softshell clam 1,000 Full Below

Roef crab 900 Unknown Unknown

Conch 850 Unknown Unknown

Sea cucum ber 740 Unknown Unknown

Am erican eel 480 Unknown Unknown

Sea w orm 240 Unknown Unknown

Periwinkle 30 Unknown Unknown

Bay scallop 10 Over Below

Total 74,450

‘ 1995-97  average I n< h iding recreational landings) 

LTP't -  Long-term  potentia l yield

sidered to be subst.in ti.il.

I here wns .111 ou tbreak o l Pfiesteria pisculida , 

.1 s ing le-ce lled m ic roo rgan ism  related to the d i 

noflagellates responsible lo r  red tide , in  the Chesa­

peake Bav reg ion in  the sum m er o t 1997. I his 

ou tb reak , possib ly due to  increased n u tr ie n ts  in  

l i le  w ater caused by p o llu t io n , resulted in  some 

tis ii k ills  as well as health problem s to i .1 small n in ii 

her o t sw im m ers, d ivers, and fisherm en in  some 

isolated estila rm e and coastal areas in  M a ry la n d  

and V irg in ia , and rang ing  as far south as N o r th

C a ro lin a . As .1 consequence , some areas were te m ­

p o ra r ily  closed to  fish in g . s \v m im in g , and bo a ting  

actis ities.

Landings o l b lue crab are the  m ost im p o rta n t 

o f the nearshore harvests to r the N ortheast Re­

g ion  (dable d 1-2). C o m m e rc ia l land ings in  1997 

were 4 5 ,5 0 0  t, 21"i> less than i i i  1996, w ith  an ex­

vessel value ot abou t $ 8 3 .0 0 0 ,0 0 0 . A bundance  in 

Chesapeake Bav. the  reg ion ’s m a in  producer, was 

above average 111 the  1 9 8 0 ’s, b u t decreased some­

w ha t in  the 1990 ’s and is c u rre n tly  at about the
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Landings 
6  1.000 t)

Blue crab. A tlantic & Gulf

Blue crab, A tlantic only

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

Year

long-term average level (Rugolo et al., 1997). Har­
vest levels in Chesapeake Bay, which comprise 
about S'S07!) o f the region’s total, declined nearly 
40% from a high in 1993 to 1996, hut improved 
ahout 25—30% in 1997. In contrast, blue crabs 
have been unusually abundant in Delaware and 
Raritan Bays, where landings have increased.

Sea urchins, second highest in northeast 
nearshore species landings (recent average yield o f 
11,400 t), have been subjected to increasing fish­
ing pressure ever since a major fishery began in 
Maine waters in 1987 to supply the Resh roe mar­
ket in japan. Landings increased from about 700 
t in 1987 to a high ol 19,200 t in 1993, but have 
declined to only 8,800 t in 1997. Abundance, as 
measured by catch-per- unit-e llort, has steadily de­
clined. A t the peak of the fishery there were 2,800 
harvesters delivering product to 88 buying stations 
along Maine’s coast (Robert M o rr ill, Personal 
Communication1) As local areas are intensively 
harvested by divers, traps, rakes, and drags, the 
fishery has expanded to other areas. In the 1997-

1 Robert ( . M o rr il l,  N M LS , Suite 212, M arine  Trade C enter.
2 Portland Fish Pier, Portland. M E  D a l l i i .

98 fishing season (September- April) in Maine, 
harvesting was restricted to 120 days because ot 
concerns about the continued decline in abun­
dance and the need for conservation.

Clysters, one o f the most valuable nearshore 
species (commercial landings valued at nearly 
$40,000,000 in 1997), have increased slightly in 
abundance in Delaware and C hesapeake Bays. 
Harvest levels had reached all-time lows in recent 
decades in both areas (Figure 21-1) because o f sub­
stantial mortalities caused by the diseases MSX and 
Dermo. Long Island Sound continues to be the 
region’s largest oyster producer. In 1997, MSX 
caused mortalities o f around 30% in some Con­
necticut beds, but production should be sustained 
because large supplies o f live oysters easily exceed 
the quantity that markets w ill take. In most areas, 
oyster supplies in estuaries still exceed the current 
market demand. The James River is the most con­
sistent oyster-producing habitat in Virginia, and 
abundance has increased there about 25% in the 
past 4 years. Improved abundance in traditional 
oyster-producing areas which had earlier suffered 
major declines due to disease w ill be dependent to 
a large extent on the successful development of 
improved broodstock o f disease-resistant native 
eastern oysters, restocking programs, and habitat 
enhancement.

Landings and abundance of hardshell clams 
from the traditional harvesting grounds have risen 
in Narragansett Bay, Long Island Sound (Con­
necticut) and Raritan Bav, but have declined

F ig u re  21-1

Land ings  o f b lue  crab  fro m  
the  G u lf and A tla n tic  Coasts, 
and sea u rch in  and o y s te r 
fro m  the  A tla n tic  Coast, in 
m e tr ic  tons (t).

8lue crab. Gulf only

Sea Urchin, A tlantic only 

Oyster, A tlantic only 
i i I i i i i I i i i i I ■ i i i I i < i i i ■ i ■ ■ i i ■
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Landings 
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F igure 21 2

Land ings o f hardshe ll c lam , 
s h o fts h e ll c lam , and  b lu e  
m ussel fro m  the G u lf and A t­
lan tic  Coasts, in m e tr ic  tons  
(t).

P rocessing  steam ed clam s, 
Kent N arrow s, M ary land .

sharply in Great South Kay and Barnegat Bay. In 
recent years, hard clam hatchery production has 
been substantial along the U.S. east coast in re­
sponse to the increased market demand for little- 
necks (the smallest and most expensive market cat­
egory). Current levels o f landings are about half 
of the early 19S0’s level (Figure 21-2). Ex-vessel 
value of landings has been around $35,000,000 
in recent years.

Softshell clam landings, which have declined 
since the late 1060’s (Figure 21-2), continue to 
decline in the largest producing areas, Maine and 
Maryland, horvet unexplained reasons, the clams 
have failed to reproduce in quantity in eastern 
Maine, a large producer o f clanis in the past, and 
diseases (sarcomas and Perkinsus) may be the p rin ­
cipal reason for the decline in stocks in Maryland. 
Clam abundance in Massachusetts, which now 
produces slightly more clams than Maine, has re­
mained about level due to consistently good an­
nual sets of seed and programs to depurate 
(cleanse) clams harvested from contam inated 
grounds. Current landings, around 1,000 t, are 
valued at about $8.000,0000-510,000,000.

Abundance of blue mussels in nearshore areas 
of Maine and Massachusetts, which produce nearly 
all the landings for the region, has declined slightly 
in recent years. During the 1980’s and early 1990s, 
landings increased markedly (Figure 21-2). Sup­
plies and both market demand and prices have 
been good and steady in recent years.

The bay scallop is the most sensitive commer­
cial mollusk to environmental perturbations, and 
its abundance remains low throughout the region 
because of the presence of adverse algal blooms, 
declines in abundance of eelgrass, and other prob­
lems. Rhode Island and eastern Fong Island, which 
once produced large quantities of bay scallops, now 
have sparse stocks because dense algal blooms or 
“ brown tide” k ill the scallops. Scallop abundance 
and landings in Massachusetts have declined 
slightly in the past year or two, hut are well below 
the levels experienced in the late 1970’s and early 
1980’s as a result of lost habitat and increased num­
bers o f predators.

Couchs or whelks are harvested from Massa­
chusetts through New York w ith pots and in V ir­
ginia w ith  dredges. Landings and the sizes o f 
conchs landed have both declined slightly in re­
sponse to steady harvesting from Massachusetts 
through New York, but landings have been stable 
in Chesapeake Bay (Virginia). Periwinkles, har­
vested only in Maine, have declined in abundance 
because o f intense harvesting. Increased numbers 
ot fishermen are now, for the first time, using 
dredges and rakes to harvest periwinkles to supple-
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ment their incomes. In addition, smaller peri­
winkles are being marketed.

Landings of Jonah and rock crabs have re­
mained fairly stable, with abundance unknown but 
thought to be fairly high. Abundance of slow grow­
ing horseshoe crabs has declined in Delaware Bay, 
the site o f greatest concentration.

A renewed interest in horseshoe crabs as bait 
for the American cel and conch pot fisheries, and 
use o f horseshoe crab blood by the biomedical in ­
dustry, elevated commercial catches front 412 t in 
1990 to about 2,800 t by 1997. An interstate fish­
ery management plan was adopted by the A tlan­
tic States Marine Fisheries Commission (ASMFC) 
in October 1998 in recognition o f the importance 
of horseshoe crabs and their eggs to the coastal 
ecosystem as food tor migrating shorebirds, fin- 
fish, and sea turtles, and in concern over the grow­
ing exp lo ita tio n  rate (A S M FC , 1998). The 
ASMFC fishery management plan mandates con­
servation measures in the M id-A tlantic area and 
m onitoring programs throughout the species’ A t­
lantic coastal range

Sea worms, dug principally in Maine, have 
continued to decline both in abundance and in 
average size because of heavy harvesting. These 
worms are highly sought as bait bv marine recre­
ational fishermen from Massachusetts to South 
Carolina.

A new fishery for sea cucumbers began in 
Maine several years ago to suppl)' Asian markets. 
At present, only one processor and three fishing 
vessels are involved in that fishery. Landings peaked

at about 1,300 t in 1996 and were only 61 t in 
1997. Abundance appears to be relatively steady.

U l the finfish included in this unit, only tau­
tog has heeri assessed. Recreational fishing accounts 
for about 85% of the total landings, which have 
continued to decline in recent years. Abundance 
remains at record low levels.

SO UTHEAST REGION

Relatively few fisheries front the southeast are 
highlighted in this un it, as many ot the tru ly  
nearshore fisheries of the region have been eos 
ered under Lhnts 7, 9, 10, and 11. In the south­
east as in the northeast, the recent as'erage yields 
reported here are underestimated, because they can 
generally be based only on commercial landings. 
Recreational landings, which may be considerable, 
are generally unavailable for the invertebrates that 
dom inate the southeast nearshore fisheries. 
Bs'cateh m ortality is not estimated, or is incom­
pletely estimated, for many species.

Blue crahs dominate the nearshore catch by 
weight. Recent landings have fluctuated around
60,000 t (Figure 21-1, Table 21-3). Oyster bar 
vests have trended downward over the last decade, 
but recent landings have been steady w ith a re­
cent average yield o f 10,440 t. Calico scallop has 
been important in the landings in the past (20,000 
t in  1984), but recent landings have averaged 1,184
t .

M ullet landings in the region have been af­
fected by a ban on nets over S00 square feet in

Species

Recent 
average yield 

(RAY1)
Commercial

RAY'
Recreational

RAY1

Fishery
utilization

leve!

Stock level 
relative to 

LTPY2

Blue crab 59,876 59.876 Uni' nown Unknown Unknown

M ullet 12,558 11,537 1,021 Unknown Unk nown

Oysters 10.440 10.440 Uni nown Unknown Unknown

Other herring & Spanish sardine 6,040 5,980 60 Unknown Unknown

Flounder (southern & Gulf) 1,514 609 905 Unknown Unknown

Bait shrimp 1,264 1,264 Uni nown Unknown Unknown

Calico scallops 1,184 1,184 Uni- nown Uni- nown Unknown

Ballyhoo, bigeye scad, flymgfish 664 644 20 Uni- nown Unknown

Total 93,540 91,534 Unavailable

'RAYs are fo r 1994-1996 Recreational data are estim ates based on surveys 

‘ LTPY = Long-term  potentia l yield

H orseshoe  c ra b  s tra n d in g , 
Lewes, D elaware.

C asting  a m u lle t net, Ever­
g lades C ity, F lo rida .

Tab le  21-3

P ro d u c tiv ity  in m e tr ic  to n s  
a n d  s ta tu s  o f  s o u th e a s t  
nearshore  fish e ry  resources.
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Floridas waters. This ban took effect July ], 1995. 
Recent average vield is down to 12,558 t, b lit more 
telling are the landings for 1996, which were re­
ported at 9,484 t. Commercial landings outweigh 
the recreational catch by slightly more than 10:1. 
Flerrings (not including American shad, alewife, 
or blueback herring) and Spanish sardine recent 
average yields total 6,040 t in the southeast, al­
most all from commercial landings. Bait fisheries 
fo r species sueli as ballyhoo and bigeye scad 
(goggle-eve) exist primarily in south Florida, w ith 
a net fishery for bigeye scad in the Florida pan­
handle. A major portion of the bigeve scad were 
landed in Palm Beach County prior to the state- 
issued net ban. Present landings in that area are a 
result of a hve-bait fishery and have a high value. 
Ballyhoo landings from the Palm Beach area also 
dropped, but those in the Florida Keys have been 
steady. Flying fish are often landed w ith the bally­
hoo.

PACIFIC COAST

On the Pacific Coast, California contributes 
the most commercial landings o f nearshore spe­
cies at an estimated 93,954 t (Table 21-4), fo l­
lowed by Oregon (22,198 t) and Washington 
(14,637 t). I he total value of the fisheries, much 
of which is related to marine recreational angling, 
is d ifficu lt to estimate but is thought to be sizable. 
Although not a direct measure of economic value, 
an estimated 2,000,000 ( California anglers spend 
$800,000,000 yearly on about 6,000,000 fishing 
trips to catch nearly 30,000,000 saltwater fish—  
most in nearshore waters— and add more than 
$1.8 b illion to the U.S. economy. In addition to 
the many commercial nearshore species, marine 
anglers also land species that have been reserved 
exclusively for sport—-sueli as striped bass, stur­
geon, kelp bass, and California corbina.

Nearshore species also support an expanding 
California live-fish fishery valued at more than 
$3,600,000 in 1996, w ith estimated statewide 
landings ol “sbd t . The 65 target species include 
California halibut, California sheepheud, white 
croaker, and other nearshore finfish, and are caught 
primarily by hook-and-line and trap gear. I .ive and 
premium quality fresh (dead) fisli are sold as spe­
cialis items to local restaurants, l ile growing de­

mand for live-fish species has increased fishing 
pressure on other commercial nearshore species 
and resulted in a lim ited-entry program for the 
live-fish trap fishery in southern California.

Shrim p —Shrimp supports nearshore commercial 
fisheries throughout the Pacific region, I hey also 
provide opportunity for recreational fishing, es­
pecially near urban centers as in Puget Sound, 
Washington. 1 he most common species harvested 
are Pacific (pmk), ocean, spot, sidestripe, and bay 
shrimps. In recent y e a r s ,  landings appear to be on 
a slight increase from a cyclic low (Figure 21-3). 
Ridgeback, pink, and spot prawns are taken in 
California by trawl and trap vessels. Spot prawns 
support a very lucrative commercial live-prawn 
fishery. Landings of ridgeback and spot prawns 
increased 39% in 1996, to 6 1 1 t.

Crab— 1 fungeness crab is the most abundant crab 
harvested along the Pacific coast. Ciommerci.il fish­
eries operate along all the west coast states, with 
Oregon and northern California providing the 
bulk of the landings. Some recreational crabbing 
also occurs and is an important recreational and 
subsistence fishery to many ethnic groups. Like 
other crustacean resources, Dungeness crab abun­
dance is highly variable, lii recent years, abundance 
seems to be on the increase from a low cycle. 1 he 
productivity and status of the other crab resources, 
which tend to be localized, are largely unknown. 
In 1996, amendments to the Magnuson-Stevens 
Fishery Conservation and Management Act gave 
authority to the Slates ot California, Washington, 
and Oregon tor their crab fisheries in Federal wa­
ters and also recommended that the Pacific Fish­
eri Management Council develop a fishery man­
agement plan for Dungeness crab. After explor-
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Recent Fishery Stock level
average yield utilization relative to

Area and species (RAY)1 level LTPY2

California

California market squid 68,863 Unknown Unknown

Sea urchins 10,062 Full Near

Shrimp 4,853 Full Near

Dungeness crab 5,315 Full Near

Other crabs 526 Full Uni nown

Bonito, Pacific 312 Unknown Uni nown

Smelt 913 Near full Unknown

Elasmobranchs 889 Unknown Unknown

California halibut 341 Under3 Near

Sea cucumbers 314 Unknown Unknown

Spiny lobster 264 Full Uni nown

Abalones 91 Over Below

Croakers 238 Unknown Unknown

Barracuda, Pacific 146 Unknown Unknown

Bivalves 666 Unknown Unknown

Other nearshore fishes and invertebrates 207 Unknown Unknown

Total 94,000

Oregon

Clams 50 Under Near

Oysters 69 Full Near

Dungeness crab 5,899 Under Near

Shrimp 7,193 Full Below

Sea urchin 431 Over Near

Elasmobranchs 546 Under Near

Sturgeon 104 Full Below

Other ftsh and invertebrates 345 Under Unknown

Total 14,637

Washington

Geoduck clam 1,102 Full Near

Other clams 2,956 Full Near

Oysters 3,223 Full Near

Other bivalves 445 Unknown Below

Dungeness crab 9,747 Full Near

Shrimp 3,275 Full Near

Sea cucumber -, 355 Full Near

Sea urchin 595 Full Near

Elasmobranchs 2,140 Full Near

Sturgeon 114 Full Near

Other fish and invertebrates 501 Full Below

Total 24,453

Total 133,090

’California RAV’s are averaged fro m  1994-96, except abalone (1995-97) W ash ing ton  and Oregon RAY's are 1995-97  All bivalve landings are in whole  

w e igh ts  e»cept W ashington and O regon oyste rs (meat w e ights) California data are from  NM FS (Statistics and Economics Division, 1315 East-W est 

H ighway, Silver Spring, M D 20910) extracts o f California D epartm ent o f Fish and Game com m ercia l catch statistica l reports California bivalve data are 

from  the PacFIN data base (m aintained by the Pacific S tates Marine Fisheries Com m ission 45 SE 82nd Drive, Suite 100, Gladstone, OR 97027) Abalone 

data are from  Bill Jacobson (NMFS SW  Regional O ffice, 501 W est Ocean Blvd, Long Beach, CA 90802) W ashington and Oregon data came from  the 

W ashington and Oregon Departm ents of Fish and W ild life, respectively 

2LTPY = Long-term  potential yield

•^Considered underutilized since the  gillnet fishery d irected for th is species ended January 1994 south o f Pt Arguello, w here  86'". of the gi Inet catch 

had been ta) en

T a b le  21-4

P ro d u c tiv ity  in m e tr ic  tons 
and  s ta tu s  o f P acific  near­
sh ore  fis h e ry  resources.
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ing various management alternatives, in 1997 the 
council recommended that Congress extend in ­
terim authority beyond 1999 and expand the au­
thority to include all management measures ex­
cept lim ited entry provisions.

A balone— Abalones arc found mostly in ( alhor­
ma where utilization o f the resource actually pre­
dates modern history, l ile meat is very valuable; a 
14-ounce (397 grams) canned abalone may retail 
for $50 in Seattle's ( hinatown. ( I f  the five spe­
cies harvested, the red, green, and black abalone 
are the most common. Red abalone is the only 
species to be harvested commercially in Califor­
nia since 1995. The central and southern ( alhor­
ma sport and commercial fishery was closed in May 
1997, and the closure was extended indefinitely 
in early 1998. The black abalone fishery has been 
closed since 1993 to allow the population to re­
cover from withering syndrome. The white aba­
lone population is so low that it has been pro­
posed as an endangered species. Commercial aba­
lone harvesting is accomplished by "hooka" gear, 
where compressed air from the surface is supplied 
to the divers. Scuba gear is used in the C alifornia
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sport fishery where allowed by law, but otherwise 
sport fishing is restricted to Iree diving and shore 
picking.

A t present, most o f the species o f abalone in 
central and southern California are overutilized. 
This is due to commercial harvesting efficiency, 
increased market demand, popularity of the sport 
fishery, habitat degradation, increasing predation 
by sea otters, and disease. Despite stricter man­
agement, abalone stocks remain vulnerable to 
continued depletion, and a new state management 
plan is being developed. The history of catches 
shows a continually declining trend (Figure 21-
4).

Clam— Clam digging is a popular recreation for 
man)’ families throughout the Pacific Coast, and 
most are harvested this way. Many species are har­
vested: razor clam, littleneck clams, pismo clam, 
gaper clam, Washington clam, butter clam, geo­
duck, and others. The clam fisheries are regulated 
by season length and bag lim its. The status o f the 
stocks can be inferred from catch performance and 
would be expected to be known for localized areas 
only. Since the number o f beaches and, thus, stocks

are too numerous, it would be d ifficu lt to gener­
alize on the status of the stocks. Thus status o f the 
stocks and degree of utilization are largely un­
known.

The Pacific geoduck is the largest burrowing 
bivalve on the Pacific coast. Individuals can live 
for more than 100 years and reach 9 kg. 1 hey are 
harvested both commercially and recreationally, 
and the majority of the harvest comes from Puget 
Sound and British Columbia. Commercial har­
vest is by divers using high pressure water jets to 
excavate the clams. In Puget Sound, the popula­
tion between 10 and 30 m depth is estimated at
127,000 t, and the average annual commercial 
harvest is 1,300 t.

Squid— One species, the market squid, is har­
vested throughout the region, w ith California pro­
viding most of the catches. Squid landings in ( Cali­
fornia reached a record high o f 78,825 t in 1996, 
valued at about $30,000,000. It is harvested for 
bait as well as for food. In southern California, 
squid is popular in local ethnic food markets and 
the restaurant trade, but most of the catch is ex­
ported to Asia. Squid jigging is also a popular w in­
ter activity in the Pacific Northwest. In this sport 
fishery, anglers ot all ages crowd under pier lights 
and jig for squid in the m iddle of cold winter 
nights.

Large-scale fluctuations are characteristic of the 
squid stock, due mainly to its short life span and 
from the influence of wide variations in the ocean 
environment, such as the 1997-98 PI N iño event 
that caused landings to decrease by about 13% 
from 1996 landings. This short life history, how­
ever, makes it possible for squid to recover after 
natural population disasters as soon as ocean con­
ditions improve again. L ittle  is known about the 
biomass, structure, and status of the stock.

In recent years, the expansion of the southern 
California squid fishery and large harvests have 
prompted some fishermen and biologists to call 
for management measures to protect the squid re­
source, such as harvest restrictions and some form 
of lim ited entry. In 1977 the California state leg­
islature enacted a bill that implemented a squid 
fishery permii program and directed the state De­
partment of Fish and I lame to provide recommen­
dations for a squid management plan.

L e ft p a g e , a b a lo n e ; r ig h t 
p a g e , C a l i fo r n ia  m a rk e t 
squid .
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U n lo a d in g  sea u rc h in s , 
Ventura, C a lifo rn ia .

Sea cucum bers .

Sea Urchin -Commercial utilization o f sea ur­
chins in the United States essentially started in the 
early I 970 s vvitli the harvest of red sea urchin roe 
or “uni" tor export to the Japanese sushi market. 
In addition to red sea urchin, several other species 
are found in U.S. waters, but most are of little  
commercial importance due to the small size of 
their roe. Though lim ited fisheries for red sea ur­
chin take place o ff Washington and Oregon, the 
major fishery occurs in California.

I he commercial fishery for red sea urchin be­
gan in southern California in 1971 as part of an 
N M FS program to develop new fisheries for 
underutilized species. The fishery expanded to 
northern ( filifo rm a  in die late 1970’s and 1980’s, 
and in 1990 the value of the catch (20,534 t) 
amounted to $24,700,000, making it the most 
valuable fishery in the state, which it remained 
through 1995. Commercial divers harvest red sea 
urchins using hooka gear mainly w ith in  depths of 
7—20 m. The catch is landed alive. The resource 
has been generally underutilized throughout the 
Pacific coast, except for selected commercial fish­
ing areas. In southern California, landings have 
generally declined since 1990 but the sea urchin 
resource remains productive, suggesting that the 
status ol the stock is still good. In other areas, how­
ever, like northern California and Baja C alifor­
nia, the fisheries have been characterized by rapid 
growth and decline. These experiences suggest that 
local stocks can be rapidly overharvested.

Sea Cucum ber— Like sea urchins, the sea cticum
her emerged more recently as a commercial spe­
cies in the late UCO’s. The slimy, warty sea cu­
cumber is harvested by trawl and by hand and 
processed into a dried product primarily sold to

the Asian market where it is a delicacy. A variety 
o f sea cucumber species are found from Washing­
ton to California; the giant red sea cucumber and 
the warty sea cucumber are the species harvested 
m ( filiform a. Ritai ( filifo rm a sea cucumber land­
ings were a record high 38 1 t (worth $ 18,700,000) 
in 1996, w ith trawlers harvesting about 53% o f 
the catch and divers harvesting the remainder. 
L ittle  is known about the abundance and status of 
the stocks. Sea cucumbers have a relatively short 
life span, low maximum weight, low age of first 
maturity, high natural mortality, and highly fluc­
tuating recruitment patterns. A t the present level 
o f harvest, the resource appears not threatened.

Elasm obranchs— Sharks, skates, and rays are an 
important commercial and recreational resource 
in the coastal waters of the eastern N orth Pacific. 
They are taken in large numbers as both target 
species and as bycatch in commercial groundfish 
and coastal pelagic fisheries. Sharks targeted for 
their flesh include the common thresher, shortfall 
mako, spiny dogfish, soupfin, and leopard sharks. 
Commercial shark fishing peaked off ( filiform a 
during the m id 1980s w ith localized impact on 
the resource. Nearly 90% o f pelagic sharks taken 
in this area are immature. Regulations imposed 
by fishery managers have since reduced total fish­
ing effort and brought catches w ith in  manageable 
lim its. 1 rends in localized catch rates and length 
at capture indicate that at least one species, the 
common thresher, may be recovering.

Skates, and some rays, are harvested as an in ­
expensive substitute for sea scallops. The longnose 
skate and big skate make up the most important 
catch in the skate trawl fishery oft northern Cali­
fornia, (Oregon, and Washington, increased de­
mand from foreign markets has increased skate 
landings since 1995. Blue sharks are an important 
bycatch in most of these fisheries. Although the 
fins are valuable in the shark-fin trade, the car­
casses are discarded. Shark finn ing is illegal in 
California.

Coastal pelagic sharks remain popular with 
recreational anglers as well. Angler effort directed 
at sharks has grown in recent years, and several 
shark fishing derbies are conducted annually.

Generally, the low reproductive potential o f 
elasmobranchs makes them particularly susceptible
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to overfishing. Abundance and stock size remain 
unknown for most eastern Pacific elasmobranchs. 
However, much information has heen learned in 
recent years, and fishery managers have taken steps 
to m onitor and control harvest in most of these 
fisheries.

S m elt— Smelt resources in the region belong to 
two different families, Osmeridae (the true smelt) 
and Atherinidae (the silversides). There are a num­
ber of species of the two families. The resources 
provide for seasonal commercial and recreational 
fisheries for Washington, Oregon, and I California. 
The resources are known for t heir migratory runs 
to coastal areas and rivers to spawn. They come 
en masse, which makes them attractive targets for 
recreational and commercial fisheries. Some smelt 
fishing is almost a ritual. N ight smelt, for example, 
w ith its nocturnal habits is harvested during a brief 
spawning period by A-frame dip nets in the surf 
zone. Most are caught in the Eureka, California, 
area. The grunion (a species in the smelt group) 
fishery is quite unique since by state law sport

Recent 
average yield 

Species/grouD (RAY)

Akule2 310

Opelu2 160

Other inshore fisheries2 700

Inshore reef fishes3 90

Inshore reef fishes4 16C

Tota 1,420

anglers may use only their hands to grab the fish 
during their spawning runs on southern Califor­
nia beaches.

Despite their economic and social importance 
to humans and to ecologically related species as 
an important forage-base species, the abundance 
and status of many smelt stocks are still poorly 
known. Much is known o f the species’ biologe- and 
location and tim ing of the runs, but more is yet to 
be learned about the causes of population fluctua­
tions and long-term trends.

W ESTERN PACIFIC REGION

Fisheries in the nearshore waters o f the tropi­
cal and subtropica! islands of Hawaii and the U.S.- 
associated Pacific islands are highly diverse though 
lower m aggregate volume than commercial or 
recreational fisheries of the U.S. mainland. Land­
ings are reported to be about 1,400 t annually 
(Table 21-S). Many fisheries are unique to certain 
localities such as that for the palolo worm in 
American Samoa, seasonal fisheries for rabbitfish 
in (.¡uam, and limpet (opihi) fisheries in Hawaii. 
Other fisheries are common to all islands, such as 
the fisheries for bigeye scad, called akule in Ha­
waii, atule in American Samoa, and atttlai in Guam 
and the Northern Mariana Islands.

