
INTRODUCTION 
Economic c o n s i d e r a t i o n s  i n  t h e  

management of anadromous f i s h  h a b i t a t  
f a l l  i n t o  two major c a t e g o r i e s :  eco- 
nomic e f f i c i e n c y  and economic e q u i t y .  
Assessing economic e f f i c i e n c y  i n  re- 
source  management focuses  on t h e  c o s t s  
and b e n e f i t s  obtained from a l t e r n a t i v e  
p a t t e r n s  of use.  "Eff ic iency"  i m p l i e s  
maximizing o v e r a l l  b e n e f i t s ,  minus 
c o s t s .  Techniques of cos t -benef i t  
a n a l y s i s  developed over t h e  p a s t  few 
decades a l low u s  t o  estimate monetary 
va lues  of a wide range of resource- 
based a c t i v i t i e s .  Commercial f i s h i n g ,  
minera l  e x t r a c t i o n ,  logging,  and l i v e -  
s t o c k  graz ing  a r e  commodities t h a t  
have a c l e a r  economic value.  Econo- 
m i s t s  a r e  a l s o  i n t e r e s t e d  i n  estimat- 
ing va lues  f o r  noncommodity a c t i v i t i e s ,  
such a s  r e c r e a t i o n a l  f i s h i n g ,  camping 
and back-packing, and p r e s e r v a t i o n  of 
n a t u r a l  s i tes.  Because of both d a t a  
and conceptual  l i m i t a t i o n s ,  cos t -  
b e n e f i t  a n a l y s i s  does not  always accu- 
r a t e l y  estimate n e t  economic b e n e f i t s .  
Never the less ,  c o s t - b e n e f i t  a n a l y s i s  i s  
t h e  bes t  means of a s s e s s i n g  t h e  o v e r a l l  
economic e f f i c i e n c y  of a l t e r n a t i v e  
resource-management p o l i c i e s .  

Economic e f f i c i e n c y ,  broadly de- 
f i n e d ,  i s  t h e  essence of t h e  Water 
Resources Council  (WRC) (1982) Guide- 
l i n e s ,  which r e q u i r e  agencies  t o  de- 
velop as one a l t e r n a t i v e  a plan t h a t  
reasonably *'. . . maximizes n e t  
n a t i o n a l  economic development b e n e f i t s  . . . ." The g u i d e l i n e s  f u r t h e r  s t a t e  
t h a t  t h e  recommended p lan  I*. . . i s  t o  
be t h e  a l t e r n a t i v e  wi th  t h e  g r e a t e s t  
n e t  economic b e n e f i t ,  u n l e s s  t h e  Sec- 
r e t a r y  of a department o r  head of a n  
independent agency g r a n t s  a n  except ion  
t o  t h i s  ru l e"  (Water Resources Council  
1982). Economic e f f i c i e n c y  i s  a l s o  t h e  
essence of t h e  USDA Nat iona l  F o r e s t  
System land- and resource-management 
planning r e g u l a t i o n  s t a t i n g ,  "The p r i -  
mary goa l  i n  formula t ing  a l t e r n a t i v e s ,  
bes ides  complying wi th  NEPA procedures ,  
i s  t o  provide a n  adequate  b a s i s  f o r  
i d e n t i f y i n g  t h e  a l t e r n a t i v e  t h a t  comes 
n e a r e s t  t o  maximizing n e t  publ ic  bene- 
f i t s  . . ." ( U . S .  Department of Agri- 
c u l t u r e  1982). 

Economic theory provides  no clear guid- 
ance on t h e  "equi ty"  of management 
a l t e r n a t i v e s ;  however, some g e n e r a l l y  
recognized p r i n c i p l e s  help d e f i n e  t h e  
f a i r n e s s  of any d i s t r i b u t i o n  of bene- 
f i t s .  For example, a r b i t r a r i l y  impov- 
e r i s h i n g  p a r t i c u l a r  groups o r  denying 
access t o  long-standing resource  u s e r s  
without  compensating them a r e  a c t i o n s  
normally considered i n e q u i t a b l e .  They 
a r e  examples of what economists c a l l  
r e d i s t r i b u t i o n s  of income o r  wealth.  
Economic methods c a n  be used t o  an- 
t i c i p a t e  and measure t h e  probable  
e f f e c t s  of r e d i s t r i b u t i o n s  by i d e n t i -  
f ying s p e c i f i c  groups o r  i n d i v i d u a l s  
bear ing  s i g n i f i c a n t  p o r t i o n s  of t h e  
c o s t s  o r  rece iv ing  s i g n i f i c a n t  por- 
t i o n s  of t h e  b e n e f i t s  of management 
choices .  

This  paper e x p l o r e s  t h e  e f f e c t s  of 
f o r e s t  and rangeland management on the 
economics of commercial and s p o r t  har- 
v e s t  of anadromous f i s h .  The o v e r a l l  
e f f e c t  t h a t  f o r e s t  and rangeland man- 
agement has  on the  n e t  b e n e f i t s  K O  
producers and consumers of  anadromous 
f i s h ,  a s  wel l  as t he  c o s t  incurred by 
resource  managers and owners, i s  
included . 



ECONOMIC DIMENSIONS 
OF ANADROMOUS 
FISHERIES IN THE PACIFIC 

Commercial salmon h a r v e s t s  by a11 
n a t i o n s  bordering t h e  n o r t h  P a c i f i c  
Ocean have r e c e n t l y  averaged over 221 
m i l l i o n  f i s h  p e r  y e a r  ( t a b l e  1 ) .  The 
United S t a t e s  c a t c h e s  s l i g h t l y  more 
salmon than do Japan and t h e  Sovie t  
Union. Canada t a k e s  l e s s  than one- 
t h i r d  a s  many f i s h  per year a s  do t h e  
o t h e r  t h ree .  The f i v e  major commer- 
c i a l  s p e c i e s  of  salmon are sockeye ( o r  
r e d ) ,  chum ( o r  dog) ,  pink ( o r  hump- 
back) ,  coho ( o r  s i l v e r ) ,  and chinook 
( o r  king) .  Three a d d i t i o n a l  anadrom- 
ous salmonids occur  i n  wes tern  North 
America--steelhead and c u t t h r o a t  
t r o u t ,  and Dolly Varden. 

Salmon f i s h e r i e s  are c l a s s i f i e d  
according t o  geographica l  s e p a r a t i o n ,  
p o l i t i c a l  boundaries ,  f i s h i n g  g e a r  
used, and mot iva t ion  f o r  f i s h i n g  (rec-  
r e a t i o n ,  s u b s i s t e n c e ,  o r  commercial 
l i v e l i h o o d ) .  Table  2 shows t h e  break- 
down of c a t c h e s  by some of t h e  more 
s i g n i f i c a n t  d i v i s i o n s .  Commercial 
purse-seine and g i l l - n e t  f i s h i n g  occur  
i n  pro tec ted  waters such as Puget 
Sound, t h e  Columbia River ,  and t h e  
i n s i d e  waters of Southeast  Alaska. 
Commercial t r o l l i n g  dominates t h e  
ocean f i s h e r y  i n  C a l i f o r n i a ,  Oregon, 
and Washington. T r o l l i n g  i s  s i g n i f i -  
can t  i n  s o u t h e a s t e r n  Alaska as w e l l .  
H i s t o r i c a l l y ,  some s p e c i e s  of salmon 
( e s p e c i a l l y  chinook, coho, and sockeye) 
were caught p r i m a r i l y  by t r a p s ,  " f i s h  
wheels," and d i p  n e t s  during spawning 
runs (Netboy 1980). These f i s h i n g  
techniques were more e f f e c t i v e  and 
less expensive than ocean f i s h i n g  , but  
they a r e  now g e n e r a l l y  prohib i ted .  
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Total 32.691 44.598 127.704 12.148 4.225 221.365 

Sources: Fred," (1980). Food and Agricultural O r 0 a n l l r a t l o n  (1981). 

l ao le  2--Annual average catcnes by Unite0 S t a t e r  user groups, 1975-79 

C m e r c l a l  I.1"O" R e ~ ~ e i t i o n d l  

Purse G l l l  Other SUbill. 
state Ielne net T r o l l  gear salmon Steelhead tencr 

- . . - . . - . . . Tho~Idna I  o f  f l P n  - . . . - - - - - - - - 
Alas11 33.487 23.061 1.332 625 329 3 675 
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HA = not available. 

Sources 
1977. 1961); In te rna l lma1  North P d i l f l c  flrherler Comnlrrlon (1982,. 

U.S. Oeprrtlnent o f  Comnerce. NdtlOndl Marlne Fllher.lel Serv ice  (197a. 

Commercial salmon f i s h e r i e s  con- 
sist of many independent o p e r a t i o n s  
wi th  no more t h a n  a few crew members 
( P e t r y  1979).  
n e t t e r s  are opera ted  by only  one o r  two 
persons.  Nevertheless ,  about  33,000 
workers f i s h  commercially a t  least  par t  
t i m e  i n  United S t a t e s  salmon f i s h e r i e s ,  
us ing  20,000 v e s s e l s  ( t a b l e  3 ) .  
l e a s t  727 party-boat o r  char ter-boat  
o p e r a t o r s  d e r i v e  a s u b s t a n t i a l  p o r t i o n  
of t h e i r  bus iness  from salmon anglers. 
Most salmon v e s s e l s  f i s h  o t h e r  marine 
s p e c i e s  as w e l l .  In 1976, f o r  example, 
8,169 of t h e  12,558 v e s s e l s  repor ted  
landing salmon i n  Washington, Oregon, 
o r  C a l i f o r n i a  a l s o  s o l d  some ground- 
f i s h ,  c r ab ,  o r  a1bacore. l  

Many t r o l l e r s  and g i l l -  

A t  

Many are  

LIHuppert, D.D.; Thompson, C. ; 
Edwards, B. Annual summary f i l e s  from 
t h e  1974 t h r u  1976 coastwide summary 
d a t a  base: conten ts  and summary s ta t is-  
t i c s .  Unpublished Admin. Rep. LJ-82-29. 
La  J o l l a ,  CA: U . S .  Department of  Com- 
merce, Nat iona l  Marine F i s h e r i e s  Ser- 
v i ce ,  Southwest F i s h e r i e s  Center ;  1982. 
46  p. 
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f u l l y  employed i n  comuercial  f i s h i n g  
f o r  on ly  a p o r t i o n  of t h e  y e a r ,  how- 
ever .  I n  comparison, t h e  average 
monthly employment i n  logging  i n  Ore- 
gon, Washington, and C a l i f o r n i a  w a s  
about  28,000 i n  1978. 
seasonal ;  t h e  number of  people  employed 
i n  logging a t  some t i m e  dur ing  t h e  
year  i s  s u b s t a n t i a l l y  more than  t h e  
average monthly f i g u r e .  The average  
monthly employment i n  t h e  t imber indus- 
tr ies of t h e s e  t h r e e  S t a t e s ,  inc luding  
logging,  sawmills, veneer  and plywood 
m i l l s ,  and pulp and paper m i l l s ,  was 
about 129,000 i n  1978. 

Logging i s  a l s o  

. - . - . . . . . - . . Number . . . . . . . . . . __ 
11,032 

396 7.869 414 _ -  5.852 253 

Alaska 872 3,500 1.244 
uarnington 2.601 3.169 

3.259 718 

T o t a l  10.890 7,307 1.640 33.089 727 

I n  r e c e n t  y e a r s ,  commercial salmon 
f i s h i n g  has  grossed around $300 m i l l i o n  
t o  $400 m i l l i o n  ( t a b l e  4 ) .  The f i n -  
ished products  (mostly canned pack, 
cured ,  and f r e s h  o r  f rozen f i l l e t s  and 
s t e a k s )  have a market va lue  of around 
$1 b i l l i o n  wholesale  ( t a b l e  5 ) .  Of 
t h i s  $1 b i l l i o n  i n  wholesale  v a l u e ,  
about $20 m i l l i o n  t o  $40 m i l l i o n  i s  
produced i n  Oregon, Washington, and 
C a l i f o r n i a .  I n  comparison, t he  es t i -  
mated wholesale  va lue  of t i m b e r  prod- 
u c t s  produced i n  Oregon and Washington 
was about $8.5 b i l l i o n  i n  1978. 

L.nalngr 

ix -rcrrr1  
_ _  

Vcrrlr) Sockeye P l n t  Chum Coho Ch>nOOk Tota l  value 
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196064 
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89.6 
68.1 
71.5 
90.3 
82.1 
103.0 
207.6 
226.2 
200.2 

101.9 
93.9 
124.7 
111.0 
69.0 
140.5 
253.5 
257.1 
221.5 

73.8 
51.6 
52.6 
41.7 
52.4 
48.0 
84.9 
98.9 
92.0 

38.5 
24.4 
26.2 
34.Y 
36.0 
33.6 
39.3 
35.2 
59.2 

39.2 
32.9 
26.4 
27.3 
29.9 
32.3 
28.5 
31.1 
34.6 

343.0 
270.9 
301.4 
305.2 
269.7 
357.4 
613.8 
648.5 
601.5 

43.4 
41.1 
51.6 
63.3 
91.1 
24C.4 
352.4 
436.2 
392.3 

The salmon fishery--along wi th  tuna 
and shrimp f i s h e r i e s - - i s  one of t h e  
t h r e e  most va luable  marine commercial 
f i s h e r i e s  i n  t h e  United S t a t e s ,  based 
on  g r o s s  market value.  
i n c r e a s e  i n  salmon market v a l u e s  s i n c e  
t h e  e a r l y  1950's  w a s  caused by in- 
creased p r i c e s .  The average ex-vessel  
p r i c e  r o s e  from $0.126/lb i n  1950 t o  
1954, t o  $0.669/1b i n  1975 t o  1980. 
I n  recent  y e a r s ,  huge runs of Alaska 
sockeye and pink salmon have caused a 
moderate drop i n  ex-vessel p r i c e s .  

Much of t h e  

Recrea t iona l  f i s h i n g  expanded dur-  
i n g  t h e  pas t  two decades t o  become a 
major u s e r  of t h e  salmon resource  i n  
c e r t a i n  a r e a s - - p a r t i c u l a r l y  i n  Puget 
Sound, t h e  southern  p a r t  of t h e  Wash- 
ing ton  c o a s t  and Columbia River mouth, 
and t h e  n o r t h e r n  Oregon c o a s t .  Accord- 
ing t o  S t a t e  records ,  annual  s p o r t  
salmon h a r v e s t s  n e a r l y  doubled from a n  
average of 546,000 f i s h  per  year  i n  
1950 t o  1954, t o  1,018,000 f i s h  i n  1976 
t o  1980. Although t h e  s p o r t  h a r v e s t  
does not  r i v a l  t h e  commercial h a r v e s t ,  
major p o r t i o n s  of t h e  coho and chinook 
salmon c a t c h e s  are taken  by recrea-  
t i o n a l  hook-and-line, and almost a l l  
of t h e  s t e e l h e a d  are taken  by recrea-  
t i o n a l  a n g l e r s .  

