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SUMMARY 

Al though f e d e r a l  management o f  P a c i f i c  coas t  g r o u n d f i s h  s t r o n g l y  
resembles p rev ious  s t a t e  and i n t e r n a t i o n a l  management programs, t h e  
c u r r e n t  f i s h e r y  management p l a n  (FMP) con ta ins  impor tan t  new elements 
as w e l l .  The groundf ish FMP adopts s t a t e  f i s h i n g  gear  r e g u l a t i o n s ,  
b u t  seeks more coastwide u n i f o r m i t y .  As i n  p rev ious  i n t e r n a t  
agreements, f o r e i g n  f i s h i n g  i s  l i m i t e d  t o  P a c i f i c  w h i t i n g  and 
mackerel ( w i t h  minimum i n c i d e n t a l  ca tch  o f  o t h e r  g r o u n d f i s h ) ,  
p r o h i b i t e d  i n  areas s e n s i t i v e  t o  U.S. i n t e r e s t s .  Development 
domestic r o c k f i s h  and j o i n t  ven tu re  f i s h i n g  has changed t h e  f 
and has cha l l enged  t h e  management system t o  dev i se  approaches 

onal  
j a c k  
and i s  
o f  ma jo r  
shery 
t o  new 

problems. 

Annual h a r v e s t  quotas o r  "gu ide1 i n e s "  were e s t a b l i s h e d  f o r  seve ra l  
commercial spec ies.  These a r e  based on "optimum y i e l d "  es t ima tes  
d e r i v e d  f rom b i o l o g i c a l  s tock  assessments. 
i s  i t s  f l e x i b l e  procedure f o r  m o d i f y i n g  t h e  annual h a r v e s t  g u i d e l i n e s  
i n  response t o  new i n f o r m a t i o n  and changing f i s h e r y  c o n d i t i o n s .  
I n d i v i d u a l  vessel  t r i p  ca tch  and f requency l i m i t s ,  designed t o  extend 
t h e  r o c k f i s h  f i s h e r y  ove r  the  yea r ,  rep resen t  ano the r  impor tan t  
i nnova t ion .  These r e g u l a t i o n s  a f f e c t  n o t  o n l y  t h e  pace and volume o f  
catch,  b u t  a l s o  t h e  d i s t r i b u t i o n  o f  c a t c h  among s i ze -c lasses  o f  
vessels .  I n  a d d i t i o n ,  t h e  i n d i v i d u a l  vessel  t r i p  l i m i t  reduces t h e  
economic i n c e n t i v e  f o r  g r e a t e r  vessel  c a t c h i n g  capac i t y .  

F u r t h e r  progress cou ld  be made i n  s e t t i n g  optimum y i e l d  o b j e c t i v e s  and 
i n  address ing economic o b j e c t i v e s  o f  management. The FMP's optimum 
y i e l d  d i s c u s s i o n  i gno res  e c o l o g i c a l  i n t e r a c t i o n s  among species,  and i t  
t r e a t s  aggregate y i e l d  f rom a mix o f  r o c k f i s h  species as t h e  sum o f  
t h e  y i e l d s  f rom i n d i v i d u a l  s tocks.  T h i s  i s  because t h e r e  a r e  no 
q u a n t i t a t i v e  e c o l o g i c a l  models. Research suggests t h a t  optimum y i e l d s  

A ma jo r  advance i n  t h e  FMP 
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for individual species should not be independent of the quantity and 
mix of other species being fished. Further, even if each species is 
ecologically independent, in multi-species harvesting some species are 
fished at greater or lesser rates than they would be in a single 
species harvest. Development of multi-species optimum yields should 
be high on the research agenda. 

To generate greater net economic benefits, access must be limited 
either with license limitation or with individual fisherman quotas. 
License limitation provides minimal control over the excess vessel 
investment. 
however, since the multi-species fleet would still over-fish individu- 
al species. 

To forestall excessive capital investment among licensees, some 
meaningful control over up-grading fishing technology and vessel 
replacement is needed. 
need for these controls by designating the quantity of fish to be 
caught by each fisherman. 
tive and enforcement costs of individual quotas, this approach should 
be seriously considered for Pacific coast groundfish. 

Licenses do not replace the various harvest quotas, 

"Individual fisherman quotas" eliminate the 

Despite the possible additional administra- 

INTRODUCTION 

During four years development, the Pacific Fishery Management Council 
(PFMC) worked out an innovative and ambitious plan for Pacific coast 
groundfish. The final plan covers a broad variety of fish species 
taken by the whole gamut of fishing methods (trawls, pots, lines and 
gill nets). It addresses fish stocks in all stages of development and 
depletion. It establishes harvest guidelines for the more heavily 
exploited fish stocks, and includes a variety of regulatory methods to 
assure that these guidelines are met. 
important, the groundfish fisheries management plan (FMP) provides 
flexible procedures for altering harvest guidelines and associated 
regulations in response to new information .-- 
Both the FMP and the periodic reports compiled by the Groundfish 
Management Team (hereafter called "the team") provide comprehensive 
documentation of the fish harvests, fishing fleet, and management 
alternatives considered. Therefore, I provide only a brief background 
summary on the fishery and plan in this paper. Beyond that summary, I 
describe the underlying management policy and anticipate modifications 
that might be necessary to meet reasonable biological and economic 
objectives . 
In reviewing and evaluating the management effort I focus on two 
particular aspects: 
duction of limited access to the groundfish fishery, 
prevalent and controversial topics in fisheries management. 
Consideration of these demands intense scrutiny of basic assumptions 
and objectives and comprehensive analysis of economic and ecological 
systems. Further development of a coherent policy for Pacific coast 
groundfish management requires careful examination of these issues. 
My objective here is not to present detailed proposals for changing 
groundfish management. Rather, I will suggest some approaches for 
further consideration, and contribute to public discussion of these 
issues--a discussion that must precede any effective consensus in 
support of revised management strategies. 

Finally, and possibly most 

setting "optimum yields" and the possible intro- 
These are two 
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SCOPE OF THE GROUNDFISH PLAN 

The groundf ish FMP covers commercial and r e c r e a t i o n a l  f i s h i n g  i n  t h e  
t h r e e  t o  200 m i l e  zone of f i v e  I n t e r n a t i o n a l  N o r t h  P a c i f i c  F i s h e r i e s  
Commission (INPFC) s t a t i s t i c a l  areas on t h e  P a c i f i c  Coast ( F i g u r e  1). 
Only one s i g n i f i c a n t  area of t h e  g r o u n d f i s h  f i s h e r y  -- Puget Sound-- 
i s  n o t  covered by t h e  p lan.  T o t a l  shores ide and j o i n t  ven tu re  ha r -  
v e s t s  i nc reased  from 57,000 mt i n  1976 t o  187,000 m t  min 1982, and 
then  d e c l i n e d  s l i g h t l y  t o  170,000 m t  i n  1983 (Table 1 ) .  The r e c e n t  
d e c l i n e  was p r i m a r i l y  due t o  t h e  decreased c a t c h  o f  widow r o c k f i s h .  

Gross ex-vessel va lue  of shores ide l and ings  grew r a p i d l y  f rom 1976 
through 1982 caused b o t h  by r i s i n g  p r i c e s  and i n c r e a s i n g  catch.  
Nominal ex-vessel p r i c e - p e r - t o n  f o r  domestic g r o u n d f i s h  peaked a t  
$532/mt i n  1979, dropped about  23 pe rcen t  f rom 1979 t o  1980, and then 
c l imbed back a lmost  t o  t h e  1979 l e v e l  by 1983. A f t e r  ad justment  f o r  
i n f l a t i o n ,  however, t h e  1983 average ex-vessel  p r i c e  i s  24 pe rcen t  
below t h e  1979 p r i c e ,  and lower  than  t h e  average 1976 p r i c e .  These 
changes i n  gross va lue  of l and ings  a r e  caused b o t h  by  f l u c t u a t i o n s  i n  
t h e  market f o r  f i s h  and by changing species composi t ion i n  t h e  catch.  
H ighe r -p r i ced  species, l i k e  ' s a b l e f i s h  and t h e  so les,  account f o r  an 
decreas ing p r o p o r t i o n  o f  t h e  t o t a l  harvest ,  w h i l e  l ower -p r i ced  spe- 
c ies ,  l i k e  r o c k f i s h ,  account f o r  an i n c r e a s i n g  share. 

Dur ing t h e  same t ime  span, f rom 1976 t o  1983, f o r e i g n  c a t c h  o f f  o f  
Washington, Oregon and C a l i f o r n i a  f e l l  f r om 225,000 m t  t o  no th ing .  
Dur ing 1984, b o t h  P o l i s h  and S o v i e t  f i s h i n g  f l e e t s  a r e  g a i n i n g  renewed 
access t o  t h e  P a c i f i c  coast  w h i t i n g  f i s h e r y .  P r e l i m i n a r y  i n d i c a t i o n s  
a r e  t h a t  around 30,000 m t  w i l l  be re leased  f o r  f o r e i g n  f i s h i n g  t h i s  
yea r .  
(Marine Resources Company) grew r a p i d l y  a f t e r  1978. 
t i o n s  i n d i c a t e  t h a t  t h e  1984 ca tch  may reach 100,000 m t ,  f o r  t h e  f i r s t  
t i m e  exceeding shores ide l and ings .  

E i g h t y - f o u r  species a r e  c u r r e n t l y  l i s t e d  i n  t h e  g r o u n d f i s h  management 
u n i t .  Fo r  p r a c t i c a l  purposes these can be rough ly  d i v i d e d  i n t o  f i v e  
ca tegor ies :  r o c k f i s h ,  P a c i f i c  w h i t i n g ,  s a b l e f i s h ,  o t h e r  roundf ish,  
and f l a t f i s h .  Table 2a presents  t h e  d i s t r i b u t i o n  o f  ca tch  by species 
groups and among t h e  INPFC s t a t i s t i c a l  areas, w h i l e  Table 2b d i s p l a y s  
t h e  ca tch  by  gear  type. O f  t h e  $70.4 m i l l i o n  i n  1982 ex-vessel 
revenue, 82 pe rcen t  was earned by t r a w l  vessels, 6.7 pe rcen t  by 
f ishermen u s i n g  f i s h  p o t s  and t r a p s ,  and t h e  remainder by vesse ls  
u s i n g  l o n g l i n e  and o t h e r  gears. About 15 pe rcen t  o f  t h e  d o l l a r  va lue  
o f  t r a w l  vessel  s a l e s  were f rom ove r - the -s ide  d e l i v e r i e s  f o r  j o i n t  
ven tu re  f i s h i n g  companies o p e r a t i n g  foreign-owned process ing sh ips.  

P a c i f i c  w h i t i n g ,  which accounts f o r  t h e  l a r g e s t  harvested tonnage, i s  
caught p r i m a r i l y  by domestic f i s h i n g  vessels  i n  j o i n t  ven tu re  op- 
e r a t i o n s .  Rockf ish,  t h e  second l e a d i n g  species group, i nc ludes  
P a c i f i c  Ocean perch, s h o r t b e l l y  r o c k f i s h ,  widow r o c k f i s h  and t h e  
s o - c a l l e d  Sebastes complex. The Sebastes complex i s  dominated by  
y e l l o w t a i l  and canary r o c k f i s h  i n  t h e  INPFC Vancouver and Columbia 
areas and by c h i l i p e p p e r  and boccacio r o c k f i s h  in t h e  Monterey and 
Conception areas. The p r i n c i p a l  spec ies i n  t h e  f l a t f i s h  group a r e  
Dover so le,  E n g l i s h  s o l e  and p e t r a l e  so le.  S a b l e f i s h ,  accoun t ing  f o r  
t h e  f o u r t h  l a r g e s t  tonnage, i s  caught by a l a r g e  number o f  f i s h  p o t  
f ishermen as w e l l  as by t r a w l  gear. P a c i f i c  cod and l i n g c o d  dominate 
t h e  " o t h e r  r o u n d f i s h "  category.  

J o i n t  ven tu re  f i s h i n g ,  arranged p r i m a r i l y  through one f i r m  
Cur ren t  p r o j e c -  

Other  miscel laneous f i s h  i n  t h e  FMP 
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Figure 1. Pacif ic  Coast groundfish management areas. 
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Table 1. 1975-1983 P a c i f i c  Coast groundf ish ha rves t ,  q u a n t i t y  and ex- 
vessel  v a l u e  

1 Domestic Harvests  Fo re ign  

Shoresi de J o i n t  Venture 1,000 m t  $ m i l .  Year 

1,000 m t  $ m i l .  1,000 m t  S m i l .  

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

57.0 

59.8 

71.6 

90.0 

87.9 

103.9 

119.0 

97.7 

19.4 

20.7 

34.5 

47.9 

37.1 

46.8 

60.0 

52.2 

- - 
- - 

0.9 0.1 

8.8 1.2 

26.8 3.3 

43.8 6.3 

67.7 10.4 

72.1 10.2 

255.0 

118.0 

98.0 

117.0 

44.6 

70.9 

7.3 

- 

~~ 

unk. 

unk. 

13.3 

15.9 

5.5 

10.2 

1.1 

Fore ign  f i s h e r y  va lue  c a l c u l a t e d  on assumption t h a t  p r i c e  i s  
equal t o  j o i n t  ven tu re  average p r i c e  pe r  m e t r i c  ton.  

Sources: 1976 data f rom P a c i f i c  Coast Groundfish FMP, p. 8-3. 
1977-1980 data f rom C. Korson, Economic s t a t u s  o f  t h e  

Washington, Oregon, and C a l i f o r n i a  g r o u n d f i s h  f i s h e r y  i n  
1981. NMFS, Southwest Regional O f f i c e ,  Termnal I s l a n d ,  
CA. 

1981-1983 ha rves t  q u a n t i t i e s  from PACFIN Report No. 002. 

1981-1983 ex-vessel  va lues from PACFIN Report No. 022. 



Table 2a. 1982 P a c i f i c  Coast comnercial g r o u n d f i s h  ha rves ts  by  INPFC 
area by species group ( m e t r i c  t o n s )  

Species 
Group Vancouver Columbia Eureka Monterey Conception 

Rock f i sh  6693 27336 8170 14996 4466 

S a b l e f i s h  2422 6348 3791 5083 946 

P a c i f i c  w h i t i n g  30646 36410 8407 115 tr 

Other  r o u n d f i  sh 1361 1986 559 848 163 

F l a t f i s h  3860 14157 7411 6643 563 

Others 107 109 99 143 111 
~~ 

T o t a l  45089 86346 28437 27828 6222 

Source: PACFIN Report No. 001. I nc ludes  j o i n t  ven tu re  ca tch .  

Table 2b. 1982 P a c i f i c  Coast comnercial g r o u n d f i s h  ha rves ts  by  gear  
t y p e  and species group ( m e t r i c  t o n s )  

Species Ground f i sh  Pots & Shrimp G i l l -  Hook & 
Group Trawls Traps Trawl Nets L i n e  

Rockf i s h 55646 30 1091 1639 3247 

S a b l e f i s h  10159 6494 79 144 1657 

P a c i f i c  w h i t i n g  75577 1 

Other r o u n d f i s h  4264 5 95 180 353 

F l a t f i s h  32419 1 128 45 11 

Others 374 1 2 145 38 

- - - 

T o t a l  178,439 6531 1395 2153 5307 

Source: PACFIN Report No. 009. 
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a r e  t h e  v a r i o u s  sharks, skates, rays,  r a t t a i l s ,  and j a c k  mackerel 
taken n o r t h  o f  39" N. l a t i t u d e .  