The more highly populated Main Hawaiian 
islands receive the heaviest inshore fishing pres­
sure, w ith lighter pressure from the less densely 
populated islands to the mostly uninhabited is­
lands of the Northwestern Hawaiian islands and 
the northern islands of the Commonwealth of the

Fishery Stock level
utilization relative to

level LTPY'

Full Un) nown

Full Un) nown

Full Unknown

Full Unknown

Full Unknown

'LTPY - long-term  potential yield 

2Hawanan Islands 11993-95 aveige l 

Y juam  (1993-95)

dAmerican Samoa (1993-95 average)

Catch of sp in y  d o g fish , ra t­
fis h , sea u rch in s , l in g c o d , 
and  s ta r f is h , W a s h in g to n  
coast.

Table 21-5

P ro d u c tiv ity  in m e tr ic  to n s  
and sta tus o f w estern  Pacific 
is land  nea rsho re  fish e ry  re ­
sources.
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Northern Marhina Islands. In the Main 1 lawaiian 
Islands, between 1980 and 1990 an average ot 
1,179 t of fishes and invertebrates were reported 
taken annually w ith in  100 fathoms by commer­
cial fishermen. According to the Hawaii Division 
of Aquatic Resources, the two pelagic carrangid.s, 
akule and opelu, support the largest inshore fish­
eries in the state. D uring the 1993-95 period, an­
nual commercial landings for akule and opelu av­
eraged 310 and 160 t, respectively. Other im por­
tant com m ercial fisheries inc lude  those fo r 
surgeonfishes, squirrelfishes, parrotfishes, goat- 
fishes, snappers, octopus, and various jacks or 
trevallies. There are significant recreational fisher­
ies, but participation, landings, expenditures, ind 
economic values are not well documented. The 
recreational and subsistence com ponent of 
Hawaii’s marine fisheries was last assessed in 1986, 
when it was estimated that 200,000 trips were 
taken by 6,700 vessels involved in nonmarket fish 
ing (which includes recreational, subsistence, and 
submarket sales). Estimated landings by these “rec­
reational” fishermen were 0,825 t (21,000,000 
pounds), ol which 4,536 t (10,000,000 pounds) 
were sold ($22,000,000). Total direct expenditures 
by these fisheries was $24,000,000, and the 
nonmarket value of the fishing experience was 
valued at $239,000,000.

The islands of American Samoa are partially 
surrounded by a narrow fringing coral reel which 
is inhabited by a diverse array o f fishes and inver­
tebrates. I hese are harvested by local residents on 
an almost daily basis. Total inshore subsistence 
catch for 1993-95 averaged 160 t worth $560,000. 
Hie catch is dominated in some years bytbecnast.il 
migrant atule, but other more resident species sueli 
as other jacks, surgeon fish, mullet, octopus, grou

pers, and snappers are most consistently taken. 
Samoans also fish on the predie ted nights ol emer­
gence o f the palolo worm, which is considered a 
delicacy (actually its reproductive segments or 
epitokes). For Samoan inshore fisheries, downward 
trends in catch and catch per unit of elfort have 
been observed in recent years, especially when the 
catches of the highi)' variable atule have been re­
moved from the analysis.

Guam is the southernmost and largest island 
in the Mariana Island Archipelago, and like Ameri­
can Samoa, the principal inshore fisheries are based 
on a wide assortment of coral reef fishes. Fishes 
taken are jacks and scads (especially atulai, the big­
eye scad), surgeonfishes, squirrelfishes, fusilier, 
rudderfish (guilt), snappers, mullet (aguas), goat- 
fishes (ti’ao), and rabbitfishes (mañahak). Inver­
tebrate species include various marine crabs (in­
cluding land trabs), spiny and slipper lobsters, sea 
urchins, octopus, squid, cuttlefish, tridatnid clanis, 
topshell, chitons, conchs, strombids, and neritcs. 
( mam inshore reefs appear to be fu lly exploited 
and have shown signs of overfishing. D uring 
1993—95, the catch ol nearshore reef fisheries av­
eraged 90 t.

ALASKA REGION

Nearshore resources provide important sub­
sistence and recreational fishing opportunities for 
Alaskans. Most nearshore fisheries take place in 
Southeast Alaska near population centers, although 
subsistence fishing is distributed all along the 
Alaska coastline into the Bering Sea and Arctic 
( fcean. The fisheries are a mix of historic fisheries 
that have intensified and grown to provide sig­
nificant local economic benefits from a variety of 
species ( Table 21 -6). The nearshore resources and 
fisheries are managed by the Alaska Department 
ol Fish and Game (ADFG).

Dungeness crabs are harvested near shore by 
small-boat commercial fleets and recreational fish­
eries primarily in the southeast Alaska, Yakutat, 
•nui Kodiak areas. About 30% of the U.S. pro­
duction of Dungeness crabs traditionally comes 
from Alaska. Almost all Dungeness crabs (97%) 
are consumed domestically. The value and demand 
for the crabs are normally high. Commercial fish­
ing effort in the traditional Dungeness crab fish-
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S H O R E F IS H E R IE S

Recent Fishery Stock level
average yield utilization relative to

Species/group (RAY)1 level LTPY
Tab le  21-6

A laska nea rsho re  resources
Dungeness crab 2,370 Full Near p ro d u c tiv ity  in m e tric  to n s

Tanner crab 900 Full Unknown a n d  status.

Red King crab 160 Full Below

Scallops 360 Full Near

Shrimps 2,000 Unknown Below

Geoduck clam 70 Unknown Unknown

Other clams 200 Unknown Unknown

Sea urchins 660 Unknown Unknown

Sea cucumbers 655 Unknown Unknown

Abalones 5 Full Near

Sablefish 2,500 Full Near

Lingcod 100 Full Near

Rockfish 120 Full Near

Other species 100 Unknown Unknown

Total 10,200

' 1 9 9 4 -9 6

ery has intensified to the point that virtually all 
habitat is now “potted down” w ith crab pots. This 
trend is likely to grow now that a lim ited entry 
system is in place and fishing permits can be sold: 
new buyers w ill need to intensively fish their full 
lim it of pots to pay for their permits and equip­
ment. The traditional Tanner crab fishery has also 
intensified to the point that the 900 t (2,000,000- 
pound) harvest cap is reached in 1 week, where in 
the early 1970’s the fishery was year round. M an­
agement of these crab fisheries suffers in the ab­
sence of stork assessment research. The traditional 
fishery lor red king crab in Southeast Alaska is a 
bright spot: the fishery reopened in 1993 follow­
ing 8 years o f closure and is now managed under a 
conservative harvest regime supported by an an­
nual stock assessment survey.

Pot shrimp fisheries have grown dramatically 
in the past decade in nearshore Alaska waters, and 
along w ith the trawl shrimp fisheries are now lim ­
ited to entry. These are the only two significant 
commercial shrimp fisheries remaining in Alaska, 
and concern is high to develop stock assessment 
and conservative management programs to pro­
vide for sustained harvests. The species taken is 
mainly Alaskan pink shrimp. Other species taken 
are spot, sidestripe, coonstripc, and humpy.

l ile primary scallop species harvested in Alaska 
is the weathervane scallop. The fishery was pio­

neered in 1967 and peaked in 1969 when 840 t of 
shucked scallo]i meat was landed. The principal 
harvest areas are Kodiak and Yakutat in the Gulf 
o f Alaska, w ith Dutch Harbor (Bering Sea) as a 
new fishing ground. 1 farvesting is by similar dredg­
ing gear and fishing technique used in the New 
England scallop fisheries. W hile  the status of the 
stocks is not well known, they are not believed to 
be abundant and are vulnerable to overfishing. The 
fishery is regulated bv the State of Alaska which 
lim its the number o f vessels and sets catch quotas.

Sea cucumbers and sea urchins arc recent fish­
eries. They are harvested by divers and exported 
to Asia. Sea urchins are shipped live to Japan for 
the fresh roe market. W hile the status of the stocks 
is largely unknown, the fisheries are managed con­
servatively according to their recent historical per­
formance. The ADFG  surveys the resource peri­
odically at selected sites to m onitor major changes 
in relative abundance of the stocks.

Alaska natives have a long history of harvest­
ing abalone for food, trade, and shell ornaments. 
The only species of abalone harvested in Alaska is 
the pinto abalone, taken almost exclusively from 
Southeast Alaska. The commercial fishery, involv­
ing handpicking by divers, started iii the earlv 
1970’s. Abalones are considered gourmet seafood 
and are normally exported to Japan. T ile  status of 
the stocks is unknown, and the fishery is rcgu-

Tentacles o f a g ia n t Pacific 
octopus.
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Pink sca llop .

lated by tbe ADFG  through m onitoring o f recent 
catch trends. The abalone fishery was closed in 
1996 following 1 S years of decline, due in part to 
overharvests and now to sea otter predation. The 
fishery w ill remain closed until a rebuilding pro­
gram is developed. Commercial catch peaked at 
82 t in 1977 and the 1994--96 recent average yield 
was only 5 t.

The dive fisheries in Southeast Alaska are de­
veloping actively. I he red sea urchin fishery has 
grown from a 1994-96 recent average yield of 660 
t to a 2,265 t (8,000,000-pound) harvest in just 2 
years following the implementation of a fishery 
management plan and extensive stock assessment 
surveys funded largely by the industry and local 
governments. Ehe sea cucumber fishery, now in 
its 8th year of sustained harvests under a conser­
vative management regime, has become an estab­
lished source of w inter income for over 400 divers 
d iv id ing  an annual yield of 450 t (1,000,000 
pounds). The geoduck clam fishery has the po­
tential to double in size over the coming years due 
to industry sponsored exploration for new clam 
beds.

A key factor in the successful development of 
dive fisheries is a regional policy to require exter­
nal funds for new fisheries. Also significant is a

moratorium on entry to dive fisheries, creating a 
limited and known number of permit holders with 
a clear stake in the future ot the resource. An ex­
panding sea otter population, reintroduced in the 
mid 1960’s following extirpation by the turn of 
the 20th century, may play the ultimate card in 
the future of nearshore dive fisheries for sea ur­
chin, sea cucumber, and abalone, as well as for 
some Dungeness crab grounds. Significant losses 
to all o f these fisheries have occurred in the past 5 
years.

I he amount of nearshore resources harvested 
by the subsistence and recreational fisheries off 
Alaska has been d ifficu lt to compile hecause ol the 
state’s wide geographical expanse and remoteness 
of such fishing activities. Excluding the recreational 
and subsistence catches of Pacific salmon and Pa­
cific halibut, the total 1994-96 recent average yield 
was at least 10,200 t for the nearshore resource 
complex ( Pable 2 1-6). The recreational catch was 
probably 5no of the total. The component of the 
resources that are the most important are the in ­
vertebrates; although a wide variety o f groundfish 
and other species are harvested incidentally to 
salmon and Pacific halibut fisheries.
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Marine Mammals 
of the Alaska Region

-

-

*

INTRO DUC TIO N

The Alaska region has 39 stocks ol 24 species 
ot marine mammals. Three o f these species (sea 
otter, polar bear, and walrus) are managed by the 
U.S. Fish and W ild life  Service, and the remaining 
cetaceans and pinnipeds are managed bv the Na­
tional Marine Fisheries Service (N M f S). Accord­
ing to the criteria provided in the 1994 Amend­
ments to the Marine Mammal Protection Act 
(M M PA), these include 10 strategic stocks: the 
northern fur seal (which is depleted under the 
M M PA); the sperm whale, the western North Pa­
cific and centra! North Pacific humpback whales, 
the fin whale, the North Pacific right whale, and 
the bowhead whale (listed as endangered under 
the Endangered Species Act (ESA)); the Cook In­
let stock ot beluga (annual takes exceeding the

potential biological removal (PRR) level); and the 
western U.S. Pacific stock of Steller sea lions (listed 
as endangered under the FiSA) as well as the east­
ern Pacific stock o f this species (listed as threat­
ened under the ESA). O f the 39 stocks, nine are 
believed to be increasing, five are stable, three are 
declining, anti the population status of the remain­
ing 22 are unknown.

Eight stocks, the western U.S. Pacific stock of 
the Steller sea lion, the northern fur seal, the Chili 
of Alaska harbor seal and all stocks ol beluga 
whales, are subject to subsistence harvests. W hile 
most marine mammal stocks are assessed under 
the authority o f Section 117 of the M M PA, the 
NMFS determined that management of the stocks 
subject to subsistence harvests that do not have 
significant commercial takes should he developed 
through the comanagement process described in

Unit

22
N M F S  N a t io n a l M a r in e  

M a m m a l L a b o ra to ry

S eattle
W a sh in g to n

H arbo r seals, LeConte G la ­
cier, A laska.
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S te lle r  sea lion  b u ll, cow, 
and pup, S ou theast A laska.

Section 1 19 ot the Act. The process should also 
include a sound research and management pro­
gram to identify and address uncertainties con­
cerning the stocks.

l able 22 1 presents a summary o f the status 
ol stocks for the marine mammals in the Alaska 
region. Important population parameters for the 
stocks and their status under the various protected 
species laws are included. These include: stock 
identification, N (a conservative estimate otnun '

abundance used to estimate the PBR, which is the 
maximum allowed level ot human-related removal 
in a given year), estimates of current human-re­
lated mortality, population status’, and current 
population trend. A narrative for some selected 
stocks follows:

STELLER SEA LION: 
EASTERN AND U.S. W ESTERN  

NORTH PACIFIC STOCKS  

Stock D efin ition  

and G eographic Range

Steller sea lions range along the North Pacific 
rim from northern Japan to California, w ith his­
toric centers of abundance and distribution in the 
G ulf o f Alaska and Aleutian Islands, respectively. 
1 he species is not known to migrate, but ind i­
viduals disperse widely outside of the breeding 
season (late May-early July), thus potentially in ­
termixing with animals Iront other areas. Two sepa­
rate stocks of Steller sea lions are recognized w ith in 
U.S. waters: an eastern Pacific stock, which in ­
cludes animals east of Cape Suckling, Alaska 
( l4 4 ,JW ), and a western U.S. Pacific stock, which 
includes animals from Cape Suckling westward. 
Steller sea lions in Canada are part ol the eastern 
Pacific stock.

Population Size

An estimate of Steller sea lion abundance in 
Alaska is made possible using survey data collected 
in June and (ulv ot 1996, from California to the 
western Aleutian Islands. The surveys included 
counts ol animals, excluding pups, at 95 “ trend 
sites," where sea lions in the western U.S. Pacific 
srock have been monitored since the 19~0’s. Us-

ing correction factors derived from previous sur­
veys, the 1996 surveys resulted in an estimated 
39,500 Steller sea lions (33,700 nonpups and 
8,800 pups) for the entire Gulf of Alaska, Aleu­
tian Islands, and Bering Sea region that comprises 
the western U.S. Pacific stock. A comparable esti­
mate for the eastern Pacific stock is not possible. 
However, counts from the southeast Alaska, B rit­
ish Columbia, C Filiforma, and Oregon region in­
dicate a population of at least 30,400 Steller sea 
lions.

M in im u m  Population Estim ate

Using the population estimate (N ) of 39,800 
and an associated C Y 1 of 0.0184, N  for them in

western U.S. Pacific stock is calculated as 38,893 
(Table 22-1 ). The population estimate for the east-

1 C o e ff ic ie n t ° f  v a ria tio n  ( ( V )  is a statist k a i m easure used to 

ca lcu la te  co n fid ence  in te rva ls  ( (  .1), w h ich  gauge the  accuracy 

o f p o p u la t io n  estim ates. An accurate p o p u la t io n  estim ate  is 

characterized by a lo w  C'Y and a n a rro w  ( 'I. C'I  is o fte n  g iven 

a percentage lik e lih o o d  o f b e ing  co rrect (e.g. 9S°<i means tha t 

if  the data were resam pled and the  Cd were reca lcu la ted 100 

tim es, then OS tim es it  w o u ld  c o n ta in  the tru e  value.
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Potential

Species Stock area

M inim um
population
estimate

< N ,J ’

biological
removal

level
(PBR)2

Annual
human-
caused

m ortality3
Strategic
status3

M M PA
/ESA

status5 Treni

Steller sea lion W estern U S Pacific 38,893 350 443 V E D

Steller sea lion Eastern Pacific 30,403 1,368 16 Y T 1

Northern fur seal North Pacific 848,539 18,244 1,722 Y D S

Harbor seal Southeast Alaska 35,226 2,114 1,778 1

Harbor seal Gulf of Alaska 27,917 868 824 D

Harbor seal Bering Sea 12,648 379 26 D

Spotted seal Alaska N/A N/A N/A S

Bearded seal Alaska N/A N/A N/A U

Ringed seal Alaska N/A N/A N/A u
Ribbon seal Alaska N/A N/A N/A u
Beluga Beaufort Sea 32,453 649 160 s
Beluga Eastern Chukchi Sea 3,710 74 54 u
Beluga Eastern Bering Sea 6,439 129 127 s
Beluga Bristol Bay 1,316 26 20 s
Beluga Cook Inlet 712 14 71 Y u
Killer whale Eastern North Pacific transient 197 2 0 0 8 u
Killer whale Eastern North Pacific resident 642 6 4 0 8 u
Pacific white-sided dolphin North Pacific 486,719 4,867 4 u
Harbor porpoise Bering Sea 8,549 86 2 u
Harbor porpoise Southeast Alaska 8,156 82 4 u
Harbor porpoise Gulf o f Alaska 7,085 71 25 u
Dali's porpoise Alaska 76,874 1,537 42 u
Sperm whale North Pacifc N/A N/A N/A Y E u
Baird's beaked whale Alaska N/A N/A 0 u
Cuvier’s beaked whale Alaska N/A N/A 0 u
S te jn e g e ri beaked whale Alaska N/A N/A 0 u
Gray whale Eastern North Pacific 21,597 432 47 1

Humpback whale W estern North Pacific 367 0 7 0 Y E u
Humpback whale Central North Pacific 3,698 7 4 1 0 Y E 1

Fin whale Northeast Pacific N/A N/A 0 Y E ü

Minke whale Alaska N/A N/A 0 u
Northern right whale North Pacific N/A 0 0 Y E ü

Bowhead whale W estern Arctic 7,738 77 49 Y E 1

Sea o tte r7 South Central Alaska 20,948 2,095 313 1

Sea o tte r7 Southeast Alaska 8,709 871 376 1

Sea o tte r7 Southwest Alaska 65,761 5,659 101 u
Polar bear7 Alaska Chukchi & Bering Seas N/A N/A 55 1
Polar bear7 Alas) a Southern Beaufort Sea 1,611 73 34 1

W alrus7 Alaska 188,316 7,533 4,890 u

'Nmin is a conservative estimate of abundance used to estimate PBR and provides reasonable assurance that the stocf sire is equal to or greater than 
the estimate

2PBR (potential biological removal) is the maximum number of animals, not including natural mortalities, that may be removed from a s toe I- while allowing 
that stocf to reach or stay at its optimum sustainable population level (50-100% of its carrying capacity)

3Annual human-caused mortality is an estimate of the total number of annual mortalities and serious injuries (lii- ely to result in death) caused by humans 
“’Strategic status Y = yes, N/A = information is not available, and N/D = estimated value has not been determined at this time 
5MMPA/ESA status E = listed as endangered and T = listed as threatened under the Endangered Species Act D = listed as depleted under the Marine 
Mammal Protection Act

®Trend increasing (I), stabfe(S), decreasing (D), or uni nown (U)
“These species are under the jurisdiction of the U S Fish and Wildlife Service and are not included in the stocf -status tables of the National Overview

Table 22-1

S ta tu s  o f m a rin e  m a m m a l 
stocks in th e  A laska Region,
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F igure 22-1

E stim ated pop u la tio n  size of 
S te lle r sea lions (adu lts , ju ­
veniles, and pups) o f the  tw o  
stocks o ff the U n ited  S tates
and Canada.

ern Pacific stock ol 30,400 is used as a m inim um  
because animals not seen in tbe surveys have not 
been taken into account.

Current Population Trend

W estern  U.S. Pacific S tock— The first reported 
trend counts (an index ol population size) of Steller 
sea lions in Alaska were made during 1036-60 
which indicated that there were at least 140,000 
sea lions in the G ult ot Alaska and Aleutian Is­
lands. Subsequent surveys indicated a major popu­
lation decrease, first detected in the eastern Aleu­
tian Islands in the mid 1070’s. The decline ap­
peared to have spread eastward to the Kodiak Is­
land area during the late 1070’s and earl)’ 1080’s, 
and then westward to the central and western Aleu­
tian Islands during the earl)' and mid 1080’s. I he 
greatest declines occurred in the eastern Aleutian 
Islands and western Gulf ol Alaska, hut declines 
also occurred ui the central G u lf ot Alaska and 
central Aleutian Islands. Uncorrected counts (roni 
1076-70 indicated about 104,000 sea lions. I he 
western U.S. Pacific stock decreased 37.4% trom 
1080 to 1004. I lie 1994 estimate was 42,336 ani­
mals, and the 1006 estimate was 30,300.

Eastern Pacific Stock— -Trend counts tor die east­
ern Pacific stock have been relatively stable at about

2,000—3,000 animals (Figure 22-1). The counts 
in Oregon have shown a gradual increase since 
1076, as the adult and juvenile count for that year 
was 1,486 compared to 3,322 tor 1004. Phis in ­
crease is likely due to a recovery from reduced 
numbers caused by mortality prior to 1072, as im ­
migration trom other areas has not been docu 
mented. Counts in California declined by over 
50% from 3,000-7,000 between 1027 and 1947 
to 2,000-2,500 between 1980 and 1900; lim ited 
inlormation suggests that counts in northern Cali­
fornia have increased from the late 1070’s to the 
early 1990’s. At Año Nuevo, California, a steady 
decline in ground counts started around 1970, re­
sulting in a 85% reduction ui the breeding popu 
lation by 1087. Based on data from vertical pho­
tography taken between 1000 and 1093, pup num­
bers declined at a rate ol 0.9%, while older ind i­
viduals declined at a rate ot 31.5%. Most recently, 
population estimates for Steller sea lions in the 
eastern Pacific stock increased 5.8% from 1989 
(22,600) to 1004 (23,533) an increase that ap­
parently is continuing.

Stock Status

The PBR lor the western U.S. Pacific stock o f 
Steller sea lions has been estimated .11 350 animals 
and for the eastern Pacific stock at 1,368. I he es­
timated annual level ot total human-caused mor­
talité and serious in jury was 443 animals tor the 
western U.S. Pacific stock and 16 for the eastern 
Pacific stock. f l ic  mortalities lor the western U.S. 
Pacific stock exceed this stock’s estimated PBR. 
Both stocks ol Steller sea lion are currently listed 
under the ESA; the western U.S. Pacific stock is 
listed as endangered, and the eastern Pacific stock 
is listed as threatened. 1 hus, both stocks ol Steller 
sea lions are classified as strategic stocks. Manage­
ment actions recently implemented to reduce in ­
teractions w ith human activities include no-entry 
butter zones around rookeries, p roh ib ition  ot 
ground fish trawling w ith in  10-20 nautical miles 
of certain rookeries, and spatial and temporal al­
location of Gulf ol Alaska pollock catches.
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NORTHERN FUR SEAL; 
EASTERN PACIFIC STOCK  

Stock Defin ition  

and Geographic Range

Northern fur seals are found trom southern 
California north to the Bering Sea and west to the 
Okhotsk Sea and Honshu Island, Japan. D uring 
the breeding season, approximately 74% ot the 
worldwide population is found on the Pribilof Is­
lands in the southern Bering Sea, w ith the remain­
ing animals spread throughout the North Pacific. 
O l the seals in U.S. waters outside of the Pribilofs, 
approximately 1% of the population is found on 
Bogoslof Island in the southern Bering Sea and 
San Miguel Island off southern ( alitornia. Fur 
seals may temporarily haul out onto land at other 
sites in Alaska, British Columbia, and on islets 
along the coast of the continental I nited States, 
hut generally outside of the breeding season.

Adults usually are found on shore during the 
6-month reproductive season (June—November), 
then migrate south and spend the next 6 months 
at sea. Adult females and pups from the Pribilof 
Islands migrate through the Aleutian Islands into 
the North Pacific, often to the Oregon and Cali-

forniu offshore waters. Pups may remain at sea for 
22 months before returning to their rookery ot 
birth. Adult males generally migrate only as far 
south as the Gulf ot Alaska and the Kamchatka 
coast. Two separate stocks ol northern fur seals 
are recognized w ith in  U.S. waters; an eastern Pa­
cific stock, and a San M iguel Island stock.

Population Size

The population estimate lor the eastern Pa­
cific stock o f fur seals is calculated as the estimated 
number of pups at rookeries m ultip lied by a series 
ot different expansion factors determined from a 
lile table analysis to estimate the number of year­
lings, 2-year-olds, 3-year-olds, and animals at least 
4 years old. The expansion factors are based on a 
sex and age distribution estimated after the har­
vest of juvenile males was terminated. Fhe result­
ing population estimate is equal to the pup count 
multiplied by approximately 4 . 4 7 5 .  As the great 
majority of pups are born on the Pribilof Islands, 
pup estimates are concentrated on these islands, 
though additional counts are made on Bogoslof 
Island. A total population estimate for the north­
ern Pacific stock based on recent pup counts was
1,002,516 seals.

N orthe rn  fu r  seal b u ll, cow , 
and pup . S a in t Paul Island, 
eastern  B ering  Sea.
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N orthe rn  fu r  seal pup  coun ts 
fro m  th e  P r ib i lo f  Is la n d s , 
1970-96.

Year

M in im u m  Population E stim ate

U sing the p o p u la tio n  estim ate (N ) o f
1,002,516 and a ( 'V  ol 0.2 to account for the cor­
rection factor, N lor the eastern Pacific stock ofnun
northern fur seals is 848,530 animals.

Current Population Trend

T he Alaska population of northern fur seals 
recovered to approximately 1.28 m illion animals 
in 1974, after the k illing  ol females was term i­
nated in 1 968. T he population then began to de­
crease, w ith  pup production declining at a rate of 
6.5-7.8%  per year into the 1980’s; the total stock 
estimate iii 1983 was 877,000. Annual pup pro­
duction on St. Paul Island has remained relatively 
stable since 1981 (figure 22-2), indicating that 
stock size has not changed much in recent years, 
t he most recent stock estimates prior to 1996 were
984,000 in 1992, and 1.01 m illion in 1990. The 
northern fur seal was designated as depleted un­
der the M M PA  in 1988 because population levels 
had declined to less than 50°n of levels observed 
in the late 1950’s, and there was no compelling 
evidence that earn ing capacitv (K) had changed 
substantially since the late 1950’s. Under the 
M M PA, this stock w ill remain listed as depleted 
until population levels reach at least the lower lim it 
of its optimum sustainable population (60% ol
K).

S tatus of Stock

The PBR for the eastern Pacific stock of north­
ern fur seals is 18,244 animals. The estimated an­
nual level of total human-eaused mortality and 
serious in jury is less than 2,000 seals, and thus 
does not exceed its PBR. The eastern Pacific stock 
of the northern fur seal is classified as a .strategic 
stock because it is designated as depleted under 
the M M PA.

BOW HEAD W HALE; 
W ESTERN ARCTIC STOCK 

Stock Defin ition  

and Geographic Range

Bowhead whales are distributed in seasonally 
ice-covered waters of the Arctic and near-Arctic, 
generally north o f 54°N and south of 75°N in the 
Western Arctic Basin. Small stocks occur in the 
Sea of Okhotsk, Davis Strait, Hudson Bay, and 
Spitsbergen, but only a few tens to a few hundreds 
are found in each of these stocks. T he largest rem­
nant population is the western Arctic stoc k which 
migrates from w in te ring  areas (November to 
March) in the northern Bering Sea, through the 
Chukchi Sea in the spring (March through |une), 
to the Beaufort Sea where they spend much of the 
summer (mid May through September) before 
returning to the Bering Sea in the autumn (Sep­
tember through November). T he bowhead spring 
migration follows fractures in the sea ice around 
the coast of Alaska, general!}' in the shear zone 
between the shorefast ice and the mobile polar pack 
ice. I here is evidence of whales following each 
other, even when their route does not take advan­
tage o f large ice-free areas. As the whales travel 
east past Point tiarrow, Alaska, their migration is 
somewhat tunneled between the shoreline and the 
polar pack ice, making for an optimal location 
from which to study this stock. Most ol the year, 
bowhead whales are closely associated with sea ice. 
Only during the summer is this population in rela­
tively ice-free waters in the southern Beaufort Sea, 
an area olten exposed to industrial activity related 
to petroleum exploration.
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Population Size

A ll stocks o f bowhead whales were severely 
depleted during intense commercial whaling prior 
to the 20th century, starting in the early 16th cen­
tury near Labrador and spreading to the Bering 
Sea in the mid 19th century. Prior to commercial 
whaling, the m inim um  world wide population 
estimate was 50,000 animals, w ith 10,400—23,000 
in the western A rc tic  stock. This population 
dropped to less than 3,000 when commercial whal­
ing on this stock ceased at the end o f the 19th 
century (Figure 22-3).