3 



Table 5 - Q u a n t i t y  and valve  of p m e s s e d  f i s h e r y  pmducts from the Uni ted Stater' north P a c i f i c  s a l n n  
f i s h e r i e r  

1976 1977 1978 1979 1980 1981 

P a c i f i c  coast: 
FmSh and f rnzen- - l /  

Q u a n t i t y  ( t h o u s a d  of pounds] 
Value (thousands Of dollars1 

Quant i ty  (thousands of cares1 
Value (thousands of d o l l a r s 1  

Q u a n t i t y  (thousands o f  pounds) 
Value (thousands O f  d o l l a r s )  

CMlne6-2 /  

cure+-)/ 

Alaska: 
FrnZeb-lJ 

Q u a n t l t y  (thousuds o f  po~nds) 
Value thousands of d o l l a r s )  

Q u a n t i t y  (thourardr o f  cases) 
Value (thousands o f  d o l l a r s )  

Q u a n t i t y  (thousands of  pounds) 
Value ( t h o u r a d r  Of dol lur ] !~  

CUI,&-& 

Cum&-?/ 

T o t a l  Value 

4.129 3.153 
8.281 7.015 

156 243 
17.121 25.824 

5.055 4.504 
14.523 16.825 

50,578 76.674 
101.438 170.589 

2.512 2.651 
190.745 180.753 

3,783 NA 
11.880 nA 

4.111 3.042 1.582 
9,885 6.282 4.263 

16 53 18 
1.798 5.825 4.169 

5.602 3.677 3.465 
21.817 14.298 12.737 

121.419 149.211 195.404 
291.955 308.134 526.553 

3.409 3.109 4.175 
242.260 286.422 400.060 

NA NA NA 
MA &A NA 

2.826 
7.863 

167 
17.336 

1.046 
16.119 

283.265 
788.150 

4.445 
440.911 

NA 
NA 

343.988 401,006 567.715 620.961 947.782 1.270.379 

NA * not a v a i l a b l e  

l/lncludcs steaks and f i l l e t s .  
~ ~ s t a d a r d i z e d  t o  18 L I D  cans. 
/ Includes smked f i s h .  Caviar. b a i t  eggs. m d  sal ted f i s h .  
?/Actual values not avai lable .  
P U i f i C  coast. 

Sources: 
News ( 1983). 

These valuer e s t l . a t e d  "s i% average p r i c e  for  f rozen products on the 

U.S. Oeparrnent o f  C o m ~ c e .  Nat ional  Nar ine F isher ies  Serv ice  (197681); The Fishenen's 

The economic importance of recrea- 
t i o n a l  f i s h i n g  is more d i f f i c u l t  t o  
measure than  that of commercial f i s h -  
ing because of t h e  l a c k  of market 
p r i c e s .  Spec ia l  f i s h i n g  surveys i n  
dashington,  C a l i f o r n i a ,  and Oregon 
e s t i m a t e  t o t a l  r e c r e a t i o n a l  expendi- 
t u r e s  t o  be around $186 m i l l i o n  per  
year  f o r  salmon and s t e e l h e a d  f i s h i n g  
t r i p s  ( t a b l e  6) .  T h i s  f i g u r e  i n c l u d e s  
t r a v e l ,  on-s i te ,  and g e a r  expendi tures .  
Another measure of economic value i s  
t h e  n e t  amount t h e  r e c r e a t i o n i s t s  would 
be w i l l i n g  t o  pay f o r  f i s h i n g  over and 
above c o s t s .  

Tnis  n e t  economic va lue  f o r  salmon 
angl ing  i s  es t imated  t o  be about  $83 
m i l l i o n  i n  Washington, Oregon, and C a l -  
i f o r n i a  ( t a b l e  6 ) .  Equivalent  v a l u e s  
a r e  not a v a i l a b l e  f o r  Alaska because 
the  necessary s t u d i e s  have no t  been 
performed. 

Table 6--Estimatea economi: measures f o r  recreational salmon 
ana steelhead fishing 

Expend 1 tu re s Net value 

- - _ _  nillions o f  dollars - - - 
Washington 126.3 4 1 . 5  
Oregon 53.2 31.5 
Californla b.3 9.0 

Sources ana procedures 

1. uasnington and Oregon expenaitures from Sorhus ana others 

2. California expenditures estimated from 1976-30 average 
annual ocean salmon angler-days (179.820) and average expendi- 
ture per day for San Francisco are3 partyboat salmon anglers 
(636.86) f r o m  1979 National ! b r i n e  Fisheries Service survey 
reporteo by Center for Natural Areas ("Survey o f  Partyboat 
Passengers t o  m m a r i z e  ana Analyze Recreational Demand for 
Partyboat Fishing i n  California." Southwest Fisher>es Center 
Administrative Report No. LJ-80-14C, La Jolla, CA, 1980 75 p . ) .  
3. Net-valde estimates for Washington and Oregor are from 
Brown and others (1980). California net value i s  estimated by 
multiplying numoer o f  trips by $50. about m i d h a 1  between tnr 
estimate0 ody-valdes for Oregon an0 Washington ocean salmon- 
fisning trips. 

(iw ) . 
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Subs is tence  f i s h i n g  i s  important  
f o r  r e s i d e n t s  of Alaska and f o r  Nat ive  
Americans i n  c e r t a i n  a r e a s  of Washing- 
ton ,  t h e  Columbia River ,  and t h e  K l a m -  
a t h  River. Nat ive Americans c o n s t i t u t e  
a growing p o r t i o n  of those  f i s h i n g  com- 
merc i a l ly .  I n  Washington and Columbia 
River  f i s h e r i e s ,  they a r e  i n c r e a s i n g l y  
using t h e i r  h i s t o r i c a l  f i s h i n g  r i g h t s ,  
which were e s t a b l i s h e d  i n  Federa l  
Courts. These r i g h t s  a l l o c a t e  harves t -  
a b l e  po r t ions  of t h e  f i s h  s t o c k s  t h a t  
r e t u r n  t o  t h e  "usua l  and accustomed" 
f i s h i n g  p l aces  a s  s p e c i f i e d  by t r e a t y .  
During 1976 t o  1981, h a r v e s t s  by Nat ive 
Americans increased  from about 1 m i l -  
l i o n  t o  3 m i l l i o n  f i s h  per  year  i n  
Washington and t h e  Columbia River. 
Because t o t a l  annual ha rves t s  ( t r e a t y  
and non-trea ty  commercial p lus  recre-  
a t i o n a l )  remained between seven and 
e i g h t  m i l l i o n  f i s h ,  t r e a t y  f i s h e r i e s  
have taken an  inc reas ing  sha re  of the  
ha rves t  i n  t h e  region.  

The n o r t h  P a c i f i c  salmon and 
s t ee lhead  f i s h e r i e s  are extremely 
widespread, d i v e r s e ,  and economical ly  
s i g n i f i c a n t .  These f i s h e r i e s  provide  
employment t o  thousands f i s h i n g  comer -  
c i a l l y  and a l s o  sho res ide  workers. 
Often the  f i s h e r y  i s  one of t h e  few 
l i v e l i h o o d s  a v a i l a b l e  i n  i s o l a t e d  
c o a s t a l  communities. Large numbers of 
salmon c o n t r i b u t e  t o  t h e  subs i s t ence  
of many people. Among r e c r e a t i o n a l  
anglers i n  Alaska and t h e  P a c i f i c  
Northwest, salmon and s t ee lhead  f i s h -  
i n g  are extremely popular. Anadromous 
f i s h  a r e  thus  a r e source  worthy of sub- 
s t a n t i a l  cons ide ra t ion  i n  resource- 
management dec i s ions .  

CONCEPTS OF ECONOMIC 
VALUATION FOR FISHERIES 

To understand and proper ly  use  
e s t i m a t e s  of economic va lue ,  s e v e r a l  
r e l a t e d  concepts  must be d i s t ingu i sh -  
ed.  An economic va lue  g iven  t o  a 
p a r t i c u l a r  r e source  o r  i ndus t ry  can  be 
d iv ided  i n t o  those  va lues  accru ing  t o  
consumers, producers ,  t axpayers ,  and 
resource  owners. The economic va lue  
may be p o s i t i v e  t o  one group, bu t  
nega t ive  t o  another .  For any g iven  
t a r g e c  group, t h e  va lue  may be calcu-  
l a t e d  as a n  "al l -or-nothing" va lue  o r  
as a "marginal" value.  An a l l -or -  
nothing va lue  i s  t h e  va lue  of having 
r e sources  o r  commodities, r a t h e r  t han  
no t  having them; the  margina l  va lue  i s  
t h e  va lue  of a sma l l  change i n  t h e  
q u a n t i t y  of t h e  resource  o r  commodity. 
Estimates of va lue  can  apply  t o  one o r  
more p o t e n t i a l  uses  f o r  a resource ;  f o r  
example, commodity va lue  p e r t a i n s  t o  
t h e  i n c r e a s e  i n  va lue  when b a s i c  ma-  
t e r i a l s  o r  resources  are made i n t o  
consumable goods, and amenity va lues  
o f t e n  come from n a t u r a l  environments 
and i n  s i t u  resources .  
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In p r a c t i c e ,  t h e  economic va lue  of 
some commodity o r  a c t i v i t y  i s  measured 
as t h e  d o l l a r  amourit t h a t  consumers o r  
business  f i r m s  are w i l l i n g  t o  pay f o r  
t he  commodity. This  "wi l l ingness  t o  
pay" can  be expressed as a n  a l l -or -  
no th ing  va lue ,  r e p r e s e n t i n g  t h e  t o t a l  
amount consumers would pay t o  avoid 
going without  t h e  e x i s t i n g  amount of 
t h e  commodity. The marginal  value--an 
i n c r e a s e  o r  decrease  i n  w i l l i n g n e s s  t o  
pay a s s o c i a t e d  wi th  a small increment 
o r  decrement t o  e x i s t i n g  q u a n t i t i e s  
supplied--is o f t e n  more u s e f u l  t o  know. 
Most f o r e s t -  and rangeland-management 
d e c i s i o n s  a r e  concerned wi th  marginal  
e f f e c t s  on commodity markets.  

COMMODITY VALUES 

Values of commodities a r e  r e l a t e d  
t o  t h e  market-demand curve ( f i g .  1 ) .  
I f  consumers a l l o c a t e  t h e i r  expendi- 
t u r e s  among commodities t o  maximize 
t h e i r  well-being, they  w i l l  purchase 
more of v i r t u a l l y  any product when t h e  
p r i c e  i s  low, and less when t h e  p r i c e  
i s  high. This  theory e x p l a i n s  why 
t h e  demand curve depic ted  i n  f i g u r e  1 
s l o p e s  downward t o  t h e  r i g h t .  For any 
g iven  consumption r a t e ,  t h e r e  i s  a 
maximum p r i c e  consumers w i l l  pay f o r  
a n  a d d i t i o n a l  u n i t .  T h i s  p r i c e  i s  a 
u s e f u l  measure of t h e  marginal  va lue  
of t h e  product t o  consumers. Multi- 
plying t h e  price times t h e  q u a n t i t y  
demanded y i e l d s  t h e  g r o s s  market value.  

Gross market value of h a r v e s t s  i s  
commonly a v a i l a b l e  f o r  whole f i s h  a t  
dockside,  processed f i s h  a t  wholesale ,  
and r e t a i l  f i s h  i n  f i n a l  goods mark- 
ets.  S imi la r  va lues  can be computed 
f o r  stumpage o r  forage ,  wholesale  
primary wood products  o r  beef ,  o r  f o r  
f i n i s h e d  wood products  o r  meat in con- 
sumer markets.  Although gross  market 
value can be a u s e f u l  i n d i c a t o r  of 
i n d u s t r y  s i z e ,  i t  i s  of l i m i t e d  use i n  
a s s e s s i n g  economic b e n e f i t s  from a n  
i n d u s t r y  because i t  r e p r e s e n t s  n e i t h e r  
t h e  va lue  of t h e  t o t a l  supply t o  
consumers, nor t he  n e t  economic va lue  
accruing t o  producers.  

W 

LT 
0 P1 
a 

P2 

I I 
Q1 Q2 

QUANTITY 
Figure 1.--Market-demand curve.  I f  

q u a n t i t y  i n c r e a s e s  from Q1 t o  
Q2, market p r i c e  would f a l l  from 
P 1  t o  P2. 
pay, f o r  q u a n t i t y  Q 1 ,  e q u a l s  t h e  
a r e a  l a b e l e d  A,  p lus  t h e  g r o s s  
market value P1 x Q 1 .  
surplus--the amount consumers a r e  
w i l l i n g  t o  pay above t h e  amount they  
a c t u a l l y  pay--for Q 1  i s  equal  t o  
a r e a  A. 

T o t a l  w i l l i n g n e s s  t o  

Consumer 

When l a r g e  changes occur  i n  quan- 
t i t y  suppl ied ,  t h e  market p r i c e  and 
underlying marginal  value t o  consumers 
w i l l  change. I f  q u a n t i t y  suppl ied  in- 
c r e a s e s  from Q 1  t o  Q2 ( f i g .  l ) ,  t h e  
market p r i c e  would f a l l  from P1 t o  
P2. Gross market va lue  could rise o r  
f a l l  depending on whether t h e  percent- 
age change i n  price i s  less than o r  
g r e a t e r  than t h e  percentage change i n  
quant i ty .  Nei ther  t h e  change i n  gross  
market value,  nor t h e  change i n  quan- 
t i t y  t i m e s  t h e  o r i g i n a l  p r i c e  i s  a 
v a l i d  measure of t h e  change i n  eco- 
nomic b e n e f i t s .  Consumers are b e t t e r  
o f f  with t h e  lower p r i c e  because they 
can  s t i l l  buy t h e  o r i g i n a l  q u a n t i t y  
and have money l e f t  over. 
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Economists use  w i l l i n g n e s s  t o  pay 
t o  measure t h e  amount by which consum- 
ers are b e t t e r  o f f .  For any g iven  
q u a n t i t y  consumed, t h e  demand p r i c e  
r e p r e s e n t s  t h e  amount consumers are 
w i l l i n g  t o  pay f o r  a marginal  i n c r e a s e  
i n  consumption. 
unit--from t h e  f i r s t  one up t o  t h e  ac- 
t u a l  q u a n t i t y  consumed--at i t s  marginal  
value,  t h e  t o t a l  w i l l i n g n e s s  t o  pay 
would be measured by t h e  area under t h e  
demand curve. For q u a n t i t y  Q 1 ,  f o r  ex- 
ample, t h i s  t o t a l  would equal  t h e  area 
l a b e l e d  A p l u s  t h e  g r o s s  market va lue  
P 1  x Q1. The consumer surplus--the ad- 
d i t i o n a l  amount consumers a r e  w i l l i n g  
t o  pay above the  amount they a c t u a l l y  
pay--for q u a n t i t y  Q1 i s  equal  t o  t h e  
a r e a  A. By s i m i l a r  reasoning,  t he  in-  
c r e a s e  i n  consumer s u r p l u s  a s s o c i a t e d  
with an i n c r e a s e  i n  q u a n t i t y  from Q 1  
t o  42, accompanied by a p r i c e  decrease  
from P 1  t o  P2, i s  represented  by t h e  
sum o f a r e a s  B and C. The change i n  
consumer s u r p l u s  i s  the most r e l e v a n t  
measure of t h e  change i n  b e n e f i t s  t o  
consumers. 

