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c a t c h  (fi yurr  24). ~1~~ r 3 . q - z ~ :  L l  g u r e / & t j o n s h i p  was ~ t a t j s t f c : g u y  s f 5 n i - f -  

- / C . Q ( ) l )  b ~ t  f ia t  very s t rong ,  P!cse of" *ti.;e coyl*riat- ion was d ~ ~ e  

" " . .  iu i j e  ; I  t 'IyI ( . i b  f p c )  2nd  h a b i t a t  -index (rj. l .9) a = i  Caswell Creek 

Q 6qouthb /',no;;ijer -!er i s  B e a ~ ~ e -  Dam Sloiic;h w w j t h  a h a b j j ~ a - i ,  ?fine;; ,:f 

"i "7 0 j iiii 2 n12a;l catch o f  0.17 ch inook per c e l l ,  







y = 0. I," + is,z:~i$x 



. - -  a ; .rC i; n l  y y f ~ c j  t- f these sj xgs wj 11 be presznted beye, Appen- 
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F\ c ~ m p a r j s ~ i l  of juver;$le coho catch rates beevjeen P;-jbutary mouths ~ ~ ' d  

the Taf  keetna outmigrant t ~ a p  (RM 1Q3,O suggeses t h a t  a rsdistr;  b3ticfi  







. 6 $" r- C&--*I- * f b*cli*i .  -, . - -.a C Q V ~ ~  S ~ E I ; I S  ui:ir;iportani;. (Appendix A ) .  ~ 3 2 %  f rj p L l ~ .  Lm 

,- F - .  .%,:- - it.. i f i  shallow s;mpliny ce l l s  (<4,C -fd j;hici-i had 6 rsj;:ei;~~,i:/ 

j e ~ ~ r n p l ~ ~  tig ,aaL S ~ ~ S O D ~ ~ : Y  t" " 5fde channels $ecom.i t u r b i d  R I J ~ T ~  







p ;; i? ;- ..- j /t P 'ri G: 7- 5 .*a 

b~s~,n,- r*,,,iz did 
7 {-;i 3 C " r "  J /  # a 4 l; / G ! Z  

{ 2, .sS { c, d 

- pibitid, a !  ; a j m  is 8" 2 iLi!jSj C j E ,  4,/:'a/%:i * .  .-.. ".. 

-- - i ~t:'ease 2.1 Gack;. iatey, For examp1 e ,  3ct-c js j n t o  ~ ~ j - a l ~ i ~ j  3-1 ~ e a r j  ncj 







-3 4..;jJLa #q9q ? 5bs.i t i l a  l i y d r ~  a q u a t i c  j'tgdies phase v e ~ c r e ,  Syncs- 
Pr w --- ~ i s  of' the 1982 aqua t i c  s t l j d i e s  and 5r;alysjs ~f f i s h  and il&-jM?; 

re]3lj~nsh$ps (2 2 :  Appendices A==! ( ) .  Alaska Department of' F i s h  
-"dsj (?y$T'" a t , !ie Susizna iiyd;*o Aquatic Studjes, Anchorage, Alaska. 

a 4 ai131tal,i Hydro a q u a t i c  s tud ies  ( M a y  1983 - Ji:qe 1984) 
0 

----m- !;r.c~edures iqantial (1 o f  21, Alasks Department of iiamf 
Susfcna  Hydro Aquatic Studies.  Anchorage, Aiasks, 

'3 ,* -, -) 198Jb ,  S t j s j t n a  Hydro aquatic s-tudizs a J -. Jure  i 9 8 4 )  
& - % w '----. I "  procedures n;guaj ( 2  c f  2: ~ p j c ~ a ~ c e s ) ,  Alaska Departfient 05 Fish 

Game s u s i t n 2  \i2idi.o kqugtic St-.~dief;.  Anchorage, A1 i s k a  . 



-- D~igan ,  La:. , Do/!, S - t e r r j t i ,  and M e  E, S t r a $ l o n ,  1984, he dj s t r jb~;- t i sn  
-4 a*#- 

,- a - - i e l a t j v r  ahiindafice of juvenile salmon i n  the >iis?rna ;<2aer 
d r a f n a g e  aho\ie the @h~iitna River c o i ? f ! u ~ n ~ e .  Par t  2 ir. S&cs~d!:, 
D O C , ,  Hale, D.L. Crawaford, and P,E. Suciianek ( e d c ) .  1984. 
Resf d e n t  2nd  juvenile anadrovous f fsh investigations ("ay - October 

9-% 19833, Susitr3a Hydjao Aquatic Studies. Report No. L .  !\iasks 
Department of Fish and  Game. ,Cinchorage, Alaska. 

3 - i ya rs : i a l i ,  Rap, ,  P,M,  Suchanek;, and  D O C .  Schmidt ,  1964. J ~ i \ . ~ i l i  le sa1na-i 
CC*- cearjng hab j . t a t  mod21 s ,  Pa r t  4 i n  Schmidt, D.C., S . 9 ,  k!a7es D a L O  

1 4  crawford, and p,!*le Suehanei; ( e 3 ~ 7 .  Is84. Resident and jrjife~g 12 

anadyomoos f 4  s h  invest$ gat ions Flay - October 1983 S~;sfz:a i-r'jidrcj 
Aquat-ic i;tcicij 2s. Repou-t !\lo 2. 41 ask2 D ~ i p 3 y t ~ i p f i t  of' F j  j j l  3173 

Game, Anchoraye, Alaska, 

p ; ~  I J h o a r c  ,,, R O T , ,  D , i ,  Wer;i:ei*, and T. Waddle. 1981. User's g i i k i r  LO x.Qf 

p b s j c a i  h a i j j t a t  s f  mu'; a t j o n  sys  :emw Ugfged P.tj"Les Fj sl? sod 'jj I d -  
-"i 7 4 - i  '1 i f e  Service, E;i 01 0 g I ~ 3 1  S ~ r v i c e s  Plm~gr31ii FWSIi)GS-h.i/ L I J ,  



P r  $a" J D L ,  Grsy, and  D *,, S c h ~ j d t ;  1984, The 2 ! ; 1 @ m j a ~ z ~ j o a  0" 

j u v e n j  '1 e i;a3 f'y3jq 'jas'i t n a  R; ver aboiie tho Chul j Rjii~lr 

' t : o n f l u e ~ c e .  P a r t  9 - mm i n  S c h m i d t ,  B.C,, S.S. Hale, El.?. Ctyyvjfcyd and 
p * ij Suchanek (ed+; ,,, j, 1986. Resident 2nd juveni'e apadromaus f i s h  
i tiyesti S 2 w 8  .,+;ens {flay October 19831, S u s j t n a  Hydro A ~ u e t j c  t 

S t u d i  ~ 5 ,  F.;eport No. 2 ,  Alaska Department of' f i s h  ai:d Game. 
Afichorsge, asks, 

1 " ~ 7 ;  g] -.l-9 -. ,J,:da T.C,  B j o r ~ i ? ~  and  F.H, E\~;"~s"L 1984, Ef ' feets oaf chyanjc  
t a r k , i d j * v  e;? d e n s i t y  sad growth  of j 'eejheads alnd coho c31mon. - "< iranssetigns of the  American Fisheries Soc ie t y ,  i13:!42-150, 

$i;ci;inek, P , M , ,  K,P, Marsfiali, S,S, Kale, and  S a c ,  Schmjd-t. 1Qsa >L. r r, 

- *a3 

?dfj2;li  12 sajmon raar jng suj t i i_bj l  j t y  c r i t e y f a ,  Pa~rt 3 Schfi i idt ,  
$ "" D,C,, , , b ,  Hale, E L ,  Craviford and  P ,M,  Suchaneit (ed 

Resieent 2nd javenfle anadr~mous f i s h  investigat;onj ( M ~ ~  - October 
rq 1983). Stjsi.ki-ia Hydro Aquat ic  Stud jep,  Report  NO. i. A l a s k a  

Department o f  Fish and  Gamz, Anchorage, A l a s k a ,  











rijo ob jec t  caver  
F-.e'r"i" d'- - mi;, . ~ e i i  i vege~.a t i  oi! 

+ - i p  n+ba,. b*4 vege ta t ion  
Debra5 cy  dead- fa l l  
Overha;!gfng rj p ~ r i a q  g~se* ta t io ; ,  
g;~rIepcu't 6 ("t banks 

I?' iij 3'' cijanic?.tt2r) 
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i c  B bet i f i j~ef i  ~ 9 j n  c a t c h  2nd  ca l  c ~ l  a t e d  compos'te we?gnt?ng f a c t o r s  d s b g  t h a  

C h i n o o k  Salmon 







0 .  \ { :'C, " A-. -- T" , , B . I - - ,- 
-%./ ,i. g i ; ~  cj-I xei7i a as proposed ijy E\4jT&A ( i ~ e j )  and t h e ~  c-jrrel a + t y j  i.~i-f-i; 

Lmst sqirak-es regros~i~sns were i-un between chirtoek catcli: per cel l  a r d  

4 i positivr reqr2ssion b J h f e h  i s  very similar t e  t he  suitability :i;se 

deijejoped i n  1993 when t h e  Y a x i s  i s  normaitzed to a s u i t a b f  i i e y  of 

f x - -, ...* .- Figure A-I Thp 1983 j ~ ~ i t e r . i ; a  was thfrefoy;e 
-+ * 





VELOCITY ( f t / s e z )  

h$jpendix F igu re  A - 2 ,  ;-fezin c a l c b  o f  juvenjlr chinook sGiaon : ic ce l l  by veiocity i n z e r v a l s  
( b a r s ]  i n  c l e a r  water  o f  :h? l w e r  S u s i t n a  River ,  1984 and f i x i e d  
r s i l a j i i  it) i n d e x  j l i n @ )  developed f o r  t h e  z iddle  Sus i tne  River, 1983. 

i 9 S r j n d a r d  Error 
& 

N = Number of  Cells Sampled 









-/" 
1 + S t a n d a r d  E r r o r  
i - 



* I -  " i ~ - ~ ~ ~ < ! :  j f i q  c-F-:o-*cs as 5 2 i ~ i ~ ~ g  no v2lue ;: +-{-;an 6, It'$ e f t  8nc %i,v-jn-j  6 

B . s - , >  ,-. e c  - - ~ ~ 9 3  i 3 ;v 1 i f  grn>+-s-. '-3 CJolui t  i f i  order t.; e y , a l  u a t e  $e-,;;5. - t~ < = * . a  Clr0cakr 

c:z CI .- , J , i - r ~ ~ ~ - ~  f t ~ .  J c ~ i  t ~ r - i a  wer-e f i t  to t h e  d a t a  using profess;oi:a i j u d g ~ m n f i t  

a-f"- ,- " 
- * 

- 7  7s;: a d j u s - t i f i g  - for  mean v e i o c f  t y  a n d  percent coverk 5u- j  t 6 b f  ; 1-tv 

" :Xe 1 (Appe;2di x r 3 g:: re A-7 ) . 
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Appei?dix Figure A-6. Mean catch of juvenile chinook salmon per- cell  by ~izlciciry 
fnrervals (bai-5) j n  t u r b i d  waxers o f  the lof~er % s l i r ! i  ? . i ~ f r ,  
1384 a ~ &  -f=$$-ced s d j t a b i - j j t y  index (Fine] developed f a r  L.!C 

rn%ddP Sus$$na Rfijea., l983 = 

i 
+- SCanda~d Error I - 





sE;iEE?4T 60~E8 BY M V E R  TVPE 

Appendix Fisure A - i O .  Coyep type suitabii i t y  indices f o r  juvenile cni nook 
s g i ~ ~ ~ n  I n  t ~ r $ - i d  water developed from 1984 lower 
Sus f t t l a  R l y e r  i-,kinook c f e z r  ..water distributdon d a m a ,  



Coho 5af non 
s"------- -----a 





A 1;staI of 3.45 sailc ,, , , , w $  f=h ccjmpi ete h;lbk"-- id d a t a  were sampi ed 0 ;;r- + i 0;;- 

*" 7 

r8j-y and  doother 2 c e i  1s jjijuh piirt-ia: h a b ; t a e  da-ca bjere s2ilsiei:, 

- * 
"c "ma { - -j ~ f i ?  Iv i~an  ac3jlasti.d catch i n  the c d l s  sample:! w a s  1.2 f LS! , , C L  

among athe vsl ues of h a b i t a t  a-ttri$utes and  coho catch ranned t o  0,43 irr 

ai i~so i \ ~ a ' [  ue (Append.ix &-.S). Cave;- type mgr;t i ; i ~ h l  J v Z Q ~ . .  