Since 1978, bowhead whales have been 
counted from sites on sea ice north o f Point Bar­
row during the whales’ spring migration. These 
counts have been corrected for whales missed due 
to distance offshore (through acoustical locators), 
whales missed when no watch was in effect (based 
on sighting rates), and whales missed during a 
watch (estimated as a function o f visibility, num­
ber o f observers, and distance offshore). However, 
in some years a small proportion o f the popula­
tion may not migrate past Point Barrow in the 
spring, therefore the estimate could he negatively 
biased. In 1993, unusually good counting condi­
tions resulted in what is considered to he the most 
accurate population estimate to date for this stock: 
8,200 bowhead whales (CV = 0.069), w ith a 95% 
confidence interval from 7,200 to 9,400.

M in im u m  Population Estim ate

Llsing the population estimate (N) o f 8,200 
and its associated ( 'V  of 0.009, N  for the west-nun
ern Arctic stock of bowhead whales is 7,738.

Current Population Trend

The western Arctic stock increased at a rate of 
3.1% (95% C l = 1.4-4.7%) from 1978 to 1993, 
when abundance increased from approximately
5,000 to 8,000 whales. This rate o f increase takes 
into account whales that passed heyond the view­
ing range o f the observers.
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Status of Stock

The PBR for this stock is 77 whales. The In­
ternational Whaling Commission (IW C) indepen­
dently established a quota for the number o f bow­
head whales to be taken by subsistence hunters, 
such that the number o f whales struck could not 
exceed 68 in 1995, 67 in 1996, 66 in 1997, and 
65 in 1998. The IW C  determination takes prece­
dence over the LhS. PBR estimate for the purpose 
o f managing the Alaska native subsistence harvest. 
The level o f human-caused m ortality and serious 
in jur)’ averaged over the past five years (49) does 
not exceed the PBR (77) nor the IWC quota for 
1998 (66). Bowhead whales o f the western Arctic 
stock are listed as endangered under the ESA and 
further classified as a strategic stock.

F ig u re  22-3

B ow head w h a le  p o p u la tio n  
t r e n d  a n d  c a tc h  h is to r y ,  
1848-1993.

BELUGA W HALE: BEAUFORT SEA, 
EASTERN CHUKCHI SEA, EASTERN  

BERING SEA, COOK INLET, AND  

BRISTOL BAY STOCKS

Stock Defin ition and 

G eographic Range

Beluga whales are distributed throughout sea­
sonally ice-covered Arctic and subarctic waters o f 
the Northern Hemisphere, and are closely associ­
ated w ith open leads and polynya in ice-covered 
regions. Depending on season and region, beluga
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whales in the western Aretic may occur in both 
offshore and coastal waters, w ith concentrations 
in C ook In le t, B ris to l Bay, N o rto n  Sound, 
Kasegaluk Lagoon, and the Mackenzie Delta. It is 
assumed that most beluga whales from these sum­
mering areas overwinter in the Bering Sea. Sea-O  O

sonal d istribution is affected by ice cover, tidal 
conditions, access to prey, temperature, and hu­
man interaction. D uring winter, beluga whales 
occur in offshore waters associated w ith pack ice. 
In the spring, they migrate to warmer coastal es­
tuaries, bays, and rivers for m olting and calving. 
Annual migrations may cover thousands ol k ilo ­
meters.

hive putative stocks of beluga whales are rec­
ognized w ith in  U.S. waters: Cook Inlet, Bristol 
Bay, Eastern Bering Sea, Eastern Chukchi Sea, and 
Beaufort Sea.

Population Size

I he sources o f information to estimate abun­
dance of belugas have included both opportunis­
tic and systematic observations. The most recent 
survey conducted in 1992 for the Beaufort Sea 
stock resulted in an estimate of approximately 
20,805 whales. A correction factor o f 2 has been 
recommended tor the Beaufort Sea stock, result­
ing m a current population estimate of 39,258. 
The estimated m in im um  size of the Eastern 
Chukchi stock of belugas is 1,200 based on counts 
of animals from aerial surveys conducted during 
1989-91. 11 this count is corrected for the pro­
portion o f animals that were diving and thus not 
visible at the surface, and for the proportion of 
newborns and yearlings not observed due to small 
size and dark coloration, the total corrected esti­
mate lor the Eastern Chukchi Sea is 3.710. The 
1994 population estimate for Bristol Bay was 
1,665. hor ('ook Inlet, the 1997 population esti­
mate was 834 (N =712, Table 22 -1 ); however,rmn

the estimate tor I 998 was less than 500. Ehe cur­
rent population estimate tor the eastern Bering Sea 
stock is ” ,98(1 based on surveys in 1992, 1993. 
and 1994.

M in im u m  Population Estim ate

The minimum population estimates for Alaska 
beluga whale stocks are: 32,453 for the Beaufort 
Sea stock; 3,710 for the eastern ( dulkeiti sea stock; 
6.439 for the eastern Bering Sea stock; and 1,316 
f o r  the Bristol Bay stock, file  m inim um estimate 
ot abundance for Cook Inlet beluga whales is cur­
rently being revised, but w ill likely be less than 
400 animals.

Current Population Trend

The Beaufort Sea stock of beluga whales is 
believed to be stable or increasing; the eastern 
Chukchi Sea and Bristol Bay stocks are believed 
to be stable. The population trend for the Eastern 
Bering Sea stock is uncertain at this time. The 
( look Inlet stock is likely declining.

Status of Stock

The PBR for Alaska beluga stocks are: 649 for 
the Beaufort Sea stock. 74 for the eastern Chukchi 
Sea stock, 26 fur the Bristol Bay stock, I 29 for the 
eastern Bering Sea stock, and 14 for the Cook In ­
let stock. This latter l ’ BR w ill likely be reduced as 
NMFS recently solicited inform ation from the 
public regarding the need to classify this stock as 
endangered or threatened under the 1 SA or de­
pleted under the M M PA. 1 he levels ot human- 
caused mortality and serious in jury for these stocks 
averaged over the past 5 years are: 160 for the Beau­
fort Sea stock, 54 tor the eastern ( lln ikchi Sea 
stock, 1 27 for the eastern Bering Sea stock, 20 for 
the Bristol Bay stock, and 71 for the Cook Inlet 
stock. At this time, only the Cook Inlet stock o f 
beluga whales has been classified as a strategic stock 
under the MM PA.

FOR FURTHER READING

1 lili, I’. .S., and ID. 1’. Deklaster. In press. Alaska marine 

mammal stock assessments: 1998. N O A A  technical 

Memorandum NM FS-AFSC-97, 180 p.

I f ill, 1’. S., D. 1' DeMaster, and R. |. Small. 199” . Alaska 
marine mammal stock assessments, 1996. U.S. De­

partment ot Commerce, N O A A  Technical Memoran­

dum N M l S-AFSC-78, 150 p.
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Marine Mammals of the 
Pacific Region and Hawaii
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INTRO DUC TIO N

The Pacific region has 65 stocks of at least 37 
species o f marine mammals. The U.S. Fish and 
W ild life  Service is responsible for managing two 
stocks of sea otters (central California and Wash­
ington), while the National Marine Fisheries Ser­
vice (NMFS) has management authority for the 
cetacean and pinniped stocks. According to the 
criteria provided in the 1994 Amendments to the 
Marine Mammal Protection Act (M M PA), these 
include 1 1 strategic stocks. In the eastern Pacific 
(i.e. waters of Washington, Oregon, California, 
and northern Mexico), the strategic stocks include: 
endangered sperm, humpback, blue, fin, and sei 
whales: short-finned p ilo t whales, mesoplodon! 
beaked whales, and threatened Guadalupe fur seals. 
Strategic stocks in Hawaiian waters include en­

dangered blue, fin, and sperm whales, and Ha­
waiian monk seals.

Table 23-1 summarizes the status of marine 
mammal stocks in the Pacific region. Important 
population parameters of the stocks and their sta­
tus under the various protected species laws are in­
cluded. Some selected stocks are discussed below.

HAW AIIAN M O N K  SEAL 

Stock Defin ition  and 

Geographic Range

1 lawaiian monk seals are distributed through­
out the Northwestern Hawaiian Islands (N W 1II) 
in six main reproductive populations at French 
Frigate Shoals, Paysan Island, Lisianski Island, 
Pearl and Hermes Reel, M idway A to ll and Kure

Unit

23
N M F S  S O U T H W E S T  

FIS HER IE S  SC IEN CE CE NTE R

La Jo lla  
C a lifo rn ia

H a w a iia n  m o n k  sea l and  
re d -fo o te d  b oo b ies , N o r th ­
w e s te rn  H a w a iia n  Is la n d s  
N a tio n a l W ild life  Refuge.
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Table 23-1

S ta tus  o f m a rin e  m a m m a l 
stocks o f the  Pacific  reg ion  
and H aw a ii (B a rlo w  et a l,, 
1997).

Top: C a lifo rn ia  sea lio n  near 
E v e re tt, W a s h in g to n ; b o t­
to m : n o rth e rn  r ig h t w h a le  
d o lp h in .

OUR LIVING OCEANS

Potential

Species Stock area

M inim um
population
estimate

biological
removal

level
(PBR)-’

Annual
human-
caused

m ortality3
Strategic
status'1

ES/1
statu

California sea lion United States 111,339 6,680 974 N

Haibor seal California 27,962 1,678 243 N

Harbor seal Oregon/W ashington coast 25,665 1,540 15 N

Harbor seal Washington inland waters 15,349 921 36 N

Northern elephant seal California breeding 51,625 2,142 145 N

Guadalupe fur seal M exico to California 3,028 104 0 0 Y T

Northern fur seal San M iguel Island, California 5,018 216 0 0 N

Hawaiian monk seal Hawaii 1,431 4 3 N/A Y E

Harbor porpoise Central California 3,431 33 14 N

Harbor porpoise Northern California 7,640 76 0 0 N

Harbor porpoise Oregon/W ashington coast 22,046 212 13 N

Harbor porpoise Inland Washington 2,681 21 15 N

Dali's porpoise California/Oregon/Washmgton 34,393 330 22 N

Pacific white-sided dolphin Califorma/Oregon/W ashington 82,939 796 22 N

Risso's dolphin California/Oregon/Washmgton 22,388 224 37 N

Bottlenose dolphin California coastal 134 1 3 0 0 N

Bottlenose dolphin Calif./Oreg /W ash offshore 1,904 15 4 4 N

Striped dolphin Calif orma/Oregon/W ashington 19,248 154 1 2 N

Common dolphin, short-beaked California/Oregon/Washmgton 309,717 3,097 272 N

Common dolphin, long-beaked California 5,504 53 14 N

Northern right whale dolphin California/Oregon/Washmgton 15,080 151 47 N

Killer whale California/Oregon/Washmgton 436 3 5 1 2 N

Killer whale Southern Resident Stock 96 1 9 0 0 N

Pilot whale, short-finned California/Oregon/W ashmgton 741 5 9 13 Y

Baird s beaked whale California/Oregon/Washmgton 252 2 0 1 2 N

M esoplodont beaked whales California/Oregon/Washmgton 1,169 11 9 2-13 N

Cuvier's bea led  whale Calif orma/Oregon/W ashington 6,070 61 28 N

Pygmy sperm whale California/Oregon/Washmgton 2,059 19 2 8 N

Dwarf sperm whale California/Oregon/Washmgton N/A N/A 0 0 N

Sperm whale Califorma/Oiegon/Washington 896 1 8 4 5 Y E

Humpback whale Calif /Oreg /W ash -M ex ico 563 0 5 1 8 Y E

Blue whale California/Mexico 1,463 1 5 0 2 Y E

Fin whale Califorma/Oregon/W ashington 747 1 5 <1 Y E

Bryde's whale Eastern Tropical Pacific 11,163 0 2 0 0 N

Sei whale Eastern North Pacific N/A N/A 0 0 Y E

M inke whale California/Oregon/Washmgton 122 1 0 1 2 N

Rough-toothed dolphin Hawaii N/A N/A N/A N

Risso's dolphin Hawaii N/A N/A N/A N

Bottlenose dolphin Hawaii N/A N/A N/A N

Pantropical spotted dolphin Hawaii N/A N/A N/A N

Spinner dolphin Hawaii 677 6 8 N/A N

Striped dolphin Hawaii N/A N/A N/A N

Melon-headed whale Hawaii N/A N/A N/A N

Pygmy k illei whale Hawaii N/A N/A N/A N

Fa se k iller whale Hawaii N/A N/A N/A N

K iller whale Hawaii N/A N/A N/A N

Pilot whale, short finned Hawaii N/A N/A N/A N

B la in v ille i beaked whale Hawaii N/A N/A N/A N

Cuvier's beaked whale Hawaii N/A N/A N/A N

Pygmy sperm whale Hawaii N/A N/A N/A N

Dwarf sperm whale Hawaii N/A N/A N/A N

Sperm whale Hawai N/A N/A N/A Y E
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Atoll. Additional populations, w ith lim ited repro­
duction and maintained hy immigration, are found 
at Necker Island and Nihoa Island, and a small 
number of seals are distributed throughout the 
Main Hawaiian Islands.

Demographically, the different island popula­
tions have exhibited considerable independence. 
For example, abundance at French Frigate Shoals 
grew rapidly from the 1950’s to the 1980’s, while 
other populations declined rapidly. Current de­
mographic variability among the island popula­
tions probably reflects a combination of different 
histories and varying environmental conditions. 
W hile management activities and research focus 
on single island and atoll populations, this species 
is managed as, and considered to be, a single stock.

In the last two centuries, this species has expe­
rienced two major declines which, presumably, 
have severely reduced its generic variation. I he 
tendency for genetic d rift may have been (and may 
continue to be) relatively large, due to the small 
size of the different island and atoll populations. 
However, 10-1 5% of the seals migrate among the 
different populations and, at least to some degree, 
this movement should counter the development 
of separate genetic stocks.

Population Size

Abundance of the Hawaiian monk seal in 1997 
was estimated by counts o f individual seals, the

relationship between beach counts and total popu­
lation size for subpopulations at Necker and Nihoa 
Islands, and a “ best guess" for the Main f lawaiian 
Islands. A total o f 1,295 seals (including pups) were 
observed at the main reproductive populations in
1997. Estimates for Necker and Nihoa Islands (± 
standard deviation) are 65 (±15.1 ) and 56 (±21.1), 
respectively. Finally, sporadic reports indicate that 
abundance on the Main Hawaiian Islands may be 
as high as 40 seals.

By applying NMFS guidelines tor assessing 
marine mammal stocks, which account for uncer­
tainty in our abundance estimates, the m inim um 
size tor the entire Hawaiian monk seal population 

in 1997 was 1,423 seals.

Current Population Trend

Between 195Sand 1993, average beach counts 
at the main reproductive population sites declined 
bv 60%. From 1985 to 1993, the total of the av­
erage site count declined by about 5% annually. 
From 1993 to 1997, the total remained relatively 
stable (Figure 23-1). In the near future the trend 
w ill likely be determined by the extent to which 
expected growth at Kure A to ll and l ’earl and 
Hermes Reef w ill offset the expected further de­
cline at French Frigate Shoals.

Human-induced m orta lity  has caused two 
major declines of the Hawaiian monk seal, and it 
may continue to be an important factor impeding

Species Stocf- area

M inimum
population
estimate

Potential
biological
removal

level
(PBR)2

Annual
human-
caused

m orta lity3
Strategic
status4

ESA
status5

Blue whale Hawaii N/A N/A N/A Y E

Fin whale Hawaii N/A N/A N/A Y E

Bryde's whale Hawaii N/A N/A N/A N

Sea o tte r6 California 2,376 N/A N/A Y T

Sea o tte r6 W ashington 360 N/A N/A Y T

Table 23-1

C o n tin u e d  fro m  th e  p re v i­
ous page.

'N m tn is a conservative estim ate  o f abundance used to  estim ate  PBR and provides reasonable assurance tha t the  s tocf size is equal to  or greater 

than the estim ate  Calculations are from  1996 N/A = in form ation is not available

3PBR (potential biological removal) is the m axim um  num ber o f animals, not including natural mortalities, that may be removed from  a stocl w h ile  allowing 

that stock to  reach or stay at its  optim um  sustainable population level (50-100%  of its carrying capacity) Calculations are from  1996 

^Annual human-caused m orta lity is an estim ate  o f the  tota l num ber o f annual m orta lities and serious m iunes (lii- e ly to  resu lt m death) caused by humans 

Annual records fo r each species are not available Estim ated tota ls are based upon available records, w h ich  vary by species (Barlow et a l . 1997) 

S tra te g ic  status Y = yes, N = no

sESA status E = listed as endangered, and T = listed as threatened under the  Endangered Species Act

^ h is  species is under the jurisd iction of the U S Fish and W ild life  Service, and is not included in the  stocl--status tables o f the  National O verview
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Number 
of seals

600 -

400 -

300 -  

200 -  

100 -

0 -
I______ 1_______I______ I_______ I_______ I______ I_______ I______ J______ I______ I______ J______ I

85 86 87 88 89 90 91 92 93 94 95 96  97

Year

F ig u r e  23*1

Average beach coun ts  o f Ha 
w a iian  m onk seals (exc lud  
in g  M id w a y  Is la n d  a n d  
pups).

its recovery. In the 1800 s, this species was deci­
mated by sealers, surviving sailors of wrecked ships, 
and guano and feather hunters. A 1958 survey in ­
dicated at least partial recovery oí the species in 
the first ha lf of this century; however, subsequent 
surveys documented a second major decline be­
ginning in 1958 (or earlier), during which several 
populations (Kure A to ll, M idway A to ll, and Pearl 
and Hermes Reef) decreased bv 80-109% . Popu-

Average beach counts

latior) trends at Kure A to ll, M idway A to ll, and 
French Frigate Shoals appear to have been deter­
mined by the pattern o f human disturbance. Such 
disturbances caused pregnant females to abandon 
prime pupping habitat and nursing females to 
abandon their pups, thereby increasing juvenile 
mortality.

Since 1979, disturbance from human activi­
ties on land has generally declined and is currently 
a matter o f concern at only M idway Island, where 
opportunities for etotourism must be carefully 
monitored and controlled to prevent such distur­
bances. Development and expansion ol fisheries 
during the 1970’s in the N W H I has led to inter­
actions detrimental to monk seals. The interac­
tions fall into four categories: operations and gear 
conflict, potential entanglement in fisheries de­
bris, seal consumption o f potentially toxic discard, 
and competition for prey. Direct Hawaiian monk 
seal interactions have involved four fisheries: the 
N W H I lobster fishery, the N W 111 bottomfish fish­
ery, the pelagic longline fishery, and recreational 
fisheries in the Main I lawaiian Islands. Recent 
construction efforts and the establishment of a Pro­
tected Species Zone around the Northwestern Ha­
waiian Islands appear to have substantially reduced 
the potential for direct fisheries interactions. Pos­
sible indirect interactions with fisheries, such as 
competition for lobster or the degradation of for­
aging habitat associated w ith precious coral har­
vesting, require further investigation.

S tatus of Stock

In 1976, the I lawaiian monk seal was desig­
nated as endangered under the Endangered Spe­
cies Act (f SA) and depleted under the M M PA. 
Under the methodology specified in the 1994 
amendments to the M M PA (NMFS, 1996), and 
employing the values o f N (a conservative esti­
mate o f the m inim um  population o f the stock) 
and R (one-hall the maximum theoretical or

m a x

estimated net productivity rate of the stock at a 
small population si/e) or 1,423 monk seals and 
0.07/yr, respectively, the calculated potential b io­
logical removal (PBR) is S seals. However, the ESA 
takes precedence in the management o f this spe­
cies and, under the ESA, the allowable take o f 
monk seals is zero. The species is assumed to be

2 4 0
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well below its optim um  sustainable population
(OSP) and, therefore, is characterized as a strate­
gic stock.

HARBOR PORPOISE. 
CENTRAL CALIFORNIA STOCK  

Stock Defin ition and 

Geographic Range

In the Pacific, harbor porpoise are found in 
coastal anil inland waters from Point Conception, 
California, to Alaska and across to Kamchatka and 
Japan. Harbor porpoise appear to have more re­
stricted movements along the west coast of the con­
tinental United States than along the U.S. east 
coast. Regional differences in pollutant residues 
from harbor porpoise tissue samples indicate that 
the species does not mix freely between C alifor­
nia, Oregon, and Washington (Calambokidis and 
Barlow, 1991). The study also showed some re­
gional differences w ith in California (although the 
sample size was small). This pattern stands in sharp 
contrast to the east coast o f the United States and 
Canada where harbor porpoises are believed to 
migrate seasonally from as far south as the ( Karoli­
nas to the ( Hilf of Maine and Bay of Fundv. Farly 
genetic analyses did not show any significant dif- 
ferences between samples from C alifornia and 
Washington, but more recent analyses w ith larger 
sample sizes do show significant differences. These 
studies show that porpoises on the west coast are 
not freely m ixing or migratory, and movement is 
sufficiently restricted that genetic differences have 
evolved.

In its harbor porpoise assessment (Barlow and 
Hunan, 1995), the NM FS and the California 
Department of Fish and Game recommended that 
the animals inhabiting the central California coast 
(from Point Conception to the Russian River) be 
treated as a separate stock The justifications for 
this were: 1) fishery mortality o f harbor porpoise 
is lim ited to central California, 2) movement of 
individual animals appeared to be restricted w ithin 
California, and consequently 3) fishery mortality 
could canse the local depletion of harbor porpoise 
i f  th e central ( alitornia coast stock was not man­
aged separately. Because the recent genetic studies 
have confirmed that movement on the west coast

is lim ited, harbor porpoise in central California is 
considered to be a separate stock. Other Pacific 
coast stocks o f harbor porpoise include: 1 ) a north­
ern California stock, 2) an Oregon/Washington 
coastal stock, 3) a Washington inland-waters stock, 
and 4) an Alaska stock.

Population Size

A 1994 review (Barlow and Forney, 1994) of 
previous estimates of harbor porpoise abundance 
along central California resulted in a new estimate 
of 4,120 animals (C V  = 0.22)1 based on a series of 
aerial surveys from 1988 to 1993. T his recent es­
timate is not significantly different from the pre­
vious estimate of 3,274 animals (CV = 0.31 ) but 
is more precise (owing to the greater number o f 
kilometers surveyed). Both of these estimates only 
include the region between the coast and the 91 
m (50 fathom) isobath. In California, the vast ma­
jority of harbor porpoises are sighted w ith in  this 
depth range; however, 24% of the harbor porpoises 
seen during aerial surveys of Oregon and Wash­
ington were between the 101) m and 200 m 
isobaths (55-109 fathoms). Thus, these abundance 
estimates are like ly underestimates of the total 
abundance by a non-trivial amount. I he current 
m inim um population estimate of 3,‘t i l  animals 
in central California is based on aerial surveys con­
ducted between 1988 and 1993 (Barlow and 
Forney, 1994).

Current Population Trend

An analysis of a 1986-95 time series of aerial 
surveys was conducted to examine trends in har­
bor porpoise abundance in central C alifornia 
(Forney, 1996). After controlling for the effects o f 
sea state, cloud cover, and area on sighting rates, a 
negative trend in population size was evident. The 
trend was not statistically significant, but statisti-

1 C oefficient oí variation (C V ) is a statistical measure used to 
calculate confidence intervals ( t i l ) ,  w hich  gauge the accuracy 
o f population estimates. A n accurate popu lation  estimate is 
characterized by a low C V  and a narrow C l. C l is often given 
a percentage like lihood  o f being correi t ( e.g. US0« means t hat  

i l  the data were resampled and the C l were recalculated 1 VO 
tintes, then hS times it w ou ld  conta in  the true value.

Left page : H aw a iia n  m onk 
seal. N o rth w e s te rn  H aw a i­

ian Is lands N a tiona l W ild life  
Refuge.
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cal power to detect trends remains low. Indica­
tions o f a decline were most evident in the south­
ern part of central California, between Point Con­
ception and Monterey Bay. A real population de­
cline would be somewhat surprising since fisher)’ 
mortality has been declining during this same time 
period. [ I arbor porpoise abundance appears to be 
correlated with changes in sea surface temperature, 
and apparent trends cottld be catised by changing 
oceanographic conditions.

S tatus of Stock

The estimated PBR of 33 animals for this stock 
is calculated as the product of one half ol the m in i­
mum population estimate (3,43 0 , one-half the 
default maximum net growth rate tor cetaceans 
(4%), and a recovery factor of (1.48 (for a species 
ol unknown status with a m ortality rate coeffi­
cient of variation equal to 0.4 t).

The harbor porpoise in C alifornia is not listed 
as threatened or endangered under the PSA nor as 
depleted under the M VIPA. Calculation o f har­
bor porpoise status relative to historic carrying ca- 
pacit) suggests that the central California popula­
tion could have been reduced to between 30% and 
970o of its carrying capacity bv incidental fishing 
mortality. Present information is insufficient to 
narrow the range of this estimate, and the status 
o f harbor porpoise relative to their OSP levels in 
central California is unknow n. The average mor­
tality rate o f 14 animals over the past 3 years is 
less than the calculated PBR (33 animals) for cen­
tral Calilornia harbor porpoise; thus, the central 
California harbor porpoise population is not con­
sidered a strategic stock under the M M PA. The 
Pacific Scientific Review Group (established by the 
M M PA) recommended, however, that this stock 
be considered strategic because it appears to be in 
decline and may be listed as threatened under the 
Endangered Species Act unless this trend is 
stopped. Because fisheri' mortality has been re­
duced over the past 10 years and because there is 
some indication that the decline in animals may 
be due to natural causes, the NMFS does not be­
lieve that a strategic status is justified at this time. 
Research w ill continue to monitor this population 
size and to investigate the possible causes of its 
decline.

HUMPBACK W HALE: CA LIFO R NIA / 
O R E G O N /W A S H IN G T O N -M E X IC O  STOCK 

Stock Defin ition and G eographic Range

Four relatively separate migratory populations 
of humpback whales have been identified in the 
North Pacific based on sightings o f distinctively 
marked individuals. These are the coastal Califor- 
n ia /O regon /W ash ing ton—M exico stock, the 
Mexico offshore island stock (feeding destination 
unknown), the central North Pacific stock (Ha­
waii/Alaska), and the western North Pacific stock 
(Japan/feeding destination probably the Aleutian 
Islands). The California/Oregon/W ash ing ton - 
Mexico stock ranges from C osta Rica to southern 
British C oltnnbia but is most common in coastal 
waters of California (in summer and fall) and 
Mexico (in w inter and spring).

Significant levels of genetic differences exist 
between the California and Alaska feeding groups 
based on analyses of m itochondrial D N A  and 
nuclear DNA. The genetic exchange rate between 
California and Alaska is estimated to be less than 
one female per generation. Genetic profiles from
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animal samples in the Hawaiian and coastal M exi­
can breeding areas showed fewer genetic d iffer­
ences than did the two feeding areas. These d iffer­
ences are substantiated by the observed movement 
of individually identified whales between Hawaii 
and Mexico. 1 here have been no ind iv idua l 
matches between 597 humpbacks photographed 
in California and 617 humpbacks photographed 
in Alaska. Few whales photographed in British Co­
lumbia have matched w ith  a California photo­
graphic catalog, indicating that British Columbia 
is an approximate geographic boundary herween 
feeding populations.

Population Size

Based on w haling statistics, the p re -1905 
population of humpback whales in the North Pa­
cific was estimated to be 1 5,000, but this popula­
tion was reduced by commercial whaling to ap­
proximately 1,200 by 1966. The present North 
Pacific total almost certainly exceeds 3,000 hump­
back whales.

Population estimates for the C a lifo rn ia /O r­
egon/Washington—Mexico stock range from 338 
(CV = 0.29) to (326 (CV = 0.41). The most pre­
cise and least biased estimate is likely to be a 1994 
mark-recapture estimate of 59"7 (( V  = 0 .0 ')  ani­
mals. The m in im um  population estimate for 
humpback whales in this stock from mark-recap- 
tu re methods is approximately 563 humpback 
whales.

