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In )fiestern North iimzrica nany ?.~man a c t i v i t i e s ,  bo-th commercial and 
rec- rea t ionai ,  take  place on forest and range l ands .  These a c t i v i t i e s  i n -  
c lude  tinibcx h s r v e s t ,  livestock g r a z i n g ,  inining, hunting, f i s h i n g ,  canping, 
hackpacking,  and rhose associated w i t h  resource uses, such as raad con- 
strclct j on, urohanizat ior?, water del~elopment , and t r e a t n ~ e n t  s tcr improve 
foresr groKt il. The aiany screams, ri-vers, lakes,  znd estuaries encompassed 
by these fo re s t  and range lands are  h a b i t a t  for t h e  va luable  s tocks  of 
anadronious (sea-going] and resident salmori and t r o u t  . 

The effeces sf Fluman ac-Civities on %he h a b i t a t  of these salmonids has  
been of increasing concern t~ resonrce users and managers. Much has been 
leixiled about xhc: responses of f i s h  r o  changes in their h n b i t a r ,  bur some 
o f  i.-t i 5 no t  widely known and the informar ion i s  contained i n  a wide v a r i e t y  
of  sources. Scientific journals aad ocher publications t h a t  discuss the 
results o f  f i sher ies  research a re  numerous, and significant work i s  o f t e n  
published in a form ihnl: i s  not r e a d i l y  available to resource Ianagers  a ~ l d  
t o  o t h e r  scientists s t.udying similar s i t u a i  i.ons. 

!n 1976, t h e  Forest Seervice of t h e  U.S. Depa-c"reient of Agriculture 
i r i l t  i a t ed  a cooper at ive  program to defi.ne t h e  po"im;ial prcbl ems associated 

k 3 
with. l and  user; in watersheds siipporti.ng anadromous fish populations9 al-id tu 
apply this knowledge t o  managir~g forest aTid range l ands .  Tl-irte Forest  Service 
cxperiincn!: s t a t  j ons- -Prrci.if-i.c Nortl.iwest, Paci f ic  Suu"chwest, and Intermountain, 
;mil f i b r e  regians i n  t h e  National Forest. System---Regjon 1 (Nor thern) ,  Region 4 
(lnrcrmoiaiitain) , itegiol: 5 ( C ~ 1 i f o r n i . a ) ~  Region 6 (Pacific Northwest), and 
P r g i n n  10 (Alaska)---as well as many Federal, S t a t e ,  university, snd p r i v a t e  
c o o p i ~ r a t s r s ,  are part i c i p a t j  ng i n  the program. 

T h e  purpose  o f t t h i s  seri.es of r e p o r t s  i s  xo assen~ble curi.t:ilt kriowledge 
ori how ixanagemenr pract ices  on f o r e s t  and rclnge larlds irrfluei~ci. ailadrbomous 
fisli h a b i t a t  into one set of documents fay resource rirnnage:.:;, s c i e l ~ t i s t s ,  

- * .  t i dmxnrc t ra to r s ,  and interested c i t i z e n s .  'Three p;ener&li areas covered ivii l  
be t h e  habitat reyuireinencs c f  iialrnoil and tro~t, the cffei:ts o f  varioils laiicl 
uses oil t f r d  s i i i i l l j  ~ ; - b i i :  , and jne~hcsit:.; 4-0.g" ;i"e~t0ri~-f-i:3,sl and enlrancemt3ra1 of h a b i l s t  , 

Fou-r.t.;en papers  arc: p*~*i:scn tLy pl anncd for t h i s  ser*ies. Tiley wi i i bo 
" ^ "  1 - * 

t i  L 1x.it mo:<r w i !  i be avai ln l , le  w i t i i i n  t i l e  nex t  2 ycayi;. 
! .  t i 0 ;  i t c p i  c s  !Day hc : ddrt:si;ctl l a t e r ,  as tile nc-cd ~ ' Q T  ? I I  f ~ ~ ~ r r i ~ : ~ ~ ~  i o n  ;tyise:: ,$ 









T h i s P  fine f i r s t  in a series 0.C pub l i ca t i a f i s  rji,miaarizi.ng kriowledge 
abouZ: the influences of f a x e s t  and rauige! and manar,jernent on ,2nadroiooas 
f i s h  habitat in +he Western  Uni ted  S t a t e s ,  descxibes  h a b i t a t  require- 
m e n t s  o f  anadroiiious salmonids--athe valuable salmon and t r o u t  species 
* - h a t  use b o t h  freshwater and narine env i ronments .  Requirements of 
these unique f i s h  must be understood before w e  c a n  expiore the effects 
J 2 ci lat  n a t u r a l  events  and human a c t j . v i t i e s  can have a n  their l-iabitst,  
and on t,heir a k i l i i r y  to main-kai.n product-.ive populsskions w i t h  o u r  
i n c r e a e i n g  use of o t h e r  f ~ r p r - -  and rangeland resources, Reports an 
the e f f e c t s  o f  n a t u r a l  wstershed d i s t u r b a n c e s  and. variouq i i 3 n r i  use 
a c t i v i t i e s  wj -$  "J fox lslf j ,  

i.:e intend to  present  in fo r ina t ion  i n  t-hese puhl icak i ions  t h a t  w4.1.i 
provide  *I?anagers and csers o f  the forests and rangelands o f  t h e  
Wi?str.erlz Ur:iS;ed !States w i t h  tile most coanplete iinformakion available fo r  
e s t i m h t i n ~  consequences  of various management alternatives. 

In t h i s  series uf papers,  we w i X I  summarize published and 
1.inpub2l.r;hed reports and cats a s  well as observations n~ade by resource 
s c i e n t i s t s  and managers  made during years of experience in the West, 
T h e s e  ccnipil atj-cjns w i l  l be val uabie in r lanniny management of f o r e s t  
and rangeland resources, hnd to s c i e n t i s t s  in planning f u t u r e  research, 
The e x t e n s i v e  lists o f  references will serve as a bibliography on 
Forest and rangeland resources and t h e i r  u s e  f o r  t h i s  p a r t  of the 
Ufi l*eg?d S $ : a t e ~ ,  







H a B i t a - L  needs o f  a~zadrcmous 
sa lmcJyl id~;  { sea-rux: L S & ~ ~ C " P  i3.kktd 

t r o u t )  i -  streaais vary w i t h  the 
s e a s o n  o f  the year sad %he s t aya  
o f  khe.i.u l i . E e  cycle. l!petrcm 
migration o f  a?ults, spawning, 
incubation, j u ~ ~ e n i l e  r e a r i n g ,  
and &c:atqaad m i g ~ ~ i k ~ i o w  of %molt% 

1-cr ninjoi* l i . f r 2  ~ t a i ; ~ s  f c ~ r  
mas% csnadranous salmowfis, 
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Baeis?L~iddb t;he xange ~ : f  hab*i.ka t 

-* e P" c o n d i t i o n s  f o ~  e;ch l i  t:e s t a g e  
t h a t  will i~%low a population to 
C h r i v e ,  TiW~roughol!t t h i s  paper 

" w&% ki3%vtI% ancbud~tcl  data f o * ~  s a l -  
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y c t o ~ l  hc:a:lth i f  spawning i s  be 
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have evol.-ised w i t h  t h e  temper- 
~ ~ ~ t x r e  p a t k e r n s  o f  - t h e i r  home 
streams, and s i y n i f  i c a n t  abrupt  
d e v i a t i  ons f~cf)br~'i .%he normal 
p a t t e r n  could adversely z f f e c k  
t h e i r  s u r v i v a ? ~ ,  

Reduced d i s s o l v e d  oxygen 
concentrations can  adverse ly  

P 8- arrect the swimming performance 
of m i g r a t i . 1 2 g  salmonids  , M a x i ~ u m  
sus tained swimming speeds o f  
j uven iLz  and adu le  csha salmon 
at temperatures of 18"-20°C were 
a d v e r s e l y  affected when oxygen 

e2 ,,> reduct2cJ fxom air-sattuxation 
Seve:[gj {Davis et 61, 1 9 6 3 ) .  A 
sharp Sr  crease i n  perf omance 
\:as noted at 6,5="6 0 nrg/l fss 
all temperatures tested, A 
sinj,a;i:r r e l a t i - sn  has bean ab- 
served by GPaham Q 19431 f a r  
hxook t r o u t ,  Law d isso lved  
oxygen ]nay a l s o  e l i c i t  avoidance 
reactions as n o t e d  by Whitmore 
et al. ( 1 9 6 0 )  and may cause 
m i g r a t i o n  to cease, T h e  oxygen 
l eve1 s rec~fnmellcled f a r  spawn i~ .y  
f .-.- (at l e a a t  80  percent of 
sacur5t iof iF wi th t e r ~ p ~ x d r y  
levels no lower than 5,0 m2/l) 
shouid provi.de the *$>xyyeil needs 

P Y  P a  

ijr m;yrat.'ni; r3.5h. 



-- -------- -r---:----- --.n--"--- .-q-------- ---------- -----.----- 
1 

Sp(2cf@s sf 
f 

1 lemperature Minimum 1 Maximum 
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" G -- Meters !fleters/s~cond 

-------."----- 

F z i 7  chizosk salmon 10.6-l9,4 O *  24 2.44 
ifiriwj chinook salmon 3,3-13,s .24 2,44 
Luriiinef* chi nook salmon 13'9-20,O .24 2 4 4  
Chksrri salrr~sr~ 8.3--15.6 .I8 

7 - 2,44 
Ct3h0 ~ i i l ~ ~ < > f i  7,2-!5,6 6 2 , 4 4  

salmon 7.2-75-6 - 3/:]f3 ?/2113 
Sockeye salnron 7.2-15-6 -?! ' 18 .11-/2. 
Steel h23b-j t r ~ u  t - + I F J  244 
Large t r 4 u - t  
sa - .I8 2,4$ 
i Y S U ~  @ I 2  1-22 

I/ From eel i (see t e x t  footnote  1 ) .  
-"- 

2/ From Thcmpson (I 972 j . -- 
3/ Based sn f i s h  s i z e .  -- 

a u s n e  time of the year may be 
passed by m i g r a t i n g  fish at 
sther t i m e s  when flows have 
c; hariged , S t u a r t  ( 1 9 6 2 )  d ~ t e r -  
mined i n  lahoratorl? s t u d i e s  t h a t  
i d e a l  l e a p i n g  conditions .for 
fish axe obtained, w i t h  a ratio 
o f  a h e i g h t  of f a l l s  to depth of 
pool  o f  3. :1,25- Pi-gure  1 from 
E i  serrnan e-k al , ( 1975 ) depj .c ts  
.the l e a p i n y  behavj.or of sairnonids 
observed by S t u a K t ,  G iven  
s u i  table c o n d i t i o n s ,  salrrzsan and 
steelhead can get past many 
obskaclc :~  tlla k apglear -:XI bt.2 

P rs Eot!h J c ~ n e s  ( 8 95 9 1 ar!d 
S.t:~u;j"s; & 1362 1 obsegved s~i l rnon 
j ~ ~ ~ i i p ~ ~ i - ~ j - g  2 -3 i f i s  

Some 1 0 ~ 3 6 ~  leavesI  dams; 
aad so on, in stsxeams are 
h z n e f i c i a l  as cover f o r  a d ~ ~ h t  
and juvenile f i s h ,  A1 . I  debris 
-jams k;jLould, be eval.iaa&d care- 
ku$:Ey b c f ~ s e  -!:hey are :rei,nn.;,.i.ed, 

Water velr>cik. ies may t2xceed 
$.lie i;w.i.:nmii?i-q abil i ty o f  miy ra"iing 
f i s h  at ckaxinel constrictions 
d a j r i n g  snow b.iie%.t- al-rd storaz-r 
r u n s f  f , Mi-gxati on rcsumz2s w l ~ e ~ : !  
s txcLtma21 ows alld assaciaked 
v c l o e i t j .  tiave de9creased , ~ F ~ I C -  
s w n r ~ m i . ~ g  abil ; t i e s  of  f l .sh arc: 
13suall.y zI"iscl:ibcd in I:ei::rrs of 
e;rui slnq .;r>~.c?;:!----i:!ii: - .;p~?e3 a f i - sh  
p.6 '" .,da-l s~g . i_m f o r  an exti2ndeef- pevjod 
o i  time h o u r s  ) , issuai 1.y re:utzj4 rag 
.c s-ran 2 kcs 4 body 1wlyk'dtfxl PCS" 
second; ~ ; ~ . s s t a i r ~ c d  ~pe&-.~--t:&1~? 
:;peed a f i s i i  c a n  m a i n t a i n  i:c:.~ CI 

pc'ri od o i  szvpxal  ~ ~ I - ~ ~ I I J I - : c ? : ~  sy 

.~ai . )cp. j  ncg :':r:'~rl;ii 4 i c o  'I I3cjdy I"::ij-:qti-is 
pi'" secoriii; ;,nd dc1 i inc; or iiiiibr=:t 
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;+H?2t:2db * >  ?J">&!"I call :3$$2L,[ii 
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$ B c l  1 , :.;set l i _ ~ ~ ) i . - y i ~ t . ~ - ~  1 I, ~ P J ~ P : :  i ;: 
1:: b ; > ? - ) j  (1 *3  j , !l%(-:t-{I:-:j ; i j L j  1 ) 
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s~e2d passage thlrough d i f -  - 
,<" 

L.;C:~M ama:s, a.wd d a r t i n g  speed 
1 . -  9 ior  rjcakt2 anu  reeulng. Vela- 

cpjA-k __..., aq ..: 3-4 m / s  e:~~;~rl-,ac.il t h e  
L 1 p p - r  swii;:ij~ir!i; a b i i ~ ~ t * ~ ~  nf salmon - 

" " 
;I~*I~:: ~'9::e~p_j~haad sivd rils.,y . r e & u d  up-.. 
:,$t.;eafl~ mit>racLofi ,  



Gh I neck 
Lo370 
!;~ck@ye 
5 ftee 1 krf2dd 

"% r o u t  
b r " ~ b j r k  c ( ~ i j $ ;  

. . .~F'~a$lov; ? ja rs  ;rs$zrs-t: cri&-- 
:ii:,3+1 'c.0 pasza( ;e  of ac?ti7,t - 8 

T- 3 99%- 
,&.;"":>lk axe lc>cated &j-i<5, <A 

- 1 -jrleax ,zangect I ~ L &  L kc2 (2 
wf~,ich . f c j f l $ ~ w s  t43e sha] - 
.t*c)ivP.i?es-!: ccolarse f i y o r n  bzvrk to 
b a n k ,  .&& ezeh ~f se,.fcynl 
f l a w s ,  $&E t o t a l  w i d t h  and 
l o n g e s t  son+:inue~-zs p o r t i o n  
o f  &he transect m c c t i n y  

* * m x  numx-c dept:$-i and maximam 
v e l o c i t y  c r i t c r i n  are 
z ~ e a s u r ~ : d ,  Far eaci2 t x  zn- 

* - sect, -khe 2 4 0 ~ 4  is s e l 2 r -  .d i-ed %.. 

k h a t  fineee t"h2 c~j_uj_tt?-g-ia nrr 
at f,eask perce:lS: o f  
t c - & ~ l  ksr; inszct ~ ~ j j ~ ~ j t b i  and a 