I f  w e  v a l u e  each  

Producers,  l i k e  consumers, may en- 
joy a surp lus .  
i s  t h e  excess  of market va lue  over  t h e  
c o s t s  of product ion,  where c o s t s  must 
i n c l u d e  reasonable  payments t o  l a b o r ,  
management, and c a p i t a l ,  as w e l l  a s  
payments f o r  o t h e r  raw materials. 
s u r p l u s  may be represented  by p r o f i t s  
earned by f i r m s  i n  t h e  indus t ry .  The 
change i n  producer s u r p l u s  i s  t h e  most 
r e l e v a n t  measure of t h e  change i n  
b e n e f i t s  t o  producers.  

The producer s u r p l u s  

This  

Producers of na tura l - resource  com- 
modi t ies  u s u a l l y  draw on some resource  
s t o c k  such as  a f i s h  popula t ion ,  
f o r e s t ,  o r  minera l  d e p o s i t .  When pro- 
ducers  f i n d  t h a t  product ion of commod- 
i t i e s  from a p a r t i c u l a r  resource  i s  
p r o f i t a b l e ,  they should be w i l l i n g  t o  
pay f e e s  t o  t h e  resource  owner. I n  a 
p r i v a t e - e n t e r p r i s e  economy w i t h  
pr iva te -proper ty  r i g h t s  e s t a b l i s h e d  f o r  
n a t u r a l  resources ,  t h e  f e e s  a c t u a l l y  
paid c o n t a i n  two d i s t i n c t  components: 
a n  economic r e n t ,  and compensation f o r  
maintenance and o t h e r  c o s t s  incur red  
by t h e  resource  owner. The r e n t  i s  a n  
economic s u r p l u s  similar t o  a p r o f i t .  

Economic r e n t  r e f l e c t s  t he  s c a r c i t y  of  
a f i x e d ,  product ive a s s e t ,  whereas 
p r o f i t  r e f l e c t s  t h e  success  of f i rms 
a t  genera t ing  revenues i n  excess  of 
o p e r a t i n g  c o s t s .  When commodity pro- 
ducers  a l s o  own the  resource ,  o r  when 
publ ic ly  owned resources  a r e  provided 
f r e e  t o  producers ,  r e p o r t i n g  of p r o f i t s  
versus  r e n t s  i s  muddied; t he  r e n t a l  
va lue  of resources  may be hidden i n  the 
repor ted  p r o f i t s  of producing f i rms.  
Regardless of how the  r e n t a l  va lue  of 
a s c a r c e  resource  i s  repor ted  i n  t h e  
i n d u s t r y ' s  accounts ,  two d i s t i n c t  eco- 
nomic surp luses  a r e  t o  b e  included a s  
b e n e f i t s  t o  the producer s i d e  of  t h e  
market--profits  and r e n t s .  Conse- 
q u e n t l y ,  t he  t o t a l  n e t  economic va lue  
accru ing  t o  t h e  economy through produc- 
t i o n  of na tura l - resource  commodities 
c o n s i s t s  of consumer s u r p l u s ,  producer 
p r o f i t s ,  and resource  r e n t s .  

Market p r i c e s  and monetary c o s t s  
recorded by bus iness  f i r m s  provide in- 
formation on economic va lues  and c o s t s .  
This  i s  e s p e c i a l l y  t r u e  i f  p r i c e s  and 
c o s t s  a r e  determined i n  a p e r f e c t l y  
compet i t ive  market. A compet i t ive  mar- 
k e t  is one wi th  s u f f i c i e n t  numbers of 
buyers and sellers t o  prevent  any one 
of them from e s t a b l i s h i n g  t h e  going 
p r i c e ,  where a l l  buyers and s e l l e r s  a r e  
f r e e  t o  buy o r  s e l l  as much a s  they 
want a t  t h e  going p r i c e ,  and where 
property r i g h t s  t o  t h e  commodities be- 
i ng  s o l d  a r e  w e l l  def ined  and exclu- 
s i v e .  Exclusive means t h e  r i g h t s  t o  
use ,  to exclude o t h e r s  from use ,  and t o  
se l l  a u n i t  of  t h e  commodity are ves ted  
i n  i t s  owner. Under t h e s e  condi t ions ,  
market p r i c e s  are a good measure of t h e  
marginal  va lue  t o  s o c i e t y ,  and t h e  mar- 
g i n a l  c o s t s  of  producers are a good 
measure of t h e  marginal  c o s t  t o  s o c i e t y .  
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The same conclus ions  apply i n  o t h e r  
markets. I f  l a b o r  and c a p i t a l  markets 
are p e r f e c t l y  compet i t ive ,  t h e  wage 
rates and rates of r e t u r n  on c a p i t a l  
observed r e p r e s e n t  v a l i d  measures of 
t h e  f u l l  s o c i a l  c o s t s  of using t h e s e  
f a c t o r s  of production. Where competi- 
t i v e  markets e s t a b l i s h  r e n t s  f o r  natu- 
r a l  resources ,  t h e  r e n t s  represent  t h e  
marginal  va lue  of t h e  resource  t o  com- 
modity producers.  I n  t h e  United 
S t a t e s ,  however, many resources  are not  
s o l d  compet i t ive ly .  Some markets are 
dominated by l a r g e  f i r m s  t h a t  d i c t a t e  
p r i c e s ,  and--more importantly--for many 
resource  commodities ( e s p e c i a l l y  those  
a s s o c i a t e d  wi th  t h e  p u b l i c  good, such 
as a i r  and water q u a l i t y ,  n a t u r a l  f i s h  
runs,  and environmental  a m e n i t i e s ) ,  
clear pr iva te -proper ty  r i g h t s  have not  
been e s t a b l i s h e d .  When proper ty  r i g h t s  
are i n s u f f i c i e n t  t o  d e f i n e  t h e  var ious  
r i g h t s  and r e s p o n s i b i l i t i e s  of  a l l  re- 
source u s e r s ,  f r e e  use of o r  competi- 
t i o n  f o r  t h e  resource  o f t e n  r e s u l t s  i n  
w h a t  economists ca l l  a n  e x t e r n a l i t y .  
When logging o p e r a t i o n s  damage salmon 
spawning g r a v e l s ,  a n  e x t e r n a l  c o s t  i s  
imposed on t h e  salmon-fishing i n d u s t r y .  
S i m i l a r l y ,  when salmon f i s h i n g  i s  com- 
p e t i t i v e  f o r  a common pool  of f i s h ,  
each person i n  e f f e c t  imposes a n  ex- 
ternal c o s t  on o t h e r s  because f i s h  are 
harder  and more c o s t l y  t o  c a t c h  when 
t h e  a v a i l a b l e  s t o c k  i s  smal le r .  F ina l -  
l y ,  compet i t ive  market a l l o c a t i o n  of 
land and of a s s o c i a t e d  renewable and 
nonrenewable resources  i s  uncommon on 
p u b l i c  l a n d s  adminis te red  by Government 
agencies.  When compet i t ive  markets do 
not  f u n c t i o n  o r  e x t e r n a l  c o s t s  are i m -  
posed by one f i rm on o t h e r s ,  p r i v a t e  
market p r i c e s  do n o t  provide a n  adequate  
b a s i s  f o r  measuring economic value.  

The market f o r  p u b l i c  forage  does 
involve a payment by t h e  rancher  t o  t h e  
agency, but  t h e  p r i c e  i s  determined 
a d m i n i s t r a t i v e l y ,  no t  by a compet i t ive  
market. The a c t u a l  p r i c e  paid may be 
higher  o r  lower than t h e  market p r i c e  
t h a t  would p r e v a i l  i f  forage  were a l l o -  
ca ted  through competi t ive bidding. The 
market f o r  p u b l i c l y  owned t imber  a l s o  
involves  a payment based on t h e  amount 
harvested.  I n  genera l ,  t h e  payment i s  
based upon a n  o r a l  o r  sealed-bid auc- 
t i o n .  I n  those  areas wi th  s u f f i c i e n t  
comperi t ion f o r  t imber harves t ing  
r i g h t s ,  t h e  p r i c e  i s  reasonably c l o s e  
t o  a competitive-market pr ice .  The 
condi t ions  of s a l e  a r e  not  n e c e s s a r i l y  
t y p i c a l  of w h a t  would normally be found 
i n  a n  open and competi t ive market,  
however. 

Because salmon f i s h e r i e s  are common 
property,  adminis tered through publ ic  
agencies ,  no f e e s  are paid t o  p r i v a t e  
owners. T r a d i t i o n a l l y ,  t h e  respons ib le  
agencies  charge no d i r e c t  f e e s  f o r  cap- 
t u r e  of f i s h .  S t a t e s  do charge annual  
l i c e n s e  f e e s ,  and sometimes they col-  
l e c t  a f l a t - r a t e  poundage f e e  f o r  f i s h  
landed. Thus, economic value of t h e  
anadromous f i s h  resource  cannot be cal- 
c u l a t e d  based on f e e s  pa id ,  but  must be 
es t imated ,  based on p o t e n t i a l  o r  a c t u a l  
n e t  revenues. The p o t e n t i a l  r e n t  from 
a f i s h  s t o c k  can be roughly c a l c u l a t e d  
as t h e  ex-vessel va lue  of harves ted  
f i s h  minus t h e  minimum necessary har-  
ves t ing  c o s t s .  The q u a n t i t y  of harves t  
used i n  t h i s  c a l c u l a t i o n  would be based 
on knowledge of t h e  p o t e n t i a l  y i e l d  of 
t h e  f i s h  populat ion,  and t h e  c o s t  esti- 
m a t e  would depend on knowledge of t h e  
best c a p t u r e  technology and a s s o c i a t e d  
c o s t s .  Expecting a c t u a l  f i s h e r i e s  t o  
g e n e r a t e  a n e t  economic v a l u e  e q u a l  t o  
t h i s  p o t e n t i a l  r e n t  is u n r e a l i s t i c  
because of t h e  common property s t a t u s  
of t h e  f i s h  popula t ion  and t r a d i t i o n a l  
f ishery-management methods--which s e e k  
t o  conserve t h e  f i s h  s t o c k s  but  do not  
encourage economically e f f i c i e n t  har- 
ves t ing .  Actua l  n e t  revenues from 
commercial f i s h e r i e s  are g e n e r a l l y  a 
small ( i f  not  vanishing)  propor t ion  of 
p o t e n t i a l  r en t .  



RECREATIONAL VALUES 

Although r e c r e a t i o n a l  f i s h i n g  val-  
ues  are expressed as va lue  per  f i s h i n g  
day o r  f i s h i n g  trip--not va lue  per 
f i sh- - the  demand curve  s t i l l  can  be 
used f o r  ana lys i s .  Using f i g u r e  1 as 
re fe rence ,  suppose t h a t  p r i c e  i s  re- 
placed by c o s t  of g e t t i n g  t o  a pa r t i cu -  
l a r  s i te  and f i s h i n g  the re .  Quant i ty  
i s  t h e  number of t i m e s  per  season o r  
year  t h a t  t h e  a n g l e r  goes f i s h i n g .  
When c o s t s  per  t r i p  are lower, a n g l e r s  
go f i s h i n g  more o f t e n ;  thus ,  t h e  demand 
curve s lopes  down t o  t h e  r i g h t .  The 
main problem i s  t h a t  r e c r e a t i o n a l  f i s h -  
ing i s  not  so ld  i n  p r i v a t e  markets. 
Estimation of t he  r e c r e a t i o n a l  demand 
curve r e q u i r e s  i n d i r e c t  in format ion ,  
such a s  expend i tu re s ,  f i s h i n g  p a r t i c i -  
pa t ion  p a t t e r n s ,  and poss ib ly  o t h e r  
socioeconomic d a t a  on ang le r s .  Fur- 
thermore, i t  r e q u i r e s  a p p l i c a t i o n  of 
complex sets of assumptions and models. 
For f u l l  exp lana t ions  of t he  a l t e r n a -  
t i v e  procedures a v a i l a b l e ,  s e e  
Desvousges and o t h e r s  (19831, Dwyer 
and o t h e r s  (19771, Freeman (1979),  o r  
Huppert (1983). 

Once a demand curve f o r  recrea- 
t i o n a l  f i s h i n g  is es t ima ted ,  a consumer 
s u r p l u s  va lue  can  be g iven  t o  f i s h i n g .  
As in commercial f i s h e r y  eva lua t ion ,  a 
n e t  economic va lue  f o r  a change i n  to- 
t a l  q u a n t i t y  c o n s i s t s  of t h e  marginal 
va lue  of t h e  increment t o  consumers, 
minus t h e  marginal c o s t  of producing 
t h e  increment. Rec rea t iona l  coaunodi- 
ties d i f f e r  from commercial ones ,  how- 
eve r ,  i n  t h a t  commercial goods are 
g e n e r a l l y  d i s t r i b u t e d  widely,  making 
market p r i c e s  n e a r l y  uniform, except  
f o r  d i f f e r e n c e s  i n  t r a n s p o r t a t i o n  
cos t s .  Recrea t ion ,  however, cannot be  
shipped t o  consumers; consumers have 
t o  go t o  t h e  f i s h i n g  s i t e  and produce 
t h e i r  own r e c r e a t i o n .  Consequently, 
t h e  c o s t s  of r e c r e a t i o n a l  f i s h i n g  w i l l  
be  h igher  f o r  a n g l e r s  more d i s t a n t  from 
f i s h i n g  sites. The va lue  of recrea- 
t i o n a l  f i s h i n g  t o  a n  ang le r  w i l l  be 
lower f o r  more d i s t a n t  sites, because 
t h e  c o s t s  t o  use  them are h igher .  