Current Population Trend

There is some ind ica tion  that humpback 
whales have increased in abundance in California 
coastal waters between 1979-80 and 1991, but 
this trend is not significant. Mark-recapture popu­
lation estimates have increased steadily from 1988 - 
90 to 1992—93 at about 5% per year. Although 
the North Pacific population is expected to have 
grown since it was given protected status in 1966, 
the possible effects o f continued unauthorized take, 
incidental ship strikes, and gillnet mortality make 
this uncertain.

Status of Stock

The PBR level is estimated as 1.1 whales; how­
ever, because this stock spends approximately half 
its time in Mexican w'aters, the PBR allocation for 
U.S. waters is one-hall of the PBR estimate, or 
0.5 whale/year.

Humpback whales in the N orth Pacific were 
estimated to have been reduced to 13% of carry­
ing capacity' by commercial whaling, and the popu­
lation remains severely' depleted. I he population’s 
initial abundance has never been estimated sepa­
rately for the C alifornia/O regon/W ashington- 
Mexico stock, but this stock was also probably de­
pleted by whaling. Humpback whales are formally 
listed as endangered tinder the ESA, and conse­
quently the C a lifo rn ia /O regon /W ash ing ton— 
Mexico stock is automatically considered as a de­
pleted and strategic stock under the M M PA. A l­
though the estimated annual m ortality due to en­
tanglement (1.2/yr) plus ship strikes (0.6/yr) in 
California is greater than the estimated PBR level 
allocation of 0.5 for this stock in U.S. waters, the 
California/Oregon/Washington-Mexico stock ap­
pears to be increasing in abundance.

EASTERN TROPICAL PACIFIC DOLPHINS

Approximately nine species of dolphins are in­
cidentally taken in the international purse-seine 
fishery for vellowfin tuna in the eastern tropical 
Pacific (ETP) waters o ff  Mexico and Central 
America. O n ly  fou r species (representing 10 
stocks) have experienced significant mortality as­
sociated w ith the tuna fishery. Since these tour spe­
cies also occur in U.S. waters and are impacted by 
U.S. fishing boats in the fleet, the NMFS South­
west Fisheries Science Center has routinely assessed 
these dolphin populations.

The greatest dolphin mortality occurred in the 
1960’s and 1970’s and led to dramatic declines in 
abundance of the northeastern spotted dolphin 
and eastern spinner dolphin stocks to one-fourth 
of their pre-exploitation level in 1959. A ddition­
ally, trend data collected since 1975 indicate both 
stocks are still significantly below the le\'els of 
1975. In 1993, the NMFS listed both the north­
eastern offshore spotted and the eastern spinner 
stocks as depleted under the M M PA because they
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S p in n e r d o lp h in s . were below their optim um  sustainable popula­
tions.

Although the greatest m ortality occurred in 
the 1960 s and 1970’s, incidental mortality of E I P 
dolphins was still fairly high as recently as 1986 
when 133,174 dolphins were estimated killed, and, 
out of eight stocks for which a PBR level can now 
be calculated, seven had incidental mortalities that 
exceeded their PBR’s. In 1991, m ortality in the 
three stocks of greatest concern (northeastern spot­

ted, eastern spinner, central common) still ex­
ceeded their PBR’s. These comparisons are illus­
trative only, as the M M PA  specifically manages 
FTP dolphins by quotas, not calculated PBRs. In ­
cidental mortality o f northeastern spotted dolphins 
increased in 1986 to 7% of their abundance esti­
mate, a level that is not likely to be sustainable, 
and this apparently led to another significant de­
cline in the stock between 1985 and 1994. The 
data also indicate that the central stock o f com­
mon dolphins is still significantly below its 1975 
level.

M orta lity of FTP dolphins has been declin­
ing since 198(> and has decreased dramatically since 
1991 (Table 23-2). A 1992 international agree­
ment to manage the incidental mortality of FTP 
dolphins, which included individual vessel quo­
tas, has led to a decrease in the total mortality 
(2,914 dolphins of all species) in 1997. Since 1992, 
the incidental m ortality has been less than the es­
timated PBR for all stocks, and the annual inci­
dental mortality o f each stock is now less than 
0.2% of their estimated abundance. Such low 
m orta lity rates should be sustainable and should, 
if continued, allow the northeastern spotted dol­
phin and the eastern spinner dolphin populations 
to increase and eventually recover.

M inim um  Potential Incidental m orta lity in the
population biological eastern tropical Pacific tuna fishery
estim ate removal level __________________________________

Abundance (R nJ (PBR)1
Stocl 1986-90 1986-90 1986-90 1994 19952 19963

Table 23-2

M o rta lity  o f d o lp h in s  in the Northeastern spotted“ 730.000 648.900 6,489 934 952 818

eastern  tro p ica l Pacific due W est/South spotted 1,298,400 1,145,100 11,451 1,226 859 545
to the  tuna fishery. Coastal spotted 29.800 22,500 225 N/A N/A N/A

Eastern spinner4 631,800 518,500 5.185 743 654 450

W hitebelly spinner 101,9300 872,000 8,720 619 445 447

Central American spinner N/A N/A N/A 11 17 11

Northern common 476,300 353.100 3.531 101 9 77

Central com m on 406,100 297,400 2.974 151 192 51

Southern com m on 2.210.900 1.845,600 18,456 0 0 30

Striped 1.918.000 1.745.900 17.459 1 1 34 5

Compar sor o l re renr n rm n ta  m orta lity To potentia l bio og cal removal evels (PBRs) calculated tor s to r l s o f eastern tropical Pacific dolphins It should 

tie  noted that ETP dolph ins a te  e *p lic it!y  excluded from  m anagem ent under the PBR section of the  M arine  M am m al P rotection A ct Nonethe less the 

♦ ilru la te d  PBRs *ti I p rovide a useful guide for in tepretm q the  significance o f dolphin m orta lity  Abundance es tim ates are from  W ade and G errodette 

'99<- PBRs V* ere ra ii u 'ated us ng an assum ed m a o n iu m  net productiv ity  rate o f 0  04 and a recovery factor o f 0  5 in each case 

na  I a r J Lennert 1997 

I ■■‘in erf and Half lr  p c

i isted as dep  p le d  under the  Marine M am m al Protei t <»■ Ar t
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1 here are still some uncertainties and concerns 
about the status o f two small populations o f en­
demic subspecies that are found in the ETP, the 
coastal spotted dolphin and the Central Am eri­
can spinner dolphin. An abundance estimate, only 
available tor the coastal spotted stock, indicates 
that m ortality of more than 225 animals per year 
may not be sustainable. No coastal spotted dol­
phins were reported killed in 1993 and 1994 (with 
near 100% observer coverage), although they were 
reported killed in previous years. Additionally, 41 
and 237 unidentified dolphins were reported killed 
in 1993 and 1994, respectively, which may have 
included some of these subspecies. O n ly  18 and 
11 Central American spinner dolphins were re­
ported killed in 1993 and 1994, respectively. 
M on ito ring  of both ol these coastal distributed 
stocks remains important, particularly il much 
fishing effort occurs close to the coast.

In 1995, another international agreement set 
dolphin mortality lim its bv stock, provided for an 
end to U.S. embargoes of ETP tuna, and proposed 
a new definition o f “dolphin-safe” tuna. U.S. leg­
islation (the international Dolphin Conservation 
Program Act) signed in to  law in 1997 im ple­
mented provisions of this agreement and mandated 
new research to determine whether or not encircle­
ment o l dolphins during tuna purse-seine fishing 
has a significant adverse impact on dolphin stocks. 
If it is found that encirclement does have a sig­
nificant adverse effect, the current defin ition of 
“dolphin-safe” (no dolphins were chased or en­
circled while catching the tuna) w ill be retained; 
otherwise, the definition w ill be changed to mean 
that no dolphins were killed or seriously injured 
in that particular set even if dolphins were chased 
and encircled. The Secretary of Commerce must 
make a preliminary determination on this matter 
by March 1999 and a final determination bv De­
cember 2002.
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ERRATUM

In Our Living Oceans 1995, rhe section of U n it 23 on 
the harbor porpoise stock o ff central California con­

tained a figure showing population counts (Figure 23- 

2). This figure was in error, and actually showed har­
bor seal counts.
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Marine Mammals 
of the Atlantic Region 
and the Gulf of Mexico

INTRO DUC TIO N

The A tlantic region has at least 91 stocks ol 
39 species of marine mammals. The U.S. Fish and 
W ildlife Service has management authority lor rvvo 
stocks o f the endangered West Indian manatee 
(Florida and Antillean), and the National Marine 
Fisheries Service (NMFS) has responsibility for 
management ol the remaining cetacean and p in ­
niped stocks.

According to criteria provided by the 1994 
Amendments to the Marine Mammal Protection 
Act (M M PA) there are 23 strategic stocks (Table 
24-1). In the western North Atlantic, the strate­
gic stocks include 6 stocks of endangered whales

(right, humpback, fin, sei, blue, and sperm whales); 
the coastal bottlenose dolphin which is depleted 
under the M M PA; and stocks where estimated 
m ortality exceeds their Potential for Biological 
Removal (PBR) (dwarfsperm whale, pygmy sperm 
whale, k ille r  whale, Cuvier's beaked whale, 
mesoplodont beaked whale, short-finned pilot 
whale, common dolphin, Atlantic spotted dolphin, 
pantropical spotted do lphin , and the C u lt of 
Maine/Ba) of Fundv harbor porpoise).

In the northern G u lf of Mexico, strategic 
stocks include the endangered sperm whale, bottle­
nose dolphin in coastal bays, sounds and estuar­
ies, dwarf and pygmy sperm whales, and the 
Florida and Antillean stocks ol endangered West
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Table 24-1

S ta tus  o f m a rin e  m a m m a l 
stocks in the  A tlan tic  reg ion  
and G u lf o f M exico.

Potential

Species Stock area

M inim um
population
estimate

INhJ '

biological
removal

leve!
(PBR)2

Annual
human-
caused

m orta lity3
Strategic
status4

ESA'
M M PA
status5 Trenr

Harbor seal W estern North Atlantic 30,990 1,859 898 N 1
Gray seal N orthw est North Atlantic 2,010 121 41 N 1

Harp seal N orthw est North Atlantic N/A N/A 329 N 1
Hooded seal N orthw est North Atlantic N/A N/A 5 6 N 1
Harbor porpoise Gulf of Maine/

Bay of Fundy 48,289 483 1,667 Y U

Risso's dolphin W estern North Atlantic 11,140 111 18 N U
Atlantic w hite-sided dolphin W estern North Atlantic 19,196 192 218 Y U
W hite-beafed dolphin W estern North Atlantic N/A N/A 0 N u
Common dolphin W estern North Atlantic 15,470 155 247 Y u
Atlantic spotted dolphin W estern North Atlantic 1,617 16 16 Y u
Pantropical spotted dolphin W estern North Atlantic 1,617 16 16 Y u
Striped dolphin W estern North Atlantic 18,220 182 11 N u
Spinner dolphin W estern North Atlantic N/A N/A 031 N u
Bottlenose dolphin W estern North Atlantic,

o ffshore 8,794 88 58 N u
Bottlenose dolphin W estern North Atlantic,

coastal 2,482 25 29 Y D s
Dwarf sperm whale W estern North Atlantic N/A N/A 0 2 Y u
Pygmy sperm whale W estern North Atlantic N/A N/A N/A N u
Killer whale W estern North Atlantic N/A N/A 0 N u
Pygmy killer whale W estern North Atlantic 6 0 1 0 N u
Northern bottlenose whale W estern North Atlantic N/A N/A 0 N u
Cuvier's beaked whale W estern North Atlantic 895 8 9 9 7 Y u
M esoplodont beafed whale W estern North Atlantic 895 8 9 9 7 Y u
Pilot whale, long-finned W estern North Atlantic 4,968 50 32 N u
Pilot whale, short-finned W estern North Atlantic 457 4 6 32 Y u
Sperm whale W estern North Atlantic 1,617 3 2 0 Y E u
North Atlantic right whale W estern North Atlantic 295 0 4 2 3 Y E u
Humpback whale W estern North Atlantic 10.019 32 6 5.7 Y E u
Fin whale W estern North Atlantic 1,704 3 4 0 5 Y E u
Sei whale W estern North Atlantic N/A N/A N/A Y E u
Mmke whale Canadian east coast 2,145 21 0 8 N u
Blue whale W estern North Atlantic N/A N/A N/A Y E u
Bottlenose dolphin Gulf o f Mexico, outer

continental shelf 43,233 432 2 8 Y u
Bottlenose dolphin Gulf of Mexico, continental

shelf edge and slope 4,530 45 28 Y u
Bottlenose dolphin W estern Gulf o f M exico

coastal 2,938 29 13 Y u
8ottlenose dolphin Northern Gulf o f Mexico

coastal 3,518 35 10 Y u
Bottlenose dolphin Eastern Gulf of Mexico

coastal 8,963 90 8 Y u
Bottlenose dolphin Gulf o f M exico bay,

sound, and estuarine7 3,933 39 7 30 Y u
Atlantic, spotted dolphin Northern Gulf of Mexico 2,255 23 1 5 N u
Pantropical spotted dolphin Northern Gulf of Mexico 26,510 265 1 5 N u
Striped dolphin Northern Gulf of Mexico 3,409 34 0 N u
^pinner dolphin Northern Gulf of M euco 4,465 45 0 N u
Rough-toothed do phin Northern Gulf of Mexico 660 6 6 0 N u
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Species Stock area

M inim um
population
estimate

(NnJ '

Potential
biological
removal

level
(PBR)2

Annual
human-
caused

m ortality3
Strategic
status4

ESA'
MM PA
status5 Tren'

Clymene dolphin Northern Gulf o f Mexico 4,120 41 0 N U

Fraser’s dolphin Northern Gulf of Mexico 66 0 7 0 N U

Killer whale Northern Gulf o f Mexico 197 2 0 N U

False killer whale Northern Gulf o f Mexico 236 2 4 0 N U

Pygmy k iller whale Northern Gulf o f Mexico 285 2 8 0 N U

Dwarf sperm whale Northern Gulf o f Mexico N/A N/A N/A Y U

Pygmy sperm whale Northern Gulf of Mexico N/A N/A N/A Y U

Melon-headed whale Northern Gulf o f Mexico 2,888 29 0 N U

Risso's dolphin Northern Gulf o f M exico 2,199 22 19 N u
Cuvier's beaked whale Northern Gulf o f Mexico 20 0 2 0 N u
B la in v ille i beaked whale Northern Gulf of Mexico N/A N/A 0 N u
Gervais' beaked whale Northern Gulf of-M exico N/A N/A 0 N u

Pilot whale, short-finned Northern Gulf o f M exico 186 1 9 0 3 Y8 u
Sperm whale Northern Gulf o f M exico 41 1 0 8 0 Y E u

Bryde's whale Northern Gulf o f Mexico 17 0 2 0 N u
Manatee9 Florida Y E D

Manatee9 Antillean Y E D

T a b le  2 4-1

C o n tin u e d  fro m  p re v io u s  
page.

'N ^,, is a conservative estim ate  o f abundance used to  estim ate  PBR and provides reasonable assurance that the  stoet- size is equal to  or greater than 

the  estim ate

‘ PBR (potential biological removal) is the m axim um  num ber of animals, not including natural m orta lities, that may be rem oved from  a stock w h ile  allowing 

that stock to  reach or stay at its o ptim um  sustainable population level (50-100%  of its carrying capacity)

3Annual human-caused m orta lity is an estim ate  o f the  total num ber of annual m orta lities and serious in juries (ti) ely to  resu lt in death) caused by humans

4Strategic status V = yes, N = no

5E = listed as endangered, and T = listed as threatened under the Endangered Species Act D = listed as depleted under the Marine M am m al Protection Act

6Trend is increasing (I), stable (S). decreasing (D), or unknow n (U)

"Represents at least 33 individually recognized stocl-s o f bottlenose dolphin in U S Gulf of M exico  bays, sounds, and o ther estuaries

8The tota l level o f estim ated fishery-re lated m orta lity and serious injury is un) nown, but because there is a record o f a fishery-re lated m orta lity or serious

injury and because o f the extrem ely low  estim ated stock size, th is is a strategic stock

9This species is under the jurisdiction o f the  U S Fish and W ild life  Service, and is not included in the  s tock-sta tus tables o f the  National O verview
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Indian manatees.
Recent assessments indicate that there is an 

increasing trend in the four seal stocks; the coastal 
bottlenose dolphin stock is believed to be stable; 
West Indian manatees are believed to be declin­
ing; and the trends lor the remaining 84 stocks 
are unknown.

BOTTLENOSE DOLPHIN: 
GULF BAY, SO U N D , AND  

ESTUARINE STOCKS  

Stock D efin ition  and 
G eographic Range

There are now 33 recognized provisional stocks 
that occupy the bays, sounds, and estuaries along 
the U.S. Gulf of Mexico. Seaward of these are rec­
ognized an additional three coastal-to-shelf edge 
and three offshore provisional stocks. Studies re­
lying on identification of individual dolphins sug­
gest that bottlenose dolphins inhabiting mans' ol 
the bas s, sounds, and other estuaries form discrete 
communities. Although breeding mas' occur be­
tween adjacent communities, the geographic na­
ture of these areas suggests that each community

exists as a functioning unit of its ecosystem and, 
under the M M PA, must be maintained as such. 
Therefore, each of the areas form ing a contiguous 
enclosed or semi-enclosed body of water is provi­
sionally considered to contain a distinct bottle­
nose dolphin stock or management unit, but the 
number o f these w ill likely change as new in for­
mation on the biological uniqueness and degree 
ol mixing among these communities is obtained. 
Although this is believed to be a risk averse ap­
proach to management, the small size o f many o f 
these populations often results in estimates of sus­
tainable removal levels (i.e. potential biological 
removal (PBR)) o f less than one individual, and 
this becomes problematic. Fo this end, a major 
research objective is to develop biologically based 
criteria to better define and manage this species in 
the G u lf o f Mexico.

I he continuous distribution of bottlenose dol­
phins around the Gulf coast theoretically allows 
genetic exchange between adjacent communities. 
However, long-term mark-recapture studies using 
photo-identification of individual dolphins in the 
v ic in ity  of Sarasota and Tampa Bays in flo rida  
demonstrate that individual dolphins remain in a 
given area vear-round. Three distinct dolphin com­
m unities have been described in and around 
Sarasota Bay. One community was formed by dol­
phins residing in the Gulf of Mexico coastal wa­
ters, another consisted of the dolphins in the deep- 
water areas of Passage Key Inlet and lampa Bay 
(adjacent to Sarasota Bay), and a third commu­
nity resided in the shallow waters of Sarasota Bay.

Females of the highly structured Sarasota dol­
phin community form a stable, discrete, long-term 
breeding unit w ith strong geographical fidelity. 
Electrophoretic isozyme analysis showed signifi­
cant differences between dolphins of the sliallow- 
water Sarasota comm unity and the Tampa Bay 
community, and from dolphins from Charlotte 
1 (arbor, to tile south; however, there was a high 
degree of genetic heterozygosity indicating that the 
Sarasota community, while socially and geographi­
cally distinct, is not genetically isolated. It has been 
suggested that the Sarasota community is likely 
one of a number of communities which comprise 
an extended population, the lim its of which are 
unknown.

Photo-identification and radio-tracking stud­
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ios confirmed lhat some individual dolphins re­
main in the same general areas w ith in  Matagorda 
Bay, Texas, throughout the year (Lynn, 1998); 
thus, the situation there may be similar to that o f 
the Florida west coast. Movement of resident 
bottlenose dolphins in Texas through passes lin k ­
ing bays w ith the G uii of Mexico appears to be 
relatively lim ited, but does occur and suggests that 
these communities, like those along the Florida 
west coast, may not be reproductively isolated trom 
the coastal populations. For example, two bottle­
nose dolphins previously seen in the South Padre 
Island, Texas, coastal area were seen in Matagorda 
Bay, 288 kilometer north, in May 1992 and May 
1993. Preliminary analyses of mitochondrial D N A  
using polymerase chain reaction procedures sug­
gested that Matagorda Bay dolphins appear to be 
a localized population, despite the suggestion of 
mixing o f some individuals over large distances 
(NMFS, unpublished data1). Over 1,000 ind i­
vidual bottlenose dolphins have been identified 
in bay and coastal waters near the northeast end 
o f Galveston Island, Texas, but most of these were 
sighted only once w ith only 200 individuals re­
ported to use the area over the long term, suggest­
ing that a significant number of dolphins are not 
resident in this area.

Much less is known about the movements ol 
resident bottlenose dolphins in estuaries of the 
northern Gulf of Mexico. Seasonal differences in 
bottlenose do lphin  abundance in M ississippi 
Sound suggest seasonal migration; however, these 
migration patterns are yet to be fu lly  described. It 
is probable that some exchange occurs between 
the Mississippi Sound communities and the coastal 
dolphins m this area as well.

Population Size

Population si/e for all of the provisional stocks 
except Sarasota Bay, Florida, was estimated from 
preliminary analyses of line-transect data collected 
during aerial surveys conducted in September- 
October 1992 indexas and Louisiana, in Septem- 
ber-Octoher 1993 in Louisiana, Mississippi, Ala-

1 N a tio n a l M a rin e  Fisheries Service, N o rth e a s t F isheries Sei- 

trnce C e n te r, 166 W ater Street, W oods  H o le , M A  02^4.3

bam i, and the Florida panhandle, and aerial sur­
veys o f the west coast of Florida in September- 
November. Population estimates for the Sarasota 
Bay, Florida, comm unity were obtained through 
direct count of known individuals. M in im um  
population estimates were calculated from the es­
timates of population size and their associated co­
efficients of variation (dable 24-1). Where the 
population size resulted from .1 direct count of 
known individuals, the m inim um  population si/e 
was identical to the estimated population size.

Current PopulationTrend

Population data are insufficient to determine 
trends for the provisional stocks of bottlenose dol­
phin that inhabit the bays, sounds, and estuaries 
in the C h ilf o f Mexico. 1 lowever, three anomalous 
mortality events occurred among portions o f these 
communities between 1990 and 1994. W hile these 
events mat’ have resulted in declines in some loca­
tions, it is not possible to accurately partition the 
mortalities between the bay, sound, and estuary 
communities and adjacent coastal dolphin com­
munities. Thus, the effect o f these mortality events 
on the growth o f these populations cannot be de­
termined at this time. Ongoing m onitoring w ill 
be required to establish more accurate populations 
estimates and, over time, trends in abundance for 
these dolphin communities.

Status of Stock

In the absence o f information on population 
trends and unknown status for G u lf bay, sound, 
and estuary bottlenose do lphin  communities, 
PBR’s are calculated using a recovery fic to r of 0.80. 
The estimates for each provisional stock are given 
in I able 24-1.

Although these provisional stocks are not listed 
as threatened or endangered, the occurrence of the 
three anomalous m orta lity  events w ith in  their 
communities is cause tor concern. W hile the spe­
cific factors that presumably caused and o r con­
tributed to these m ortality events has yet to been 
determined, evidence suggests that bottlenose dol­
phins in the northern and western coastal portion 
of tile U.S. Gulf o f Mexico may have experienced 
.1 m orb illiv irus  epidemic in 1993 (Lipscomb,
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1994). Seven of 38 live-capturcd bottlenose dol­
phins (20%) from Matagorda Bay, Texas, in 1992, 
tested positive for previous exposure and it is pos­
sible that other estuarine resident dolphin com­
munities have been exposed as well. The relatively 
high number o f bottlenose dolphin deaths which 
occurred during these m ortality events suggests 
that these populations may be physiologically 
stressed, possibly I rom nearshore pollution and 
chemical contamination or other causes. For these 
reasons, and because the PBR for most o f these 
relatively small provisional stocks would be ex­
ceeded w ith the incidental capture o f a single dol­
phin, each is recognized as a strategic stock.

HARBOR PORPOISE: 
GULF OF M A IN E - 

BAY OF FUNDY STOCK  

Stock D efin ition and  

Geographic Range

This harbor porpoise stock is found in U.S. 
and Canadian Atlantic waters. During the sum­
mer ( July to September), harbor porpoises arc con­
centrated in the northern Gui! of Maine-south­
ern Bay o f Fundy region, generally in waters less 
than 1 80 meters (m) deep (Palka et ah, 1996). I h ir­
ing fall (October to December) and spring (April 
to June), harbor porpoises are widely dispersed 
from N orth Carolina to Maine, though in much 
lower densities than that seen during the summer. 
No specific migratory routes to the northern Gulf 
o f Maine-lower Bay o f Fundy region have been 
documented. Animals are seen from the coastline 
to the middle of the G u lf o f Maine (>200 m deep) 
in both spring and fall. D uring winter (December 
to March), some harbor porpoises have been re­
ported in waters otf the M id-A tlantic (from New 
lersev to N orth Carolina). Two stranding records 
from Florida occurred during the 1980's.

Gaskin (1984, 1992) proposed that there were 
four separate populations in the western North 
Atlantic: the G u lf of Maine-Bav of Fundy, Gulf 
of St. Lawrence, Newfoundland, and Greenland 
populations. Recent analyses involving mitochon­
drial D N A  (Wang et ah, 1996), organochlorine 
contaminants (Westgate et ah, 1997), heavy met­
als (Johnston, 1998), and life history parameters

(Read and Horn, 1998) support C iaskms proposal. 
In particular, there is a suggestion that the G u lf o f 
Maine-Bay of Fundy females are different than 
G u lf of St. Lawrence females, but males were sta­
tistically indistinguishable (Palka et ah, 1996). Re­
search on microsatellites, a potentially powerful 
genetic tool, is currently being conducted to re­
analyze existing genetic data and analyze new 
samples in order to resolve the larger scale stock 
structure question.

Population Size

Line-transect surveys were conducted during 
1991, 1992, and 1995 to estimate the population 
size o f harbor porpoises aggregated in the Gulf o f 
Maine-Bay of Fundy region during the summer. 
The next scheduled survey is in the summer of 
1999. The abundance estimated from the 1991 
survey was 37,800 (C V"1 = 0.29, 95% C f - 
26,700-86,400) (Palka, 1995a), 67,500 from the 
1992 survey (C V  -  0.23, 98% ( I = 32,900- 
1 04,600) (Smith et ah, 1 99.3) and 74,000 harbor 
porpoises from the 1995 survey (CV = 0.20, 95% 
( 'I =40,900-109,100) (Palka, 1 996). The inverse 
variance weighted-average abundance estimate 
from all three surveys (Smith et ah, 1993) was 
54,300 harbor porpoises (CV = 0.14, 95% C l - 
41,300-71,400). Possible reasons lor inter-annual 
differences in abundance and distribution include 
experimental error and inter-annual changes in wa­
ter temperature and availability of primary prey 
species (Palka, 1995b). The m inim um population 
estimate calculated for this population is 48,289 
(C V =  0.14).

Current Population Trend

Data are not sufficient to determine the popu­
lation trends for this species. Previous abundance 
estimates for harbor porpoises in the G u lf o f

"C o e ff ic ie n t o f  va r ia tio n  (C !V ) is a s ta tis tica l m easure used to  

ca lcu la te  con fid ence  in te rva ls  ( C l) ,  w h ic h  gauge th e  accuracy 

o f p o p u la tio n  estim ates. A n  accura te  p o p u la t io n  estim ate  is 

characte rized  h y  a lo w  (  V and a n a rro w  ( ' I .  C l is o fte n  g iven 

a percentage lik e lih o o d  o l h e ing  co rre c t (e.g. l)5 %  means that 

i f  th e  data  were resam pled and  th e  C l were reca lcu la ted 100 
tim es, then  OS tim es tt w o u ld  c o n ta in  th e  rrue  value.
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Maine-Bay oí Fundy are available from earlier 
studies (e.g. 4,000 animals (Gaskin, 1977) and 
15,800 animals (Kraus et al. 1983)). These esti­
mates cannot be used in a trends analysis because 
they were from selected small regions w ith in  the 
entire known summer range and, in some cases, 
do not incorporate an estimate for the probability 
that an animal on the transect track line w ill be 
missed (NEFSC , 1992).