A " cr";l-tj n u ~ u y -  - ,-:-> ~ f i  e ~ \ ; f i j  - 

l i ~ g  at.:. ?,tzast 10 pewc:ex-it  o f  
i t s  taka3 ii.:j"d:,ha_, 



ser and Die~ehe { 19'79) noted 
t h a t  zany spswni.ng brown trou% 

ected areas adijaizeat " ~ 2  

a>*nde:ccut. baaks and overha n q i - ~ g  
veqeta*i:,i.on, Rexszr 2nd Wesck~e 
6 1 9 ' 7 7 ~ s p e e u l a t e d  t:.?a.at T*he ea r ly  

." s s~aa.~iiners - a12c- large ls~wga;mnan.$ f i s k i  
rnzy selec.tl.. areas by C G G T ~ ~  AS 
these z?-.eGs b e c a ~ ~ e  i2~curr;ied, - L ~ - E  

spawnhzrs and 1 f i s ]?  are 
4: f-* - - '- A,cczad [;a u;c r e i a t i m ? j e l y  un- 
protected g j i d e -  +-cas G.iven a choice 

S U C C ~ S S E ? I %  s p a ~ ~ n i n ?  a f  
salmonids has oecur.red i n  iqater 
<:em~el-ature~j rarrgi.ng from 2 , z 0  
to 2 0 , 0 ° C  {tabbe 4 1 ,  A sfidden 
d r a p  in t - ~ s t ~ p c : ~ <  rnav carBse 
all s2awning a c t i v i t y  to cease, 

- ,  * "i jA:esul$~ng 2-n  owere red nest build- 
* s iny a e t l v l t y  and reduced pro*-- 

6 :&t ,@t i0 i2  ! See ~ E O C ~ Z O $ ~  l) , 



Fa1 7 c h i  riook 
Spr? fig chi n a o k  
Sumrriey- c11-l arnak 
C h uirl 

f:cs h u  
I" ia k 
5oi.i:t.y~ 
Kokmee 
S"k;?e-I kK2daj 
fia % n barr/ 
Cuttht-oat  
B Y'B\:~TI 

5,6-53,cJ 
5,5-13*9 
5,6 . - ]3 ,9  
7,%-12-23 
4,4-,9.4 
1 , 2 - 1 2 , 8  
10,6-72,2 
5,6-2-8 
3.944.4 
'a, 2--2[]* 0 

3/5+1-17,2 
- i e 2 - - 7 2 . 8  

1 / From K%! 1 (see t e x t  foo tno te  9 ) . 
w 

2/ llie hi yher arid io~er valiles are threshold temperatures a t  wh.ich -- 
mortality w j - 1 1  inci3case i f  exceeded. Eyys w i l l  s u r v i v e  and 
deve l i l p  no\-mally a t  lower temperatures than indicated, provided 
i n i t  i d  defielop~ient  o f  the einbrgc has progressed t o  a stage! 
tE-i&t -a's tokraaa t  o f  coldev wawer, 

3 /  - Froiii i-iunter (1973). 
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:::e csmput;,ed by meaci~'-";. ,., ;.'fig ~ % I E ?  

t ; , -~ t i2 :2 ,  %enafJb of eht3 [ ? . > p p ~ ~  
-. r 4  b--k A-a 

. . 
<. .. - %"A ." Z -  ‘ : .-. at 1% f+v 3- $1: kt 1 0 -ezr .-- e&$z c - f  
.f.,. Ld 2 -<.., -i 3 ~ F J I * , ~  "I a T 'u , and t h e  a v e r a g e  of 
-XI r_ ,,-I v 62 ~3 1. f z y - ~  .i 2 i J "9 .B- . ,-.~ *d&,.  "%dAabazlt lKi.dt:b:.s* 

d c f l n e d ;  Thompsun (1972 1 used a 
9 0- 95 --#pe::eent. - e s ~  f j -de~aee 
lj-ni.-k; f fuf i ter ( $ . 3 7 3 ]  13ged the 
middle 80--.YO - perceni: sf t he  
a"~~easux-ene~ai::s; Smith (1-993) used 
a tpj3'-.*sidetile t,eht?xa"nce % i i x i $  
;s~1t13-jrl ~ j ~ I ~ ~ ~  there \+as 95- 
p e r c e n t  confidence that &G 
p e r c e n t  of the measu remenr s  

x -3 

'.*zCtaJ c occux ~ i . d i  kh a n.s-ma% dis--- 
-gr * - ~2sn .g  others have simply 
Ilstr;ij, r a n y e s  of depith and 
1 3  I :  y Water. dep th  a n d  

t - l ~ L ~ y  c r i h e r i z  fn-- Ld L salmonids 
as d e f i n e d  b y  d i : f f e r e n t  Lnvesei-  
y a t o r s  are found  in tables 4 and 
4 , 



----- ------ "-&- ---T-----v------C--̂ .--- $ -..--..w--*---p- ~ --T----v--p--.*---- 

j I 

1 A a 1 Area recor:;:lc;rS~ri 
Spec % es ~ a i ~ r c e  1 o f  redd  per spawn-ins p a i r  

a 
----.---------c----=- A vp---p------ ------ _i ---- ."- -.-- 

- - - e m - - v  Sauare meters - - - - -  
-..L ----.--------. 

S p r i n g  ckainosk Burner (3351) 3 2  13,4 
Fa17 chinook Burner (1951) 5 , "  20, 1 
Sammer chi rmok Burner ( 1  35 1 1 5 , 1  20,7 
Ggho Burner (1951 ) 2,8 1 1 , 7  
Chum Burner (1951) % , 3  9 2  
Sac keye Eurner (1  951 j 1 3  6 J  
P i n k  Haul-s tan an4 .6 6 

MacKinnon (1957) 
P i ra la \dells and .6-,9 - - 

McNeil (1970) 
Steel head Orcu t t  e t  a l .  (1968) 5,4 - -- 
Steel head Hunter (1975) 4-4 - - 
Ra + nbovi Wuriter3 ( ' i S 7 3 )  .2 a" - 
Cut tht-sa-L W~inter (1973) . 0 9 - ,  9 - mm 

Brown ReisekA and . 5  -m .%- 

Wesche (-!977) 

'I,/ Modif ied Tram Clay (1961).  - 

Many sa l a~on ida  prefer $0 

spawn at the poo l - r i f f l e  inkers-  
change (Elazzard 1932,  Ho.bbs 
W37, S m i t h  1941, S t c a r t  l 9 5 3 ,  
B r iggs  3 4 5 3 ) ,  T a u t z  end Groat 
[ 1935 1 r e p s ~ k e d  t h a t  ch:.;~~ ~ E J .  ~ ~ 3 2  

chose :;;a ~ l > ~ \ r . ~ r r  j.n STI) a ~ : ' c e k ~ x - - ~  
~2 t i i i g  f h ~ i b " ~ ~  ~uc:h BS t h a t  fsurkd 
et a ~ ~ ~ : ~ o i = - r i f f % s  i12, terchange~ 
By placi.ns c r y s  t a x  s o f  potiirsiurti 
pesl-eaar~gariwte or the tjxdvc"31 
;;aijr:fa~e, St:era.c.f-, (195.3 f e:ieri;~[>n-- 
stxat:ed the presence a2 a dawnh+ 
we1 :l j.nq c r ~ r , ~ e n - k  3%- 'rh;c,"ie i~-iter-- 
oklange a r:.<sa$ an[-1. 5uggest:ad L k a t i ~  

1 :  1 1 ;  b t  t i  i i s h  
.i-n a d i n t a  j n i n y  ila p o : ~ i t i o n  w i t h  

>- 1 FA, lit:~.rbj~r~iihiigi 0 C  ei:focl:, dhe r - j r a s , ~ . c > l  
- j [ k  +-k,-p;$@ &ireas $,*;as F:#?* -\f i-f3 

;]at5 : ~ " 2 L t 7 b t : i y ~ ' ~ l ~ t  f ~ . . s ~  r>L 
c : i j , t  ;;ind cpsl;;: i i 3 l t 1 k r 6 1  
a 2  

<")J- c:,~~:;.r~x~+i.,~- ) ~ - ? . ~ t a ; p ~ ,  dlls'i-nq, atnd 
~ ~ f - t e r  ..:l:ji.is.~nirat3 i s  s:hot,iii. if: 

"LC> \#I iLE: ," 

Streamf  low :cegr?lsates   he 
amourit o f  spzwr;i.nq arez. avail- 

.- able.  D ,  H, Pry i n  Eooper 
Q 1973) sunamar izes  the 6 - f  f e c t  o f  
d i s c h a r g e  t;rb t h e  anluunt o f  
spawning area in a skx:easn,  

As f l . s w s  increaseh more arrd 
mcsx-c+ .;:~;~vvszl i s  covered and 
becosqes suitable for. 
spawning, As f l ows  eon-- 
L ' 
,- 1.1.1t~e ko i n c r e a  5e veltsc:il:i-es 
_i r l  3ornr.w 12 1c.i C: t7: kj IJ~ IL:BIIL~ LOCI 
h i g h  i.?:rr s p a w n i n g ,  t h u s  
c~~rai:~?L i ,.;g s-iu L t:l-le bcnc f i, t: 
o f i. n c r ehcq :~c. $3 i 1.s as a&) 1 c: 
.;p.:~w~-.;.i.nql :~r2;~ ni3ax- t - I . 1 ~  

cciges cF t,hc SLJ:C;~~II , 
"* 

l -p$~~l .~tud-I . I . ;4 ,  ,:-t1)I&~ -i91-.- 

C B . C ~ + S ~ ~ ,  k k 2 ~  : I Q S : ; C I S  l> i~ \c j i i i  1-0  
f 3 t . k i - \ t ~ ~ ! i t ~ l l  t lit.! $j<J,if ik:J 4-:ilci L"I Ic?  
~1 c-:i- k " J C i - j  ><jJ:Jl&Yf; i rltg r cq># - i t - :  j k )f (Ji 
? i ) r -  :"i- yr? r;n : ; d - . ]  f - ~ ;  i jc,t < ~ r ~ : , + 3 ' r  i c : k : s \  ,, 
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i n r c  ii::; 5ource 1 Depth 1 Velocity 1 i u b r t t - z l r  p n v i  and where dei,eioped f I?enarks 
t 

I.!? irtook sa:m?n iiaifii-i tor! arid 

Rtinington ! 196% j 

F a l l  i h i nonk  ~ a r n e r l '  

idestgate/ 

Kier (1954) 

Rd!lte ( j ' i64) 

iiortun and ~ a ~ e r s - ? '  

Chambers e t  ? I  ,.?/ 

i4e ters -- [a~?- 55 I-! t ?  me t e  r s  

.,O. 24 3 1 - - Oregon-Coyui 11  e River 

.I%-1.22 i 5 - 1 0 7  - - Cal i forni  a - h e r i c a n ,  and Gonsuiiifies 

Rivers 

,. . ?4  31 -92 - Ca!ifoi-nia-Feather, Eel, and Mad 

River qysterns 

_:. 21 37407  California-Van Duzen River 

-30-.  46 39-69 Washington-Columbia River and 11 a t  0 .4  f t  abcve tied 

t r r b u t a r i e s  

:..I8 .27-94 - - Oregon - 4 streams in Wiilamette ;07 red& sampled; a t  

River Basin 0.53 depth Dr 9 .2  it  and 

0.8 depth from surface 

, . 2 4  Thirfnpsori ! 1971 jP-/ .- 30-9'1 - - 90-952 confidence i n t e r v a l ;  Oregon, 440 redds sampled; 

wide range of streams streams represented a 

rtide var ia t ion  o f  

hydrau: i c  c h a r a c t e r i s t i c s  
- - - Swith (1913) -, 24 32-75 rolerance in te rva l  ; 61-ego??, 7 streams 50 redds sampled; \I ;it 

~ i t h  varying hydrau?ic condit ians 

i LhalllhE~~etal.!'! .46-.53 53-59 - - biiishington-Colurabia i?iver and 

t r ~ b u t a r i e s  

Sairis iind i.'earso&' ,. 18 .08-,.85 -. - Range; Oregon, 3 streams in 

1 ' - -  d ~ i l a m e t t e  River Basin 

.rf.iompson ( 197% 15' -. 24 39-91 - - FCi.-.S38 t o r i f  iderice intervai  ; livegon, 

wide range of streaiiis 

W i t h  ( 1 9 l . 3 )  i. 18 21 -64 - .. Tolerance i n t e r v a l ;  Oregon, 7 strrasis 

1.r; t h  varyirig hyariru i i c  condi Lions 

- .15 I4-6:! - - Range; Idaho, 5 small streams 

5iinacr ~hsnuuk fit-i:,cr 7-/ gB .30-.b5 25- i09 .. - Kdnge; Idaho, Sd ltilon River 

C'r~iiiii sa lioori i r~ott~psori j 19 1 2  j I8 46-9/ 91) 9 5 1  con f I tlence r n tet-.cd 1 , Dregclr: , 

on u wide range of: slreains 

0 . 4  f t  above bed 

a t  0 .4  Ft move oed 

- 
270 redd; sampled; V a t  

O,6 F t  depth o r  0.2 f t  and 

3 .8  f t  de9t.h From sur face .  

!58 redds sampled; 

streams represen ta t ive  

o f  a \.ride var ia t ion  of 

hydraulic c h a r a c t e r i s t i c s  

132 redds sampled; V a t  

0 .4  I t  above bed 

58 I-edds saoipled; a t  

0.";" depLi? f r o ~ n  surface 

50 rcdtis sampled; a t  

0.6 Ct depth "I:r'o~n surface 

'i 77  r-edds sanrpicd; 

s tr  iis rcpi-eset?tcri d 

w l l i t  i;r,ial.ic,n of' 

hyd. ! I  ic c,tiardccerZst,ic:; 

Z I 4  r,edds !:anrpled; V a t  

0 . 4  i't nl~cive lied, 
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Species, / ~ D U ~ C C  1 DEYL,~ 1 ' ic locity ' Subit?-ate 1 Iiw and wbci.e deriloped 3 / Remark:; 
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irieterr C m / s  Centimeters 

Coho salnion Thompson (1912 )5 /  1% 30-91 - - 90-95% confidence i n f e r v a !  1 251 redds sanipicd; 

Oregon, 13-12 streams w?th varying streams represent  

hydra111 i c  condi tisits wide v d r i a t i o n  o f  

hydraia'l i c  c i i a r sc te r i s t i cs  

ToIer3r;ce it,ter\:a i :. Gregon, 7 128 redds sampled; 

streams cjth rar .y ing  hydraul'ic. 

conditions 

n,e~sun?d 6 .4  F t  above bed 

P i n k  salrnon (,GI i ?ngz ?/ 

Sockeye sr?lmr3n CI16miier.~ c:!: 4 I ,i' 

Clay (1961) 

i . . .  t j b  ,triru- Thospsun ( l W 2 )  

- 
V msat:ured 0.4 f t  above bed 
- 
V a t  0.4 f t  dbove bed 
- 
V 2 t  0.4 f t  above bed 

106 redds sarnpied; 

srrearn; represgnt  kaidf: 

va r i a t : on  o f  hydrdul jc 

cbarac tari  s l i c s  

106 redds sampled; d t  

9.4 fi above bed 

Tuieraricz inter-,vai Orngort , 3 

s t r e m s  ~ i " i Y h  vat-;tjng hydrauiic 

coridi t i ans  

Middle 89% OF range; Washiitgrtlri, 

Flo% 2-30 +t3/s 

95% confidence i n t s r r a 7 ;  Oregon 

To'l erance i oterval;  Oregoin, 11 

s"ireaiits ksi tii vacy ing  i iy i i i 'h i~ i Ii: 

conrii i ioirs 

Range; Kashinqton 

Isidai. 90% QF range; Uash'in~rnn; l l 

streams w i t ? )  varyj: ig h,ydraii! i c  

conai  t i c n s  

Range; 'rs'dsh lr igtet~i 

177 redds sampled; a t  

O.6 FL or  C.23-0.30 above be: 

Stke!nead trcluc 

g.8 riteu. s t e e l  head Smir.i? (1973 )61 

51 redas sarf~pled 
- 

175 redds sanipled; V a t  

0.4  r e  above bed 

3 ' 
Engmar?-.---' 

Hunter (1973)  

62 redds sampled 

\ I 4  i.cddr, sampled; a t  

C1.4 .ft or 0.25-0.30 i't abcive 

hcci 

19 r~:slds snn~pled ; I? ai: 

0 . 4  r't or  0.25-0.20 Pt inbm~e 

!)ed 

311 re i i d i  saiiipleii; Y d t  
0.4 fi ,  o r  O.%Ej..O. 3ii r:t 3 b o v e  

4 retiiic sbli:ip1ed; V a t  

0.4 f t  or  0.25-0.30 f t  above 

130 red& samplecl; 5 

83 ri:dds ~ : i : i i > i i ' d  O ;  1" 

in ', 0 . 4  f t sitowl twc! 

