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Public  and p r iva te  lands i n  the  United S t a t e s  are used by mi l l ions  of people f o r  
r ec rea t iona l  a c t i v i t i e s .  
coas t a l  areas t h a t  produce various spec ies  of anadromous f i s h .  A major concern of 
f i she ry  managers i s  the  possible  adverse e f f e c t  o f  r ec rea t iona l  uses on f i s h  
hab i t a t .  Conversely, t he  management of f i s h  h a b i t a t s  may have e i t h e r  pos i t i ve  o r  
negative e f f e c t s  on recreat ion.  This r epor t  descr ibes  i n t e r r e l a t i o n s  between 
recrea t ion  and f i she r i e s .  Recreat ional  i s sues  a f f e c t i n g  e i t h e r  the  supply of 
h a b i t a t  f o r  anadromous f i s h  production and use,  o r  t he  demand f o r  t h e  f i s h e r i e s  are 
a l s o  discussed. Opportunities f o r  research are outl ined.  

Many of  these a c t i v i t i e s  occur i n  o r  near  streams and 

KEYWORDS: Recreation, f i sh ing ,  management ob jec t ives ,  resource impacts, anadromous 
f i s h  h a b i t a t  . 
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PREFACE 
This is  one of a series of publ icat ions on t h e  inf luence of f o r e s t  and range- 

land management on anadromous f i s h  h a b i t a t  i n  western North America. 
descr ibes  t he  i n t e r r e l a t i o n  between recrea t ion  and the  anadromous f i shery .  Our 
i n t e n t  is t o  provide managers and use r s  of f o r e s t s  and rangelands with the  most 
complete information ava i l ab l e  f o r  es t imat ing the  consequences of var ious manage- 
ment a l t e rna t ives .  

This paper 

In t h i s  series of papers, we  summarize published and unpublished r epo r t s  and 
data  as w e l l  as the observations of s c i e n t i s t s  and resource managers developed over 
years of experience i n  t he  West. These compilations w i l l  be valuable t o  resource 
managers i n  planning uses of f o r e s t  and rangeland resources,  and t o  s c i e n t i s t s  i n  
planning fu ture  research. 

Previous publ icat ions i n  this series include: 

1. **Habitat requirements of anadromous salmonids,** by D. W. Reiser and T. C.  
Bjornn. 

2. **Impacts of na tu ra l  events," b.y Douglas N. Swanston. 

3. "Timber harvest,** by T. W. Chamberlain. 

4 .  **Planning f o r e s t  roads t o  pro tec t  salmonid habi ta t ,**  by Carl ton S. Yee and 
Terry D. Roelofs. 

60 " S i lv i cu l tu ra l  treatments;'* by Fred H. Everest and R. DeMiS Harr. 

7. "Effects  of l ives tock  grazing," by W i l l i a m  S. P l a t t s .  

8 .  **Effects of mining," by Susan B. Martin and W i l l i a m  S. P l a t t s .  

9. "Forest chemicals,*' by L. A. Norris,  H. W. Lorz, and S. V. Gregory. 

11. **Processing m i l l s  and camps," by Donald C. Schmiege. 

12. "Rehabi l i ta t ing and enhancing stream habi ta t :  1. Review and evaluation,** 
by James D. H a l l  and Calvin 0. Baker. 

13. **Rehabili tating and enhancing stream habi ta t :  2. F ie ld  appl icat ions,* '  by 
Gordon H.  Reeves and Terry D .  Roelofs. 
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COMMON AND SCIENTIFIC NAMES OF FISHES MENTIONED IN TEXT 
AND TABLESI-/ 

Common name S c i e n t i f i c  name 

Shad 

Pink salmon 
Chum salmon 
Coho salmon 
Sockeye salmon (kokanee) 
Chinook salmon 
Golden t r o u t  
Cutthroat  t r o u t  
Rainbow (steelhead)  t r o u t  
Brown t rou t  
Arc t i c  char 
Dolly Varden 
Inconnu (sheef i sh )  
Smelt 

Str iped bass 

FAMILY Clupeidae 
FAMILY Salmonidae 

Oncorhynchus gorbuscha (Walbaum) 
Oncorhvnchus ke t a  (Walbaum) - ’  
Oncorhinchus k isu tch  (Walbaum) 
Oncorhynchus nerka (Walbaum) 
Oncorhynchus tshawytscha (Walbaum) 
Sa lmo agua boni t a Jordan 
Salmo c l a r k i  Richardson 
Salmo ga i rdner i  Richardson 
Salmo t r u t  t a  Linnaeus 
Salvel inus a lp inus  (Linnaeus) 
Salvel inus m a l m a  (Walbaum) 
Stenodus leuc ic thys  (Guldenstadt) 

FAMILY Osmeridae 
FAMILY Percicht  hyidae 

Morone s a x a t i l i s  (Walbaum) 

1/From **A L i s t  of Common and S c i e n t i f i c  N a m e s  of Fishes from the  United 
States and Canada ,*’ American F i she r i e s  Society Specia l  Publicat ion 12, Fourth 
Edit ion,  1980, 174 p .  



INTRODUCTION 
Topics covered i n  t h i s  report  have 

Habi- po ten t i a l  f o r  in tense  con f l i c t  . 
tats  used during c r i t ica l  periods i n  
the l i f e  cycle  of anadromous f i s h  are 
generally i n  t he  same aquat ic  and ri- 
parian ecosystems i n  which productive 
timber s tands and w i l d l i f e  h a b i t a t  are 
found. Important r ec rea t iona l  oppor- 
t u n i t i e s  are a l s o  i n  these  same areas. 

In t h i s  paper, w e  discuss  current  
knowledge on t he  r e l a t i o n  of recrea- 
t i o n a l  use t o  the  anadromous fishery-- 
t h a t  is, f i s h  and t h e i r  hab i ta t s .  The 
main emphasis is  on how recrea t iona l  
use and management d i r e c t l y  a f f e c t  
f i s h  hab i t a t s ,  but  the  implications of  
f i she ry  management f o r  recrea t iona l  
opportuni t ies  and use are a l s o  b r i e f l y  
discussed. The information provided 
i n  t h i s  paper should be valuable in 
evaluat ing the  consequences of recrea- 
t i o n a l  uses and management on the  
anadromous f i shery .  

Recreation has d i r e c t  effects on 
t he  f i she ry ,  as w e l l  as i n d i r e c t  ef- 
f e c t s  through h a b i t a t  changes. For 
example, roads and s i l v i c u l t u r a l  
treatments may affect both t he  na ture  
and extent  of r ec rea t iona l  use, which 

can lead t o  addi t iona l  effects on t he  
f i shery .  Consequently, w e  w i l l  draw 
from other  papers i n  this series t o  
develop an understanding of t he  in te r-  
re l a t i ons  between recrea t iona l  use and 
the  anadromous f i she ry  . 

W e  used three  bases f o r  our con- 
clusions: empirical evidence about 
recrea t iona l  use and i t s  r e l a t i o n  t o  
f i s h  hab i t a t s  (we w i l l  use research 
t h a t  focused on non-anadromous f i s h  a s  
wel l ) ;  ex i s t i ng  concepts, theories ,  
and frameworks; and our judgments, 
based on cur ren t  knowledge and exper- 
ience. This repor t  is based on our 
current  perceptions. Continuing 
professional  debate, management ex- 
perience, and formal research w i l l  
determine how w e l l  t he  assumptions w e  
make and the  conclusions we draw f i t  
real conditions.  

OBJECTIVES 
The objec t ives  of t h i s  paper are 

to:  

0 

0 

0 

0 

0 

Review new knowledge about t he  
r e l a t i ons  of recrea t ion  t o  t he  
anadromous f i shery .  

Describe an approach f o r  in te-  
gra t ing  the  recrea t iona l  and 
f i she ry  systems. 

Iden t i fy  l i n k s  among recrea t ion ,  
anadromous f i s h e r i e s  and other  
f o r e s t  resource systems ( fo r  
example, timber, w i l d l i f e ,  and 
forage) . 
Estab l i sh  a bas i s  f o r  evaluating 
e f f e c t s  of a l t e r n a t i v e  recreation-  
management options on the  anad- 
romous f i shery  and a l t e r n a t i v e  
f ishery-management s t r a t e g i e s  on 
recreat ion.  

Outline research needed t o  improve 
understanding of recreation-  
f i she ry  in te rac t ions .  

1 



DISTRIBUTION OF THE 
ANADROMOUS FISHERY 

Salmonids (salmon and t rou t )  have 
probably received more a t t en t ion ,  both 
c u l t u r a l l y  and economically, over a 
longer time and grea te r  geographic 
area than any other  group of f i shes .  
Ten species  of anadromous salmonids 
are found on the  w e s t  coas t ,  including 
f i v e  Pac i f i c  salmon--chinook, coho, 
chum, sockeye, and pink; t h r ee  trout-- 
steelhead,  brown, and cu t throa t ;  and 
two char--arctic and Dolly Varden. 
Salmon support a l a r g e  commercial 
f i sh ing  industry; salmon, t r o u t ,  and 
char support a valuable spor t  f i shery .  
These f i s h  are indigenous t o  t he  coast- 
a l  area bordering the  North Pac i f i c  
Ocean t h a t  extends from Northern Japan 
and the USSR i n  A s i a ,  t o  t he  Arctic 
Ocean and down the coast  of North 
America from Alaska t o  Cal i forn ia  
( f i g .  1). Anadromous salmonids s t i l l  
occur throughout much of t h e i r  or igi-  
n a l  range, but  t h e i r  numbers i n  some 
loca t ions  have been g rea t ly  reduced by 
overf ishing,  h a b i t a t  degradation, and 
n a t u r a l  climatic changes. Many m i l -  
l i o n s  of adu l t  anadromous salmonids 
are s t i l l  produced i n  t he  waters of 
t he  western United States, including 
USDA Forest  Service Regions 1, 4 ,  5, 
6 ,  and 10 (encompassing about 35 Na- 
t i o n a l  Forests) .  This production i s  
f i shed  commercially, f o r  subsis tence,  
and f o r  spor t .  The cen te rs  of abun- 
dance vary according t o  spec ies  and 
even within species.  For example, 
sockeye salmon are most abundant i n  
Alaska ( t a b l e  1)- - specif ical ly  i n  
B r i s t o l  Bay, waters near Kodiak 
I s land ,  and Cook Inlet. 

Anadromous salmonid habitat 

v 
Figure 1.--Distribution of anadromous 

salmonid h a b i t a t  i n  western North 
America. 

Anadromous salmonids use both 
freshwater and marine environments, 
and they a l l  have exacting hab i t a t  
requirements. A l l  species  reproduce 
i n  f r e sh  water, and most rear there  
before migrating t o  sea ( a s  smolts) 
where they mature ( f ig .  2).  Fresh- 
water hab i t a t  requirements d i f f e r  
s l i g h t l y ,  but  a l l  species  share  some 
common requirements. For optimum 
production, a l l  of them requi re  cool ,  
flowing waters; migratory access t o  
and from the  sea; c lean  gravel  sub- 
strate f o r  reproduction; high l e v e l s  
of dissolved oxygen i n  streams, l akes ,  
and in t r ag rave l  environments; suff  i- 
c i e n t  instream cover; and food organ- 
i s m s .  Species preferences f o r  these 
requirements vary s l i g h t l y  (Reiser and 
Bjornn 1979) . 
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Table 14resecrt occurrence of anadramus salmonids in western North knerical/ 2/ 

Region 

Continental United States Canada A1 aska 

Species California Oregon Washington Idaho British Colunbia Alaska 

Pink salmon Rare to 

Rare 
Rare 

absent21 
Rare to 
absent 
FeW 
Rare to 
absent 
Abundant 
Abundant 
Predani nantY 
Abundant 

Present Absent Abundant Predani nant 

Chun salmon 
Sockeye salmon 

Present 
FeW 

Absent 
Rare 

Abundant 
Abundant 

Predani nant 
Predami nant 

. Chinook salmon 
Coho salmon 
Cutthroat truut 
Rainbow tmut 
(steel head)s/ 
Brown tnwt 
DOI 1 y Varhnl’ 
Arctic char 

Abundant 
Present 
Present 
Abundant 

Predami nant 
Abundant 
Abundant 
Predaninant 

Present 
FeW 
Absent 
Present 

Abundant 
Predani nant 
Present 
Abundant 

Present 
Abundant 
Present 
Present 

F W W  
Absent 
Absent 

Absent 
Feu 
Absent 

Absent 
Present 
Absent 

Absent 
Absent 
Absent 

Absent 
Present 
Fed!/ 

Absent 
Preduni nant 
Preduni nant 

Percent usable spawning 
habitat us. historid/ 9/ 

50 75 15 50 100 100 

Sources 
-son and others (1967). 
/Scott and Crosanan (1973). 
/PkPhail and Lindsey (1970). 
*/Giger (1972). 
Z/Sheppard (1972). 
P k r t o n  (1982). 
7/Clemens and Wilby (1961). 
gl6.C. Ministry of Envirmnent (1981) 
9’Fry (1973). 