The number o f  domestic f i s h i n g  vesse ls  a c t i v e  i n  t h e  g r o u n d f i s h  
f i s h e r y  changed r a p i d l y  f rom 1976 t o  1983 (Table 3) .  

Table 3. Ground f i sh  f l e e t  s i ze ,  1976-1982 

O f  p a r t i c u l a r  

Year 
Number o f  Vessels w i t h  S p e c i f i e d  Gear: 

O t t e r  Trawl Pot /Trap Long1 i n e  

1976 

1977 

1978 

1979 

1980 

1981 

1982 

269 36 N/A 

286 60 N/A 

351 119 N/A 

472 207 N / A  

458 116 205 

409 66 19 1 

443 82 208 

Sources: 1981 and 1982 S ta tus  Repor ts  on t h e  P a c i f i c  Coast g r o u n d f i s h  
f i s h e r y ,  compiled by C. Korson, NMFS, Southwest Regional 
Off ice; and PACFIN Report No. 022, PFMC Source Report:  
Commercial Groundf ish Est imated D o l l a r  Values o f  Landed 
Catch. 

s i g n i f i c a n c e  i s  t h e  t r a w l e r  f l e e t ,  which i nc reased  by 174 vessels .  
Most of t h e  new vesse ls  e n t e r i n g  t h e  f l e e t  were l a r g e r ,  more powerfu l  
vessels  w i t h  improved n a v i g a t i o n ,  high-speed winches, s t e r n  ramps and 
mid-water t r a w l i n g  c a p a b i l i t y .  These vessels  tend  t o  focus on t h e  
h igh -ou tpu t ,  b u t  l o w e r - u n i t - v a l u e  f i s h e r i e s  such as widow r o c k f i s h  and 
P a c i f i c  w h i t i n g .  Some o f  these vesse ls  a l s o  p a r t i c i p a t e d  i n  j o i n t  
ven tu re  catches. Because o f  t h e  ex-vessel p r i c e s  and ve ry  h i g h  cos ts  
o f  bo r row ing  c a p i t a l ,  many o f  these newer vessels  encountered f i n a n -  
c i a l  d i f f i c u l t i e s .  

SYNOPSIS OF FMP CONTENT 

The P a c i f i c  coas t  g r o u n d f i s h  FMP p rov ides  a l eng thy  d i s c u s s i o n  o f  
a l t e r n a t i v e s  t o  and implementat ion procedures f o r  those measures 
chosen by t h e  P a c i f i c  F i s h e r y  Management Counc i l .  I f i n d  t h e  f o l l o w -  
i n g  f i v e  elements t o  be t h e  most e s s e n t i a l  f e a t u r e s  o f  t h e  p lan.  

BIOLOGICAL YIELDS 

For  each i m p o r t a n t  g r o u n d f i s h  s tock ,  t h e  team e s t a b l i s h e d  a l e v e l  o f  
"maximum s u s t a i n a b l e  y i e l d "  (MSY), d e f i n e d  as t h e  "average o v e r  a 
reasonable l e n g t h  o f  t i m e  o f  t h e  l a r g e s t  c a t c h  which can be taken 
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Table 4. P a c i f i c  Coast g r o u n d f i s h  harvests ,  es t ima ted  maximum 
s u s t a i n a b l e  y i e l d s  and a l l o w a b l e  b i o l o g i c a l  ca tch  (ABC)  
( m e t r i c  t o n s )  

Species Annual Harvest  Est imated 1984 
1976 1982 1983 MSY ABC 

P a c i f i c  Ocean pe rch  2,336 893 1,659 5,300 1,550 

Widow r o c k f i s h  25,445 9,904 10,714 9,300 

S h o r t b e l l y  r o c k f i s h  3 1 44,250 10,000 

"Sebastes coinpl ex"  20,051 35,515 35,919 33,000 28,000 

Boccaci o unk unk unk 6,100 6,100 
Canary unk 4,296 3,654 5,900 2,700 
C h i l i p e p p e r  unk unk unk 2,300 2,300 
Ye1 1 owta i  1 unk 8,715 8,887 5,000 3,200 
Remaining r o c k f i s h  unk unk unk unk 13,700 

S a b l e f i s h  7,028 18,592 14,533 13,400 13,400 

P a c i f i c  w h i t i n g  

- 
- 

Shoresi de t r a c e  1,023 1,051 
" J o i n t  Venture" 0 67,465 72,100 175,500 175,500 
Fo re ign  Catch 231,000 7,089 0 

P a c i f i c  cod 2,165 910 597 unk 3,100 

L ingcod 2,542 3,809 4,146 7,000 7,000 

Other r o u n d f i s h  5,187 4,918 4,762 10,100 10,100 

Dover s o l e  13,179 20,916 19,819 19,000 19,000 

E n g l i s h  s o l e  4,488 2,771 2,336 4,500 4,500 

P e t r a l e  s o l e  2,816 2,619 2,193 3,200 3,200 

Other f l a t f i s h  4,690 11,691 9,581 15,400 15,400 

T o t a l s  295,482 193,550 169,329 341,664 300,050 

Sources: 1976 ha rves ts  f rom Groundf ish FMP, Table 8. 1982 and 1983 
ha rves ts  from PACFIN Report No. 002. MSY es t ima tes  f rom t h e  
FMP, Table 13 and v a r i o u s  r e p o r t s  o f  t h e  Groundf ish Team. 
ABC's and O Y ' s  from t h e  1984 r e g u l a t i o n s  (Federal Reg is te r ,  
Vol. 49, No. 5; January 9, 1984 pp. 1060-1061). 

Notes: * "Sebastes complex" i s  a l l  r o c k f i s h  except  P a c i f i c  Ocean 
perch, widow and s h o r t b e l l y  r o c k f i s h ,  and Sebastolobus sp. 

unk = unknown ha rves t  l e v e l .  
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c o n t i n u o u s l y  from a s tock "  (FMP p.2-5). Due t o  v a r i a t i o n s  i n  r e c r u i t -  
ment, ocean c o n d i t i o n s  and o t h e r  u n c o n t r o l l e d  f a c t o r s ,  however, i t  may 
n o t  be d e s i r a b l e  t o  ca tch  t h e  MSY each year .  Accord ing ly ,  t h e  FMP 
def ines "accep tab le  b i o l o g i c a l  catch"  (ABC)  as t h e  "seasona l l y  de- 
termined ca tch  t h a t  may d i f f e r  f rom MSY f o r  b i o l o g i c a l  reasons". 
may be l ower  then  MSY f o r  dep le ted  s tocks,  l i k e  P a c i f i c  Ocean perch, 
and i t  may be h i g h e r  than MSY f o r  newly e x p l o i t e d  s tocks,  l i k e  widow 
r o c k f i s h  . 
The FMP l i s t s  es t ima ted  MSY and ABC f o r  s i x t e e n  p r i n c i p a l  spec ies and 
species groups i n  each of t h e  INPFC areas o f  t h e  P a c i f i c  Coast ground- 
f i s h  f i s h e r y  (Table 4).  These es t ima tes  r e l y  upon analyses r a n g i n g  
f rom d e t a i l e d ,  l ong - te rm assessments t o  " f i r s t  approx imat ions" .  For 
P a c i f i c  w h i t i n g ,  f o r  example, t h e r e  a r e  ex tens i ve  s t u d i e s  by S o v i e t  
and U.S. s c i e n t i s t s  t h a t  suppor t  t h e  es t ima ted  MSY o f  175,000 m t .  
I ch thyop lank ton  and h y d r o a c o u s t i c l t r a w l  survey i n f o r m a t i o n  p e r m i t t e d  
t h e  team t o  e s t i m a t e  t h e  p r o p o r t i o n s  o f  t h e  t o t a l  MSY o c c u r r i n g  i n  
each INPFC area. 
ments a r e  a v a i l a b l e  f o r  l i n g c o d ,  P a c i f i c  cod, " o t h e r  f l a t f i s h " ,  
" remain ing r o c k f i s h "  o r  s a b l e f i s h .  Est imated ABCs a r e  sometimes s e t  
as a p r o p o r t i o n  o f  recen t  .annual h a r v e s t  r a t e s ,  where t h e  p r o p o r t i o n  
chosen i s  based upon c o l l e c t i v e  judgement o f  t h e  team as t o  t h e  impact 
o f  r e c e n t  h a r v e s t  l e v e l s  on t h e  s tock.  Evidence used i n  t h i s  judge-  
ment i n c l u d e s  anecdota l  accounts f rom f ishermen, es t ima ted  
ca tch -pe r -e f fo r t s ,  changes i n  l e n g t h  o r  age composi t ion i n  l and ings ,  
and how l o n g  c a t c h  l e v e l s  have been susta ined.  

OPTIMUM YIELD 

For  a l l  b u t  f i v e  g r o u n d f i s h  species,  "optimum y i e l d "  i s  d e f i n e d  as t h e  
amount taken  w i t h  " l e g a l  gear". I n  o t h e r  words, t he  optimum amount i s  
t h e  q u a n t i t y  ha rves ted  d u r i n g  a y e a r  by f ishermen u s i n g  gear  t h a t  
meets s p e c i f i c a t i o n s  i n  t h e  p lan .  T h i s  approach t o  OY i s  a p p l i e d  t o  
most o f  t h e  r o c k f i s h  species,  a l l  t h e  f l a t f i s h ,  P a c i f i c  cod, l i n g c o d  
and miscel laneous species.  
j u v e n i l e  f i s h  and t o  maximize t h e  y i e l d - p e r - r e c r u i t  f o r  most o f  t h e  
species.  Bag l i m i t s  on r e c r e a t i o n a l  ca tch  a r e  t h r e e  l i n g c o d  p e r  day 
and 15 r o c k f i s h  p e r  day. 

The FMP l i s t s  t h r e e  main reasons f o r  adop t ing  t h e  non-numerical OY 
approach. 
s i g n i f i c a n t l y  d e p l e t e d  by  comnerc ia l  f i s h i n g  a t  t h e  t i m e  t h e  FMP was 
developed. Second, t h i s  m u l t i - s p e c i e s  f i s h e r y  n a t u r a l l y  exper iences 
simultaneous h a r v e s t  o f  more than  one t a r g e t  spec ies and occasional  
l a r g e  by-catches o f  Ron- target  spec ies.  
non-numerical OY "a l l ows  t h e  f l e x i b i l i t y  t o  manage f o r  maximum y i e l d  
f rom t h e  group as a whole r a t h e r  than  t h e  maximum y i e l d  f rom each 
species" .  
expected t o  a l l o w  t h e  e x i s t i n g  f i s h e r y  t o  con t inue  w i t h  l e a s t  impact 
on 'I f i she rmen s freedom" . 
A v a r i e t y  o f  s p e c i a l  circumstances a r e  c i t e d  by t h e  g r o u n d f i s h  p l a n  as 
reasons t o  ass ign  numer ica l  OYs t o  some species. For  P a c i f i c  w h i t i n g ,  
widow r o c k f i s h ,  and s h o r t b e l l y  r o c k f i s h ,  t h e  reason i s  t h a t  " t h e y  can 
be caught w i t h  mid-water t r a w l s  w i t h  minimal by-catches". P a c i f i c  
Ocean perch i s  " s e v e r e l y  dep le ted  and r e q u i r e s  s p e c i a l  management 
c o n s i d e r a t i o n " .  For  s a b l e f i s h :  "much o f  t h e  ca tch  i s  by d i r e c t e d  
e f f o r t  w i t h  s t a t i o n a r y  gear" ,  and "ha rves ts  i n  t h e  Monterey Bay area 

ABC 

A t  t h e  o t h e r  extreme, o n l y  rud imentary s t o c k  assess- 

Gear r e s t r i c t i o n s  a r e  expected t o  p r o t e c t  

F i r s t ,  t h e  f i s h  s tocks  covered were n o t  t hough t  t o  be 

Grouping many species under a 

T h i r d ,  management w i t h o u t  u s i n g  numer ica l  quotas was 
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deserve s p e c i a l  a t t e n t i o n " .  Optimum y i e l d s  f o r  these f i v e  i n  1984 
a r e  equal t o  t h e  ABCs l i s t e d  i n  Table 4 ,  except  f o r  s a b l e f i s h .  The 
s a b l e f i s h  OY i s  17,400 m t ,  30 percent  g r e a t e r  than t h e  ABC. 

The PFMC s e l e c t e d  a 20-year r e - b u i l d i n g  schedule f o r  P a c i f i c  Ocean 
perch, r e q u i r i n g  a l ow  c a t c h  l e v e l  b a r e l y  exceeding expected i n c i -  
d e n t a l  catches. For  widow r o c k f i s h  t h e  OY s i g n i f i c a n t l y  exceeded t h e  
MSY d u r i n g  t h e  1982 and 1983. 
exceeds MSY determines t h e  r a t e  a t  which a v i r g i n  f i s h  s tock  i s  f i s h e d  
down t o  MSY or some o t h e r  d e s i r a b l e  e q u i l i b r i u m  l e v e l .  As shown i n  
Table 4, t h e  1984 ABC f o r  widow r o c k f i s h  i s  s l i g h t l y  below MSY. 
r e f l e c t s  apparent  b i o l o g i c a l  o v e r - f i s h i n g  i n  some management areas. 

BIOLOGICAL ASSESSMENT AND "POINTS OF CONCERN'' 

Because many o f  t h e  s tock  assessments i n  t h e  g r o u n d f i s h  FMP were 
f i r s t - c u t ,  p r e l i m i n a r y  es t ima tes ,  and because t h e  non-numerical OY 
procedure cannot  comp le te l y  p r o t e c t  a l l  impor tan t  f i s h  s tocks  f r o m  
o v e r - f i s h i n g ,  t h e  p l a n  e s t a b l i s h e s  a "g round f i sh  management team" t o  
c o n t i n u a l l y  m o n i t o r  t h e  s t a t u s  of each species and species group. 
T h i s  team i s  t o  l o o k  f o r  ."signs o f  b i o l o g i c a l  s t r e s s " ,  and t o  r e p o r t  
t o  t h e  c o u n c i l  r ega rd ing  a p p r o p r i a t e  management measures when a " p o i n t  
o f  concern" i s  reached. S p e c i f i c  c o n d i t i o n s  t r i g g e r i n g  t h e  p o i n t  o f  
concern i n c l u d e :  biomass f a l l i n g  below t h e  l e v e l  producing MSY, 
r e c r u i t m e n t  f a l l i n g  s u b s t a n t i a l l y  below replacement l e v e l ,  f i s h i n g  
m o r t a l i t y  exceeding t h a t  r e q u i r e d  t o  take  t h e  acceptable b i o l o g i c a l  
ca tch ,  ca tch  f o r  t h e  y e a r  exceeding t h e  acceptable b i o l o g i c a l  catch,  
and o t h e r  a b n o r m a l i t i e s  o c c u r r i n g  i n  the  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  
t h e  s tock.  