Rar~ge; Washington, '31-1 s t r e s ~ ~ s  

of 180 f t.9~ 



F-OK su r face  

qct s fiijij~ r .,J T: 5mlsh ( 1 9 7 3 ) i  , . A 3 - 3  !- 0.64-5.13 -r$;:--~ -, i r ! terva i  ; Oregon, 51 redds sampled; V a t  

Ueschutes R i  ver 3.4 ft above bed 

hQQbj24 {jg].?; 
- 

7 1 - . 3 3  43-.i.j2 .53-.7.62 Range, Cai . i fufr r ia ,  FeaLiiei* Ri$~er . - ,  10 redds sampled; V d t  

5 ,21  a b o ~ e  bed 

igr7J,? . .- 
, : 5  43-82 .. .* Est imdted f r o ~  l i t e r a tu r e  

da tees ( 1376 j .09- .90 ? i -91  - - Californi;, P i t  River 

;ic? uf1&; ( 1 969 ') - - 50-90 8r;"ii s)? Colurnbja, Loritenay Lake 

: j i,aooec ( 19; j j  .. q 38-9) . I@- .54  2ange; izi i f o r c i a  

Le~di*i;cj j 11; . oii- , 1 5 8,- 26 .> .a Range h4ash i ng ton 3 redds sampled 

[ I ( ,  iiijfiter 1973) 

i re;?oen:,; : $ u f i t ~ r  (?9!'3: .OE- -22  11-38 .64-5.08 Rars~e; k d s h i n y z o n ,  strearr!s 23' redas samoled; Y a t  

0,Cj-z. 0 fz,+s 0 .4  f t  a r  0.25-Q.30 i't f i  cjrn bea 

- 11q3?1) ni.;neer i ' r 373 j  i ~ . , b , ( j  15-56 64- 10. !6 P-nge; Wasr i , ing . l~n ,  strearc, i6  reeds sa,npied; V a t  - ,- 

5,3..15.f~ f t3;4 17.4 ft o r  3.25-0.30 i't rrw: hed 
- 

: t r 8 ; < j , ~  ( ~ r ~ ~ ~ g ,  .,n~it:? (1.373) : . 2 4  ?!I-68 "64-?,62 Tolerance i n t e r v a l ;  Oreyen, 5 I 1 5  reticis sampled; V a t  - i 
{ribnxer l (273 j  streams 2i j th  u a r j i n g  h y d r a u l i c  0,4 F t  From bed 

crma i riorls 

~ i j i i m p s O r ~  ; wT ) /  . .24 ~:-&4 - - $9-95" ,a ?>nf i d e n c a  i r l - c f rva  l ; :>fenon : ? 15 redds samp ied 

urr a s i d e  ?anye o f  sea-eaas 

fiacper 1197:3; - ~ - $i~-*9t  C- $4.. 7 62 [{afiqe; Sal  i fa.'.riis 

6ovee \ 1 [I;!!{ . 1 5  40-53 .. - E s t i m a t e d  froi i i  1 itiirsturii 

,- ?tcz fser  ~ &ijc; { ' ! g r /  j . i ~ g  14-46 .64-1.62 E i d d l a  803> of range: W j t u m r n ~ ,  I *. -I isi u.edds .omplea; V a c  

5 sniai l szrean;s 3.6 ti. i i e ~ t h  from surface 
- . -- " - 

:: / - . iini?iiS i 15iri.d t,cptjri., '''~iir r.~-I..ttlc ? I s I ! Z P  ~1~:LWeen t I bid Ltiii? i::;db:e s,*j!i:oi~ S ~ ~ W I I I ! I J  q fdv t? l  io:lsciii:rie:; l i ' i ~ e t ' ,  135b , ' I  by ~ 1 .  !destg,:r.i:, Ca I .I i . .  Dep. 

iind Safiie, :q land  F?r;r,, Aaiilzl. Rep. 52.-2; ':acri~iacnri,, i$"G.. 

a 1 
::irpi~c:t~i.!:+d rap(?;.:, "!i:?!sr:~ic.ri :~i l i t ! i !~: tat; '?:LIC!) :)r ~ ~ ( I L B I I I I I ~  j j : i ~ i l l ! . ~  i:: i'Iii:.,iirl/ i i ! ' : ? B 5 , '  \:. 5 .  i;hd~i:~)ilic,, i;. ' i l len,  and R. : .  i ) i i c s ~ * ? ~  

'- - * . * s t , ,  :;SF. L ! ' > n  ; ~ l y l ~ ~ l l d ~  IC%5 



Us-i-ng c x i t e s i k  desc r ib -d ,  
nrcthsds b e ~ f i  developed far  
~:er:ommendi n q  stream d: aeha rges 
for spawning. Figures  4 and 5, 
taken fxorn Callings ( b 9 7 2 ] ,  
exempP-isi:y the  p>:ocess 05 depth 
~ n d  v e i o c i q : ~  cr,ntou-iiilg to 
dej,.e~+g"~",ine $he suitable f a r  
spawning at a g iven  discbarge,  
Another  me'iliod f Thompso~i 197 2 ) 
USEZ> f2KQs25 ~I1213rlel t : ~ a i - i s e ~ t ~  
spiirrn.i-ny bars and col,sks of 
y u a r , r t i y i n g  the wj.dth of the 
s t g e a ~ ~  at d i f f e r e n k  flows 
meet depih arLd velocity c r i t e r i a  
{ f i g e  k j ) *  i$llcn measurelgse . r  
have been tajcefi aver witAe 
r a g e  o f  ~ B O W F ,  a gxsph i s  
p i c t t e d  of f l o w  versus s u i - c a b l c  
spawning areas (Callings 1932, 
and f3.y. :' ) or usa i j l e  w i d k t 1  
( Thc,m;:.son 1972, and f i g .  8 ) . Tl ic  
~ptlmum spawning flow i s  defined 
as % k i ~  discharge at b5 i i sh  t-he 
1 2 r q ~ s k  r.pcwrling a;za &or usais le  
wid?-b  <>ceur..a, Ee tatel:2d descrip--  
tions of spawning flcw method- 
o l o g j e c  are Jescrihsd by "ams 
aaar! P~:ar$t2i3. (s.';;e f& ;?a t~ .~ t :e  2 1 ,  
Thojnuqon (1472), Callings 1 1 9 7 2 ,  
i, ' $j7 4.3.' ) , waters ( I ci? 6 ) , and 
r l  - skctknaker and P L r l a c L t c ~  ( ~ 9 ' ? 6 ] ,  

.*--.d+"-',-a*,~*<~<-,h,,.s ,,*, 3~.ms7,,."' *.--.*----., 

3/ 
,-- !jnpub i i s i ~ e d  - t v 'e I3 (3 r " ~  

a-l. b z a t   lor^ of ~ija~+ji.a.I.nj; and ::<.?<21:.i.rq.; 

tl.bseha.z-ge:+ f 'or  seves.a% P ; i . . ~ % , F l c  ~;.:3_j.knoii 

j ,  '51 u25;Liirn ilnz;;?.i,,ni;ton," b y  PI. 
, i .  1) , S , (;ccij. Sar T-V-,, , open  

K "  
! , 1 :  i L .  i.".374 .* 

\ //+-"J \, 8 .----?- 
i Ditecf i o n  \ c ~,<~~s;>>& 

ul  f l o w  \ /-?:> 
--/-- ,. ,,//,, \></ r-. .--<-Yx: 

**- ,+./ < ./- "O "- 
f,\t ,,2/ / .-*.74 \ 'a, 
,p,&/;<:" 

\ y \ "--7& -... +*'*--- 
e C  B - >\:<~--~--/ -";k ." - - - L - - s c . "  p? 

- i: 

Figure 4 --Exampie af waxer depth and velocity con'isuring 
for owe r i i w  disc arge in z s t u d y  reach of the North 
N@i-ssair River (from Cotiings 39'82). 





Although incubation i s  
i rbp $rie3b" " = . , h ex :y ~ s e d  to spawning,  
chi bahi<:at requirements of 
embryos during i n c u b a t i o n  are 
d b f f ~ r e n t  fxom of a d u l t s  
v~h.ile spd..wni.nr$ and w a x r s n t  a 
separate E ~ O J ? .  @[pi$rk ari 
a d u i t  fish selects a sp2ir;ning 
$ 2  &e9  $-b+e in@u!~;j~tion e n v i r ~ n q l u f i @  
i s  af so bg:iny sele~:led, 6uc- 
ct>x;sfuX i n c u b a t i o n  arid emergence 
o f  f r y a  howevtr, i s  derenden; an 

* * bo th  cx t rag  ravel 2nd l D E K a 9  233"./1 
" chafilcaj,, physical, and hydraulic 

parameters--dissolv& oxygen 
', 30 , crater i:emg~eratt~i:e, bi"~i-- 
chcmicai oprgen - dz~jangi { BOD) o f  
m a - ~ ~ ~ l - i a l  csi:~ie?d in t7m.-t~:r and in 
r;~bscr-a&<?, ~ jubsf r ra te  size 
t peri..eiitage Ei i ies  1 , chzinr;ej. 

Y "  grailJ.c.nc i:i;anneJ conf igura t icz l - ,  
va, cc2r d e p t ~ h  [ head) , sur f  ace 
t&zlte* scpiacrje a d  d ~ l a c i  ky, 
p ~ j ~ : ~ ~ t a ! , > i l i : ~ ; ~ ,  porosjlt\,, and 
~ a i ~ ; ~ ~ ,  v~~'~.~;~@~I:L.I i.rs, g:avcf , 

j* L." 

g r a v e l  3 has bez2n deraanstx*a-Led by 
St i~axdc  (1953 1 ,  sheridan $1962), 
~ a u x  { 1 9 f j 2 j d  Yaux  i l Y 6 2 j :i&aLetii 

* " * -  t h a t  -th$ s n x t x a i  source  aE 
oxygen  i n  i n k r a g r a v e l  w a t e r  i s  
the atfnosphert? a n d  listed -the 
f o 7 J o w i - q  s teps  f o r  t r a n s -  
port of oxygen to the  Zntra- 
gravel envi :conr~ent :  

B D i s s o 3 - ~ t i o n  ~f o x y g e n  
t h r o u g h  ai.r-water* interface 
i n t e ;  strearn water., 

3 Xfi!:cr.f:k;inge of ox:ygenate:d 
wzikax from the st2:eam f nto 
the porous g r ave l  i n t e r i o r ,  

" 5  r actars  that c a n t r c l  the 
water interchange be tkieec 
s",ream and gravel bed axe: 
s b r e a m  s u r f  ace profile, gravel 
permeabil l y ,  gravel  bed deptkt, 
and Hxsegu la r iky  of the stxcam- 
bed surface QVa.ux -1.962, 19581, 
She2:idan ( % 96 2 nof:.ed in salman 
spawning areas in southeast 
Alaska, t h a t  ground water conw- 
Lained very l i t t l e  oxygen and 
t h a t  t h e  oxygen c o n t e n t  o f  
- j r l t r a y  ravel  water decreased w i  kl.1 
g r ave l  depth; t h a s  ti-ie rr~iijor 
source o f  oxygen in i n k r a g r a v e l  
k j , 3 ' $ r ? e ~  the s[:r@am i t s e l f ,  
i$e2:ks and KcNeil (19701 & t & r i b -  
u t e d  h igh  i n t r a g r a v n l  uxygei-i in 
p i n k  salmon spawning beds to 
h i g h  permfiai:jil i . t y  o f  the sub- 
s t r a t e  and streaa g r a d i e n t ,  





d e v ~ : l o p r n e ~ ~ t a l  s t a y e s  ( L i n d r o t h  
i 9 4 2 ,  Hayes et a l e  i 4 5 i ,  Wickett 

- -" 

1954, i+.i.dc~:rcIiee et a1 , f 958) , 
0-i ti.c.ai oxygen ? e v e i s  d e f i n e d  
by Alde~:dicc e-k al, 61958) are 
J ciiose 1 t h n k  h a r e l y  sa- t isEy r-es- 

p i x a c o r y  demands ( t ab le  '7 1,  
Dok2dt;rn-f f and  Warren ( 1 9 6 5  
kjel i e v e  Lhc cr-i-ticaL l eve l s  in 
tahle 7 are unreliable, because 
A-x ~ n e y  Sound t h m t  embryos exgosed 
t.3 d i s s o l v e d  oxygen levels helow 
s t  t l lroi-~ghout develop- 
r~enf:, ::were snaaller and that ,  
t i a tch i r ig  was delayed or occt~rrec? 
p rematu re?  y .  From laboratory 
t r s t s  -- w i t h  coho, chum, and 
ch. inook,  and steelhead e g g s  by 
hlderbdice e'c aL. {1958), Silver 
et al. (1953), and Shumway et 
a!. (19641, the foliowing sum- 
mary o f  oxygen ccs~~centratiltan and 
egg development h a s  been pre- 
pared: 

Sac f r y  from embryos in- 
cchi2tcd in Xaw and Bn.$er-- 
mediate oxygen concentra- 
t i o n s  were snraaler and  
weaker than sac f r y  reared 
d1: higher concentra. t ions,  
and t h u s  t h e y  may n o t  
s u r v i v e  ak: well as l a rge r  
f r y  ( S i l v e r  et a l e  1963, and 
f i g s ,  10 and P I ) ,  

@ Reditced oxygen concentr;~- 
t i o n s  lead to smaller newly 
ha tched  f r y  and a lengthened 
incaba  tion period (Shumway 
e'c a l e  1964, and f i g s ,  4 %  
arid 1.3 1 ,  

GB L . ~ ' I ~ J  0>:yg2rl csa.%cer![:ri~tj-t.~t~~ 
in t h e  e a r l y  s t a g e s  of 
d e v e l o i ~ m e n t  may del,2y 
;iatchik-;g, increase: Lhiz3 
i n c i d e r i ~ : e  ancmlal ies, 0r 
h o k h .  Low- iio>igeil cisr;c;$n- 
tratic>r1. ~ 3 ~ ~ + l . i i - i g  i::iti2 la*!A:t"2x 
stilrjes of  d[?ve! i-.p~e~!i r:tay 
. I  p.g:c!?naturrt l*~ail:r.r%s-A 
i l l y  (:iLt,iexCii*c;C: k:>d-* $1" 
2 r f- i >  f 9 3 0 ) . ,  