Status of the Stock

The National Marine Fisheries Service has pro­
posed listing the G u lf o f  Maine-Bay of Fundy har­
bor porpoise as threatened under the Endangered 
Species Act (NMFS, 1993). The G ulf of Maine- 
Bay of Fundy harbor porpoise stock has also been 
classified as strategic because total U.S. annual fish­
ery-related mortality and serious in jury (1,667) 
exceeds PBR (483) (Waring et ah, 1997). 1 he es­
timated annual mortalities from the New England 
multispecies sink gillnet fishery' from 1990 to 1996 
are 2,900 ( ( )V = 0.32), 2000 (CV = 0.35), 1,200 
(CV = 0.21), 1,400 (C V  = 0.18), 2,100 (CV = 
0.18), 1,400 (CV = 0.27), and 1,200 (CV = 0.25) 
respectively (Bravington and Bisack, 1995; Bisack, 
1997a). The annual estimated mortalities from the 
pelagic d rift gillnet fishery from 1991 to 1996 are 
0.7 (C V =  1.0), 0.4 (C V =  1.0), 1.5 ( ( ' V - 0.34), 
0, 0, and 0, respectively (Bisack, 1997b). The an­
nual estimated mortalities from the M id-A tlantic 
coastal sink gillnet fisheries for 1995 and 1996 
are 103 (CV = 0.57) and 31 1 (CV 0.31) (War­
ing et al, 1999). In addition, harbor porpoise by- 
catch in Canadian gillnets in the Bay of Fundy 
from 1994 to 1997 were 101 (95% C l = 80 -122), 
87, 20, and 43 respectively (Trippel et ah, 1996).

To address bycatch of harbor porpoises two 
take reduction teams have been formed to design 
a plan to reduce bvcatch. The first team met in 
1996 to address bycatch in the New England 
multispecies sink gillnet fishery. The second team 
met in 1997 to address bycatch in the M id-A tlan­
tic coastal gillnet fisheries.

HARBOR SEAL W ESTERN  

NORTH ATLANTIC STOCK
H arbo r seal

Stock D efin ition  and 

Geographic Range

In the western North Atlantic, harbor seals arc 
common from Labrador to southern New I uglanii 
and New York, and occasionally to the Carolinas 
(Boulvaand McLaren, 1979; Katona et ah, 1993; 
Gilbert and Guldager, 1998). Although the stock 
structure is unknown, the northwest Atlantic sub­
species, Phoca vitulina concolor, is believed to rep­
resent one breeding population. Breeding and pup­
ping normally occurs in waters north ol the New 
Hampshire-Maine border, although breeding oc­
curred as far south as Cape Cod in the early part 
o f the twentieth century (Tenue et ah, 1991; 
Katona et ah, 1993).

I farbor seals are year-round inhabitants ol the 
coastal waters o f eastern Canada and Maine 
(Katona et ah, 1993), and seasonally along the 
southern New England and New York coasts from 
September through late May (Schneider and 
Payne, 1983). A general southward movement 
from the Bay of Fundy to southern New England 
waters occurs in au tum n and early w in te r 
(Rosenfeld et ah, 1988; W hitm an and Payne,
1990). A northward movement from southern 
New England to Maine and eastern Canada oc­
curs prior to the pupping season, which takes place 
from m id-M ay through June along the Maine
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Fraser's d o lp h in . Coast (Richardson, 1976; Kenney, 1994). I he 
overall geographic range throughout U.S. A tlan­
tic coast waters has not changed greatly during 
the last century.

Population Size

Since passage o f the Marine Mammal Protec­
tion Act in 1972, the number o f seals along the 
New England coast has increased nearly fivefold. 
Coast-wide aerial surveys along the Maine coast 
were conducted in Mav-June during pupping in 
1981. 1982, 1986, 1993, and 1997 (G ilbert and 
Stein, 1981; G ilbert and Wynne, 1983; G ilbert 
and Wynne, 1984; Kenney, 1994; and C filbert and 
Guldager, 1998). Aerial survey haul-out counts 
(adults and pups) were 10,540 (1981), 9,331 
(1982), 12,940 ( 1 986), 28,810 (1993), and 
30,990 (1997). These numbers are considered to 
be m inim um  abundance estimates because they 
are uncorrected for animals in the water or out­
side the survey area. The annual increase since 
199.3 has been 1.8 percent (( filbert and ( iuldagcr, 
1998). Since 1981, the average annual increase has 
been *.2  percent (Gilbert and Guldager, 1998), 
about 50°o of the 8.9 percent annual increase es­
timated bv Kenney (1994) from counts through 
1993. Pup counts along the Maine coast during 
the Mav-June period were: 676 (1981), 1,198 
(1982), I H I 3 (1986), 4,250 (1993), and 5,359 
( 1 9 9 7 ) .  The 199"’ estimate is 26 percent above 
tile 199.3 value. Since 1981, the number o f pups

along the Maine coast has increased at an annual 
rate of 1 2.9 percent (( filbert and Guldager, 1998).

Increased abundance o f seals in w intering ar­
eas in southern New England and New York has 
also been documented in m onitoring programs 
conducted by a variety nongovernment organiza­
tions. Canadian scientists counted 3,600 harbor 
seals during an August 1992 aerial survey in the 
Bay of Fundy (Stobo and Fowler, 1994), but noted 
that the survey was not designed to obtain a popu­
lation estimate.

Harbor seals, like gray seals, were bounty 
hunted in New England waters un til the late 
1960's. Fhis hunt may have caused the demise o f 
this stock in U.S. waters (Katona et ah, 1993). 
Researchers and fishery observers have docu­
mented incidental mortality in several fisheries in 
recent years, particularly w ith in  the F iu lf o f Mame 
(Waring et ah, 1997). An unknown level ol mor­
tality also occurs in the marictilture industry (i.e. 
salmon farming), in power plant intake pipes, and 
by deliberate shooting (NMFS unpublished data’ ). 
3n unknown number o f harbor seals have been 
taken in Newfoundland and Labrador, G u lf of St. 
Lawrence, and Bay of Fundy groundfish gili nets, 
A tlantic ( lanada and Greenland salmon gillnets, 
A tlantic ( .mada cod traps. Bay of Fundy herring 
weirs, and from deliberate shooting (Read, 1 994). 
Estimated average annual mortality and serious in­
jur}' to this stock during 1990-93 are 602 (CV = 
0.68), 231 (C V  -  0.22), 373 (CV = 0.23), 698 
(CV = 0.19), 1,.33() (( V -  0.25), 1,179 (CV = 
0.21), and 91 1 (CV = 0.27), respectively.

Small numbers of harbor seals regularly strand 
during the winter period in southern New f uglanii 
and M id-A tlantic regions (NMFS, unpublished 
data1). Sources of mortality include human inter­
actions (boat strikes, fishing gear, power plant in ­
take, aquaculture operations), storms, abandon­
ment by the mother, and disease (Katona et ah, 
199.3; NMFS unpublished data1). In 1980, more 
than 350 seals were found dead in the C ape Cod 
area Irona an influenza outbreak (Geraci et ah, 
1981). The m in im um  population estimate is 
.30,990 harbor seals (Waring et ah, 1997).

'Northeast Fisheries Science ( enter, N M FS , 166 Water Street, 
Woods Hole, M A  02S -IÎ.
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Current Population Trend

Based on recent aerial survey counts during 
the Mav-June pupping season along the Maine 
coast, harbor seal abundance in U.S. waters is in ­
creasing, but the actual trend is unknown.

Status of Stock

PBR (Barlow et al., 1995) was specified as the 
product of m inim um population size (30,990), 
one-halt the maximum productivity rate (0.06), 
and a recovery factor o l 1.0, to give a PBR for this 
stock o f 1,859 harbor seals (Waring et ah, 1997).

l he status ol the harbor seal population, rela­
tive to the optimum sustainable population, in the 
U.S. A tlantic Exclusive Economic Zone is un­
known, but the population is increasing. The spe­
cies is not listed as threatened or endangered un­
der the Endangered Species Act. The estimated 
annual level of human-caused m ortality and seri­
ous in jury in U.S. waters does not exceed PBR; 
therefore, this is not a strategic stock.

NORTHERN RIG HTW HALE: 
NORTH ATLANTIC STOCK 

Historical Background

The northern right whale was the first large 
whale to be hunted on a systematic, commercial 
basis. The species was taken by Basque whalers in 
the Bay ol Biscay at least as early as the 11 th cen­
tury (Aguilar, 1986). By the late 1500’s the Basques 
had established a substantial fishery off the Labra 
dor coast (( umbaa, 1986). This was succeeded 
by intensive shore whaling oil New England in 
the 17th and 18th centuries, an activity which 
continued sporadically into the early part o f this 
century. Similarly intensive exploitation occurred 
in the North Pacific population beginning in 1835. 
Although the right whale was officially protected 
throughout its range in 1935, it is now known 
that the former Soviet Union took substantial 
numbers o f these animals in the North Pacific and 
Sea of Okhotsk into the 1960’s (Yablokov, 1994). 
There is presently no evidence that these illegal 
catches extended to the North Atlantic.

Stock Defin ition  

and G eographic Range

The right whale is a slow animal which fre­
quents coastal and shelf habitats. It feeds in tem­
perate or high latitudes in summer and calves in 
warmer water in winter. The North Atlantic popu­
lation is generally thought to consist of two rela­
tively discrete stocks in the eastern and western 
portions ol this ocean basin.

Historically, right whales were found in coastal 
waters throughout the N orth A tlantic in a range 
which extended from Florida (and perhaps fur­
ther south) to Greenland in the west, and from 
western Africa to Norway in the east. However, 
intensive exploitation has greatly reduced the range 
of this animal. In the western North Atlantic, the 
remaining population is today largely confined to 
U.S. and Canadian waters, feeding in the Gulf of 
Maine and on the Scotian Shell, and calving in 
the coastal waters o f Georgia and Florida (Kraus 
et al., 1986b; W inn et al., 1986). Right whales 
appear in the Cape Cod and Massachusetts Bays 
region in late winter, move to the Great South 
Channel (southeast ol Cape Cod) in spring, and 
then migrate to Canadian waters for the summer. 
The Bay ol Fundy constitutes a major summer 
nursery area for the population, although recent 
genetic studies suggest the existence o f a second, 
unidentified nursery (Schaefi et ah, 1993). In w in­
ter, pregnant females migrate to give b irth  off the 
southeastern United States; although other whales 
are also found there at this time, the whereabouts 
o f a substantial portion of the population in w in­
ter remains unknown.

In the eastern North Atlantic, right whales are 
rarely observed today and the stock appears to be 
close to extinction. Historically, the species fed in 
northern European and Icelandic waters and was 
believed to have calved o ff  the west coast of Alrica 
(Reeves and M itchell, 1986).

Female right whales are sexually mature be­
tween about 4 and perhaps 12 years o f age, and 
produce a single calf on average every 3-4 years 
(Knowlton et al., 1994); this is a significantly 
slower rate of reproduction than that of the 
rorquals (Lockyer, 1984). l he right whale is
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stenophagous on Z oop lank ton , n o tab ly  copepods 

(M a yo  and M a rx , 1989). In d iv id u a l an im a ls can 

be id e n tif ie d  fro m  photog raphs o f  the  pa tte rn  o l 

ca llosities o n  the head, and fro m  p ro m in e n t scar­

r in g  (K raus et ah, 1986a).

The western North A tlantic population has 
been the subject o f a long-term study since the 
1970’s, and much of its biology and behavior is 
reasonably well understood (see Kratis et ah, 
1986b; Kenney et ah, 1994; Knowlton et al., 
1994). Most o f the population has been biopsy 
sampled, and genetic analyses arc ongoing (Schaelf 
et al., 1993, 1997; Brown et al., 1994). There is 
no ongoing field research on this species in the 
eastern North Atlantic.

Population Size

Based upon photographs o f identified individu­
als, studies indicate that the present western North 
Atlantic population numbers fewer than 300 ani­
mals (Knowlton et ah, 1994). T he size ol the east­
ern North Atlantic stock is unknown, but is clearly 
extremely small. It is assumed that the census of 
identified whales in the western North Atlantic in 
1992 represents a minimum population size esti­

mate (295 individuals). The m inim um size of the 
eastern stock, based on rare sightings, is assumed to 
be a handful ol individuals (perhaps fewer than 20).

Current Population Size

No sustained growth is apparent despite six 
decades o f protection, although the in itia l post­
whaling size of this stock in 1935 is unknown.

S tatus of Stock

T he northern right whale is critically endan­
gered throughout its range (Brownell et ah, 1986; 
( Tapham et al.. In press). ( ¡iven the various prob­
lems described below, this species is arguably the 
most threatened of all baleen whales, and lurther 
conservation action is urgently required to avoid 
its extinction.

In the North Atlantic, the eastern stock ap­
pears to be essentially extinct; it is likely that much 
of the then-extant population was wiped out by 
Norwegian whaling at the turn ol the century 
(Collett, 1909). Rare sightings are made of single 
individuals in European waters (Brown, 1986), but 
it is not clear whether these represent a tiny rem­
nant population or individuals who have wandered 
in front the west. Nineteenth-century whaling oc­
curred at Cintra Bay on the coast o f West Africa 
(Reeves and M itchell, 1 986), raising the hope that 
this area may still be a breeding grottnd for any 
remaining eastern North Atlantic animals. A sur­
vey in this region in earlv 1996 failed to find a 
single whale, although survey conditions were ex­
tremely poor.

Analyses based upon photographs o f identi­
fied individuals indicate that the present western 
North Atlantic population numbers fewer than 
300 animals (Knowlton et ah, 1994); given that 
the majority ol the population appears to have been 
identified, this is likely to represent one o f the more 
accurate estimates o f abundance for any large 
whale.

Unfortunately, the right whale appears to suf­
fer (roni anthropogenic mortalities more than any 
other. In the western North Atlantic, entanglement 
in fishing gear and ship strikes are known to have 
caused several right whale deaths in recent years, 
undoubtedly contributing to the apparent failure
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to recover. Kraus (1990) estimated m ortality in 
the first 4 years of life at between 2% and 17%, 
w ith at least a third attributable ui ship collisions 
and entanglement. Photographs ol 118 identified 
individuals showed that 57% possessed scarring 
indicative o f entanglement (Kraus, 1 990). Sources 
of ship strikes are generally unknown, but are p ri­
marily large commercial vessels; regrettably, many 
o f the right whale's major habitats in the western 
North A tlantic are adjacent to, or even straddle, 
major shipping lanes. Given this population's de­
pendence upon nearshore habitat for much of its 
lifecycle, intensive coastal development in this and 
other portions ol the range poses additional threats 
to recovery.

Stttdies showing relatively low genetic diver­
sity in the western N orth  A tlantic  population 
(Schaelf et ak. 1993, 1997) suggest that inbreed­
ing may be inh ib iting recovery, but this is d iffi 
cult to interpret w ithout a knowledge of historic 
genetic structure. The latter topic is currently be­
ing investigated using D N A  extracted from his­
toric baleen samples (Rosenbaum et ak, 1997, 
1998).

This is a strategic stock. PBR was specified as 
the product of m inim um  population size (295), 
one-halt the maximum productivity rate (0.02), 
and a recovery factor o f 0 .1 because this species is 
listed as endangered under the ESA. PBR for tile 
northern right whale is therefore 0.4 whales. Over 
the past several years, known human-caused mor­
tality has consistently exceeded PBR. This is a cause 
for concern, given the critically endangered status 
ol the sunk and its apparent failure to recover.
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Sea Turtles

INTRO DUC TIO N

Sea turtles are highly migratory and widely dis­
tributed throughout the world's oceans. The six 
species found in U.S. waters are the loggerhead, 
Kemp’s ridley, olive ridlev. green, leatherback, and 
hawksbill. In the Pacific Ocean, all these species 
except the Kemp's ridley inhabit either the U.S. 
Exclusive Economic Zone (EEZ) or the high seas. 
Nesting populations ot the green turtle and the 
hawskbtll occur in the Hawaiian Archipelago and 
American Samoa. W ith rare exception, the log­
gerhead, leatherback, and olive ridley do not nest 
in U.S. Pacific states or territories. The loggerhead, 
Kemp’s ridley, green, hawksbill and leatherback are 
commonly found in U.S. Atlantic waters, while 
the olive ridley inhabits South A tlantic Ocean 
waters. Significant nesting assemblages til the log­
gerhead, leatherback, green, and hawksbill are 
tound in the southeastern United States and in 
the E .S. Caribbean. The current status of U.S.

sea turtles, based on research conducted at major 
nesting beaches, is summarized in Table 25-1.

All six species ot sea turtles found in the United 
States (7 species worldwide) are currently listed 
either as endangered or threatened under the En­
dangered Species Act (ESA). The Kemp’s ridley, 
hawksbill, and leatherback are listed as endangered 
throughout their ranges. The loggerhead and ol­
ive ridley are listed as threatened. The green turtle 
is also listed as threatened, except the Florida nest­
ing population and the Pacific Mexico breeding 
population, which are listed as endangered. The 
authority to protect and conserve sea turtles in the 
marine environment is vested in the National Ma­
rine Fisheries Service (NMFS), while the U.S. Fish 
and W ild life  Service (USFWS) has principal re­
sponsibility at the Federal level for protection of 
sea turtles on land (nesting beaches).

Unit
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Tab le  25-1

Staius and trends of p rinc i­
pal sea turtle  nesting popu­
lations in the U.S. A tlantic 
and Pacific regions.

SPECIES AND STATUS  

A tlantic  Region

Historical data on the size o f sea turtle popu­
lations are lim ited or nonexistent. Complicating 
the question ol population size is the need lor .1 

long time-series ot data to understand the popu­
lation dynamics o f these species which have com­
plex' lile histories. Standardized surveys ot selected 
nesting beaches were implemented in the United 
States itr the late 1980’s. These surveys, which 
count the number of nests laid per year, provide 
an indirect estimate of the adult female popula­
tion and an indication ot whether this population 
is declining, stable, or increasing.

In recent years, our knowledge ot sea turtle 
biology has been enhanced by the use o f tools to 
understand the genetic identity o f different nest­

ing assemblages. T hree subpopulations of logger­
heads have been identified in the southeastern 
United States, and a fourth nests along the Yucatán 
coast ot Mexico. Adult anti immature turtles from 
these four subpopulations mix w ith eat h other on 
the foraging grounds. Most loggerhead nesting oc­
curs along Florida’s east coast where the annual 
number of nests deposited has remained relatively 
stable (about 66,000 nests/year) w ith evidence o f 
some increases in recent years. In contrast, nest 
mg of the subpopulation north of Cape C .in.ivcr.il, 
Florida, has continued to decline (about 6,700 
nests/year), and little  is known about the small 
subpopulation that nests in the Florida Panhandle 
(about 600 nests/year).

lhe  Kemp’s tid ley inhabits coastal waters 
throughout the M id - and southeast A tlantic and 
the C u lt of Mexico. The Kemp’s ridley is unusual 
111 that it nests almost exclusively tlong one stretch

Region and species
Location of principa! 
nesting populations'

Historic
number Current

of number
females of Trend in Status
nesting nesting nesting in
annually females population U .S 2

Atlantic region

Loggerhead, northern subpopulation Northern Florida-North Carolina >7,800 3,700 Decreasing T

Loggerhead, southern Florida subpopulation Central F lorida-southw est Florida Un) nown 40,000 Increasing T

Loggerhead, Florida Panhandle subpopulation- Florida Panhandle Un) nown 350 Un) nown T

Green4 Florida Un) nown 675 Increasing T, E

Kemp's rid ley- Mexico >40,000 954 Increasing E

Leatherbac)0 Flouda, U S Virgin Islands, Puerto Rico Un) nown 160 Stable E

Haw) s b ilf U S Virgin Islands. Puerto Rico Un) nown 367 Unknown E

'acific region

Loggerhead8 Japan Unknown 1,000 Stable T

G ieen9 Hawaii, M exico Un) nown 1,000 Increasing T

Olive ridley' Mexico, Costa Rica Unknown 350,000 Increasing T

Leatherbac) M Mexico, Costa Rica. Maylasia, Irian Jaya Unknown 985 Decreasing E

Haw) sbill Hawaii Un) nown 30-40 Stable E

Sea turtles m tin- ¡ I 1, Atlantu and P an lir regions oug inate  fro n i nesting populations in the  U S and foreign countries 

-  th iea tened  E endangered

1 'nna ted  total num ber o f nesting teníales in the  population based on 4 1 nests/fem ale/year and a 2 S-year (emigration interval

- ' m i)ij nun ber u f fem ales nesting annually based on 3 5 nests/fem ale/year tor 1993-97 

“ • t " j : í te m  i f  - re  ting  n 1997 based on 2 5 nesTs/temale/year

Ayr- me jm ber u t fen  ales nesting ann ja 'ly  based on 5 3 nests/fem ale/year fur 1993-97 for | f | r  da, Sandy P on t IU S V tq in  Islands) and Culebra

- and P Jêito h t ii

- . e n q e  i u r-b e ' d ten ales nesting annually based or 4 5 nests/fem ale/year for 1994-98 fo r M ona Island iP uedo Ru n) Nesting also occurs at o ther

-, i*n e  - F Jim? V  and the  IJ s  virg r Islands

t  tunare * tuen t f =¡rese risa-Mi ig population i an aggregate o f 1995 survey resu lts for p rin .ipa l nesting beaches

•-stim ate it lí i n  t tota l Haw plan nesting pupulat on is based on doubling the  es tim a te  o f nesters at East Is a rd  in 1997 Despite  g ro w th  in the

H a/vai a r ne tm ¡ p  c j at .r i i < >r i.e ir  re r a • over the  rcreasm g m udeni e o f fib ropaprlom atos s The tie nd  o f the  nesting popu a to n  in M ex co is

)e *■ r q

t i - ^ r t f d  r  n t >•! t u t  , r I i  E i >b la beach. O d -d .a  M e *ii o. in 199G Nesting also o< ru rs  at cither beache^ m M exico  and m Costa Rica

.rr.pt t i i fs tm  j t mpu, r -ii t • ti . v  s for M e»*:o  '.»ny and based m an estim ated  5,222 nests in 1996 on principal nesting beaches

'•> ’ r.esr.c l p . - , ' . , ,  i, •,,» r H i ,  m - b is fd  i n surveys thruugh 1997 by the  U S  Fish and W ild life  S e rv re
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ol beach in the State u l Tamaulipas on the ( larib- 
bean coast o f  Mexico. I his single population un­
derwent a dramatic decline since 1947, when, on 
a single day, 40,000 Kemp's ridlevs were filmed 
coming ashore to nest. 1 he population plummeted 
to fewer than 1,000 females nesting annually 
through the early 19S0’s. Today, under strict pro­
tection, the population appears to be in the earli­
est stages o l recovery (Figure 25-1). The increase 
can be attributed to two primary factors —  full 
protection o f nesting turtles and their nests in 
Mexico and the requirement to use turtle excluder 
devices (T E D ’s) in shrimp trawls both in the 
United States and Mexico.

l he green turtle nesting population in the 
southeastern United States appears to be stable. 
Based on genetic in form ation, subpopulations 
throughout the North and South Atlantic com­
mingle on the foraging grounds, but only one 
popu la tion  nests in the con tinen ta l U nited 
States— along Florida’s east coast. The annual 
number o f nests fluctuates greatly, usually alter­
nating between high and low years. In recent years, 
the number ot nests deposited annually has ranged 
from less than 450 to over 3,800.

The leatherback is widely distributed in the 
Atlantic Ocean, Gulf of Mexico, and Caribbean 
Sea. In the United States, the largest nesting as­
semblages ot leatherbacks are found in the U.S. 
V irg in islands, Puerto Rico, and Florida. Nesting 
data for these locations have been collected since 
the early 1980’s and indicate that the annual num­
ber ol nests is likely stable; however, information 
regarding the status o f the entire leatherback popu­
lation in the Atlantic is lacking.

T he hawksbill is most commonly found in the 
Caribbean, but also regularly occurs in southern 
Florida and southern Texas. W ith in  the continen­
tal United States, a small amount of nesting oc­
curs in southern Florida. I he largest nesting as­
semblages of hawksbills in the United States are 
found at Mona Island, Puerto Rico: Buck Island, 
U.S. V irgin Islands; and at other sites in the U.S. 
V irg in Islands and Puerto Rico. 1 here is clear and 
convincing evidence that hawksbill populations in 
the Atlantic have been greatly depleted during the 
20th century as a result of overharvest lor trade in 
products made from their shell.
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Pacific Region

In the Pacific, most reproductive colonies ot 
the olive ridley are in continental coastal areas and 
rarely on oceanic islands. Although large nesting 
assemblages of olive ridleys are found along the 
Pacific Coast of Mexico and Central America, there 
continues to be significant pressure on this popu­
lation from harvest o f eggs and incidental capture 
in trawl and longline fisheries.

Major North Pacific nesting populations of the 
loggerhead occurs in Japan and, in the South Pa­
cific, in Australia. At different stages of their life 
cycle loggerheads occupy oceanic waters and 
coastal benthic habitats around continents. In the 
open ocean they are apt to be associated w ith  con­
vergence zones, oceanic fronts, and boundary cur 
rents. Loggerheads have been recorded in waters 
around the Northern Mariana Islands, American 
Samoa, and Hawaii but are uncommon there. 1 he 
status o f loggerhead populations in most areas ot 
the Pacific is unknown due to a lack of historical 
data on their d istribution and abundance. How­
ever, long-term data on nesting and foraging popu­
lations in Queensland, Australia, indicate that log-

R Marquez M ., SL.M AR N AP /IN T, C R IP -M anzan illn , I ’ro-
gr.im  Nacional de Tortugas Marinas, P. Ventanas S /N , A.P 591, 
M anzanillo, C olim a, M exico 282(H)

F ig u re  25-1

N u m b e r o f K e m p 's  r id le y  
nests obse rved  a n n u a lly  at 
Rancho N uevo, Tepehuajes, 
and Barra de lTordo, M exico , 
1979-98 (G ladys Porte r Zoo, 
1997; R. M arquez  M .1, un 
p u b lish e d  data).

Nests
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continued exploitation o f hawksbills lor Iheir shells 
in areas outside the United States makes them a 
special conservation concern. The most important 
conservation achievement in recent vears was 
Japan's decision to end the import o l hawkshill 
shell. Further declines are possible if trade is re­
newed.

The green turtle is the most widely distrib­
uted sea turtle species in U.S. Pacific waters, par­
ticu larly in I Iawaii. A USFW'S nesting survey 
found that in 1997 about 300 green turtles nested 
at East Island, a small, sandy islet at French Frig­
ate Shoals in the Northwestern Hawaiian Islands, 
where about 50% o f all I lawaii green turtle nest­
ing is assumed to occur. The green turtle nesting 

, 'arion at F.ast Island appears to have tripled 
since NMFS initiated the annual surveys in 1973 
(Figure 23-2). I he increase in I Iawaiian green 
turtle nesting is attributed to a reduction of hu­
man-caused m ortality after enactment of the ESA 
in 1974. The historic level o f green turtle nesting 
in Hawaii is unknown. In American Samoa the 
primary nesting beach is at Rose A to ll where an 
estimated 23 to 33 females nest annually. The 
number of green turtles in Guam is unknown, and 
only sporadic nesting has been recorded there.

ISSUES  

Bycatch and 

Fisheries Interactions

Sea turtles are threatened by multiple lactors, 
most of which are human-related. A principal con­
cern is incidental capture in commercial fisheries. 
Trawls, longline, and g illnet fisheries pose the 
greatest threats. Prior to the implementation of 
FED regulations, the National Academy ol Sci­
ences estimated that a maximum ol 44,000 sea 
turtles, mostly loggerheads and Kemp’s ridleys, 
were killed annually in the Gulf of Mexico and 
southeastern U.S. Atlantic shrimp fishery. While 
T E D  use is mandated lor the shrimp fishery and 
some of the summer flounder trawl fishery, recent 
m ortality events indicate that significant mortal­
ity is still occurring in some areas as a result of 
these or other trawl fisheries. Sea turtles are also 
taken and killed in pelagic longline, gillnet, and 
lobster trap lines. O l particular concern are the

O live  rid ley. gerheads are declining in that area.
The leatherback is a pelagic species that prob­

ably occurs near all U.S. Pacific islands, is often 
sighted in U.S. west coast waters, and is widely 
distributed on the high seas. Principal leatherback 
nesting populations occur in the Solomon Islands, 
Irian lava, Papua New Guinea, Mexico, Costa 
Rica, and peninsular Malaysia, l.eatherbacks are 
seriously declining at all major nesting beaches 
throughout the Pacific. Fhe decline is dramatic 
along the Pacific Coasts of Mexico and C iosta Rica 
and coastal Malaysia. Nesting along the Pacific 
Coast of Mexico declined at an annual rate of 22% 
over the last 12 vears, and the Malaysian popula­
tion represents l 0/o ol the levels recorded in the 
1930’s. The collapse of these nesting populations 
was precipitated by a tremendous overharvest of 
eggs, direct harvest of adults, and incidental mor­
tality from fishing.

f he hawkshill is typically more insular than 
other sea turtles and is usually associated w ith coral 
reefs. Although not all U.S.-flag islands in the cen­
tral-western Pacific have been surveyed, the hawks- 
b ill and the green turtle probably occur at most of 
them. Hie USFWS estimates that 30—lO hawks­
bills nest on the Main I Iawaiian beaches each year, 
primarily along the east coast ol the island of Ha­
waii. 1 he number of hawksbills present in Ameri­
can Samoa and Guam is unknown, but nesting 
has been observed at Rose Atoll and the Manna 
Islands in American Samoa, fhe status o f the 
hawkshill throughout the Pacific is unknown, but
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gillnet fisheries for coastal species, including sharks, 
and the longline and gillnet fisheries for sword­
fish, tuna, and sharks.