A f t e r  c o n s i d e r i n g  t h e  team's r e p o r t  and e v a l u a t i n g  comnents r e c e i v e d  
d u r i n g  a subsequent p u b l i c  hear ing,  t h e  c o u n c i l  may recommend new 
management measures t o  t h e  Northwest Regional D i r e c t o r  o f  t h e  N a t i o n a l  
Marine F i s h e r i e s  Serv ice.  I f  concur r i ng ,  t h e  Regional D i r e c t o r  w i l l  
p u b l i s h  proposed r e g u l a t i o n s ,  and a l l o w  adequate t ime  f o r  p u b l i c  
comment b e f o r e  implementing t h e  new r e g u l a t i o n s .  Th is  procedure 
p e r m i t s  s i g n i f i c a n t  f l e x i b i l i t y  i n  f o r m u l a t i n g  r e g u l a t i o n s  t o  achieve 
t h e  b i o l o g i c a l  conse rva t i on  of f i s h  s tocks c o n s i s t e n t  w i t h  t h e  optimum 
y i e l d s  and a l l o w a b l e  b i o l o g i c a l  catches e s t a b l i s h e d  by t h e  c o u n c i l  i n  
t h e  p l a n .  
FMP amendment process. 

FLEXIBILITY I N  SETTING HARVEST GUIDELINES 

The "Po in ts  o f  Concern" mechanism a l l o w s  f a s t  response t o  b i o l o g i c a l  
conse rva t i on  problems, b u t  does n o t  a l l o w  f o r  increases i n  O Y  o r  ABC. 
The FMP has o t h e r  procedures, however, f o r  in-season and between- 
season upward adjustments i n  OYs and ABCs. I f  t h e  g r o u n d f i s h  manage- 
ment team concludes t h a t  i n c r e a s i n g  ca tch  o f  a species w i l l  n o t  
" s t r e s s "  t h a t  o r  any o t h e r  species, t h e  team may recommend t h a t  t h e  
c o u n c i l  i nc rease  OY o r  ABC. As w i t h  t h e  p o i n t  o f  concern, t h e  FMP 
l i s t s  a s e r i e s  o f  c r i t e r i a  f o r  t r i g y e r i n g  t h e  upward adjustment  i n  
ha rves t  g u i d e l i n e .  These c r i t e r i a  i n c l u d e  b i o l o g i c a l  f a c t o r s  such as: 
l ow  f i s h i n g  m o r t a l i t y  r a t e  r e l a t i v e  t o  MSY,  l a r g e  r e c r u i t m e n t ,  l a r g e  
biomass r e l a t i v e  t o  MSY, and any o t h e r  p e r t i n e n t  f a c t o r .  

Upward adjustments i n  numer ica l  OYs a re  l i m i t e d  t o  30 pe rcen t  d u r i n g  
any g i v e n  yea r ,  w h i l e  r e d u c t i o n s  under t h e  p o i n t s  o f  concern procedure 

Presumably, t h e  e x t e n t  t o  which OY 

T h i s  

Regulat ions can be changed w i t h o u t  go ing  through t h e  f u l l  
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a r e  n o t  l i m i t e d .  
must be implemented through a f u l l  FMP amendment process, which can 
taken 250 t o  300 days. 
ad justment  i n  a yea r ,  so l o n g  as t h e  sum o f  a l l  increases does n o t  
exceed 30 pe rcen t  o f  t h e  o r i g i n a l  optimum y i e l d .  Acceptable b i o l o g i -  
c a l  y i e l d s  may be changed by  any amount. Consequently, t h e  PFMC/NMFS 
r e g u l a t i o n s  have much g r e a t e r  f l e x i b i l i t y  i n  r e g u l a t i n g  t h e  h a r v e s t  o f  
non-numerical OY species. 

Upward adjustments o f  more than  30 pe rcen t  i n  a y e a r  

The c o u n c i l  may recommend more than  one upward 

REGULATIONS TO ACHIEVE OPTIMUM YIELD 

The optimum y i e l d s  and acceptable b i o l o g i c a l  ca tch  l e v e l s  i n  t h e  FMP 
rep resen t  t h e  maximum recommended catches. A numer ica l  OY i s  a l e g a l  
quota, and t h e  f i s h e r y  r e g u l a t i o n s  must assure t h a t  t h i s  l e v e l  o f  
c a t c h  i s  n o t  exceeded d u r i n g  a g i v e n  ca lendar  year .  
n o t  a l e g a l  quota, i t  may be taken  as a "ha rves t  g u i d e l i n e "  f o r  
non-numerical OY species. The PMFC has fo rmu la ted  s p e c i f i c  regu-  
l a t i o n s  t o  assure t h a t  catches do n o t  exceed ha rves t  g u i d e l i n e s  f o r  
t h e  Sebastes complex, a non-numerical OY spec ies group. 

As noted, most spec ies a r e - n o t  assigned numer ica l  OYs. Harvests  o f  
these species a r e  r e g u l a t e d  o n l y  by r e s t r i c t i o n s  on l e g a l  gear, area 
c losu res ,  and r e c r e a t i o n a l  bag l i m i t s .  "Legal gear" i s  d e f i n e d  by  
e x t e n s i v e  and s p e c i f i c  requi rements rega rd ing :  t h e  c o n s t r u c t i o n  and 
mesh s i z e  i n  t r a w l  n e t  cod ends ( s p e c i f i c  t o  t ype  o f  t r a w l  o p e r a t i o n  
and r e g i o n ) ,  s i z e  and use o f  c h a f i n g  gear, s i z e  o f  r o l l e r s  o r  bobbins 
on g r o u n d f i s h  t r a w l s ,  l o c a t i o n s  f o r  s e t  n e t s  ( t r a m e l  and g i l l  n e t s ) ,  
and escape panels  i n  f i s h  t raps .  I n  a d d i t i o n ,  b o t h  t r a p s  and 
l o n g l i n e s  must be at tended a t  l e a s t  once every seven days, and b o t h  
must a l s o  be marked a t  t h e  su r face  a t  each t e r m i n a l  end o f  t h e  ground- 
l i n e  w i t h  a p o l e  and f l ag ,  l i g h t ,  r a d a r  r e f l e c t o r  and a buoy d i s p l a y -  
i n g  c l e a r  i d e n t i f i c a t i o n  o f  t h e  owner. 

Fo r  species hav ing  numer ica l  OYs, o r  f o r  which t h e r e  i s  a " p o i n t  of 
concern", t h e  " l e g a l  gear" requi rements a r e  supplemented by  a d d i t i o n a l  
f i s h i n g  r e g u l a t i o n s .  The gener i c  fo rm o f  r e g u l a t i o n  i s  p r o h i b i t i n g  
a d d i t i o n a l  l and ings  once t h e  OY o r  ABC i s  a t t a i n e d  ( f o r  example, a 
f i s h i n g  season c l o s u r e ) .  
i n t o  t h e  g r o u n d f i s h  p lan ,  however, t h e  c o u n c i l  may dec ide t h a t  i n -  
c reas ing  OY i s  more j u s t i f i a b l e  than  c l o s i n g  t h e  f i s h e r y .  The FMP 
a l s o  seeks t o  p reven t  w a s t i n g  f i s h  by  a l l o w i n g  minimal i n c i d e n t a l  
catches o c c u r r i n g  a f t e r  t h e  h a r v e s t  g u i d e l i n e  i s  reached. Fo r  exam- 
p l e ,  f i s h i n g  vesse ls  a r e  l i m i t e d  t o  a " t r i p  l i m i t "  o f  5,000 l b  o f  
s a b l e f i s h  whenever 95 pe rcen t  o f  t h e  OY i s  reached i n  a management 
area. 
as a s t r i c t l y  i n c i d e n t a l  catch,  was 10,000 l b  o r  10 pe rcen t  o f  t h e  
t o t a l  f i s h  landed. 

I n  1979, w e l l  b e f o r e  t h e  FMP was o f f i c i a l l y  implemented, t h e  domestic 
t r a w l  catches exceeded e s t a b l i s h e d  ABCs f o r  P a c i f i c  Ocean perch and 
Dover s o l e  i n  t h e  Vancouver area, P a c i f i c  Ocean perch, canary rock -  
f i s h ,  y e l l o w t a i l  r o c k f i s h  and Dover s o l e  i n  t h e  Columbia area, and 
s a b l e f i s h  coastwide. A lso,  widow r o c k f i s h  catches s u b s t a n t i a l l y  
exceeded t h e  o r i g i n a l  ABC e s t i m a t e  i n  1981. 
s t r e s s "  provoked v a r i e d  responses f rom t h e  PFMC/NMFS management 
a u t h o r i t i e s .  

A l though ABC i s  

Because o f  t h e  in-season f l e x i b i l i t y  b u i l t  

The 1982 t r i p  l i m i t  f o r  P a c i f i c  Ocean perch, which i s  managed 

Warnings o f  " b i o l o g i c a l  
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No a d d i t i o n a l  r e g u l a t i o n s  were developed t o  manage t h e  f l a t f i s h  
species even though t h e  Dover s o l e  ha rves t  con t inued  t o  s l i g h t l y  
exceed t h e  coastwide ABC i n  1982 and 1983. The " l e g a l  gear" measures 
p r o t e c t e d  smal l  f l a t f i s h ,  and t h e  amount by which ca tch  exceeded ABC 
was t r i v i a l  i n  v iew o f  t h e  l ow  p r e c i s i o n  o f  t h e  b i o l o g i c a l  assessment. 
T h i s  presumably j u s t i f i e s  t h e  c o u n c i l ' s  l a c k  of a c t i o n  on f l a t f i s h .  

When s a b l e f i s h  c a t c h  was p r o j e c t e d  t o  s u b s t a n t i a l l y  exceed t h e  team's 
i n i t i a l  OY es t ima te  i n  1982, t h e  counc i l  imposed a t r i p  l i m i t  o f  3,000 
l b  f o r  t h e  l a s t  t h r e e  months o f  t h e  year .  
13,400 m t  t o  17,400 m t  (by 30 pe rcen t ) .  The 1982 ca tch  t o t a l  was even 
g r e a t e r  than t h i s  new OY. The s a b l e f i s h  r e g u l a t i o n s  were augmented i n  
1983 by a 22 i n .  minimum s i z e  l i m i t  i n  a l l  areas n o r t h  o f  P o i n t  
Conception ( e x c l u d i n g  Monterey Bay). The i n c i d e n t a l  ca tch  a l lowance 
f o r  unders i ze  f i s h  has va r ied ,  b u t  i s  c u r r e n t l y  5,000 l b  pe r  f i s h i n g  
t r i p .  The c o u n c i l ' s  i n t e n t i o n  i s  t o  c l o s e  t h e  f i s h e r y  a f t e r  t h e  O Y  i s  
reached. But  t h e  market f o r  s a b l e f i s h  i n  1984 seems t o  have d e c l i n e d  
t o  t h e  p o i n t  t h a t  t h e  f i s h e r y  i s  u n l i k e l y  t o  take the  ABC. 

The c o u n c i l  has m o d i f i e d  r e g u l a t i o n s  on P a c i f i c  Ocean perch ha rves ts  
t o  keep t h a t  s tock  on i t s  20-year r e b u i l d i n g  schedule. 
areas t h e  annual ca tch  was p r o j e c t e d  t o  exceed t h e  a r e a ' s  ABC. I n  
November, 1983 t h e  Columbia area was c losed  t o  P a c i f i c  Ocean perch 
f i s h i n g ,  b u t  t h e  5,000 l b  o r  10 pe rcen t  by we igh t  t r i p  l i m i t  was 
r e t a i n e d  i n  o t h e r  areas. 
g r e a t e r  t han  t h e  coastwide ABC. I n  J u l y  1984 t h e  c o u n c i l  f u r t h e r  
recommended t h a t  t h e  P a c i f i c  Ocean perch t r i p  l i m i t  be changed t o  
5,000 l b  o r  20 pe rcen t  by weight ,  whichever i s  l ess .  Th is  l a s t  
v a r i a n t  o f  t h e  i n c i d e n t a l  t r i p  l i m i t  r e g u l a t i o n  was designed t o  
p reven t  s m a l l e r  t r a w l  vesse ls  f rom making d a i l y  f i s h i n g  t r i p s  s p e c i f -  
i c a l l y  t a r g e t i n g  on t h e  5,000 l b  o f  perch. 

Much r e c e n t  c o u n c i l  management a c t i v i t y  has i n v o l v e d  widow r o c k f i s h  
and t h e  Sebastes complex. Harvest  g u i d e l i n e s  f o r  these a r e  implement- 
ed m a i n l y  through t r i p  ca tch  l i m i t s ,  t r i p  frequency l i m i t s ,  i n c i d e n t a l  
ca tch  al lowances, and season c losures.  
management team's recommendations, Sebastes complex ABCs a r e  estab-  
l i s h e d  i n  two geographic areas separated by 43" N. l a t i t u d e  ( l a t e r  
changed t o  42" 5 0 ' ) .  
t o  t h e  Vancouver and Columbia INPFC areas, w h i l e  t h e  southern range 
i n c l u d e s  Eureka, Monterey and Conception. 
l i m i t s  a r e  c a l c u l a t e d  t o  a l l o w  t h e  f l e e t  t o  f i s h  a l l  yea r ,  assuming 
usual  seasonal p a t t e r n s  o f  f i s h i n g ,  w i t h o u t  exceeding t h e  OY. I f  the  
OY i s  reached, then t h e  f i s h e r y  i s  closed. 

Annual widow r o c k f i s h  ha rves ts  grew f rom 4,293 m t  i n  1979 t o  a lmost  
28,000 m t  i n  1981, dropped t o  about 25,000 m t  i n  1982, and f e l l  t o  
9,900 m t  i n  1983. Dur ing  1980-1982 the  PFMC t e m p o r a r i l y  p e r m i t t e d  t h e  
OY t o  s u b s t a n t i a l l y  exceed t h e  es t ima ted  MSY o f  about 11,000 m t .  
widow r o c k f i s h  f i s h e r y  was e x p l o i t i n g  a v i r g i n  biomass o f  r e l a t i v e l y  
o l d  f i s h .  
reduce t h e  s tand ing  biomass, ptesumably t o  l e v e l s  t h a t  might  s u s t a i n  a 
near-MSY ha rves t .  

The OY was r a i s e d  f rom 

I n  some INPFC 

The 1983 h a r v e s t  reached 1,659 m t ,  7 pe rcen t  

Fo l l ow ing  t h e  g r o u n d f i s h  

The area n o r t h  of t h i s  l i n e  rough ly  corresponds 

I n  each area t h e  t r i p  

The 

The t e m p o r a r i l y  h i g h  annual f i s h i n g  r a t e s  were expected t o  

Maximum use o f  t h e  FMP p r o v i s i o n s  f o r  in-season f l e x i b i l i t y  i s  e v i d e n t  
i n  t h e  h i s t o r y  o f  r o c k f i s h  r e g u l a t i o n s .  
75,000 l b ,  was imposed on widow r o c k f i s h  f rom mid-October, 1982 
through February o f  1983. 