'igure IO--R@iatiou~ between mean fangrhs 04 steeihsad 
%rout 8 8 ~  fry wtSdh~f7 hatcR8d and diss~Eved s x y g a f l  
cc~ncentralisns at which %tie enabryos were incubated at 
diff~rent water veisci"ries and al 9,5"41: (from Silver et ai. 
JB%3j. 
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i a u l a * ]  f' i ii cievt.1 r~pr~ec t Fcr:ii n;j Fc u.11~ g We1 1 advanced 

In rfiaruy s lrkar;;s; corztaini  rr2 
incubating sals>onid e g g s ,  water 
&. ~ e m * < j ~ : r a t u ~ e s  zrc; colder  than 
4*5OC Gkirii-ig t he  w i n t e r ;  e g g s  
d e v e l o ~ j  norinijl ly and silccess- 
f!i.ll.y, i-iov~cver, becausc s p a w r l i t r g  
arid i n l t i . a l  embryo d ~ ~ c i o p m ~ t  

,~ ,L ;T  tihen t~imi:j;:jer;a t u x e s  a r e  3 "" "- 

k i  24 4cm P r * 
idk;r remel y c ~ % d  water and 

air ' C , ~ j 3 p ~ r d . t ~  ' K C  @;Ari C d U S @  

inonet.di i ty arraoiiy i.ncuk~;a-i-.i n g  e g g s  
and fry b y  t k d c ?  fctrnedt:ion of  
f:c-dzj-I o r  anchor  i c e  k h a t  ~ ~ * e d u c c < ~ ;  
x~xii:cir ifitert::klsnye, Anchoi* i.cc 
nrsrtxal lpyp C o r m s  in s h a l  LOW wa t - c x  
tkjplcdl 011 spawn ing  ancaa  arld 
m c ~ y  c i : , m ! ; l ~ 2 t c l  y h l a n k c t  i:hc 
dr LA r f e t ~ e  0.f f;h<:: S I I ~ S  i, ra.Ckl~ ~3 ~ l d  
+- \.. p L \ ~ r ~ l . l y  F. ~ ; J L - ~ V C ~ ~ C  b&!kfi t.pr i 12 !-cl:-- 
;-:l.ianrlae bh;ic%glj.c,.en c;r;:j:~:;kln i i r - l ~ ]  gj.-,?-rxjel , 
,:l adrj 1 3.s 1 on, i 3 +e darn:: ri2a'ty f'-o-iarn 
Ll>":it q<3\2 j. .nlp<:cl~~ f l < > w  r j t :  o r v p L b J ;  

<;-y$~at.~"i_ RpSrtkJqrlt?.l:, idL-CclL;,  !:~.li3-"-.'. 
x " 

~ ~ ~ j ~ ; i . ~ i ~ ~  i r i ~ : i  L, i,.iit.j trf: i * / i t :  ti*ltlli iii;j>i 

L.;iaxs~> ~ E % ( ~ P X I ,  b l lr.ri E : O ~ I C ~  i t i 011s 

- -  1 i 1.1; i1.i f ; p l . . ~ : cm " ! l i ;  
- . p  : ,  j r i  i*!l 

C q J q  1 i r l ~ < - j  fl<j , ~ : ~ p ~ f ~ r " j r ~ l c ~ ~ ~ l w b  !:c?iu*:L?c 
3 i i ~ ;  : P ~ ~ , ~ ~ v ; ; - ~ ~ " I  ( '$ a;']'] j I l i ~ a r j s j  r q i ! t _ ,  2 
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E Q ~ S  i;l<it q-syj9en $Fiey tsrz ?;fgh, 
oxygen l e v e l s  ax- i ' c : "  ~ ~ ~ ~ m % ? - y  h.L$h, 
$-JAY  L . A G J ~ ~  --- have f o u n d  e g g  saxviva% 



Spak~ning  bed m a * t e ~ i a %  s ax so 
influence the developrfient and 
cmet,:genr:e of f r y ,  P e ~ ~ f l e ~ ~ h i ~ i t y  
o f  the suhstraf ie  (the abi.Li ty o f  
a ~3atexi .a P i-xi %k=raensrni t f .l~sj,ds ') 
sets t h e  range s f  subsurface 
water ve%oc j+ t ies  (Iqieket4: 1962 1 ,  
Law pexmeak~f i i t i es  result i n  
lower apparent velocities and 
reduced cxygen delivery to and 
~netabcli te r ~ m o v a l  from the 
enas, 3 A Wickef:t f P 95 8 1 found that .  
su.gy~iva3 of  ink and chum 
g&z&v, r r ( ~ > i ,  - - A -  eggs re1 2 ted to 
p e y ~ ~ e d b i l i t y  ( f i g .  18). 2 d c f a e i l  - 
~ n d  P~hneXl. t i 9 6 4 1  c:r3ncluded that: 
highly productive spawning 
slm-ealns jiad tgravel ~ Y k k  h i g h  
perizieabii i t y  a Pezmeab i : l i t y  %gas 
i~, i~y$l  ( L 4 , O U O  eril,dl2) wk:i,en jast:a",osn 

i r m a * k e u ~ a l s  had less than 5 pe-cefit 
$by V C D J U T ~ ~ ~ ~ )  ~ h ; i d %  tilid ~ i - t k ~  t$].a.t, 
: lhs.,,,, a t? Z-- (3 (4 4- r , b ~ > ~ ~ t g g $ i  a 0 , 8 3 3  irmn $;lev<? 

rk ci was r f ~ l a k i v e j ~ v  X Q ~ Q  { i e z s s  
t-hfin 1 3 % ] 0  P- 

r. * bdit~/hf when c-i-ne 
ut?;.r?imer?es !i!aitt. up inore t h a n  15 
p:i.~'ce:ail: of !:kle ba;.k';:<_nr. m a t e r i . a l ,  

Figure 18-.Observed retakisrz reported by Wickeil (1958) 
between permaablll'iy sf spawning bods and su~ival of 
pi:fk and churn sairnsn "r sthe nligr8n2 Pq stage (frsrsr 
P&cNeii and AT-anell 1684). 





Pr;lys,f;  ~ y a p - i c e , ~  such as 
t- - 

raadbi ;? i ld j* :~g  and ~ r : ~ s ; ~ ~ . ~ c ~ t  
J.oggii;i,g, may ,i_fier..;ase the wz-er 
y-; A- f:;] sM - d a va , te ; .~&~ed  and 
s ~ i n ~ : t j ~ m c : ~ j  < ~ ~ i r i ~ ~ ~ : ~ j \ ~ ~ ~ ~ 2  l:.fie2 

f l . o ~ d " ; . n g  a c.t2<;_.anr $ ~ ~ - ~ t ' f - ~ ; ~ ~ ~ ~ ~ ~  
,9 ' '7 3, ) . 3 -, -,d ." , 7 .L r.:c.tr.~a t;snns . * in 
&: 4- ~,.- ,-> .."3 * c"-&T f.,S -1 ,q 
&~"# L .I. T> c."r- 8 !. c;, h.* a k % e c r 2 <a 55 e t?:g g 

/I _ ,- + 5 :4 rv~vad  CP .. c-~k~+-i%s=ks ,.. ,.,L~ a. i l  .E ng jcedds and 
il- 

& h ~ > ~ e b ~  <__ A s. c s u s ' h ;  ng and d i . s i ~ d g i , n g  - 
(" t2gc.j~ - \ 3 a ~ L . . r g ~ ~ ~ . ~ ; k  a,nfj- Broad [ 195 6 ) 

a t J~ ... -.. -7 j-*. ,L~-,,. - ." a d . cr~mplet-0 inor,k;il.-,*ty - q of - ie 

pianted c h i n o o k  e g g s  kc s-krearn 
flows t h a t  i.nereased 100 times 
1 a au-i-lilg egg p l a n t i n g .  CJther 
invei . , .k igators  have a l s o  noted 
t h e  d , e l e $ e r i o u s  ef feees  sf 
flooding sn ey g su- rv iT i~a l  {Hohbs 
1937, Nea?ii.e 1353 ,  Ganiqmaxk a n d  
Eakkala 9 9 6 0 ,  Sher.i3an and 
McNeil 1368), As noted by 
Chapman ( 196 2 ) , ab:n.omial ly h i g h  
f % e + ~  at the QgraXig tlj"b:3(~: 

i. ncreased mi? r t a l  i. ty . ?+jodera tel  y 
h i g h  f Paws <Axe benef i@ia.l in 
a s s l i r i n y  a d e q u a t e  i n t e r c h a n g e  of 
i n t r a g r a ~ r e i  and s u r f  ace waters 
and improxwping tke oxygen supp ly  
ea embryos, 

Because species-specific 
i n c u b a t i - o n  c r i t e r i a  have not 
acerl d~velapcd, g e n e r a l i z a t i o n  
i s  needed ts d ~ f i n e  suitable 
i ~ j c u b ~ t i ~ r " ?  f a x  a n a d z a ~ ~ ~ ~ s  s a b  
ncrni.dr;, G c n e r ~ 9  guide1 i n e s  f o r  
,.;a9 r2onid incubation 'smsed o n  the 
p r e c e d i n g  infs i-m2i:i,on are 
presented in table 9 ,  



Habitat. r e y u i r e i a e r ; t s  of 
juvenile azladxsmou..; f isl i , jrl  
r; 5,xeal;is va ry  wi LI:. g p e ~ i . c $ g ,  5 j - ~ e  
;:jjc'i riini- of y s a  r. Tl~+-t yet : i2 r i r i t~  

periol:! t;:<tericjs fr.oln f r y  emer- 
~~ycfil-,.~ to ~;~~ah ,~a , rd  -ca{:ion and 
c~il-1 i.iirlge froirt a f e w  d a y s  for 
c1-it;nr fw-:rJ p4,r-d~ sal nisr!  to 3 0r 4 
y ~ ~ , i . ~ : ;  for a&c?eft~ead t r o u t ,  T?oj: 
f i s h  t h a t  spend an extended time 
i t 1  fr-esh waizer, the qnsiriiriiy and 
quality of the h a k i t a t  se-t.s k h e  

C U .  3 i n j i $ ~  ;:on -i;-$;.~ r s~nhgr  0% r ~ s h  
i t  2 L t I~nijo~Laiiir 
i i k : h i t i i t  caii lponents f o x  : j ux~cn i l e  
:3&.k n'sesi arid t r o u t  are f is t1  food 
pri;i:ucti-(if: a r ea s ,  w a t e r  qua"! i . ty 
f -~ i -~ f - l  C G V C Y ~  ~ p ~ k c : ~ : ~  
 he .i ,-1 kec- .ac t i s rz  of sc;me c_pf ~ h e s e  

i 3 d I i . j  i t  c ~ ~ ~ i l ~ ~ o ~ ~ e ~ ~ ~ k ~  ~ 4 . i  L1.L b"i-Cl-- 
- :  ;"e;%trjyeg o f  cr!f-: h:rjv.!... 
i ~ r ~ ~ ? 2 ~ n ! "  Q 1 ~ i v e  kJ<+cry;  ?i 1- ! i f 7  j 
~ ( - / q c ~ j ~ ~  j97-2 . ) ,  Hoopex %373), b u t  

::(,b-:r:j f i . c  ci-j t p c< .a  f f j r  ri-drinij  
hfi, j l j  ! - L A  k- ~ I < l l j ~ ~  n9t- k$8-?f1i1 c :c j I f q j  i pf:? 1 

a *, 

r ? i : b j - i  n+?f'i f ~ 3 9  r2rh~1dZr~bBfQ)?ls  :3"sr1Ifrlijfi~ctS 

i., 1 ! :; k, (2  &~ltl s * lid...: l)$k j. 1 d iscus  2 
j e3.A t i  r t : : ,  oii- L t 2 t T , t j i l  i l d : ! )  i i & B I P : ~  

: $ 2  i ,A ;.:J L!iei?{ I:( :,,i i i iuii it i kjt+:.:-- 
, . dt.i",l::. ?i.)fl b,'h:lc*~2 b $ a J  x~~?it:y3%3 illy t.tkf2 

., , t c.lL2,~ J t 3 j ~ ~ - i 2 ~ ~ ~ f 2  

D8m.s i - t y  o f  j ~kavtj:l_..~e anad.- 
mmous  s a l ~ t o n i d s  ...2y be r egu -  
1 Pb ,,,,ed p by the a.Sus?da.nce of food 
( x~e"rk!-aps expressed E ~ S  carnpeti- 
& i o n  fox: space) i n  some streams 
d Chapman 9966 1 ,  Food far these 
salxrionids ck"a_-~iies p r i n ~ a r i l  y f ram 
the surrrsund.l.ng l a n d  an3 from 
xhe subsakxate w ~ t h i n  t h e  stream; 
A-  he re la t ive  importance af 

t e r res t r ia l  and aquat ic  insects  
v a r i e s  w i . t . h  ss$eaam s i i ze ,  Eoca-- 
t:i.,r;l.n, rxparian vcge t:a t i a n ,  and 
ti.me of y e a r ,  

Aceording to Scatt ( 1 9 5 8 )  
and Allen ( I Y 5 Y ) ,  v e l o c i t y  i s  
the most impartant  parmeatex i n  
deterolrrir9ing the distribution of 
aqua t i c  invertebrates i n  s"crems. 
Must aqua t ic  i n v e r t e b x a t e s  l i v e  
in a v e r t i c a l  boundary layer on 
%he stream s u b s t r a t e  ~ ~ ~ h e r c  
veloci*.ties a x e  near z e x s ,  Water 
veEocit  Fes j u s t  above t,he bound- 
a r y  l a y e r ,  however, a r e  typ ica l  
o f  a r ~ -  L ~ S  (Pea:rsen et 
a - Needham and U s l n g e r  1956, 
D ~ : L l k s i e  an? -E l.iason 1961, A r t k : : ~ ~  
1 9 5 3 ,  Ruggles 1966, K i m b l e  and 
b / e s ~ l b c  ;?975/ <t~\d kt&l:j:kct 10) 8 

$The ixlfduence sf vwster 
dtipLil uii a q i L t ~ i ~  ilisccL pro- 
duction is poarly understood, 
but. !4c:cdl?nie and Us ingei- ( 1556 
a n t 3  Kejzncdy ( 136-7 f olaild the 

; $ f : q < ? ~ L  r i i ~ i n ! ~ ~ 3 t r c  :,I" OY'@;~ ; .~~~-CST!S :in 
5 h , ~ 2  l t j w  direas typ-kcal. id,: x2.l"^flel.~;, 
l.n a ; ' & ~ ~ ~ l g i -  by f:j.imlali:: dn,3 tc~Tc(::ctse 
( L 475 ) , may f l ier ;  { F;pht3!~t?r<;r 
f "A2~d" j  ;? s t ~ > l l b 2 f " l  Li?t< [ ~ ? I ~ ~ ~ L : C ~ & ~ L " ~ I ? ~ * ]  $ 

- - , - - a  

c l ~ ~ c l  e,..~~d(.Jd.~i%d-~s ( T L  ir_sl.lc~gs C e ~ a  1 
ib~o3-e -f"r:~~j-j?{ i n  clppf-hs j l ?s ; ; s  t a ! l i - j 2  