F ish ing  va lues  are o f t e n  expressed  
as  a n  average  per f i s h i n g  t r i p  o r  f i sh -  
i ng  day. I f  used c a r e f u l l y ,  t h e s e  
unit-day va lues  are good approximations 
of t h e  va lue  of r e c r e a t i o n a l  f i s h i n g .  
Table 7 is a summary of salmon- and 
s t ee lhead- f i sh ing  va lue  e s t ima tes  com- 
p i l e d  by Meyer (1982). The wide range 
of va lues  i s  p a r t l y  from v a r i a t i o n s  i n  
r e sea rch  methodologies and p a r t l y  from 
v a r i a t i o n s  i n  the  q u a l i t y  of recrea- 
t i o n a l  f i s h i n g  being s tud ied .  Some of 
t h e  f a c t o r s  t h a t  make salmon and steel- 
head f i s h i n g  a heterogeneous a c t i v i t y  
are a c c e s s i b i l i t y ,  scenery ,  conges t ion ,  
and c a t c h  rate a t  d i f f e r e n t  f i s h i n g  
si tes.  

To e v a l u a t e  f i s h e r y  management 
proper ly ,  t h e  margina l  va lue  of salmon 
added by management and enhancement 
should be  known. Unfor tuna te ly ,  es t i -  
mates of f i sh ing-day  va lues  are not  
e a s i l y  t r a n s l a t e d  i n t o  e s t ima ted  v a l u e s  
of f i s h  caught because t h e  s a t i s f a c t i o n  
of a n g l e r s  depends on var ious  a t t r i -  
bu tes  of t h e  f i s h i n g  t r i p .  Relaxa t ion ,  
t h e  challenge of dea l ing  wi th  n a t u r a l  
hazards,  t h e  excitement of t h e  hunt ,  
communion wi th  na tu re ,  and t h e  provi- 
s i o n  of food are a l l  valued by recrea- 
t i o n a l  a n g l e r s .  The p r e v a i l i n g  
r e c r e a t i o n a l  c a t c h  rate r e p r e s e n t s  j u s t  
one q u a l i t y  v a r i a b l e .  Greater c a t c h  
per  f i s h i n g  day would mean h igher  qual- 
i t y  f i s h i n g .  S imi l a r ly ,  more t r a n q u i l  
and n a t u r a l  surroundings would repre- 
s e n t  a n  improvement i n  r e c r e a t i o n a l  
q u a l i t y  t o  many anglers .  
vances i n  a s s ign ing  r e c r e a t i o n a l  va lues  
have made va lue  estimates f o r  increased  
c a t c h  rate more accu ra t e .  

Recent ad- 

I n t e r a c t i o n s  between f i s h i n g  and 
t h e  f i s h  popula t ion  need t o  be examined 
i n  any comprehensive assessment of rec- 
r e a t i o n a l  f i s h i n g .  Because salmon are 
a v a i l a b l e  t o  r e c r e a t i o n a l  a n g l e r s  as 
common proper ty ,  any i n c r e a s e  i n  c a t c h  
rate caused by s tock  enhancement w i l l  
a t t r ac t  a d d i t i o n a l  f i s h i n g  e f f o r t .  
T h i s  would s h i f t  t h e  demand curve  t o  
t h e  r i g h t  i n  f i g u r e  1. More f i s h i n g ,  
however, w i l l  cause  some reduc t ion  i n  
f i s h  popula t ion ,  which w i l l  in t he  
long run r e s u l t  i n  a lower c a t c h  rate 
than  o r i g i n a l l y  expected. 
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Table 7--Estimates o f  P a c i f i c  Northwest salmon and steelhead f ish ing values based on 
spor t - f ish ing demand 

Author 

Estimated Value 
Year data value i n  1980 

Recreational product co l lected per day d o l l a r s  

Dol 1 ars - 
Brown, Singh, and Castle Oregon salmon and steelhead 1962 13.70 39.02 

Gordon Idaho salmon 
Idaho steelhead 

1966 8.00 19.81 
1968 15.00 37.14 

Brown, Charoonneau. and Hay U.S. f i s h i n g  (nonriver) 1975 22.00 35.20 
River salmon and steelhead 1975 51.00 61.60 

Tut t le .  Richards, and Wahle Columbia River salmon 

Brown, Sorhus, and Gibbs P a c i f i c  Northwest 
salmon and steelhead 1977 45.00 63.94 

Crutchf ie ld  and Schelle Yashington ocean salmon 1978 16.19 24.01 

and steelhead 1975 28.00 44.60 

Source: Meyer (1982). 

I n  s p e c i f i c  c i rcumstances ,  f i sh ing -  
day va lues  may be used i n  e s t ima t ing  
the  va lue  of improved anadromous f i s h  
s tocks.  For example, r e c r e a t i o n a l  and 
commercial f i s h i n g  seasons  f o r  coho 
salmon of f  t h e  c o a s t s  of Oregon and 
Washington have been s t r i c t l y  l i m i t e d  
i n  recent  yea r s  t o  achieve d e s i r e d  
spawning escapement. An inc rease  i n  
f i sh- run  s i z e  would r e s u l t  i n  increased  
season length .  I f  lengthened seasons 
would c r e a t e  a d d i t i o n a l  f i s h i n g  days 
with uniform q u a l i t y ,  t he  increased  
va lue  of r e c r e a t i o n  could be es t imated  
by the  product of average f ishing-day 
value and t h e  increment i n  number of 
days f i shed .  

MANAGEMENT OF 
ANADROMOUS FISHERIES 

A proper  eva lua t ion  of how f o r e s t  
and rangeland management a f f e c t s  anad- 
romous f i s h  s t o c k s  r e q u i r e s  estimates 
of economic and o t h e r  b e n e f i t s  o r ig in -  
a t i n g  from t h e  f i s h e r i e s ,  and estima- 
t ed  c o s t s  of t h e  f o r e s t  and range 
i n d u s t r i e s ,  and of t h e  Government agen- 
cies r e spons ib l e  f o r  t he  management. 
Economic performance of salmon f i s h e r -  
ies, however, l a r g e l y  depends on t h e  
management procedures  of t h e  respon- 
s i b l e  agencies .  
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BIOLOGICAL CHARACTERISTICS 
AND OBJECTIVES 

Each salmon popula t ion  spawning i n  
a s p e c i f i c  r i v e r  o r  stream i s  t r e a t e d  
as a s e p a r a t e  s tock.  F i s h  popula t ions  
are sometimes f u r t h e r  subdivided ac- 
cording t o  t h e  spawning season ( f o r  
example, Columbia River  " f a l l "  chinook 
salmon). The s u s t a i n a b l e  y i e l d  of each 
s t o c k  depends on such f a c t o r s  as e x t e n t  
and q u a l i t y  of spawning g r a v e l ,  and 
e x t e n t  and q u a l i t y  of  r e a r i n g  h a b i t a t  
( i n c l u d i n g  streamflow, cover ,  d i s s o l v e d  
n u t r i e n t s ,  and food supply) .  Addi- 
t i o n a l  f a c t o r s  i n c l u d e  m o r t a l i t y  during 
upstream and downstream migra t ions ,  and 
ocean surv iva l .  Because f i s h e r y  mana- 
g e r s  c o n t r o l  t h e  q u a n t i t y  and t iming 
of h a r v e s t s  only during t h e  ocean- 
feeding  s t a g e  and dur ing  t h e  spawning 
migra t ion  of t h e  f i s h ,  popula t ion  
models developed f o r  f i s h e r y  manage- 
ment assume a g iven  s i z e  and q u a l i t y  
of f reshwater  h a b i t a t .  

One such model, a "spawner-recruit" 
curve ( f i g .  2 ) ,  p e r t a i n s  t o  a group of 
coho salmon s t o c k s  spawning i n  Oregon 
c o a s t a l  streams (Oregon Department of 
F i s h  and W i l d l i f e  1982);  however, 
curves  f o r  o t h e r  s p e c i e s  and s t o c k s  are 
similar. On t h e  h o r i z o n t a l  a x i s  i s  a n  
estimate of a d u l t  coho salmon reaching 
spawning sites i n  Oregon streams. 
Spawning s t o c k  s i z e  i s  p l o t t e d  v e r s u s  
number of a d u l t  f i s h  r e c r u i t e d  t o  t h e  
f i s h e r y  3 y e a r s  la ter  ( t h e  t y p i c a l  
t i m e  between genera t ions) .  The f i t t e d  
curve p r e d i c t s  t h e  r u n  s i z e  r e s u l t i n g  
from any g iven  spawning s tock ,  and t h e  
d iagonal  l i n e  i s  t h e  replacement l i n e .  
I f  t h e  recru i tment  of spawning s t o c k  
f a l l s  above t h e  45-degree l i n e ,  t h e  
progeny more than r e p l a c e s  t h e  spawn- 
ing s tock .  The excess  of  recru i tment  
over spawning-stock s i z e  can  be har- 
ves ted  wi thout  caus ing  a reduct ion  i n  
o r i g i n a l  s t o c k  s i z e .  
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P= ADULT COHO SALMON SPAWNERS (X100.000) 
Figure  2.--Spawner-recruit curve f o r  

Oregon c o a s t a l  coho salmon (adapted 
from Oregon Department of F i s h  and 
W i l d l i f e  1982). 

Maximum recru i tment  i s  achieved a t  
some spawning-stock s i z e  i n t e r m e d i a t e  
between zero  and t h e  maximum observed 
( f i g .  2 ) .  One b i o l o g i c a l  b a s i s  f o r  
f i s h e r y  management i s  maintenance of 
t h e  spawning popula t ion  t o  achieve  
maximum recru i tment .  Because spawning 
f i s h  nave survived t h e  ocean-f eeding 
migra t ion  and escaped t h e  f i s h e r y  t o  
r e t u r n  t o  spawning s i tes ,  spawning- 
s t o c k  s i z e  and escapement are o f t e n  
used interchangeably.  The g r e a t  var- 
i a b i l i t y  of t h e  run  s i z e s  about t h e i r  
expected va lues  is caused both by 
n a t u r a l  f l u c t u a t i o n s  i n  reproduct ion  
and s u r v i v a l  of f i s h ,  and by e r r o r s  i n  
measuring t h e  numbers of spawners and 
r e c r u i t s .  Because of t h e  i n h e r e n t  
v a r i a b i l i t y ,  maintaining a maximum r u n  
s i z e  i s  impossible.  Even i f  t h e  es- 
capement i s  s u c c e s s f u l l y  maintained t o  
achieve  t h e  maximum run-size every 
year ,  t h e  annual  h a r v e s t  would f l u c t u -  
a te  widely.  
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Achievement of escapement objec- 
t i v e s  i s  complicated by t h e  tendency of 
many salmon s t o c k s  t o  mix i n  t h e  ocean. 
V a r i a t i o n s  i n  t iming and l o c a t i o n  of 
oceanic  migra t ions  m a k e  i t  d i f f i c u l t  t o  
p r e d i c t  w h a t  p ropor t ions  of each  s t o c k  
w i l l  be caught i n  a p a r t i c u l a r  area. 
Consequently, some less-product ive 
s t o c k s  tend t o  be over f i shed  and some 
h ighly  product ive  s t o c k s  may be under- 
f i s h e d  by a mixed-stock f i s h e r y .  T h i s  
problem is p a r t i c u l a r l y  ev ident  when 
hatchery s t o c k s  mingle wi th  na tura l -  
spawning s t o c k s ,  and are then j o i n t l y  
harvested.  Because hatchery s t o c k s  
tend t o  have h igh  upstream-migrat ion 
s u r v i v a l  and very high smolt  produc- 
t i o n  p e r  spawner, they can  s u s t a i n  a 
higher  e x p l o i t a t i o n  than  n a t u r a l l y  
spawning salmon s tocks .  

ECONOMIC CHARACTERISTICS 
AND MANAGEMENT OBJECTIVES 

Because of t h e  common-property 
s t a t u s  of anadromous f i s h  populat ions,  
compet i t ive  f i s h i n g  by commercial 
f l e e t s  i n  t h e  f a c e  of high p r i c e s  would 
r a p i d l y  d e p l e t e  s t o c k s  and s e v e r e l y  
reduce long-run economic re turns .  To 
prevent  this, management agencies  have 
h i s t o r i c a l l y  c o n t r o l l e d  annual  h a r v e s t s  
by i n c r e a s i n g  c o s t s  of h a r v e s t  r a t h e r  
than  by reducing f l e e t  capac i ty .  Con- 
sequent ly ,  very  l i t t l e  n e t  economic 
r e t u r n  from p u b l i c l y  managed salmon 
f i s h e r i e s  can  be expected. 

The revenue and c o s t  curves  i n  f i g -  
u r e  3 r e l y  on concepts  from popula t ion  
biology and economics. When r e c r u i t -  
ment exceeds replacement,  t h e  f i s h e r y  
can take  t h e  s u r p l u s  without  reducing 
subsequent r u n  s i z e .  This  s u r p l u s  is 
equiva len t  t o  a s u s t a i n a b l e  annual  
y i e l d .  To c o n s t r u c t  t h e  sustained-rev- 
enue curve,  w e  f u r t h e r  assume t h a t  any 
c a t c h  corresponds t o  a g iven  f i s h i n g  
e f f o r t ,  here  represented  as vessel-days 
and measured a long  t h e  h o r i z o n t a l  a x i s .  
The total-revenue curve r e p r e s e n t s  t h i s  
sus ta ined  y i e l d  t i m e s  market p r i c e .  
T o t a l  c o s t  is equal  t o  f i s h i n g  e f f o r t  
t i m e s  c o s t  p e r  u n i t  of e f f o r t .  For 
s i m p l i c i t y ,  both t h e  f i s h  p r i c e  and t h e  
c o s t  per  u n i t  e f f o r t  are assumed t o  be 
independent of harves t .  See Anderson 
(1977) f o r  less s i m p l i s t i c  v e r s i o n s  of 
t h e  model. 

0 n E A 

EFFORT (standardized vessel-days) 

Figure 3.--Bioeconomic model of t h e  
f i s h e r y .  Economic e f f i c i e n c y  cor re-  
sponds t o  t h e  e f f o r t  represented  by 
poin t  H. Economic e q u i l i b r i u m  w i t h  
open access occurs  where revenues 
j u s t  cover a l l  p r i v a t e  c o s t s  of 
f i s h i n g ,  wi th  e f f o r t  a t  p o i n t  A and 
revenue a t  poin t  B. Because p o i n t  A 
is t o  t h e  r i g h t  of t h e  maximum sus- 
t a i n a b l e  y i e l d  ( M S Y ) ,  overharves t  
( i n  t h e  b i o l o g i c a l  sense)  would be 
expected--but i t  would depend on how 
high t h e  p r i c e  i s  r e l a t i v e  t o  t h e  
c o s t  of e f f o r t .  