Propeller strikes and vessel collisions also pose 
significant threats to sea turtles, especially in areas 
o f high human population, where recreational boat 
traffic is heavy and coastal ports are active.

H abitat Concerns

Coastal development can deter or interfere w ith 
nesting, affect nest success, and degrade foraging 
habitats for sea turtles. Nesting beaches o f the 
southeastern United States and Hawaii are essen­
tial to the recovery and survival of sea turtles. Many 
nesting beaches have already been significantly 
degraded or destroyed. Nesting habitat is threat­
ened by rig id shoreline protection or “coastal 
armoring" such as sea walls, rock revetments, and 
sandbag installations. Mans miles ol once produc­
tive nesting beach have been permanently lost to 
this type of shoreline protection. Additionally, 
nesting habitat can be negatively impacted by 
beach nourishment projects that result in altered 
beach and sand characteristics that affect nesting 
activity and nest success. Artificial beachfront light­
ing, increased human activitv, and beach driving 
also seriouslv threaten species recovery. In light of 
these issues, conservation and long-term protec­
tion o f sea turtle nesting habitats is an urgent and 
high prio rity  need.

M arine Debris

Ingestion o f marine debris can be a serious 
threat to sea turtles. When feeding, sea turtles can 
mistake debris for natural food items. An exami­
na tion  o f the feeding habits of loggerhead 
hatchlings inhabiting offshore convergence /.ones 
revealed a high incidence of tar and plastic inges­
tion. Some types of marine debris may be directly 
or indirectly toxic, such as oil. O ther types of 
marine debris, such as discarded or derelict fish­
ing gear, may entangle and drown sea turtles.

Disease

A disease known as fibropapillomatosis (FP), 
originally identified in green turtles, but now at-
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fecting loggerheads and olive ridleys as well, has 
emerged as a serious threat to their recovery. The 
disease is most notably present in green turtles of 
Hawaii, Florida, and the Caribbean. FP is expressed 
as tumors which occur primarily on the skin and 
eyes, and the disease can be fatal. In Hawaii, green 
turtles afflicted w ith FP have a high incidence of 
tumors in the oral cavity, whereas oral tumors have 
not been found in Florida or other areas. The cause 
of the disease remains unknown. The disease has 
been systematically monitored in several locales in 
Hawaii. A t a studv site on southern Molokai, lor 
example, where tumors were virtually unknown 
before 1H8S, the prevalence of tumored sea turtles 
ranged from 42 to 56% during the 1995 -97 sur­
reys. In Florida, up to 50% ol the immature green 
turtles captured in the Indian River Lagoon are in­
fected, and there are similar reports from other sites 
in Florida, including Florida Bay, as well as from 
Puerto Rico and the U.S. Virgin Islands. In Florida, 
the disease has been found to affect up to 13% of 
loggerheads inhabiting Florida Bay. FP appears to 
be the chief threat to full recovery ol the Hawaii 
green turtle population, and the disease could hinder 
the recovery of green turtle populations elsewhere 
as well. Research to determine the cause of this dis­
ease is a high priority.

F igure 25-2

P o p u la t io n  e s t im a te s  fo r  
nesting  green tu rtles  on East 
Island.

Nesters
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G reen tu rtle  e xh ib iting  fib ro - Progress
p a p illo m a to s is  tu m o rs .

In 1998, the NMFS and USFWS published 
recovery plans lor live species ot Pacific sea turtles 
and one distinct nesting population. Plans arc 
underway to revise some ol the U.S. Atlantic re­
cover) plans which were completed in the early
1991) s. fhese plans describe and prioritize the ac­
tions which are necessary to conserve and recover 
the species.

Significant progress is being made in the moni­
toring ot Hawaiian green turtles by the NMPS 
anti the USFWS. A 5-year series ot saturation sur­
veys, completed in 1992. led to the development 
ol rigorous quantitative methods to estimate the 
nesting population. Progress is also being made in 
m onitoring juvenile and subadult Hawaiian green 
turtles in their nearshore habitat. S ignificant 
progress has also been made in collaboration w ith 
Mexico and the USFWS to establish and main­
tain more comprehensive nesting beach surveys 
tor Kemp’s ridleys.

Progress has been made in the study o f migra­
tory movements ot post-nesting sea turtles, io ¡den­
til) ' routes of travel and resident foraging grounds. 
NMFS scientists have conducted highly success­
ful satellite telemetry studies with post-nesting 1 la- 
waiian and Florida green turtles and Florida log­
gerheads.

A multidisciplinary research program is un­
derway to study the cause and effects of FP Re­
search has been initiated on the possible etiolo 
gies of the disease, including viruses, parasites, and 
environmental pollutants. Recent research has 
demonstrated the involvement ol both a retrovirus

and a herpesvirus. In addition to field and labora­
tor)' research, statistical analysis and modeling 
studies are underway to link  FP incidence and se­
verity to key aspects o f green turtle population dy­
namics and assess impacts of the disease on pupu 
lation recovery.

In the Hawaii and Atlantic pelagic longline 
fisheries for tuna and swordfish, the incidental take 
of sea turtles is being monitored through a log­
book and observer program. Workshops have been 
held to formulate research techniques to assess the 
population level effects of hooking and entangle­
ment and m identify wavs to reduce or mitigate 
incidental capture. In related research, satellite 
transmitters have been deployed on sea turtles 
hooked incidentally in the longline fisher) to track 
post-release movements to better understand the 
long-term effects of hooking. Linkages between 
sea turtle movements and oceanographic processes 
are also being studied. ( Computer simulation m ini­
éis are under development to better assess the im ­
pacts ol the Flawaii-based longline fishery.

In the last decade considerable efforts have 
been expended to elucidate sea turtle management 
units through the use of genetic tools. There is a 
high degree of genetic structuring w ith in ocean 
basins for all species except the leatherback. These 
genetically distinct management units arose as a 
result of genetic isolation facilitated bv the spe­
cies’ natal homing. \ \  hile the animals do appear 
to segregate when nesting, they commingle on the 
foraging grounds, sometimes thousands of miles 
away from their natal beach (where they hatched). 
Fhe analyses o f genetic material from turtles inci­
dentally taken in various fisheries can tell us which 
populations are being impacted. Fhe I fawaii based 
longline fishery interacts w ith loggerheads from 
Japan, green turtles from 1 fawaii and Mexico, and 
leathcrbacks (roni both the eastern Pacific (Mexico 
or Costa Rica) and the southwestern Pacific (Irian 
Jaya, Malaysia, or Solomon Islands). Analyses for 
olive ridleys are currently in progress. In the A t­
lantic, the longline fisheries of the eastern Atlan­
tic and the Mediterranean interact w ith logger­
heads from the western Atlantic (primarily United 
States). Loggerheads inhabiting foraging habitats 
along tile east coast o f the U.S. originate from the 
United States, Mexico, and Brazil, (¡reen turtles 
in the same area come from Florida, the ( a rib-
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bean, and the South Atlantic ( )cean (east and west).
Progress has been made in our understanding 

o f the life history of Kemp’s ridleys, loggerheads, 
and green turtles at various study sites in Florida, 
N orth Carolina, and the northwestern G u lf o f 
Mexico. A number o f current studies are investi­
gating the use and importance o f these inshore 
and nearshore habitats. Critical habitat for the 
green turtle has been designated for the nearshore 
foraging grounds off Culebra, Puerto Rico, and 
for the hawkshill in Mona and M onita Islands. 
NMF.S has conducted considerable research on the 
use o f various kinds of tags to mark and identify 
sea turtles in order to collect important biological 
in fo rm ation  during  the ir life  history such as 
growth, survival rates, and age ot maturity.f  O
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Appendix 2: 
Fishery Management 
Councils, their Jurisdiction, 
and Fishery Management Plans

NEW  ENGLAND  
FISHERY M A N A G E M E N T COUNCIL
Sun taug Office Park 
5 Broadway (Rt. 1 )
Saugus, M A  01 906 
(781) 231-0422 
http://www.nefmc.org

Jurisdiction
Maine, New Hampshire, Massachusetts,
Rhode Island, Connecticut

Fishery M an ag em en t Plans
• American Lobster Fishery Management Plan
• Fishery Management Plan for the Northeast 

Multispecies Fishery
• Fishery Management Plan for Atlantic Sea 

Scallops
• Atlantic Salmon Fishery Management Plan
• Fishery Management Plan for M onkfish (Joint 

management with the M id-A tlantic Fishery 
Management Council)

M ID -A TLA N TIC  
FISHERY M A N A G E M E N T COUNCIL
Federal Building, Room 2115 
300 S. New Street 
Dover, DF 19904-6790 
(302) 674-2331 
http://www.mafmc.org

Jurisdiction
New York, New Jersey, Delaware, V irginia, 
Pennsylvania, Maryland, North Carolina

Fishery M an ag em en t Plans
• Fishery Management Plan for the A tlantic 

Mackerel, Squid, and Butterfish Fisheries
• Fishery Management Plan for the Atlantic Surf 

Clam and Ocean Quahog Fisheries
• Fishery Management Plan for A tlantic Bluefish
• Fishery Management Plan for the Summer 

Flounder, Scup, and Black Sea Bass Fisheries
• Fishery Management Plan for Monkfish (Joint 

management w ith the New F.ngland Fishery 
Management Council)

SO UTH ATLANTIC  
FISHERY M A N A G E M E N T  COUNCIL
One Southpark Circle, Suite 306 
Charleston, SC 29407-4699 
(843) 571-4366 
h ttp :// www. sa fm c. n m fs. go v

Jurisdiction
North Carolina, South Carolina, Georgia, east 
coast of Florida

Fishery M an ag em en t Plans
• Fishery Management Plan for the Spiny 

Lobster Fishery in the Gulf of Mexico and
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South Atlantic (Joint management w ith the 
G u lf o f Mexico Fishery Management Council)

• Fisher)- Management Plan lor the Snapper- 
Grouper Fishery ol the South Atlantic Region

• Atlantic Coast Red Drum Fishery Manage­
ment Plan

• Fishers- Management Plan lor Coastal M igra­
tory Pelagic Resources in the G u ii ol Mexico 
and South Atlantic (Joint management with 
the G u ii o l Mexico Fishery Management 
Council)

• Fisher)- Management Plan lor Coral, Coral 
Reels, and Live/Hard Bottom Habitats o l the 
South A tlantic Region

• Fishery Management Plan tor the Shrimp 
Fishery of the South Atlantic Region

• Fishery Management Plan tor the Golden 
Crab Fisher)- o f the South Atlantic Region

GULF OF M EXICO  

FISHERY M A N A G E M E N T  COUNCIL
The Commons at Rivergate
301S LFS. Highway 301 North, Suite 1000
Tampa, FL 33619-2266
(813) 228-2815
(888) 833-1844 (toll free)
http://wcvcv.gulfcouncil.org

Jurisdiction
Texas, Louisiana, Mississippi, Alabama, west 
coast of Florida

Fishery M an ag em en t Plans
• Fishery Management Plan lor the Spiny 

Lobster Fishery in the G uii o f Mexico and 
South Atlantic ( Joint management w ith the 
South Atlantic Fishery Management Council)

• Fishery Management Plan for Coastal Migra-t?  O

torv Pelagic Resources in the G ulf of Mexico 
and South Atlantic ( Joint management with 
the South Atlantic Fishery Management 
Council)

• Fishery Management Plan lor Coral and Coral 
Reels of the Guii ol Mexico

• Fishery Management Plan for the Stone C rab 
Fishery of the Gulf of Mexico

• Fishery Management Plan for the Shrimp 
Fishery ol the Gulf of Mexico. U.S. waters

• Fishery Management Plan for the Reef Fish 
Resources o f the G ulf of Mexico

• Fishery Management Plan for the Red Drum 
Fisher)- o f the Gulf of Mexico

CARIBBEAN  

FISHERY M A N A G E M E N T COUNCIL
268 Munoz R iveri Avenue, Suite 1 108 
San Juan, PR 00918-2577 
(809) 766-5926

Jurisdiction
Virgin Islands, Commonwealth ol Puerto 
Rico

Fishery M an ag em en t Plans
• Fishery Management Plan for the Spiny 

Lobster Fishery ol Puerto Rico and the LFS. 
V irgin Islands

• Fishery Management Plan for the Shallow- 
Water Reef Fish Fishery of Puerto Rico and 
the LFS. Virgin Islands

• Fishery Management Plan for Corals and Reef 
Associated Plants and Invertebrates of Puerto 
Rico and the LFS. V irgin Islands

• Fishery Management Plan tor the Queen 
Conch Resources ol Puerto Rico and the LFS. 
V irgin Islands

PACIFIC 
FISHERY M A N A G E M E N T  COUNCIL
21 30 S\V 5th Avenue, Suite 22 )
Portland, OR 9'7201 
(503) 326-6352 
http://www.peouncil.org

Jurisdiction
California, Washington, Oregon, Idaho

Fishery M an ag em en t Plans
• Fishery Management Plan loi the Groundfish 

Fishers' olf Washington, Oregon, and Califor­
nia

• Northern Anchovv Fishery Management Plan
• Fishery Management Plan tor Commercial and 

Recreational Salmon Fisheries oti the ( oasts of 
Washington, (fregón, and California

http://wcvcv.gulfcouncil.org
http://www.peouncil.org
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W ESTERN PACIFIC 

FISHERY M A N A G E M E N T COUNCIL
1164 Bishop Street, Suite 1400
H onolulu, H I 96813
(808) 522-8220
http://www.wpcouncil.org

Jurisdiction
Hawaii, American Samoa, Guam, Northern
Marianas Islands

Fishery M an ag em en t Plans
• Fisher)- Management Plan for the Crustaceans 

Fisheries ot the Western Pacific Region
• Fishery Management Plan tor the Precious 

Corals Fishery o f the Western Pacific Region
• Fishery Management Plan for the Bottomfish 

and Seamount Groundfish Fisheries of the 
Western Pacific Region

• Fishery Management Plan tor the Pelagic 
Fisheries o f the Western Pacific Region

OFFICE OF SUSTAINABLE FISHERIES  

HIGHLY MIGRATORY SPECIES D IV IS IO N
1315 Fast-West Highway 
Silver Spring, ML9 20910 
(301) M 3-2347
h ttp :// www.nmts.gov/sfweb/slhome.html 

Secretarial Plans
• Fishery Management Plan for Atlantic Tuna, 

Swordfish, and Sharks
• Fishery Management Plan tor Atlantic 

Billfishes

NORTH PACIFIC 

FISHERY M A N A G E M E N T COUNCIL
605 W. 4th Avenue, Room 306
Anchorage, A K  99501-2252
(907) 271-2809
h ttp ://takr. noaa.gov/npfnrc

Jurisdiction
Alaska

Fishery M an ag em en t Plans
• Fishery Management Plan for Groundfish ot 

the Gulf of Alaska
• Fishery Management Plan for the Groundfish 

Fishery of the Bering Sea and Aleutian Islands 
Area

• Fishery Management Plan for the Salmon 
Fisheries in the FiF.Z off the Coast of Alaska

• Fisher)1 Management Plan for the Commercial 
K ing and Fanner Crab Fisheries in the Bering 
Sea/Aleutian Islands

• Fisher)- Management Plan for the Scallop 
Fishery off Alaska
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Principal Facilities 
of the National Marine 
Fisheries Service

OFFICE OFTHE ASSISTANT  

ADM INISTRATO R FOR FISHERIES

National Marine Fisheries Service, N O AA  
1315 East-West Highway 
Silver Spring, ME) 20910 
(301) 713-2239 
http://wwvv. n m ts. gov/

REGIONAL O FFICESAND  

FISHERY SCIENCE CENTERS

N ortheast Regional Office

One Blackburn Drive 
Gloucester, M A  01930 
(978) 281-9300
http://www.wh.whoi.edu/ro/doc/nero.htm l

N ortheast Fisheries Science Center

166 Water Street
Woods Hole, M A  02543-1026
(508) 495-2000
http://w ww .wh.vhoi.edu

W oods Hole Laboratory

166 Water Street
Woods Hole, M A 02543-1026
(508) 495-2000
http://www.wh.whoi.edu/noaa.html

Narragansett Laboratory

28 Tarzwell Drive 
Narragansett, RI 02882-1199 
(401) 782-3200
http://www.wh.whoi.edu/nefsc/nelsccenter.html

M ilford Laboratory

2 1 2 Rogers Avenue 
M ilfo rd , C l  06460-6499 
(203) 579-7000 
http://www.mi.nmfs.gov

Jam es J. How ard  

M arine Sciences Laboratory

74 Magruder Road, Sandy Hook 
Highlands, N ] 07732 
(732) 872-3000 
http://www.sh.nmls.gov

N ational System atics Laboratory

National Museum o f Natural H istory 
Room W C-57
IO'1’ &  Constitution Avenue, N.W.
Washington, DC 20560-0001 
(202) 357-2550
http://www.wh.whoi.edu/labs/svstematic.html
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S outheast Regional Office

9^21 Executive Center Drive N ., Suite 201 
St. Petersburg, IT, 33702-2432 
C727) 570-5301
http://ealdera.sero.nmls.gov

S outheast Fisheries Science Center

75 Virginia Beach Drive 
M iam i, FI. 33149-1003 
(305) 361-4284 
http://www.sefsc.noaa.gov/

M iam i Laboratory

^5 Virginia Beach Drive 
M iam i, FI. 331 (9-1003 
(305) 361-4200
http://www.sefsc.noaa.gov/public/mia.html

M ississippi Laboratories

3209 Frederic Street 
Pascagoula, MS 39567 
(228) 762-4591
http://www.seisc.noaa.gov/public/mis.html

Panama City Laboratory

3500 Delwood Beach Road 
Panama City, FE 32408-7499 
(850) 2.54-654 1 
http://bio.lsu.edu/ i fre/

Galveston Laboratory

4700 Avenue U 
Galveston, 'EX 77551-5997 
(409) 766-3500
ht tp:/galveston..ssp.nmls.gov/galv/

Beaufort Laboratory

101 Pivers Island Road 
Beaufort, NC  28516-9722 
(252) "’28-3595
lil tp : / /www.selse.noaa.gov/public/bea.himl

S o uth w est Regional Office

501 \Y. Ocean Boulevard, Suite 4200 
l.ong Beach, CA 90802-4213 
(562) 980-1000 
http://sw r.ncscl.edu/

S o uth w est Fisheries Science Center

P.O. Box 271 (mail)
La jo lla, C \  920.38-0271 
8604 La lolia Shores Drive 
La jo lla , CA 92037 
(619) 546-7000 
http://swfsc.uesd.edu/

La Jolla Laboratory

8604 La lolia Shores Drive 
La jo lla , CA 920.37 
(619) 5SÍ-7000
h 11 p : Ils w fsc. ucsd. ed u Is wl sei j . h t m 1

Honolulu Laboratory

2570 Dole Street 
H onolulu, 111 96822-2396 
(808) 983-5.300
http://swlsc.ucsd.edu/swfsch n.htm l

Santa C ruz/T iburon Laboratory

.31 50 Paradise Drive 
T iburon, CA 94920-121 1 
(4 15) 435-3149
http://swlsc.ucsd.edu/swlsctb.litml

Pacific Fisheries Environm ental Laboratory

1.352 Lighthouse Avenue- 
Pacific Grove, CA 9.3950-2097 
(8.31) 648-8515
http://swlsc.ucsd.edu/swfscpg.html

N o rth w est Regional Office

"7600 Sand Point Way N.E.
B IN  C I 5700, Building 1 
Seattle, WA 981 15-00~0 
(206) 526-6150 

http :/ / www. n w r. n oaa. go v/

N o rth w est Fisheries Science Center

2^25 Montlake Boulevard E.
Seattle, WA 98 1 1 2-209^
(206) 860-3200
http://researcli.nwfsc.noaa.gov/nwfsc- 

homepagc.html
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Hatfie ld  M arine Sciences Laboratory

2030 Marine Sciences Drive 
Newport, OR 97365 
(541) 867-0143
http://www.nwfsc-hc.noaa.gov/hatindx.htm

Kodiak Investig ation s-U tiliza tion

Fishery Industrial Technology Center 
118 Trident Way 
Kodiak, AK  9961 5 
(907) 486-1518

Alaska Regional Office

P.O. Box 21668 (mail)
Juneau, AK  99802-1668
709 West 9th Street
Federal Office Building, Suite 453
Juneau, A K  99801
(907) 586-7221
http://www.fakr.noaa.gov/

Alaska Fisheries Science Center

7600 Sand Point Way N.E.
B IN  C 15700, Building 4 
Seattle, WA 9811 5-0070 
(206) 526-4000 
http://www.afsc.noaa.gov/

Seattle  Laboratory

7600 Sand Point Way N.E.
B IN  C l 5700, Building 4 
Seattle, WA 98115-0070 
(206) 526-4000

N ational M arine M am m al Laboratory

7600 Sand Point Way N.E.
B IN  C15700, Building 4 
Seattle, WA 98115-0070 
(206) 526-404 5
http://nmml.afsc.noaa.gov/

Auke Bay Laboratory

1 1305 Glacier Highway 
Auke Bay, AK  99801-6094 
(907) 789-6000 
http://www.afsc.noaa.gov/abl/

Kodiak Laboratory

P.O. Box 1638 
301 Research Court 
Kodiak, AK  99615 
(907) 481-1700
http://www.afsc.noaa.gov/kodiak/
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Appendix 4: 
Stock Assessment 
Principles and Terms

Much ot the information in this report comes 
from the scientific analysis ot fisheries data to de­
velop stock assessments. S tock assessm ent in ­
cludes an estimation o f the amount or abundance 
ot the resource, an estimation ot the rate at which 
it is being removed due to harvesting and other 
causes, and one or more reference levels ot har­
vesting rate and/or abundance at which the stock 
can maintain itself in the long term. Such assess­
ments often contain short-term ( 1 - 5  years, typ i­
cally) projections or prognoses tor the stock un­
der a number ot different scenarios. I his in fo r­
mation on resource status is used by managers to 
determine what actions are needed to promote the 
best use of our living marine resources.

Stock assessment analyses rely on various 
sources of information to estimate resource abun­
dance and population trends. The principal in ­
formation comes front the commercial and recre­
ational fisheries. For example, the quantity of fish 
caught, the individual sizes o f the fish and their 
biological characteristics (e.g. age, maturity, and 
sex), and the ratio ol fish caught to the time spent 
fishing (catch per unit of effort) are basic data for 
stock assessments. In addition, the National Ma­
rine Fisheries Service (NMFS) conducts resource 
surveys w ith specialized fishery research vessels or 
chartered fishing vessels. These surveys, often con­
ducted in cooperation w ith state marine resource 
agencies, universities, the fishing industry, inter 
national scientific organizations, and fisheries 
agencies of other nations, produce estimates of re­
source abundance.

Resource surveys are conducted differently 
from commercial fishing. Commercial operations 
seek out the greatest aggregations of fish and tar­
get on them to obtain the largest or most valuable 
catch. Fishery research vessels operate in a stan­
dardized manner, over a wide range of locations 
and w ith in waters inhabited by the stocks, to pro­
vide unbiased population abundance and d istri­
bution indices year after vear. The survey results 
are then used w ith commercial and recreational 
catch data to assess the resource base. The final 
critical data comes from studies on the basic b io l­
ogy of the animals themselves. Understanding the 
natural history of the harvested species and the 
other species w ith which they interact is crucial to 
understanding the population dynamics of living 
marine resources.

Fish abundance or population size can be ex­
pressed as either the number of fish or the total 
fish weight (or biomass). Increases in the amount 
of fish are determined by body growth o f ind i­
vidual fish in the population, and the addition or 
recru itm en t of new generations of young fish (i.e. 
recruits recruits from the same vear are said to 
comprise a year class (or cohort). Those gains must 
then be balanced against the proportion ot the 
population removed by harvesting (called fishing  

m o rta lity , F) and other losses due, for example, to 
predation, starvation, or disease (called natural 

m o rta lity , M ). In stock assessment work, removals 
of fish from the population are commonly ex­
pressed in terms of rates w ith in  a time period. I he 
fishing m o rta lity  rate is a function of fishing e f­
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fo rt, which includes the amount, type, and cllec- 
tiveness oí fishing gear and the time spent fishing. 
Catch per un it of effort (CPUE) is an index show­
ing the ratio of a catch of fish, in numbers or in 
weight, and a standard measure of the fishing ef- 
lo rt expended to catch them. Interm ittent high 
fishing effort is termed pulse fishing.

Surplus p roduction  (or p rod uction ) is the to­
tal weight ol fish that can fie removed by fishing 
w ithout changing the si/e of the population. It is 
calculated as the sum of the growth in weight of 
individuals in a population, plus the addition of 
biomass from new recruits, minus the biomass ot 
animals lost to natural mortality.

I he production  ra te  is expressed as a propor­
tion of the population size or biomass. I he pro­
duction rate can be highly sat iable owing to envi­
ronmental fluctuations, predation and other bio­
logical interactions w ith other populations. ( )n av­
erage, production decreases at low and high popu­
lation sizes, and biomass decreases as the amount 
ot fishing eflort increases. 1 his means there is a 
relationship between average production and fish­
ing effort. 1 his relationship is known as the pro­
duction function.

P roduction functions are the basis loi certain 
important concepts used in this report: lo ng-term  

p o ten tia l y ie ld , current p o ten tia l y ie ld , and recent 

average yie ld  In addition, the term stock-level is 
employed as a biological reference for determin­
ing resource status relative to the level which would 
on average support the long-term potential yield. 
Recent average yield also is reported in order to 
allow comparison of the current situation to long­
term potential.

M ain other reference levels are used as bench­
marks for guiding management decisions. A num-c* c* c*

bei of these are expressed as fishing m o rta lity  rate  

levels that would achieve specific results from the 
average recruit ro the fishery if the stock were sub­
jected to fishing at those rates indefinitely. Some 
of these benchmarks are used to index potential 
fishery production, and others are used to ¡inlex 
potential reproductive output. Ftia is the fishing 
mortality rate that maximizes the yield obtained 
Iront the average recruit. G ro w th  overfish ing oc­
curs over the range of fishing mortality, at which 
the losses in weight from total mortality exceed 
the gain m weight due to growth. I his range is

defined as beyond I . F0) is a rate that results in 
almost as much yield per recruit as F does, but 
can be much lower— and thus more conservative—  
than b (at 1 n., only a 10% increase iii yield per 
recruit occurs following an additional unit of fish­
ing effort compared to the yield per recruit pro­
duced by the first unit of effort on the unexploited 
stock). Benchmarks used to measure reproductive 
potential usually express an amount of spawning 
output relative to the amount expected under no 
fishing. For example, F20% and F30S are the rates 
that would reduce spawning biomass per recruit 
to 20 or 30% of the unfished level, respectively, 
l his percentage ol the unfished level is also known 
as the sp aw n ing  p o ten tia l ratio (SPR).

Long-term  potentia l yield (LTPY)

I I BY is the maximum long-term average yield 
that can be achieved through conscientious stew­
ardship, by controlling F through regulating fish­
ing effort or total catch levels. IT P ’i is a reference 
point lor judging the potential ol the resource. 
However, it is not necessarily the goal ot fishery 
managers to always set the maximum yield, ( f il le r  
factors influence the choice of a management ob­
jective, such as socioeconomic considerations or 
conservation and ecosystem concerns for other ma­
rine lile indirectly affected bv fishery harvests. I Ile 
methods ol estimating 1 1 BY, and ITB Y  itself may 
be controversial. Nevertheless, NMFS scientists 
have used their best professional judgment to pro­
vide these figures as a gauge of long-term produc­
tion potential whenever possible.

Current potential yield (CPY)

CPY, the current potential catch that can be 
safelv taken, depends on the current abundance 
of fish and population dynamics of the stock. It is 
usually estimated by applying the F associated with 
1 I PY (e.g. target fishing effort) to the current 
population size. This vield may be either greater 
than or less than I I BY ( IPY is the amount of catch 
that w ill maintain the present population level 
(biomass) or, for overutilized stocks, stimulate a 
trend toward recovery to a population size that 
w ill produce the 1 I BY. fo r  stocks at high biom ­
ass levels, the ( P i may be larger than the 1.1 BY.
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In this circumstance a large fishery harvest would 
not he sustainable in the long run, but it would 
bring the stock dow n to the level supporting I T IA

Recent average yield (RAY)

RAY is equivalent to recent average catch. 
Unless designated otherwise, RAY is the reported 
fisher)- landings averaged for the most recent three- 
year period, 1995-97.