S o i ~  rce I Vel o c i  ty range 

5/ See t e x t  fos$nat:e 4 
.- 

0 , , 3  m, tI.lacpr~ 61973) ~ e l ~ ~ r t e d  
a:t-eas; o f  h i g h e s t  i n ve r t c -  

t~ i i z tc  p~:odu[:tivj-ty u s u a l  l y OCCUX 

i.n streams at. deptlls between 
0,15 an& 0,g ra if subskra te s  arid 
v e l a c i t i e s  a r e  s u i t a b l e ,  

J3 4.- - 3 ~ . ~ e a m  s u b s t r a  tc cornk3o- 
s j -eian i s  3,rlq-jkhcy $. t h a t  
r e q u l a t c e  t2-ae produr,. 1 o k  
j yjIr:jg;y-tehr~ ttes ; h i g h 5 s t  pro- 
i . j~~icr ; tk iss- i  i s  E x 3 m  grave:! and 
*-- L - tib-,&l,e--s l xt? material s (Needhaan 

" -  e 

49:42:, ,iJis?d:2sica 1 9 4 2 ,  E s n l t h  and 
WoyLc 1944, Sprulen 19-17, 
j;frj ktl-;.c.a- 3- $5 3 ,  C j ~ r ; l i ~ i w s  1966 , 
iizklc"y [lp 1566: ~ T ~ ~ ~ ~ ( ~ ' ~  13.967, 
<:t;~.jii.,lg ?.95$1, Wynes 19'70 ) . 
Srik~:2t;ral_$~t ;$k:?;cz i s  a f n r lek i cy~  o f  
bd&!;ciy l f ~ ~ ~ ~ t : : j " k y #  ~Li-tt !  1;33:Cjer 

ma kc i r  r a:!.s [ ~:ul:bQ.[? c~.rlc2 b6~1d43~ ) 
ta;3$:l;'c:i dttw:d wLth f a s t  cuyrc2jlt 

." . " 
c r t r ~ c i  . ~ ~ r r r ~ n . l - k e l i h  kt!c~s.Ci~2aCr.l~&; ( ~ i ' f  $ FiTlf^J 

: 2 t i r s d j  w i L I i .  sl~*jw--~ansving w a k e r ,  

(1347) reported t h a t ,  in g e n e r a l ,  
the d i v e r s i t y  o f  availabas cover 
fax: ~ g ~ t t o m  faux13 decreases as 
the s i z e  0% inert sut2sikrate 
pa r t i c l e s  decreases. Rilbbie 
seems to be the z~a* l s t  F ) E ~ ~ U C ~ ; . ~ , T C ' ~  

subst:rate. L a r g e  rubble  sub- 
s t r a t e  provides  insec ts  w i t h  a 
f j.,.nri s-rikrface c l i n g  to a116 
also px-.s~~ides pxotr tct i -sn f r s m  
the z u r r e n k ,  

The i.r!.lporc.kanee 0:' insee-i-,s 
produced in r i f f l e s  as food f o r  
f i s k i  i s  documented by Waters 
( f 9 6 9 1 ,  and P e a r s o n  et 31, [ s e e  
fuotaote 4) reported h i g h e r  coho 
L2  roc^ , I r c t i o n  per unit a r e a  in 
pt.;kol.s w i t h  large r ~ f f 4 , e s  up-- 
s-k-seaiii t.lraaz-r in pools w i t h  snka"e. 
3: i ff:'Zez ~ ~ p s f  4r'$am, 

Ye i o c i  Ly , dep th ,  ax~d sznP1- 

t:.;-Lrnte c r i  tcr:i a .far c>pki.rnttns? f is]-I. 
fir;od p..i-r.sdrar::tion 21 re : 



s a2 ~mcrrr i .ds .  T h e j ~  xrray enter - * 
5 k x ~ a m s  b:$ ~ a % E i n g  or being 

P I C  - I~l:;wn a;: E r-zpabrl.,an vegcf ation. 
t iy  b e i n g  waslied in f.com 

- G s h ~ r e j , r n e  a reas  by wave d c t i o n  
(22: r5pj-d f : ! s w  f%u@<uakions 

-> * 
( p ~ n ~ g ~ c  196 3, F i s h e r  an2  LaVay 
f 9 7 2  'j . (]nee ehe st real^, 

(:hcse orr;ani::;n:s a r e  e n t r a i n e d  by 
t h e  c u r r e n t !  bbecnrne a p a r t  o f  

d ? r . i f c ,  m d  are fet3 upon by 
f i y k r  * fS~.i.rbsr j.536, Kellcy et 

5! ,- a~ . ,--- I J ~ J  P s l c 2  2nd E X j - ~ s s n  1 9 6 1 ,  

-B j.Cr Kennedy 1367, A. i i en  1969). 
Plant ma$ej:iaI. tha$: fa1 1s into 
the stream f roa  r ipar iza  vege- 
t a t i ~ r a  say be an irript"sx-kas%t: 
source of foud eo aqua t i c  in- 
~ ~ e r t e b r a t e s ,  Sekul i .ch  snd 
Bjornn (1977) f o u n d  that ter- 
r e s t r i a l  j-nsecks w-~x-e second 
o ~ i p  to ehiroaomids ( m i d g e s )  LP 
iniportancs as food f o r  j u v e s i i e  
anadrsmsus sa lmonids  in the 
streams they studied.  Groups of 
i n s e c t s  and o the r  ax=%4iropcsds 
t h a t  may become a pzir"ilC3f ke:r-. 
regt3:ial d r i f t  include :: I2irptes.-a 
( f l i e s  1 ,  Oxlhopte ra  (grassv- 
hoppers and cr ickets ' ,  Coleop- 
i e s a  {bee t l es ) ,  Hymenaptera 
(bees, wasps, and a r k s ) ,  L e p i -  
doptera ( b u t t e r 5  lies arid mct lrhs j 
J3omoptera ( lea2 hcppers) , and 
Iraneida ( sp iders  1 , 

."' *%*" , ~ * . - ~ " ~ * . . L ~ ' * ~ . w ' . ~  .-. 5/ 
-..- Y 7  8' 3 - j. . "I".' ;' , 5 4 ~  [[lz t !-kcd, 

* - 
"I:? i ? i : * , , ~ ~ ~ i i : . k ~ ~ < - ~  tkie % . > j . ~ t r : j ~ ?  1: .i ~1 c:cf ti 1.. i: 21i 

hJ: y y : j  "r 2 1 0 tai i,i ;j..rr. :.; ; ;?i f., r g ) p  i:) 8 a j" 1'0 I: 

j r i ~ ~ ? ~ ; i : ~ ; ; ; - i ~ , [ . o i i . ; "  " t r  , *  2 u, i . j ,  i<%@..j.py:, 8, .I 
~:~~y-cj:;:at-% , z l f i t j  , j,icl -2 s ] , c i  , (;;idi j. -i.' j ]<>gj  

k7 j, ;i t t < , ;  ( ; : l i ; tp ',, r;liije 3;i, < j  ) lb:.2Gtl * 



Salmonids  are cold wate r  
- f i s F L  bjikk deiz jLn i te  terctpera e %~4t"e 
~ ~ i ~ u i r e m e n t s  d u r i n g  r e a r i n g ,  
Waterr tel112;era.ture i.nf l u e n z e s  
c ~ : ~ a ~ d t k i  rate, swimming a b i l i t y ,  
aval.jabilfi:.y of dissolved? 
oxygen,  a b i l i t y  to cap tu re  a n d  
use food, and a b i l i t y  to with- 

F"s s-kand d$ sease s u t  k~reaks,  s x e t t  
4 195%) l i s t s  the upper b ~ ~ t h a B  
~:e~r,j-;;-;ra t : z r ~  for c h i n o o k ,  13.j r k  , 
scr;i;keye, chum, and coho adlrrinri 
as 2 i-$ppe..c " l e . $ ' n a l  
+-r~nperaf:-iire far  rairlbo\<*~ t r o u t  

j - e ~  kj<?-eween 2 4 arid. 2 9 , 5 O C  
dependiskg - QI:~ ox l~gen  C O T I C ~ I ~ - .  

t r a j - i o n ,  fish ~ i z e ,  accii-$- 
ma i:ioii e t  x t .  j M c A f c ; i i  
19661, S i i g h ~ ! , y  Irrv~er t ek~~~~er* -  
atur :es  c a n  13e k a i c . r ~ t e d  hk;'"CTwfe 
c; 1; <:: $5 f LJ 

increased from LrCE,B0 tcr B5 , ' ICC,  
and then weigh t  decraas;ed w i t h "  
a f u r t h e r  increase in t-emper- 
a t u r e  ts 1 8 ,  P C  ( B u r r s i q r s  iw 
Be% 1, see f o o t n s t e  3.1 , B a l d ~ q i n  
(9956) noted  a sirtailar r e i a t i s n  
far brosk t r s u . t ,  w i  th i .nsrea~se?,s 
in percenjzage w e i g h t  g a i n  w i t h  
increased temperature from 9, P a  
to 13,1°C an? a s u b s e q u e n t  
decrease in percentage weight  
g a i n  w i t h  terf~peratures exceeding 
% 3 .  % 'C . A t  P 7 ,  % "C, brsejk ttoout 
f e e d i n g  decreased and, when 
temperawre reached 2 1,2 "C, rhe 
f i s h  only ate 0 . 8 5  percent o f  
their body weight  per  day. by 
comparison, a 100-mm-long s a l -  
r;i~cnid that .  we ighs  It;\ g would 
need to eat about 1,8  percerzt sf 
its body wei.ghir. each day to 
m a i n t a i  i t s e l f  and 2,s percenk 
to groi  3 p i d l y  in 15°C water, 

SaLrnonids prefer  a rather 
1:azrow r a n g e  a f  c e m p e ~ a t u x e  -bej 
which k c  live $ table II 1,  an(*$- 
t e ~ n p e r a t u r e  may k e l p  l -egulake 
d e n s i t y ,  Ir labora"&ory stream 
c h a n n e l  s, Hahn { 1- 9 7 7  1 found 
& w l _ c e  as marly %-keelhead fr* . f 
r e r r t a ind  i r ?  c h a n n e l s  w i t h  d a i l y  
f l u @ t u a t i n g  ( 8 " - P 9 ° C Q  or coil- 
r; ka j . r t  P P 3  5 "C water t e ~ l ; e r a = k ~ ~  *- + 

than in a c h a n n e l  w i t h  constant 
18,5"C wats.r, Pry densj.t:y 1.r: ;n 

c h a n n e l  w i t h  constant 8,5"C 
water was double t h a t  En chaw- 
riels wF th c;onskank 13,5 iaG GI- 
El uct,-,uatinq t e s n p e ~ a t u x e s ,  bJa +:*IS r 
-E 2rl.i pc r :? t .  s i n l  a pa r $ i c 1 r 
::t; t r e c ; ~  v a r y  s(3as3n&I:8 y , t e n ! -  
poral i y , arid spa  l i a l  l y ( f c x  
exaiople, b~k:~nd.eerl f~rii'fst@l.i a:xl 
r a e , n & " ~ r t > s i . ~ d  a r e a s ) ,  :2c2i3c-4p D L J ~ Z  1 
a n d  ts3rrtpci:i-i1 changes <ire "Lar.cj131 y 

*.,f S J U ~ : S ~ ~ \  C C B ~ ~  ; C C ~  i:<~-ifl 

I and--kjsc. D I * ; ~ I C : ~ - ~ G C ! E  { f a r  exa~~:~; ;"c ,  
< 4 

~ l i d f l b i : ; d h 2 * ~ 1 k  XBBB!l":: C f  $*"emf;l;,/db. 0 f  

k;f""c,"ta.: a * r c e ~ )  B Z < > W < : I / ~ : ~ C  rX :;?an 
~ ~ ~ i ~ 3 7 t , J t ' ~  ~ ~ : f ~ j ~ < ' ~ ~ d ~ ~ ~ ~ x ~  il-1 SCi!C - 
t ! . e ~ r ~ i ;  of  .:.::.~can\lt;,, .iL : : ~ ~ c b r - ~ ~ : f ~ ~  
\x . . ; , a y j ~ ~ y k  2 r-+ - i s  L*<?LT~o\;c>~~ C>>L;->C s j - ;  * 

f-J"le > > ~ ~ ; ~ : ~ j ; ~ ~  t-.o tqj-l:(-:<::- ; i ] r ] l  : < ) * - P Y *  * 

$gr l - ! "ec>f -  'T,b.:f"]-">E" ; 3 i L g Y : C " :  i t ' ; ! " ? ~ l " k % ' )  

j < \ $ - i t  \ )  " ISZI?~~~. . . .  3 F < ' a  F j ~ ) ] ) ~ i  b ( 1  



1 / '"cop -1 (see wet f ~ ~ - ~ t ~ - ~ ~ ~  '1 : . 
/ i'ia:;] an iifipubl ished reporet, "F%h heal th and Management: concepx 

and niethads cf  aquacult~;i>c,' ' by 5. K l n l z ,  U r i v .  Idaho, 
' -7  ?tl~scc,bd, i y ) G ,  

31 Froin B r x e t t  e t  31 . {!958). 
ii:; Froin driii i8i- l  (73;a) -- 

[:kiapi;al; 1962, Gray and Eding ton  
L9fjCj9 T!jcaehan 2479, Narver 1972, 
M Q ~ ~ ~ ~  al2d rdan?-,z 15j74, #orim? &A\.. 

i3s-/5 e po,j-(36zr ,..+ wierkt@r j--emgc~-- - 
a $ i T ~ L .  %,. .., C. may resulk fr..l;ii.i loss  of 

.. ." @afio~.,.j a , . d  aQversc:l.y a f f e c t  e g g  
i s lc i~bs t  j-orn ( Grkz8pn *,.J % 95 fi , G h a ~ j n a ~  *- 

.j $,A >;- ;s 
#. ..# 4: j w J u v e n i . l e  chinook salman 

a v n i d e d  water  w i t h  oxygen 
caneefii:~ua&ions 12eaX l, 5-4,s 
rfigf 1 i n  the sEjIln?er, h u t  reacted 

9 *  less t-o $OW L ~ V G A S  x n  the f:il% 
bj-:?cn &e;npera&~agg?~s * \qerc2 ],a%;lier 
(;$kik;r.ttazq> sg; a l - ,  ILgfjQ 1.  



QA 1956 tosqs 
& 1955 * i s t i  

@@ % u r v . v i n , g  f i s h  
A$, i-b,4vry or S ~ O S ? ~ ~  

d y i n g  f i s h  

"T; 'L 
- 4 %) "7'-*---yy 7 - 7 = 7  

B 3 4 s 6 I a B 

OX'riGEN CQNCEMTWAlfQf4 
f Mi LtbCjRAMS PER L I T E R ?  

F i ~ u i e  20-WdsigBl~gain% Qsr Ioasesj in :9 $0 28 days %rr?ong 
Irsqusntly fed age-class 0 coho salmon, expressed ss 
percentages of &he initial h;ij'e/gkt of the fishI in relation to 
dissslvsd i3xyaen csnc@ntsaBisw. The er~r've has been 
fik"ld do snty the  resuits of test% performed in 3956. A!! 
al t h e  I956 positive weight-gain v&lgses are results of 
2'T-day &as% (frcin bl~4rrmawr'i er a!. t 962). 