Def i ni t ions 
Absent - no fish present. 
Rare to absent - occur rarely. 
Feu - occur occasionally. 
Present - supports fishery. 
Abundant - readily harvestable ntmbers. 
Preduninant - n&rs used surpass all 
others (by region). 

........... ............ ............ ........... 

Salt water 

Figure 2.--Typical l i f e  cycle of  anad- 
romous salmonids. 
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Table 2-Availabillty and u e  of  anadromous f i sher ies  on National Foresti 

Item West coast (U.S.A.) Alaska 

Miles (kilometers) of stream: 
811 f i sher ies  71,OOOt (1L3 6OOt) 31,OOOt (49 60W) 
Anadromous f i sher ies  43,000+ (68 800+) 30,OOot (48 OOO+) 

Number of  f ishing trips,  
anadromous fish 1,921,400 1,427,600 

Source: Sport Fishing Inetitute 

Because of t h e  extensive and 
var iab le  movements of these f i s h  i n  
the  sea, a b e t t e r  p ic ture  of t he  
United S t a t e s  d i s t r i b u t i o n  i s  pre- 
sented by looking a t  t h e i r  n a t a l  
stream habi ta t .  On National Forest  
lands i n  southeastern Alaska, anad- 
romou*s f i s h  are found i n  over 4,850 
streams, which have a length t o t a l i n g  
more than 30,000 miles (48 270 km), 
and 120,000 acres (48 560 ha)  of l akes  
(Everest and Summers 1982) . National 
Forest  lands i n  t he  West have over 
433000 miles (69 200 k m )  of streams 
producing anadromous salmonids annu- 
a l l y  (USDA Forest  Service 1982), and 
provide about 1,Y21,400 recrea t ion  
v i s i t o r  days (Sport Fishing I n s t i t u t e  
1982) ( t a b l e  2) .  

Alaska, by having more than 36 
times as much freshwater h a b i t a t  per 
res ident  than any o ther  western State, 
has the g rea t e s t  po t en t i a l  f o r  f i s h  
and angling. Washington, Oregon, and 
Idaho w i l l  have t rouble  maintaining 
t h e i r  present f i s h  production because 
t he  construct ion of hydroe lec t r ic  dams 
on t he  Columbia River has eliminated 
half of the  po t en t i a l  spawning hab i t a t  
of anadromous f i s h  (Re t t i g  1980). The 
1980 Northwest Power A c t  i s  a n  attempt 
t o  s t a b i l i z e  f i s h  production by pro- 
viding f o r  t he  pro tec t ion  and mainte- 
nance of anadromous f i s h  t h a t  use 
streams with hydroe lec t r ic  develop- 
ments. Ca l i forn ia  i s  the  only western 
State tha t  has an excessive demand f o r  
spor t  f i sh ing ,  and i t  has the  least of 
i ts o r ig ina l  f i sh ing  h a b i t a t  accessi-  
ble.  Ca l i forn ia  i s  the  most populous 
State; i t  has  many new water- 

(1982). 

development pro jec t s  planned. The 
percentage of Cal i fornians who spor t  
f i s h  w i l l  probably dec l ine  because of  
t he  reduction of t he  aqua t ic  h a b i t a t  
needed t o  produce anadromous f i s h ,  
which w i l l  increase f i sh ing  pressure 
and lead t o  angler  d i s sa t i s f ac t i on .  

Using a r t i f i c i a l  propagation is  
one of t he  primary i s sues  r e l a t e d  t o  
the supply of anadromous salmonids. 
H i s to r i ca l l y ,  salmon and t r o u t  from 
ha tcher ies  have been used t o  replace 
l o s t  na tu ra l  production and t o  sup- 
plement n a t u r a l  producton where the  
demand f o r  c e r t a i n  spec ies  i s  high. 
In Oregon and Washington, about 65 
salmon and 31 steelhead ha tcher ies  are 
thought t o  be supplying about 50 per- 
cent  of the  t o t a l  production of these 
f i s h .  Some of these ha tcher ies  are 
very successful ,  and o thers  are not. 
Although ha tcher ies  can produce sub- 
s t a n t i a l  q u a n t i t i e s  of salmon and 
t r o u t ,  they can be subjec t  t o  o r  cause 
problems, including: high c a p i t a l  and 
operat ing cos t s ;  d i sease  problems both 
i n  the  hatchery and by contamination 
of n a t u r a l  s tocks;  high probabi l i ty  of 
major gene t ic  changes both i n  the  
hatchery stock and i n  n a t u r a l  wild 
s tocks  through interbreeding; breeding 
of a "nonbiting" f i s h  t h a t  more e f f i -  
c i e n t l y  escapes both the  commercial 
and the r ec rea t iona l  f i s h e r i e s ;  and 
d i f f i c u l t y  of harvest ing t he  excess 
supply of hatchery f i s h  without over- 
harvest ing n a t u r a l  s tocks with which 
they mingle (cont inual  plant ing of 
hatchery f i s h  s t imula tes  an increase 
i n  f i sh ing  e f f o r t  t h a t  w i l l  p e r s i s t  as 
long as the  catch remains wi th in  a 
s a t i s f a c t o r y  range) . 
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Artif ic ia l  production can play an 
important r o l e  i n  moderating changes 
i n  t he  environment, but i t  i s  a less 
des i rab le  a l t e r n a t i v e  than t he  n a t u r a l  
production of anadromous salmon and 
t r o u t  . 
THE MULTIRESOURCE 
SYSTEMS PERSPECTIVE 

The r e l a t i o n  between recrea t ion  and 
the anadromous f i she ry  i s  inherent ly  
complex, represent ing an  i n t e r ac t i on  
among people, var ious resources,  and 
the  uses of those resources. For 
example, no t  only may recrea t iona l  use  
d i r e c t l y  a f f e c t  f i s h  and t h e i r  h a b i t a t ,  
but o ther  resource uses (such as timber 
harvest ing and road building) may af- 
f e c t  r ec rea t iona l  use, which may l ead  
t o  addi t iona l  e f f e c t s  on the  f ishery.  
Consequently, t o  understand how recre- 
a t i o n  and anadromous f i s h e r i e s  are 
r e l a t ed  requi res  a multiresource per- 
spective.  Recreation s p e c i a l i s t s  can 
use t h i s  perspect ive t o  avoid o r  solve 

c o n f l i c t s  and t o  i den t i fy  and use 
pos i t ive  opportuni t ies .  Some of  the'  
basic  p a r t s  of t h i s  complex system are 
i l l u s t r a t e d  i n  f i gu re s  3, 4 ,  and 5. 
A. Components 

;3 msources 

Figure 3 .--Resource components and in- 
te rac t ions  i n  a forest- resource 
system. 

A. The fishery 

Habitat 

Recreation: 
resources 

thelr uses 

experiences 

B. Interrelations 

/ c e s s  changes 

\E,ri;mE;:ta:;;ct s/ 
vegetation or 
sedimentation) 

Displacement of some users 

Increased use by others 

J 'Effect on fish populations Logging roads 

Figure 4 .-- Interactions of the anadromous f i she ry  
and recreat ion.  
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Users with diverse motives, Managers use visitor information, 
research, and experience to develop 
programs consistent with laws and 
policies; they have a variety of 
tools that they use 

J 
seeking a variety of recreational 
experiences consistent with their 
preferences, 

use opportdnities 

to change or maintain features 

social environment 
of the physical and 

\ 

0 
P 

that lead to visitor- (Managers 
days spent in a 
variety of 
activities 
(in many 
styles); spectrum of diverse 

opportunities in a 
variety of areas, 

they obtain 
various 
satisfactions and 
experiences, 

leading ultimately to benefits 
to individuals and society. 

Figure 5.--Link between d e s i r e s  of r e c r e a t i o n i s t s  
and oppor tuni t ies  provided by managers. 

The bas ic  s o c i a l  and b io logica l  
communities present i n  most areas 
( f ig .  3a)  cannot e x i s t  without inf lu-  
encing o r  being influenced by the  
o the r s  ( f ig .  3b). Most management and 
research have focused on people o r  f i s h  
or  trees, but  most of t h e  controversy 
and problems i n  resource management 
are found i n  the  areas of overlap. We 
know the least about where the  various 
physical  and b io logica l  systems 
overlap-and in te rac t .  

We will discuss  the  area where a l l  
these i n t e r e s t s  come together .  This 
simple idea i s  expanded ( f i g .  4)  t o  
separa te  the  two bas ic  anadromous f i sh-  
ery  components (hab i t a t  and f i s h )  and 
recrea t ion ,  which includes s e t t i n g s  
("people hab i t a t" ) ,  r ec rea t iona l  ac t iv-  
i t i e s ,  and rec rea t iona l  experiences. 
Recreation may a f f e c t  both f i s h  h a b i t a t  
and f i s h  populations ( f ig .  4a).  Some 
f i sh- habi ta t  management programs may 
a f f e c t  r ec rea t iona l  use as w e l l ,  e i t h e r  
pos i t ive ly  o r  negatively. Other re- 

source uses,  such as logging, may have 
a negative o r  pos i t ive  influence on 
c e r t a i n  types of r ec rea t iona l  opportu- 
n i t i e s  and may subsequently a f f e c t  the  
f i s h e r y  system. 

Roads b u i l t  f o r  logging ( f ig .  4b) 
may d i r e c t l y  cause increased sedimen- 
t a t i o n ,  which adversely a f f e c t s  f i s h  
survival .  Roads a l s o  provide access 
f o r  r e c r e a t i o n i s t s  t h a t  may lead  t o  
changing pa t t e rns  of use in an area  
(des i r ab le  t o  some people, undesirable 
t o  o the r s ) .  
may have e i t h e r  detr imental  e f f e c t s  on 
t he  f i s h  populations (reduction i n  
stock below optimum) o r  on f i s h  habi- 
ta t  (loss of vegetat ion,  increased 
sedimentation) , o r  pos i t ive  e f f e c t s  on 
f i s h  populations (harves t  l imi ted  t o  
reproductive surplus)  . 

Changed o r  increased use 

The system w e  are examining is not 
simple. We w i l l  use the  general  
r e l a t i o n s  b r i e f l y  presented here t o  
organize current  knowledge about recre-  
a t i o n a l  e f f e c t s  on anadromous f i s h .  
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WHAT WE KNOW ABOUT 
OUTDOOR RECREATION 

THE RECREATIONAL 
SYSTEM 

In t h i s  sec t ion ,  w e  descr ibe recre- 
a t i o n a l  cha rac t e r i s t i c s  that provide a 
background f o r  evaluating recrea t iona l  
e f f e c t s  on t he  f i shery .  
an  understanding of people's motives 
w i l l  he lp  i n  t he  evaluation and pre- 
d i c t i o n  of po t en t i a l  e f f e c t s  on f i s h  
hab i t a t  . 

We assume t h a t  

COMPONENTS 

When considering opportuni t ies  f o r  
outdoor recrea t ion ,  people choose the  
s e t t i n g ,  t he  a c t i v i t i e s ,  and the  kinds 
of experiences t o  seek ( f i g .  5). We 
w i l l  focus on t he  recrea t iona l  s e t t i n g  
because i t  is the  point of contact  be- 
tween recrea t ion  and f i shery  habi ta t .  
Recrea t ion is t s  who have information 
descr ibing the  f a c t o r s  t h a t  inf luence 
o r  def ine the  range of possible  rec- 
rea t ion  s e t t i n g s  w i l l  be i n  the  bes t  
pos i t ion  t o  make recrea t iona l  choices 
(Clark and others ,  i n  press) .  

Since t he  1950's, research has 
addressed recrea t ion  in general,  as 
w e l l  as s p e c i f i c  a c t i v i t i e s ,  such as 
f i sh ing ,  W e  w i l l  i d e n t i f y  some bas i c  
conclusions and pr inc ip les  from those 
s tud i e s  on i n t e r ac t i ons  between recre- 
a t i o n  and anadromous f i she r i e s .  A l l  
r ec rea t iona l  a c t i v i t i e s  occurring i n  
areas tha t  support the  anadromous f i sh-  
ery w i l l  be considered. 

In both the  formal and popular lit- 
e ra tu re  r e l a t ed  t o  outdoor recrea t ion ,  
terms such as motives, s a t i s f ac t i ons ,  
and experiences are commonly used, 
sometimes ambiguously. The de f in i t i ons  
used i n  t h i s  paper are as follows: 

Motives--the underlying reasons f o r  
engaging i n  a r ec rea t iona l  pursui t  
( f o r  example, hea l th ,  re laxat ion,  and 
strengthening of family t i e s )  

Preferences--the favored a l t e rna t ives  
f o r  a c t i v i t i e s ,  experiences, o r  s e t t i n g  
a t t r i b u t e s .  