Stock-level relative to  LTPY

To further clarify- resource status, stock level 
(i.e. abundance) in the most recent t ear is com­
pared with the level of abundance that on average 
would support the LTPY harvest. This is expressed 
as being b e lo w , near, above or u n kn o w n  relative 
to the LTPY stock level. In some cases, heavy fish­
ing in the past reduced a stock to a low abundance, 
and even il the stock currently is harvested only 
lightly, it mav take manv years for it to rebuild.

Status of resource u tilization

l i i  this report, .1 resource is classified as 
un d eru tilized , fu lly  u tilized , o veru tilized , or u n ­

kn o w n  as a qualitative measure of the level of fish­
ery use. This is derived bv comparing the present 
levels of fishing effort and stock abundance to 
those levels necessary to achieve LTPY.

A fishery resource is defined as fu lly  utilized  

when the amount of fishing effort used is about 
equal to the amount needed to achieve LTPY and 
where the resource is near its I I  PY stock level. 
For I ul ly utilized fisheries, the RAY and C IA are 
usually about equal. In most cases, LTPY and CPY 
are also about equal, but they may differ as a re­
sult of production variability.

A fishery resource is considered overutilized  

when more fishing effort is employed than is nec­
essary to achieve LTPY. When RAY is greater than 
C IA ’, and CPY is less than LTPY, overutilization 
is indicated. If stock abundance is near the level 
that on average produces LTPY, RAY nia)' be 
greater than 1 1 PY for an overutilized stock im ­
plying that recent landing levels cannot be sus­
tained. If stock abundance is below the level asso­
ciated w ith 1 FIA', RAY' w ill likely be less than

LTPY'.
Additionally, it is possible lor RAY', CIA', and 

I FIA' to be about equal while the fishery resource 
is overutilized. This occurs when reducing fishing 
effort would have little  effect on the amount ot 
catch realized. In such cases, overutihzation may 
not have an apparent adverse effect on produc­
tion, but it further reduces the size of the popula­
tion. it wastes effort and economic resources, and 
imposes other deleterious consequences (e.g. ex­
cessive bvcatch and gear interactions).

A fishery resource is classified as underu tilized  

when more fishing effort is required to achieve 
1 FIA'. This situation is generally indicated when 
RAY' is less than CPY7 and C IA ' is greater than 
LTPY' while stock lev el is above the reference level 
that on average produces IT IA  . But there may be 
exceptions. For example, RAY' may be held below 
CPY’ and LTPY' by management to compensate 
for uncertainty in population estimates and eco 
system considerations.

Classification of stock and fishery status

The utilization level and stock-level relative to 
LITA7 are the major factors NMFS considers for 
determining the status of a stock for Our L ii ’ing 
Oceans, but thev may not always give a complete 
picture or one that is consistent w ith legal classifi­
cations.

It is important to note the differences between 
this classification system and the classification sys­
tems based on requirements for overfishing defi­
nitions or status determination criteria in fishery 
management plans (FMP’s). In 1989, NMFS pub­
lished revised guidelines addressing National Stan­
dards 1 and 2 of the 1976 Magnuson Fishery Con­
servation and Management Act, as amended 
(Magnuson Act). Among other things, the intent 
of the guidelines was to prevent recruitment over­
fishing and to have a conservation standard for 
each fishery such that stocks were not driven to, 
or maintained at, the threshold of overfishing. 1 he 
guidelines defined overfishing as a level or rate ot 
fishing m ortality that jeopardizes the long-term 
capacity of a stock or stock-complex to produce 
m axim u m  susta inab le  yie ld  (M SY ) 011 a continu­
ing basis. Fach FMP was required to specif)-, to 
the maximum extent possible. .111 objective and
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measurable definition ot overfishing lor each stock 
or stock complex covered bv that HM I’, and to pro­
vide an explanation of bow the definition was de­
termined and how it relates to reproductive po­
tential. Overfishing could be expressed in terms 
ot a m inim um  level ol spawning biomass, maxi­
mum level or rate ol fishing mortality, or other 
acceptable measurable standard. If data indicated 
that an overfished condition existed, a program 
must be established lor rebuilding the stock over 
a period of time specified bv the fishery manage­
ment councils (F M C ’.x) and acceptable to the Sec­
retary ot ( ommerce.

Over the period 1989-96, NMFS and the 
FM C ’s used the 1989 guidelines as a basis for de­
veloping, refining, and evaluating definitions of 
overfishing based on re c ru itm e n t o v e rfis h in g  

thresholds. There was considerable variation in the 
overfishing definitions developed and accepted, 
due to the flexib ility afforded bv the guidelines. 
Subsequently, in late 1996, the Magnuson Act was 
reauthorized as the Magnuson-Stcvens Fishery 
Conservation and Management Act (M SFCM A) 
w ith several changes that required a rethinking o f 
the basis for defining overfishing. In particular, 
the M SFCM A required MSY itscll to be the up­
per lim it on the allowable amount or rate of fish­
ing. NMFS responded by producing new guide­
lines that were finalized in mid 1998. The new 
guidelines require the specification o f status d e ­

te rm in a tio n  criteria , which include both a maxi­
mum fishing mortality rate (beyond which over­

fishing is deemed to be occurring) and a m in i­
mum stock size threshold (below which the stock 
is deemed to be overfished). Both criteria must be 
associated w ith MSY-based reference points. Fhe 
M SFCM A and the new guidelines have consider­
ably reduced the amount of flexib ility  allowed in 
defining overfishing, and require a much greater 
degree of conservatism in the biological reference 
points used to delim it overfishing.

At the present time, most FMP’s still contain 
definitions of overfishing that are based on the pre­
vious (more flexible) guidelines, although new defi­
nitions based on the new (less flexible and more 
conservative) guidelines are in the process of be­
ing developed and evaluated. I hus an analysis ot 
stock status based on the overfishing definitions 
or status determination criteria contained in FMP's

would not be consistent between stocks due to the 
widely differing degrees of conservatism embod­
ied in the various definitions.

In summary, overfished (as defined in FMP’s) 
is not equivalent to o v eru tilized  (as defined in 
OL.O), and therefore, there w ill not be a one-to- 
one correspondence between the classifications. It 
should also be noted that NMFS's annual Report 
to Congress on the status of fisheries o f the United 
States relics primarily on FMP definitions ol over­
fishing and should therefore not be expected to 
give the same results for every stock as the 0 1 .0  
analysis. In the future, when all FMP’s have in ­
corporated status determination criteria based on 
the new guidelines, there nuy be greater corre­
spondence between the FMP and 0 1 .0  evalua­
tions.

Econom ic value

In many of the fishery units, a dollar figure is 
given for the ex-vessel revenue generated hy the 
commercial fishery on a given stock or group of 
stocks. Fx-vessel revenue is defined as the quan­
tity  of fish landed bv commercial fishermen m ul­
tiplied by the average price received by them at 
the first point of sale. As such, ex-vessel revenue 
captures the immediate value of the commercial 
harvest, but does not reflect m ultip lier effects of 
subsequent revenues generated by seafood proces­
sors, distributors, and retailers.

Fhe estimate of economic value often takes 
both recreational and commercial catches and mul­
tiplies them by an average price to arrive at a 
baseline measure of economic worth among vari­
ous user groups. It muv underestimate those fish­
eries where there is a large recreational component. 
Nevertheless, the value serves as a useful gauge of 
relative potential revenues generated over many 
disparate stocks, fisheries, and regions.

M arine M am m al and 
Sea Turtle Assessm ents

The same scientific principles apply to the 
population dynamics ol these protected species, 
but the terminology of underutilized, fully utilized, 
and overutilized does not apply. Instead, marine 
mammals are referred to as dep le ted  when their
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population size is below the level ol maximum net 
production. This is often referred to as their o p ti­

m u m  susta inab le  p o p u la tio n  (OSP) level.
The Marine Mammal Protection Act (MMPA) 

defines OSP to mean “w ith respect to any popu­
lation stock, the number of animals which w ill 
result in the maximum productivity o f the popu­
lation or the species, keeping in mind the carry­
ing capacity of the habitat and the health ol the 
ecosystem of which they form a constituent ele­
ment.” For operational purposes, NMFS and the 
U.S. Fish and W ild life  Service (USFWS) have in ­
terpreted this definition to mean “a population 
size falling w ith in a range from the population level 
of a given species or stock which is the largest sup­
portable w ith in  the ecosystem to the population 
level that results in m a x im u m  n e t p ro d u c tiv ity  

(MIMP)." Maximum net productivity is defined as 
“the greatest net annual increment in population 
numbers or biomass resulting from additions to 
the population due to reproduction or growth less

loses due to natural mortality."
P otentia l b io log ica l rem oval (PBR) is the maxi­

mum number of animals, not including natural 
mortalities, that may be removed from a stock 
while allowing that stock to reach or stay at its 
optimum sustainable population level (50-100°o 
ol its carrying capacity. N min is a conservative esti­
mate of abundance used to estimate PBR and pro­
vides reasonable assurance that the stock size is 
equal to or greater than the estimate.

Protected species o f marine mammals and sea 
turtles may also be classified as th re a ten ed  or en ­

dangered under the Endangered Species Act. A 
species is considered threatened i f  it is likely to 
become an endangered species in the foreseeable 
future throughout a significant portion o f its range. 
A species is considered endangered if ir is in dan­
ger of extinction throughout a significant portion 
o f its range. In addition to some marine mam­
mals and all sea turtles, several Pacific Coast salmon 
stocks are now listed as threatened or endangered.
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Appendix 5: 
Common and Scientific 
Names of Species

The following is .1 listing of common and sci­
entific names of fish, shellfish, marine mammals, 
and sea turtles. This listing is included for refer­
ence purposes only and is not all-inclusive.

U nit 1: Northeast Dem ersal Fisheries

Principal groundfish
Atlantic cod, Cnidus morhua 
Silver hake, Merluccius bilinearis 
Pollock, Pollachius virens 
Summer flounder, Paralichthys dentatus 
W inter flounder. Pleuronectes americanus 
American plaice. Hippoglossoides platessoides 
Haddock, Melanogrammus aeglefinus 
Yellowtail flounder. Pleuronectes ferrugineus 
W itch flounder. Glyptocephalus cynoglossus 
Red hake. Urophycis chuss 
Windowpane, Scophthalmus aquosus 
Redfish, Sebastes spp.

Skates and spiny dogfish
Spiny dogfish. Squalus acanthias 
L ittle skate, Raja erinacea 
W inter skate, Raja ocellata 
Barndoor skate, Raja laevis 
Thorny skate. Raja radiata 
Clcarnose (Briar) skate. Raja eglanteria 
Rosette skate. Raja garmani 
Smooth skate. Raja senta

Other fmfish
Goosefish, Lophius americanus 
Weakfish, C ynoscion regalis 
W hite hake. Urophycis tenuis 
Black sea hass, ( cntropristis striata

Scup, Stenotomus chrysops 
Spot, Leiostomus xanthurus 
Tilefish, Lopholatilus chamaeleonticeps 
Cusk, Brosme brosme 
Wolffishes, Anarhichas spp.
Ocean pout, Macrozoarces americanus 
A tlantic halibut, Hippoglossus hippoglossus

U nit 2: N ortheast Pelagic Fisheries

Atlantic herring, Clupea harengus 
Atlantic mackerel, Scomber scombrus 
Bluefish, Pomatomus saltatrix 
Butterfish, Peprilus triacanthus

U nit 3: A tlan tic  Anadrom ous Fisheries

Striped bass, Morone saxatilis 
American shad, Alosa sapidissima 
Alewife, Alosa pseudoharengus 
Blueback herring, Alosa aestivalis 
Atlantic sturgeon, Acipenser oxyrhynchus 
Shortnose sturgeon. Acipenser brevirostrum 
Atlantic salmon, Salmo salar

Unit 4: N ortheast Invertebrate Fisheries

American lobster. Homarus americanus 
Atlantic surfclam. Spisula solidissima 
Ocean quahog, Arctica islandica 
I.ongfin inshore squid, Loligo pealeii 
Northern shortfin squid, Illex illecebrosus 
Sea scallop, Placopecten magellanicus 
Northern shrimp, Pandalus borealis 
Red crab, Chaceon quinquedens
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U nit 5: A tlantic Highly  

M igratory  Pelagic Fisheries

Yellowfin tuna. Thunnus albacares 
Bigeve tuna, I'lmnmis obesus 
Alhacore, Thunnus alalunga 
Skipjack tuna, Katsuwonus pelamis 
Bluefm tuna. Thunnus thynnus 
Other tunas

Blackfin tuna. Thunnus atlanticus 
Little tunny, Futhynnns alletteratus 
A tlantic bonito, sarda sarda 
Wahoo, Acanthocybium solandri 
Bullet mackerel, Auxis rochei 
l rigate mackerel, Auxis thazard 

Swordfish, Xiphias gladius 
Bill 1'ishes

Blue marlin, Makaira nigricans 
\N bite marlin. Tetrapturus albidus 
Sail fish, Istiophorus platypterus

U nit 6: A tlan tic  Sharks

Large coastal sharks
Sandbar shark. Carcharhinus plumbeus 
Reel shark. Carcharhinus perezi 
Blacktip shark, ( 'archarhinus limbatus 
Dusky shark. Carcharhinus obscurus 
Spinner shark. Carcharhinus brevipinna 
Silk)' shark, Carcharhinus falciformis 
Bull shark, ( archarhinus leucas 
Bignose shark. Carcharhinus altimus 
Galapagos shark, ( archarhinus galapagensis 
N ight shark, Carcharhinus signatus 
l'igcr shark. Galeocerdo cuvier 
Lemon shark, Negaprion brevirostris 
Nurse shark, Ginglymostoma cirratum  
Narrowtooth shark. Carcharhinus brachyurus 
Scalloped hammerhead. Sphyrna lewini 
Smooth hammerhead, Sphyrna zygaena 
Great hammerhead. Sphyrna mokarran 

Small coastal sharks
Atlantic sharpnose shark.

Rhizoprionodon terraenovae 
Caribbean sharpnose shark.

Rhizoprionodon porosus 
Finctooth shark. Carcharhinus isodon 
Blacknose shark, Carcharhinus acronotus 
Bonnethcad, Sphyrna tiburo 
Atlantic angel shark, Squatina dumeril

Smalltail shark. Carcharhinus porosus 
Pelagic sharks

Longfin mako, Isurus paucus 
Shortfin mako, Isurus oxyrinchus 
Blue shark. Prionace glauca 
Porbeagle, Lamna nasus 
Thresher shark, Alopias vulpinus 
Bigeve thresher, Alopias superciliosus 
Oceanic whitetip shark,

(  archarhinus longimanus 
Sevengill shark, Heptranchias perlo 
Sixgill shark, Hexanchus griseus 
Bigeve sixgill shark, Hexanchus vitulus

U nit 7: A tlantic and Gulf of M exico  

Coastal M igrato ry  Pelagic Fisheries

Dolphinfish, Coryphaena hippurus 
K ing mackerel (Atlantic and G ulf), 

Scomberomorus cavalla 
Spanish mackerel (Atlantic and G ulf), 

Scoinberotuorus maculatus 
Cobia, Rachycentron canadum 
( ero (mackerel). Scomberomorus regalis

U nit 8: A tlantic, Gulf of M exico, 
and Caribbean Reef Fish Fisheries

G u lf of M exico

Red snapper. Lutjanus campechanus 
Red grouper, epinephelus morio 
Nassau grouper, Epinephelus striatus 
lewfish. Epinephelus itajara 
Shallow groupers

Gag, Mycteroperca microlepis 
Rock hind, Epinephelus adscensionis 
Speckled hind. Epinephelus drummondhayi 
Red hind, Epinephelus guttatus 
Black grouper. Mycteroperca bonaci 
Scamp, Mycteroperca phenax 
Yellowfin grouper. Mycteroperca venenosa 

Other groupers
Snows' grouper. Epinephelus niveatus 
Yellowedge grouper.

Epinephelus flavolimbatus 
Yellowmoulh grouper,

A lycteroperca interstitialis 
\b s iv  grouper, Epinephelus mystacinus 
Warsaw grouper, Epinephelus nigritus
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Other snappers
Vermilion snapper. Rhomboplites aurorubens 
Queen snapper, Etelis oculatus 
M utton snapper, Lutjanus analis 
Schoolmaster, Lutjanus apodus 
Blackfin snapper, Lutjanus buccanella 
Cubera snapper. Lutjanus cyanopterus 
Mahogany snapper, Lutjanus mahogoni 
Lane snapper, Lutjanus synagris 
Dog snapper. Lutjanus jocu 
Silk snapper, Lutjanus vivanus 
Yellowtail snapper, Ocyurus chrysurus 
Grey (Mangrove) snapper. Lutjanus griseus 
Black snapper, Apsilus dentatus 

Porgies
Jolthead porgy. Calamus bajonado 
Longspine porgy. Stenotomus caprinus 
Red porgy, Pagrus pagrus 
Whitebone porgy. Calamus leucosteus 
Knobbed porgy. Calamus nodosus 
Littlehead porgy, Calamus proridens 

Amberjacks
Greater amberjack. Seriola dumerili 
Lesser amberjack. Seriola fasciata 

Grun ts
W hite grunt, Haemulon plum ieri 
Bluestriped grunt. Haemulon sciurus 
brench grunt, Haemulon flavolineatum 

Sea basses
Black sea bass, Centropristis striata 
Rock sea bass. Centropristis philadelphica 
Bank sea bass. Centropristis ocyurus 

Others
Sheepshead, Archosargus probatocephalus 
Queen triggerfish. Balistes vetula 
Gray triggerfish. Balistes capriscus 
Ocean triggerfish, C anthidermis sufflamen 
Blueline (grev) tilefish, Caulolatilus microps 
Blackline tilefish, Caulotilus cyanops 
Tilefish (golden).

Lopholatilus chamaeleonticeps 
Yellow goatfish, Mulloidichthys martinicus 
Blue runner, Caranx crysos 
Pigfish, Orthopristis chrysoptera 
Hogfish, Lachnolaimus maximus 
Queen angelfish, Holacanthus ciliaris 
A tlantic Spadefish, Chaetodipterus faber 
Great barracuda, Sphyreua barracuda

A tlantic

Wreckfish, Polyprion americanus 
Vermilion snapper. Rhomboplites aurorubens 
Red snapper. Lutjanus campechanus 
Red porgy, Pagrus pagrus 
Nassau grouper, Epinephelus striatus 
levvfish, Epinephelus itajara 

Other groupers
Red grouper. Epinephelus morio
Gag, Mycteroperca microlepis
Rock hind, Epinephelus adscensionis
Speckled hind. Epinephelus drummondhayi
Red hind, Epinephelus guttatus
Black grouper, Mycteroperca bonaci
Scamp, Mycteroperca phenax
Yellowfin grouper. Mycteroperca venenosa
Snowy grouper. Epinephelus niveatus
Yellowedge grouper.

Epinephelus flavolimbatus 
Yellovvmouth grouper.

Mycteroperca interstitialis 
M isty grouper. Epinephelus mystacinus 
Warsaw grouper. Epinephelus nigritus 
Coney, Epinephelus fulvus 
Graysby, Epinephelus cruentatus 
Creole-fish, Paranthias furcifer 

Sea basses
Black sea bass, Centropristis striata 
Rock sea bass, Centropristis philadelphica 
Bank sea bass, Centropristis ocyurus 

t >ther snappers
Queen snapper. Etelis oculatus 
M utton snapper, Lutjanus analis 
Schoolmaster, Lutjanus apodus 
Blackfin snapper, Lutjanus buccanella 
Cubera snapper, Lutjanus cyanopterus 
Mahogany snapper. Lutjanus mahogoni 
Lane snapper, Lutjanus synagris 
Silk snapper, Lutjanus vivanus 
Yellowtail snapper. Ocyurus chrysurus 
Grey (Mangrove) snapper. Lutjanus griseus 
Black snapper. Apsilus dentatus 

Amberjacks
Greater amberjack, Seriola dumerili 
Lesser amberjack. Seriola fasciata 

Other porgies
lolthead porgy, Calamus bajonado 
Longspine porgy, Stenotomus caprinus 
Whitebone porgy. Calamus leucosteus
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Knobbed porgy, C altimus undosus 
Litrlehead porgv. Calamus proridens 
Suucereve porgy, ( .altimus calamus 
Spotu il pinfish, Diplodus holbrooki 
Scup, Stenotomus chrysops 

Grnms
W hite grunt. Haemulon plum ieri 
Blnestriped grunt, Haemulon sciurus 
French grunt. Haemulon flavolineatum  
Margate, Haemulon allium  
Sailors choice, Haemulon parra 
Iomtate, Haemulon aurolineatum 
LWkfish, Anisotremus virginicus 
Black margate. Anisotremus surinamensis 
Spanish grunt, Haemulon macrostomum 
l ’ igfish, Orthopristis chrysoptera 
Smallmouth grunt, Haemulon chrysargyreum 

Others
Sheepshead, Archosargus probatocephalus 
Queen triggerfish. Balistes vetula 
Grav triggerfish. Balistes capriscus 
Ocean triggerfish, Canthidermis sufflamen 
Blueline (grev) tilefish. Caulolatilus microps 
Blackline tilefish, Canlotilus cyanops 
rilefish (golden),

lopholatilus chamaeleonticeps 
Hogfish, Iachuolaimits maximus 
Queen angel fish. Holacanthus ciliaris 
Atlantic Spadefish, Chaetodipterus faber 
Great barracuda, Sphyreua barracuda 

C aribbean

Nassau grouper, Epinephelus striatus 
O ther groupers

Rock hind, Epinephelus adscensionis 
Red hind, Epinephelus guttatus 
Yellowhn grouper. Mycteroperca venenosa 
Yellowmouth grouper,

/\ Iycteroperca interstitialis 
Coney, Epinephelus fulvus 
Gravshv, Epinephelus cruentatus 

Snappers
Vermilion snapper, Rhomboplites aurorubens 
Queen snapper. Etelis oculatus 
M utton snapper, I.ut¡auus analis 
Schoolmaster, I  utjanus apodus 
Blackfin snapper, I  utjanus buccanella 
Mahogany snapper, lutjanus mahogoni 
1 ane snapper, / utjanus synagris 
Silk snapper, /  utjanus vivanus

Yellowtail snapper, Ocyurus chrysurus 
Black snapper, Apsilus dentatus 

Grunts
W hite grunt, Haemulon plumieri 
Blnestriped g rillii. Haemulon sciurus 
French grunt, Haemulon flavolineatum  
Margate, Haemulon album 
Iomtate, Haemulon aurolineatum 

Others
Greater amberjack. Seriola dumerili 
Blue runner. Caranx crysos 
Crevalle jack, Caranx hippos 
1 lorse-eye jack, Caranx latus 
Black jack, Caranx lugubris 
Bar jack. Caranx ruber 
l.ookdown. Selene vomer 
Bigeye scad, Selar crumenophthalmus 
Yellow jack. Caranx bartholomaei 
Sea bream. Archosargus rhomboidalis 
jolthead porgy. Calamus bajonado 
Sheepshead porgy, Calamus penna 
Yellow goatfish. Alid/oidic/ilhys martinicus 
Spotted goatfish. Pseudupeneus maculatus 
Spotfin butterfiylish, Chaetodon ocellatus 
Foureye butterfiyfish, Chaetodon capistratus 
Atlantic Spadefish, Chaetodipterus faber 
Queen angelfish. Holacanthus ciliaris 
Rock beauty. Holacanthus tricolor 
Cira\ angelfish, Pomacanthus arcuatus 
French angelfish. Pomacanthus paru 
Spanish hogfish. Bodianus rufus 
I loglish, Lachnolaimus maximus 
Puddingwile, Halichoeres radiatus 
M idn ight parrotfish, Scarus coelestinus 
Blue parrotfish, Scarus coeruleus 
Striped parrotfish, Scarus croicensis 
Rainbow parrotfish, Scarus guacamaia 
Princess parrotfish. Scarus taeniopterus 
Queen parrotfish. Scarus vetula 
Redband parrotfish. Sparisoma aurofrenatum 
Recltail parrotfish. Sparisoma chrysopterum 
Red fin parrotfish. Sparisoma rubripinne 
Stoplight parrotfish, Sparisoma viride 
Ocean siirgeonfish. Acanthurus bahianus 
Docrorlish, Acanthurus chirurgus 
Blue tang, Acanthurus coeruleus 
Queen triggerfish. Balistes vetula 
I Vean triggerfish, Canthidermis sufflamen 
Black durgon. Melichthys niger
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Spotted trunkfish, Lactophrys bicaudalis 
Honeycomb cowfish. Lactophrys polygonia 
Scrawled cowfish. Lactophrys quadricornis 
Smooth trunkfish, L.actophrys triqueter 
Trunkfish, Lactophrys trigonus 
Squirrelfish, Holocentrus adscensionis 
Longspine squirrelfish, Holocentrus rufus 
Bigeye, Priacanthus arenatus 
Porkfish, Anisotremus virginicus 
M utton Hamlet, Epinephelus afer

U nit 9: Southeast 
Drum  and Croaker Fisheries

Black drum. Pogonias cromis
Atlantic croaker. Micropogonias undulatus
Spot, Leiostomus xanthurus
Red drum. Sciaenops ocellatus
Seatrouts

Grey seatrout (weakfish), Cynoscion regalis 
Spotted seatrout. Cynoscion nebulosus 
Silver seatrout, Cynoscion nothus 
Sand seatrout, Cynoscion arenarius 

Kingfishes
Southern kingfish, Menticirrhus americanus 
G u lf kingfish, Menticirrhus littoralis 
Northern kingfish. Menticirrhus saxatilis

U nit 10: Southeast M enhaden Fisheries

Atlantic menhaden. Brevoortia tyrannus 
G u lf menhaden. Brevoortia patronus

U nit 11: Southeast and 

Caribbean Invertebrate Fisheries

Shrimps
Brown shrimp, Penaeus aztecus 
W hite shrimp. Penaeus setiferus 
Pink shrimp, Penaeus duorarum 
Royal red shrimp. Pleoticus robustus 
Seabob, Xiphopenaeus kroyeri 
Rock shrimp, Sicyonia brevirostris 

Spiny lobster (Southeast and Caribbean), 
Panulirus argus 

Spotted spint' lobster, Panuliris guttatus 
Stone crab, Menippe mercenaria 
Queen conch. Strombus gigas 
Coral, Phvlum Cnidaria

Units 12 and 13: Pacific 
Coast and Alaska Salm on

Chinook salmon, Oncorhynchus tshawytscha 
Coho salmon. Oncorhynchus kisutch 
Pink salmon, Oncorhynchus gorbuscha 
Sockeve salmon, Oncorhynchus nerka 
Chum salmon, Oncorhynchus keta

Unit 14: Pacific Coast 
and Alaska Pelagic Fisheries

Northern anchovy, Engraulis mordax 
Pacific sardine. Sardinops sagax 
Jack mackerel, Trachurus symmetricus 
Chub (Pacific) mackerel. Scomber japonicus 
Pacific herring, (Hupea pallasi

Unit 15: Pacific Coast G roundfish Fisheries

Pacific hake (whiting). Merluccius productus 
Sablefish (black cod), Anoplopoma fimbria  
Lingcod, Ophiodon elongatus 
Pacific cod. Gadus macrocephalus 
Flatfishes

Arrowtooth flounder. Atheresthes stomias 
Hover sole. Microstomus pacificus 
English sole, Pleuronectes vetulus 
Petrale sole, Eopsetta jordani 

Other flatfishes
Butter sole, Pleuronectes isolepis 
C urlfin sole, Pleuronichthys decurrens 
Flathead sole, Hippoglossoides elassodon 
Pacific sanddab. Citharichthys sordidus 
Rex sole, Errex zachirus 
Rock sole, Pleuronectes bilineatus 
Sand sole. Psettichthys melanostictus 
Starry flounder, Platichthys stellatus 

Rockfishes
Bocaccio, Sebastes paucispinis 
Canary rockfish. Sebastes pinniger 
( ihil ipepper. Sebastes goodei 
Pacific ocean perch. Sebastes alutus 
Shortbelly rockfish, Sebastes jordani 
Shortspine thornyhead.

Sebastolobus alascanus 
Longspine thornyhead, Sebastolobus altivelis 
Ycllowt iii rockfish. Sebastes flavidus 
W idow rockfish. Sebastes entomelas 

C Cher rockfishes
Aurora rockfish. Sebastes aurora
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Bunk rockfish, Sebastes rufus 
Black rockfish. Sebastes melanops 
Black-and-vellow rockfish.