With open a c c e s s  and no regula-  
t i o n s ,  t h e  competi t ive f i s h i n g  f l e e t  
can be expected t o  grow u n t i l  prospec- 
t i v e  p r o f i t s  of a new v e s s e l  a r e  zero.  
Economic equi l ibr ium occurs  where rev- 
enues j u s t  cover a l l  p r i v a t e  c o s t s  of 
f i s h i n g .  From a s t r ic t  economic- 
e f f i c i e n c y  perspec t ive ,  such a resource  
has no va lue  because t h e  revenue pro- 
duced i s  consumed i n  paying f o r  t h e  
c a p i t a l  and l a b o r  used t o  harves t  t h e  
f i s h .  I n  f a c t ,  i t  would have a nega- 
t i v e  va lue  because no s u r p l u s  i s  l e f t  
t o  pay f o r  c o s t s  of managing t h e  re- 
source.  I n  f i g u r e  3, t h i s  po in t  occurs  
with e f f o r t  a t  po in t  A and revenue a t  
poin t  B.  Because p o i n t  A f a l l s  t o  t h e  
r i g h t  of t h e  maximum s u s t a i n a b l e  y i e l d ,  
t h i s  open-access f i s h e r y  i s  expected 
t o  overharves t  t h e  s tock  i n  t h e  u s u a l  
b i o l o g i c a l  sense.  The e x t e n t  t o  which 
t h i s  o v e r f i s n i n g  occurs  i n  any p a r t i c -  
u l a r  case depends on how high t h e  p r i c e  
i s  r e l a t i v e  t o  t h e  c o s t  of e f f o r t .  
With a higher  p r i c e  o r  lower c o s t  p e r  
e f f o r t ,  t h e  f l e e t  would be expected t o  
s t a b i l i z e  wi th  higher  e f f o r t .  With 
lower p r i c e s  o r  higher  c o s t s ,  t h e  f l e e t  
would s t a b i l i z e  wi th  a lower e f f o r t .  
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Economic e f f i c i e n c y ,  which r e q u i r e s  
t h a t  t h e  d i f f e r e n c e  between revenues 
and c o s t s  be a t  a maximum, corresponds 
t o  t h e  e f f o r t  represented  by p o i n t  H. 
A t  t h i s  po in t ,  t h e  s l o p e  of t h e  revenue 
curve i s  e q u a l  t o  t h e  s l o p e  of t h e  to- 
t a l  cos t  curve.  A t  any e f f o r t  g r e a t e r  
than  H, c o s t  i s  i n c r e a s i n g  f a s t e r  than  
revenue, which means t h a t  each addi- 
t i o n a l  u n i t  of e f f o r t  adds more t o  
c o s t s  than  t o  revenues. I n  o t h e r  
words, t h e  marginal  c o s t  exceeds t h e  
marginal  revenue. 
H, where marginal  revenue i s  g r e a t e r  
t h a n  marginal  c o s t s ,  i n c r e a s i n g  t h e  
amount of e f f o r t  i n  t h e  f i s h e r y  makes 
sense.  Thus, p o i n t  H and t h e  cor re-  
sponding h a r v e s t  are economically e f f i -  
c i e n t ;  they g ive  a maximum economic 
y i e ld .  This  maximum economic y i e l d  
r e p r e s e n t s  t h e  p o t e n t i a l  amount of eco- 
nomic r e n t  t h a t  could be earned by a 
s o l e  owner of t h e  f i s h  s tock ,  i f  such 
a n  owner e x i s t e d .  

A t  any poin t  below 

T r a d i t i o n a l  techniques  of f i s h e r i e s  
management, such as g e a r  r e g u l a t i o n ,  
season c l o s u r e ,  and quotas ,  a l l  reduce 
c a t c h e s  t o  achieve escapement objec- 
t i v e s ;  however, they tend t o  raise 
c o s t s  of f i s h i n g .  To o b t a i n  a s t a b l e  
open-access f l e e t  s i z e  wi th  e f f o r t  
l e v e l  E ,  c o s t  of e f f o r t  must i n c r e a s e  
u n t i l  t h e  c o s t  curve i n t e r s e c t s  t h e  
y i e l d  curve a t  t h e  MSY p o i n t .  T h i s  
s o l u t i o n  i s  l i t t l e  better than t h e  
s o l u t i o n  wi th  open access; t h e  t o t a l  
value of t h e  resource  i s  consumed i n  
paying f o r  t h e  c a p i t a l  and l a b o r  used 
t o  harves t  t h e  f i s h ,  and no s u r p l u s  
remains t o  cover t h e  c o s t  of managing 
t h e  resource.  Once t h i s  p o i n t  has  
been achieved,  a p r i c e  i n c r e a s e  t h a t  
raises t h e  revenue curve f u r t h e r  w i l l  
have t o  be followed by more r e s t r i c -  
t i o n s  on t h e  f i s h i n g  f l e e t  t o  raise 
c o s t s  again.  F ish ing  c o s t s  i n c r e a s e  
through a v a r i e t y  of mechanisms. A 
reduced f i s h i n g  season,  f o r  example, 
resu l t s  i n  higher  f i x e d  c o s t s  p e r  f i s h -  
ing  day. Limit ing t h e  u s e  of t h e  most 
e f f e c t i v e  f i s h i n g  g e a r  reduces t h e  
c a t c h  per  f i s h i n g  day and raises c o s t s  
per  u n i t  harves t .  Ris ing  salmon p r i c e s  
over  t h e  p a s t  two decades,  coupled wi th  

t r a d i t i o n a l  management t o o l s  f o r  
achiev ing  escapement o b j e c t i v e s  , have 
l e d  t o  repea ted  i n c r e a s e s  i n  f l e e t  
investments  and decreases  i n  f i s h i n g  
o p p o r t u n i t i e s  f o r  each v e s s e l  opera tor .  

To main ta in  low c o s t s  while  con- 
t r o l l i n g  t h e  f i s h i n g  f l e e t ' s  h a r v e s t ,  
f i s h i n g  e f f o r t  must be managed i n  spe- 
c i f i c  ways. I n  r e c e n t  years ,  manage- 
ment methods--such as  e f f o r t  c o n t r o l ,  
economic r a t i o n a l i z a t i o n ,  and l i m i t e d  
entry--have been d iscussed  and evalu- 
a t e d  by s e v e r a l  n a t i o n a l  and in te rna-  
t i o n a l  conferences ( F i s h e r i e s  Research 
Board of Canada 1979, R e t t i g  and Gin ter  
1978, S t u r g e s s  and Meany 1982). Eco- 
nomically e f f i c i e n t  management r e q u i r e s  
one of two approaches: c r e a t i n g  f inan-  
c i a l  a s i n c e n t i v e s  t o  excess ive  f i s h -  
i n g  e f f o r t ,  o r  e s t a b l i s h i n g  a p r i v a t e  
proper ty- l ike  r i g h t  t o  f i s h .  The f i r s t  
approach could i n c l u d e  landings  t a x e s  
o r  r o y a l t i e s ,  and t h e  second could in- 
c lude  annual  i n d i v i d u a l  quotas .  Both 
r e p r e s e n t  r a d i c a l  d e p a r t u r e s  from 
previous management of North American 
f i s h e r i e s ,  and are not  being widely 
accepted.  These i d e a s  are n o t  without  
precedent  i n  publ ic-resource manage- 
ment, however. Royal t ies  a r e  c o l l e c t e d  
from most mineral  e x t r a c t i o n  f i r m s  on 
publ ic  l ands ,  and a l l o c a t i o n  of annual  
f o r e s t  h a r v e s t s  (by a u c t i o n  o r  o t h e r  
methods) i s  analogous t o  the  i n d i v i d u a l  
f isherman quota. 

A f i r s t  s t e p  toward economic ra- 
t i o n a l i z a t i o n  i n  f i s h e r i e s  was l i c e n s e  
1 i m i t a t i o n .  Limit ing 1 i c e n s e s  prevents  
expansion of t he  f i s h i n g  f l e e t  during 
per iods  of r i s i n g  f i s h  prices, and thus  
works toward reducing o v e r a l l  h a r v e s t  
cos t s .  License l i m i t a t i o n  was i n i t i -  
a t e d  i n  B r i t i s h  Columbia i n  1968; 
Alaska began i t s  l i m i t e d  e n t r y  program 
i n  1974; and Washington, Oregon, and 
C a l i f o r n i a  began a j o i n t ,  coopera t ive  
l i c e n s e - l i m i t a t i o n  program f o r  salmon 
i n  1978. The d e t a i l s  and r e s t r i c t i v e -  
ness  of t h e s e  programs d i f f e r  widely 
among S t a t e s ,  and t h e  economic conse- 
quences depend on  t h e  progress  made i n  
reducing f l e e t  s i z e s  and i n  prevent ing 
compensating i n c r e a s e s  i n  f i s h i n g  capa- 
c i t y  per  vesse l .  
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Much of t he  e f f e c t i v e n e s s  of  li- 
cense l i m i t a t i o n  i s  n u l l i f i e d ,  however, 
because such l i m i t a t i o n  does not  pre- 
vent increased  investment i n  f i s h i n g  
capac i ty  w i t h i n  the  e x i s t i n g  f l e e t  
s i ze .  Most l i c e n s e - l i m i t a t i o n  programs 
even tua l ly  add some form of capac i ty  
l i m i t a t i o n  t o  each l i cense .  In  B r i t i s h  
Columbia, replacement v e s s e l s  are l i m -  
i t e d  t o  the  tonnage of t h e  prev ious ly  
l i censed  vesse l .  C a l i f o r n i a  r e q u i r e s  
replacement v e s s e l s  t o  be dec lared  
equ iva len t  i n  f i s h i n g  capac i ty  by a n  
exper t  review board. These p rov i s ions  
make l i c e n s e  l i m i t a t i o n  more e f f e c t i v e ,  
but they may not  prevent  ope ra to r s  from 
inc reas ing  the  capac i ty  of e x i s t i n g  
vesse ls .  Thus, even among f i s h e r i e s  
economists, l i c e n s e  l i m i t a t i o n  remains 
a c o n t r o v e r s i a l  s u b j e c t ,  and l i c e n s e  
l i m i t a t i o n  has r e s u l t e d  i n  l i t t l e  eco- 
nomic e f f i c i e n c y  among f i s h i n g  f l e e t s  
on t h e  P a c i f i c  coas t .  

OTHER FISHERY-MANAGEMENT 
OBJECTIVES AND 
CONSIDERATIONS 

A s  wi th  most pub l i c  resources ,  a 
v a r i e t y  of s p e c i a l  cons ide ra t ions  and 
o b j e c t i v e s  guide fishery-management 
dec i s ions .  Most important  o b j e c t i v e s  
a r e  s t a t e d  i n  t h e  Magnuson F i s h e r i e s  
Conservation and Management A c t  
(MFCMA), t he  broadest  p i ece  of f i s h e r -  
ies  l e g i s l a t i o n  t o  da t e .  
e s t a b l i s h e s  Regional Fishery Manage- 
ment Counci ls  t o  develop marine 
fishery-management p lans  f o r  use by 
the  U.S. Department of Commerce. The 
MFCMA s e t s  ou t  n a t i o n a l  s tandards  f o r  
f i she ry  management, which include:  
prevent ing ove r f i sh ing  , achieving “op- 
timum“ y i e l d s ,  promoting e f f i c i e n c y  i n  
t h e  use of resources ,  and minimizing 
c o s t s  “where p rac t i cab le .  *‘ Optimum 
y i e l d  i s  def ined  broadly enough t o  
inc lude  ad jus tments  t o  escapement i n  
anadromous f i s h e r i e s  f o r  economic, so- 
c i a l ,  o r  eco log ica l  reasons. 

The MFCMA 

Current  p o l i c i e s  i n  fishe.ry man- 
agement a t t e m p t  t o  main ta in  high f i s h  
popula t ions  and annual  y i e l d s ,  whi le  
address ing  socioeconomic f a c t o r s  such 
a s  maintenance of jobs  and incomes in 
t he  many c o a s t a l  communities t h a t  de- 
pend on the  f i she ry .  
i s  t h e  e q u i t a b l e  d i v i s i o n  of a v a i l a b l e  
f i s h  among competing use r  groups. The 
P a c i f i c  F ishery  Management Council’ 8 

Salmon Plan  (1983), f o r  example, pro- 
v ides  f o r  a 30-percent share of coho 
salmon f o r  r e c r e a t i o n a l  f i s h i n g  o f f  
the  Oregon coas t  and the  Columbia 
River. Also, a l lowable  annual  ca t ches  
of salmon i n  t h e  ocean- t ro l l  f i s h e r y  
a r e  set wi th  the  i n t e n t i o n  of  permit- 
t i ng  t h e  escapement of salmon t o  “ in-  
s i d e ”  (p ro tec t ed  water)  n e t  f i s h e r i e s .  

Another o b j e c t i v e  

IMPLICATIONS FOR ECONOMIC 
EVALUATION OF ANADROMOUS 
FISH HABITAT 

Given the  economic problems of 
open-access f i s h e r i e s  under t h e i r  ex- 
i s t i n g  management, how should w e  eval-  
uate a prospec t ive  i n c r e a s e  i n  salmon 
s tocks  con t r ibu t ing  t o  the  f i s h e r i e s ?  
I n  the  commercial f i s h e r y ,  no n e t  eco- 
nomic y i e l d  w i l l  occur  when ha rves t s  
a r e  increased  i f  more f i s h i n g  v e s s e l s  
e n t e r  t he  f i s h e r y .  Resource management 
a u t h o r i t i e s  have c o n s i s t e n t l y  f a i l e d  
t o  genera te  a r e n t a l  va lue  f o r  f i s h e r -  
ies. T h i s  f a i l u r e  sugges ts  t h a t  o t h e r  
ob jec t ives ,  such as f i s h e r i e s  employ- 
ment o r  freedom of choice i n  f i s h i n g  
occupat ions,  were considered more 
important .  One could then argue T h a t  
t hese  o the r  o b j e c t i v e s  must have been 
worth a t  l e a s t  w h a t  was “paid“ f o r  
them. Maintenance of a d d i t i o n a l  em- 
ployment i n  c o a s t a l  communities, f o r  
example,  could be counted as a b e n e f i t ,  
but t h i s  argument assumes too  much 
about t he  knowledge and i n t e n t i o n s  of 
publ ic  decisionmakers. I f  o t h e r  s o c i a l  
o r  c u l t u r a l  o b j e c t i v e s  are achieved a t  
the  expense of economic e f f i c i e n c y ,  
they need t o  be eva lua ted  and j u s t i f i e d  
on t h e i r  own merits. 
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Prospec ts  f o r  genera t ing  n e t  eco- 
nomic y i e l d s  from commercial f i s h e r i e s  
are not  so bleak a s  the  s imple bioeco- 
nomic model sugges ts ,  however, i f  re- 
c e n t l y  e s t a b l i s h e d  l i c e n s e - l i m i t a t i o n  
programs prevent  some of t h e  p o t e n t i a l  
new investment  i n  the  f i s h i n g  indus t ry .  
For marginal  growth i n  anadromous 
s tocks ,  one could assume that addi-  
t i o n a l  ha rves t s  involve  no a d d i t i o n a l  
c o s t s ,  because s u f f i c i e n t  capac i ty  i s  
a l r eady  ava i l ab le .  Some i n c r e a s e  i n  
f i s h i n g  e f f o r t  would probably be 
necessary  t o  t ake  a d d i t i o n a l  ca t ch ,  
however, and t h i s  e f f o r t  involves  some 
incrementa l  cos t .  Thus, f o r  incre-  
ments taken  by f i s h i n g  f l e e t s  whose 
capac i ty  i s  r i g i d l y  c o n t r o l l e d ,  on ly  
the  incrementa l  c o s t s  of i nc reased  
c a p i t a l  dep rec i a t ion ,  consumable sup- 
p l i e s ,  and l a b o r  h i r ed  away from a l t e r -  
n a t i v e  employment need be s u b t r a c t e d  
from market va lue  t o  determine n e t  
economic va lue  accru ing  t o  producers. 
Both Meyer (1982) and Cru tch f i e ld  and 
o t h e r s  (1982) sugges t  t h a t  about  90 
percent  of g ross  ex-vessel  va lue  of 
marginal  harves t  i s  n e t  value. Th i s  
f i g u r e  a p p l i e s  on ly  so long as the  
f i s h i n g  indus t ry  i s  prevented from 
expanding i t s  capac i ty  i n  response t o  
t h e  increased  catch.  