Expectations--conditions presumed t o  be 
encountered during recrea t ion  (expecta- 
t ions  are based on previous knowledge 
and experience) 

Opportunities--chances f o r  recreat ion,  
consis t ing of :  

Settings-- the combination of 
soc i a l ,  managerial, and na tu ra l  
f ea tu re s  t h a t  give recrea t iona l  
value t o  a place. 
A c t i v i t i e s  (uses)--various ways 
t h a t  people behave i n  t h e i r  
l e i s u r e  t i m e .  
Experi enc es--t he products r e s u l t  fng 
from pa r t i c ipa t ion  i n  a recrea- 
t i o n a l  a c t i v i t y  or  set of ac t iv i-  
ties i n  a pa r t i cu l a r  s e t t i ng .  

Satisfaction- the enjoyment t h a t  people 
der ive from pa r t i c ipa t ion  i n  various 
r ec rea t iona l  pursui ts .  
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The following genera l iza t ions  sug- 
ges t  how people relate t o  r ec rea t iona l  
opportunit ies  and areas that may sus- 
t a i n  an anadromous f i she ry  . 

1. Recreat ionis ts '  preferences and 
motives span a range of se t t ings .  

People use  pa r t i cu la r  loca t ions  
f o r  d i f f e r e n t  reasons . Water, whether 
i n  lakes ,  streams, o r  oceans, i s  a n  
important component i n  r ec rea t iona l  
choices (Clark and o the r s ,  i n  press; 
Lime 1971; Lucas 1964). Forests,  
f i s h ,  and w i l d l i f e  also play a key 
r o l e  f o r  many people. 

Managers should no t  presuppose 
w h a t  a pa r t i cu la r  recrea t ion  user  
f inds  des i r ab le  about s p e c i f i c  rec- 
r e a t i o n a l  sites o r  r ec rea t iona l  set- 
t ings  i n  general.  For example, a 
va r i e ty  of preferences may be r e l a t e d  
t o  users '  choices t o  use areas consid- 
ered t o  be h a b i t a t  f o r  anadromous 
f i s h .  Anglers w i l l ,  of course, p re fe r  
the  presence of f i s h ;  however, other  
attributes-- such as  a place t o  camp, 
parking f o r  vehic les  o r  boats,  or  a 
place f o r  family and f r i ends  t o  g e t  
together--may be important enough t o  
take precedence over f i sh ing .  The 
extent  t o  which people prefer  t o  
engage i n  a c t i v i t i e s  away from the  
s i te  w i l l  a l s o  influence t h e i r  
decision.  

2. Recreat ional  a c t i v i t i e s  are 
d iverse  . 

Recreat ionis ts  can take pa r t  i n  
a wide va r i e ty  of a c t i v i t i e s ;  f o r  
example, hiking,  camping, boating, 
hunting, and off-road-vehicle use can 
a l l  take place i n  f i s h i n g  areas. In 
common among such a c t i v i t i e s  a r e  the  
base resources used, the  number of 
people using them, and the type of 
management provided, 
stream with an abundant anadromous 
f i she ry  i s  present does not  mean f i sh-  
ing w i l l  necessar i ly  be the  primary 
use of the  area. The r i v e r  (o r  l ake )  
may be important t o  a l l  users ,  but  the  
f i s h  may be c r i t ica l  f o r  only some of 
them. Furthermore, most r ec rea t iona l  

The f a c t ,  t h a t  a 

outings are composed of seve ra l  ac t iv-  
i t ies  and an indiv idual ' s  dec is ions  re- 
garding where t o  go may vary from t r i p  
t o  t r i p  depending on t h e  "primary" 
purpose of the  t r i p .  

When rec rea t iona l  e f f e c t s  on t h e  
anadromous f i she ry  are s tudied ,  a l l  
a c t i v i t i e s  i n  the  areas influencing 
f i s h  h a b i t a t s  ( r ipa r i an  and r e l a t e d  
uplands, as w e l l  as the  aqua t i c  a reas )  
must be considered. 
i s  standing on a bank f i sh ing  o r  
s tanding on a bank taking photos makes 
l i t t l e  difference.  Important consid- 
e r a t i o n s  r e l a t e d  t o  a l l  r ec rea t iona l  
a c t i v i t i e s  are: where they take  place 
i n  r e l a t i o n  t o  f i s h  h a b i t a t  (upland, 
on bank, i n  water) ,  when they occur 
(seasons, s t age  of f i s h ' s  l i f e  c y c l e ) ,  
t h e  durat ion of t h e  a c t i v i t y ,  t h e  
number of people i n  an area ( i n t e n s i t y  
of use) ,  and how widespread the  use is  
over an area (extent  of use).  

Whether a person 

3. A c t i v i t i e s  cannot be equated 
with motives f o r  recrea t ion  o r  r e su l t-  
i n g  experiences. 

Recreation managers have concluded 
t h a t  people can have d i f f e r e n t  motives 
f o r  engaging i n  t h e  same a c t i v i t y  (such 
as f i sh ing) .  
t u r e  appreciat ion,  i n t e r a c t i o n  with 
o the r  people, challenge, r e l axa t ion ,  
and even catching f i s h ,  But catching 
f i s h  (o r  shooting game) i s  not  neces- 
s a r i l y  r e l a t e d  t o  s a t i s f a c t i o n  and en- 
joyment (Brown 1982, Hendee and o the r s  
1977, Po t t e r  and o the r s  1973). This  
knowledge is  s ign i f i can t  when a t tempts  
are made t o  change pa t t e rns  of recre- 
a t i o n a l  use. Changing these patterns 
by managing the  f i she ry  ( increas ing  o r  
decreasing stocking,  changing species 
composition) w i l l  a f f e c t  only people 
whose primary motive i s  catching f i s h .  

Motives may include na- 

Recreat ionis ts  are s a t i s f i e d  with 
a p a r t i c u l a r  t r i p  o r  a c t i v i t y  when 
p r e t r i p  expectat ions a r e  cons is tent  
with what they encounter (Clark and 
Stankey 1979b, Roggenbuck and Schreyer 
1977). 
can a l so  occur when r e c r e a t i o n i s t s  are 
ab le  and wi l l ing  t o  modify t h e i r  plans 
whenever expectat ions are not  met. 

A high degree of s a t i s f a c t i o n  

8 



Anadromous f i she ry  h a b i t a t s  can be  
more e f f ec t i ve ly  managed when the  mo- 
t i v e s  of those using them are known. 
I f  r ec rea t iona l  values are the  major 
reason f o r  f i sh ing ,  then the  f i s h  take  
a secondary role .  When f i sh ing  i s  a 
trophy o r  subsis tence a c t i v i t y ,  then 
the  taking of f i s h  is the  primary con- 
cern. Understanding of various motives 
f o r  f i sh ing  w i l l  al low managers t o  de- 
velop s t r a t e g i e s  cons is ten t  with users '  
values . 

4. Access is  an important influence 
on recrea t iona l  choices, and the loca- 
t ion  and amount of recrea t iona l  use. 

O f  a l l  management f a c t o r s  ident i-  
f i ed  by Clark and Stankey (1979a) i n  
t he  Recreation Opportunity Spectrum 
(ROS) , access probably plays the most 
cr i t ical  r o l e  i n  e i t h e r  f a c i l i t a t i n g  
o r  hindering r ec rea t iona l  use. Roads 
f a c i l i t a t e  r ec rea t iona l  preferences a t  
t he  "modern-urban" end o f  the ROS. 
Road access w i l l  .hinder recrea t iona l  
opportuni t ies  t h a t  are not  compatible 
(necessary o r  des i red)  with roads. 
Decisions made about roads--needs, 
locat ion,  and type--are not  usual ly  
made with r ec rea t iona l  object ives  i n  
mind. Y e t ,  road construct ion and use 
may have major detr imental  effects on 
anadromous f i s h  h a b i t a t s  (Gibbons and 
Sa l0  1973, Yee and Roelofs 1980) . 
Best management prac t ices  have been 
developed t o  minimize these e f f e c t s  
(Yee and Roelofs 1980). 
paper we w i l l  d i scuss  considerations 
f o r  iden t i fy ing  and evaluating both 
pos i t ive  and negat ive implications of 
access management a l t e rna t ives .  

Later i n  t h i s  

5. Most people take recrea t iona l  
t r i p s  i n  areas near t h e i r  communities. 

Studies i n  Alaska demonstrate t h a t  
most recrea t iona l  t r i p s  by res idents  
are taken i n  areas around communities 
(Clark and o the r s  1982). 
range" e x i s t s  that i s  based on type of  
access and t i m e  of t rave l .  In south- 
eas t e rn  Alaska, the  home ranges f o r  
t he  various communities are general ly  

A "home 

independent of one another. 
standing the  r e l a t i o n  between recrea- 
t i o n a l  users  and ava i lab le  r ec rea t iona l  
opportuni t ies ,  resource managers can 
b e t t e r  p red ic t  the  consequences of 
t h e i r  po l i c i e s  and act ions.  Some 
changes by management may have s ig-  
n i f i c a n t  effects on pat te rns  of recre- 
a t i o n a l  use i n  areas considered as 
anadromous f i s h  habi ta t .  

By under- 

6. Managers and r ec rea t ion i s t s  
disagree about the  importance of rec- 
rea t iona l  effects. 

Studies  show t h a t  resource managers 
have a grea te r  concern f o r  the  e f f e c t s  
of recrea t ion  than do r e c r e a t i o n i s t s  
(Clark and o thers  1971, Clark and 
Stankey 1979b, Downing and Clark 1979, 
Lucas 1979) . Managers' values d i f f e r  
from those of many users.  Because of 
t h e i r  t r a in ing  and experience i n  nat-  
u r a l  resources,  most managers prefer  
t o  see recrea t iona l  areas remain rel- 
a t i v e l y  undisturbed. Recreation 
managers are more l i k e l y  t o  favor t he  
more "primitive" end of t he  Recreation 
Opportunity Spectrum than are many 
users.  Managers are a l s o  l i k e l y  t o  
have a longer and more in tense  exper- 
ience with the e f f e c t s  of recrea t ion  
than are most users  and may be more 
s ens i t i ve  t o  resource changes. 

Managers should recognize that 
such d i s p a r i t i e s  e x i s t  and attempt t o  
accommodate user per spec t i v e s  and 
educate users  concerning the  problems 
t h a t  may be created by recrea t iona l  
a c t i v i t i e s .  Each group must under- 
stand how the  o ther  relates t o  re- 
source changes before any e f f ec t i ve  
cont ro ls  can be developed and ca r r i ed  
out . 

7 .  The same a c t i v i t y  may take on 
d i f f e r e n t  s t y l e s  . 

People can p a r t i c i p a t e  i n  t he  same 
recrea t iona l  a c t i v i t y  i n  a va r i e ty  of 
ways and i n  places t h a t  range from 
c i t y  parks t o  wilderness. An a c t i v i t y  
such as hiking i s  bas i ca l l y  the  same 
i n  a l l  areas, bu t  t he  motives f o r  en- 
gaging i n  t he  a c t i v i t y ,  t he  s t y l e  of 
par t ic ipa t ion ,  and the  r e su l t i ng  ex- 
periences can d i f f e r  dramatical ly  from 
one area t o  another. 
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Fishing is  a good example. Bryan 
(1976) descr ibes  four types of anglers:  

Occasional--novice a b i l i t y  and in- 
terest i n  the  sport ;  any f i s h  w i l l  
do as long as the challenge is  no t  
too  d i f f i c u l t .  

Generalist--focus on catching 
numbers of f i s h  by any means o r  
t ack le .  

Tackle-s p ec ies special is ts- -  
spec i a l i ze  i n  method ( for  example, 
f ly- fishing)  and species  ( fo r  
example, s teelhead);  importance 
placed on the  s k i l l  and the  es- 
t h e t i c  qua l i t y  of the experience, 
as opposed t o  catching and keeping 
f i s h .  

M e  thod-species-s e t t  ing special-  
is ts- - special ize  i n  method, 
spec ies ,  and s e t t i n g  (spr ing o r  
meadow streams) ; preoccupation 
with s k i l l  and ove ra l l  qua l i t y  of 
experience; tend t o  center  much of  
l i f e  around l e i s u r e  a c t i v i t y .  

As the  anglers  move from the  
"occasional" t o  t he  **method-species- 
s e t t i n g  s p e c i a l i s t  ," they become more 
pa r t i cu l a r  as t o  species ,  technique, 
t a ck l e  preferences , and s e t t i n g  re- 
quirements. Two d i f f e r e n t  philosophies 
of f i s h e r i e s  management can be used t o  
meet these var ied demands: managing 
the indigenous salmonid populations as  
pa r t  of t h e  n a t u r a l  ecosystem, i n  which 
harvest  is  l imi ted  t o  the reproductive 
surplus ,  o r  t he  in tens ive  stocking of 
hatchery f i s h  t o  bu i ld  up the f i shery .  
The first option depends on mainte- 
nance of t he  stream h a b i t a t  t o  produce 
f i s h ,  and f i shery  regulat ions t o  pro- 
vide adequate f i s h  escapement. Anadro- 
mous f i s h  have remarkable powers t o  
replenish t h e i r  numbers. As long as 
stream conditions remain favorable t o  
t h e i r  ind iv idua l  requirements, many 
na t ive  f i s h  can be harvested without 
endangering brood stocks.  The second 
option, t o  use many hatchery f i s h  t o  
increase f i s h  populations,  responds t o  
the  f i r s t  two angler  types. These 
anglers  general ly  are concerned more 
with the  number of f i s h  taken than with 
the q u a l i t y  of the  f i sh ing  experience. 