'fib* 8.c; , 2ted t g i  t i 2  C Q ~ Q  





kppeRdin Fiouie  4 ~ - 1 3 .  MEen --A*- t t t t r l  9' j G * # a m " a  - w b : s  5 BS.. P P ~ Q  ~ W I  r z l ~ 3 n  1 by 
velocfty i o t ~ r v a l s  (bars) i n  the lowe; Susitns 
Rfk~er, 1381 and fitted suitability index  [ l i n e )  
ders i~ped  for t h e  middle S i i s i t na  River, 1983. 

Ti- 
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Cef S s Ss:131 ca i 
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3 13- &.- a' +a c isj, 3 2  -.a 
CJ 8) 13 a "9" (3 F- " "" a 3% 

L rd'u P- 7 7  .- $,a& c i a  xh- a> 4 
&8 ALL a2 % w  &a iP-3 a F;s. 3 i- ;eg L a3 
"-a g 6 3 -0, 2 b? - a3 a3 a- i;. 
a 9 V &  ax- > v -  
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rn Lavaw Type 0 a "sr =q-)*7r b,OB 



A:pefid j;l Fisu:-e P-13. P r ~ p ~ r i i o : ,  of  c e i  1 r ~ i ? h  juvfn'l e soc -ey l  jelmn -? % p i r r i on t  by sercznt 
cove? catzgory ( ~ a r s )  i n  the i ovec  S a s i x n a  i i ~ i e ~ ,  1084 2nd C O ~ D ~ T ~ S S ~  

Q 4 %  f 3 + ..ed t. jujrability indices ( l i n e s )  c3iculated i n  1424 and f o r  t h e  



- Composite !#iefghting I a t a  1 EYu!.ra$er P r o p o r t i o n  g i  t h  
P - f i P  r 

~ ~ ~ " ; ~ ~ ~ 2  131j:e7"9"- a 7 s f  CeNs Ki sh Pt-~sent r,n-? ; . ~ q a f j  





$ -* "., # --, rjri0fl ~ ~ ~ * ~ ~ ~ i ~ l . ; a ~ , ~  beJr'o ,,*. 
c P 

, S G  s put r JU]~ j  rC LQ <;nij: a> ri4tc; u -,, crjl eLLt~zJ - -+ . -J  Pz, - f~~e  uc 

. .  0 4 r '" "q, Gaze hJJ4  11PLS i.*, 

" 0 ' f -  

v.iv-.t r;: ; 2xal ne-j yays cu- i j -abj  1 < + - i s  c ~ j + y j  a a n -  
' 8  r 

- . r t  % L.3 ,rra !:y5? S ,  

-. 1 1 2 ~  churn salmon d j  str.ji,ii,$i * . -  by ve'locjty i f i * - - - ~33  L E i  l f i  :[984 was 1jey-y 

. u s i n ; i i a r  *tha t  f~u i l ; l  3~ 1983 (Appendix Figure 8-22]. T+eref0re3 

quitabjs ity e y i f - ~  - # ,Iris f o r  chum salmon d t ~ e ! o p e d  i n  1993 was selected -FQ; 

use i n  1cj$L$, 
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Append.s"x PPjgusr- t:-25, p ~ . o p ~ ; - t l ~ n  B"; ~ E I ~ S  gj+th jas;'e2jle ehun saipg?: j~ re~eg~ t  
d e p t h  intergal  s (bars )  i n  %he 9 ~ w t 2 ~  Sbs i tn ;  Rive?, IS84 
and $ 4  t t ed  5~ 4 t a b $  " l$y  j ndex f 1 f ne devel o!~ed Far Lhe 
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Rank Side  Chartni.1 trzrtsect 1 (4 s i t e )  (from 

1985). 



gross em"  tian an , *3 of "transects 1 2 - and 2A a t  
f ~ i j f s r  Side CRa C f  4*e 8dapted from Quane ~t 

Corr!pa~i son of observed and pred ic ted water 
siarface pr-0" 1 f ro f j  caj  $$rated node? and 
surveyed thalweg prn"'7 ,i 8 l e  3% Ci rculap Side 
Channel (adapted from Quane et 21. 19851, 



6."-
 L
'b

 
D i-2
 co
 

c
-8

 

:A:**
 

Z
J 
-c
1
 

C2
'*
 "7
3
 

Z"f, 
..w.+

"" 

-
4
 *
*
d
"
 

r"
3 

$3
9 

f3
J 

P
-t 
re
 

I
#
*
 J
 

g)
 g 

c
 

ZJ
 

-5 
at 

cxtr
i: 

3
 

g&
+q

 
-j

a
 

m
 

6
,
 

a1
 
8
 

-
A
 

r'a
 

2
;-

 b
p"
k 

23
'" 

J
 
n>

 
-*. -3 #%

 
0
 

$3
3 

$
, 

=-
9 

.&
e t"
T

 
"%; W

a 
#-

$"
 

b
 z: $32- -5
 

c
 

*
-"

'4
 

4
r

 

f'3
 

5"""
 

&-*
A L
f xs

'i 
"
"
"
"
i 

a"
- 

lh
rr
 

J
 

d
m

-
 

1
,

 

13:: -u
 

-<- 
4 

yr
 3 

'-1 n
S
 
c
 ' 

h
 .-)
 

x
 

-7
3 

b-
4 G-
3 

C
r-

 
La-
." re
* 

r-?
"Z

 
LJ

.3
 

--3
 r-

2
 

d
 

J
 

ad? :J
 

qv
:: $'TI
 r2
. 

*
A

S
 





9-5 C~mpa?i  Son of fj el d rsteasui-ed 2nd 
pyedjc-tcd iqater surface el evatjsns I I 

calfbralj~n f l o v ~  of 338 c$s for IsIaM Sfde  
TR ,nanne%, 
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pa Lnannel hydrau'i i s  model, 



Ci;rjjpa i*-f sof2 b e - ~ w ~ e ~ ~  observed and gyedi c t ~ d  
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ye'jocjtjes f o ~  3.984 Majfss&em West Bank Side 
Channel hydrau9 S c model , 

Comparfson between observed and predicted 
water  surface elevations, disekarg@s, and 
y @ % s c j l j e s  f o p  1984 Cf  yculaifi Side  Chaj.snel 
hydyaul f c mode9 . 
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C IC -c -* 
- j -  2 4 &at 'f s i t e  were 3 ~ u e  tpansee=tc (1, 2 !, 5, 38, 4) in 

-#=!P~Q p2=3 ,.Qjfi cj3annef and "?-- ~ i f r e e  L:.ansec% (2A, 3 i 'n p a r t ,  3E) i n  a minor side 

i- ialia8;.% #+> *- i."sg e. from ~ i l j e f r n  k y d ~ a ~ i  4~ f ~ f o r m a t i a f i  Qias ga+l?- ,z.rrecf (Apperzdix F-f g ~ r e  

n a l i 2  F 
d 1 a 4 he c~rreopogldf n g  crass sect 'ar ,~ are p;peseilPed i r ;  Appgncfj x 

F4 i 5$i,r 4 6 . . i + ~ b s x  c ;3-~2 gG 13, 
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40 $5 the me-- , rort observed c%l i b y a t f e n  d l  s e h a ~ g ~ ,  

























































QQ the glean observed calibration discharge, 

d 07 i s  tile nesn predicted calibration discharge, 



5 =%= tui clhafige in ehaiwz~ transecq%s 6, 1, i and 4, !he reasor1 "' ' -td 

e leva t i o f i s  i s  1 ik<ely the resgjlt of the f l ood  event, A!? th? p o i n t s  us2-J 

. ~ v 3 ~ a a . d i c p ^ l J ? ~ v ~  +* 
, > .  %j -cjlg!yQ BdJas 3 ;( *i f .fe -,. 3 . l  p p a  

Qnb- j , j i t 4 * ;  f j  j :g 

_TO - br*at-jcj;l ,p&a18,j, WCL*i at " '  
f a  ** 

...> L, h.., 2,r1g 3eef.t: I*; apic 95,11.j,j " feet ~t4j[- i~;*~~,.;s 

$J n L+ 9 $: ,; j -3 e 4 , ] f "  @, p +4.i j.l 2 #pi C " '  

1 $ -3 ; "," p f f {?$ -. " 
i i d"., " * %%> ya i',~ \,J <,) 5 !!~ * $j .xj 





t ,p, PI, trafisect 4 ~~~~ 3 large dfscrepancy (9.54 ft) ii; k ~ a t b ' s  acs-Gs5 

A. P t3 cA -?- ,g-aiiszct '%- - H p , a t  $he caj  f $ f * a $ f ~ n  fjsw of C # - T  ~ L J  @fs a - i i-;j~ I $ E r 3 ~ a u ~ ~  the 

* a e c a : ~ ~  of thz  channel pjhere 3 jaaju~j-tjv 3f f j ~ ~  ~ i c ~ ~ ~ e d  tvts higher 

f~ eleya"ion a ~ d  ser2araeed by 5 gra\je1 i3~233-j from a 3i;wey ~ ] e l ~ a t f o r !  ii;$noy 

c!?annej wh~j6ir.e the s t a f f  gage Mas l ~ ~ a t a f ~  I n  order  .ta utjlfz~ + g  . , $ 3 7 ~  a 

cr.gss s e c t h ~ ~ r  the mode!, channel cross seetjgf1l of & z - * b  L 5 : ~  -*2 $ i f  i S O T  

channel was elevated upwards by 0.6 fee t .  