I n  a d d i t i o n  t o  this n e t  va lue  i n  
commercial f i s h i n g ,  consumer s u r p l u s  i s  
genera ted  i n  both the  commercial and 
r e c r e a t i o n a l  f i s h i n g  s e c t o r s .  Nei ther  
of t hese  va lues  has been s u f f i c i e n t l y  
documented t o  be used f o r  p r a c t i c a l  
assessments ,  bu t  both could  be import- 
a n t  i n  preserv ing  and improving salmon 
h a b i t a t .  F i n a l l y ,  nonmonetary f a c t o r s ,  
such as maintenance of f i s h i n g  communi- 
t ies,  c u l t u r a l  t r a d i t i o n s ,  and a some- 
t i m e s  a t t r a c t i v e  l i f e s t y l e ,  must be 
counted a s  b e n e f i t s  of anadromous f i s h  
s tock  management. More comprehensive 
s t u d i e s  of these f a c t o r s  may a l low us  
t o  a s s i g n  a monetary equ iva len t  t o  
these b e n e f i t s .  

MANAGEMENTOF 
FRESHWATER HABITAT 
DEPENDENCE OF ANADROMOUS 
FISH PRODUCTIVITY ON HABITAT 

Ana dromou s salmonids of wes te rn  
North America have an  ex tens ive  geo- 
g raph ic  range extending from t h e  
McKenzie River on Alaska’s  n o r t h  s lope  
t o  southern  Ca l i fo rn ia .  Hab i t a t s  with- 
i n  t h i s  range are used by e i g h t  s p e c i e s  
of anadromous salmonids. Ce r t a in  geo- 
g raph ic  areas a r e  dominated by one spe- 
cies, but  s e v e r a l  spec ie s  a lmost  always 
cohabi t  w i th in  the  range. Hab i t a t s  
w i th in  much of t he  range of anadromous 
salmonids a r e  found i n  con i f e rous  
f o r e s t s .  

Anadromous salmonids use f resh-  
water, e s t u a r i n e ,  and marine environ- 
ments t o  complete t h e i r  l i f e  cyc les .  
Hab i t a t  requirements  a r e  exac t ing  f o r  
a l l  species. A l l  a c c e s s i b l e  f resh-  
water environments, and a n  ex tens ive  
v a r i e t y  of mic rohab i t a t s ,  a r e  used by 
anadromous salmonids a t  some s t a g e  i n  
t h e i r  l i f e  h i s t o r y .  Most reproduct ion  
occurs  i n  f r e s h  water ,  a l though some 
species occas iona l ly  reproduce i n  
brackish  i n t e r t i d a l  areas. Juven i l e s  
of most species rear i n  f r e s h  water  
f o r  some t i m e  before  migra t ing  t o  t h e  
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sea where they  mature. For optimum 
product ion a l l  spec ie s  r equ i r e :  water  
between 5.6 and 14.6 O C ;  f r e e  migra- 
t o r y  access  t o  and from t h e  s e a ;  c l e a n  
g rave l  s u b s t r a t e ,  wi th  less than  10 
percent  sediment smaller than  l-mm 
diameter ,  f o r  reproduct ion;  water  wi th  
t u r b i d i t y  of less than  50 NTU (nephelo- 
metric t u r b i d i t y  u n i t s )  during t h e  
growing season,  f o r  s i g h t  feeding;  d i s -  
solved oxygen g r e a t e r  than  6 m g f l i t e r  
i n  streams, l a k e s ,  and the  i n t e r g r a v e l  
environment; and i n v e r t e b r a t e  organisms 
f o r  food (Eve res t  and Harr 1982). Spe- 
cies preferences  f o r  t hese  h a b i t a t  
v a r i a b l e s  d i f f e r  s l i g h t l y  and a r e  pre- 
sented i n  d e t a i l  by Reiser and Bjornn 
(1979). 

Natura l  h a b i t a t s  are important  i n  
maintaining v i a b l e  popula t ions  of wi ld  
anadromous salmonids. Because most 
waters  support  s e v e r a l  spec ie s  of anad- 
romous salmonids,  n a t u r a l  , h a b i t a t s  
must con ta in  a d i v e r s e  and complex set 
of depths ,  v e l o c i t i e s ,  s u b s t r a t e s ,  and 
cover ,  i n  a d d i t i o n  t o  having adequate  
water q u a l i t y ,  t o  meet t he  needs of 
s e v e r a l  l i f e  s t a g e s  of cohabi t ing  spe- 
cies. Any environmental  manipulat ions 
t h a t  s impl i fy  h a b i t a t  w i l l  have a di-  
rect, nega t ive  e f f e c t  on f i s h  popula- 
t i o n  s t r u c t u r e  and abundance. Because 
t h e  ranges of anadromous salmonids and 
coni fe rous  f o r e s t s  are l a r g e l y  co inc i -  
den t ,  f o r e s t  management r a t h e r  than 
range management w i l l  l i k e l y  have the  
g r e a t e r  i n f l u e n c e  on salmonid h a b i t a t  
i n  t h e  long run. 

EFFECTS OF FOREST 
AND RANGELAND MANAGEMENT 
ON ANADROMOUS FISH RUNS 

Links between f o r e s t  management and 
f i s h  product ion a r e  complex and depend 
on many environmental  va r i ab le s .  A 
phys ica l  d i s tu rbance  c rea t ed  by f o r e s t  
management, i n t e r a c t i n g  wi th  t h e  phys- 
i c a l  and b i o l o g i c a l  f e a t u r e s  of t h e  
environment, can have e i t h e r  minor, 
major, o r  n e u t r a l  e f f e c t s  on f i s h  habi- 
tat .  The gene ra l  e f f e c t s  o f  f o r e s t  
management on h a b i t a t  of anadromous 

salmonids have been documented by sev- 
e r a l  s tud ie s .  E f f e c t s  range from dras-  
t i c  changes i n  phys ica l  h a b i t a t  and 
f i s h  popula t ions  t o  no apparent  change 
i n  e i t h e r  h a b i t a t  o r  f i s h  numbers, de- 
pending on prescr ibed  t rea tment .  

Timber-management a c t i v i t i e s  and 
1 ogg ing -ro ad cons t r uc t i o n  have t h r e e  
primary e f f e c t s  on salmonid h a b i t a t .  
These a c t i v i t i e s  tend t o  i n c r e a s e  sedi-  
ment and temperature  i n  streams while  
reducing t h e  source  of l a r g e  woody 
debris-- the primary s t r u c t u r a l  compo- 
nent  of h a b i t a t  i n  small streams. 
Other e f f e c t s  i nc lude  changes i n  water  
chemistry r e s u l t i n g  from timber cut-  
t i n g ,  burning, o r  u se  of f o r e s t  chemi- 
c a l s ,  and an increased  biochemical 
oxygen demand (BOD) caused by a d d i t i o n  
of f i n e  organic  d e b r i s  t o  streams. M i -  
nor changes i n  streamflow a l s o  occur .  
A few s t u d i e s  have shown t h a t  t hese  
e f f e c t s ,  s i n g l y  o r  i n  combination, have 
decreased t h e  s tanding  crop of salmon- 
i d s .  Most s t u d i e s ,  however, have only 
assessed  the  e f f e c t s  of t imber  manage- 
ment on h a b i t a t ,  r a t h e r  than on salmon- 
i d s ,  because a s ses s ing  f i s h  popula t ions  
i s  a long-term, expensive opera t ion .  
Consequently, t h e  r e l a t i o n  of h a b i t a t  
changes caused by logging  t o  popula- 
t i o n s  of j uven i l e  salmonids needs fur -  
t h e r  documentation (Everes t  and o t h e r s ,  
i n  p re s s ) .  

Salmonids a r e  a b l e  t o  t o l e r a t e  some 
short- term h a b i t a t  d i s tu rbances  because 
of t h e i r  n a t u r a l  compensatory mecha- 
nisms, such as high reproduct ive  r a t e s  
and a f a i r l y  broad scope of physiologi-  
cal and behaviora l  responses. Salmonid 
popula t ions  have always had t o  cope 
wi th  short- term n a t u r a l  h a b i t a t  d i s -  
tu rbances ,  such a s  f loods ,  sedimenta- 
t i o n  from l a n d s l i d e s ,  scour ing  of 
stream s u b s t r a t e s ,  and depos i t i on  of 
organic  d e b r i s  i n  s t reams.  
tu rbances  occur with varying frequen- 
cies and magnitudes, and may depres s  
f i s h  product ion i n  t h e  sho r t  run. 

These d i s -  
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The frequency of t hese  even t s ,  
however, i s  o f t e n  a c c e l e r a t e d  by 
timber-management a c t i v i t i e s ,  and t h e  
c o n s t r u c t i o n  and use of f o r e s t  roads. 
Frequent occurrences s u s t a i n e d  i n  in-  
t e n s i v e l y  managed watersheds can pro- 
duce cumulative e f f e c t s  that can cause  
long-term dec reases  i n  salmonid produc- 
t i v i t y .  

These a c c e l e r a t e d  even t s ,  by them- 
s e l v e s ,  probably would no t  completely 
eliminate salmonids from f o r e s t e d  
watersheds,  even i n  a worst-case s i t u -  
a t i o n  (Sa lo  and Cederholm 1981). When 
t h e  cumulative e f f e c t s  of logging 
a c t i v i t i e s  on f r e shwa te r  l i f  e -h i s to ry  
s t a g e s  are combined wi th  an i n t e n s i v e  
ha rves t  of f i s h  s t o c k s  i n  both f r e s h  
and saltwater, however, and imposed 
over n a t u r a l  m o r t a l i t y  rates of sal- 
monids, f i s h  product ion can drop below 
t h e  l e v e l  needed f o r  d e s i r e d  seeding.  

Removal of t h e  f o r e s t  canopy ad- 
j a c e n t  t o  and w i t h i n  t h e  r i p a r i a n  area 
has t h e  g r e a t e s t  e f f e c t  on salmonid 
h a b i t a t .  T h i s  removal raises surmmner 
water temperatures  (Moring and Lantz 
1975) ,  lowers win te r  water tempera- 
t u r e s  (Chapman 1962),  and reduces t h e  
amount of terrestrial i n s e c t  drop and 
l i t t e r f a l l  i n t o  streams (Toews and 
Brownlee 1981). Canopy removal may 
a l s o  reduce bank s t a b i l i t y ,  thereby 
inc reas ing  the  amount of sediment 
e n t e r i n g  t h e  s t ream (Sede l l  and o t h e r s  
1982). I n  t ime, i t  w i l l  a l s o  reduce 
or  e l i m i n a t e  t h e  a d d i t i o n  of l a r g e  
organic  d e b r i s ,  which i n  t u r n  w i l l  
r e s u l t  i n  less s t r u c t u r a l  complexity 
wi th in  the  stream. Not a l l  of t he  
e f f e c t s  are d e t r i m e n t a l ,  however; 
increased l i g h t  reaching the  stream 
can temporar i ly  i n c r e a s e  the  produc- 
t i o n  of a lgae  and s u s t a i n  g r e a t e r  
d e n s i t i e s  of d r i f t i n g  i n v e r t e b r a t e s ,  
which form the  bas i c  d i e t  of  f i s h .  

Fauna and f l o r a  are o f t e n  more 
abundant i n  s e c t i o n s  of streams wi th  
open canopies  than i n  f o r e s t e d  s e c t i o n s  
(Ah0 1976, Albrecht 1968, Ennan and 
o t h e r s  1977, Gregory 1980, Hughes 1966, 
LeCren 1969, Lyford and Gregory 1975, 
Murphy and Hall 1980, Newbold and 
o t h e r s  1980, Thorup 1966). Removing 
s t r eams ide  vege ta t ion  i n c r e a s e s  a q u a t i c  
product ion a t  t h e  lower end of t h e  food 
chain.  This  product ion i s  a r e s u l t  of 
i nc reased  l i g h t ,  which s t i m u l a t e s  
growth of a l g a e  and per iphyton (Gregory 
1980, Murphy and Hall 1980). Many re- 
p o r t s  on logging e f f e c t s ,  however, em- 
phasize t h e  d e s t r u c t i v e  p o t e n t i a l  of 
accumulated sediment t h a t  adve r se ly  a f -  
f e c t s  stream h a b i t a t  (Cordone and Kel ly  
1961, Gibbons and Salo 1973, Iwamoto 
and o t h e r s  1978). The long-term l o s s  
of l a r g e  woody d e b r i s  i s  e q u a l l y  de t -  
r imental .  Thus, logging may have two 
opposing l o c a l i z e d  e f f e c t s :  canopy re- 
moval, tending t o  i n c r e a s e  b a s i c  stream 
produc t iv i ty ;  and sedimentat ion and 
l o s s  of l a r g e  woody d e b r i s ,  tending t o  
dec rease  p roduc t iv i ty  . 