INTERRELATIONS 
BETWEEN RECREATION 
AND THE ANADROMOUS 
FISHERY 

Recreation may a f f e c t  f i s h  and 
t h e i r  h a b i t a t ,  and f i shery  management 
inf luences recreat ion.  W e  have made 
a n  attempt t o  i d e n t i f y  a l l  t he  poten- 
t i a l  inf luences , but  because informa- 
t i o n  about the  nature  and ex ten t  of 
such inf luences is l imi ted ,  evaluat ion 
of t h e i r  importance w i l l  have t o  be 
made case by case. 

EFFECTS ON THE FISHERY 
FROM RECREATION 
ZONES OF INFLUENCE 

Recreation can a f f e c t  t he  f i shery  
i n  four basic  zones--coastal marine, 
es tuar ine ,  r iparian- stream, and lake. 
Various r ec rea t iona l  a c t i v i t i e s  have 
both d i r e c t  and i n d i r e c t  e f f e c t s  on 
the  f i s h  and t h e i r  h a b i t a t s  i n  these 
locat ions.  Recreational a c t i v i t i e s  
occur a t  the edges of f i s h  h a b i t a t  
zones ( lakeside,  streamside, and 
seaside)  and i n  t he  water i n  a l l  
zones. The importance of e f f e c t s  on 
t he  f i she ry  from recrea t ion  are shown 
i n  t ab l e  3. 
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Table +Importance of recreational ac t iv i t i e s  to  
anadromous f i sh  and f i sh  habitats 

Effects on Effects on 
Zone of influence f i sh  populations habitat 

Marine: 
Coastal (open ocean) (X 1 
Estuarine (X 1 

Freshwater: 
Streams X 
Lakes X 

0 
0 

X 
(X 1 

0 none l ikely.  
(X)  = possible minor e f fec t .  
X = possible major e f fec t .  

DIRECT EFFECTS ON FISH 

I n  a l l  of these zones, recrea- 
t i o n a l  e f f e c t s  on f i s h  occur pr imari ly  
through f i sh ing .  Adult f i s h  of var- 
ious species  ( a l l  t he  anadromous salm- 
onids, smelt, s t r i p e d  bass, shad, and 
sheef ish)  are the  primary t a r g e t s  of 
anglers.  Fishing, depending on the  
ava i lab le  f i s h  population and the  
i n t e n s i t y  of f i sh ing ,  may have e i t h e r  
minor or  major adverse inf luences on 
t he  f i sh .  Hooking, even i f  the  f i s h  
are released,  can result i n  i n j u r i e s  
and diseases  t h a t  may lead t o  death. 
Handling hooked f i s h  before re leas ing  

them a l s o  cont r ibu tes  t o  mortal i ty .  
The combination of e f f e c t s  on the f i s h  
from harvesting o r  hooking and re- 
leas ing  can inf luence the s i z e  and 
species  composition of populations. 
Recreational a c t i v i t i e s  other  than 
f i sh ing  apparently do not  d i r e c t l y  
a f f e c t  f i s h .  

EFFECTS ON FISH HABITAT 

Table 4 - E f f e c t s  fm recreational ac t iv i t i es  by zones of  influence 

The ways i n  which recrea t ion  may 
influence elements making up the 
hab i t a t  of anadromous f i s h  are SUP 
marized i n  t a b l e  4. Recreation i s  
considered i n  two ways--the f a c t o r s  
def ining the  recrea t iona l  s e t t i n g  
(hab i t a t )  and the  r ec rea t iona l  a c t i v i-  
t ies  taking place. 
t o  i s o l a t e  recrea t iona l  components 
t h a t  appear r e l a t ed  t o  elements of 
f i s h  hab i t a t .  The h a b i t a t  require-  
ments of anadromous f i s h  are complex, 
but are condensed here  i n t o  four prin- 
c i p a l  components--cover , food, space, 
and spawning area. These four h a b i t a t  
components are associated ( t a b l e  5) 
with migration, spawning, incubation, 
and rear ing ,  and the h a b i t a t  zones of 
inf luence . 

We have attempted 

Upland Riparian 

Vegetation Vegetation 

Act i vi t i es  Overstory Understory Soi 1s Overstory Understory . Soi 1s Aquatic 

Hiking 
HOMeS 
Vehicles: 

On roads 
Off roads 

Canpin9 
Fishing 
Boating 
Uaterpl ay : 

Swimni ng 
Tenporary dans 

Removing debris 
Bathing , di  shwashi ng 

(2) 
(2) 

(1) = primary effects. 
(2) = secondary ef fects.  
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Table !k-Relations of zone of inf luence t o  the freshwater h a b i t a t  require- 
ments and l i f e  cycle of anadromous salmonids 

Habitat requirements/freshwater l i f  e-cycle phase& 

Spawning 

Zone of influence migration spawning Incubation rear ing 
Cover1 Food/ Space1 s u b s t r a t e l  

Upland: 
Vegetation 
soils 

R i  par Ian  : 
Vegetation-- 

Understory 
Overs to ry  

So i l s  

Vegetation 
Streamflow 
Channel morphology- 

Rif f  le8 
Pools 

Suspended sediment 
Bedload sediment 
Temperature 
Dissolved oxygen 
Bacteria 
Chemicals 

Aqua t i c  : 

Water quality-  

Barriers 
Debris 

0 I O  
01 0 

110 
ll0 
210 

11 2 
2 I1 

2 IO 
1/2 

212 
ll0 
0 I1 
012 
010 
0 / 2  
2 I1 
111 

o/ 0 
0/1 

11 0 
110 
011 

11 0 
2 I1 

ll1 
ll0 

1/ 0 
11 1 
111 
2 I1 
21 0 
111 
212 
2/2 

01 0 
011 

010 
210 
211 

010 
111 

211 
I J O  

o/o 
11 1 
0 / 1  
2 /1 
012 
0/1 
2/0 
01 0 

210 
21 0 

011 
011 
112 

011 
11 1 

112 
011 

011 
l/l 
011 
011 
012 
011 
012 
011 

l / F i r s t  number is  re la ted  t o  h a b i t a t  requirements; second number i s  
re la ted  t o  l i fe- cycle  phase. 0 = none an t ic ipa ted ;  1 primary e f f e c t ;  
2 = secondary e f fec t .  

The l i t e r a t u r e ,  our professional  
experience and judgment, and common 
sense suggest t ha t  c e r t a i n  combina- 
t ions  of r ec rea t iona l  f ac to r s  def in ing  
s e t t i n g s ,  coupled with s p e c i f i c  act iv-  
i t i e s ,  may a f f e c t  anadromous f i s h  
hab i t a t .  Whether the possible  effects 
w e  i d e n t i f y  are important cannot be 
r ead i ly  determined. Resource managers 
w i l l  have t o  evaluate the consequences 
of encouraging or  discouraging indi-  
vidua l  r ec rea t iona l  uses. 

In t he  r i p a r i a n  zone, such ac t i v i-  
t ies ( a s  w e l l  as management ac t ions  
t h a t  support them) may al ter  h a b i t a t  
elements important t o  anadromous f i s h  
populations. Recreational u s e  of t he  
r i pa r i an  zone does not  always d i s rup t  
anadromous f i s h  h a b i t a t  s i g n i f i c a n t l y ,  
however. Both the s i z e  and importance 
of e f f e c t s  must be taken i n t o  account 
i n  evaluat ing whether i n to l e r ab l e  
e f f e c t s  have occurred. 

EVALUATING THE EFFECTS 
FROM RECREATION 

Recreat ional  e f f e c t s  d i f f e r  by re- 
gion, r i v e r  type, vegetat ion and s o i l  
condi t ions,  season, and the  nature  and 
ex ten t  of r ec rea t iona l  use . Evaluation 
of these e f f e c t s  i s  l a r g e l y  judgmental; 
seldom are d e f i n i t i v e  answers ava i l ab l e  
t o  allow accura te  prediction. 

Some of the pa t te rns  of recrea- 
t i o n a l  use t h a t  should be considered 
when evaluat ing i t s  e f f e c t s  are: 
temporal va r i a t i on  (da i ly ,  weekly, 
seasonal ly ,  durat ion);  i n t e n s i t y  of 
use (concentrated use,  dispersed use) ; 
s p a t i a l  d i s t r i b u t i o n  (upland--on o r  
off  road; r i pa r i an ;  and i n  water-- 
ocean, es tuary,  stream, o r  l ake ) .  

12 



Questions t h a t  need t o  be addressed 
when evaluat ing the  s ign i f icance  of 
recrea t iona l  e f f e c t s  include: 

Do use and r e su l t i ng  e f f e c t s  
coincide with areas of key f i s h  
production? 

Is t he  effect se r ious  enough t o  
create a change i n  h a b i t a t  compo- 
nents? W i l l  t h e  change be quick 
o r  slow t o  occur? W i l l  i t  be a 
long- o r  short- term change? Are 
cumulative effects l i k e l y ?  

Are the  r ec rea t iona l  uses and any 
r e s u l t i n g  e f f e c t s  concentrated i n  
only a small port ion of t he  stream 
o r  are they widely dispersed? 

Answering these and other  r e l a t e d  
questions w i l l  help determine whether 
any ac t ion  w i l l  be required t o  prevent 
o r  ameliorate fu r the r  changes i n  f i sh-  
hab i t a t  conditions.  

Some general  observations about 
r ec rea t iona l  use and i ts  r e l a t i o n  t o  
anadromous f i s h  h a b i t a t  are: 

Recreational use is  not  uniform i n  
its d i s t r i b u t i o n  over e i t h e r  t i m e  
o r  space--water general ly  draws 
and concentrates use. 

The amount of use is not necessar-  
i l y  d i r e c t l y  r e l a t ed  t o  the e f f e c t s  
on the  area. Sometimes t he  prac- 
tices of the ind iv idua l  o r  par ty  
i n  an area are more important than 
the  number of people (Aitcheson 
and o thers  1977). 

Most of t he  change i n  vegetat ion 
results from i n i t i a l  l i g h t  use 
(Cole 1979). 

Anglers can s i g n i f i c a n t l y  affect 
upland and r i pa r i an  h a b i t a t  i n  
addi t ion  t o  d i r e c t l y  a f f ec t i ng  
f i s h  populations because they 
spend a l o t  of t i m e  i n  other  
act ivi t ies ,  such as s ightseeing , 
walking, and camping. 

When ex i s t i ng  o r  po t en t i a l  effects 
along a stream are evaluated, knowing 
how they d i f f e r  may be useful.  
of the  ways e f f e c t s  can d i f f e r  are: 
probabi l i ty  of occurrence ( l i ke ly ,  
un l ike ly) ,  d i s t r i b u t i o n  ( i n t ens i t y ,  
ex tens i ty ) ,  magnitude (minor, major), 
durat ion (short  term, long term), 
recovery (quick, slow), and loca t ion  
(instream, r i pa r i an ,  upland) . 

Some 

A guide f o r  judging the  s eve r i t y  
of e f f e c t s  from rec rea t iona l  use i s  
shown i n  f i g u r e  6. We bel ieve t h a t  by 
considering both t he  i n t e n s i t y  and ex- 
t e n s i t y  of effects, actual o r  po t en t i a l  
e f f e c t s  can be ranked. We bel ieve t h a t  
e e ~ e v e r e e e  impacts have seldom occurred 
because of recreat ion.  

After the  s eve r i t y  of the  possible  
recrea t ion  e f f e c t s  i s  determined, the  
manager has  s eve ra l  options.  . When the  
e f f e c t s  exceed w h a t  is  acceptable t o  
management object ives ,  the manager can: 

Do nothing, thereby accepting the  
consequences of the use o r  uses i n  
ques t ion  . 
Mitigate the  effects by l imi t i ng  
or  e l iminat ing use i n  c r i t ica l  
areas through regulat ion o r  by 
changing s i t e  design. 

Redefine f i she ry  object ives  f o r  
a l l  o r  part of the area (recrea-  
t i o n  might be more important than 
f i she ry  values) . 
Use a combination of the  second 
and t h i r d  a l t e rna t ives .  

Managerial decis ions w i l l  require  
judgments about the  consequences and 
f e a s i b i l i t y  (b io log ica l ,  soc i a l ,  and 
p o l i t i c a l )  of each a l t e rna t ive .  In- 
formation about t he  s i z e  of the  e f f e c t  
on anadromous f i s h  hab i t a t  and the  
importance of t h e  change f o r  var ious 
resource uses ,  including recrea t ion ,  
w i l l  be he lp fu l  i n  making judgments. 

13 



Intensity 
Hiah Low None 

High 
)r 

tn 
c, 
.I 

5 Low - 
X w 

Figure 6.--Effects of ex is t-  None 
ing o r  po t en t i a l  recrea- 
t i o n a l  use along port ions 

Intensity --amount of disruption 
(change) per unit area of a stream 

Extensity+roportion of stream 
that is affected 

of a stream. 