0 @4 1956 ?esrzs 

$955 Teats 

1 "  @ 

B@ 53urv;vii'rg Sjish 
gk& C > m ! y o ~ i  martly 

dying fish 

OXYGEN CQNCENPRAIiQP4 
I,%lbLIGRAMZ PER L1TE2) 

Figure 23-Food conversion ratios for frequ8ntty fed age- 
class O coho saOrn~~a, or their wsighi: gains in grams per 
gram af food (beach hoppers) consumed, in seiatisn $9) 
disso!t~ed oxygen cancentsation, A fcscl eoc'iifsrsloa~ ratio 
4Sf zer s ( n s t a  ratio having a negs"litre valims) has besn 
assigned ts each grDup offish that $ 0 ~ 1  vgeight. The cerwe 
has been fitted s n t y  to the  1956 data (from H-~arrmanao 
e'! a!. 1862). 

s a t u r a t i o n ,  except in s m a B B  
tr,-. a d m s  w i t h  ba rge  amounts o f  

debris from l o g g i n g  or other  
sources (Ha:k9 and LanLz 1 9 6 9  1 or 
in l a rger ,  slqw-moving st-seai'ns 
r e c e i v i n g  large amounts nf  
rnunici.pal or industrial wa s'ir:. 

S u s p e n l e d  and depos i ted  
f i n e  sed i  .!rent can adverse1 y 
af f fec t  s zlnnonicl raearil.xg taa:i.>i."izjt 
if p r e s e n t  in excefisivc amounis .  
H ~ y h  levels o f  suspended s o l i d s  
iciay ahrada and c i ug  ficA gills, 
radla@@ fee* .." rrg, and i;au:;e f i ~ k i  
to aval=i,ct sc,i%e? 2reb:is & E I g ~ : a k ~ k ~ ; r % x ~  
St 9 3 -3 P ~ s ~ l : x i e ~ ?  1938, Srititr.1 1.929, 
K e o l i ~  i5 i l i  9, W a i  %en 195 l , Ciiopcr. 
.k$56, J3achlyiat1 1958, Coj:ds.:ze -+ini3 
K r l l c y  bYG1.),  According  to Btl 1 
( see so;: k . n o t , ~  2 j , a.l:.rcis,nrs w i  t-i.1 

s i l ~  5 g , ~ ~ < j ~  2>brt.i~fiyi ~ICJ J , < > ~ j 2 ;  hill" 

25 my/.l can he e:ip;?ct.c;:j t . . ,  
:;uppot:[: CJCICJJ 2 i _ , > ~ ; - i i w i t i : i ~  1 " "  d : s ~ i * u  

prj-es, Si:;-\i:e t-t~x:&jcj~i~t.y : ~ i : ~ f y . ; t ! . . i ~ - ~ j s  

f < > L  ~ . : ~ J ~ ~ ~ . J ~ ~ ~ : A ~ ~ ~ < J ~  i1y0163i I\<]# P4~rki-*3"l-~:~~ 

- 2 l t r I  OE ; I , I ,$"u~~ :ii~%* t ~ i  13"": j ~ a < - t ~  , 



Percent  

15.Er 

5 rj 

5ij 

6;. 2 

50.1  

98,8 

75 

50.7-51 -3 

50 

,>..*i+~d i ! *31'\d - - 15 5. ig..5 51.0-63.7 

,:.in1 Cfi ,: 

v , , j  I,,~>;J,~ 7<r,r~i.,: ~q;:gr!es d ~ i :  ,a!jnder:; d a ~ - ~ i ; ~  g 13 ,s  5 .35 51 " 0  

' :379, 
:' " d~i~::?+~i! ;! , 300 g ;0, 15,  50 4. : )-5.75 50.7-31.3 

,.iu:tr ! ;Ybli I - ; !  g 11.5 5.78 66 

Signs of as,,iiixid and :ass ,;f eq ;~ i l ib r iu rn  

01003 n o t  f i i ' l j y  sd t i i r a ted  ;.ii tR C oeiow i s  { e v e !  

Redxed  c r i ~ i s i n g  speisd 

3nset  o f  02-depenoent ir ,e?eboliini  

Reduced a c t ?  v i  l../ a ?  ' "teniperati!res 

C 1 _ -  ; ~ ~ n d z r d  oxygen up ta re  reduced below ? h ! s  l e v e l  

Below t h i s  l e v e i ,  b l ood  i s  nor  f u l l y  sa tu ra ted  

k i  ti? oxygen 

Circu1aicor:i rhdnges occu r ,  ~ n c l u d i n g  a f l o w i n g  

of  t h e  b e a r t  

Arty reciuc~clon -in oxygiiri l e d  t o  more r a p l a  aeath 

i n  c y a ~ i i i e  

I S  pe rcen t  reduc t i o??  i n  m;lximli:ii s w i ~ f i i n g  speecl 

3G p e v e n r  r s a u c t f o n  i n  maxiic:ini siriflmir;g speei'^ 

B:ooc! n o t  f u l l y  s a t u r a t e d  w i t h  O3 be lo:^ 

t h i s  level  

A i * . .  ~ r r e d  resp l raZi?ry  ciui?r,ieni, ! i t r l e  capzc i  eq 

f o r  .;inaerobic ineraSol isni below t n i s  l e v e l  

Chdnges i n  oxygen transfer- f a c t o r  and 

e f f ec t?veness  o f  0, e ~ c h a n g e  occur  

Breatirir-tc) amp1 i t ~ d e  artd buccal  pi-essiire ii! el l& t.ed 

Blo i jd  n o t  f ~ i l  i ' i  sd tu r r i t ed  wl :!I 0, be1u.w t h ; S  ic:vel 

:oxiciCv of' z i t i c ,  l e a a t  c03pei '~ phetlo? s i r ~c r i i ~1s~ 'C i  

inar.ked.ly below :.his !eve i 

i v a l i , ? b l ?  ,>x,ygert l e v e l  appedr" t a  iiiilit acrl.!Li 

rneesboi i s m  arro i:idx 1rnu:il hwlir'xrir ng  speed 

YIiiod noi: r ' i ; l ly s d t ~ r a t e d  i.r'itii !,rim# t h l . i  !i.ue! 

F.tevdtf+d ijliltid aria b;ii,cai pr'i'ssiir.e, Dw.eathing 

r a t e  i i;ci-edsed 



-- - - > - " ~ m ~ * - ~ ~ m . - - ~ . m - ~ m m m ~ ~ ~ ~ ~ m - " m ~ m r - ~  --*----- _ --- --- 1--- -- 
f S a tu ra t ion  a t  

Func t i on  w i  thou3:# impairment 7 , 7 5  75 76 76 76 85 93 

1 n i t j a - i  dis%ri.es.z symptoms 

i t{ost f i s h  a f fec ted  by lack 4,25 38 38 38 4% 46 51 
o f  oxygen 

-i:ha:? 1 0  JTV, tQ NT[J, 5 Jy1Y..j and 5 Su~riner and smith ,/ Tebo El 55, 
NrTU isvex backyr  csi lnd l e v e l s  , 1957, 1974, Tarzwe119)957, 
res36ctivelym6/ m %i_ebeX_L 1957, Gasey ,-. Bartsch 

1960, Cordone and Peni?oyer, 
Car4c~ae arkd MePley (196%) Chapriian 1962, R j c t r i l r l  l e t  al, 

s u g g e s t  that i n d i r e c t  rather 3-97"? 
%:kran d i rec t  ~ , f f ~ c $ s  sf i;, .s much 
f i j s e  aedim~:i.nt damage ffisln 
populations. 1ncI:irecir. daniaye ta 
khe fish population by destrtne-. 
t i a n  of Lka ioacl. supply, lowered 

or arevgn s u r v i v a l ,  ----_-t. 

c l langes  in Lea r i ng  hahieat 85 
a- UwyubZf shed mirneogrzpl~ed 

prnbabxy occurs l o n g  I ~ c f o r e  tkle % B reporx9  A B E o Z o g i c a b - C u d y  of tile 
adult f i~1-h would be direc-t-l y e f f ec t s  of micing d e b r  i s  dams and 

?-/ 3 < 'E ' , : l l i f ;  3_33e";, @GI fPk:;cf-i, hydrau l i c  ~ r l n i n g  on. f i s h  l i f e  in t h e  
h b a  and American Riveus kn [ ; ~ l i f ! a r ~ ~ ~ a ~ ' '  
b y  F, 13, Slixnrner and 6, R, 5mi.rhm 
S u k i ~ s i t t e d  r s  the IT,S. D i s t s i c e ,  Eng, 
O f f  i c e ,  Sacramento, California, f ram 
StarbfoiPd Un i.v, , 1939, 



!;epc:Y.m.. e cc: s;.d:i.rneal l-. mdy 
r,f i( ' jccsc~ ay>2~j  aj,a~]21e summer x e z r i n y  
f i - - 6 ~ ~  I ... -- 24 j ~ n d  i~ ;7 i rn te r  h o l d i n g  
I s *  k : ~ ~ ,  25 j ra8;bib3t  203: f j - s l l  
f S t u r ? f a . ~ e g r b e r g  1975, MBab.r~$ 9976, 
B j 9 x - n ~  et 3%- ..l975]- B j o r n n  ek 
as[ , ( )- added f i n e  s e d i m ~ : ~ t  6 

i less than 6 , 4  m:n in diametez$ 
L o  r.atucrab s t ream channels and 
faurtd 3 QP;/'c~P. ,- - J. -- j 1 salmon abundance 
(-J ( . ra kl Bxt~i.xx2 =--A y> i.wz almost: d i ~ e c t  
;,roporr%on to .t;-re amount of pool 
qrsl irme ],a<$.& ";q9 , f ine  ~edj,iyient 

f j-9 2 6 Bec,:ause sedinient 
huil.jees age d i f f i . ~ u ~ a t  1:s deter.- 
nii,,ne f ~ x  each s t rean ,  B j s r a 2 ~  e+k 
a1 , rt2canamended u s i n g  the PE;X~L* 
cent:age of fine sed imen t  in 
:se%ecS<:b x i $ F l @  .,- a* areas a s  a n  
i rrcirx of the " "sediment tiea1t.h" 
of st-=ealns, T~CA,? ,, reast3ned t h a t  
t i ilk;-: r . i L i - l e i ;  contained Reg- 
bigibEe amounks  of fine s ~ d i -  
nrer~t, t h e n  the psoBs and inter-- 

& * s ~ t i a l  spaczs between t h e  
b c s u d d ~ * ~ s  of t h e  strea,sa~ s u b s t r a t e  
v ~ c ~ u l d  a l s o  have n c g l i a b l e  
arns;nr;Ls of sediment, 

15.8 

r 8 

J Soi~iro! v~.rtto*,t r e d i r ~ ~ e r ~ i  i? 
if I p- %> $a f r r r  v d . r i r  c,ed;ment :...I 

F i g u r ~  22-Densities of fist1 remairping in Piwe H~ydsn Greek 
ariificial airsam c!;anr~els after 5 days during the st~rnrner 
Isst%, 1974 and "f75: SH, "= age? I stselhaad; age O 
ehlnooky "3 -. key boulders ' r a  pools Ti3 i r ~ b ~ d d ~ d  with 
sediment; F - key botkiders in pools laaliy imb~bded (from 
Bjornn st a!. 1997). 



Ckncr i.s perhaps  more 
i rnpo~"tant- to a n a d r s ~ o u s  sale- 
monids d u r i n g  r e a r i n g  t h a n  at 
arjy o the r  -time, f o r  tnis is when 
t 9 ~ h 7  z  re mest suscepkible to 
p r e d a t i o n  frcm skher  6-fS-sh and 

, - eerrf3s t r ia l  a ~ ~ l m a  1 s, @over 
needs of nixed  popuj etions of 
sa lmonids  are n o t  e a s i l y  deter- 
~ t x n e d  K i g e r  19731, Shelter 
nccds may vary= d i u ~ n a l  ly (Kalle- 
berg P958, Ed~tundsnn ct a4, 
1968, A l l e n  1969, Chapmaa and  
B j o r n ~ ~  L96S), seasonal ly { Hartman 
1 9 6 3 ,  1965, Chapman 1 9 6 6 ,  Chilp- 
man and Ejo~nn, 1 9 6 9 1 ,  by 
species  (Hartman 1965, Rugg les  
1 9 6 6 ,  Allen 1969, ChGipman and 
Sjornn 1959, L e w i s  1959, Pearson 
et a l  , Q see foo tno te  4 1 ,  Wesche 
1973, Hanson 19771, and by f i s h  
s i z e  ( B u t l e r  and H a w t h ~ r n e  1968, 
Allen 1969, Chapman and  B j o r n n  
1969, Everest 1 9 6 9 ,  kdesche 1973, 
f2anson 19771, 

CJverhead cover--riparian 
vt?g2 ta t i sn ,  t u r b u l e n t  water, 
l ogs ,  ar u n d e r c u t  banks-- i s  use:d 
by mast salmonids (Nekirnan 9956, 
PJickha~n 1 9 6 7 ,  Butler an6 ::law- 
t h o r n c  1948, Baldes and  '$]incent 
I m 9 6 9 ,  B j o ~ ? n n  L969, Chapman and 
D ~ O Y Y I ~ I  1 9 6 Y I  L i 3 ~ 5 . s  1969, Lister 
and Gense 1970, Weszhe 1 9 9 3 1 ,  
Be s i d e  provi .d i r~g sfiel ter fr.o~n 
p r e d a t o r s ,  overhead @aver pro- 
duces  areas of shad? neav stream 
marg ins ,  These areas a re  %he 
p:cefer-.-ed hah L t a  t s f  marly j ~svc-~.. 
n i % e  salnronids (E5artrnzn 9965, 
c 'h . rpmn 1966, $il ! ~ n  1969, 
E v e r e s t  1953, Mundke $969, 
Evc:c-er-l;t and Cfhapma~i 3.9'12 1 * 

:;uhrrei-:jed er<:?\~c~:r-~--larye 
i.or::k?j . l i r  klle s1st.i~ tr s ta, a c j u a t i . ~  
v e g e t a t i o n ,  logs, and so on--is 
,I s r j  1i;r:d iliy i.6-:ari.rig sal ~ i o ~ 1 j . d ~  ,> 

j - ib$; i4r  e:!: a l .  ( J  357) ~ir1,8 13a3,.rtm;qw~ra. 
$k"-i.h?) ~b~. ;prvc- .$  thaf  i:p\j'qy 

r ;a? rnui, iii s t re r~d Po l i i d c  
~ ~ f l ~ j t : l ~  b L - . c > f ~ ~ ? t ~ ~  f - j ~ i ! i f ~ J - E t ~ :  b ~ 2 1 1 a ~ i " ~ 3 ~  

-i.s typ.3tz;i.i C I C  c317c-?r51ri1-\i:e3:i.r1cj 

-1 .j-c' 'st r t i  i hi,sc! :tid i:i1hool; 

that seek r e fuge  w i t b i n  :cock and 
8 - rubb le  s u b s t r a t e  x.92 ndaho ajt~ea~gr~ 

(Chap~ian 5946, Chapman and 
Bjarnn 1969, Evezest 3.969, 
i"aiorr:j..li and B-jorrin P9'i12 1 ,  

The r e l a t ive  i.i.i.,porf a n c e  a f  
eoxjer is i % i u s t r a t : c d  kty expe~ ie -  

&.. 

ments in which sa lk~onid  abun- 
d a n c e  der;lined w h e ~  C C W ~ X  was 
redwed (Bsussu  L95$, Peters and 
AIToxd 1964, E l s e x  1968) and in 
expe:riments ac,dbere salrrionid 
abundance increased when ewer 
was added ts a stream (Tarzwell 
1937, 1938 ,  S h e t k e r  eL a%. 1.946, 
B?a:rner and Portex 196 0, Saundexs 
and Smith 2962, Chapman and 
Bjornn 1969, Hunt 1969,  197&, 
Hahn 1977, Hanssn 19774, 

Reeo~mended streamflows fa;. 
r e a r i n g  hahi~jt have usually 
been based 61R 

components  ( s ~ ~ c h  as food, cover) 
s f  hc~b- i - -~at  ritat5err than n~-lr:lbex-s 
o r  biomass s f  f ish. .  Tgn~rnps~n 
( 1972 1 listed g u i d e ?  ines  for. 
developing s*treamfisw r ~ c a n ~ - -  
menda"cat-rs in reari~g k:abi-cat : 

a adequate depth over r i f f l e s  
~3 rif kie/pool r a t i o  near 

a 9  , S O  
4 

f% approximat.eSy 6 0  percent o f  
riEfle area  covered by f l o w  

B r i f f l e  velcci-ties ef 0,31-- 
O u 4 6  m/s 

&?a vebocitics of 0,09~- 
0,24 m/s 

e trea~rt cov~2r  a v a i l  ab-1~3 as 
she2 !*i:c2"c f0.L- f j - $ 5 k i u  

51lc.h g u % d e l , k n e ~ ~  are sb~~.kil::~sl..y 
kmsed ori the faczl ~ ~ ~ a c j ~ t i c ~ i - t - ~ r ~ ,  
c':~.)vcr~ aard rt~ic:r,-ohabitat necrlc; a-a f  
j.C ish, r a t h e r  t h a n  the rel-cj l i r j s z  - .n 
bet.:.wc-en st-,.tsi rI:iow i ; ? , f ~d  f i  581 

19~i7di l i :  t i ( ~ i ~  .. 