Murphy and o t h e r s  (1981) found t h a t  
small, open s e c t i o n s  of streams passing 
through c l e a r c u t s  had a g r e a t e r  den- 
s i t y ,  biomass, o r  both of i n v e r t e b r a t e s  
and c u t t h r o a t  t r o u t  than d i d  shaded, 
f o r e s t e d  reaches,  r e g a r d l e s s  of s ed i -  
ment composition. They concluded t h a t ,  
f o r  small s t reams i n  the Cascade Range, 
changes i n  fish-food s t a t u s  and in- 
creased production of a lgae  r e s u l t i n g  
from shade removal masked o r  overrode 
e f f e c t s  of sedimentat ion.  The i r  d a t a  
i n d i c a t e  t h a t  s t rong  l i n k s  e x i s t  among 
amount of l i g h t  reaching t h e  stream, 
primary product ion,  i n v e r t e b r a t e  pro- 
duc t  i on ,  and--ult imatel y--ve r t e b r a t  e 
production. Gregory (1980) found per- 
iphyton product ion i n  small streams i n  
a western Oregon s tudy  area t o  be l i g h t  
l imi t ed .  Chapman and Knudsen (1980) 
found t h a t  f i s h  product ion i n  some Pu- 
g e t  Sound streams w a s  i n d i r e c t l y  l i g h t  
l i m i t e d .  
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Thus, canopy removal i n  small 
blocks can p o s i t i v e l y  in f luence  stream 
p r o d u c t i v i t y ,  but cumulative e f f e c t s  
of ex tens ive  c u t t i n g  could cance l  any 
p o t e n t i a l  b e n e f i t s .  Sedimentation and 
canopy removal both have adverse ef-  
f e c t s  i n  t h e  long run. Inc reases  i n  
sediment load can cause t h e  stream t o  
become wide, shallow, and u n s t a b l e ,  
o f t e n  with a braided channel (Leopold 
and o t h e r s  1964). F i l l i n g  of pools  
with sedimentary material reduces s u i t -  
a b l e  h a b i t a t  f o r  t r o u t  (Bjornn and oth- 
ers 1974) and damages spawning h a b i t a t .  
These e f f e c t s  of sediment are no t  usu- 
a l l y  observed i n  s i tes  where l a r g e  
woody d e b r i s  creates a s t a i r s t e p  chan- 
n e l  p r o f i l e ,  and forms plunge poo l s  
downstream of  d e b r i s  accumulations 
(Keller and Swanson 1979, Meehan and 
o t h e r s  1977). Canopy removal and 
stream cleanup u s u a l l y  cause a substan- 
t i a l  l o s s  of t h e  l a r g e  woody d e b r i s  
t h a t  can m i t i g a t e  t h e  e f f e c t s  of sedi-  
ment. Canopy removal r a r e l y  i n c r e a s e s  
stream temperatures  enough t o  k i l l  
t r o u t  (Martin and o t h e r s  i381, Moring 
and Lantz 1975), but s u b l e t h a l  in- 
creases can i n d i r e c t l y  a f f e c t  s u r v i v a l ,  
and cumulative e f f e c t s  can reduce t h e  
q u a n t i t y  and q u a l i t y  of  r e a r i n g  h a b i t a t  
i n  downstream waters. 

Phys ica l  h a b i t a t  f o r  anadromous 
salmonids has  been a l t e r e d  i n  t h e  l as t  
two decades by a combination of  i n -  
creased sedimentat ion,  channel s lu i ce -  
o u t s ,  and excess ive  d e b r i s  removal 
r e l a t e d  t o  t imber management. The 
cumulative r e s u l t  has been a l o s s  of 
l a r g e ,  high-qual i ty  pools  necessary f o r  
r e a r i n g  j u v e n i l e  salmonids and holding 
a d u l t  salmon before  they spawn. Most 
high-quality pools  i n  s m a l l  streams 
are formed by l a r g e  t ree-s ized debr i s .  

Also, most high-qual i ty  cover  i n  
small streams is provided by l a r g e  or- 
ganic  deb r i s .  Overzealous c l ean ing  of 
t h e  channel,  o r  f a i l u r e  t o  provide a 
long-term supply of l a r g e  o rgan ic  de- 
b r i s  a f t e r  c u t t i n g ,  can t u r n  a produc- 
t i v e  stream that i s  s u i t a b l e  f o r  
salmonids of a wide range of s i z e s  and 
ages,  i n t o  a marginal  stream s u i t a b l e  
p r imar i ly  f o r  underyearl ing f i s h  
(Bisson and S e d e l l ,  i n  p re s s ) .  Coho 
salmon and c u t t h r o a t  t r o u t  h a b i t a t  
g e n e r a l l y  i s  reduced i n  this manner i n  
exposed and cleaned streams. The l o s s  
of high-qual i ty  pools  removes tempera- 
t u r e  r e fuges  as w e l l .  Big pools ,  i n  
both small streams and l a r g e  r i v e r s ,  
tend t o  s t r a t i f y  thermally i n  summer, 
providing cool-water r e fuges  i n  areas 
where coo l  s u r f a c e  water o r  ground 
water e n t e r s  t h e  stream and c o l l e c t s  
(Everest  1973). 

ECONOMIC cmwcmsncs 
OF INSTmmONS 

Like s t o c k s  of ocean and r i v e r  
f i s h ,  f r e shwa te r  h a b i t a t  a l s o  s u f f e r s  
from t h e  common-property curse.  Al -  
though a v a r i e t y  of l e g a l  and admin- 
i s t r a t i v e  i n s t i t u t i o n s  a l l o c a t e  and 
a s s i g n  r i g h t s  t o  r i p a r i a n  areas and 
access t o  s u r f a c e  water, r i g h t s  t o  much 
anadromous f i s h  f r e shwa te r  h a b i t a t  re- 
main unassigned. As a consequence, 
when a n  a c t i v i t y  such as logging o r  
mining damages t h e  h a b i t a t ,  t h e  damage 
does no t  appear as  a c o s t  of produc- 
t i o n  t o  t h e  offending firm. Without 
pub l i c  r e g u l a t i o n s  i n  s e n s i t i v e  areas, 
logging o r  mining can cause excess ive  
damage t o  t h e  h a b i t a t .  Imagine some 
economically e f f i c i e n t  system i n  which 
property r i g h t s  t o  f reshwater  h a b i t a t  
are owned by p r i v a t e  c i t i z e n s  ( t h i s  i s  
c l o s e  t o  t h e  a c t u a l  s i t u a t i o n  i n  p a r t s  
of t h e  United Kingdom). Then, t h e  
h a b i t a t  owner would r e q u i r e  compensa- 
t i o n  from a logging f i rm up t o  a n  
amount equa l  t o  t h e  va lue  of f i s h i n g  
l o s t .  The logging f i rm would have 
s t r o n g ,  economic i n c e n t i v e s  t o  avoid 
h a b i t a t  damage and t o  l o g  where f i s h i n g  
va lues  are least a f f e c t e d .  
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Under c u r r e n t  laws, however, log-  
ging p r a c t i c e s  are pub l i c ly  regula ted .  
T h e s e  r e g u l a t i o n s ,  i n  e f f e c t ,  are a 
s u b s t i t u t e  f o r  t h e  d i s c i p l i n e  of t h e  
p r i v a t e  market that does not  e x i s t  f o r  
h a b i t a t  o r  f i s h e r y  resources .  Because 
r egu la t ions  are formed i n  a pub l i c  
forum, va r ious  cr i ter ia  f o r  manage- 
ment of h a b i t a t  need t o  be cons idered  
and agreed on. 

ECONOMIC CRITERIA 
FOR MANAGEMENT 

Each watershed,  a long wi th  i t s  
anadromous f i s h  s tocks ,  f o r e s t s ,  and 
rangelands,  can  be t r e a t e d  a s  a complex 
resource  wi th  m u l t i p l e  uses. Resource 
management should seek  t o  r a i s e  the  
t o t a l  ne t  va lue  of a l l  resource  uses. 
But some uses ,  such a s  f i s h i n g  and log-  
g ing ,  impinge on each o t h e r ' s  p o t e n t i a l  
value. S imi l a r ly ,  camping and back- 
packing may be incompatible  wi th  some 
f o r e s t r y  practices. Some d i f f e r e n t  
classes of r e c r e a t i o n a l  use,  such a s  
wi lderness  camping and developed motor- 
home camping, cannot use a g iven  a r e a  
s imul taneous ly  without  c o n f l i c t .  Op- 
t i m a l  use  of f o r e s t  l ands  r e q u i r e s  
balance among competing uses .  

The broadest  conclus ion  from eco- 
nomics i s  that each u s e  should be 
ad jus t ed  u n t i l  t h e  marginal  n e t  va lue  
of one is equal  t o  the  marginal  n e t  
value of a l l  o the r  uses .  Thus, any 
i n c r e a s e  i n  t imber  c u t t i n g  should have 
a n e t  economic va lue  a t  least equa l  t o  
the  n e t  economic va lue  of f i s h i n g ,  
camping, o r  o the r  uses  t h a t  i s  l o s t  be- 
cause of a d d i t i o n a l  c u t t i n g .  I f  the  
f i s h i n g  o r  camping o p p o r t u n i t i e s  l o s t  
because of t imber  ope ra t ions  on a par- 
t i c u l a r  p l o t  a r e  worth more than the  
timber products ,  then  t h e  t imber  should 
not  be cu t .  Where t h e  t imber  va lue  i s  
g r e a t e r  than the  f i s h e r y  o r  recrea-  
t i o n a l  value,  t h e  timber should be cu t .  
To achieve  a balance i n  any case  w e  
need t o  know the  marginal  n e t  va lues  
genera ted  i n  f i s h e r i e s ,  and the  c o s t s  
of e f f o r t s  by management agencies  and 
commercial e n t e r p r i s e s  t o  preserve  o r  
improve anadromous f i s h  runs. 

MARGINAL NET VALUES GENERATED I N  
FISHERIES 

Improvements i n  f reshwater  h a b i t a t  
i n c r e a s e  s u s t a i n a b l e  f i s h e r y  y i e l d s  f o r  
t he  major f i s h e r i e s .  Thus, marginal  
economic va lue  i n  h a b i t a t  management 
i s  expressed a s  t h e  inc rease  i n  harves t  
a s  a r e s u l t  of  improved h a b i t a t  t i m e s  
t h e  marginal  va lue  of a d d i t i o n a l  f i s h .  
Fu r the r ,  t h e  va lue  of a d d i t i o n a l  sus-  
t a i n a b l e  ha rves t  depends on how t h a t  
ha rves t  i s  a l l o c a t e d  among commercia 1, 
r e c r e a t i o n a l ,  and subs i s t ence  f i s h e r i e s .  

I f  f i s h e r y  managers had exac t  con- 
t r o l  over t he  a l l o c a t i o n  of f i s h  among 
u s e r s ,  they could achieve  maximum value  
by a l l o c a t i n g  t o  h ighes t  valued uses  
f i r s t .  Noncommercial u ses  having a 
higher  va lue  than t h e  commercial har- 
v e s t  would probably be s a t i s f i e d  f i r s t ,  
and the  remainder a l l o c a t e d  t o  t h e  
commercial harves t .  T h i s  a l l o c a t i o n  
would have l i t t l e  e f f e c t  on t h e  commer- 
c i a l  p r i c e  of salmon because of t h e i r  
l a r g e  i n t e r n a t i o n a l  market. 

P lac ing  va lues  on n e t  changes i n  
f i s h e r y  product ion would be s i m p l i f i e d  
under t h e  above a l l o c a t i o n  because mar- 
g i n a l  changes i n  product ion  would p r i -  
mar i ly  be changes i n  commercial 
harves t .  The commercial va lue  would 
t h e r e f o r e  be the  r e l evan t  va lue  f o r  
t h a t  marginal  change i n  product ion.  

F ishery  manager s , however , have 
n e i t h e r  t he  c a p a b i l i t y  ( a s  long a s  t h e  
commercial c a t c h  from mixed s tocks  i n  
t h e  ocean i s  l a r g e )  nor t he  d e s i r e  t o  
a l l o c a t e  f i s h  i n  that manner. Thus, 
t he  a c t u a l  change i n  va lue  from nar-  
g i n a l  changes i n  f i s h  product ion i s  an  
average of va lues  f o r  d i f f e r e n t  uses  
that i s  weighted by the  p ropor t iona l  
a l l o c a t i o n .  
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The n e t  economic va lues  from com- 
merc i a l  ha rves t s  may be q u i t e  low when 
open access  a l lows  excess ive  numbers 
of f i s h i n g  f i rms  t o  compete f o r  l i m i t e d  
quotas. 
t he  P a c i f i c  c o a s t ,  however, a r e  cur- 
r e n t l y  under l i c e n s e - l i m i t a t i o n  systems 
and have s u f f i c i e n t  capac i ty  t o  ha rves t  
a d d i t i o n a l  f i s h .  Thus, approximating 
t h e  marginal  n e t  economic va lue  of i m -  
proved o r  r e s to red  f i s h  runs a s  the  
ex-vessel p r i c e  of f i s h ,  minus t h e  
marginal  i n c r e a s e  i n  ope ra t ing  c o s t s  
requi red  t o  take  the  a d d i t i o n a l  ca t ch ,  
i s  becoming i n c r e a s i n g l y  accep tab le .  
Under these  cond i t ions ,  t h e  n e t  value 
of a small i n c r e a s e  i n  f i s h  may be 
90 percent  of t h e  ex-vessel value. 
This  f i g u r e  ignores  poss ib l e  i n c r e a s e s  
i n  consumer su rp lus  i n  r e t a i l  markets ,  
but most improvements i n  f reshwater  
h a b i t a t  w i l l  be small enough t o  make 
this an  accep tab le  s i m p l i f i c a t i o n .  

A l l  ocean salmon f i s h e r i e s  on 

Marginal va lues  of anadromous f i s h  
t o  r e c r e a t i o n a l  f i s h e r i e s  have no t  been 
r e l i a b l y  es t imated .  The d a i l y  va lue  
of r e c r e a t i o n a l  f i s h i n g  i s  undoubtedly 
g r e a t e r  when the  d a i l y  ca tch  i s  in-  
c reased ,  and the  seasonal  f i s h i n g  va lue  
f o r  any f i s h  run i s  g r e a t e r  when the  
run  i s  g r e a t e r .  But the  c o n t r i b u t i o n  
of an  increased  run  t o  e i t h e r  a d a i l y  
o r  s easona l  c a t c h  depends on t h e  na tu re  
of t h e  f i s h e r y  and t h e  f i s h  run. Thus, 
t he  incrementa l  c o n t r i b u t i o n s  of f i s h  
runs t o  r e c r e a t i o n a l  va lues  a r e  hard 
t o  estimate. 

Subs is tence  and Indian- t rea ty  f i s h -  
eries have not  been s tud ied  ex tens ive ly  
by economists t o  estimate n e t  economic 
values .  From an  economic pe r spec t ive ,  
f i s h  harves ted  by these  groups would 
be valued d i f f e r e n t l y .  The t r e a t y  
f i s h e r y  is pr imar i ly  a n  assignment of 
p rope r ty  r i g h t s  t o  harves t  f i s h  t o  a 
p a r t i c u l a r  segment of  t he  commercial 
s ec to r .  S p e c i a l  c u l t u r a l  considera-  
t i o n s  may a t t r i b u t e  a high va lue  t o  a 
po r t ion  of t h e  harves t  t i e d  t o  
c u l t u r a l - r e l i g i o u s  t r a d i t i o n s .  Beyond 
t h a t ,  t he  ha rves t  going t o  commercial 
markets would be valued much the  same 
as t h e  remainder of t h e  commercial 
ha rves t ,  and this va lue  would apply t o  

marginal  changes i n  harves ts .  Because 
under Indian  treaties f i s h  a r e  gener- 
a l l y  harvested by less c o s t l y  methods 
than  o t h e r  commercial ha rves t ,  t he  n e t  
economic va lue  pe r  f i s h  may be somewhat 
higher  i n  the  t r e a t y  f i s h e r y .  