GENERAL EFFECTS 
OF RECREATION ON 
ANADROMOUS FISH HABITAT 

L i t t l e  documentation e x i s t s  re- 
garding s p e c i f i c  e f f e c t s  of recrea t ion  
on anadromous f i s h  hab i t a t .  Some 
research--brief l y  summarized here--has 
been conducted on the  e f f e c t s  of rec- 
rea t ion  on s o i l s  and vegetat ion i n  
general  and along streams i n  par t ic-  
ular .  We a l s o  speculate  about how 
recrea t ion  can a f f e c t  o ther  environ- 
mental f ac to r s  l i s t e d  i n  t a b l e  5, and 
the  implications such changes have f o r  
anadromous f i s h  i n  var ious s tages  of 
t h e i r  l i f e  cycle. 

We bel ieve recrea t iona l  use can 
a f f e c t  anadromous f i s h  h a b i t a t  i n  t he  
following ways : 

0 Upland changes i n  s o i l s  and vegeta- 
t i o n  t h a t  may a f f e c t  runoff and 
erosion. 

0 Riparian changes t h a t  inf luence 
erosion,  cover, food sources,  and 
water qua l i ty .  

0 Instream changes t h a t  affect  stream 
morphology, water qua l i t y ,  stream 
flow, subs t r a t e ,  and debris .  

The nature  and extent  of such po- 
t e n t i a l  changes d i f f e r  by t he  i n t e n s i t y  
and ex tens i ty  of r ec rea t iona l  use. 

UPLAND SOILS AND VEGETATION 

Changes i n  vegetat ion from recre- 
a t i o n a l  a c t i v i t i e s  i n  upland and ri- 
parian areas appear t o  be general ly  
similar t o  e f f e c t s  of l ives tock  graz- 
ing (see P l a t t s  1981 f o r  a discussion 
of t he  e f f e c t s  of l ives tock  grazing).  
Cole (1979) discussed problems i n  
studying r ec rea t iona l  e f f e c t s  on vege- 
t a t i o n  and concluded t h a t  most change 
results from i n i t i a l  l i g h t  use. Con- 
t inued o r  increased r ec rea t iona l  use 
a t  sites may have l i t t l e  add i t i ona l  
e f f e c t .  
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Settergren 's  (1977) review iden- 
t i f i e d  s i x  possible  e f f e c t s  on s o i l s  
of recrea t ion  along r ivers :  compac- 
t ion ,  roo t  exposure, des t ruc t ion  of t he  
s o i l  p r o f i l e  through l o s s  of vegeta- 
t ion ,  reduction i n  organic matter, in- 
creased bulk densi ty ,  and decreased 
s o i l  moisture. H e  concluded ( i n  agree- 
ment with Cole) t h a t  t h e  g rea t e s t  com- 
paction occurs immediately after an  
area is opened f o r  use, after which 
the  s o i l  tends t o  s t a b i l i z e .  As s o i l  
compaction and vegetat ion l o s s  occur, 
erosion may accelerate. This can 
decrease the  depth of s o i l  p r o f i l e s  
and expose roots .  

Landform patterns i n  upland and 
r i pa r i an  areas may a l s o  be a f fec ted  by 
recrea t iona l  use. Hiking and use of 
off- road vehicles  o r  horses  may create 
r u t s  and trai ls  that gather  runoff ,  
leading t o  increased erosion. Whether 
such changes w i l l  occur, o r  t o  what 
ex ten t ,  depends on l o c a l  s o i l s ,  vege- 
t a t i o n ,  topographic conditions,  and 
the  proximity of t he  damage t o  ripar- 
i a n  areas. 

Se t te rgren ' s  (1977) review a l s o  
described f i v e  types of vegetat ion 
changes: mor ta l i ty  of overstory, l o s s  
of tree vigor ,  mechanical i n ju ry ,  roo t  
k i l l ,  and l o s s  of ground cover. Rec- 
rea t iona l  a c t i v i t i e s  can cause d i r e c t  
physical o r  mechanical in jury  and in- 
d i r e c t  physiological and morphological 
changes by a f f ec t i ng  the  s o i l .  
Set tergren concluded that mechanical 
i n ju ry  is common, increasing the  
l ike l ihood  of d i sease  and possible  
subsequent mortal i ty .  Decline i n  tree 
vigor is sometimes associated with 
s o i l  degradation, and reduced ground 
cover (both t o t a l  amount and number of 
species)  i s  one of t he  first s igns  of 
recrea t iona l  use. Set tergren bel ieves  
a s h i f t  towards fewer, more t o l e r an t  
species  may occur when vegetat ion i s  
adversely a f fec ted  by r ec rea t iona l  
uses . 

The consequences of these changes 
on t he  qua l i t y  of f i s h  h a b i t a t  are 
uncertain.  Vegetation l o s s  may lead  
t o  s o i l  l o s s ,  compaction, o r  both; 
increased sedimentation; and reduced 

f i s h  spawning habi ta t .  No research 
has been s p e c i f i c a l l y  conducted 
es tab l i sh ing  whether, o r  under what 
conditions,  such r e s u l t s  might occur. 

RIPARIAN 

The USDA Forest  Service def ines  a 
r i pa r i an  ecosystem as "a t r a n s i t i o n  
between the  aqua t ic  ecosystem and the  
adjacent terrestrial ecosystem and i s  
iden t i f i ed  by s o i l  c h a r a c t e r i s t i c s  and 
d i s t i n c t i v e  vegetat ion communities 
t h a t  require  f r e e  o r  unbound water." 
For management purposes, r i pa r i an  
boundaries are defined as " the  land 
and vegetat ion extending a t  least 100 
f e e t  measured horizontal ly  from the  
edges of a l l  perennial streams, l akes ,  
and other  bodies of water" (USDA 
Forest  Service 1980) . 

When po ten t i a l  e f f e c t s  from rec- 
rea t iona l  a c t i v i t i e s  are evaluated, 
l o c a l  conditions a f f ec t i ng  the  s i z e  of 
t he  r i pa r i an  area must be considered. 
Subs tan t ia l  differences i n  t he  recrea- 
t i o n a l  use and i t s  e f f e c t s  can occur i n  
areas where the  ac tua l  r i pa r i an  area 
is 300 f e e t  r a the r  than 5 f e e t  wide. 
I n  general,  g r ea t e s t  d i s rup t ions  are 
l i k e l y  t o  occur within 15 f e e t  of t he  
stream. Thus, our de f in i t i on  of t he  
r i pa r i an  zone is the area of land and 
vegetat ion t h a t  provides a t r a n s i t i o n  
between the  aqua t ic  and terrestrial 
environments, and d i r e c t l y  inf luences 
t he  stream. 

Streamside vegetat ion d i r e c t l y  
inf luences the  qua l i t y  of anadromous 
salmonid hab i t a t .  Riparian vegetat ion 
provides shade and an i n su l a t i ng  can- 
opy, preventing adverse water tempera- 
t u r e s  during both summer and winter.  
It a l s o  acts as a f i l t e r  t o  prevent 
addi t ion  of sediment, and i t s  roo t s  
provide streambank s t a b i l i t y  and cover 
f o r  rear ing  salmonids . Riparian vege- 
t a t i o n  d i r e c t l y  inf luences t he  food 
chain of a stream ecosystem by pro- 
viding organic d e t r i t u s  and terres- 
t r i a l  i n sec t s ,  and by con t ro l l i ng  
aqua t ic  product ivi ty  t h a t  depends on 
so l a r  radiat ion.  



Understory.--Understory vegetat ion 
can be reduced o r  removed when recrea- 
t i o n a l  ac t iv i t i es  occur along the  edge 
of r i v e r s  and lakes ,  depending on t he  
i n t e n s i t y  and type of a c t i v i t y .  Loss 
of understory vegetat ion d i r e c t l y  af- 
f e c t s  t he  rear ing  h a b i t a t  of salmonids 
by reducing hiding cover, food produc- 
t ion ,  and streambank s t a b i l i t y .  Food 
sources f o r  anadromous f i s h  may be 
a f f ec t ed  i n  d i f f e r e n t  ways. Loss of 
streamside vegetat ion r e su l t i ng  from 
rec rea t iona l  use w i l l  affect i n s e c t  
hab i t a t .  Chemicals used f o r  i n s e c t  
cont ro l  i n  developed campgrounds w i l l  
reduce ava i l ab l e  i n s e c t  populations. 

Undercut banks.--Banks can be de- 
stroyed whenever r ec rea t iona l  ac t iv i-  
t ies  take place near the shore of 
r i v e r s  and lakes. How quickly bank- 
l o s s  occurs and how much of the  shore- 
l i n e  w i l l  be a f f ec t ed  depends on the  
type of r ec rea t iona l  a c t i v i t y  taking 
place and i ts  frequency. Use of off- 
road vehic les  and horses w i l l  genera l ly  
be more d i s rup t ive  than foot  t rave l .  
The addi t ion  of sediment d i r e c t l y  af-  
fects spawning gravels ,  and the  l o s s  
of undercut banks has a negat ive ef-  
f e c t  on rear ing  areas. 

0verstory.-In addi t ion  t o  d i r e c t l y  
a f f e c t i n g  cover, food, and streambank 
s t a b i l i t y  as the  understory does, the  
overstory provides shade, r e su l t i ng  i n  
increased rear ing  space and the  cool  
waters t h a t  favor growth of salmonids. 

AQUATIC 

Vegetation.--When some measure of 
s t a b i l i z a t i o n  of t he  stream bottom i s  
reached, the  subs t r a t e  becomes habit-  
a b l e  f o r  p l an t s  and animals. The 
presence of macro-aquatic vegeta t ion  
(such as mosses and li ly- pads) s igni-  
f i e s  a s t a b l e  environment. Habitat  i s  
af fec ted  when the  sedimentation ra te  
o r  volume of streamflow i s  changed by 
e i t h e r  i n d i r e c t  r ec rea t iona l  ac t iv i-  
t ies  o r  removal of the  aqua t i c  vegeta- 
t ion .  These e f f e c t s  may be temporary 
o r  permanent, depending on the  type 
and dura t ion  of t h e  a c t i v i t y .  Loss of 
vegetat ion can a f f e c t  f i s h  production 
by removing cover and reducing avai l-  
ab le  food. 

Streamflow.--Significant changes 
i n  streamflow can occur as a r e s u l t  of 
r ec rea t iona l  a c t i v i t i e s ,  including 
placement of rocks and debr i s  i n  the 
stream, and d ivers ion  o r  impoundment 
of water. Rocks and debr i s  can be 
bene f i c i a l  f o r  f i s h  rear ing  i f  they 
are added i n  moderate quant i t ies .  
Large add i t i ona l  quan t i t i e s ,  however, 
can r e s u l t  i n  channel i n s t a b i l i t y  and 
streambank erosion. Reduction i n  
streamflow, as a r e s u l t  of diversion 
o r  by dams, i s  a common problem that 
can be d i r e c t l y  detr imental  t o  both 
spawning and rear ing  hab i t a t s .  Re- 
duced streamflow can impede o r  block 
both downstream smolt movement and 
upstream a d u l t  migration, increase  
water temperatures, and reduce ava i l-  
a b l e  rear ing  and spawning hab i t a t .  

Channel morphology, r i f f l e s  .--The 
depth and flow of water over and 
through r i f f l e s  def ines  t he  qua l i t y  of 
spawning h a b i t a t  f o r  t he  various spe- 
cies of salmonids. A c t i v i t i e s  such as  
swimming, boating, and instream use of 
off-road vehic les  can a f f e c t  r i f f l e  
qua l i t y  . Swimming-hole construct ion o r  
enlargement and streamflow concentra- 
t i o n  f o r  boat passage can d i s t u r b  
h a b i t a t  and f i s h .  I f  t h e  qua l i t y  of 
r i f f l e  areas decreases,  production of 
usable food w i l l  a l s o  decrease. 

Channel morphology, pools.--A pool 
i s  genera l ly  deeper and sometimes wider 
than the  average width and depth of 
t he  stream, and i ts ve loc i ty  i s  slower 
than the  immediate upstream and down- 
stream segments. 
salmonids f o r  r ea r ing  and f o r  r e s t i n g  
during migration. Pools can a l s o  be 
used by r e c r e a t i o n i s t s  f o r  swimming, 
boating, suc t ion  dredge mining, bath- 
ing ,  and other  a c t i v i t i e s .  A change 
i n  pool charac ter  (depth, width, de- 
b r i s )  genera l ly  r e s u l t s  i n  a dec l ine  
i n  salmonid populations . Pool charac- 
ter is  a f f ec t ed  most o f t en  by a change 
in t he  quant i ty  of cover ( logs,  l imbs, 
rocks, and undercut banks). 