A coastwide t r i p  l i m i t  o f  

The t r i p  l i m i t  was reduced t o  30,000 l b  i n  
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March o f  1983 and f u r t h e r  reduced t o  1,000 l b  i n  September. I n  1984, 
t h e  widow r o c k f i s h  t r i p  l i m i t  s t a r t e d  o u t  a t  50,000 l b ,  b u t  was 
reduced t o  40,000 l b  i n  May. T r i p  frequency f o r  widow r o c k f i s h  was 
l i m i t e d  t o  one p e r  week beg inn ing  i n  January, 1984. Each o f  these 
r e g u l a t o r y  a c t i o n s  was preceded by r e p o r t s  and recomnendations f rom 
t h e  g r o u n d f i s h  management team, i n d u s t r y  adv i so rs  and s c i e n t i f i c  and 
s t a t i s t i c a l  committee. 

The f i s h e r i e s  f o r  o t h e r  r o c k f i s h  species developed c lose  on t h e  hee ls  
o f  t h a t  f o r  widow r o c k f i s h .  
complex w i t h  maximum f requency o f  one p e r  week was e s t a b l i s h e d  i n  t h e  
Vancouver/Columbia area s t a r t i n g  i n  March o f  1983. 
t h e  t r i p  l i m i t  f o r  t h e  Vancouver/Columbia area was reduced t o  3,000 
l b ,  w h i l e  a l i m i t  o f  40,000 l b  p e r  t r i p  w i t h  no maximum f requency was 
s p e c i f i e d  f o r  south o f  43" N. The t r i p  l i m i t  i n  t h e  n o r t h e r n  area was 
reduced t o  15,000 l b  once p e r  week, o r  30,000 l b  once p e r  two weeks 
( a t  t h e  o p t i o n  o f  t h e  vessel o p e r a t o r )  i n  May o f  1984. A l though none 
of these t r i p  l i m i t s  cou ld  be expected t o  p r e c i s e l y  a t t a i n  t h e  OY ove r  
an e n t i r e  year ,  t hey  do rep resen t  an i n n o v a t i v e  a t tempt  t o  s i m u l t a -  
neously  s a t i s f y  b o t h  t h e  OY and year-around f i s h e r y  o b j e c t i v e s .  

A 40,000 l b  t r i p  l i m i t  f o r  t h e  Sebastes 

I n  mid-September 

EVOLUTION OF MANAGEMENT REGULATIONS UNDER THE FMP 

Commercial f i s h i n g  r e g u l a t i o n s  evolved f a i r l y  r a p i d l y  d u r i n g  t h e  f i r s t  
two yea rs  o f  t h e  p l a n ' s  ope ra t i on ,  l a r g e l y  because s tock  assessments 
found i n c r e a s i n g  ev idence o f  o v e r - e x p l o i t a t i o n  as t h e  f i s h e r y  expand- 
ed. An a d d i t i o n a l  impetus f o r  r e g u l a t o r y  change was t h e  PFMC's 
d e c i s i o n  t o  extend f i s h i n g  seasons over  as much o f  t h e  y e a r  as p o s s i -  
b l e .  The o b j e c t i v e  o f  t h i s  i s  t o  a v o i d  d i s r u p t i n g  t h e  f l o w  o f  f r e s h  
g r o u n d f i s h  f i l l e t s  i n  domestic markets s u p p l i e d  by t h e  P a c i f i c  Coast 
f i s h e r y .  To do t h i s  and keep t h e  annual c a t c h  w i t h i n  h a r v e s t  gu ide-  
l i n e s  r e q u i r e s  t h a t  t h e  &, n o t  j u s t  t h e  annual amount, o f  c a t c h  be 
regu la ted .  I n d i v i d u a l  vessel  t r i p  l i m i t s  and t r i p  f requency l i m i t s  
were s e l e c t e d  as t h e  mechanism f o r  r e t a r d i n g  t h e  h a r v e s t  r a t e .  T h i s  
i s  a s i g n i f i c a n t  and i m p o r t a n t  change f rom t h e  t r a d i t i o n a l  " f i s h i n g  
season" r e g u l a t i o n  where in p a r t i c i p a t i n g  f ishermen a r e  u n r e s t r i c t e d  
rega rd ing  c a t c h  on i n d i v i d u a l  f i s h i n g  t r i p s .  

Catch and f requency l i m i t s  on f i s h i n g  t r i p s  have two main e f fec ts :  
t hey  r e - a l l o c a t e  economic r e t u r n s  among t h e  v a r i o u s  s i ze -c lasses  of 
vessels ,  and they  improve o p p o r t u n i t i e s  f o r  p r i v a t e  f i r m s  t o  reduce 
c o s t s  o f  f i s h i n g .  When t r i p  l i m i t s  a r e  low enough t o  l eng then  t h e  
f i s h i n g  season, s m a l l e r  vessels  should t a k e  a l a r g e r  share of t h e  
annual ca tch  than they  would otherwise,  and t h e i r  p r o f i t a b i l i t y  shou ld  
improve r e l a t i v e  t o  t h a t  o f  new, l a r g e r  vessels .  Recognizing t h e  
h i g h e r  minimum p e r - t r i p  h a r v e s t  requi rements o f  l a r g e  t r a w l e r s ,  t h e  
g r o u n d f i s h  r e g u l a t i o n s  a l l o w  f ishermen t o  ca tch  t w i c e  t h e  p e r - t r i p  
l i m i t  o f  Sebastes, if they  make such t r i p s  f o r t n i g h t l y  r a t h e r  than  
weekly. Th i s  somewhat lessens t h e  r e - a l l o c a t i o n  e f fec t .  Bu t  i t  
cannot compensate l a r g e r  vessels  e n t i r e l y ,  s i n c e  t h e  h i g h e r  f i x e d  
c o s t s  o f  owning and o p e r a t i n g  a l a r g e  vessel need t o  be spread ove r  a 
g r e a t e r  annual revenue. I n  sum, t h e  new, more powerfu l  vesse ls  a r e  
designed t o  t a k e  advantage o f  p r o f i t  o p p o r t u n i t i e s  r e l a t e d  t o  l a r g e  
h a r v e s t  volumes t h a t  t h e  t r i p  c a t c h  and frequency l i m i t s  prec lude.  
m a i n t a i n  year-around f i s h i n g  and g r e a t e r  t r i p  l i m i t s ,  t h e  number of 
f i s h i n g  vessels  must be reduced. 

TO 
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A t r i p  l i m i t  approach a l s o  causes a q u a l i t a t i v e  change i n  t h e  t r a d i -  
t i o n a l  f o rm o f  compe t i t i on  f o r  f i s h .  
p r o p e r t y "  f i s h  s tock,  a v e s s e l ' s  a b i l i t y  t o  h a r v e s t  more r a p i d l y  
u s u a l l y  t r a n s l a t e s  i n t o  a l a r g e r  share of t h e  t o t a l  ha rves t .  W i th  
b o t h  c a t c h  pe r  t r i p  and t r i p  frequency l i m i t e d ,  i nc reased  f i s h i n g  
vessel  c a p a c i t y  i s  no l o n g e r  rewarded immediate ly  w i t h  a l a r g e r  share 
o f  t h e  catch. Under t r i p  l i m i t s ,  a v e s s e l ' s  expected annual h a r v e s t  
depends upon t h e  annual h a r v e s t  g u i d e l i n e  and t h e  number o f  p a r t i c -  
i p a t i n g  vessels .  T h i s  assumes, o f  course, t h a t  t h e  t r i p  l i m i t  i s  
s m a l l e r  than t h e  t y p i c a l  c a t c h - p e r - t r i p  taken b e f o r e  t h e  l i m i t  was 
imposed. When t h e  c o u n c i l  f i r s t  e s t a b l i s h e d  a widow r o c k f i s h  t r i p  
l i m i t  i n  1982, t h e  l e v e l  chosen (75,000 l b )  was n o t  a s i g n i f i c a n t  
c o n s t r a i n t ,  even on l a r g e r  vessels .  

The 1984 widow r o c k f i s h  management r e g u l a t i o n s  i n c l u d e  an aggregate 
ca tch  quota o f  9,300 m t ,  a t r i p  l i m i t  o f  40,000 l b  (18.14 m t ) ,  and a 
t r i p  frequency o f  one p e r  week. 
i n c i d e n t a l  ca tch  a f t e r  t h e  widow r o c k f i s h  season c losu re ,  these 
r e g u l a t i o n s  c r e a t e  507 weekly vessel quotas. I f  t h e r e  a r e  70 vesse ls  
p a r t i c i p a t i n g  i n  t h e  f i s h e r y ,  they can f i s h  a average 7.25 weeks each 
on widow rock f i sh ,  and each vessel has t h e  o p p o r t u n i t y  t o  h a r v e s t  
about  133 m t  of f i s h .  
i n d i v i d u a l  vessels .  So t h e r e  i s  s t i l l  compe t i t i on  among vessels; b u t  
t h e  compe t i t i on  w i l l  be d i f f e r e n t  f rom before.  A g i ven  vessel  opera- 
t o r  can t a k e  18.14 m t  as f a s t  as p o s s i b l e  each week, o r  he can f i s h  a t  
a s lower  (and p o s s i b l y  l e s s  c o s t l y )  pace, o r  he can i n t e r s p e r s e  widow 
r o c k f i s h  f i s h i n g  w i t h  o t h e r  forms o f  f i s h i n g  d u r i n g  a g i v e n  week. 
O v e r a l l ,  I would expect  t h e  widow r o c k f i s h  h a r v e s t  t o  generate a 
g r e a t e r  n e t  economic r e t u r n  than  be fo re ,  due t o  somewhat l ower  f i s h i n g  
cos ts .  A lso,  t h e  r o c k f i s h  f i l l e t s  may b r i n g  a g r e a t e r  n e t  r e t u r n  
because they  a r e  produced a t  a more even pace, over  a l o n g e r  season. 

S i m i l a r  q u a l i t a t i v e  change i n  compe t i t i on  among comnerc ia l  f ishermen 
may be encouraged by t h e  Sebastes complex t r i p  l i m i t  and t r i p  f requen-  
cy r e g u l a t i o n s ,  and t o  a l e s s e r  e x t e n t  t h e  P a c i f i c  Ocean perch and 
s a b l e f i s h  i n c i d e n t a l  ca tch  t r i p  l i m i t s .  The p o t e n t i a l  increased 
economic va lue from these t r i p  l i m i t s  i s  sma l l ,  and t h i s  does n o t  
rep resen t  a s h i f t  toward economic e f f i c i e n c y  o b j e c t i v e s  i n  g round f i sh  
management. I t  does rep resen t  a p e r c e p t i b l e  movement away f rom annual 
h a r v e s t  quotas t h a t  encourage i r r a t i o n a l  and c o s t l y  h a r v e s t  methods. 

With f ree  access t o  t h e  "comnon 

S u b t r a c t i n g  100 m t  reserved f o r  

T h i s  133 m t  i s  n o t  s p e c i f i c a l l y  assigned t o  

OPTIMUM YIELD CONSIDERATIONS 

As I noted i n  t h e  i n t r o d u c t i o n ,  f u r t h e r  development o f  coherent  
g round f i sh  management r e q u i r e s  t h a t  optimum y i e l d  r e c e i v e  a t t e n t i o n .  
Two aspects need t o  be discussed: 
y i e l d  i n  t h e  management regime, and t h e  c r i t e r i a  f o r  s e t t i n g  OY i n  a 
m u l t i - s p e c i e s  f i s h e r y .  I w i l l  p r o v i d e  some i n s i g h t  i n t o  these issues,  
i n d i c a t i n g  why I t h i n k  they a r e  impor tan t  and how t h e  e x i s t i n g  manage- 
ment framework dea ls  w i t h  them. 

t h e  n a t u r e  and f u n c t i o n  o f  optimum 

NATURE AND FUNCTION OF "OPTIMUM YIELD" 

The Magnuson F ishe ry  Conservat ion and Management A c t  (FMCA) f o l l o w e d  
t h e  I n t e r n a t i o n a l  Law of t h e  Sea i n  d e s i g n a t i n g  optimum y i e l d  as a 
c e n t r a l  management o b j e c t i v e .  S ince much has a l r e a d y  been w r i t t e n  
about  t h e  optimum y i e l d  concept, i t  i s  unnecessary t o  be labo r  t h a t  
d i s c u s s i o n  here.  The American F i s h e r i e s  Soc ie ty  Symposium on Optimum 
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Sus ta inab le  Y i e l d  (Roedel 1975) and t h e  NMFS-sponsored N a t i o n a l  
Workshop on t h e  Concept o f  Optimum Y i e l d  (Orbach 1977) p r o v i d e  exten-  
s i v e  guidance. 
an e l a b o r a t i o n  o f  t h e  more na r row ly  d e f i n e d  concept o f  maximum sus- 
t a i n a b l e  y i e l d .  I t  i s  supposed t o  encompass economic, e c o l o g i c a l  and 
s o c i a l  f a c t o r s ,  b u t  development o f  p r a c t i c a l  techniques f o r  d e t e r -  
m in ing  O Y  i n  s p e c i f i c  i ns tances  has been slow. As lamented by P.A. 
L a r k i n  (1977), even a concer ted  a t tempt  t o  e x p l a i n  optimum y i e l d  tends 
t o  become an " e c l e c t i c  mishmash t h a t  was a l l  t h i n g s  t o  a l l  people". 

To a v o i d  t h i s  "mishmash", a s p e c i f i c  and e x p l i c i t  p r e s e n t a t i o n  i s  
needed. 
i n  commercial f i s h e r i e s ,  t h e  prospects  seem b r i g h t e s t  f o r  i n t r o d u c t i o n  
o f  economics i n t o  optimum y i e l d .  Q u a n t i t a t i v e  economic models f o r  
f i s h e r y  management a r e  a v a i l a b l e ,  many developed s p e c i f i c a l l y  f o r  
f i s h e r y  management p lans  ( f o r  example Anderson 1981). Given p roper  
i n f o r m a t i o n  r e g a r d i n g  market p r i c e s ,  f i s h i n g  cos ts ,  and a b i o l o g i c a l  
y i e l d  model, s tandard a n a l y t i c a l  methods a r e  used t o  determine maximum 
sus ta ined  l e v e l  o f  economic y i e l d .  

Economic e f f i c i e n c y ,  i n  i t s  b roades t  sense, i s  t h e  focus o f  t h i s  
approach. 
o f  g r e a t e r  f i s h  p r o d u c t i o n  and g r e a t e r  p r o d u c t i o n  o f  a v a r i e t y  of 
o t h e r  t h i n g s  t h a t  cou ld  be produced i n s t e a d  o f  f i s h .  
James C r u t c h f i e l d  (1977), "op t ima l  u t i l i z a t i o n  o f  f i s h e r y  resources, 
l i k e  op t ima l  u t i l i z a t i o n  o f  any o t h e r  n a t u r a l  resource, cannot be 
d i v o r c e d  f rom op t ima l  u t i l i z a t i o n  o f  a l l  i n p u t s - - n a t u r a l  resources, 
c a p i t a l ,  l a b o r ,  and t e c h n o l o g i c a l  knowledge--in meeting t h e  m u l t i t u d e  
o f  competing demands for a l l  goods and se rv i ces " .  