<. -8". -.. *.. - "  

,,sk,..tc-;isj has beein xe1atetl.t 
t,;3 cc,ve,ir {j<f;a:f.$; - -  jQ69  ~g 1 9 7 2  
" , 7 ~ ~ ~ p h ~  i c .*., .3 hx- 1973 - a 19':4:, and efLgs, 27, 

zjn8 398 ,: s?-3--eamf$olJj and 2 8 , ,, ,, , ..,a a, i P  -- 
;, ,><,>"j& &-yS(2&Zi + .  

x 1 f "  "- - to s e a n d ~ n a  crop of 
g 4 ;: :-, (Ku2f.k 1968,  " 8 7 2 ,  Nl@kel- 
s o n  a;nd a2jLsc2nbich] e.r 197'7, aj*i,d 

r 30 ) ; s&andibng crop to -. *aa "i. & B 3 . L. 

i c7 p#:,.c *L &:,.+he ...* '.$ - 19 7 4 , ' j -  c*ke f arid 
g e , ~ , , ~ j ; ; : , : j - ~ ~ ~ j + ~ ~  ],97";!, and f j-gs, 31 

-2 ' s,rd 32); and stan6:%a.ng ~ ~ 3 p  ti-, a 
.pi 8 .#. $ .i . 4- . -a ., .+- < ~ i a % , i t ~  /. ,. - ~.KICI~X ( H i c k ~ , l  sari 

6, and f i g  , 3 3 1 S-ij,cki a t u d a e ~  
$;i,1gge:3t a. de.fi:nj-te r~lation 
betiW7eesz, st.re;.lm ea-,yyir:g capacj"t:.i -[ 
.Cch"vc F";-bL arrd ui sr.&-.- i..r 
1. \"J A. - x. %F*,gdAbJe u 

/ 

hog Per h irsek l 

FBg~rs 29-C~mperisan of @err;sn%age sf habitax reduction 
with pssesntage d8crease in average dalty flsvj and 
hypothetical pefcentags d~creisas~e /S-I iish p~p~!atid%~qdata 
Crona $lleashs 3974, %ram White 1976). 



FOgure 34--RsSa"Eion hels$je~ri mean %rout esvar ratings and 
standing crop sa'rimates of 4raa~t a$ etsvsap, study arms 
' " ~ ~ f r i  Vd@;r86$$8 ^4 9741, 

f igt?re 33--f?e!aBiadi'$ bgt~j88n a habitat q u ~ l i t y  index and 
C Q R ~ J  ~ ~ M O F B  bi~nalia83 in six Elk Creek study sections at 
fiokvg 04 3.00, 2.25. and r .5Q ft3!s ( fa~ i%t  Niekeissn 197%)" 

Space r equ i r emen t s  o f  
j u v e n i l e  salmonids in s<:rc*ams 
vary  w i th  ~2pecies, age, and time 
o f  the year and are probably 
related ta abundance o f  foccl 
(Chapman 1966 ) , The i z s ~ C e ; r l -  
acti-ons and r e l a t i o n  between 
<:aver, f asd  abundance,  and  
microtiabitat  pretcrenccs of the 
various species o f  salmonids arc 
n o t  well txuldcrsttood; ~ant:iP -they 
are, spatial needs of the fish 

Fxc~rn mea.surernent;ls ot fi. sE? 
< t e 2 1 ~ j & ~ e j . k d s  .jmij. ~ ~ ~ ~ ~ ~ ~ ~ ~ [ ~ > j ~  &f42 kla'fe 

scjme i d k a  r;f spa t.ial,, i-cqu ire-. 
nrenl4:s of j uvcrs i l  e sal it.tc:,rr i ds , 
L d e & ~ k 3 t . d l l  e L  * + A ] - ,  { Sepr, f 0 0 k ~ b 0 k e  *'I 1 
pd j c:.kp; E C I ~  and Mei.senb icta kt$r 
6 19473, ;:r;~d N i t : ~ ~ i ? : I ~ ~ c " r l ~  21nd kXl~3f~J.c 
( l:178i7 ;&st-] f i c j  30) f ~ ~ l 1 1 3 ~ 3  gJ-lat 
~~*:ol,u ,!.a1~t2;ny crop Waf. ;  ::ii rt?cl:iy 

.+ \ "3 ctz~ a sled ti--: po!:, l .;TO% imle, Ii-joy-lin 
;c?t ;i.il, ( [ 9 1 ? )  irJr_s;fI?''i <cJ $ 3 * h i f ~ j - j ~ k C  

. t * e i a . t L i t 4 , r  < ; P . ~ . ~ - E O , * S ~  > ~ c i l . i ~ < ~ i ~  4 1; 

~ : f i i ? t i j .  F~!:? '~;CA~IE;  [ f " c j M  26i),, !:Ll;):A-- 

S O R  &?L , f'~)tI.k2~1 CI c%<-):;(~ 
~ o l ; ) f -  l ; t * : p l l  j-)j~:"r~,rr-%pl-~ $ ~ 3 ! y j 1  i;[:IL.6-PCii\! 

3 y'pa #d C Y C i ? \ ~ %  1"114111t)6'i" ";;+- "- f f l ' i  P - ~ - " ~ " " 7  



ari cxa~ l r j l . 2  !--g 3 L ,b.fze idpa -fi j,at ~it>--e 
L .- 

s p s ~ ; . ~ ; ?  e o ~ i a l s  ifiare .Food equals  
.-. . iy10.r~ 2: 3,. f;&, Food 2nd S F Z ~ C ; ~  are  

~ : h ~ : ~ u q ~ L * ~ i ~  kc, C I ~  t h e  mast- ifripartan% 
f. " -a:;i:-c:i;*z j,-l-z- l ~ ~ - ~ e r ~ . c j L ~ - ~ ~ ~  d e 6 1 s i t y  

.I ?- s;$yarns  [ l a r k j - n  IiSQ, ~ j ~ ~ ~ ~ ~ f ~ ~ ~ - ~  

1 z: &. \ :'7 + 3 .$ $4 -; cs $2 0 0 ,  , h r ' b ~  ,*.- u8k;S in - ~ @ a l j ~ f c ~ r n i a  by 
i",jrm { 19-7E ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ d  sigj-ji-- 
r' k czj .j- .,. .*. t .e A* ..- c~:y-,-pl a,t ioxls .j--etween 

? +  1 i.$ji.;r.tg s w c c  arid salm(r;.r.id, ctmmass; 
-3 -w aec;L:ea:;ea %j~lvj-ng space r e s u l t e d  

,i, increasg2d f j+ sfn i - g s r & a %  i i : y ,  
1 7  +, - x - ". . , J 1 2  rr2,ghest 

a .  ~ i ~ ~ r @ a ~  k,f-,y was assseaatmed w i t 1 1  
:." & L. ,.-, ' ,< - " f - j  -* 

h* 

:;-kudi(?s of K;caf t  $ %96&, 197% 
Lirj,d f i g ,  971 alcld Wespttm "'""' - k ,,A,. a r, 9 i 4, 

* -  " 
;,~i;'! 11% "91 l,m3 ~fl i2g>O."i,"t &fJ the 
.- .z ,,3 ri ,i2 k: g-J 1: P ,,,,,- h r-r i- ,., reduct ia.ns in 

.t . 
?-$ \ ,  .l , ,,,narire t2 &cjcease l: i-ving maps. 

&- -- 
a,nd t h u s  ~ @ C V - . I ,  Aca;.E,2 .;:G jhu,mber:"~ <irld 
i j,3iiac:-3ss o j ~ s a ~ r ~ s o n : ~ d s ,  

Wcsiber.rrs ---A- $Ataran~s - -- 

si Chai , .~  and yrr?~ salrnnn t 
v Coho sal tnon o 

A t i ~ n r ~ r  so lrn~n d 
8 Bra-rfrn tr lzt i 

u Rainbow ts,-;us 
a Brook ~ Y O V P  

ch :"O$seaved :eraitai.y 

Figure 34--Average ama g w  fish [an a iogarilhmic scaie) 
against age {from Alien 1%9). 



Yr /tin 4 M~ - -- yn: 
i ' i r l k  sdimon egg-a l ru in  0.001 in00 - - - .. 3.C. Hunter- (3959) 

8 . C .  l i u ~  t;r i, ! 959 j 

A !  ask6 t4errel; (1962) 

C n u m  birlrncn 

Coho i a  11r~an 

Chinook salmon C 

- .- 2 . 9  .37  A v q .  florus: range,  41.6-183 f t '  
( i  .?2-C.28; ( . 2 6 - . 5 2 )  

, 7 4. 7 . 3 5  12.9 Med~ar :  4-5 in 

( . 59 - '  ':31) ( 1 .  73-.30) (6 .4- ,861 F lows  range O .  107-1 . S  m3is 

(.94-2 2 7 )  ( , .0 : , - ,441 (4 .4-1.01)  " 

1 . 43  7 0  3 .2  " 

! .9% 5 2 3.0 r4i;ditirn, wid th  a b o u t  6-19 m 

1 6 . 6 1  . G6 1 . 3  Medium, 4 - 5  TI 

33.33 .33 1.9 :' 

5.88 i 7 1 3 . 0  Medium, 6-10 m 

Kcj . ., 1 .  iO (4 .4 -1  .!I1 ) F lows r a n g e  0 .  1 0 7 - 1  '3 m3,5 

6.67 .15  " - - 

E . C .  i-tunter (1959)  

B . C .  bi?cke+t. ( i y 5 8 )  

h-egon chdp!~ldil (1955) 

Greijon Chapinan (!965', 

suii~ner I-ear I nq 

c a p a c i t y  

4 s t reams i n  

!ciai1o 

Idaho 

s t ream5 < n  Idaho 

I d b h o ,  e s t .  o f  

.tinnier rqeijri ng 

cdpac I ".y 

Seku! i c h  and B j o r r ~ n  ! 1977; 

Bjo rnn  ec a i .  ( 1 9 7 7 3  

i3j~riiri e t  a'!. (1974)  

B j o r n n  ( 1 3 / b )  
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B e ~ 1 s i . t  l c s  a2 age--0 t x - ~ x ~ t  
and g ~ l n ~ r m  at t h e  egd r2-f t h e i r  
F -: - -  
, L - ~ . s t  sarnlnei: Y:. 70-120  darn j-a e 3 - ~ n q t h )  average zbout 5 m sf 
i~gygam per f j  st- {aode abaut  2 
e m 1 , A L t e r  2 ycziss s f  r e a r i n g ,  

d-r;si.tj.es ;Ivcri'iq;2d 2 - - i G  m'/sish, 
ai ld f u r  3-~+fgka:;r f . j  513, 3-5-27 3% / 

i- ' f i s h  (frg. 3 6 ) .   he spread in 
( J , - . ~ ~  , i ,es~-ezc~ * s ' 2or txayed  i :I fiqure 36 - 
x e s u l t s  p a x t l y  fro31 differences 
% n r.nat~jrak cu. a r t j * f i c i a J  skock-- 
i n g  ratc53, s i z e  02 s r r e a ~ j ,  arid 
- i G i j  - < 

~2"23L~.~~~c , i . t .  y~ . i ; a~ . ley  Y. 

ukher L ~ ~ n ~ k i o s x s  (Wickhzm 1tQ67 ) , 
p++ ,h~a~actex:isti-c;s 7 -"C" of these focal  
p o i n t s  i l - ;  wt i t sc~ :  vehacj_ties, 
water dsy--khs, s u b s t r a t e ,  and 
cover L - ~ ~ L . L c ~ s E " : x I , ~  t.%ic nlirssxshal-ji.ta$ 

& 

T3rcfe.rencg2s 0-f @he f j-sh { table 
"5 ) ta .rer;7~ta i i t  orie11t2ec3 l r L % O  the 

% E ~ U ~ S  36--Ben~iti@s O F  ag0 O* i;> i f ,  and alder salmon ar~d 
trelrsl in shreams t i 4 ~ ~ ; i y  oft"?r I ,  2, 3, or more s u f n m ~ : ~  of 
grrsiilii;h, re:",pucriv~;I)j (sea table 14 for sGurr:ss c% eat@, 

m. 1 &>la ls--.Depih, ve [~ r ; t v  w f a g  3 and substrate rfiicr~hai>ilai preierences of sa im~nids  ifi strean7s 
-.____lll_ _- - ..--..------....---. . - - - I  .------.-__l.l__- - -- - 

- ,  
*. ,, {- 1 : J ~ .  .- I e,: Refevence A - ~ .  5 -. - I' '!E 10c.i ry :,,:b:r I ~ o ; , ~ ; , ~  

.__ .___- -ll-l-_-_.-__l-_ .- I._IX_--_ - - . - - -  - - - - -.. - 

M M i  3 - -- (,I, 

Steel 11ead E v e ~ e s i ,  .:*d Chai;ii!m (1872) 5 ' 0 .15  .o.!;> h k , b ; j e  .. a .., 

# l 
I .60- '75 *lr5-~3C; Kul;?j! e 

tianson ( 1 9 7 7 )  1 . 5 ?  ;mar! . 1 G ~ , e ~ t i ,  1 ~ - 3 0  

i 
,53 " . i s  ? [;.":Ji(J 

I .EO " " i 5 'I 

i;luci~senber.g (1975 j 9 %;,30 -14 ( t a c ? ~ ; < j t ?  .f)::-~?6) e - 
1 ., 7 5 15 ( r:jr;\;e . I )S - ‘ 3 7 1 - - 

> .  