f'Jvzrai 1 , me ngdr l  simulatj~ns were ra tgd  excel ke-tween 50,mC and 

(275 and 649 G f ~ )  and good from j8,cCO to SQ,OCO cfs  (89 t o  62,000 cS- 

i- 7;- 
L / 3  e f ~ j  and from 61,000 to 64,500 e f s  (549 tc 850 cr's). The;/ weye 

acceptable bgtweey~ sz5,Q00 afid J8,000 c-fs (41 89 c f s )  and betweon 

egr,$Oa ai;S 67,Qi)Q ~ n r s  (850 arjd 2,000 Q T ~ ) ,  sod became unacceptable 21: 

mainst@m discharges belaw 32,000 cfs and ;hove 67,000 c f s ,  
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$33,58 367,2 4C-7 "3 -- J O B  sr;,  

40 = 393,Q Q p  z!z d , & ,  2 7  00 







F~~ t l ab i t2 t  s + ~  ,B:u - -"-" ion model 1 jog purposes i:??e hydrau? f c  slmu .1 "r i a t i o n  ;i:o&fi 

- 
developad f o r  ! rapper Creek S lde  Channel can si:nu?ate channel f lows  i n  

the  mainstem discharge range of 28,000 to 66,000 cfs ,  











~ ~ = t ~ ~ ,  Cif,, ~ / ~ f i ~ ~ ~ t - i a n g ,  eds) 1964. Aquatic i+ab i t ? t  $86 

l n s t ~ e a m  Flow I n v r s t i g a t f a n s .  Alaska D ~ p a r t m ~ n t  0-f Ff sh afid Game. 

su Hjjdro Xq~:al;-ie Stud je t ;  Rep0n-t S E r i ~ s  Noz 3. Alaska Depai-tmefiS; of 

F i s h  and Game, Anchorage, Alaska. 











*.. p- i ; l ~ i v i & u a ~  r a  t - j l g s ,  a n  ~ v e r a j  j ~a t i n g  c ~ ' ; ~ s u ? ~  red f o r  eack  n o d e l .  









,*;a :,j qa %- a c c ~ ~ ~ ~ * m ~ e ~ ; ~  descy*jbcs , f fi3e thz-ef? a,, -is d of' rile ~ u i $ a b i j . r ; ; y  



W b4'isua$ corrrgrarf sari % s  madti between s c a t t e r  piaeg o f  the observed and 



p~c;a icgeS \ f a l ; i ~ ~  3r;e r epo r t ed  a s  t h e  r e l i a b l e  measures of a madel'$ 

- .  
2,S t2ey!j BS Ah' & a &  tritzil rocat 8;ean square error 

where : 

An i n d e x  of 3grrEmer:r (6) m;iy a l s o  be ca lcu la ted  d e e ~ ; - m f a ~  the degree 



of f"-bg: cha;4np,ej, gkere usfly share1 ing. dad& was ava i iab le ,  shape 

O f  Cb~4 L S ~  tieloci ty  pr~f63e was modeled a f t ~ r  ei thgr a <imilar; cross sec&ion a*t 

$ bere C. si te  d h ~ r e  a e o ~ p % c ' e  da- set  atiailable, c r  by simply developing 8 

B r shape baaed an eke channel  geswea-y 6 1 ,e,, the  h i q h e o C  ve lo s i  gies s h c v l d  
.."%+. . * - 

cokr%%oefid i - , ~  tfie deepest psrzisn of %he channeP$, P h i s  $ 5  3 
=.. e, * 
2- $1 

@ s f n ~ e  erarr;-sec$io~aF ?;.pea and d$sckarge are fixed and &%erefare 



J ;s7pp'" . ;  - , L  8 i;: i"?pli ;&$: P f  q e' - a , , &.,-a Id, A S f ? P & i a 2 t ~  e " ; j ? i ~ a l i ~ f l  \jsiqg cjlgiE - - -  , I ; ~ f i  &St r j  f i tZ 
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Sus?tna Aquatic S t u d i e s  Program 
Alaska Department of F f s h  and 

620 E ,  10th Avenue, Suite 302 
Wrichorage, dl aska 99501 
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2 ,1 ,E  Re1 a"% ve abundance ~reasut*eivents 
a 4  "" n"P--4,1;"A4 
L ,  r, z t ~p. ,  a ion es'ciirrates 

Radio t e l  e ~ e t r j t  

2,2,1 ax$  ve  abundafiee 
2 2.2 Papu la t lon  estimates 
2,2,3 Radio teiemetrqy 



3.1.1 Other specjes 

" " 3  
!JQ 1 jy i larden 
Northern p i  ke 
nw* a nreespi ne stickleback 
* a  % 
I$4: iipe _-, p-i .-,- r r ~  stickleback 
~ ~ - ~ t j  1 arnprey 

3,3,1 Rainbow trout 
";" bi e ed a 

3,3.3 A r c t i c  grayling 

3,4 Other Resident Fish S t u d i e s  on the Middle River 

R 3 f l 3 b a ~  E I ~ ~ U ~  
B u y b s l  
Arctic gray1 jng 
Round whi$efjsh 
Humpback w h i  t o f  i sh 
Langoose suckers 
Doll y Va t-den 



4,2,j R % - i n $ ~ k i  .k;.aud 
p a-3 .p - k!3-k$3~ 

m -(. 4 , ~ ~ s  A i%tz fs  grayiff ig 
4,2 a 4 Round kqhj tg f  j sh 
4 2 3 r7 ijumpback whitefish 
4 , 2 , 6  tongnose suckers 
4,2.7 Other species 

Appendix A - Flay anchor t a g  retention rstes 
dppendi>; B - Radio tagged =f ish t a g g i n g  and 

habitat d a t a  
appendix C - Popu la t i on  and b$olog icai characteri sties 
appendix C - Population estim$t@s 
Apperidix E - iblidd7e y - f v e r  index s i t e  catch d a t a  and 

desc r ip t i ons ,  and spawning rainbow 
tteout ka$ j$a t  da ta  



3 Bower Portage Creek drainage 

5 fi~veaent of .Five radic; t agged  raffib~lc, t r o u t  i n  
the Stisi tna  R-i ver Se'I Oevi i Canyon, Septem- 

1983 $0 October 1984 

9 P40uemant o f  s i x  r ad io  t agged  rainbow "Lrcrilt i n  
ind fan River, May to  October 1984 

8 ~ ~ o ~ e ~ ~ e ~ t  of five r a d i o  iagged rainbow t r o u t  i n  
t h e  Susj tna River, Plsy t o  December 1984 

9 ~ Y I Q ~  egne of f i v e  spawning rainbox t r o u t ,  
4 tagged a"LTKf"l 2.2 Fcrtage Creek, i n  P~ r t age  

Creek and then i n  the mafnstgm Sus"ila River, 
May to Oecefilbs~ 1984, A% czpi-,ure, a l l  f i v e  
m d r;  sh were ppe-spawners, 

10 Ksvenent o f  f i v e  t5.-alnbow t ~ a u t  and one Arct-2b"e 
21- g-ayl %ng i n  Portage treek arid 'cilen in t h e  

mainstem Susf tna R iver ,  May t o  Deraaber 1984, 







Implai l . t ing a radic tag if3tn zbdomen of a 
y a i  nhow trou" 7 ef + ' and externally r ad io  
t agg ing  a rainbow t r o u u j o n  ri9i-i-t) 



iengt i j  fr,or;y2n~y C O ~ ~ ~ Q S  i "L of b~ r b ~ t  cap- 
tured jn t he  Suss! kna Wivey between Cook %:gjej: 
and Lievi'i Canyon by a l l  ggear types, May to 

ak LUbst- 1984 c-A-p- 
i.eng-t.i; frequericy camposi "l m ~f A~c.i:i e g:.ay- 
l i n g  captured i n  tile Pusjtria R i v e r  be-tv~een 
Cook 1ille-i and Devil t a n y o ~ l  by 31 1 gear types,, 
May =to Octsb3zy 1984 

ar 

,,-$ 
""yep Leog th  frequency c ~ m p o s i t j o ~  of y~u jqd  whits- i 

$4 i s . .  ejq captured ii? the Sui;-itns River bebajeen 
Cook fi23et and Dc3;f l Ca5yo~  by a! 1 geay 'types, 
83,~d t d c b , o $ e t *  1984 

d 

Length  frequency cornpos-ition of humpback: La‘.- Ti 
whitefish captured i n  the  S::sitg5 River 
between Cook Inlet  and Devil Canyon by 211 
gear types, May t o  Ocegber 1984 

PP' 

i t  f requeney composition of 1 oilgnose 
suckers captured i n  the Susitna River Setween 

ais s) Cook !niet 2nd Devil Canyon by gear types, 
play 50 October 1934 

,o **- Timing  of' 1984- y j  t t % ~ ~ t  and Arctic ?L - f 
= $ a  , t a y ~ ~ n g  9 a spawning i n  the mlddlc  Scs i tna  Rivel- 
deatermjj~ad by f=jhe jncidefice sf pye- LU 

post-spawners 
0 C 1 hl Age :e;.ng"; f p  f o r  spawn i r , ~  q- 4 Q - Z {L& " rajnbow erog~x ~5p t l ; r ed  f:; "the Sgs i t k?a  ~ < ~ ~ ~ e r  

bgljsqpen Chuv/ j vgy ~$23 $3 uegce aild 
r" ""P Deiji Ca$?ysn, May 17 thmugir dkjne , 1984. 

"0 * 1 " ,tu> -- &) ... and  Ienegth !a t1ons r~ l  ps f spawnjng Ag. \.*.a- i 
&wl".r."% " 
; , L cgaayj f fly ~ ~ j j ~ ~ i ~ ~ ? ~  i rr the  S1~5.i t n a  R4 ve;e 
be$b!eerj the chui j tr ja Rf v e ~  c ~ n f  3 uence ap-1 a 4 d  

4 -- I 6.T" - i.)ci~f 1 [;;.i:j'ag, fdati t o  Ju;;~ 5, :ru:i. 



#-3 = q  
L -- 1 a Survival j - s r _ b  ccrri/es f o r  painbow trout C ~ P -  

t ~ r e d  i\n h e  Sus i tna  River $e"tween -$he 
Ghu l  i ,,$rl River co i i f  l uence and O ~ v f  1 Canyon 
4983 and 1984 









~ ~ ~ g $ ~ p ~ ~ ~ a  3 q p n i 3 ~  
..I #u:- J 41f -, - T J  s*J J !b! / 1/25 *3 
p r , r -  q p "  ..!a, in, , , j j 15/85 3/29/j35 

~ { ~ j & ~ / ~ ~ ; ~ ~ f - o ~ 2 c $ j i Q i 7 J  &$3{]/gZ a i" w d  3 3 / j L / ? 2 >  ~w * *  - A -  







I n  1~:rrer S u ~ i t n a  y.i:ver, &he upper ~eaefPes of i(askb,itna Rive:- ( ~ b l  

61 ,J p -  j , Shesp Creek RN 66,1), Goose Creek (RM 72.01, 2nd Mofjtanj  reek p- 

Lift  of (Kf4 77,O) talere sampled d u r i n g  ea r ly  September to d e t e r ~ i c e  the  exta-" 

Q t r ou t  and  Arctic gray1 i n g  rearing 4~ t h e s e  -i;ributaries 

Atten~p*:~ were made to r a d i o  t a g  f ish f n  these t r i b u t a r i ~ s  a* - t o  3et.;rmii;e 

f 0-f - the i r  fa71 outgigratfan, R8d io  te1erneti.y results -From 

f f s h  tagged i n  these areas be presented i n  a l a t e r  r-- . G ~ o T ~ , .  