The g r o u n d f i s h  FMP does i n c o r p o r a t e  some economic f a c t o r s  i n  s e t t i n g  
OYs, b u t  i t  does so c l u m s i l y  and i n e x p l i c i t l y .  Wi th  i t s  g r e a t  r e l i -  
ance on MSYs and ABCs as optimum y i e l d s ,  t h e  P a c i f i c  coas t  groundf ish 
FMP appears t o  seek maximized p h y s i c a l  y i e l d .  Bu t  t h e  management 
r e c o r d  b e l i e s  t h i s  s imp le  i n t e r p r e t a t i o n .  No remedial a c t i o n  was 
taken by t h e  c o u n c i l  o r  NMFS when s h o r t b e l l y  r o c k f i s h  and P a c i f i c  
w h i t i n g  ha rves ts  f e l l  f a r  s h o r t  o f  t h e  s t a t e d  optimum y i e l d .  
s h o r t f a l l s  were n o t  a larming,  i n  my i n t e r p r e t a t i o n ,  because t h e  
nominal OYs a r e  n o t  in tended t o  rep resen t  op t ima l  ca tch  l e v e l s .  Both 
t h e  PFMC and t h e  i n d u s t r y  adv i so rs  i m p l i c i t l y  understand t h a t  optimum 
y i e l d  o f  s h o r t b e l l y  r o c k f i s h  i s  f a r  l e s s  than t h e  s t a t e d  10,000 m t ,  
and t h a t  t h e  OY f o r  P a c i f i c  w h i t i n g  was s u b s t a n t i a l l y  below t h e  
nominal 175,000 m t .  

These numer ica l  O Y s  a r e  b e t t e r  understood as maximum, b i o l o g i c a l l y  
s a f e  l e v e l s  o f  f i s h  ha rves t .  From an economic s tandpo in t ,  h a r v e s t  
l e v e l s  a r e  d e s i r a b l e  o n l y  i f  t h e  p r i c e  equals  o r  exceeds t h e  f i s h i n g  
cos t :  i f  t h e r e  i s  a "market" f o r  t h e  f i s h .  Since t h e  domestic 
f i s h e r y  c o u l d  n o t  p r o f i t a b l y  e x p l o i t  these f i s h  s tocks,  t h e  r e a l  
optimum i s  some unde f ined  amount l e s s  than  t h e  s t a t e d  O Y .  
s u b s t i t u t i o n  o f  " b i o l o g i c a l l y  sa fe "  f o r  "optimum", however, confuses 
t h e  concept o f  an optimum ca tch  l e v e l  w i t h  t h e  process o f  r e g u l a t i o n .  
The maximum sa fe  l e v e l  may l o g i c a l l y  f u n c t i o n  as an upper l i m i t ,  o r  
h a r v e s t  quota. Whether quotas and optimum y i e l d s  need be t h e  same i s  
debatable.  

Optimum y i e l d ,  as a management o b j e c t i v e ,  i s  l a r g e l y  

Since economic f a c t o r s  have been most e x t e n s i v e l y  considered 

I n  p r i n c i p l e ,  economic e f f i c i e n c y  r e q u i r e s  a p roper  ba lance 

I n  t h e  words o f  

These 
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Without  i n v o l v i n g  economic and o t h e r  f a c t o r s  i n  s e t t i n g  optimum 
y i e l d s ,  moreover, " b i o l o g i c a l  f a c t o r s "  a r e  o f t e n  s t r e t c h e d  and t w i s t e d  
t o  accomoda te  a l l  k i n d s  of management concern. Caut ion i n  t h e  f a c e  
o f  resource u n c e r t a i n t y ,  a v o i d i n g  f o r e i g n  f i s h i n g  a l l o c a t i o n s ,  and 
p o l i t i c a l  d i v i s i o n  o f  t h e  ca tch  among competing groups a r e  some o f  t h e  
management mot ives h idden under t h e  gu ise  o f  " b i o l o g i c a l "  conserva- 
t i o n .  To those who understand t h e  r o l e  o f  b i o l o g i c a l  research and 
s t o c k  assessment, t h e  management process appears t o  be ad hoc. One 
r a t i o n a l i z a t i o n  i s  t h a t  "optimum y i e l d  i s  whatever t h e  c o u n c i l  dec ides 
i t  i s " .  Th i s  may be p r o c e d u r a l l y  c o r r e c t ,  b u t  i t  f a i l s  t o  meet t h e  
need f o r  we l l - i n fo rmed ,  understandable management c r i t e r i a .  

For  non-susta ined h a r v e s t  l e v e l s ,  development o f  an economic r a t i o n a l e  
f o r  optimum y i e l d  i s  even more e s s e n t i a l .  
widow r o c k f i s h  and P a c i f i c  Ocean pe rch  management p rov ides  no convinc-  
i n g  b i o l o g i c a l  reasons f o r  choosing p a r t i c u l a r  r a t e s  o f  growth o r  
d e c l i n e  i n  t h e  u n d e r l y i n g  f i s h  s tocks.  Yet t h e  r a t e  o f  s tock  r e -  
duc t i on ,  o r  "d i s - i nves tmen t " ,  was chosen when widow r o c k f i s h  OYs were 
s e t  d u r i n g  1980-1982. S i m i l a r l y ,  t h e  20-year r e b u i l d i n g  schedule f o r  
P a c i f i c  Ocean perch i m p l i e s  an investment  r a t e  t h a t  pays o f f  i n  f u t u r e  
economic r e t u r n s .  
ha rves t  s t r a t e g i e s  were developed, management p o l i c y  would be more 
t r a n s p a r e n t  t o  rev iewers ,  and t h e  c o u n c i l  l e s s  s u b j e c t  t o  misunder- 
s tand ing  and c r i t i c i s m  (see Gunderson 1983). 

The FMP's d i s c u s s i o n  o f  

I f  e x p l i c i t  c r i t e r i a  f o r  these n o n - e q u i l i b r i u m  

MULTI-SPECIES ASPECTS OF OPTIMUM YIELD 

Since e c o l o g i c a l  i n t e r a c t i o n s  a re  impor tan t  i n  de te rm in ing  s u s t a i n a b l e  
y i e l d s  f rom a species complex, f i s h e r y  managers have l o n g  s t r u g g l e d  
w i t h  t h e  need f o r  acceptable c r i t e r i a  i n  managing m u l t i - s p e c i e s  
assemblages. 
mu1 t i - s p e c i e s  approaches t o  f i s h e r i e s  management (Mercer 1982; Hobson 
and Lenarz 1977). 
e r r o r s  caused by a r t i f i c i a l l y  compartmenta l iz ing t h e  f i s h e r y  by 
managing i n d i v i d u a l  spec ies ( S i l v e r t  and D i c k i e  1982). C o l l e c t i n g  and 
ana lyz ing  a p p r o p r i a t e  data t o  make p r a c t i c a l  use o f  eco-systems 
models, however, 
e f f o r t s .  
i c a l  i n t e r a c t i o n s  among species.  
s tock  i s  b i o l o g i c a l l y  independent. 
ABCs f o r  each species i n  each management area. 

Fo r  v a r i o u s  species t h a t  a r e  l i n k e d  by t e c h n o l o g i c a l  and economic 
f a c t o r s ,  however, t h e  FMP does make p r o v i s i o n s  f o r  m u l t i - s p e c i e s  
ha rves t i ng .  The g r o u n d f i s h  p l a n  i n t roduces  t h e  n o t i o n  o f  spec ies 
" t a r g e t i n g " .  A species i s  a " t a r g e t "  i f  i t  can be caught predominant- 
l y  i n  pure loads.  A t r a w l  n e t ,  f o r  example, w i l l  u s u a l l y  encounter  
more than  one g r o u n d f i s h  species i n  a g i ven  area, depth o r  mode o f  
ope ra t i on .  By a p p r o p r i a t e  m a n i p u l a t i o n  o f  t h e  t ime  o f  day, area, 
speed, depth and o t h e r  o p e r a t i o n a l  f a c t o r s ,  however, a f i s h i n g  vessel  
s k i p p e r  can o f t e n  " t a r g e t "  on one o r  two species. 

Disagreement undoubtedly  e x i s t s  as t o  when, and under what c o n d i t i o n s  
f ishermen can a c c u r a t e l y  t a r g e t  on some species.  But ,  as a genera l  
r u l e ,  t h e  mid-water schoo l i ng  species, such as widow o r  s h o r t b e l l y  
r o c k f i s h  and P a c i f i c  w h i t i n g ,  can be caught i n  n e a r l y  pure tows. 
S i m i l a r l y ,  t h e  Sebastes complex can u s u a l l y  be caught w i t h o u t  se r ious  

Whole workshops have been devoted t o  i n v e s t i g a t i n g  

Prominent f i s h e r i e s  s c i e n t i s t s  warn a g a i n s t  t h e  

has proved t o o  d i f f i c u l t  f o r  most f i s h e r y  research 

It seems t o  assume t h a t  each species 
T h i s  i s  i m p l i c i t  i n  e s t a b l i s h i n g  

The g r o u n d f i s h  FMP does n o t  e x p l i c i t l y  cons ide r  t h e  ecolog-  
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i n c i d e n t a l  c a t c h  o f  o t h e r  species;  b u t  t h e r e  i s  l e s s  agreement on t h e  
e x t e n t  t o  which t r a w l  vesse ls  can t a r g e t  a p a r t i c u l a r  species i n  t h e  
complex. 
be caught  i n  mixes w i t h  seve ra l  comnerc ia l  spec ies (Adam and Lenarz, 
unpubl ished manusc r ip t ) .  T h i s  t e c h n o l o g i c a l  interdependence i s  
addressed i n  t h e  FMP by  lumping some species i n t o  groups. 
t h a t  can apparen t l y  be " t a r g e t e d "  a r e  g i v e n  separate optimum y i e l d s .  

As a p r o v i s i o n a l  approach t o  m u l t i - s p e c i e s  optimum y i e l d ,  t h i s  r a i s e s  
some f u r t h e r  ques t i ons .  
spec ies group, l i k e  t h e  Sebastes complex, be d e r i v e d  f rom t h e  "accept-  
a b l e  b i o l o g i c a l  catches"  o f  t h e  c o n s t i t u e n t  spec ies? I f  t h e r e  a r e  
e c o l o g i c a l  i n t e r a c t i o n s  among t h e  species, o r  i f  the  d i f f e r e n t  spec ies 
s tocks a r e  o p t i m a l l y  e x p l o i t e d  a t  d i f f e r e n t  f i s h i n g  r a t e s ,  t h i s  may be 
q u i t e  d i f f i c u l t .  
o f  i n c i d e n t a l l y - c a u g h t  f i s h  o f  a p r o h i b i t e d  species, o r  o f  a species 
whose quota has a l r e a d y  been & i l l e d ?  
i m p e r f e c t ,  some i n c i d e n t a l  c a t c h  o f  a numer ica l  OY spec ies may be 
taken w h i l e  f i s h i n g  f o r  o t h e r  species. 

To date,  t h e  h a r v e s t  guide' l ines f rom grouped species a r e  c o n s t r u c t e d  
f rom t h e  sum o f  ABCs f o r  t h e  species. 
t i c e .  I f  two species a r e  harvested s imu l taneous ly  ( t h e  same f i s h i n g  
e f f o r t  a p p l i e s  t o  b o t h  s t o c k s ) ,  t h e  optimum l e v e l  o f  aggregate ca tch  
( o r  e f f o r t )  f o r  t h e  mixed ha rves t  would equal t h e  sum o f  t h e  i n d i v i d u -  
a l  spec ies optima o n l y  by e x t r a o r d i n a r y  co inc idence.  Only i f  e x a c t l y  
t he  same l e v e l  o f  f i s h i n g  e f f o r t  achieves t h e  optimum y i e l d  f o r  each 
species would t h e r e  be a simultaneous optimum. 
optimum m u l t i - s p e c i e s  h a r v e s t  must be l e s s  than  t h e  summed opt ima f o r  
t h e  i n d i v i d u a l  spec ies,  cons idered separa te l y .  F u l l  use o f  more 
abundant species would l i k e l y  r e q u i r e  t h a t  l e s s  abundant and l e s s  
p r o d u c t i v e  species s tocks  be f i s h e d  t o  l e s s  than  t h e  MSY l e v e l .  Thus 
grouping seve ra l  spec ies t o  e s t a b l i s h  ha rves t  g u i d e l i n e s  r e q u i r e s  
adop t ion  o f  a "second b e s t "  approach t h a t  cannot achieve t h e  maximum 
t o t a l  y i e l d  f rom t h e  group. 
t h e  Sebastes complex must be l ower  than  t h e  sum o f  t h e  MSYs f o r  
y e l l o w t a i l ,  canary, boccacio,  c h i l i p e p p e r  and o t h e r  r o c k f i s h .  
g r o u n d f i s h  FMP recognizes t h i s  f a c t ,  b u t  does n o t h i n g  about it. 

Another problem f o r  m u l t i - s p e c i e s  f i s h e r i e s  i s  t h a t  o f  i n c i d e n t a l  
ca tch  r e g u l a t i o n s .  Species w i t h  i n d i v i d u a l  quotas cannot always be 
caught i n  pure loads.  Consequently, some widow r o c k f i s h  o r  Sebastes 
complex species,  f o r  example, w i l l  be caught by vessels  t a r g e t i n g  
o t h e r  f i s h .  T h i s  i n a d v e r t e n t  i n c i d e n t a l  c a t c h  w i l l  occur  even a f t e r  a 
quota i s  reached and t a r g e t  f i s h i n g  s tops.  
t h e  f i s h  i s  ve ry  h igh ,  so d i sca rded  f i s h  a re  g e n e r a l l y  n o t  r e t u r n e d  t o  
t h e  s tock  f o r  l a t e r  ha rves t ,  b u t  a r e  wasted. The manager's dilemma i s  
how t o  en fo rce  a h a r v e s t  quota,  and p reven t  t h e  wastage o f  d i sca rds ,  
w h i l e  n o t  unduly  burdening t h e  f ishermen w i t h  gear and o t h e r  r e -  
s t r i c t i o n s  on e f f i c i e n t  h a r v e s t  p r a c t i c e s .  

I n  t h e i r  examinat ion o f  a l t e r n a t i v e  i n c i d e n t a l  ca tch  c o n t r o l s ,  Marasco 
and T e r r y  (1982) adopt an approach t h a t  min imizes t h e  economic c o s t  o f  
i n c i d e n t a l  ca tch .  The d i r e c t  " c o s t "  o f  d i sca rds  i s  approx imate ly  
measured by t h e  ex-vessel  va lue  o f  d i sca rded  catch. Regu la t i ons  t o  
p reven t  i n c i d e n t a l  catch,  however, i n v o l v e  two o t h e r  cos ts :  those 
i n c u r r e d  by management a u t h o r i t i e s  i n  s u r v e i l l a n c e  and enforcement, 
and cos ts  borne by f ishermen i f  they a r e  f o r c e d  t o  f i s h  i n  l e s s  

I n  c o n t r a s t ,  i m p o r t a n t  members o f  t h e  f l a t f i s h  group tend  t o  

Species 

F i r s t ,  how can the  optimum y i e l d  f o r  a 

Second, what i s  t h e  b e s t  way t o  p reven t  t h e  wastage 

Assuming t h a t  t a r g e t i n g  i s  

Th is  i s  a ques t i onab le  prac-  

In any o t h e r  case, t h e  

By t h i s  reasoning, t he  optimum y i e l d  f o r  

The 

M o r t a l i t y  due t o  h a n d l i n g  
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p r o d u c t i v e  f i s h i n g  areas o r  t imes, o r  w i t h  gear t h a t  p rov ides  l ower  
g ross  earn ings.  I t  i s  n o t  n e c e s s a r i l y  d e s i r a b l e  t o  e l i m i n a t e  i n c i -  
d e n t a l  catch,  even though t h i s  would m in im ize  t h e  d i r e c t  c o s t  o f  
d i sca rds ,  because t h e  a d m i n i s t r a t i v e  c o s t s  i n c u r r e d  by management 
a u t h o r i t i e s  and f ishermen m igh t  exceed t h e  va lue  o f  t h e  f i s h  saved. 