Pools are used by 
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Water a u a l i t v ,  sumended sedi-  
- ment .-The concentration of suspended 
sediment above which f i s h  resources 
are damaged and below which they are 
unaffected is  no t  sharply defined 
(Gibbons 1982) . Unfortunately, l i t t l e  
information is ava i lab le  on suspended 
sediment, and much of i t  i s  poorly 
documented. Many of t he  l i fe- cycle  
phases and requirements of salmonids 
can be a f fec ted  by suspended sediment; 
however, i n t e rmi t t en t  addi t ions  of 
sediment are n a t u r a l  and are thought 
t o  have few detr imental  e f f e c t s  on 
f i sh .  Continuous addi t ions  may di- 
rectly inf luence feeding and indi-  
rectly a f f e c t  cr i t ical  p a r t s  of the  
l i f e  cycle  ( t a b l e  5). Sediment can be 
produced from almost any recrea t iona l  
a c t i v i t y  i n  uplands and transported t o  
instream locat ions .  Sediment can a l s o  
a f f e c t  angling t i m e  and success. 
P h i l l i p s  (1971) s t a t e d  t h a t  f i sh ing  
success decl ines  when suspended sedi-  
ment exceeds 25 mg/liter and may cease 
when concentrations are grea te r  than 
100 mg/l i ter .  Recent s t ud i e s  concern- 
ing  the  e f f e c t s  of sedimentation on 
rea r ing  f i s h  have indicated seasonal 
di f ferences  ranging from 1500 mg/ l i t e r  
t o  over 30 000 mg/liter before damage 
occurs (Noggle 1978) . Thus, the  in-  
te rmi t ten t  addi t ions  of suspended 
sediment general ly  a f f e c t  rec rea t iona l  
angling and not  necessar i ly  the  f i sh .  

Water qua l i t y ,  bedload sediment.-- 
Excessive amounts of f i n e  sediment de- 
posited i n  streams can reduce aquatic 
i n sec t  populations and d ive r s i t y ,  
ava i lab le  l i v i n g  space f o r  f i s h ,  and 
surv iva l  of incubating embryos . The 
f indings  by Gibbons and Sal0  (1973) 
and Reiser and Bjornn (1979) show that: 
sediment can f i l l  gravel  i n t e r s t i c e s ,  
thereby reducing in te rgrave l  and i n t r a -  
gravel  water flow; deposited sediment 
can physically prevent emergence of 
f ry ;  and bedload sediment can reduce 
food resources by c rea t ing  unfavorable 
subs t ra tes  f o r  the  production of 
periphyton and aqua t ic  inver tebrates .  
Research shows the  l e t h a l  e f f e c t s  of 
bedload sediment are most pronounced 
w h i l e  the  embryos are incubating i n  
the  gravel.  Recreational a c t i v i t i e s  
can add sediment t o  streams by d i r e c t  

trampling of s treambanks and, second- 
a r i l y ,  by a f f ec t i ng  upland s o i l s  
( t a b l e  5). 
parian management s t r i p s ,  streambank 
s t a b i l i t y  can be improved, and upland 
sediments can be prevented from enter-  
ing t he  stream channel. 

Through the use of ri- 

Water qua l i t y  , temperature. --Water 
temperature i s  a major determinant f o r  
salmonid production ( t ab l e  5) . Ripar- 
ian  vegetation d i r e c t l y  inf luences  
water temperature by providing shade 
i n  summer and an insu la t ing  e f f e c t  i n  
winter. Recreational a c t i v i t i e s  can 
remove this r i pa r i an  vegetation.  

Water qua l i t y ,  dissolved oxygen.-- 
Adequate dissolved oxygen i s  important 
t o  salmonids during a l l  phases of t h e i r  
l i f e  cycle.  Amount of dissolved oxygen 
is  normally near sa tura t ion ;  recrea- 
t i o n a l  a c t i v i t i e s  can, however, de- 
crease  these  amounts by adding organic 
waste t o  slowmoving water. In gen- 
eral, the  e f f e c t s  of rec rea t ion  on 
dissolved oxygen l eve l s  is minor. 
Other e f f e c t s  would become c r i t i c a l  
before rec rea t iona l  a c t i v i t i e s  would 
cause s i gn i f i c an t l y  low amounts of 
dissolved oxygen. 

Water a u a l i t v  . f e c a l  coliform 
bac te r ia  .--Water pol lut ion is  gener- 
a l l y  measured i n  terms of b a c t e r i a l  
count and index of coliform bac t e r i a ,  
which reflects the  degree of animal 
( including human) waste. The occur- 
rence of coliform bac te r ia  i n  water 
may sometimes be associated with 
rec rea t iona l  a c t i v i t i e s .  The int ro-  
duction of coliform bac te r ia  a f f e c t s  
dissolved oxygen by increasing bio- 
l o g i c a l  oxygen demand. Through proper 
s i t i n g  and t r ea t i ng  of human waste 
(and pack/riding stock waste),  possi-  
ble  addi t ions  are then l imi ted  t o  
bathing or  swimming. The add i t ion  of 
f e c a l  coliform bac te r ia  from these  
uncontrollable sources should be minor. 

Water qua l i t y ,  chemicals.--Bathing 
and washing soaps, herbic ides ,  and in- 
sec t i c ide s  a re  the  p r inc ipa l  recrea- 
t iona l  contaminators of water. Of 
these,  herbic ides  and i n sec t i c ide s  are 
of most concern. Spraying chemicals 
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a t  campsites t o  con t ro l  vegetat ion and 
i n s e c t s  can inadver tent ly  result i n  
t h e i r  enter ing  the water systems. Even 
low concentrations can d r a s t i c a l l y  
a f f e c t  spawning and rear ing  success. 
Chemical addi t ions  t o  streams should 
no t  occur as a regular  r e s u l t  of rec- 
rea t iona l  a c t i v i t i e s .  Norris and 
o the r s  (1983) thoroughly discussed 
these e f f e c t s  . 

Barriers .--Stream b a r r i e r s  can pro- 
vide both valuable rear ing  h a b i t a t  and 
migration blocks t o  anadromous f i s h .  
The probabi l i ty  of r ec rea t iona l  pur- 
s u i t s  c rea t ing  b a r r i e r s  preventing f i s h  
migration is  s l i g h t ,  but  i f  they occur, 
b a r r i e r s  can be c r i t i c a l .  

Debris .--Large organic debr i s  i s  an 
important h a b i t a t  component of anad- 
romous f i s h  streams. It serves  to: 
cont ro l  waterflow, shape the  stream 
channel, provide cover, form pools and 
r i f f l e s ,  t r a p  and hold bedload sedi-  
ment, increase  h a b i t a t  d i v e r s i t y ,  and 
provide subs t ra t e  f o r  b io log ica l  ac t iv-  
i t i e s  of stream organisms (Meehan and 
o the r s  1977). Swimmers, boaters ,  
anglers ,  and o the r s  sometimes remove 
debr is .  Removal of l a r g e  q u a n t i t i e s  
can result i n  as much as an  80-percent 
reduction i n  anadromous f i s h  popula- 
t i o n s  ( E l l i o t t  and Hubartt 1978), but  
such removal would r a r e l y  be a r e s u l t  
of  recreat ion.  Debris removal by 
r e c r e a t i o n i s t s  i s  primari ly loca l i zed  
and should have minor e f f e c t s  on the  
t o t a l  f i s h  population of any stream. 

I - -e@?/'\\- - 

EFFECTS OF MANAGEMENT 
OM RECREATION 

Three c l a s ses  of management ac- 
t i o n s  or  decisions are :  recrea t ion  
management, f i shery  management, and 
timber management. When poss ib le  
e f f e c t s  of ex i s t ing  and p o t e n t i a l  
r ec rea t iona l  uses on anadromous f i s h  
hab i t a t  a r e  evaluated,  the  influences 
of these ac t ions  must a l s o  be consid- 
ered.  I n  p a r t i c u l a r ,  planners and 
managers must be a l e r t  f o r  poss ib le  
e f f e c t s  outs ide  of the  recrea t ion  
system i t s e l f  (such as road construc- 
t ion)  t h a t  may cause a chain reac t ion ,  
u l t imate ly  changing the na ture  of 
r ec rea t iona l  oppor tuni t ies  and fu tu re  
act i v i  t i e  s . 
RECREATION MANAGEMENT 

Certain decisions and ac t ions  of 
r ec rea t ion  managers may have implica- 
t i o n s  f o r  one or  more aspects  of f i s h  
hab i t a t .  
are Recreation Opportunity Spectrum 
(ROS) class designation and management 
of ROS f a c t o r s  . 

Two bas ic  types of ac t ions  
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ROS is a model t h a t  helps t o  clar- 
i f y  r e l a t i o n s  among rec rea t iona l  set- 
t ings ,  a c t i v i t i e s ,  and experiences 
(Brown and o thers  1978, Buist and 
Hoots 1982, Clark and Stankey 1979a, 
Clark 1982). The assumption underlying 
the ROS is  t h a t  q u a l i t y  i s  bes t  assured 
by providing d iverse  opportuni t ies .  
The ROS recognizes that oppor tuni t ies  
sought by r e c r e a t i o n i s t s  range from 
e a s i l y  access ib le ,  highly developed 
areas with modern conveniences t o  un- 
developed areas i n  remote loca t ions  
( c e r t a i n  wilderness designat ions) .  
Within each of the  general  types of 
s e t t i n g s ,  a v a r i e t y  of a c t i v i t i e s ,  
such as f i sh ing ,  camping, and hiking,  
i s  possible.  

A recrea t ion  opportunity s e t t i n g  
i s  defined as the  combination of so- 
cial,  physical,  b io logica l ,  and mana- 
g e r i a l  condit ions t h a t  give perceived 
value t o  a place. It i s  dist inguished 
by varying condit ions ranging from 
modern t o  primit ive,  o r  as Nash (1973) 
phrased it, "from the paved t o  the 
primeval." The ROS includes s i x  
f ac to r s  tha t  inf luence r ec rea t iona l  
behavior and have s igni f icance  t o  
management. A more de ta i l ed  descrip- 
t i o n  of these s i x  f a c t o r s  may be found 
i n  Clark and Stankey (1979a), but  
b r i e f l y  they are: 

0 Access i n t o  and within the  area, 
with degree of d i f f i c u l t y  asso- 
cia ted  with access  and the  per- 
mitted means of conveyance* 

0 The extent  t o  which other  nonrec- 
rea t ion  resource uses (such as 
timber harves t ,  anadromous f i shery  
management, and mining) are compat- 
i b l e  (from the  user ' s  perspective) 
with various outdoor recrea t ional  
a c t i v i t i e s .  

Social  interaction- the r e l a t i v e  
i n t e n s i t y  of use per u n i t  area, 
including the  amount of intergroup 
contact  and the  space requirements 
associated with d i f f e ren t  oppor- 
tunities. 

Level of regimentation--the na ture ,  
ex tent ,  and degree of cont ro l  over 
r ec rea t iona l  use exercised by 
management . 
Amount and degree of v i s i t o r  ef- 
f e c t s  acceptable i n  d i f f e r e n t  
oppor tuni t ies  (as perceived by 
users) .  

An example of how these f a c t o r s  
can be combined t o  c rea t e  a range of  
s e t t i n g s  is  shown i n  f igu re  7. Each 
of these f a c t o r s  is character ized by a 
range of conditions. For example, ac- 
cess ranges from areas where mechanical 
access on wide, paved highways i s  ap- 
propr ia te  t o  areas without trails 
where only foot  t r a v e l  i s  permitted. 
Similar ly,  s o c i a l  i n t e rac t ion  v a r i e s  
from high-density use (where i t  i s  
appropriate  and expected, such as i n  
some modern campgrounds) t o  places of 
maximum sol i tude .  The appropriateness 
of these conditions va r i e s  along the  
spectrum. Well-developed roads and 
l a rge  numbers of people with frequent 
contact  between parties are not  appro- 
p r i a t e  i n  wilderness,  although they 
can be i n  places l i k e  beaches, near a n  
urban area, o r  i n  highly developed 
campgrounds . 

A recrea t ion  opportunity s e t t i n g  
is  created by spec i f i c  combinations of 
these f ac to r s  i n  a p a r t i c u l a r  place. 
Al te rna t ive  combinations lead  t o  d i f-  
fe ren t  opportunity s e t t i n g s ,  providing 
many options t o  r ec rea t ion i s t s .  

0 Onsite management--the extent ,  
v i s i b i l i t y ,  and complexity of mod- 
i f i c a t i o n ,  including the use of 
exo t i c  vegetat ion,  landscaping, 
t r a f f i c  b a r r i e r s ,  and f a c i l i t i e s  
( t ab le s ,  t o i l e t s ,  water supplies)  . 
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RANGE OF WPORTUNITY SETTING CLASSES: 
Modern- Rural Roaded kh ;a l - /  Semi primitive 
urban //appearing // Motorized Nonmotorized Primitive 

/ 

Access 

Access system 

Means of conveyan 

Nonrecreat ional 
resource uses 
Onsite management 
(mod if ica t ion): 

Extent 

Social interaction 

Acceptability of 
visitor impacts 

Prevalence of impac 

, uncommon \ 

1 none \ Acceptable regimentation , strict regimentation 

I none \ 

MA 

Trails 

Apparentness 

Complexity 

Facilities 

Acceptable combinations for roaded, natural-appearing opportunities. 