Sir ,  lakes w i t h  outlets t o  the ~ i d d l e  Susiena Rjvgp 5 : r r y ~ ~ ~ d  i n  

1384, These surveys were done to determine i f  rainbow t r o u t  populations 

existed i n  these lakes and if these fish migrate to or From thc mainstam 

%usii;na Rive?. Surveys weye c a g ~ ~ ~ = ~ e d  8-t fibup lakes the headkg;teys 

of F ~ i j ~ t i 3  Ju ' l y  Cr.~ek [ ~ a k e s  A, B, C ,  and  19 (Figure 2 1, M i a m i  Lake 

afjEpjch ou,blets jn ta  I nd ian  Rj\ic?.r a t  45, and an un::amed 4 ake which 

~ i i j ; l , a t ~  "srs-tagp Creek 3'; ?@j 2,3 (eQgf*g 3 ') . 











greater t h a n  225 mm were tagged,  

Tag y ~ ~ o v e r i e s  were made by resident fish study grocp, "Lh ? d u i t  

salmon f ishwheel cpews, and the angling p u b l i c ,  





Radio -ts]emstiajl receiving equipment used i~ this study piits developed bv 
J 

D + Smi cb-fiaat hnceroora't2d In darrcouver, Washingtoti. Recei -'--q 14 j i ! y  ~ q a i  p ~ e n i  

canjfsted cf a 'iyrijuency (40 MHz) r a d i o  t r ack i ng  receiver (!dl"odel 

~ ~ - 4 0 )  and scscner (Model SR-aR), and  a loop  antenna jfktode3 ?A-401% 





k - m 

;dr L:) a t t a c h j a g  extepnal Qag -.tc; f f  sh, Peterson &sc need pj.;ere 

epcx "-it . f-0 s j  de of each rad io  t a g  $0 % ;:jc k - nredl es [>erpenrj< cuj a r  

=k L(j the lef3gtk of the t a g e  Fish ea be exte:-.nally radiio *w idgyed - were 

- = fl "+4 a~r ; s l i i e t f~e~  and {then external t a g  war atts.ebed below the 

dai-sal f i n  (P la te  3 T h i s  method tqas s-jmjlar as a<;Qacking Peterson 

~ n g  1983 t l i s c  needles described i n  xhe adul t ,  anadromous sectfor? OF "' 

proceau*--  re^ manual (ADF&G 19833 -'ls ifiis was aieorfipiished by f u ~ f n g  p l i e r s  

to  pus^ the two Peterson needles t h r o u g h  the dorsal  jor t ion o f  the  fish. 

A f t e r  the  needles we]*@ thi-ough t h s  f i sh ,  one Peterson d i s c  was at-tached 
. (r+ t o  each neeglee r ad io  t a g  2nd Fet2i.sol-r d i s c s  were pushed 

t i g h t l y  nex t  ohhe f j s h  and  excess needle (ave r  tin past the disc-) 

r.jrr3e cu t  of f  wi=tbj 9; $er-s,  The remaififrig nped7f-5 w f p e  thei; ~;14ed e h  

- gl t he  tfp of the pl:ers $0 tfghten and secure the t a g  i n  p'aee. 





fierfal "tqac!i"g by he1 $c~p"ters was a1 so done occasional l y  d ~ r j n g  kdi nxer 

1983 -84 ar;d 1:g May June 1984. During the summer, ",*ackf~g was 

also done by boat  d u r i n g  each f i e ld  trip to pinpoint radio  t agged  f j s h ,  











183 1,98~$, 261 h~mpback whftef is i ;  ?jete t ~ g c j e d  ehs jowey r i v e r  ant- o p r e e  

weye subsequen-tiy recaptured by fishwhee'i s ,  A1 1 three recaptures wer2 

tagged a t  F I a t h a r ~  S$:atjon ( R M  22.4). One fjsh was i-eeovered a t  

Fjathcrn S t a t i o n  e i g h t  days  l a t e r .  Ti:@ other th.10 weipe recovered a t  

Y e ~ t n a  Sta- t jan (RM 2 a 5 j  TRFf 4,0), The i,fme beQ$~eer: taggj: ,g and 

recover. gf these two f i s h  was 2 and 30 jays,  







r---p ---s-----B- ---- , .-- - * 
1 -  1 

l ab$e  2 ,  M3.b j ta t  d a t a  ca l l  ected a t  2M 57.2 pihere 50 ninespine i 
I I 
I s l j  c k l  e h = a m k  ucL, were captured, A u g u s t  5, 1484. 
i j 

emergent vegetatirn 
96- %Qo:g 





.sr' 
*%

 

- i
r
)
 

%
- 

"E
d
 

q
 

an 

->
* 

8
 

fii 

y
jp

_
 

V
 

Q
 R
 

I; 

*- *
+
'-
I
 

C
 

C
F

C
) 

9
-
 

9
 

B 

.d 
.rd 

1- ;; 5
4

 

e-8 
w

 

*A
. 5 i 1 I "i?
 

9 I I aT"I 

-a 
** a

 

- 'a 
W

 

- i z I 
-*

 
I 3 r - a 8 ia

 

e
 

F
F
)
 

$ "
I0

 

ia
 F 

r
n
 

*
 

?,$ 

a
a
 

- Y
 0
 

- m
 

*
 

I23 
a
.
 

LL f&
 

n
ra 

i
j
)
 

iQ 

_i 

C
 

,
iJ
 

a
 

e
r

n
-

 

*- 
2
 

@
 

'i' 
3
 

* 
i
 

C
 

I
 

P
-
 

-7
 

a
n
;
 - 

m
i:; 

e-$ 



A r C i - i e  g r a y l i ~ i g  cap-tured were caught  at Whiskers Creek Sl0i;gh i n  - =re i ~ t e  

3 , 2 , 3  Mainstem s i t e s  
-I------- 



y * 

i: ,ahteen of 26 yadio tagged r a f f i b ~ w  t r o ~ e  t2gged ir 1983 were mofii-tared 
=-, - 

d u p j r 3 g  the winter of 1983-84 until - the fy  batteries expi re Ida  1 he fi- 

jug  e f g h e  -fvlsi7 d ied  or thefr  b a t t e r i e s  exi~ired between July arid 9sr:v 

" -<I* December ,&as. a?:ol0gf ~ 3 9  d a t a ,  t a g g i  ng d a t a ,  and n?oni tori ny data 

collected betwee;? May and ea r ly  December 9383 i s  pres~n~tecl 4n Suci:anek 

e t  $1, 1984) and S:inde-t and  Wenger (19841, 

t4ovement~ of the 1393 t agged  - f i sh  from ml:d-Decerfiber t h r o u g h  l a t e  April 

wet-e mfnima! w i t h  %tist (13 ~ i f l P 8  f ish nevfng 125s t k a n  2.0 miles from 

wl2ei-e .they pjere found iil e a r l y  Becenbfr ( F j n u r e s  kJ 4 and 5), Ths maximup 

-c fiter rs~vei~ent was shown by nbcrpJ trout - j moi;c? 46 5 

miles i n  2 3  days, Because ;t moved dognsiream ;ouch nore rapid::{ +!-- ,,:an 

t he  others, i t  was believed t o  have d ied  betirjeen ear ly  Jariuai-y and ;.arl;: 

F e ~ ~ ~ ~ r y .  The reni:fning four  f i s h  moved -From 2,0-8.1 m i l e s  br3tk~i.en 

- mid-uei~embar and l a te  April a Re msxisium upsfj-eam movem~nt of r a d i o  

tagged rainbow t ieout  duy-fgig thf.: "L;m 2,5 infles, 









r1 -* G - * 1; wtr / p j y d  f-n 
*- f i  rt - {Or cg/ j3 ;" "'* 2 ; < ~ ,  Z J , i.ri i i i  i b . - t  -- d f  253 

3/7/85, 3i25/eG5 3 j Z Q l R 5  < . / Z i t i 5  
$ 4  J ~ 4 *  ?. Q ,?,-- Feju 7 1 % -  it* 4/23/p" ; j ,  5/4/5 

six 1983 rad*io t agged  rainbow t r o u t  weye fovnd a f t e r  April b a t t e r j n j  

fyyjgj tya~smjt ters  of t h ree  of these f i s h  exn;red by mid-Maye -* Q 
V "  1 fie 

remaining t h ree  fish (639-1,0, 749-1.0 and 759-1.Q) were lmofij",yrd 71 
- a -  August o r  September 1984 Figure 3 1 ,  One of these f i s h  ( / @ / - i . C )  nov2d 

j ntcj Fgui.-ti: 3-f July Creek an May 24, then moved ~ l p  and 1i;djsn River 

in ea r ly  3t~T;i [Figure 6 and 7). The other two f i s h  a l s a  moved i n t o  

jndf an ~ j v $ p  4 3 ~ = ~  ,,?lng the sdmmer (F igu re  71, 

-- iwn r;ail,bo\# t r o u t  tagged i n  1983 were recovered i n  1984. Transmitters 

3ri bboh fish had been dead For overa one moa;~$h, Wafi?bo\q tthiou+t 718-1,5 

was rec3p"Lre-d a t  i P . t +  3,6 of Ind*ian River by a sport fis5e,*asfi 38 J u I i t  fj 

arsd raifibew t,rour, 670-7 r *  d 2 was y ~ c a p Q j r e d  a t  Lane Creek fkjay 18 by a 

~ ~ ~ c ' r , ~ - o f ~ s h j : ~ g  ci%eNo A*t t h i s  hjme the  ',pa$-rsmjete~ was yeplaced 

with t a g  608-1.7, td2.y 31, the  fish was located a t  t h e  N Q U ~ ~ ?  of 

" 1 & "  6" 1.7 i ; ~  ir: Pal*tage Cjree/< (Rr81 rjjqgaa) ju;je 27 * t h 2  tag was found aIr;i;$i t : ) ~  
e" " * "  basak a t  fl<$8/ a$ tI2e cpeefc :%,nd t h e  f i s h  was s~sfr:er:;*ked ";:Q haye besrl 

*"A ,,ten - % by a predator, 

/" 6 
"'a 

1 ," 













A- *m#m> $ \ 
9 7 

, ~ ~ g ~ e m e ~ - ~ t ~  0-F r$p 19P4 ~go3-i + o f e ~ [  r;ld; Q flagged 3-2-i !~Q\.J 

t-jmrju-t c ~ n  be u12ced in+.- fsu;a -.;-il-----. b!iabjvi i d  i t 5 ~ r i  25 mti72ci i* zr-ifju2 1 

j-ljssg;ory r ( 1 )  f-hgsc; ass~cj;.+~:+& MI tu n6 -4 g j i t h  o ~ e ~ : ~ j $ n ~ s y f j , ~ g  (Qecenjkcr - 
j i  %*< i%P 