M i n i m i z i n g  c o s t s  i n  i n c i d e n t a l  c a t c h  r e g u l a t i o n  would be p a r t  o f  a 
coherent  m u l t i - s p e c i e s  h a r v e s t  p o l i c y  w i t h  two main a f f e c t s .  
i n c i d e n t a l  ca tch  would be considered i n  s e t t i n g  OYs and s i z e  l i m i t s  o f  
f u l l y - u s e d  f i s h  s tocks.  
t h e  Dover s o l e  f i s h e r y  exceeds t h e  va lue  of s a b l e f i s h  saved, f o r  
i ns tance ,  t h e  i n c i d e n t a l  c a t c h  l i m i t  on smal l  s a b l e f i s h  shou ld  be 
ra i sed .  Second, t h i s  would a f f e c t  t h e  des ign o f  an o p e r a t i o n a l  quota 
system. When a known percentage i n c i d e n t a l  ca tch  i s  n o t  wor th  avo id -  
i n g ,  t h a t  ca tch  can be s u b t r a c t e d  f rom t h e  d i r e c t e d  f i s h e r y  quota and 
reserved s p e c i f i c a l l y  f o r  i n c i d e n t a l  catch.  

Cur ren t  g r o u n d f i s h  management r e g u l a t i o n s  seem t o  have adopted an 
approach q u i t e  c l o s e  t o  t h i s  f o r  Sebastes and s a b l e f i s h ,  and I would 
n o t  focus on t h i s  as a ma jo r  problem. It may become a problem howev- 
e r ,  i f  t h e  domestic f i s h e r i e s .  f o r  P a c i f i c  w h i t i n g  and s h o r t b e l l y  
r o c k f i s h  develop t o  t h e i r  p o t e n t i a l .  
c a t c h  a r e  a p p l i e d  t o  ve ry  l a r g e  h a r v e s t  volumes, t h e  i n c i d e n t a l  ca tch  
o f  some dep le ted  species, l i k e  P a c i f i c  Ocean perch, may equal o r  
exceed t h e  des ignated h a r v e s t  g u i d e l i n e .  
t o  dec ide when t o  r e l i n q u i s h  p a r t i c u l a r  o b j e c t i v e s  r e l a t i n g  t o  spe- 
c i e s ,  l i k e  P a c i f i c  Ocean perch. A l though t h i s  species i s  h i g h - p r i c e d  
and has g r e a t  prominence i n  t h e  h i s t o r y  of t h e  f i s h e r y ,  a t i m e  may 
come when t h e  c o s t s  o f  a v o i d i n g  i n c i d e n t a l  c a t c h  and waste o f  d i s -  
carded f i s h  exceed t h e  economic va lue  o f  t h e  f i s h e r y  f o r  t h a t  species. 
I t  migh t  be u s e f u l  t o  have some agreed c r i t e r i a  f o r  d e c i d i n g  when and 
i f  a species should be re-ass igned t o  a m u l t i - s p e c i e s  aggregate o r  
non-numerical OY group. 

F i r s t ,  

I f  t h e  c o s t  o f  a v o i d i n g  smal l  s a b l e f i s h  i n  

When low r a t e s  o f  i n c i d e n t a l  

Managers need t o  be prepared 

LIMITED ACCESS PROSPECTS 

L i m i t i n g  access t o  commercial f i s h e r i e s  has become i n c r e a s i n g l y  
acceptable t o  managers and i n d u s t r y .  A v a r i e t y  of i n d u s t r y  and 
s c i e n t i f i c  groups have urged t h e  P a c i f i c  c o u n c i l  t o  cons ide r  l i m i t e d  
access i n  t h e  g r o u n d f i s h  f i s h e r y .  
i n t e r e s t  has been a t t r i b u t a b l e  t o  severa l  mot ives:  increased economic 
e f f i c i e n c y  i n  t h e  commercial f i s h e r i e s ,  increased income f o r  success- 
f u l  vessels ,  eas ing  pressures on management caused by o v e r - b u i l t  
f l e e t s ,  and i n  some cases improved conserva t i on  o f  s tocks.  Cur ren t  
h i g h  i n t e r e s t  i n  g r o u n d f i s h  l i m i t e d  access can a l s o  be a t t r i b u t e d  t o  
the  i nc reased  exper ience i n  t h e  Canadian, A u s t r a l i a n ,  Alaskan and 
P a c i f i c  coast  f i s h e r i e s ,  as w e l l  as t h e  poor f i n a n c i a l  performance o f  
many r e c e n t l y - b u i l t  t r a w l  vessels .  

Adopt ing such a s i g n i f i c a n t  change i n  the  g r o u n d f i s h  r e g u l a t o r y  
approach would r e q u i r e  l o n g  and c a r e f u l  d e l i b e r a t i o n  o f  l i m i t e d  access 
concepts and o p t i o n s .  The gener i c  o p t i o n s  a r e  tho rough ly  reviewed i n  
t h e  recen t  r e p o r t s  o f  Meyer (1983), Pearse (1982), Sturgess and Meany 
(19821, Stokes (1979), and R e t t i g  and G i n t e r  (1978). While I do n o t  
i n t e p d  t o  make any s p e c i f i c  proposals  i n  t h i s  paper, I t h i n k  i t  i s  
use fu l  t o  rev iew  t h e  p r i n c i p l e s  i n v o l v e d  and t o  cons ide r  how l i m i t e d  
access m igh t  app ly  t o  P a c i f i c  coast  g round f i sh .  

Over t h e  pas t  two decades t h i s  
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RATIONALE FOR LIMITED ACCESS 

The genera l  case f o r  l i m i t i n g  f i s h e r y  access b u i l d s  upon t h e  w e l l -  
known d e f i c i e n c i e s  of open compe t i t i on  f o r  "common p r o p e r t y "  f i s h  
s tocks.  Wi thout  r e g u l a t i o n s ,  c o m p e t i t i v e  commercial f i s h i n g  f l e e t s  
tend  t o  economical ly  and b i o l o g i c a l l y  o v e r - f i s h .  The p r i n c i p a l  reason 
f o r  s tock  d e p l e t i o n  w i th  open access c o m p e t i t i o n  i s  t h a t  i n d i v i d u a l  
f ishermen cannot c o n t r o l  aggregate h a r v e s t  r a t e s .  When many f i r m s  
ca tch  f i s h  i n  compe t i t i on  w i t h  o t h e r s ,  no i n d i v i d u a l  a c t  o f  conserva- 
t i o n  i s  l i k e l y  t o  pay-of f  f o r  t h a t  i n d i v i d u a l .  
f i s h  s tocks,  economic r a t i o n a l i t y  on the  p a r t  o f  i n d i v i d u a l  f ishermen 
does n o t  f avo r  f i s h  s tock  conservat ion.  
i n v e s t  i n  f i s h  s tocks,  n o t  l a c k  of knowledge and i n c l i n a t i o n ,  e x p l a i n s  
t h e  l a c k  of p r i v a t e  conserva t i on  a c t i o n .  

To determine a p p r o p r i a t e  y i e l d s  f o r  impor tan t  comnercial f i s h  s tocks,  
f i s h e r y  s c i e n t i s t s  dev i se  q u a n t i t a t i v e  concepts exp ress ing  t h e  b i o l o g -  
i c a l  p o t e n t i a l ,  such as MSY. App ly ing  annual ca tch  quotas t o  t h e  
open-access f i s h e r y  may adequate ly  i n s u r e  b i o l o g i c a l  conservat ion.  
Bu t  t h e  b a s i c  economic i n c e n t i v e s  o f  t h e  i n d i v i d u a l  f ishermen a r e  
l a r g e l y  unchanged. Insteact o f  competing f o r  d w i n d l i n g  s tocks,  t h e  
open c o m p e t i t i o n  i s  f o r  a conserved s tock.  I n d i v i d u a l  i n c e n t i v e  f o r  
conse rva t i on  a c t i o n  remains weak, and economic rewards go t o  those 
f ishermen who f i n d  ways t o  i nc rease  t h e i r  i n d i v i d u a l  catches, so l o n g  
as t h e i r  i nc reased  f i s h i n g  cos ts  do n o t  exceed inc reased  ex-vessel 
revenues. As ex-vessel  p r i c e s  r i s e ,  increased p o t e n t i a l  f i s h i n g  
p r o f i t s  a t t r a c t  a d d i t i o n a l  investments i n  f i s h i n g  c a p a c i t y  by b o t h  new 
and c o n t i n u i n g  p a r t i c i p a n t s .  

Obvious ly ,  t h e  degree t o  which t h e  o v e r - b u i l t  f i s h i n g  f l e e t  becomes a 
r e a l  concern depends upon t h e  p o t e n t i a l  n e t  d i f f e r e n c e  between cos ts  
and revenues. P a c i f i c  salmon p rov ides  t h e  extreme example o f  v e r y  
h i g h  ex-vessel p r i c e s  teamed w i t h  p o t e n t i a l l y  m i n i s c u l e  h a r v e s t  cos ts .  
To p reven t  r a p i d  s tock  d e p l e t i o n  management s t r a t e g y  has f o r c e d  t h e  
ha rves te rs  i n t o  t e c h n i c a l l y  i n e f f i c i e n t  ope ra t i ons .  Even w i t h  severe 
r e s t r i c t i o n s  on ca tch ,  f i s h i n g  seasons, and ha rves t  technology salmon 
f l e e t s  tend  t o  be unreasonably l a r g e .  Consequently, i t  i s  n o t  
s u r p r i s i n g  t h a t  l i m i t e d  e n t r y  was in t roduced  f i r s t ,  and has been used 
most e x t e n s i v e l y ,  i n  salmon f i s h e r i e s  on t h e  P a c i f i c  Coast. 

L i k e  t h e  h a r v e s t  quota, however, l i m i t i n g  t h e  number o f  p a r t i c i p a n t s  
i n  a c o m p e t i t i v e  f i s h e r y  does n o t  change t h e  economic i n c e n t i v e s  o f  
i n d i v i d u a l  f isherman. A l though t h e  number o f  compe t i t o rs  i s  l i m i t e d ,  
f ishermen s t i l l  f i n d  i t  p r o f i t a b l e  t o  i nc rease  f i s h i n g  c a p a c i t y  as 
l ong  as t h e  c o s t  o f  such inc rease  f a l l s  below t h e  p o t e n t i a l  i nc rease  
i n  revenue. 
t roduced i n  B r i t i s h  Columbia, managers had t o  impose v a r i o u s  s o r t s  of 
c a p a c i t y  l i m i t s  on f i s h i n g  opera t i ons .  Economic s t u d i e s  showed t h a t  
increased investment  i n  c a p a c i t y  o f  t h e  l i m i t e d  f l e e t  was a substan- 
t i a l  t h r e a t  t o  economic r e t u r n s  f rom t h e  f i s h e r y  (F rase r  1979; Pearse 
and Wi len 1979). 

S i m i l a r l y ,  l i c e n s e  l i m i t a t i o n  programs i n  A u s t r a l i a n  f i s h e r i e s  have 
been f o r c e d  t o  i n c l u d e  s t r i n g e n t  f i s h i n g  vessel c a p a c i t y  c o n t r o l s .  In 
t he  n o r t h e r n  prawn f i s h e r y ,  f o r  example, f i s h i n g  l i c e n s e s  can be 
t r a n s f e r r e d  and even ccnso l i da ted ,  s o  l o n g  as t h e  new vessel has no 
more c a p a c i t y  than p rev ious  l i c e n s e  h o l d e r ' s  ( C o l i n  Grant ,  personal  
communication). To m a i n t a i n  a s i g n i f i c a n t  l e v e l  o f  "economic r e n t " ,  

Wi th  common p r o p e r t y  

Th is  l a c k  o f  o p p o r t u n i t y  t o  

Soon a f t e r  t h e  salmon l i m i t e d  e n t r y  program was i n -  
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the  regulators  may have t o  cont inual ly  an t ic ipa te  a n d  f o r e s t a l l  
technical innovations t h a t ,  while increasing a n  ind iv idua l ' s  harvest  
capaci ty ,  simply r a i s e  the to t a l  cost  of taking a fixed harvest .  The 
economic evaluation of l i cense  l imi ta t ion  systems i s  not complete, b u t  
the  debate has now turned t o  whether any substant ia l  economic benef i t  
wil l  accrue from the  program i n  the  long r u n .  
number of l icensed fishermen does n o t  assure  improved economic perfor-  
mance of f i she r i e s .  

I n  recent years ,  economists have focused on forms of l imited access 
t h a t  more d i r e c t l y  address the  underlying common property problem. 
The  key i s  t o  e s t ab l i sh  a s e t  of i n s t i t u t i o n s  t h a t  lessen individual 
incent ives  t o  compete f o r  increased catch t h r o u g h  expanded f i sh ing  
capacity.  "Racing f o r  f i sh"  needs t o  be replaced by incent ives  f o r  
low-cost production of ava i lab le  y i e ld .  
t i ves .  First, quant i ta t ive  r igh t s  t o  harvest  f i s h  ( a l so  cal led 
"individual fisherman quotas")  could be establ ished t o  a l loca t e  
o p t i m u m  y i e ld .  These r igh t s  can mimic conventional property r igh ts  
es tabl ished f o r  o ther  natural  resources. Second, landings fees  or 
roya l t i e s  could be s e t  t o  discourage excessive f ishing capacity and 
e f f o r t .  In  a Canadian f i s t ie r ies  context ,  Pearse (1982) i s  a well 
known proponent of individual fisherman quotas; a n d  Stokes (1983) 
developed t h i s  approach during discussions of north Pac i f ic  hal ibut  
l i cense  l imi ta t ion .  

The main advantage of the individual f isherman's quota i s  t ha t  i t  
e l iminates  the basic  economic incent ive leading to  overcapi ta l iza t ion  
of the f i sh ing  f l e e t .  With a k n o w n ,  quant i ta t ive  share of the 
allowable harvest ,  a comnercial fisherman wil l  no longer be s t rongly 
encouraged by the  p r o f i t  incent ive t o  competitively increase h is  
f i sh ing  power. Instead,  the  fisherman i s  encouraged t o  adopt f i sh ing  
vessels  and f i sh ing  methods t h a t  permit taking the l icensed catch a t  
the  lowest cos t .  The individual f isherman's p ro f i t  incent ive i s  made 
cons is ten t  with overal l  cos t  minimization. Further,  permitt ing 
t r a n s f e r  of quant i ta t ive  r igh ts  in  pr iva te  market t ransact ions would 
encourage broader economic e f f ic iency  by f a c i l i t a t i n g  the  
red is t r ibu t ion  of harvest  rights t o  those fishermen most able  a n d / o r  
wi l l ing  t o  harvest  a t  low cos t .  
c e r t i f i c a t e s  would be expected t o  r e f l e c t  the potent ia l  p ro f i t s  from 
f i sh ing .  Like pr ices  f o r  o ther  natural  resource commodities, the 
pr ice  f o r  a harvest  quota would represent a cos t  of doing business t o  
the purchaser and  a source of income t o  the  s e l l e r .  