Figure 7 .--Link between rec- 
r e a t i o n i s t s  and opportuni- 
ties (from Lucas and o the r s  
1984) 

20 



A recrea t ion  opportunity s e t t i n g  
i s  a l s o  composed of other  na tu ra l  fea- 
tu re s  i n  addi t ion  t o  the s i x  fac tors .  
Land-f orm types, vegetation, scenery, 
water ( lakes  and streams) , wi ld l i f e ,  
and f i s h  are a l l  important elements of 
recrea t ion  environments; they inf luence 
where people go and the  kinds of act iv-  
i t i e s  tha t  are possible.  No i n t r i n s i c  
qua l i t y  of these other  na tu ra l  f ea tu re s  
suggests ‘the appropriate  type of rec- 
rea t ion  opportunity s e t t i n g ,  however. 
Any of the  opportunity types are as 
possible  and appropriate  i n  mountainous 
areas as they are i n  dese r t  s e t t i ngs .  
Greatest d i v e r s i t y  would be assured i f  
the  f u l l  spectrum of opportunity types 
(modern t o  pr imit ive)  could be found 
across  the  range of environmental 
s e t t i n g s  . 

The nature of pa r t i c ipa t ion  i n  
recrea t iona l  a c t i v i t i e s  depends on the  
place i n  which i t  occurs (Cheek and 
o thers  1976) . Thus, na tu ra l  f ea tu re s  
( t e r r a i n ,  r i v e r s , . l a k e s )  w i l l  inf lu-  
ence the  a c t i v i t i e s  that are possible.  
The combination of these  environmental 
s e t t i n g s  and opportunity types deter-  
mines t he  range of r ec rea t iona l  act iv-  
i t ies  i n  a s p e c i f i c  area. 

The ROS assists resource planning 
and management by helping t o  i n t e g r a t e  
and coordinate recrea t ion  with other 
resource uses and management a c t i v i-  
ties. The ROS can be applied t o  a l l  
kinds of land-use planning and resource 
management and i s  not only f o r  recrea- 
t i o n  managers. Many of the f ac to r s  
def ining r ec rea t iona l  opportunity 
s e t t i n g s  (access and use of o ther  re- 
sources,  f o r  example) are t r a d i t i o n a l l y  
the  r e spons ib i l i t y  of o ther  d i s c ip l i ne s  
and funct ions (such as  timber manage- 
ment and engineering).  Coordination 
between d i f f e r en t  areas is  necessary t o  
insure t h a t  appropriate  management ob- 
jec t ives  are s t a t e d  (and achieved) and 
t o  help point out  po t en t i a l  c o n f l i c t s  
and compat ib i l i t i es  among resources 
(Brown and o the r s  1978, Clark and 
Stankey 1979a). 

ROS class designation.--Defining 
an ROS class i n  an area w i l l  no t  
a f f e c t  f i s h  h a b i t a t  u n t i l  the  area is 
used recrea t iona l ly .  Defining and 
managing by ROS class, however, may 
set i n  motion a chain of events that 
may a f f e c t  the  f i shery .  After  classes 
are designated, management s tandards 
w i l l  be determined tha t  are cons is ten t  
with recrea t ion  goals. Presuming t h i s  
a l l  occurs according t o  plan, some 
general  conclusions can be made about 
the r e l a t i o n  between ROS class and 
anadromous f i s h  habi ta t .  

The modern-urban class is  charac- 
te r i zed  by concentrated use, many 
faci l i t ies ,  paved roads, and d iverse  
nonprimitive a c t i v i t i e s .  Locating a 
modern-urban. s e t t i n g  (such as i n  a 
developed campground) on o r  near f i s h  
hab i t a t  can have major implicat ions 
f o r  t he  f i shery .  Locally, s u b s t a n t i a l  
loss of vegetation, s o i l  compaction, 
l o s s  of streambank s t a b i l i t y ,  and even 
some changes i n  t he  stream channel 
(depending on s i z e )  can occur. 
qua l i t y  may be a f fec ted  when sani ta-  
t i o n  fac i l i t ies  are near streams or  
when in sec t i c ides  o r  herbicides  are 
used t o  cont ro l  i n sec t s  o r  brush. Use 
of horses o r  vehicles  along o r  i n  
streams may accelerate de t e r io ra t i on  
of banks and substrate .  

Water 

A t  t he  other  end of t he  spectrum, 
the pr imit ive class is character ized 
by l i g h t  (dispersed) use, l ack  of most 
comfort and sa fe ty  f a c i l i t i e s ,  and 
pr imit ive means of t ranspor ta t ion  ( foo t  
o r  horse.). Ef fec t s  on f i s h  h a b i t a t  can 
range from none t o  minor, where use  i s  
infrequent (although as Cole (1979) 
points  out ,  i n i t i a l  l i g h t  use may re- 
sult i n  most of t he  e f f e c t  on s o i l s  
and vegetat ion) ,  t o  subs t an t i a l ,  where 
use i s  more concentrated--such as 
along trails o r  a t  popular campsites. 

ROS management f a c t  or s .--Whether 
the  f a c t o r s  helping t o  def ine the ROS 
are managed i n  a n  attempt t o  inf luence 
recrea t iona l  use,  o r  are managed f o r  
some other  purpose, recrea t iona l  use 
can be a f fec ted  i n  nature and ex ten t  
i n  s p e c i f i c  areas (see f ig .  7) .  
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Access decisions w i l l  have major 
implicat ions f o r  the nature and extent  
of r ec rea t iona l  use and subsequent 
e f f e c t s  on f i s h  hab i t a t .  The loca t ion  
and design of logging roads and rec- 
r e a t i o n  trails w i l l  i n  a l a r g e  pa r t  
determine use pa t terns  and amounts. 
I f  t r a i l  routes  are a t  some dis tance  
from the water, e f f e c t s  on f i s h  hab- 
i t a t  w i l l  be minimized. Where stream 
crossings occur, d is rupt ion  is  l i k e l y  
and w i l l  be r e l a t e d  t o  the  nature and 
extent  of the  a c t i v i t i e s .  Mode of 
access--foot, horse, vehicle--may a l s o  
have d i f f e r e n t  e f f e c t s .  Clark and 
Stankey (1979a) have indicated t h a t  
managers can cont ro l  type of access t o  
anadromous f i s h  streams and the  means 
of conveyance allowed. Both access  
elements can vary along the  spectrum 
from easy t o  extremely d i f f i c u l t .  
Design and management s tandards are 
important i n  defining the range of 
access. Often, topography and the  
type of vegetat ion define the  range of  
possible access. Thus, managers a r e  
ab le  t o  use a combination of na tu ra l  
f ea tu res ,  design and maintenance 
standards,  and regulat ions t o  maintain 
the  amount of access i n t o  any given 
area. New roads o r  f a c i l i t i e s  should 
be designed and constructed t o  mini- 
mize disturbance. A review of 
road-construction prac t ices  f o r  the  
protect ion of salmonid h a b i t a t  has 
been presented by Yee and Roelofs 
(1980). The condition of the  access  
road w i l l  have a strong bearing on t h e  
r ec rea t iona l  pressure ( including 
angling) exerted on the  stream. As 
the  d is tance  increases  from access 
poin ts  on anadromous f i s h  streams, 
recrea t ion  dens i ty  ( including ang le r s )  
w i l l  decrease. 

Nonrecreational resource uses i n  
an  area w i l l  inf luence the  type of 
recrea t ion  t h a t  occurs. 

Onsite modifications provided f o r  
recreation--such as boat launches and 
docks, restrooms, t ab les ,  f i r ep laces ,  
and shelters--can subs tan t i a l ly  a f f e c t  
the  d i s t r i b u t i o n  of r ec rea t iona l  uses. 
Some people w i l l  f i nd  these conveni- 
ences d is rupt ive ,  and they w i l l  look 
f o r  less developed places. 
s i r i n g  such conveniences w i l l  congre- 
gate there.  

People de- 

Other management f a c t o r s  . --0 t her 
recreation-management ac t ions ,  such as 
the  spraying of herbic ides  o r  in sec t i-  
cides ,  may a l s o  have some s igni f icance  
f o r  f i s h  hab i t a t .  Removal of danger- 
ous trees i n  areas of in tense  recrea- 
t i o n  can lead t o  l o s s  of overhead and 
instream cover and increased s o i l  and 
bank i n s t a b i l i t y ,  which can reduce food 
sources, cover, and shade f o r  f i s h .  

F I SHERY MANAGEMENT 

Fishery managers can a f f e c t  recrea- 
t i o n  by h a b i t a t  manipulation, chemical 
treatment, b io log ica l  manipulation, and 
regulatory ac t ion .  Various s p e c i f i c  
ac t ions  under each of these  ca tegor ies  
follow: 

Habitat manipulation 
I n s t a l l i n g  f i s h  ladders  
Planting r i p a r i a n  vegetat ion 
Removing i n s  tream debr i s  
Adding instream organic debr i s  
and boulders 
Modifying b a r r i  er s (removing 
beaver dams, b las t ing  f a l l  s) 
Creating pools (b la s t ing )  
Adding spawning gravel  
Removing f i n e  sediment 
Creating spawning channels 
Building weirs and dams 

Chemical t reatments 
F e r t i l i z i n g  l akes  
Eradicat ing f i s h  ( f o r  example 
with rotenone) 
Control l ing p lan t s  

Biological  manipulation 
Stocking from hatcher ies  
("put-and-take" stocking o r  t o  
build up populations) 
I n s t a l l i n g  i n s  tream incubation 
boxes 
Removing unwanted f i s h  
populations (predators  o r  
competitors ) 
Introducing exo t i c  species  

Se t t ing  bag limits 
Se t t ing  s i z e  l i m i t s  
Se t t ing  l i c e n s e  limits 
( ra t ioning)  
Limiting seasons 
R e  gula t ing  gear 
Limiting access (boat  launches) 

Regulatory ac t ions  

22 



Habitat-manipulation pro jec t s  may 

When roads are necessary 
e i t h e r  decrease o r  increase recrea- 
t i o n a l  use. 
f o r  p ro jec t  access and l e f t  open f o r  
public use, they can increase use. 
While t he  pro jec t  i s  underway (from 1 
week t o  severa l  months), r ec rea t iona l  
a c t i v i t i e s  occurring near t he  pro jec t  
might be disrupted. Structures  that 
r e su l t  from pro jec t s  may a l s o  have 
some e f f e c t  on r ec rea t iona l  ac t i v i-  
ties. Regulations i n  the w e s t  coast  
States UsUally prohib i t  f i sh ing ,  but 
no t  other  a c t i v i t i e s ,  near such s t ruc-  
tures. The s igh t  of s t ruc tu re s  may 
cause people t o  go elsewhere along the  
stream, which may expand the  area af-  
fec ted  by r ec rea t iona l  use. Creation 
of pools, with t h e i r  po t en t i a l  f o r  
swimming, bathing, and f i sh ing ,  may 
a t t ract  people t o  an otherwise un- 
des i rab le  site. 

Chemical treatments are most o f ten  
used f o r  l akes ,  although streams are 
occasionally t rea ted .  For example, i n  
t h e  Cal i forn ia  Golden Trout Wilderness, 
brown t r o u t  are being eradicated so 
t h a t  the  less competitive species--the 
golden trout--can dominate t h e i r  na t ive  
hab i t a t s .  This type of ac t ion  may a l s o  
a f f e c t  r ec rea t iona l  use. 

Biological manipulation may r e s u l t  
i n  permanent s t ruc tu re s ,  such as m i-  
gra t ion  ba r r i e r s ,  that can a f f e c t  ‘rec- 
reat ion.  Stocking inf luences only 
where and how much f i sh ing  occurs. 

Regulatory ac t ions  f o r  f i she ry  
management are generally l imi ted  t o  
e f f e c t s  on f i sh ing ,  with t he  exception 
of such ac t i ons  as cont ro l l ing  access 
and building launching ramps . 
TIMBER MANAGEMENT 

Timber-management a c t i v i t i e s  can 
have major e f f e c t s  on recrea t iona l  
use. Conversion of a roadless  na tu ra l  
area t o  one with a road changes the 
r ec rea t iona l  s e t t i ng .  Roadless areas 
receive l i t t l e  use, and i t  is  dispersed 
over broad areas. Roads and clear ings,  
pa r t i cu l a r ly  those near water, provide 
opportuni t ies  f o r  concentrated use. 
As changes are made, r ed i s t r i bu t ion  of  
use l i k e l y  w i l l  occur ( see  f i g .  4). 

When roads are located near r i pa r i an  
areas, r ec rea t iona l  a c t i v i t i e s  have an 
increased e f f e c t  on anadromous f i s h  
habi ta t .  Where temporary o r  long-term 
logging camps are located (such as i n  
Southeast Alaska),  r ec rea t iona l  use 
w i l l  increase i n  nearby areas. 