1 5  ( 2 )  those a s s ~ r _ j  y.*i j-h ;paypi--- (!jay J k j n ~ ) ~  

3 s s ~ c . i   ate^ s r j ~ p  jfler rea v ' i  ~g i P -  JQ --r i y - 5, lwa--i;l;er 9 &;+' 1 , 2nd (41) those a5soc-i - 
acted ,.,ij=tr VJ ,he @ 1 pepjad betwgen and v j j n t f 2 ~ -  (October 2nd 

NB;iav-l"Q . ra \ -a ilie distribution of 1984 monitored F i s h  changed by macro- 

$ *$-<+ n n i i ~  ,at as the seasan ciianged, Between Cecern$c?ie and P.pri1,  near ly a14 

( g Q e T % )  ~ a i ~ ~ b ~ \ ~ ~  wep.5 fouad f n  mainstem (Figura 12) a Bur4- 1 iscJ 

jid J~un,?, 62,:; perrent of the r a d i o  t a ~ g e d  r a j n b o ~ j  t r o u t  loea t joas  

T* % #- were i n  erjhutay=iese $0,. m a j ~ r j - t y  (58,47;) of f ish locat jo t i s  -?ram J u l y  

S ~ p t e m b e y  weye a! so er$bu=tar jes, 

Ev October 6, 313 b u o s e  rad io  tagged r a f ~ b o w  t r ~ g t  had ~ u t m i g r a t l d  

- tributarjes t k e f y  mouths cu. t he  mainstem, !he orie f ish (659-1.2 

f -h2t remained 43 a t r ibutak* j t  .,vfter September was believed dead s ince  it 

- S \  riff aii had p;~",wed recent1 y ( F i  g~ire 9 i n  Ociaber and  November, i i . ; ; ~  cii; 

the  fi sh 2 !ocations were associated w i t h  the  mainstem w i t h  the remaicjng 

1 oea t i ons  be"ng s i  2rjI;E3uea14bf :youths, 
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-- 3, q-; 2 ; an-dnd-recapeupe s tud ies  
~ a ~ & < . ~ - ~ ~ ~ w A ~ ~ 4 a ~ ~ r ~ m ~  ev-a-----w- 

In 1984, s f ~  bLl inb~$ were FIoy tzggcd  if] the ~ l j d d ' i e  Sijsj+Lna R-jyej* 

and f -h~? i~e  bfere nc, ~~t$capi ,~y*es,  



f j,.Fb~ , u i  * n q  $ 3 :  425 Arceic gray]ing were tagged  2nd 44 \ - ~ ~ c i ; v ~ ~ i e ~  9.c 43 

dj f ~ ~ ~ ~ ~ ~ ~ +  7-j += = ~h breieq r--- tilade f r ~ m  f i s f i  tagged $ n  the mjdd lp  r--ver ,  -- i i . 1 ~  n 

" 0". i ~ c ) ! < ~ < ! e d  f=ish t agged  a t  Cheechako Creek { E E ~  152,4) frf [%i i -~ * - -  ?+LJLIZL  ~ 9 6 ~  

3nd r~col,;ered i n  May 1984 a t  portage Creek $/'d 148e8)e 'T" !QC- F 
i f  *_c 

.sap.l r ,ccr j~ut  a 3Y d m .  i.-jfi cid 4 n s h  P. = 

. 
ranged 0.0 to 35,8 milts from t he  time they were t a ~ n e d .  

4 4  " 

* "  Ef ghat f .ish \.sere recaptured a t  the i r  taggfng slees, Twenty-one A ~ c t i c  

g ray l i ng  recaptured were c$ught w i t h i n  5.0 miles of t h s i r  b g g i 2 g  s i te .  
=- i h ~  ;.ema-i1;i!lg 15 f1.h moved an average f 20.0 ~ f l e s .  The ~ ~ ~ ~ ~ ~ ~ ~ ~ f i  

- rn~~efilent fa:. an Arctic grayif~g t o  d a t e  i s  95.8 ajles,  f i s h  aJ 

v .  tagged j n  P~r.i-,aye Creek (Rf(  148.8, Y z M  5 ,c )  i n  1983 2nd r>ecs:e-ea I#, 

Kaskg:$en;i Rivet- (RM 51.0, TRN 2;0) jjq 1984. Nost ( )  recovgyjes 

e- PJei-e mdde from f i s h  t a g g e d  i n  1983, fwenc,3i-ofie of the recover ies  ignre 

made i n  t r jbutaj- jes gr a t  t r i b u t a r y  iaouHhs w i t h  a n ~ t h e r  17 recapture:! i n  

*the mainstem, 

I n  addf i ; ian  t 3  these reeavepies, one F\rceic grayling was r e c a p t ~ ; r e d  a-t 

Portage Creek b ih ich  had been tagged at .  Tsusena Creek WM 181.3) =in 1482. 

Round whi  t e f i  s h  











Yaung-of - * t i -  burbo2c have been seldom cag tuyeb ;  hgw@ver, dur i  fig 

mid-Jufie 1984 several theirsand approximatejy 15 (PL) b u r b a t  wet-e 
* *= observed a 1 ang *" ~ . f ~ e  shoals of the Deshka River 5% IRM %,9, A sfmifa.;- 

t i m i n g  af ha"ihhiny was reput-ted i n  1982 a t  Slough 9 ( R M  129,2] 

spvera l  dozen nf the same s f z e  f i s h  were captured (ADF&G i9G3bim 
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r - a d j [ J  -"--,-am- p] jc3-j tfi .*- - P * # 

" 4 t .  c2a"a""fjer " " i ~  ' * """  'iS.%-.:*S L ~ ~ g J l j r ~  f j c h  . = t~  lea\%^ 

- iiioiez i;im=fng 2nd I ~ c a t i o i i s  of spaw;?;ng. tmphasis was s 3 7 ~ : -  n -4 

p7 z c ~ r f  ta r jg inq 3 - 3 5  f rom the upper s e c - t j ~ n  of in- i i ld" ;~ z-i~er: 
PC1 

f p +*-p 5ij r $di Creek, I ~ e f a n  Rjyer and Fourth of Ji-jjy Greek, Pre l v j~ ! j s ] y  fepj 

a'inbgvG l:,p~u:t haye captured ear ly  i n  the  season, hop~rtjey, j-8 f j r h  

" 9  a a 65 viere s u c c e . ; s f ~ i  ; y  sagged i n  1984 before June of which lib piere pre- 

spa.#ner;s, Sevei-ai pre-spz\$ners f y ~ ; , ]  a school of 30 probahll spawnzr-, 
a 4, lie:-@ captu:-e.i ir; Poy-tade Creek a river w h i c h  ~ : - ~ y j o u o ~ ~  beiigved cc; 

Sunde t  and Wenger 1984), Previous success a t  

captcrl:ng r3inb~w L u . 0 ~ :  i n  Portage Creek nlay habe f a f l e d  because m0s-t ~f 

the a d a 1 . t ~  acve up i n t o  the  creek before sampl f a g  normaijy occurs (af tEr  

i ce -gu t  i n  the mainstem), Since sampling was done d u r i n g  t h i s  time from 
-x- TWM 0 , f ~  j R!4 11.6 and only these fish were observed cr captured ,  it i s  

h i  qkly - possi$le t h a t  t)i?se f f sh represented majority of ~ p ~ ~ ~ ~ ~ ~ n g  
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0.0 L. 4- """----T4=-- 

JUN i J U ~ . .  $ AUG f QCT I 
j"d-3 > "  

! 
1 AT TlHiS TlME, j I 

-i ?,OYdtNG INTO PORTAGE p8AXIMUF& j t 

1 C R E E K  AT T P ~  2.3 UF3TREAPA L ~ ~ a ; 7 ~ ~ ~ ~  I I Ifq !9@4 
f 



C- - - - %-- /  - r9 jtl zGi"" j &/ '8 j i im i i  ,';:i: 039i % 44 
a {  f ;  ." ; 'T  "3 s e s ,  6 3 0 '-i r 

A * u r y  + ,  3; . i j  n,, .3/25i85, .. ., 3 / & 
j -  "Li?i *t/&5 , j *7 { L%>J 9% {< 





The general d<s-tribuus:o r;ad abirndanee of A r c t i c  grayling i n  the middie 

S u s i - c ~ a  River. i n  1984 was found t o  be pimjlar t o  1981-8:I findings. 

P Q P ~ J ~  a t i o n  ,~sefmates us4 ng mu1 tfple-year d a t a  shoki A r c t i c  gray1 ing  are 

t h e  t h i r d  most a b u n d a n t  resident fish species j n  the middle river 

&,%. iigcjn , scul p$ns  3nd sticklebacks). D ~ r i n g  a4 4 feur years,  Aretic gray1 i n g  

have bt.en found mast ::ufisereus at Indiap River  j 3 2nd Portage 

Creek (Rid 148.8). High  catcher, at kihj_skek*s Creek Slough ( R M  101,2), 

Lane Creek ( R M  113,5),  Fourth o f  July C~5ei: (RIrl 131.1 and a mainstem 

3 . i - t ~  Rf4 153,Y are r e ~ ~ l - d e d  only i n  fqay, Jirne or Septembee., Cab,rhes 
C 1 -  a t  a 1 s i t e s  over 1 four years have genera] 4y been the highest i n  thr 

spifiing and sf34 1 ,  

d r i i i  1 13di$, ouia ~ ~ r ~ ~ ~ w ' i e d t ! e  J "- of' A i - c i f c  gray! i n g  <mmfgrat fa i? and o ~ t f i t g r a -  

t i a n  f r ~ n i  f:i*ffruf;aries "6 <the inai nsteri was kj3sed or ~ a n . . a n d - ~ ~ c 3 p ~ ~ ~ ~  Sd ;inti 

a- B s 

t -  I J  f ~ h e s e  d a t a  show Arctic cjrsyifrig iqolje jnx;: 

. * 
P ir.i[;ji+-3r*je.; i n  f l y t ; i  ;;n4j ~ . a \ + - l y  -.- ~ ~ f ~ t ~  $pabt,tri, -gf{pll :?<:gin ( ~ ~ t ~ ; ~ f ~ i ~ ~ ~ +  

, j $ 2  1 C) 9 3 b ; 5 ci 1-1 1 { d-3 k-s *-+, -*  C3 t' 1 j i j j ( j c  $ ~ 2 ~ ~ ~ ; ~ ~ ~ ~ ~ l ~ ~ n  (jq] s a h,J 3 . i . , ,  1 ri 



candu@:;ec l a t e r  $ n  t he  i!pper reaches of Portage Creek shopied Aretfc  





papulatbans can sucsessfully migrate downriver th rough  Devi7 Canysn, 



\bjk:ile a dEf iw+i+- L:: g-' f a  11 d ~ \ f i n r j y e p  r~ovraen*t shown by recapturfid rotifid 