Royalties on f i s h  harvests could be an  a l t e rna t ive  t o  quant i ta t ive  
harvest  r i gh t s ,  o r  they could be used in  conjunction with quant i ta t ive  
r igh t s  as suggested by Pearse (1982; p. 94-95).  As a d i r e c t  cos t  of 
f i sh ing  the royal ty  would discourage excessive investment in f i sh ing  
power. If the  royal ty  r a t e  i s  roughly equivalent t o  the  hypothetical 
market pr ice  f o r  a quant i ta t ive  harvest  r i gh t ,  the  same incent ive f o r  
cos t  minimization would occur under the two a l t e rna t ive  approaches. 

Two primary elements d i s t inguish  roya l t i e s  from quant i ta t ive  rights.  
F i r s t ,  government adminis t ra tors ,  ra ther  t h a n  pr ivate  markets, would 
s e t  the value paid per u n i t  harvested. 
economic value of harvesting f i s h  would accrue t o  the public t reasury 
ra ther  than appearing as  net income earned by pr ivate  f i sh ing  
businesses.  
incent ives ,  public adminis t ra tors  wil l  have to  co l l ec t  and  evaluate  

Simply l imi t ing  the  

There a r e  two basic  a1 terna-  

Market pr ices  of individual quota 

Second, with roya l t i e s  the net 

To e s t ab l i sh  royal ty  ra tes  with correct  cost  minimizing 
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c o s t  and revenue data f rom f i s h i n g  opera t i ons .  I n t e r p r e t a t i o n  o f  such 
data can be t e c h n i c a l l y  d i f f i c u l t  because o f  t h e  v a r i e t y  o f  crew share 
arrangements, non-cash t r a n s a c t i o n s ,  bonus payments, and v a r i a b i l i t y  
i n  h a r v e s t  r a t e s  among vesse ls  and ove r  t ime.  
r o y a l t y  system would n o t  be i n c l i n e d  t o  p r o v i d e  t h e  more accu ra te  
i n f o r m a t i o n .  

Fishermen opposed t o  a 

To a v o i d  t h i s  e s t i m a t i o n  problem, management agencies m igh t  d ispose o f  
q u a n t i t a t i v e  f i s h i n g  r i g h t s  i n  a p u b l i c  auc t i on .  
t u t e s  t h e  c o m p e t i t i v e  market f o r  a d m i n i s t r a t i v e  computation. 
t h e  way t h e  U.S. Fo res t  Se rv i ce  and t h e  U.S. M i n e r a l s  Management 
Serv i ce  d ispose o f  t i m b e r  h a r v e s t i n g  and m in ing  r i g h t s  on p u b l i c  land. 
Bu t  t h e r e  a r e  e s s e n t i a l  d i f f e r e n c e s  between these r i g h t s  and any 
p rospec t i ve  f i s h  h a r v e s t i n g  r i g h t s .  M ine ra l  and t i m b e r  sa les  c o n f e r  
e x c l u s i v e  r i g h t s  t o  sever  t h e  m ine ra l s  o r  t imber  f rom t h e  land,  w h i l e  
any p r o s p e c t i v e  f i s h i n g  r i g h t s  would r e t a i n  c e r t a i n  c h a r a c t e r i s t i c s  o f  
t h e  "commons". A r i g h t  t o  ha rves t ,  say 10,000 m t  of P a c i f i c  w h i t i n g ,  
c o u l d  be e s t a b l i s h e d  as a s a l a b l e  r i g h t ,  b u t  t h e  h a r v e s t  o f  f i s h  i s  
s t i l l  f r om a common pool .  

Another p r a c t i c a l  problem w i t h  r o y a l t i e s  i s  t h a t  t hey  a r e  d i s t i n c t l y  
p o l i t i c a l .  L i k e  taxes,  t h e y  a r e  e s t a b l i s h e d  and m o d i f i e d  through 
l e g i s l a t i v e  ac t i on .  R o y a l t i e s  would n o t  be viewed as a permanent 
f e a t u r e  o f  t h e  f i s h e r y ,  b u t  as a p o i n t  f o r  c o n t i n u a l  n e g o t i a t i o n ,  
lobby ing,  and t i n k e r i n g .  

Again, t h i s  s u b s t i -  
T h i s  i s  

I n  c o n t r a s t ,  once q u a n t i t a t i v e  r i g h t s  a r e  es tab l i shed ,  t h e  compet t i o n  
f o r  f i s h  t h a t  now f u e l s  p o l i t i c a l  t i n k e r i n g  would no l o n g e r  be a 
c o n t i n u a l  source o f  i n s t a b i l i t y .  Compet i t ion f o r  f i s h  among gear 
types, reg ions,  and c u l t u r a l  groups would no l o n g e r  f u e l  p o l i t i c a  
debate and be a cons tan t  source o f  i n s t a b i l i t y  f o r  t h e  f i s h e r y .  
Through t i m e  and custom, such r i g h t s  m igh t  assume t h e  l e g i t i m a c y  of 
p r i v a t e  p roper t y .  As no ted  by  Anthony S c o t t  (1984) t h e  community 
would then  be expected t o  upho ld  t h e  v a l i d i t y  o f  f i s h i n g  r i g h t s ,  h e l p  
p r o t e c t  them f rom t respass,  and suppor t  t h e i r  exchange and s u b d i v i s i o n  
by s tandard p r o p e r t y  r i g h t  mechanisms. 

Fu r the r ,  once t h e  r i g h t s  a r e  es tab l i shed ,  t h e i r  h o l d e r s  w i l l  have an 
i n t e r e s t  i n  t h e  l ong - te rm h e a l t h  o f  t h e  f i s h e r y .  
w i l l i n g  t o  make t h e  s h o r t - t e r m  s a c r i f i c e s  o f t e n  r e q u i r e d  t o  conserve 
f i s h e r y  resources. Therefore,  t h e  b e n e f i c i a l  a f f e c t s  o f  e s t a b l i s h i n g  
p r o p e r t y  r i g h t s  and t h e  corresponding conserva t i on  r e s p o n s i b i l i t i e s  
a r e  most e v i d e n t  w i t h  t h e  i n d i v i d u a l  h a r v e s t  r i g h t s  approach. 

They w i l l  be more 

PROSPECTS FOR APPLICATION TO THE GROUNDFISH FISHERY 

License l i m i t a t i o n  tends t o  f o l l o w  conven t iona l  f i s h e r y  r e g u l a t i o n ,  
f ocus ing  on f i s h  s tocks r a t h e r  than f i s h i n g  f l e e t s  (Stokes 1979). 
L i cens ing  programs f o r  P a c i f i c  coas t  salmon, h e r r i n g  and abalone, and 
f o r  A u s t r a l i a n  prawns and rock  l o b s t e r s  e x h i b i t  t h i s  c h a r a c t e r i s t i c .  
I f  f i s h i n g  c a p a c i t y  i s  s p e c i f i c  t o  a species, a s tock,  o r  a coherent  
group o f  s tocks,  t h e  " f i s h e r y "  may be i d e n t i f i e d  by a f i s h  s tock  o r  
s tocks f o r  management purposes. I n  t h i s  case, one can determine how 
t h e  number o f  l i c e n s e s  i ssued  i s  l i k e l y  t o  e f f e c t  f i s h i n g  capac i t y ,  
economic y i e l d ,  and es t ima ted  optimum f l e e t  s i ze .  
d i s t i n c t  gear groups and many v a r i e t i e s  o f  mu l t i - pu rpose  f i s h i n g  
vessels  a r e  i nvo l ved ,  as i n  P a c i f i c  coast  g round f i sh ,  i t  i s  n o t  so 
simple. 

When severa l  
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F i r s t  t h e r e  i s  t h e  problem o f  u s e f u l l y  d e f i n i n g  t h e  g r o u n d f i s h  f l e e t .  
The f l e e t  c u r r e n t l y  i n c l u d e s  many p a r t - t i m e  vessels  t h a t  a r e  used f o r  
a number o f  f i s h e r i e s .  They s h i f t  a t  seasonal o r  l o n g e r  i n t e r v a l s  
among shrimp, r o c k f i s h ,  bo t tom- t raw l ing ,  and j o i n t  venture f i s h i n g .  
I f  t h e  crab ca tch  r a t e  i s  h igh,  some vessels  s h i f t  f r om g r o u n d f i s h  
i n t o  Dungeness c rab  f o r  t h e  w i n t e r  season. A lso,  salmon t r o l l e r s  and 
c rab  p o t  f ishermen can ca tch  g r o u n d f i s h  i n c i d e n t a l l y .  
between i n c l u d e d  and exc luded vessels ,  r e q u i r e d  f o r  l i c e n s i n g ,  must be 
c a r e f u l l y  drawn. I f  t h e  d e f i n i t i o n  i s  t o o  a l l - i n c l u s i v e ,  n e i t h e r  t h e  
f l e e t  n o r  c a p a c i t y  i s  l i m i t e d .  To l i m i t  c a p a c i t y  and s t i l l  a l l o w  
g r e a t  v a r i e t y  i n  commercial f i s h i n g  s t r a t e g i e s ,  separate l i c e n s e s  
cou ld  be i ssued  f o r  d i s t i n c t i v e  segments o f  t h e  f i s h e r y .  Southern 
C a l i f o r n i a  g i l l  n e t s ,  Monterey Bay f i s h  t r a p s ,  s a b l e f i s h / h a l i b u t  
long1 i n e r s ,  mid-water t r a w l e r s ,  and sh r imp /bo t tomf i sh  t r a w l e r s  a r e  
some l i k e l y  ca tegor ies .  
ha rves ts  a c h a r a c t e r i s t i c  mix  o f  species, and uses a d i s t i n c t i v e  gear. 
Bu t  t h e r e  w i l l  n e c e s s a r i l y  be a s i g n i f i c a n t  o v e r l a p  i n  species and 
s tocks e x p l o i t e d  by l i c e n s e  ca tegor ies .  

Beyond t h e  problem o f  f l e e t - d e f i n i t i o n ,  a l i c e n s e  l i m i t a t i o n  approach 
i s  n o t  p a r t i c u l a r l y  wel l -adapted t o  t h e  f l e x i b i l i t y  no rma l l y  exe rc i sed  
i n  mu l t i - pu rpose  f i s h i n g  opera t i ons .  As no ted  i n  Huppert (1979), t h e  
a b i l i t y  t o  s h i f t  among s u b s t i t u t e  f i s h i n g  modes may be e s s e n t i a l  t o  
t h e  l ong - run  economic s u r v i v a l  o f  these k i n d s  o f  vessels .  Trawlers  
move between shrimp and g r o u n d f i s h  as t h e  f i s h  s tocks and market  
c o n d i t i o n s  a f f e c t  revenue-per-day-f ished. To l i c e n s e  a vessel  j u s t  
f o r  shrimp, o r  t o  deny g r o u n d f i s h  l i c e n s e s  t o  vessels  t h a t  have 
r e c e n t l y  f i s h e d  o n l y  shrimp, c o u l d  be d i s a s t r o u s  t o  those vesse ls  and 
economical ly  i n e f f i c i e n t .  F l e x i b i l i t y  i n  l i c e n s e  t r a n s f e r ,  d i v i s i o n  
and c o n s o l i d a t i o n  among vesse ls  m igh t  address t h i s  need f o r  s h i f t i n g  
among f i s h i n g  a c t i v i t i e s .  Whether o r  n o t  t h i s  cou ld  be accomplished 
w i t h o u t  a cumbersome and c o s t l y  a d m i n i s t r a t i v e  apparatus remains t o  be 
seen. 

The o t h e r  s i d e  o f  t h i s  c o i n  i s  t h a t  l i m i t i n g  l i c e n s e s  t o  f i s h  cannot 
e f f e c t i v e l y  c o n t r o l  t h e  amount of f i s h i n g  f o r  any g i ven  f i s h  s tock  so 
l o n g  as m u l t i - s p e c i e s  f i s h i n g  remains s i g n i f i c a n t .  
reasonable l i m i t  t o  t h e  mid-water  t r a w l  f l e e t  a lone c o u l d  produce 
a p p r o p r i a t e  h a r v e s t  l e v e l s  f o r  P a c i f i c  Ocean perch. I f  f i s h i n g  r a t e s  
a r e  u n c o n t r o l l e d  by l i c e n s e  l i m i t a t i o n ,  conse rva t i on  o f  f i s h  s tocks  
must s t i l l  be sought through d i r e c t  h a r v e s t  l i m i t s ,  such as annual 
quotas. Imposing l ' c e n s i n g  on t o p  o f  t r a d i t i o n a l  h a r v e s t  c o n t r o l s  
cou ld  o n l y  reduce t h e  p o t e n t i a l  f o r  f i s h i n g  f l e e t  o v e r - c a p i t a l i z a t i o n .  
F i n a l l y ,  t o  be success fu l ,  t h i s  approach t o  economic e f f i c i e n c y  i n  
commercial f i s h i n g  would r e q u i r e  e i t h e r  s t r i c t  l i m i t s  on t e c h n o l o g i c a l  
upgrading o f  f i s h i n g  vesse ls  and gear, o r  a l i c e n s e  buy-back o r  vessel 
r e t i r e m e n t  p l a n  t o  cancel t h e  expanding h a r v e s t  capac i t y .  

I n  sum, l i c e n s e  l i m i t a t i o n  has t h r e e  p r i n c i p a l  drawbacks as an econom- 
i c  r e g u l a t i o n  f o r  P a c i f i c  g round f i sh .  F i r s t ,  i t  r e q u i r e s  s u b s t a n t i a l  
supplementary r e g u l a t i o n  t o  assure f i s h  s tock  conservat ion.  C o n t r o l -  
l i n g  aggregate m u l t i - s p e c i e s  f i s h i n g  c a p a c i t y  does n o t  p reven t  s i g n i f -  
i c a n t  o v e r - f i s h i n g  o f  more economical ly  p r o f i t a b l e  f i s h  s tocks.  
Second, a d d i t i o n a l  c o n t r o l s ,  bes ides l i c e n s e s ,  must be p laced  on 
f i s h i n g  c a p a c i t y .  
i n c e n t i v e s  f o r  i n d i v i d u a l  f ishermen t o  i nc rease  investments i n  f i s h i n g  
c a p a c i t y  t h a t  a r e  super f l uous  i n  t h e  aggregate. F i n a l l y ,  l i c e n s i n g  
programs would tend  t o  r e s t r i c t  l i cense -ho lde rs  t o  s p e c i f i c  f i s h  

The l i n e  

Each category has a c h a r a c t e r i s t i c  l o c a l e ,  

Fo r  example, no 

L icense l i m i t a t i o n  does n o t  e l i m i n a t e  economic 
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s tocks  o r  o t h e r  sub -un i t s  o f  t h e  f i s h e r y  and may unreasonably r e s t r i c t  
t h e  use o f  more f l e x i b l e ,  mu l t i - pu rpose  vessels .  
l i c e n s e  l i m i t a t i o n  i s  one a t tempt  t o  l i m i t  t h e  c o s t  o f  " i n p u t s "  t o  t h e  
f i s h e r y .  There may be sub -un i t s  of t h e  f i s h e r y  (mid-water t r a w l e r s ,  
o r  s a b l e f i s h  t r a p s ? )  t h a t  c o u l d  be economical ly  r e g u l a t e d  by  l i c e n s e  
l i m i t a t i o n .  