MANAGING RECREATION 
TO PROTECT 
THE FISHERY 
MANAGEMENT OBJECTIVES 

Defining clear management ob jec- 
t i v e s  i n  advance of any ac t ion  i s  a 
prerequis i te  t o  e f f ec t i ve  so lu t ions  
(Brown 1979, Clark and Stankey 1979a, 
Roggenbuck and Schreyer 197 7) .  
ment without such objec t ives  can only 
be react ive.  Objectives based on per- 
ception are appropriate  i f  assumptions 
are made e x p l i c i t  (Clark 1982, Thomas 
1979) . Coordination among resource 
uses is cr i t ical ,  and recrea t iona l  
object ives  must be in tegra ted  with 
fishery-  and timber-management ob jec- 
t ives .  

Manage- 
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ROS FAC TORS 

Management of ROS f a c t o r s  based on 
object ives as s t a t e d  above has  import- 
an t  e f f e c t s  on recreat ion.  Because 
the ROS focuses on spec i f i c  f ea tu re s  of 
t he  physical,  s o c i a l ,  and managerial 
s e t t i n g ,  i t  s impl i f ies  ana lys i s  of how 
proposed management ac t ions  w i l l  a l ter  
the  nature of a s p e c i f i c  recrea t iona l  
opportunity. 

For example, t he  decis ion t o  de- 
velop an area f o r  timber harvest  has  
t he  obvious consequence of changing 
the  amount and obtrusiveness of non- 
recrea t iona l  resource uses, but logging 
a l s o  may improve access t o  an  area. 
Improved access  can lead t o  higher use 
and grea ter  demand f o r  f a c i l i t i e s .  
Many of these changes can be an t i c i-  
pated by management. The ROS provides 
management with a simple, graphic way 
of portraying these an t ic ipa ted  out- 
comes and evaluat ing whether they are 
appropriate  or  des i rab le .  

The design and loca t ion  of roads 
and trails near r i v e r s  w i l l  inf luence 
the  probabi l i ty  and d i s t r i b u t i o n  of 
recrea t iona l  use, and the  r e su l t i ng  
resource e f f ec t s .  A road following a 
r i v e r  i s  more l i k e l y  t o  have de t r i-  
mental e f f e c t s  on the  f i she ry  than i s  
a road b u i l t  f a r t h e r  away ( f i g .  8). 

Anticipat ing and precluding use i n  
c e r t a i n  areas is  general ly easier than 
cont ro l l ing  use a f t e r  a problem has 
occurred. Careful  s e l ec t ion  of s i t e s  
f o r  roads, t ra i l s ,  camps, and other  
f a c i l i t i e s  can inf luence use pa t t e rns  
(Beardsley and Wagar 1971, Se t te rgren  
1977) . Usually, campgrounds should be  
located away from r i p a r i a n  areas o r  i n  
areas of least d is rupt ion  (Kuska 1977) . 
For the  f i she ry ,  encouraging recrea- 
t i o n a l  use along l ake  shores r a t h e r  
than along stream banks i s  prefer red  
because lakes  are less l i k e l y  t o  be 
dis turbed by r ec rea t iona l  a c t i v i t i e s .  

! 
#F City ! 

Existing road '. 
'. --- Proposed road for timber harvest '' 

-.-Alternative road ? v, Primary zone of recreational use ! 
! 

STREAM! 
I 

(influence) on road A 

(influence) on road 6 
% Primary zone of recreational use 

Figure 8.--Potential e f f e c t s  of a l te rna-  
t i v e  road loca t ions  on r ec rea t iona l  
use . 

ACTIVITY MANAGEMENT 

Managing a c t i v i t i e s  d i r e c t l y  i s  
of t e n  advisable w k : i  , idvstse e f f e c t s  
from rec rea t ion  occur o r  are expected 
t o  occur. Regulating and prohib i t ing  
c e r t a i n  a c t i v i t i e s  may help solve 
problems i f  users  understand and agree  
with t he  r a t i o n a l e  behind t h e  restric- 
t i o n s  (Clark and o thers  1971), Mana- 
ge r s  cannot con t ro l  a l l  use j u s t  by 
regula t ing  f i s h i n g  because some people 
using the  area may not  f i s h  and would 
not  be a f f ec t ed  by ac t ions  such as 
creel l i m i t s  and gear r e s t r i c t i o n s .  

EDUCATION 

Educating users  might he lp  prevent 
o r  con t ro l  problems. I f  r e c r e a t i o n i s t s  
are aware of how they may inf luence  the  
f i she ry ,  they might avoid p rac t i ce s  en- 
dangering f i s h  hab i t a t .  
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RESTING OF SITES 

Allowing sites t o  rest may reduce 
the e f f e c t s  of r ec rea t iona l  use. Such 
a policy may spread the  e f f e c t s  over a 
broader area, however (Cole 197 9 ) ; most 
of the  changes i n  vegetat ion r e s u l t  
from i n i t i a l  l i g h t  use and no t  from 
continuous and increased recreation. 
Furthermore , recovery from detr imental  
e f f e c t s  may take many years o r  may 
never occur i f  users  do no t  comply wi th  
the  r e s t r i c t i o n  (Cole and Ram 1983). 
Other a l t e r n a t i v e s  should be serious-  
l y  considered before adopting t h i s  
approach . 

Problems can be solved more effec-  
t i v e l y  i f  a v a r i e t y  of s t r a t e g i e s  i s  
used. Preventing a problem through 
planning i s  easier than cont ro l l ing  
one a f t e r  i t  occurs (Magill 1977). 

CONCLUSIONS 
W e  have described various ways t h a t  

recrea t ional  use and anadromous f i s h  
hab i t a t  a f f e c t  each other .  Knowledge 
about these in t e rac t ions  i s  scarce; 
hence the conclusions w e  make i n  t h i s  
paper m u s t  be regarded as bes t  guesses. 

The r i p a r i a n  zone tends t o  be rec- 
r ea t iona l ly  more important than other  
areas. 
as a consequence, may do things t h a t  
adversely a f f e c t  f i s h  production. Ri-  
parian areas are managed f o r  a va r i e ty  
of human values, and t h i s  management 
a f f e c t s  the  na ture  and extent  of recre- 
a t i o n a l  uses . 

People are drawn t o  water and, 

W e  bel ieve recrea t ion  w i l l  usual ly 
have an  i n s i g n i f i c a n t  e f f e c t  on f i s h  
hab i t a t .  Any rec rea t iona l  use of 
upland and r i p a r i a n  areas w i l l  have 
some usual ly minor e f f e c t s  compared t o  
the inf luence of roads and logging. 
The biggest  r ec rea t iona l  e f f e c t  is 
harvest ing of f i s h  populations, no t  
des t ruc t ion  of h a b i t a t .  The e f f e c t s  
of r ec rea t iona l  f i s h i n g  throughout the  
range of anadromous f i s h  i n  western 
North America are so var iable ,  however, 

t h a t  they must be evaluated loca l ly .  
Managers should pay particular a t ten-  
t i o n  t o  vegetat ive changes along long 
reaches of important r i v e r s  . Heal thy 
vegetat ion appears t o  play a cri t ical  
r o l e  i n  f i sh- habi ta t  product ivi ty and 
i s  one of the  first h a b i t a t  components 
a f fec ted  by recrea t ional  use. 

Establ ishing management objec t ives  
before any ons i t e  ac t ion  is e s s e n t i a l  
t o  e f f e c t i v e  recrea t ion  management . 
Making e x p l i c i t  decis ions w i l l  h e l p  
a n t i c i p a t e  inf luences from a l l  uses,  
including recreat ion.  The ROS helps 
planners and managers e x p l i c i t l y  s tate  
t h e i r  assumptions, management objec- 
t ives ,  and presumed consequences t o  
r ec rea t iona l  opportuni t ies  of manage- 
ment a l t e rna t ives .  A clear understand- 
ing  of the r a t iona le  behind opt ions 
w i l l  help I n  t h e i r  appl icat ion.  
t i f y i n g  problems and i ssues ,  and 
s e t t i n g  management objec t ives  have 
of ten  been overlooked i n  resource- 
management planning (Stankey 1980). 
The ROS w i l l  no t  make decisions; i t  
does allow planners and managers t o  
test assumptions, and i t  provides the  
possible  consequences of various op- 
t ions .  S ta t ing  management objec t ives  
( f o r  example, what t o  provide, how, 
where, when, and f o r  whom) helps i n  
successful ly using the  ROS. Defining 
l i m i t s  of acceptable change t o  anad- 
romous f i s h  hab i t a t  w i l l  s implify 
monitoring and evaluating changes t h a t  
occur (Stankey and o thers ,  i n  press) . 
Bjornn and o thers  (1980), Gibbons 
(1982), and Heller and o thers  (1983) 
have discussed methods f o r  determining 
r i s k s  t o  anadromous f i s h  h a b i t a t  as a 
result of management a c t i v i t i e s .  

Iden- 

Planners and managers responsible  
f o r  anadromous f i s h  h a b i t a t  must have a 
method f o r  analyzing management ac t ions  
and t h e i r  consequences, t o  be included 
i n  making multiresource decisions. 
Thus, past  management ac t ions  and re- 
s u l t s  can be used t o  shape fu tu re  ac- 
t ions .  Recreation i s  interdependent 
with other  resource uses; i f  t he  na ture  
and extent  of e f f e c t s  from rec rea t iona l  
use a r e  t o  be understood, these l i n k s  
must be examined. 
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Roads can be provided s p e c i f i c a l l y  
f o r  r ec rea t ion  o r  f o r  other  resource 
uses. Recreat ional  use o f t en  increases  
dramatical ly when roads are open f o r  
public  use. Increased road use i n  sen- 
s i t i v e  loca t ions  may r e s u l t  i n  UMC- 
ceptable e f f e c t s  on f i s h  production. 
Unanticipated e f f e c t s  are less l i k e l y  
t o  occur when a l l  of the resources are 
considered during planning . 

Fishery managers must be c a r e f u l  
t h a t  t h e i r  ac t ions  do not  d e t r a c t  from 
rec rea t iona l  oppor tuni t ies  and use. A 
balance between user  and resource must: 
maintain the  n a t u r a l  capacity of the 
stream t o  produce wild f i sh ;  r e t a i n  
management options f o r  the fu ture ;  
answer demands f o r  recrea t ion ,  includ- 
ing  f i s h  and f i sh ing ;  consider success 
of stocked versus wild f i s h ;  and pre- 
serve e s t h e t i c  values that are part of 
the  s p e c i a l i s t ' s  experience. We should 
beware of using project ions of his-  
t o r i c a l  t rends  as a s o l e  bas is  f o r  
planning, because t h i s  can lead  t o  
managing f o r  in tens ive  f i s h e r i e s  and 
t o  dependence on a r t i f i c i a l  production. 
Considering a l l  use r s  equally w i l l  
provide the  means f o r  continuation and 
use of r ec rea t iona l  resources, Mana- 
gers  must understand the demand f o r  
f i sh ing ,  catching f i s h ,  and maintaining 
f i s h  h a b i t a t  as part of the  t o t a l  
r ec rea t iona l  experience an  area can 
provide 

W e  have shown how l i t t l e  documenta- 
t i o n  e x i s t s  about the  i n t e r r e l a t i o n s  
between rec rea t iona l  uses and the  anad- 
romous f i she ry .  
t h a t  should be s tudied  are summarized 
below. 

Some of the  top ics  

Aitcheson and o the r s  (19771, Clark 
and Lucas (1978), and Kuska (1977), 
pointed out the  need f o r  objec t ive  
base l ine  information on t he  supply and 
use of r i v e r s  f o r  a v a r i e t y  of recrea- 
t i o n a l  pursui t s .  I n  addi t ion ,  s i t e  
condit ions must be documented t o  pro- 
vide  a b a s i s  f o r  monitoring and evalu- 
a t i n g  rec rea t iona l  e f f e c t s  on f i s h  
hab i t a t .  An adequate da ta  base w i l l  
assist s p e c i f i c  s t u d i e s  of both the  
s o c i a l  and b io log ica l  systems. Base- 
l i n e  information i s  needed f o r  regions,  
watersheds, and s p e c i f i c  sites. 

For indiv idual  r i v e r  sys tems , w e  
need t o  determine the  s igni f icance  of 
e f f e c t s  from various kinds of recrea-  
t i o n a l  uses on components of f i s h  
hab i t a t .  How these e f f e c t s  d i f f e r  by 
r i v e r  and ecosystem types should a l s o  
be evaluated. Studies t o  determine 
the  e f f e c t s  of in t ens ive  versus dis-  
persed recrea t ion  should be conducted 
through an  experimental design t h a t  
evaluates  a l t e r n a t i v e  r ec rea t iona l  use  
pa t t e rns  f o r  micro- and macrosites. 
S t r a t eg ies  t o  reduce o r  ameliorate 
unacceptable e f f e c t s  could be t e s t ed .  

Studies are a l s o  required t o  sep- 
arate the  e f f e c t s  of r ec rea t iona l  use 
from those associa ted  with roads, log- 
ging, grazing, and mining, Determining 
the  condit ions under which various uses 
i n t e r a c t  on the  h a b i t a t  of anadromous 
f i s h  requi res  mult ifunctional ,  multi- 
systems research. 
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