%h.igaf i . ;h  i n  1""""' 
rg, ,, *a th ,  and 1982, only a slight d~wns4:ream ~ o ~ j ~ r . , ~ n ~ .  % k r o u g k o ~ t  

the s:hiBmei- was si.iopdg by recovered f i si! 1983 and ~~~~, 





Lake t r o u t  --- 

Thfeosi2jne sl ick f ebaek 

-- fhreespjne stjci;jebark a1.c lass nj;;neiqBui j q  tl-te middle  reach a-f ",he 

s,~.;; v - ,  +r.c- ,! d Rijfer t h a n  the l ~ w e p  ri_iacl;, r i o k ~ p v e r ~  t h e y  j iavz heen csilgh:; i n  

, 3  

5 x 1  ~ r . 1 ~  large ; ~ ~ ~ ~ ~ e r s  hr-tbj.er? Chil l  i tna  R i  v r y  cor;fWl ~ e n c e  3nd 

. ~ ~ & . ; Q c j $ " ' )  8- *** (j;kQ[-!:$ l g f l ] s { ' j ; /  * 



D p a f + 2  .- - 
, i l l y  sac: done by Carol Hepler and Roxdnne Petersen, 



FuYjd;i7o 3 for $;nfs s - i ~ d y  was p*f*cvfbed Sv - the S t a t 3  af A?askz,  & - { a s k 2  

A 3 t h ~ k - j  



- . - v - x -  

; 1981c, Phase f i r ia l  d r a f t  report. Subtask 7.10, Adult 

anjd;-omous f ishzrjes p~o je t : t+  A! asks Depil-tment cf Fj si; and Game 

am -us i t n a  Hydro Aquat i c  S t u d i  es,  Anchorage, Al j ska.  

Aguat i c Sta6-i es, Anchorage, A? a: ka, 





E~ 3rFqs-:- c L i j  T h o f i j p ~ ~ n ~  and  S,N, $$j&,, 1985, anadrc~cus 

-C + ~ n \ c e s t * ~ g a i c . i ~ ~ ~ ~ :  rqay Ocmbbe 1980,. Alaska f 

C" L - f q q  1 . .- 
a . . and  Gain~ S u ~ i t n a  1';;d.o Aquat ic  studies Repay~ N c r ,  I, Prepared 

f.P-rp-, s ~ g  Wiasiia Power Aut i~eir i ty .  Anchorage, Alaska.  

ct 4 4 2 b  pet 4 A,W, Eiipper, arid W . D .  Ycungs. -? 5 ?"'a PrSocipSes 94' 

e .  fjshejay -ysfp-ie. cornell Unjyers?-r,:; Press, Lor,ii,on, united 

%i ilgdoi3. 



2 3 t= "1 i182 6"j - * i ysi f i ~ k f l  s J l i 4 t ; q  *$ ' a~a iy6 /s ls  - a - 5 ~ n ~ d .  - 5 1 1 * - 2  
n: .c iP+u C I ?  ds : $nI2 

gydr~21 ec-trj Pygjer,t. prc_.~;red for $-he asks Polljer pLii"hor<-zv 
F d 

12gpj cgw;  - w - y p  La. ,Ls.  Anchorage, A1 aska, 

Sucisanek, P&,, R e  "ind.-L bl,N, G/enger. 1984. %esident f f s h  

hab i  t d t  sa2ud ies .  Pare 5 i n  Sehm-idt, D , C . ,  S,Se iiale, D,L. - 
Crawford, and i ) , M e  Suciian,~k (eds. ) , 1984. Residefit and jgvenf 1 e 

anadr~mous  ff sh i fivzstigntions (f4ay - October 1983 Susiina Eydro 

iFB P?7 .EI Aquarjc Studies. Report No, L ,  Asaska Department of r-rsh 

Game, Anchorage, Alaska. 

a 1  Sl;ndet ,  K ,  L, , and M ..,. Pi Wenger. 1384, Resf dent, if j h  d i s t r l b u t i ~ i !  and 

p ~ p g g 7 a t j o n  dyrlamics i n  t he  S;jsjtna River belaw f r p ~ j l  Canyon, 

5 - irs Schliiidt, 3,C., S,S, 1 D,L, Crawford, and P A ,  Suehanek 

ebs.. ). 1984. Resident and Jrsveni l e  anadi-amous f i s h  inyesti- 

gat ions  ($lay October 1983j0 S u s i t n s  Hydro Aq~laetic SLiidtes. 

Repor"LJu. 2 ,  Alaska Department of Fish arid Game. A r i ~ h ~ r ~ g e ,  

Alaska, 



3 i G80, Migrations afid distribution of Wrctfx; gray; fny  i n  
-+. --"m- 

r?i- a 

i ibeerj~p and A r c t f c  Alaska. Alaska Dept, o f  Fish ancl Game, Federal -i ic* #- - 

Bid,  *in F f s h  Restaration, Annoa'l Repor",f f ?ogress, 197%-19pf3 44-' 3 

Project F-9-12, 21(R-I 



~ i o y  anchor Tag Retent ion Rates 
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Appendix Figuce C- l . Length f req:~cncy ccmpos i t i e n  o f  rainbow rrcut captured 
i n  the Slasjtna Rlver between Cook I n l e t  and D e d  
C a n y a ~  by 1 gear rg'pes, !bQy October 1984. 

TstaP length 



ppendi; Figure C-3. Length frequency cemwsi t43n G? Arctf c grziy: ing 
captured I n  tl(a SiisZ&na River beiween Cwij: If;lei 
afid Devil Canyon by a1 1 gear types, May ?;I 
Octooer 1984, 



Appendix Ff gure C-5, L e n g t h  f rquency sornp~s i t  ion  of humpback whitefish 
captured i n  the Sus3trsa Rs"ver-- between Cook In?@% 
2nd Oevit Canyon by a45 gear types, tC2y $0 
Octaber 1984. 
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ApgewdG{x F f g t ~ ~ e  C-7, T%wlnq ~f 1984 rainbow zt-out and W~t;t$c gszyling %patssw$ng f n  the ~ 4 d d l e  
Sgs$$wa River determlagd by the % nc-idsnee o f  pre- ~o ~ost-sga~dngr  s , 





Appendix F f g g r e  C - 9 ,  Age d;?d 1 egg& r.1 st4 gnih  i p i  for i rd pl- -a!;nin$ Arctic 
g ~ a y l j n g  captured ifi t he  S u ~ i t n a  Qivsr , . between f h ~  
Cht j l f taa  River .-confluence  id Oevi I C31'iy0;3: 
Hay $7 e k ~ o a f g h  lPune 5 ,  1984. 



& 9 " 4  

Spcimnlng Moles Spa@.,- - % -F 

iipp:?ndi s F i g u r i  '9. Rge and 1 .;.ngiii i e 7 a i i c n i i i i s  s:8hr\-.? 
c s ~ i n d  whitefish i r  ~ k z  Susi  t n a  Rlt2r Cecb~ern 
Look [rrle: and Devj'P Caiayorl, 0cb.obtar ." b o  
I s  Ostsces b S ,  1982 
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T o t a l  

Actual No, Recaps 
- -mr. .=-  

Adjusted No, Rezaps -- 

.mx =- 

Round \1gfli 'tefi5;fl; //.5"/,a51 t * 2 t e i l f : f ~ ~  j f i s ; b  fmor yea; 1983. 
, , - -  Year ' r a ~ q e d  Adjustsd No, Recat75 

P - w m v a  %-A --m 
* ~ ? C U . ?  i I !  f ierap$ 
w- -z=*'T=%,-* -=a-c--- - w - - v d ? - L a . x %  .em---- -------.-.-- -,-, $, 



Yzai. Tagged - -- Actual No, Recaps ------ Adjusted No, 2ecaps 



Mfddle  River i n d e x  S i t e  Catch Data af id 

Descriptions , and Spawning Rainbow Trout  

H a b i t a t  Data 
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Susjtna Mainstem - West Bznk 
- - - - s - r - x - - r -  

The index s i t e  Susi tna  iiiainstem - West Bank i s  a l o r ~ g  the west bank o f  

-"a e t he  mzi nslem Susftwa i.r,~ver betpieen R~J!  137.3 2nd f# 138.3, This s i t e  i s  

cka rae te r j zed  by law moderate water; depths arid velocities, ai;d has 

1 a v - - ~  & ~ $ i 7 ; 7 ~  s ~ b s t r a t e ,  No object cover ottiey than t h f  substrayte 

usual 1 y occurs, 







gepory go. 7, P a r t  4 



F - i 'Time Serbs Analysis 
1.2  Appl {cat ions  of Time Series Analysis 

- b  1.3 objectives 

2,1 Ijnje Series 14odeIs 
#- The Dst,a 

2,3 Idene f f c a t j o n  and Estiii.astior: of Time Series Models 
w- 2,4 I ransfer Funetaion t4edeI s 



Susit f ia River dischat-gg time series a t  the Goid 
creak &, gn3  -frrl.7ya y s t a t i n n ,  2983 and 1984, 

-- p 1 ; o$-s of agtocorrel a t i ons  and p a r t ;  27 auto-  
c ~ r r e l a t i o n s  f o p  2983 discharge time series. 

P]Q$-+s a ~ t ~ c ~ r r e j  a t i o n s  arid -a r t fa4  P . auto-  
,- 0 y~ .;.a >-, 4 s* 4- , c i a  foifi 1983 t u r b i d i t y  time series. 



Age 0+ sockeye salmon cjiitmigraticn rate t5m2 
Sg3rTZ-  ** '-3, 1983 and 1954. 