P r o p e r l y  c o n t r o l l e d  and enforced, i n d i v i d u a l  f isherman quotas c o u l d  
overcome many drawbacks o f  t h e  l i c e n s e  l i m i t a t i o n  approach. 
quotas would be i ssued  f o r  i n d i v i d u a l  species, t h e  quota system would 
a u t o m a t i c a l l y  i n c o r p o r a t e  b i o l o g i c a l  conse rva t i on  as w e l l  as economic 
e f f i c i e n c y  o b j e c t i v e s .  Assuming m a r k e t a b i l i t y  o f  quota r i g h t s ,  vessel  
o p e r a t o r s  can choose t o  f i s h  a mix of spec ies o r  ope ra te  i n  t h e  
combinat ion o f  f i s h e r i e s  t h a t  most s u i t s  them. A vessel owner w i t h  
q u a n t i t a t i v e  r i g h t s  i n  widow r o c k f i s h ,  f o r  example, cou ld  s e l l  these 
r i g h t s  and move i n t o  a nearshore f i s h e r y  o r  t o  an Alaskan f i s h e r y .  
S i m i l a r l y ,  f l u c t u a t i o n s  i n  t h e  shrimp f i s h e r y  may cause a f l o w  o f  
vesse ls  between t h e  shrimp and g r o u n d f i s h  t r a w l  f i s h e r i e s .  W i th  
q u a n t i t a t i v e  r i g h t s ,  t h i s  f l u x  can be accommodated by an exchange o f  
i n d i v i d u a l  quotas; no vessel  need t o  e l i m i n a t e d  comp le te l y  f rom e i t h e r  
f i s h e r y .  
f l e x i b l e ,  w h i l e  t h e  l i c e n s e  system e s s e n t i a l l y  ass igns a c e r t a i n  
number o f  vesse ls  t o  each f i s h e r y .  

I n d i v i d u a l  quotas have two ma jo r  b e n e f i t s :  f i s h i n g  vessels  have 
g r e a t e r  o p e r a t i o n a l  f l e x i b i l i t y  and t h e r e  i s  increased p o t e n t i a l  f o r  
h a r v e s t i n g  i n d u s t r y  e f f i c i e n c y .  Such quotas may, however, be expen- 
s i v e  t o  enforce.  Under - repo r t i ng  and m i s - r e p o r t i n g  o f  spec ies w i l l  
d i r e c t l y  a f f e c t  t h e  quota system's c r e d i b i l i t y .  
enforcement w i l l  have t o  be on an i n d i v i d u a l  vessel bas i s ,  c a t c h  
sampling w i l l  have t o  be q u i t e  r e f i n e d ,  and sample t i m i n g  c a r e f u l l y  
guarded. I f  b i o l o g i c a l  y i e l d s  a r e  d e f i n e d  on sub-areas o f  t h e  f i s h e r -  
i e s ,  t h e  i n d i v i d u a l  quotas w i l l  have t o  f o l l o w  s u i t .  Whether en fo rce -  
ment becomes a ma jo r  problem depends l a r g e l y  on whether t h e  system 
c r e a t e s  conservation-minded f ishermen who p o l i c e  themselves. 

Enforcement i s  a problem, b u t  t h e  g r o u n d f i s h  f i s h e r y  would seem more 
l i k e l y  cand ida te  f o r  q u a n t i t a t i v e  r i g h t s  than, say, t h e  salmon f i s h -  
e r y ,  s imp ly  because d e t e c t i o n  o f  se r ious  t ransg ress ions  would be 
e a s i e r .  Unloading tons  o f  f i s h  f rom a t r a w l  vessel i s  d i f f i c u l t  t o  
conceal. Th is ,  and t h e  r e l a t i v e l y  small  number of l o c a t i o n s  where 
un load ing  occurs, should make enforcement manageable. 

The i n d i v i d u a l  quota approach c o u l d  be i n t roduced  on a p a r t i a l  bas i s .  
Wi thout  caus ing any s e r i o u s  d i s l o c a t i o n  i n  t h e  t r a w l  f l e e t ,  i n d i v i d u a l  
quotas c o u l d  be assigned f o r  P a c i f i c  Ocean perch, widow r o c k f i s h ,  
P a c i f i c  w h i t i n g  o r  any o t h e r  species f o r  which t h e r e  i s  a firm optimum 
y i e l d  est imate.  
c o u l d  be t e s t e d  i n  t h i s  way w i t h o u t  c o n v e r t i n g  t h e  e n t i r e  management 
system a t  once. L icense l i m i t a t i o n ,  i n  c o n t r a s t ,  tends t o  be a 
once -and- fo r -a l l ,  a l l - i n c l u s i v e  event .  By t e s t i n g  t h e  approach on a 
p a r t i c u l a r  f i s h  s tock,  p r e f e r a b l y  one t h a t  i s  f u l l y  used and s u b j e c t  
t o  " t a r g e t "  f i s h i n g ,  b o t h  managers and f ishermen c o u l d  l e a r n  what 
s p e c i f i c  adap ta t i ons  t o  make i n  t h e  system. 

On a p o s i t i v e  note, 

S ince 

I n  t h i s  respec t ,  t h e  i n d i v i d u a l  quota system i s  much more 

F o r  t h i s  reason, 

Reservat ions on t h e  p a r t  o f  f ishermen and managers 

331 



CONCLUSION 

Groundf ish management on t h e  P a c i f i c  Coast has evolved a d e t a i i e d  s e t  
o f  a d m i n i s t r a t i v e  procedures and r e g u l a t i o n s ,  based s u b s t a n t i a l l y  upon 
t h e  preceding s t a t e  and i n t e r n a t i o n a l  r e g u l a t i o n s ,  and keyed t o  t h e  
b i o l o g i c a l  conse rva t i on  needs of t h e  p r i n c i p a l  commercial f i s h  s tocks.  
The P a c i f i c  F i s h e r y  Management Counci l  p ioneered development o f  
"framework" management p lans,  i n c o r p o r a t i n g  s p e c i f i c  r u l e s  f o r  modi fy-  
i n g  t h e  optimum y i e l d ,  acceptable b i o l o g i c a l  ca tch  l e v e l s  and h a r v e s t  
r e g u l a t i o n s  b o t h  w i t h i n  and between f i s h i n g  seasons. I n  t h i s ,  and i n  
i t s  b read th  o f  coverage, t h e  P a c i f i c  Coast g round f i sh  FMP can be 
judged a s u b s t a n t i a l ,  s t a t e - o f - t h e - a r t  management document. 

There i s  room f o r  f u r t h e r  improvement i n  two aspects: 
m u l t i - s p e c i e s  c o n s i d e r a t i o n s  and n o n - b i o l o g i c a l  o b j e c t i v e s  i n  s e t t i n g  
l e v e l s  o f  optimum y i e l d ,  and r e s t r u c t u r i n g  t h e  f i s h i n g  r i g h t s  by  
l i m i t i n g  access t o  achieve a g r e a t e r  degree o f  economic e f f i c i e n c y .  
Since m u l t i - s p e c i e s  f i s h i n g ,  and mu l t i - pu rpose  f i s h i n g  vessels  a r e  
common i n  t h e  P a c i f i c  coas t  f i s h e r y ,  i t  seems c l e a r  t h a t  more a t t e n -  
t i o n  should focus on de te rm in ing  e c o l o g i c a l  i m p l i c a t i o n s  of f i s h i n g  
f o r  t h e  s tocks t h a t  a r e  heav.i ly e x p l o i t e d  by t h e  commercial f i s h e r y .  
Fo r  example, P a c i f i c  w h i t i n g  may be a major  p r e d a t o r  o f  shrimp, 
j u v e n i l e  f i s h  o r  o t h e r  s tocks .  Th is  cou ld  have a major  b e a r i n g  on 
optimum y i e l d  f o r  w h i t i n g  f i s h e r y .  A lso,  t h e  problem o f  agg rega t ing  
severa l  optimum y i e l d s  f rom j o i n t l y  f i s h e d  species (such as i n  t h e  
Sebastes complex) needs f u r t h e r  cons ide ra t i on .  Simple models o f  
m u l t i - s p e c i e s  f i s h e r i e s  suggest t h a t  t h e  optimum f o r  t h e  mixed s tock  
should no t ,  as suggested i n  t h e  FMP, equal t h e  sum o f  t h e  maximum 
y i e l d s  f o r  t h e  i n d i v i d u a l  c o n s t i t u e n t  s tocks.  These problems of 
b i o l o g i c a l  optimum y i e l d  a r e  on t h e  l e a d i n g  edge o f  f i s h e r y  management 
p r a c t i c e .  

While t h e  FMP c o n t a i n s  v a r i o u s  s e c t i o n s  and references t o  non- 
b i o l o g i c a l  c r i t e r i a  f o r  optimum y i e l d ,  c l o s e  s c r u t i n y  o f  t h e  manage- 
ment regime r e v e a l s  v e r y  l i t t l e  e x p l i c i t  c o n s i d e r a t i o n  o f  economic and 
s o c i a l  f i s h e r y  o b j e c t i v e s .  I n  rega rd  t o  t h e  n o n - e q u i l i b r i u m  optimum 
y i e l d  p o l i c i e s  f o r  P a c i f i c  Ocean pe rch  and widow r o c k f i s h ,  t h i s  has 
l e f t  t h e  managers w i t h  no r i g o r o u s  founda t ion  f o r  f i s h i n g  s t r a t e g i e s  
chosen. A p p l i c a t i o n  o f  well-known economic p r i n c i p l e s  t o  t h e  cho ice  
o f  r e - b u i l d i n g  and s tock  l i q u i d a t i o n  s t r a t e g i e s  c o u l d  h e l p  t o  b o l s t e r  
t he  c o u n c i l  choices.  T h i s  would r e q u i r e  more sys temat i c  i n f o r m a t i o n  
rega rd ing  t h e  economic e f f e c t s  o f  d e l i b e r a t e l y  a l t e r i n g  t h e  f i s h  s tock  
s i z e  ove r  t ime--an aspect  o f  management p o l i c y  c u r r e n t l y  n o t  w e l l -  
expressed by t h e  s t a t i c ,  b i o l o g i c a l  MSY and ABC gu ide l i nes .  

Besides improv ing t h e  substance and appearance o f  procedures under t h e  
e x i s t i n g  management system, i t  would be u s e f u l  t o  cons ide r  adop t ing  
l i m i t e d  access. 
t i v e s ,  l i c e n s e  l i m i t a t i o n  and i n d i v i d u a l  f isherman quotas, i t  appears 
t h a t  b o t h  would have s t r e n g t h s  and weaknesses i n  t h e  P a c i f i c  coas t  
g r o u n d f i s h  con tex t .  
r e q u i r i n g  supplementary r e s t r i c t i o n s  on annual ha rves ts  and on techno- 
l o g i c a l  upgrading o f  f i s h i n g  c a p a c i t y  among l i c e n s e d  vessels .  Besides 
improv ing t h e  substance and appearance o f  procedures under t h e  
e x i s t i n g  management system, i t  would be u s e f u l  t o  cons ide r  l i m i t i n g  
access. 
l i c e n s e  l i m i t a t i o n  and i n d i v i d u a l  f isherman quotas, i t  appears t h a t  
b o t h  would have s t r e n g t h s  and weaknesses i n  t h e  P a c i f i c  coas t  

i n c o r p o r a t i n g  

Based upon a rev iew  o f  t h e  two most l i k e l y  a l t e r n a -  

L icense l i m i t a t i o n  has gener i c  weaknesses, 

Based upon a rev iew  o f  t h e  two most l i k e l y  a l t e r n a t i v e s ,  
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g r o u n d f i s h  con tex t .  L icense l i m i t a t i o n  has the  gener i c  weakness t h a t  
i t  leaves  u n a l t e r e d  t h e  i n d i v i d u a l  f isherman's  economic i n c e n t i v e  t o  
compete f o r  shares of t h e  ha rves t  through c o s t l y  expansion o f  f i s h i n g  
power. Consequently, annual h a r v e s t  quotas f o r  t h e  f i s h e r y  a r e  s t i l l  
needed. Fu r the r ,  t o  achieve a reasonable degree o f  c o s t  m i n i m i z a t i o n  
w i t h  a l i c e n s i n g  program r e q u i r e s  supplementary r e s t r i c t i o n s  on 
t e c h n o l o g i c a l  upgrading o f  f i s h i n g  c a p a c i t y .  I n d i v i d u a l  f isherman 
quotas cou ld  a v o i d  some of these d i f f i c u l t i e s .  Given a known share o f  
an annual a l l o w a b l e  ha rves t ,  f isherman a r e  encouraged t o  seek l ower  
f i s h i n g  cos ts  i n  o r d e r  t o  improve p r o f i t s .  
i s  now w i d e l y  understood and r e l a t i v e l y  easy t o  en fo rce .  
s tep  i n  l i m i t i n g  access t o  t h e  f i s h e r y ,  l i m i t i n g  l i c e n s e s  f o r  
groundf ish would p robab ly  p r o v i d e  some u s e f u l  c o n t r o l  o v e r  f u r t h e r  
increases i n  f l e e t  o v e r c a p i t a l i z a t i o n .  

The l o g i c  o f  i n d i v i d u a l  quotas seems s t rong ,  b u t  t h e r e  i s  no substan- 
t i a l  exper ience t o  back i t  up. Consequently, t h e  drawbacks and 
weaknesses may n o t  be p r o p e r l y  a n t i c i p a t e d .  
i n  a c h i e v i n g  acceptance of a new approach, one problem might  be 
e n f o r c i n g  i n d i v i d u a l  quotas. Whether t h i s  and o t h e r  problems would 
m i l i t a t e  a g a i n s t  i n d i v i d u a l  f isherman quotas i s  n o t  known. For-  
t u n a t e l y ,  t h e  approach c o u l d  be i n t roduced  one s tep  a t  a t ime,  so t h a t  
d i s c o v e r i n g  and c o r r e c t i n g  e r r o r s  cou ld  be p a r t  o f  t h e  system. 

I n  sumnary, g round f i sh  management on t h e  P a c i f i c  coast  has come a l o n g  
way i n  t h e  p a s t  f o u r  years.  A most amb i t i ous  and i n n o v a t i v e  manage- 
ment p l a n  has been implemented, and t h e  success o f  b i o l o g i c a l  conser- 
v a t i o n  o b j e c t i v e s  seems assured. F ine - tun ing  t h e  optimum y i e l d  
concepts t o  i n c o r p o r a t e  m u l t i - s p e c i e s  i n t e r a c t i o n s  i s  a l o g i c a l  n e x t  
s tep  f o r  t h e  research program. Ser ious c o n s i d e r a t i o n  o f  a l t e r n a t i v e  
forms o f  l i m i t e d  access should beg in  immediate ly  so t h a t  f u t u r e  
d e c i s i o n s  on t h i s  can proceed s w i f t l y  and w i t h  a reasonable chance o f  
success. 

S t i l l ,  l i c e n s e  l i m i t a t i o n  
As a f i r s t  

Aside f rom t h e  d i f f i c u l t y  
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