Sebastes t hrysomelas 
Blackgill rockfish, Sebastes melanostomus 
Blue rockfish. Sebastes mystinus 
Bronzespotred rockfish, Sebastes g ill i 
Brown rockfish. Sebastes auriculatus 
Calico rockfish, Sebastes dalli 
China rockfish, Sebastes nebulosus 
Copper rockfish, Sebastes caurinus 
Cowcod. Sebastes levis 
Parkblotched rockfish. Sebastes erumei 
I Visky rockfish. Sebastes ciliatus 
Flag rockfish, Sebastes rubrivinctus 
Gopher rockfish. Sebastes carnatus 
Grass rockfish, Sebastes rastrelliger 
Greenblotched rockfish. Sebastes rosenblatti 
Greenspoited rockfish. Sebastes chlorostictus 
t ¡reensrriped rockfish, Sebastes elongatus 
Harlequin rockfish. Sebastes variegatus 
Honeycomb rockfish, Sebastes umbrosus 
Kelp rockfish. Sebastes atrovirens 
Mexican rockfish, Sebastes macdonaldi 
Olive rockfish, Sebastes serranoides 
Pink rockfish. Sebastes eos 
Quillback rockfish. Sebastes maliger 
Redhanded rockfish. Sebastes babcocki 
Redstripe rockfish. Sebastes proriger 
Rosethorn rockfish. Sebastes helvomaculatus 
Rosy rockfish. Sebastes rosaceus 
Rough eye rockfish, Sebastes aleutianus 
Shurpchin rockfish. Sebastes zacentrus 
Shortraker rockfish. Sebastes borealis 
Silvergrav rockfish, Sebastes brevispinis 
Speckled rockfish, Sebastes ovalis 
Splitnose rockfish. Sebastes diploproa 
Squarespot rockfish. Sebastes hopkinsi 
Starry rockfish. Sebastes constellatus 
Stripetail rockfish, Sebastes saxicola 
Piger rockfish. Sebastes nigrocinctus 
Ireetish, Sebastes serriceps 
Vermilion rockfish. Sebastes miniatus 
Yelloweye rocklish. Sebastes ruberrimus 
Yellow mouth rockfish. Sebastes reedi 

( Vlier groundfishes
I copaid shark, Triakis semifasciata 
Soupfin shark, Galeorhinus zyopterus 
Spiny dogfish, Squalus acanthias

Big skate. Raja binoculata 
California skate, Raja inornata 
l.ongnose skate, Raja rhina 
Spotted ratfish. Hydrolagus colliei 
Pacific fiatnose. Antimora microlepis 
Pacific (rattail) Grenadier,

( oryphaenoides acrolepis 
Cabezon, Scorpaenichthys marmoratus 
Kelp greenling. Hexagrammos decagrammus 
California scorpionfish, Scorpaena guttata

U nit 16: W estern Pacific 

Invertebrate Fisheries

Spiny lobster (Ula), Panulirus marginatus 
Slipper lobster (Ulapapa),

Sty I I I  rides squammosus

U nit 17: W estern Pacific 

Bottom fish and Arm orhead Fisheries

Bottom! ishes
Silverjaw jobfish (lehi), Aphareus rutilans 
Grav jobfish (uku), Aprion virescens 
Squirrelfish snapper (elm). Etelis carbunculus 
Ruby (Fong-tail) snapper (onaga),

Etelis coruscans 
Bluestripe snapper (taape). Lutjanus kasmira 
Yellowtail snapper (yellowtail kalekale).

Pristipomoides auricilla 
Crimson snapper (opakapaka).

Pristipomoides filamentosus 
Yelloweye snapper (yelloweye opakapaka). 

Pristipomoides flavipinnus 
Pink snapper, (kalekale).

Pristipomoides sieboldii 
Small-scaled snapper (Opakapaka).

Pristipomoides microlepis 
Giant trevallv (white ulua). Caranx ignobilis 
Black jack, (black ulua). Caranx lugubris 
I hick lipped trevallv, (butagtichi), 

Pseudocaranx dentex 
Greater amberjack, (kahala). Seriola dumerili 
Blacktip grouper. Epinephelus fasciatus 
Grouper (hapu upu u). Epinephelus quernus 
Funurtuil grouper. Variola louti 
Ambon emperor, Lethrinus amboinensis 
Redgill emperor, Icthrinus rubrioperculatus 

Seamount fishes
Pelagic armorhead. Pseudopentaceros wheeleri
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U nit 18: Pacific Highly  

M igratory  Pelagic Fisheries

Yellowfin tuna. Thunnus albacares
Skipjack tuna, Katsuwonus pelamis
Albacore (North and South), Thunnus alalunga
Bigeye tuna. Thunnus obesus
Blue marlin. Makaira nigricans
Black marlin, Makaira indica
Striped marlin. Tetrapturus audax
Sailfish, Istiophorus platypterus
Shortbill speartlsh, Tetrapturus angustirostris
Swordfish, Xiphias gladius
Wahoo, Acanthocybium solandri
Dolphinfish (mahimahi), Coryphaena hippurus
Pelagic sharks

Families: Carcharhinidae, Alopiidae, 
Sphyrnidae, and Lamnidae

Unit 19: Alaska Groundfish Fisheries

Pacific halibut, Hippoglossus stenolepis 
Bering Sea and A leu tian  Islands 

groundfish resources

Walleye pollock, Theragra chalcogramma 
Pacific cod, Cadus macrocephalus 
Yellowfin sole, Pleuronectes asper 
Greenland (turbot) halibut.

Reinhardtius hippoglossoides 
Arrowtooth flounder. Atheresthes stomias 
Rock sole. Pleuronectes bilineatus 
Other flatfishes

Flathead sole, Hippoglossoides elassodon 
Alaska plaice, Pleuronectes quadrituberculatus 
Kamchatka flounder, Atheresthes evermanni 
Bering flounder, Hippoglossoides robustus 
Arctic flounder, Pleuronectes glacialis 
Butter sole. Pleuronectes isolepis 
C -O  Sole, Pleuronichthys coenosus 
California tonguefish. Symphurus atricauda 
C urifin  sole. Pleuronectes decurrens 
Deepsea sole, Embassichthys bathybius 
Hover sole, Microstomus pacificus 
English sole. Pleuronectes vetulus 
1 Ivbrid sole, Inopsetta ischyra 
Longhead dab, Pleuronectes proboscideus 
Pacific sanddab, Citharichthys sordidus 
Petrale sole. Eopsetta jordani 
Rex sole. Errex zachirus 
Roughscale sole, Clinoderma asperrimum

Sand sole, Psettichthys melanostictus 
Slender sole. Eopsetta exilis 
Starry flounder. Platichthys stellatus 
Sablefish (black cod), Anoplopoma fimbria  
Pacific ocean perch, Sebastes alutus 

Other rockfishes
Aurora rockfish. Sebastes aurora 
Black rockfish, Sebastes melanops 
Blackgill rockfish. Sebastes melanostomus 
Blue rockfish. Sebastes mystinus 
Bocaccio, Sebastes paucispinis 
Brown rockfish, Sebastes auriculatus 
Canary rockfish, Sebastes pinniger 
Chameleon rockfish, Sebastes phillipsi 
Chilipepper, Sebastes goodei 
C opper rockfish. Sebastes caurinus 
Harkblotched rockfish. Sebastes cramei 
Husky rockfish. Sebastes ciliatus 
Gray rockfish, Sebastes glaucus 
Greenstriped rockfish. Sebastes elongatus 
Harlequin rockfish, Sebastes variegatus 
Northern rockfish, Sebastes polyspinis 
Pinkrose rockfish, Sebastes simulator 
Pygmy rockfish, Sebastes wilsoni 
Redhaiided rockfish, Sebastes babcocki 
Redstripe rockfish. Sebastes proriger 
Rosethorn rockfish, Sebastes helvomaculatus 
Rosy rockfish, Sebastes rosaceus 
Rougheye rockfish. Sebastes aleutianus 
Sharpchin rockfish, Sebastes zacentrus 
Shortraker rockfish, Sebastes borealis 
Silvergrav rockfish. Sebastes brevispinis 
Splitnose rockfish, Sebastes diploproa 
Stripetail rockfish, Sebastes saxicola 
Tiger rockfish, Sebastes nigrocinctus 
W idow rockfish, Sebastes entomelas 
Yelloweye rockfish. Sebastes ruberrimus 
Yellowmouth rockfish. Sebastes reedi 
Yellowtail rockfish. Sebastes flavidus 
Broadhanded thornyhead,

Sebastolobus macrochir 
Longspine thornyhead. Sebastolobus altivelis 
Shortspine thornyhead,

Sebastolobus alascanus 
Atka mackerel, Pleurogrammus monopterygius 

( Ithcr fishes
Antlered sculpin. Enophrys diceraus 
Armorhead sculpin, Eurymen gyrinus 
Bigmouth sculpin. Hemitripterus bolini
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Blackfin sculpin. Malacocottus kincaidi 
Blob sculpin, Psychrolutes phrictus 
Brown Irish lord, Hemilepidotus spinosus 
Butterfly sculpin, Hemilepidotus papilio 
Calico sculpin, C linocottus embryum 
Crested sculpin. Blepsias bilobus 
Dusky sculpin, Icelinus burchami 
Great sculpin,

Myoxocephalus polyacanthocephalus 
Pacific staghorn sculpin, Leptocottus armatus 
Plain sculpin. Myoxocephalus jaok 
Red Irish lord, Hemilepidotus hemilepidotus 
Ribbed sculpin, Triglops pingeli 
Scissortail sculpin, Triglops forficatus 
Shorthorn sculpin. Myoxocephalus scorpius 
Spinyhead sculpin, Dasycottus setiger 
Tadpole sculpin, Psychrolutes paradoxus 
I horny sculpin. Icelus spiniger 
Warty sculpin. Myoxocephalus verrucosus 
Yellow Irish lord, Hemilepidotus ¡aniani 
Alaska skate. Bathyraja parmifera 
Aleutian skate. Bathyraja aleutica 
Big skate. Raja binoculata 
I Deepsea skate. Bathyraja abyssicola 
Golden skate, Bathyraja smirnovi 
Longnose skate. Raja rhina 
Starry skate, Raja stellulata 
Blue shark, Prionace glauca 
Pacific sleeper shark, Somniosus pacificus 
Salmon shark, Lamna ditropis 
Sixgill shark. Hexanchus griseus 
Soupfln shark, (la/eorhinns zyopterus 
Spinv dogfish, Squalus acanthias 
Thresher shark, Alopias vulpinus 
Capelin, Mallotus villosus 
kulachon, Thaleichthys pacificus 
Rainbow smelt, Osmerus mordax 
Giant octopus, Octopus dofleini 
Orange bigeye octopus. Octopus californicus 
Magistrate armhook squid.

Berryteuthis magister 
Boreal clubhonk squid,

Onychoteuthis borealijaponica 
G u lf of A laska groundfish resources 

Walleye pollock. Theragra chalcogramma 
Pacific cod, Olidus macrocephalus 
Flatfish

Arrowrooth flounder, Atheresthes stomias 
Alaska plaice, Pleuronectes quadrituberculatus

Butter sole, Pleuronectes isolepis 
Deepsea sole, Embassichthys bathybius 
Dover sole. Microstomus pacificus 
English sole, Pleuronectes vetulus 
Flathead sole. Hippoglossoides elassodon 
Greenland (turbot) halibut.

Reinhardtius hippoglossoides 
Rex sole, Errex zachirus 
Rock sole. Pleuronectes bilineatus 
Sand sole, Psettichthys melanostictus 
Starrv flounder. Platichthys stellatus 
Yellowfin sole, Pleuronectes asper 
Sablefish (black cod), Anoplopoma fim bria  
Atka mackerel, Pleurogrammus monopterygius 

Slope rockfishes
Northern rockfish, Sebastes polyspinis 
Pacific ocean perch, Sebastes alutus 
Rougheve rockfish, Sebastes aleutianus 
Shortraker rockfish, Sebastes borealis 

Thornyhead rockfishes
Broadbanded thornyhead.

Sebastolobus macrochir 
Longspine thornyhead. Sebastolobus altivelis 
Shortspine thornyhead,

Sebastolobus alascanus 
Pelagic shelf rockfishes

Dusky rockfish. Sebastes ciliatus 
W idow rockfish, Sebastes entomelas 
Yellowtail rockfish. Sebastes flavidus 

Demersal shelf rockfishes
Yelloweye rockfish. Sebastes ruberrimus

U nit 20: Alaska Shellfish Fisheries

Tanner crab, (Chionoecetes bairdi 
Snow crab, Chionoecetes opilio 
K ing crabs

Blue king crab, Paralithodes platypus 
Golden (brown) king crab.

Lithodes aequispina 
Red king crab. Paralithodes camtschatica 

Shrimps
Alaskan pink shrimp, Pan/lnlns eous 
Side stripped shrimp, Pandalopsis dispar 
Humpy shrimp, Pandalus goniurus 
Coonstripped shrimp, Pandalus hypsinotus 
Spot shrimp. Pandalus platyceros 

Sea snails
Angular whelk,

Buccinum angulosum angulosum
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Fat whelk, Neptunea ventricosa 
Fragile whelk. Volutopsius fragilis 
Ladder whelk. Buccinum scalariforme 
Lyre whelk, Neptunea lyrata lyrata 
Oregon triton, Fusitriton oregonensis 
Polar whelk, Buccinum polare 
Prihilof whelk, Neptunea pribiloffensis 
Sinuous whelk, Buccinum plectrum 
Tulip whelk. Volutopsius middendorffii 
Hero whelk. Neptunea heros 
Whelk, Plicifusus kroyeri

U nit 21: Nearshore Fisheries 

N o rth eas t N earshore Fishery Resources

Blue crah, Callinectes sapidus 
Sea urchin. Strongylocentrotus spp.
Atlantic hardshell clam. Mercenaria mercenaria
Eastern oyster (Atlantic), Crassostrea virginica
Blue mussel. Mytilus edulis
Horseshoe crab (Atlantic), Limuluspolyhemus
Tau tog, Tautoga onitis
Other shads and herring

Gizzard shad, Dorosoma cepedianum 
I lickory shad, Alosa mediocris 
Round herring, Etrumeus teres 
W hite perch, Morone americana 
Jonah crah, Cancer borealis 
Softsheli clam. Mya arenaria 
Atlantic rock crab. Cancer irroratus 

Conchs
Channeled whelk, busycotypus canaliculatus 
Knobbed whelk. Busycon carica 
I ightning whelk. Busycon sinistrum 

Sea cucumber, Cucumaria frondosa 
American eel, Anguilla rostrata 
Sea worms

Sandworm, Nereis virens 
Bloodworm, Glycera dibranchiata 
Tapeworm (m ilk worm). Cerebratulus lacteus 
Periwinkle, Littorina littorea 
Bay scallop, Argopecten irradians

S ou theast N earshore Fishery Resources

Blue crab. Callinectes sapidus 
Mullets, Family Mugilidae 
Eastern oyster (Atlantic), Crassostrea virginica 
Other herrings and Spanish sardine 

Gizzard shad, Dorosoma cepedianum

Round herring. Etrumeus teres 
Atlantic thread herring,

Opisthonema oglinum 
H ickory shad. Alosa mediocris 
Threadhn shad. Dorosoma petenense 
Spanish sardine, Sardinella aurita 

G uii flounder. Paralichthys albigutta 
Southern flounder, Paralichthys lethostigma 
Bait shrimp, Decapoda, Dendrobranchiata 
Calico scallops (Atlantic), Argopecten gibbus 
Ballyhoo, Hemiramphus brasiliensis 
Bigeye scad, Selar crumenophthalmus 
Flyingfish (Atlantic), Cypselurus melanurus

Pacific N earsh ore  Fishery Resources (California)

California market squid. Loligo opalescens 
Sea urchins. Strongylocentrotus spp.
Shrimps

Bay shrimp. Crangon franciscorum 
Dock shrimp, Pandalus danae 
Ocean shrimp. Pandalus jordani 
Pacific ridgeback rock shrimp,

Sicyonia ingentis 
Pacific (pink) shrimp. Pandalus borealis 
Sidestripe shrimp. Pandalopsis dispar 
Spot shrimp. Pandalus platyceros 

Dungeness crah. Cancer magister 
( Vher crabs

Rock crab. Cancer spp.
Sheep crab. Loxorhynchus grandis 

Pacific bonito, Sarda chiliensis 
Smelts

N ight smelt. Spirinchus starksi 
Surf smelt. Hypomesus pretiosus 
W hitebait smelt, Allosmerus elongatus 

Elasmobranchs,
(. llass Elasmobranchiomorphi 

California halibut, Paralichthys californicus 
Sea cucumbers. Parastichopus spp.
California spiny lobster, Panulirus interruptus 
Abalones, Haliotis spp.
Croakers

Sporfin croaker, Roncador stearnsi 
Yellow croaker. Umbrina roncador 
W hite croaker, Genyonemus lineatus 

Pacific barracuda. Sphyraena argentea 
Bivalves

Pacific razor clam, Siliqua patula 
Butter clam. Saxidomus nuttalli

2 9 5



1998

OUR LIVING OCEANS

Banded chione, Chione californiensis 
Smooth chione, Chione fluctifraga 
Wav}' chione. Chione undatella 
Thin-shelled littleneck clam.

Protati mea tenerrima 
Manila clam, \enerupisjaponicit

Pacific N earshore  Fishery Resources {Oregon)

Clams
Butter clam. Saxidomus nutta lli 
Horseneck gaper clam, Tresus capax 
Pacific littleneck clam. Protothaca staminea 

Oysters
Pacific ovster, Crassostrea gigas 

Dungeness crah, Cancer magister 
Shrimps

Blue mud shrimp, Upogebia pugettensis 
Ocean shrimp, Pandalus jordani 
Pacific (pink) shrimp, Pandalus borealis 

Sea Urchins
Purple sea urchin,

Strongylocentrotus purpuratus 
Red sea urchin,

Strongylocentrotus franciscanus 
Elasmobranchs

Blue shark, Prionace glauca 
Spiny dogfish, squalus acanthias 
Big skate, Raja binoculata 
Longnose skate. Raja rhina 

Stri rgeon
Green sturgeon. Acipenser medirostris 
W hite sturgeon. Acipenser transmontanus 

O ther fish and invertebrates
Chub (Pacific) mackerel. Scomber japonicus 
Pacific herring, Clupea pallasi 
Pacific sardine, Sardinops sagax 
Market squid. Loligo opalescens 
Hum boldt squid. Dosidicus gigas

Pacific N earshore  Fishery Resources  

(W ashington)

Pacific geoduck clam. Panopea abrupta 
Other clams

Horseneck gaper clam. Tresus capax 
Manila clam, I enerupis japonica 
Pacific littleneck clam. Protothaca staminea 

Oysters
Pacific oyster. Crassostrea gigas

Other bivalves
Venus clams. Psephidia sp.
Mussels, Family Mytilidae 
Dungeness crab. Cancer magister 

M irim  ps
Ocean shrimp. Pandalus jordani 
Pacific (pink) shrimp, Pandalus borealis 

Sea cucumber
California sea cucumber,

Parastichop us c a li fo  miens 
Elasmobranchs

Spiny dogfish, squalus acanthias 
Sturgeons

Green sturgeon. Acipenser medirostris 
W hite sturgeon. Acipenser transmontanus

W estern  Pacific Island N earshore  

Fishery Resources

Bigcye scad (Akule), Selar crumenophthalmus 
Mackerel scad (Opelu), Decapturus macarellus

Alaska N earshore Fishery Resources

Dungeness crab, Cancer magister 
Tanner crab, Chionoecetes bairdi 
Red king crab, Paralithodes camtschatica 
Scallops

Weathervane scallop. Patinopeetin caurinus 
Pink scallop, ( h/antys rubi/ta 
Spiny scallop. Chlamys hastata 
Rock scallop, Crassadoma gigantea 
Pacific geoduck clam, Panopea abrupta 

Shrimps
Alaskan pink shrimp, Pandalus eous 
Coonstriped shrimp, Pandalus hypsinotus 
Humpy shrimp, Pandalus goniurus 
Ocean shrimp, Pandalus jordani 
Sidestripe shrimp, Pandalopsis dispar 
Spot shrimp. Pandalus platyceros 

( )ther clams
Arctic surlclam, Mactromeris polynyma 
Butter clam, Saxidomus gtganteaus 
Cockles, Clinocardium spp.
Pacific littleneck clam, Protothaca staminea 
Pacific razor clam, Siliqua patula 
Softshell clam, Mya arenaria 
Sea urchins. Strongylocentrotus spp.
Sen cucumbers, Parastichopus spp. 
Abalones, Haliotis spp.
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Units 22, 23 and 24: 
M arine M am m als of Alaska, 
Pacific, and A tlantic Regions

Dolphins
Atlantic sported dolphin. Stenella frontis 
A tlantic white-sided dolphin.

Lagenorhynchus acutus 
Bottlenose dolphin, Tursiops truncatus 
Clymene Dolphin, Stenella clymene 
Common dolphin. Delphinus delphis 
Fraser's dolphin. Lagenodelphis hosei 
Northern right-whale dolphin,

Lissodelphis borealis 
Pacific white-sided dolphin,

Lagenorhynchus obliquidens 
Pantropical spotted dolphin,

Stenella attenuata 
Risso’s dolphin. Grampus griseus 
Rough-toothed dolphin. Steno bredanensis 
Spinner dolphin (Eastern),

Stenella longirostris orientalis 
Striped dolphin, Stenella coeruleoalba 
Whitebelly spinner dolphin,

Stenella longirostris 
White-beaked dolphin.

Lagenorhynchus albirostris 
Fur seals

Guadalupe fur seal. Arctocephalus townsendi 
Northern fur seal, ( allorhinus ursinus 

Manatees
Florida manatee, Trichecus manatus latirostris 
Antillean manatee,

Trichecus manatus manatus 
Porpoises

Dali’s porpoise. Phocoena dalli 
Harbor porpoise. Phocoena phocoena 

Seal lions
California sea lion. Zalophus californianus 
Stellar sea lion. Eumetopias jubatus 

Seals
Bearded seal. Erignathus barbatus 
Grey seal. Halichoerus grypus 
Harbor seal, Phoca vitulina 
Harp seal, Phoca groenlandica 
Hawaiian monk seal. Monachus shattins/andi 
Hooded seal. Cystophora cristata 
Northern elephant seal. Mirounga 

angustirostris 
Ribbon seal, Phoca fasciata

Ringed seal, Phoca hispida 
Spotted seal. Phoca largha 

Whales
Baird’s beaked whale. Berardius bairdii 
Beluga, Delphinapterus leucas 
B la inville i beaked whale.

Mesoplodon densirostris 
Blue whale, Balaenoptera musculus 
Bowhead whale, Balaena mysticetus 
Bryde’s whale, Balaenoptera edeni 
Cuvier’s beaked whale, Ziphius cavirostris 
D w arf sperm whale, Kogia simus 
False killer whale. Pseudorca crassidens 
Fin whale. Balaenoptera physalus 
Gervais’ beaked whale. Mesoplodon europaeus 
Gray whale. Eschrichtius robustus 
Humpback whale. Megaptera novaeangliae 
K iller whale, Orcinus orca 
Longfin pilot whale.

Globicephala melaena (melas) 
Melon-headed whale. Peponocephala electra 
Mesoplodon! beaked whales,

Mesoplodon spp.
M inke whale, Balaenoptera acutorostrata 
Northern bottlenose whale,

Hyperoodon ampullatus 
Northern Right whale, Eubalaena glacialis 
Pygmy K iller whale, Feresa attenuata 
Pygmy sperm whale. Kogia breviceps 
Sei whale. Balaenoptera borealis 
Shortfin p ilot whale,

Globicephala macrorhynchus 
Sperm whale,

Physeter macrocephalus (catodon) 
Stejnegeri beaked whale.

Mesoplodon stejnegeri 
C ther marine mammals

Polar bear, Ursus maritimus 
Sea otter, Enhydra lutris 
Walrus, Odobenus rosmarus

U nit 25: Sea Turtles

Kemp’s ridlev, Lepidochelys kempi 
Olive ridley, Lepidochelys olivacea 
Leatherhack, Dermochelys coriacea 
Green turtle. Chelonia mydas 
Loggerhead, Caretta caretta 
Hawksbill, Eretmochelys imbricata
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Appendix 6: 
Acronyms and Abbreviations

ABC acceptable biological catch
ADFG Alaska Department ot Fish and Game

AFSC Alaska Fisheries Science Center

ASM FC Atlantic States Marine Fisheries Commission
CalCOFI Calitornia Cooperative Oceanic Fisheries Investigations
CFR Code o f Federal Regulations
Cl confidence interval
cm centimeter
C NM I Commonwealth o f the Northern Mariana Islands
COFI ( ommittee on Fisheries
CPUE catch per unit o f effort
CPY current potential yield
CV coefficient o f variation
CWP central-western Pacific Ocean
DDT Dichlora DiphenylTrichloroethane
DN A deoxyribonucleic acid
EEZ Exclusive Economic Zone
EFH essential fish habitat
ESA Endangered Species Act of 1973
ESU evolutionarily significant unit
ETP eastern tropical Pacific Ocean
F instantaneous fishing mortality rate
FAO Food and Agriculture.1 Organization o f the United Nations
F FA South Pacific Forum Fisheries Agency
fm fathom

^max rate of fishing m ortality that results in the maximum level of yield per recruit
FMC fishery management council
FMP fishery management plan
FP fibropapillomatosis
FWCA Fish and W ild life  Coordination Act
GPS global positioning system
GSMFC G u lf States Marine Fisheries Commission
HM S highly migratory species
IATTC Inter-American Tropical Funa Commission
ICC AT International Commission for the Conservation of Atlantic Tunas
ICES International Council for the Exploration of the Sea
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ICNAF International Convention for the Northwest Atlantic Fisheries
IFQ individual fishing quota
INPFC International North Pacific Fisheries Commission
IPHC International Pacific H alibut Commission
IWC International W haling Commission
K carrying capacity

kg kilogram
LIDAR light detection and ranging
LMR liv ing marine resource(s)
LTPY long-term potential yield
m meter
M instantaneous rate ol natural mortality
M A FM C M id-A tlantic Fishery Management Council
M FC M A Magnuson Fishery ( onservation and Management Act ol 1976
M S FC M A Magnuson-Stevens Fishery Conservation and Management Act (as amended through 

October 11, 1996)
M HI Main Hawaiian Islands
m m millimeter
M M PA Marine Mammal Protection Act
M M S Minerals Management Service, Department ol Interior
MRFSS Marine Recreational Fisheries Statistics Survey
M SAP Mackerel Stock Assessment Panel
M SY maximum sustainable yield
NAFO Northwest A tlantic Fisheries Organization
NASCO N orth Atlantic Salmon Conservation Organization
NEFMC New England Fishers' Management Council
NEFSC Northeast Fisheries Science Center
NM FS National Marine Fisheries Service
n .m i. nautical mile

N min minim um  population estimate o f the stock
NO AA National Oceanic and Atmospheric Administration
NPAFC North Pacific Aliad minous Fish Commission
NPFMC North Pacific Fishery Management Council
NW FSC Northwest Fisheries Science Center
NW HI Northwestern Hawaiian Islands
ODFW Oregon Department o l Fish and W ild life
OLO O ur hiving Oceans
OY optimum vield
OSP optimum sustainable population
PA Precautionary Approach
PacFIN Pacific Fisheries Information Network
PCB polychlorinated biphenyl
PBR potential biological removal
PFMC Pacific Fishery Management Council
PICES North Pacific Marine Science Organization
PSC U.S.-Canada Pacific Salmon Commission
PSP paralytic shellfish poisoning
RAY recent average yield
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A B B R E V I A T I O N S

Rmax one-half the maximum theoretical or estimated net productivity rate ol the stock at a
small population size 

SAR Stock Assessment Report
SARC Stock Assessment Review Committee
SAW  Stock Assessment Workshop
SEFSC Southeast Fisheries Science Center
SEP Socio-economic Panel
SNE southern New England
SPR spawning potential ratio or spawner per recruit
SSB spawning stock biomass
SW FSC Southwest Fisheries Science Center
t metric ton
TAC total allowable catch
TED turtle excluder device
U exploitation rate
UNCED United Nations Conlerence on Environment and Development
U N IA  United Nations Implementing Agreement
USGS U.S. Geological Survey
USFW S U.S. Fish and W ild life  Service
W D FW  Washington Department of Fish and W ild life

3 0  1