P da i , - j  0-f autocoyre? j-tjons and partial auto-  
eoi+reSa"L::ons f o r  1984 jockeye salmon outmi - 
gr.a*tion iItQ S E B ~ ~ E S ,  

P l ~ t  of ciaoss ~ ~ ~ ' ~ I a - t i o ~ s  betkdeeu: the resi- 
duals  of the ARMA (1 ,I) dfscharqr model and the 
prewh"ten@d t u r b i d i  ty t i i ~ e  s e r f f ? ~ ,  1933 da ta .  

sf cross csy-relatians between f&e residu- 
a l s  o f  the AWMA discharge medel and tke 
prewhf tened sockeye salmon outml" g r a t i  c~r! t ime  
series, 1984 d a t a .  





la!-iy f o r  thus salmon (0ncorhynchgs kgta) and sockgye s a l n ~ n  
-w- --- 

- 
The n a t a l  sloiaahs f a r  many chum and sockeye salmon have berms a t  t h e  

heads which  i j y e v e ~ t  wa$=e~ f ~ o c g  majne,tem from gn";ejny tiye s-ike at 

low q;\j@Is o=F djscharee, bjhen h i g h  flows ~ c c u r ,  the slcr;ah a1.f: 

9 - 
~vereopl j fd  flay wijicil ilad b@eil rearing $3 low v e l o c ~ x y  \+~ater  a r e  

P a ,ubjeeted t o  a s t rong current, 





* . *  ii *" l  

$aida7 zt; Q i 3 ,  A p~st-proj~ct discharge r*@gfme which w7 1 i have fro delete- 

2q =i 0 s @ .#- r *! t i  c$ *- & ls - 00 outffl i g r a t j  pea&r $0 be q j a + p r ~ ~ -  T 
b c .& L3 na. . 1~ 5!+j,j@fl 5 

d;scharge r@ginf $ 5  not f ea s ib l e ,   the^ t h e  e f f e c t s  of 3 given dfscharge 

.cs*i cg fg - ij!iL2 -0 must kz2~\fijile 



D k $ r " i " j p p t ~ ~  a -  * t 4,. g at- 
a ..d! 1, / 5 

) *7 c- f $4 K 4/  ,T;a/gs , ~$~/25;85 $ *$*: *,-*, { 

tjuiff8,/ H2 1 

1 '" " T V D "  

J I r me Ser ies  Anal vs i s 









Appl ic-ations to freshwater f ish  ecology prohler~s are  muell inore I imi ted, 

q "  i j 5  %..d 1992) or rd  t ime series methods to  cross correlate upstream 
* "  ~ l f 3 ~ a t j o n  a c t i v i t y  of +-he alawgre f-0 s o f a r  yadfaeian 3fic-f water -tgapej-z- 

tuyas., p , 0 9 ~ e 2 r < 2 n  r S 2  c i  gls (1975) considered 3 tjme series model for 

2- " 0 j u d 9 i i - i ~  t he  e f f e c t s  a";rslseriloi~ managrment on : sn, App: icat?:or;s of 

spectral ana lys i s  to ecslogical pr~blems have been reviewed by P ' l a t t  and  

Denm;~ (1975) s:;d "C9;m~ serfes ana lys j s  eealsgy bdas t he  c i i b j e c m a f  

symp~s"m p r ~ c e e d f n g s  edited by S h u g a r t  (1998). 





3 7 B B ; < - J ~ ~ ~ X ~ ~ ~ S  aodels cidn be stiminarized as iol!sw..: (Box and Jenkins 1975; 

/qfnf--$ ,b8,ai-:~ + and Hay 1980; Chatfiela' 1984 Sappose there $ 5  a time serft2s 



Using 8, the A R ( 1 )  equation can be written: 











"' 6" i. y*&e? ", % , I".. ~\,i!53a "n "  % 





2 , 3 ,  %dentffjcatjsw afjd Es$jmatisw cf Tim2 Set-les Models 



a * ;jier~e i s  ;irI f ; j $ ~ ~ j ~ i c ~ < ~ ~ ~ 2 ~ ;  i j * 3p$a%k7~L  S J  g e  &jj-3l<f]  f g  6 i,"r8.jie; ~ e s a i e ~  .i. d 

3 m " " ~ $ f ? $ - r e ~  ~1 r . , * a e i  f i j y i L  i;f oY3 cil)$+2 ! icijl be deiiei  pea- 1 n< s ..lode] ca.;:$i st$ aft -& i;+ 

tJ 
P +- , [ e l  me f-. 'o "faz , L a . s  g R y2 p ct q I d  a *- * , p ikjzyjab?2 8s ire:: i:q ~ t - -  . j , : Y  



X is  the input t ine  s e r i f s  t 
F(X,a 1 i s  the "cr-mfer function; camp~nen" B 



-i r r-, p- " i!, L i- . s r- 9 ;:$';~-;;c, 32 ~ 2 5  i d ~ a !  5 fr~jjj $;he fie;$$ mgdej a p e  j f  f-i;e a ~ d u  i ; 5 

6 c]eaua*;.cc, 



- ,&. 2 r * a - * ;he series of mtagj d a i l y  J ~ S C ~ ~ ~ W -  j *  t i jr sufieler; of i 

m $ * 
P l r*- sr:i.:;a i n  F i g ,  h; the lo<j-.trransfoi-med d a t a  are i n  F i g ,  n., WCF ar!d Pkii 

- p l o t s  fa\- the d ~ ~ t a  are g j v e n  .in b i g ,  5 and f o r  i;he jog.- transf~rmed 

[! -"; a *: r- * - 
-VJ i n  !4gS / ,  f n  al ' j  the ACF 2nd  PAiJ plot= ~bhe s,yn:bo] cn either 

.9 z j d e  of t j 2 e  a ~ e ~ > z i c ~ l  axis jfld*iL2atzs $- fa ie  %d $Re' d y j  ~ ~ ~ l " t F . " " ~ 4 - - a ~ < ~ ~  t 8 L ~ G Z  *fflterg~ a 



-i <j t , ~  Q ij, It -. $Q~,i ' j ' ( ;f la p;3vfp';i; a" ,I - J 4  . 2 cu * a  Xd 2 { j ; , 1 .  f J -I - ; I  , , .-, ( i ii . ~b.. \ J l  i.,b. 

,-a . s  .a* . 
1; 3, . , 1 98 3 6 a {j ~'1 yti 4 
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on tne 1984 raw d a t a  was adequate, as i t  -was i n  1953, Pzrarneter e s t f - =  
A #% 

mates are: y - 23,2; @ = .a03 error - .0638); and @ - -,692 
,k f 

a l s o  adequate but,  a g a i n ,  had a r l i g h t l ~ t  siqnificant mean residual, The  



-kba ---G& - W Z  ,a ,2 ne ,a s 4 & 3  

. {  C Q g p o  ~rilrrr.-r*r ---- a*m -*-- + - ' " P ~ - * - ~ - -  C ~ - r n r a @ r a " - - r r * " ~ <  +-- varrt-** - 
19 

$j e dB5 A ;cX :gXa&XXXXXkXXXXXX.ggXx  

2 .Z 7 0% S --- -..---- a X X X X : f X Z + X A X r < X R X X X X  
pp ---------- 

3 c,5Sb +a 3 X X X : ~ X X X X ~  ZZBXX 
<a ,s.sa Q ~ X X P . ~ X X : ~ ~ : I  +SI 

" ..+ C- 

- - - - - - - - * 3 3 Z _  2%. - _ - - - . .  r ?+A S ~ X X - X ~ _  _*-- - - - ____ - - -- --- 
5 s 4 - B  I X X X X 3 X A  Fa 

a 3 2  14. % X W % X W  li 

8 ----- 1 xx:tx 5!.".531-- -- -- ---L-- -___L.- -- - -- - - - - 
9 , b Q T  6 H X X  5 

8 Q ,0&2 8 I XX 6. 

li; _ a a 34 - -  - -. ?.._ - - ---I%- - * -- 
92 -,cp5 .'- s 

13 -st373 o XX T *a 

$ 4  -,p37 X X X  l * -- - -  P --- - - - - 
$. -.-1wrJ 

- - -  
8 5  -,204 nam.nX H P 

a- - ..., 1 6  - a 4 8 3  + X x X x X X X E  6 

3 7 *Ir - - -- -. -. - .a;. RXY ' "s ,XZXXf  - Q - - _ - -  -- -.- - - -  - - - 
8 8  -036.3 s x X X x X X X X X ~  V 

L 3  - e 5 6 6  * X W X X X X B K X I  u 

PLOT P A R  WV 3 *%L &b%CCZQ&?ELA - - - - - - - - - .- . - - - - -- - - - -- -- - - - . - - - - - - - 







- 
J U ~  P J U ~  3s JUI -15 atq 2 A U ~  4 J 

.Jui*~ P r j g r i  l5 ,,lur 4 Jbi "' , 3 ' A u g  r ~UXJ g5 





can t ,  

'pbit2 el" t a j i i @  o m *  -?t+ame c h ~ s . ; ~  for A g p  e+ phfi ;ook s d j m o ~  yjgr; the  safjie as ct4a$ 6-f 

djSU8--; "-, (r: 6 0  f i d i ' u c  1 !- i 9, "5) .., iile p i o i s  of )fr at*it -ti7r PHCF ,far ?"O62 . -* <>Q ( f j f 3  .S I 

. P"y " 3  !;i.ro:ar il si:rnny f r s c  ~ r a d e p  a i ~ ~ ~ r @ g i . ~ s s ~ i ~ ~ ~  ~~~~~p~~~~~~~~~~ I e 3  "-.in 

;s 4'3 [ "ij \ i i ~ ( $ ~ l \ ( ~  $0) iijlJiiej , zbbre\j*:3ted 35 i ? 3 \ , a d i ,  jt;r?qtja*tcnly b4aerxc-k 1, j r  c,,i<.irtps o 



@G%& 

8% 

- ---a - - 
92 

z 
43 
& 
@ 

- he- 
- @ 



- , > o  *a-& - - a  - - r  * i ; a  .2  > 4  .:+ * e  - 2 u 3  
.---- ----- - - - ----- -- --- - C U R ; ,  +----..*- ---+----.;.----+---.- c - - . - - . i - - - - + - - - - + - - - - r - - - - - t  

- l o 8  - e B  -,4 - 8 5  - m 2  a 0  - 2  4 6 .8 B e O  - --- - ---- -- 
BAG P,E3RRp +----e.----+---- +----+--- -  +.----+----+--=--+. ---- + ---- + 





8 % K # X  
3 MXX % 
8 X X X  1 
w X X K f  

c K X X  X 
C X Z X  1 
B X X x  % 

i s  # X X Z  -- . - - - - - - 





Ju:i 7 Jejn 4 5 ,4uf 5 4uj 95 A u g  " d u g  4 1 3  - 



X 

- 2 - - 4 + e * - &  --.- - - - -  - - -- r _ --i: 24 XXX 9 . : A::L.X XS2f~X.X XYS"&,X%XX 
5 -, &c-3 ii ~ X X X g X n : - ~ t X X X X X X X ) < a ~  

CCC - e 44 e f Y&kXAXX;%+:<XXXX 

- -& - --.--c-&fs-3Ei - . 8 -  P; X w $  Xy+Xsdx tE - -- - 
5 * 34.2 3 1 .L. * **A 

" "yXXXXx""+ 

6 0236 tb- % X X X X X & .  s 

- -  - 2 -  5 - - - - - .  ..--px-atx- - .-. -L----. -- - 

fl Q % R5 (B FXXX 5 

*r, o 028 3 F + 
--La. z e ~ o f ~ z  - - - - -  - 2 - - -  - 

1 1  .-ma53 2' x e 5. 

t 2  -t.064 5. XXI + 
-- L3---zhL& 2'---- - - *-- xraa: r4 --- -- - - -- 

a 4  - e % 4 8  C. X X X X  $ * 
1 5  - 0 8 5 6  . ~ i  P i X X X  iii 

---%EL-- -2&.&t $5 - -$e - -  _ -3 - - -. -- - - -- 
1 7  -,ESbb 6- $.XXXX 1 * 
a3 - P Z a Q  2. XX&?X) ;XE 

-LQ- _-.,ZBB.. k XXXXXYYYr ;  

20 - n 2 9 M  D XXEiXXXXXZ 

8 -929'2 t. A X X X K X X  it 

- 2 -+.289 *k X X X X X X X Z  

2% - - 2 6 2  B. XXk22"XkX  1 

24% -ozs$  + Z A X X A X  i? 
25 -02ise o Z X X Z X X l  s 

2 5  - 0 2 4 5  + X X X X A X  l 
2 7  - , 9 4 k  f XXSIKXX % + 

28 -02.ts5 e % X X X X X  Z e 

2 0  - a Z E 3 1 )  0 x x w x x +  l 
3 0  -,27.3 :% X , . l X X X X  I 
1 4  --,LLJ o X X X X X Y  I s 

37 - a P ( 2 5  Q " i i i X X X  Z k 

- -- -- - -  -- - -  - - - ---- -- 

~ L O $  OF ~ A S $  zag &UYFJ";1OBRELA%IOYS 

.---%&. 
L A G  gaf+R, v--- -  $. ---- + ---- 9 --a- *---+--*-j,-?-?-?---ee--+---** 

f 
- j & & $ -  - ----- -- -- A- -l-&f-, -&ji iSr;JkkW-&>&x<< x .& :az :$ is&% - - 

2 - e a O f b  @ Y X I  @. 