Subs is tence  f i s h i n g  i n  Alaska i s  by 
law f o r  personal  use  o r  b a r t e r  only. 
Subs is tence  f i s h i n g  was a t  one t i m e  
open t o  a l l  r e s i d e n t s ;  now i t  i s  l i m -  
i t e d  t o  people  r e s id ing  i n  r u r a l  a r e a s  
and small towns. Because no q u a l i f y i n g  
income test i s  used,  some subs i s t ence  
f i s h i n g  i s  done by people of above- 
average means. The n e t  economic va lue  
of marginal  changes i n  subs i s t ence  
harves t  i s  probably somewhere between 
the  ex-vessel  va lue  of the  commercial 
harves t  and the  replacement c o s t  of 
the  f i s h  i n  the  d i e t s  of subs i s t ence  
users .  As with  t r e a t y  f i s h i n g ,  some 
por t ion  of this f i s h e r y  may have a 
c u l t u r a l - r e l i g i o u s  aspect. 

COSTS INCURRED TO PRESERVE OR ENHANCE 
ANADROMOUS FISH RUNS 

Current  S t a t e  and Federa l  f o r e s t -  
p r a c t i c e  g u i d e l i n e s  i n  t h e  P a c i f i c  
Northwest r e q u i r e  p r o t e c t i o n  of f i s h -  
e ry  resources  during a l l  timber har- 
ves t  opera t ions .  T h i s  p ro t ec t ion  can  
cause out-of-pocket o r  oppor tuni ty  
c o s t s  t o  r e spons ib l e  timber-management 
agencies ,  p r i v a t e  timber companies, 
and con t r ac to r s .  P ro tec t ion  of f i s h  
h a b i t a t  r e s u l t s  i n  increased  c o s t  t o  
timber managers i n  t h e  fo l lowing  a c t i v -  
i t i es :  cons t ruc t ing  and maintaining 
roads ; pro tec t ing  r i p a r i a n  vege ta t ion ;  
and maintaining and p ro tec t ing  h a b i t a t  
s t r u c t u r e  wi th in  streams. 
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Roads a f f e c t  f i s h  h a b i t a t  primar- 
i l y  by a c c e l e r a t i n g  sedimentat ion,  
i n f r i n g i n g  on s t ream channels  and 
f loodp la ins ,  and r e s t r i c t i n g  f i s h  
passage. To a l l e v i a t e  sediment and 
infr ingement  problems, roads i n  steep, 
uns t ab le  t e r r a i n  should be avoided,  o r  
l oca t ed  on o r  near  r idge tops ,  using 
va r i ed  grades  t o  t ake  advantage of f a -  
vorable  topography. Adequate dra inage  
r e l i e f  should be provided (Wenger 
1984) ,  and f i sh-bear ing  streams should 
be c rossed  on b r idges  o r  open-bottom 
c u l v e r t s .  Cons t ruc t ion  s t anda rds  o f t e n  
r e q u i r e  minimum road width and f u l l -  
bench subgrade. Roads b u i l t  t o  lesser 
s t anda rds  o f t e n  a c c e l e r a t e  e ros ion  and 
stream sedimenta t ion  (F red r iksen  1970, 
Megahan and Kidd 1972) and degrade hab- 
i t a t .  The exac t  b e n e f i t s  of t h e s e  ac- 
t i v i t i e s  t o  f i s h  product ion,  however, 
a r e  hard t o  determine and each case  
must be examined ind iv idua l ly .  Most 
f e a t u r e s  of road l o c a t i o n  and des ign  
t h a t  b e n e f i t  f i s h e r i e s  a l s o  provide 
long-term b e n e f i t s  t o  f o r e s t  t ranspor-  
t a t i o n  systems. Although roads b u i l t  
t o  new, demanding s t anda rds  are more 
c o s t l y ,  they are a l s o  less s u b j e c t  t o  
cu t - and- f i l l  f a i l u r e s ,  and r e q u i r e  
less maintenance and r econs t ruc t ion  
than  roads b u i l t  t o  lower s tandards .  
A complete a n a l y s i s  r equ i r e s  t h a t  a l l  
of t he  b e n e f i t s  from such roads--to 
t imber  management, f i s h e r i e s ,  and 
o the r  resources--be included i n  t h e  
benef i t -cos t  equa t ion  whenever road 
c o n s t r u c t i o n  o r  r econs t ruc t ion  i s  
planned. A t  t he  planning s t a g e ,  es- 
t imat ing  t h e  increased  c o s t  of con- 
s t r u c t i o n  i s  r e l a t i v e l y  easy ,  but  
determining t h e  b e n e f i t s  of reduced 
maintenance c o s t s  and of less c l o s u r e  
t i m e  because of road f a i l u r e s  i s  much 
more d i f f i c u l t .  

P r o t e c t i o n  of r i p a r i a n  vege ta t ion  
and ins t ream f i s h  h a b i t a t  a l s o  r e q u i r e s  
out-of-pocket and oppor tuni ty  c o s t s  f o r  
t imber  managers. Timber managers must 
o f t e n  use  s p e c i a l i z e d  t imber  f e l l i n g  
and yarding p r a c t i c e s  t o  main ta in  ri- 
pa r i an  bu f fe r  s t r i p s .  D i r e c t i o n a l  
f e l l i n g  of timber away from buf fe r  
s t r i p s  by l i n i n g  o r  j ack ing  i s  a proven 
way t o  p r o t e c t  r i p a r i a n  vegeta t ion .  
D i r e c t i o n a l  ( u p h i l l )  f e l l i n g  on s teep,  
broken t e r r a i n  i s  a l s o  s a f e r  f o r  f e l l -  
i n g  crews and reduces breakage of old- 
growth timber (Burwell 1971, McGreer 
1975), r e s u l t i n g  i n  inc reased  recovery 
of wood f i b e r .  The c o s t s  of d i r ec -  
t i o n a l  f e l l i n g  a r e  about  t h ree  times 
g r e a t e r  than  f o r  convent iona l  f e l l i n g ,  
but  t h e  b e n e f i t s  of d i r e c t i o n a l  f e l l i n g  
i n  old-growth timber s t ands ,  based on 
increased  f i b e r  recovery a lone ,  a r e  
o f t e n  s u f f i c i e n t  t o  pay t h e  added 
cos t s .  Severa l  p r i v a t e  t imber  compa- 
n i e s  use t h i s  technique t o  i n c r e a s e  
t h e i r  t imber  production. 

Large woody d e b r i s  i n  s t reams i s  a 
c r i t i c a l l y  important  s t r u c t u r a l  f e a t u r e  
of f i s h  h a b i t a t  i n  f o r e s t e d  watersheds. 
F a l l e n  trees wi th  a t t ached  rootwads and 
limbs provide t h e  d i v e r s i t y  and com- 
p l e x i t y  of h a b i t a t s  requi red  by t h e  
d i f f e r e n t  species of salmonids r e s id ing  
i n  streams of  t h e  P a c i f i c  Northwest and 
Alaska. Because wood i n  a q u a t i c  sys- 
tems has  a f i n i t e  l i f e s p a n ,  f o r e s t  man- 
a g e r s  must provide a s t reamside  source  
of l a r g e  trees t h a t  w i l l  e n t e r  t h e  
stream channel ,  i n  t h e  form of l a r g e  
organic  d e b r i s ,  more o r  less evenly 
over time. Leaving commercial timber 
i n  bu f fe r  s t r i p s  f o r  this purpose may 
r ep resen t  a s u b s t a n t i a l  oppor tuni ty  
cos t .  The placement of a r t i f i c i a l  
stream s t r u c t u r e s  t o  compensate f o r  
t he  removal of r i p a r i a n  trees can a l s o  
be c o s t l y ,  however. For example, a 
sound Douglas-f i r ,  36 inches  i n  diam- 
e ter ,  has an es t imated  volume of around 
3,000 board f e e t .  The stumpage va lue  
of such a tree could range from under 
$300 t o  over  $1,200, depending on mar- 
ke t  cond i t ions  and l o c a t i o n  of t h e  
tree. The c o s t  of i n s t a l l i n g  a gabion 
s t r u c t u r e  t o  main ta in  a d e s i r a b l e  
stream h a b i t a t  may range from $500 t o  
$1,500, depending on i t s  dimensions. 
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Because phys ica l  and economic char- 
a c t e r i s t i c s  d i f f e r  among loca t ions ,  
both c o m e r c i a l  and r e c r e a t i o n a l  va lues  
of a g iven  stream h a b i t a t  w i l l  d i f f e r  
a l so .  Economic reasoning sugges ts  g i ?  
i ng  g r e a t e r  a t t e n t i o n  t o  h a b i t a t  pro- 
t e c t i o n  and improvement i n  some areas 
than i n  o the r s .  Less product ive 
s t reams,  f o r  example, may j u s t i f y  more 
aggress ive  f o r e s t  p r a c t i c e s ,  and more 
product ive s t reams should b e  more 
s t r i c t l y  pro tec ted .  S imi l a r ly ,  where 
timber inven to r i e s  a r e  less va luab le ,  
more timber should be l e f t  s t and ing  t o  
p ro tec t  s t ream h a b i t a t .  Taking such 
v a r i a b l e  f a c t o r s  i n t o  account ,  however, 
r e q u i r e s  a high degree of knowledge 
and confidence about both phys ica l  and 
economic systems. Uniform r u l e s  of 
f o r e s t  and range usage a r e  e a s i e r  t o  
put i n t o  e f f e c t .  

PROBLEMS 
OF IMPLEMENTATION 

Economic cons ide ra t ions  set  f o r t h  
i n  t h i s  paper should,  i d e a l l y ,  improve 
management p o l i c i e s  f o r  f reshwater  
anadromous f i s h  h a b i t a t ;  however, eco- 
nomic cr i ter ia  cannot ,  and should n o t ,  
dominate po l i cy  formulat ion.  Trans- 
l a t i n g  economics i n t o  s p e c i f i c  r u l e s  
i s  o f t e n  d i f f i c u l t  and f r augh t  w i th  
u n c e r t a i n t y  because of both a l a c k  of 
well-developed economic models and a 
l a c k  of da ta .  The economic va lue  of 
comnercial  f i s h e r i e s  depends on 
b io log ica l -y i e ld  p o t e n t i a l ,  harves t ing  
c o s t s ,  and market demands. But uncer- 
t a i n t i e s  i n  b i o l o g i c a l  assessments  of 
p o t e n t i a l  y i e l d s  leave  most p r a c t i c a l  
management d e c i s i o n s  with order-of- 
magnitude estimates. Furthermore, 
harves t ing  c o s t s  depend on management 
s t r a t e g i e s  i n  the  f i s h e r y ,  as w e l l  a s  
market p r i c e s  of f u e l  and equipment 
used i n  f i s h i n g .  F i n a l l y ,  f i s h  prices 
a r e  s u b j e c t  t o  a wide v a r i e t y  of i n f lu -  
ences  o t h e r  than  those  from t h e  f i s h e r y  
o r  r i v e r  system. These f a c t o r s ,  and 
the  l a c k  of u s e f u l  economic s t u d i e s  f o r  
most anadromous f i s h e r i e s ,  d i c t a t e  t h a t  
economic cons ide ra t ions  be taken  on ly  
as gene ra l  g u i d e l i n e s  f o r  management. 

Management p lans  f o r  f reshwater  
h a b i t a t  are p a r t i c u l a r l y  complex and 
numerous because anadromous f i s h  move 
from f reshwater  streams through sen- 
s i t i v e  e s t u a r i n e  h a b i t a t s  t o  oceanic  
feeding grounds, and back t o  t h e  stream 
of o r ig in .  
t i o n s  o f t e n  c o n t r o l  only one p o r t i o n  
of  a f i s h  popula t ion’s  f u l l  h a b i t a t ,  
which m a k e s  u n i f i e d  management of a 
f i s h  popula t ion  d i f f i c u l t .  The United 
S t a t e s ’  Regional F ishery  Management 
Counci ls ,  f o r  example, manage t h e  200- 
n a u t i c a l - m i l e  F ishery  Conservat ion 
Zone. But many of t he  chinook salmon 
from the  Columbia River system migra te  
t o  t h e  ocean o f f  B r i t i s h  Columbia and 
sou theas t e rn  Alaska. In t e r - r eg iona l  
and i n t e r n a t i o n a l  nego t i a t ions  are nec- 
e s sa ry  f o r  o v e r a l l  management of t h e s e  
f i s h  runs. Landward of t h e  3mile 
t e r r i t o r i a l  limit, S t a t e s  have more 
a u t h o r i t y  than  t h e  F ishery  Councils. 
Moreover, r e s p o n s i b i l i t y  f o r  f reshwater  
h a b i t a t  i s  s p l i t  among va r ious  State 
agencies  and Federa l  departments. The 
interweaving of r e s p o n s i b i l i t i e s  and 
a u t h o r i t i e s  makes i t  d i f f i c u l t  t o  t u r n  
economically e f f i c i e n t  p ropos i t i ons  
i n t o  management ru l e s .  

Ind iv idua l  States and Na- 

The r e a l  choice of p o l i c i e s  f o r  
f reshwater -habi ta t  management i s  se- 
vere ly  l imi t ed .  Federa l  and S t a t e  
agencies  are o f t e n  r e s t r i c t e d  by nec- 
e s sa ry  i n t e r n a t i o n a l  compromises. 
L e g i s l a t u r e s  r a r e l y  a l low management 
agencies  t o  s t a r t  some of t he  more 
economically a t t r a c t i v e  management 
methods, such a s  landings  r o y a l t i e s  o r  
c r e a t i o n  of pr iva te -proper ty  r i g h t s  t o  
ins t ream h a b i t a t .  Given the  l imi t ed  
a l t e r n a t i v e s  f o r  managing anadromous 
f i s h e r i e s ,  t h e  economic o b j e c t i v e s  
t h a t  can be adopted a r e  l i m i t e d  a l so .  
Never the less ,  management must s t r i v e  
t o  use a v a i l a b l e  n a t u r a l  h a b i t a t s  
e f f i c i e n t l y  by balancing marginal  n e t  
economic va lues  among a l t e r n a t i v e  
uses ,  and by f a i r l y  d i s t r i b u t i n g  t h e  
economic g a i n s  from resource  use  among 
p a r t i c i p a n t s  and c i t i z e n s .  
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METRIC CONVERSIONS 
1 inch  = 2.54 cen t ime te r s  
1 m i l e  = 1.609 k i lome te r s  
1 n a u t i c a l  m i l e  = 1.852 k i lome te r s  
1 pound ( l b )  = 0.45 kilogram 
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