~-;IC)JO~>~O;I ( 7  $ 7 2 )  Cj . . r:- . 67 ~ . w 2 / + ~  
. - 

-, - - 
Fi:eiacst. drid Criapiila i ( i 9 i r % j  b . i J - .  <' 3 i i l t  

~ L ~ ~ ~ I C ~ ? I I ~ ) E ( ( J  ( I ?!!j) 0 . 61 .()5 ( ral ;ge  , t j -  1 .. - 
1 . C 1  .E7  iut:i?qi: . O F . - , " i i J )  .. - 

0 * ;a". 1 , F;! > *" .- 0 

! l ~ < > i ~ ~ p ~ ~ ~ ; f \  ( 1'!4/?) i; - , :' LL ," .. 

:'p<j V '<~J ! !  t: t, : i  . 1 I? - .  i i i l -  .'I -, ." 

~ ~ < I ~ < I ~ I ~ ~ < I I I  ( l ' i / I ' ]  (j . 30- ! . ?i . (35.. .id; - "  

; ; ; : - I  t ! I3>O! i  < ! l l d  I) i ;i 3 : .  1 ' 1  

~ { { , : , t , ; ] l , I , ) , \ > . . t  (,07/, 

.ili)- . 77 I~I;):*O!! ( 1 t i / # * )  0 ,  i , ; , ti (1 

,t,,,, * \ t ;  ! lG : i ,  1 .!>! rlV-d!l ~ I:.) !TI<><!&- $ > -  :\; 

' " f, 7 . i c, i:, 

"17 " I , . 

4 ; .  t I .a 



be-&b,jeen and $ S ° C  d u r i q g  t2le 
" -2 s:*:mnci:, 3isssl ved oxygen us23 i 

at sa-ir .urakisn, s u ~ p s n d e d  sedrl_.- 
n e n t  Less than 25 m g / % ,  and  
r i f c l e s  w i t h  th2.n 2 0  p$zx- - 
p.eJxi-f- 4.-L,, ~ ~ n e  .c' s e d i f t ~ e n t  ( l e s s  than 
6.4 nm dia$ca,eter]. TFle opt-- 
CIUH:: C B ~ B ~ )  i r ia t io r~ ,  of' sStreai~~ areas 
17 see b y  aqua t ie  ~ n v . e ~ & e b c a t e s  
and a 1 3  a g e s  ~f f i s h  cannot be 
*; mee- , ? * m -,dtx~ua:d untxl the i~eerre- 
l ations hetween ~ h e  cumponentg 
arc bettl-. GT U S Z ~ ~ $ ~ O Q C J ,  
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s e c t i o n  af a F I i  cî i i.ija:i t r t i i ~ t . .  
s t;ceam, "Tj"yani;:j ;kin, jj' j"i s h ,  
S o r ,  7fi ; 2 $ $ - 2 s 1 R ,  



.& 3 9 7 3 , Deve s 2 ~ i e n  t 
dnd apj i l iea t ion  of  s p a . ~ ~ n i n g  
* ? - -  .,I oc i ; y  and depth  c r i t e r i a  
E G X  Oregon $al.rnon.ids, 

*- t L a . n ~ e  $jrnO F i s h 3  2 2 C I ~ e  

$0[2j :312-+316, 

%!li43ll  ].led Id t4  8 J ' c *  8 and 3 @ Bs 
piayWe, 1944, A biolog.icaP 
s u r v e y  and f i s h e r y  manage-- 
inelit plain f031. t2-j.e streams 
0 %  the La.lie S~ lpe r i o r  n o r t h  
shol:e \ q ~ ~ * ~ ~ ~ s k e ~ ,  Minn, 
nep, cans, Div, Game and 
F i s h ,  Teeh, Mull, 1, 228 p, 

Sini  th, 6, R ,  3,939, i?lacer 
m i ~ . i n g  s i l t  and its re- 
% a t i o n  to salmon and -krost. 
sn the Pac i f ic  coast, 
T r a n s ,  Am, F i $ h ,  Sac, 
64:%'35-139, 

S i ~ i i t h ,  0, K. 1941, Spawning 
h ~ b i t s  s f  c u t t h r o a t  and  
p a  s t e r n  bxoo]~ $raut, 6 ,  

k $ i l d % ,  Manage, 5 (4 1 : 461s-471, 

S p l : u % ~ - s ,  b J ,  lq, 1 9 4 7 ,  An ecs- 
3sgicci l  investigation o f  
stream insects in Akgonguin 
Park, Q ~ t a s i c ,  U n i v ,  
T~~ ~ ~ a n t a  b -- S-kudies, B i s l  , 5 6 ,  
Pa l>%,  On%:, Fish, R e s ,  Lab, 
6 8  -.=,Q'? .... 0 2- 

S%aLnak~+:c, C, B,, and 3, L ,  
A g w e c c e ,  1976, p4e$2hodLw 
0-ig3g.ie8 de+ ,erl~iinj.ng 
ins3::c~:am f$ok%fs fo:r " f i s h  *3nd 
ather  ac;uaP~c IiZe, p, 89- 
138, 1 @, b, Skzi lnaker ,  

m-- 

and J g  $ , $  J ~ k y ~ ~ ~ 2 ~ ~ ~  i f 2 d ~ ~  * I#  
- * Mr: f hoda~j sg :a 5 fr>r %i:he 

~C~C~P, 'P I1 lb i i i k f "k i~ t " i - l% :;t.Z62;2d'EP 

R c ; s ; o t ~ ~ x c c ~  F.Brll;lw li~qr,ai~:r?it1f3r1,ts: 
.@$1'1 ASSQL.~SM~Y%T~ b3 U,&+ Fir<°;k 

EJ-Lldj.  , Sej:*v -, , O f g j - c e  of 
* 

k j t d  , S~:PV,~  , e.suckting-i:d:1l3., 
g 1  r v  

s+ - e - y -  i :  T A 1962, The  lea^^-- 
i n g  behavfsr  a$ salmon and 
t r o u t  at falls and ob- 
struceiana, F ~ ~ e s h w a t e r  
Salmsn, F i s h ,  Res, Rep, 
No, 2 8 ,  46 p, 

St t i ehrenberg ,  C, C, 3-975, The 
e f  of gzarLi.S-,ie sand an 
$be diszributian and abun- 
dance of salnon,ids i n  Idaho 
streams, M, S ,  t h e s i s ,  
Univ. Idaho, Moscow. 49 p. 

S u r b e r ,  E ,  We k936 ,  Rainbow 
t r o u t  and k b ~ t t o r n  f a u n a  
psaductiow in s n e  mile o f  
stream, Trans, Am,  F i s h ,  
Soe ,  6 6  ~993-302, 

S u r b e r ,  E ,  PI, 1951, Battom 
faxna  and twempera@ure 
c o n d i t i o n s  in relathon ts 
t r o u t  management in St, 
Mary's River ,  Augusta 
County ,  V i r g i n i . a ,  $73, 2 ,  
$ 6 6 ,  2:190-202, 

TarzweiP, C ,  !4, %937, Experi-- 
m e n t a l  evidence on the 
v a l u e  o f  %rouZ stxekrn 
irarprovement i n  Michigan,  
T r a n s ,  Am, F i s h ,  Soc, 
Q&:177-183 ,  

Ta. rz~&~e%$,  @, !4, ,EO8, An 
evaluatzion o f  the n-nethods 
and resalts QE stream 
impxav51rtent in the South- 
w c ? s t ,  T ~ r a n s ,  H o r L h  &?q, 

* # 

I q i l d T ,  C o n f ,  3 ;  339-364, 

Tarzwell, C, M, 1957, \4ater 
yalal . i ty  criteria i:ar 
aqua t i c  L a E e ,  In I3 Lo-- 

-*-* 

l o g i c a l  Problems in Wat:er 
:Dci:Lutioa. U.S. Dep, 
Meed <:h, Edue , zdrd piel f a r e  
i t *  A0 Y?aft : ; E ~ T I &  l ! ; f ~ $ ] ~ *  ~ : : e i ~ t " ~  # 

C i  ~ i ~ i x ~ a ~ a k i . ~ ~  Oh. i ,o ,  ~ 3 ,  246- 
;? 7 :2 , 



iZT A.ebo, L,, B, , :Jx, %855, E f f e c t s  
~ 2 f  siltation zesu:i$ing Exom 
i -npraper h g g i n g  an Lhe 
l2ottax11 f a u n a  on a srnal.3. 
t.:o~a-k ~t~~a"b t  i x - i  t:he S U U ~ Y _ ~ -  

e r n  Wppalack i a n s  , I?XGGJ 
Fi~hdCult, 17 92)  :64==70, 

rP &kbo, .. E ,  B o ,  Jr, 1957, E f f e c t s  
02 siltakisn on t r o u t  
streams, S c . 2 ,  Am, Fox, 
Pxoc,  1956 Meeting, p s  P98- 
202, 

Twbc, Z, B , ,  J r ,  1 9 7 4 ,  Review 
of selected paxaneters o f  
t rout -  stream quality, -- in 
Symposium on T ; ~ o u t  Habitat  
Reseaxeh and tdanagement, 
Appalachian Consortium 
P Y ~ S S *  BoorkeF N a C G  
p- 20-32,  

Texhuwe, LU D m  B ,  %958, The 
idark 'J-  \ 1 .gruundiqater stand- 
pipe  fo r  measur ing  seepage 
through salmon spawning 

YUI' gstr \rel ,  3, r x s h .  R e s .  
B a a ~ d  Can, 15  95 ):%027-%063, 

Thoizip-oson, K. 99'72, Dete rmin ing  
strea%i f%a%qs f a r  f i s h  l i f e ,  

-.. Hn Prsceedi,wgs, Lnstr'edaP~ 
--* 

r Lol?~ Requirement Workshap, 
Pac , N o ~ t h k ~ e s t  River B a s i n  
Comm., Vanenuwer, Wash. 

C-A - p* ,8$-50, 

Tl-Lurup, j* 1961. Subs t ra te  
/1 jl 

& * T  Xb 7~ and acc.,s v~xue as & 

13;zg5j,,s f a x +  d ~ s ? ~ j ~ k ~ ~ i ~ t a ~ k i t ~ ~  
elf $ ~ 3 . t t s m  faauzi ussnmunj. 
in p.jinrlirl(: ~~/;~~:"erl;, 13, k > ! j - ~ ~ ' 7 ~ ~  
X n  K, $g, C.a jmmi;wgs ,  C, $.., 
& %"+xu- 

6-4 <&"- li,yC)nP ,3xs y iind n ,  'f, 
kj;~::"krx!ayi {<>d$;<, 1 # Q ~ ~ * ~ k \ l k , i . s 3 i l ~ -  
Suhs-i-+ra$c2 J3~3l .atkmshi~~: ;  

7 w "tr:e&!fi!;. Sf?c2:.!, !lt.IbLI i 4 b r  
4 , , i'y:!,a i:i2nj.ng hbhr  0-F 
bicu;r-jqy jJyk:idv+ ~ ~ f L * ~ * 9 ; ~ ~ ~ > ~ ~ ~ t + ~  

" "." * I r 
i? "3 0 

Vaux, W, $1, 1958, P n t r z g r a v e i  
f l o w  and i n t e r c h a n g e  sf 
water in a stxeambed, U,Ss 
--? E XSI-i ' and Wi%dl, Serve F i s h -  

E ~ : J ~ I *  66:479-=4{$9, 

bla l len ,  E, I, B95B, The d i r e c t  
E. f f ect o f  t u r h k d i  ty on 
f j -shes ,  OkEa, Agr ic ,  and 
t4ech, CsE  , , Br4:s and Sci, 
Skudies, B i a l ,  Sez, No, 2, 
48(2):27* 

Wa~rner ,  K ,  i 9 6 3 ,  K a t u r a l  
spawning success o f  land- 
laeked salmon (Salms *.--- 

a a l a r ) ,  T r a n s , ,  Am, Fish, 
e p -  

Sac, 9 2 9 2 )  :16%=-164 ,  

\Yaxner, K ,  , and 1, Porter ,  
1 9 6 0 ,  Experirriental h n -  
provement o f  a bulldozed 
$rout stream in N o r t h e r n  
Maine:, T ~ a n s ,  Fm, Fi-sh"".,, 
so@, 89[1) : 5 3 w 6 3 ,  

~ a k e r g ,  B, E, 1976, A ~ r i a t h s d - ~  
n l l g y  Ear e v a l u a t i n g  the 
efkects of d i  ff 2 ~ e n - k  stj:eari:-a- 

flows a n  galmonj-d habj- ta t ,  
e- C" p, 234-266, i n  J, F.  ..#'.*- 

O r s S s l ~ n  a I *  He &$Pinan 
( eda , ') , Instrearra F 3,(%'b~ 

?geed$, V a l .  T I ,  Ani, F i s h ,  
S a c ,  Spec, Publ, 



$$&jijts, I ! , ,  a n d  W ,  McPJej-1. 
j y i f j .  E f f e c t  of c u a l i t y  of  

S - s~awninq ned on growth and 
develor~~neng of pink s a l m a ~  
embryos arid al eviiis , U , S , 
F i s h  and N i l d l .  Serv. Spec, 
S c i ,  Repe F i s h ,  F<o, 616, 
6 p* 

W<?ache, T, A ,  2974, Relation- 
ship of d i s c h a r g e  reduc- 
t i ~ c s  available trot-tt 
ktab-jt-tlt recontnaendi rry 
suitable streamf lows. Wyailru. 
\*Ja%er R e s s a , x r ,  R e s ,  Inst,, 
taj:zgfnie, :;ere 53, 
X - 
/ d  p, 

White, R ,  G, 1976, Predicted 
e f f e c t s  a f  water  wi thd rav~a l  

;:he p .A. hi -.:- papi-d 9 a t i c  a f  
L- i - i ~ e  T~:krsn S$,IJG--~~ X:jak.rob 

Compie-kjon Rep. U.S, 
R. -> v -  L i ~ t -  . Rec.iam, , Pou , !&i l dl , 

C% s.. ar,icl Ra9:igmag Zxp, d e n ,  
C ~ j ~ ~ ~ ~ j , . b ,  No, 5 3 ,  Uriiv, 
Id5kkr;, ivioscsw, 4'1 p, 

W i c l c e t t ,  W, B ,  3.958, R e x i e w  
ces tasn  envixca~gfiental  
fac"kors af feci-. ing the 
production of p i n k  an[: chum 
salmon, J, F i s h ,  Res, 
3oaxd Can, 1 5  [$I :$1$3--1226, 

Wjmcke t t ,  W, P, 1262, Env i ron -  
mental variability and 
reproduction potentials 
p i n k  salmon i n  B r i t - i s h  
Columbia,  p. ;11.-66. N. - 
J* Wilimovsky (ed,), 
Syrnposjum ;>i";i\ i: Salmon 
4 9 6 0 a  He : " w  C a; - : * * l j i P  I a n  
T J Q c ~ ~ ~ x ~ s  i s l  ',, . % - P K ~ ~ s  

C.J n i ~ y y  B o. (2 ir I + 42-y> 7 t - . : a ~ ~  r * 

Wjckfiara, G ,  M. ? 9 f i ' J a  Physical 
rn-i crohabitat* o f  t r o u t ,  
M,S, t h e s i s ,  CoEs, S t a t ; ~  
U n i v , ,  Fo:ct Collins, 42 ~ 2 ,  - 

Ziebelf, C, D, $957 ,  S i l t  and 
poi l ~ t a m ,  Wask~, P ~ : L B I J . ~ : ,  
Gontrsi Csmm, Info, Ser, 
57-*%, Q p, 