3 -*a335 .it XE' $ 

*ppgq ---L_- - . - g m - -  - -- -- --- - 
9 - r J " S  ij) - * X Z  Ip 

b 9 XXI r 
-- :a_ & -L -q&-- 9L- p---- - - - 

P %i 9 

d -age3 X X X X X B  * 
-- a *a= - - -  -- - - * -&%2sx -L- - - - 

I1 B -**693 XXE 

12 - a Q % 4  Q I Cr 

---&2% - -2% *a 6.525 - _  - - - .-L:"I--P . A- - - - - - - --- - 
3 4  - ,022 'P xi% 3 

p w  
5 * - i t 

X %  X X X X  A 0. 

8 8  -=-~lO5!9 @ X X I  9. 

- -g!a--  -*E&-L- - - - 1 22 1. 

2 8  - a 0 2 Z  * Xi Q 

2 2 a 6 2 5  9 E 
.., - - 3 2  - - -*oi?*- s a 3 

3 0 0 i 5  a I 
24 - e l 1 9  P k dr :-C E 
2% r D a b  4- 6 B 

2 5  - , 8 a ~   ax^ 

P S  -, oaa o L E  ib 

2 8  - , 034 z w : % e  #- 

#% - - 2'3 - , , i P s  P X \ I , g  fJ 

JQ -,S&'> n l  

Jl. ,QQk sh In 

i 
J l̂ r ,029 r, f 3. 



,t$ " *-., * -- 
I,& LI a @ 38 f"? l-rl +'I 0.) scckeye i;al n;afi outmi g;;a.tVei P a 8 2 ,  cab < j a i l  3-x $>-# .a:., &. :. ! j y8<j !",J Q f i  

d 

4" , Ks ., =I. ;. ., :8? 1. . ],9@q. F j g  .: 20) , 'Thj .t.ijqe series shows zi :;.trof:c +,i-tj ep +; .. ,r, - 1 i:;in;a,.- 
4 i 

w .4 t $,-as .+ ( fr i': 3-4 * s j n l j l a r  -%"*"+ i *t 43f A- k t ; a ~  t.~. ~ ~ l ^ ' ; ~ r ~ ; >  

; f ~ i i  a,* , $, i*Jak sa]g;on 



- . a c  -,9 -eiSJ 8 - 2  c Q  o . 2  s r &  .-,ti st3 2 9 3  
,q,::c, --gJB%gE a -p_l- "--. $.- - -.- +"4-(fC." --*'-I ------- *i-----c ----- -. # ---- +------>------- @ - - -- _ I-I_ _ i _ - -  -I--u - 

r 
~ 8 3  2 3 3 X X Z A P * X > z X X * X X X k X X X R X X  

- T. - --4ddl - - -5- - -  .. f y & z - - - T ; ~ X r : < > : a x ~ X ~  _ - - 
;1 ,&B 2 lj EXXXXXXXXX9X 
it - 2 85 I $ i < X X X X X  G 

. 5- - *a-9  - i --- h2.bhXX.X - - - - _ . 

o a 'r 3 2  + B X X X  3. 

7 a 8 6 2  t" Z X X  

- -  - 9 - , O k T  _- - * --I-- - -  - -LV,-- - - 7  - - -- _ 

9 *aa710 IXX > 
3.9 -2.4s c e =I &a A, a- 8 

c M w a r v  

LI ,ma3 . - - .. -F- -- - - - LGLX ax .B - - 
"1 222b 8 : X X > f X X X  % 

$ lb 0 2 0 4  8 H B ? ; X X ~  %' 

- 4 -  - 2 . -  - __ - .r --- - _ - X r " % r n X  - 2 -  - _ - 
5 5  1 1 0  i* I X X k  Q 

BB a4ZCia E i X R  8" 

g 7  ,Q55 A 4 :: % 

2 8  - , 0 2 3  e X 2 B 

3.9 -.,02b c X 1 0 

20 - a Q B 7  9 X K  H c - * 
& a  - 0 8 4 7  J$. S r i A X . 8  \ 

22 - a i s 9  + X X % ; %  B 

2 %  - a  k2.5 e X X X P  e 

z @  - ? %  /B2 B x",xx f b 

25 - ,at37 B x x  a 
2 6  -eQb7 E. X #  1 
23 - , 7 0 7  49i f 

2 6  -z.C!TG ,$ i ' 
,-2"2 - t; x;r 4. 
3i? - s t 3 9  B X k X  B 

31 - e f t 5 9  o X E X K  E 
32 -rzUa% 8 r ' ,xXxw E 

P f 3 F  fbe PART E A L  A ibTOr f3QREL% f X f 3 Y Z  

-109 -sB -06 -a& - a 2  -0 a 2  s 6  4B B o a  

~ Q R p i a ~ - ~ - +  ---- - - - . ~ - - - - Q Q ~ ~ + o  - - -- - - - - - O ~ ~ O  + ..=.---- - - iiiiiiiiiiii+b%b%b%&OOO-~-~iC1 - - - - - - - 
P 

W aBB2 A I X X X X X b X X X X X X X X S X B X X X  

- L - - - 3 @ B 3 .  - - - - - - -  L f '  - -.- _-. -. - - - __ 
3 - = * g 3 4  .fi -*-. i r ~ R  P o 

@ -*034 9 X ;i .6- 

- -5- - sDSE - L- -- - - - -  -i x--_ - _  _ _ - -- 
6 0079 F BXX X- 

7 - 9 8 9 4  ?% X X X I  3 

- a - .n3.3-3 - - _ _ _ -;. - _- - Z  "-: - 3%- -- - -- 
9 m i & ?  e P X X X X  + 

3 8  e 3  PB o P X X X  * 
- - 1 8 - - -.-.F9 1 3 _ - _  _.__ _ _"_ _ _ _- "c . - - - - - - - - 

$2 - a 6 3 4 5  F3. X S  * 







+hqUgh +$*a 
a k i . r s b  ,._i Llli mean af t he  residuals was slightly sign% f i c a n t ,  none {of the 

a u t ~ c a r r e l  a t j ~ q s  or pari;jaJ ar,ecjcr;rreiatjonr were, so the model $5 

ta12 a ,osar2ab5 =? dF e,  



en l "i . B  

i he  <:rojc cclrrr:acloni: fo r  'the rer;fduals d;seharge ~ e l f i j ~ ~  and  

esiq- -harEnnb8 ~ \ ~ a - j t y  - - *  sser.$es, bnwth filtered by the ARI.iA(1 , ,I) mode? f o r  

'2 discliar<2e-, - ., kzd a signi-f icanl: spike a t  9 ag - L day ( f 3 g 8  

suggests a canrffdate model (Box and Jenkins 1976; b?ci::Ieav anti Hijy 

1960) r 

where: \i t h e  a u t p t j t  series (turbidi"y 
& 

j@ and a, a r e  transfer Function parame-ters 

x .is tile i n p u t  s e r j e ~  (discharge) 4 

?j,is t"e ncjse eogiponent, an ARIHA model 
G 



2 -20 - - a g 9 2 3  c- x i  

i -k3 - d l - *  r n s x l  c 

- I 3  -o!2f-; c x i  P 

! - % i  - , 0 7 5  * Y A %  3 

f I P -. 
l il , i 77' is f x ~ x a o  

1 -15 - .F02 * X X X I  

B -8.4 - ~ O g a  f P 1 - I"+ - % & & a  c X k X X  3 * - 
D 

E; 
-a2 o Q 6 2  IX3:  + 
- - $ I  - 0 O S S  .s x f  0 1 - -&a - -a, &(2 - .- 0. X X W P  4 - -  t 

3 -9 - 0 0 E l  o X X  a" * f 
-8 - a O @ 9  
-7 -r i3+ 

3 "r 

X X X S  
i * 

i -B -*GC2$3 V I e i a -5 - ~ a 5 a  e H Z  * 
1 - - 7--s 02% - 4- 2s -* -- - - - - -  - 

i 
j -3 ac.3; 5 3 X  t;. 

-2 - = Q S G  S $ 1  
I 

B B 

f -4 .----a&& - - - - - -- - + - % K &  .es -- - - - -- - -  - - - 

I Q o O 77 + . B X X  % 

1 3. c9 349 e - w . h t W w *  .*u-e 
T -Rae--  Aan.* 

~--.H-@%Q- - - -- - - - - X X a " , x  q* ---& - - - -- -- -- - -- - - - 1 - 3 - * - G O 6  Q 0 9 

" ~ O ~ e Z  
1 

* * 
----- s--&&-$&~-- - -. .- - -  -- -- -- a---$ i -U "XX- L -- - - -- - - 

5 -51.32 "b ZXXI ii ! 
7 - a D D $  4' Z + ! 

- ---F&_-_2i?&aa -- - - -- - - - t" - ax. . -P - - -  - -- t 
9 -oCQCi: * XZZg g. 

5 

I @  - 0 0 4 6  8 I 0 

___AL- .-,sn3- - - .________. - __ _ .-E_---L . -3 - - - -  - -  - - I 
$2 - rsO?2 a3 xxg -3b 

83 - a 9 2 9  * AP 4 g 
B i a  --,02& .r x i  
+ -* * " P  ' 

a .  

4 . -  . X X X X  
9 

84;a -0352 -3 X t  D 

. -0%%4 $. i x x x  * 
8 8 8  SOL9 I 0 I 

8.9 -,235 x e x x x n  Y 8 1 
263 &% 3255- - 6- zaxx6 B I 

**\ "- Ffgura dd* P l o t  of CrOSS cc;i-relat-iofis between the 
S4p9p-;f': e , a~ i , a l s  I 0-f t he  AaH/l 1 )  ;jis;;iapee 



"ha $- s'ta^13"j 
r g t ,  %a ~,stic f o r  each of these es-t imates was s ignif ic ,ant ,  l ead ing  to 

canclusi~o t h a t  disekai-ge and ~ ~ ~ - ~ i ~ f 4 ~ y  are related by the 2c;uation: 

 he ACF and PaCF p la t s  on the r e s j d u a j s  fyqz t i 2 f s  ~ q ~ o d a ~  shsi;ve$ i;o 
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