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PREFACE 

The goal of t h e  A l  aska Power Au tho r  i t y  i n  i der-it  i i y  i ng e n v  i ronmenta l i y 

acceptab l  e f low regimes fcr  the proposed Susi t na  Hydroelectric project 

i s  t h e  mainienance of exisiing f i s h  resources and l eve1 s of PI-aductioa. 

This goal i s  consisterr-F w i t h  mitigation g o a l s  o f  t he  U.S. F i s h  and 

W i l d l i f e  Service a n d  t h e  A l a s k a  D e p a r t m e n t  o f  F i s h  a n d  Game. 

Main-tenanse of natlralry occurring f i s h  populations and  habitats i s  the  

p r e f e r r e d  goal i n  agency n!tigation pol i c i e s .  

I n  1982, fol l ow ing  two  years of  basei i ne  studies, a m u l l i - d i s $ c i p l  [nary 

a p p r o a c h  f o  q u a n t i t y  e f f e c t s  o f  the  p roposed  S u s i i n a  Hydroelectric 

P r c j e c t  o n  e x i s t i n g  f i s h  h a b i t a i s  a n d  Po i d e n t i f y  m i t i g a t i o n  

oppot-tuniiies was initiaied. The lnstream F l o w  Relationships S t u d i e s  

focuses o~ the response of f i s h  habitats i n  t h e  m l d a i e  Su;itna R i v e r  f o  

i n c r e m e n t a l  changes i n  mai  ns tem d i scharge,  t e m p e r a t u r e  a n d  w a t e r  

qua! i ty. 45 p a r t  of this m u l  i i - d  i s c i p i  inary e f f o r t ,  a technical r e p o r t  

ser i es  was p I a n n e d  tha-f wou l d i 1 ) descr- i b e  t h e  e x i  s t i n g  f i sh resources 

04 the Susiina R i v e r  and i d c n t  i f y  t h e  seasonal habitat requ l remer l?~  of  

selected s p e c i e s ,  and  ( 7 1  e;.cil L J ~  i e  The effects o f  a l  t e r n a - l  i v e  p r o j e c t  

d e s i  yns  a n d  o p a r a t  i n g  scenarios on p h y s i c a l  p rocesses  x h i  zh most 

infiuence tho seasonal avaiiabii i t y  uf t i s h  h a b i l - a t .  

Tlic: sclmmiiry report for t h e  IFRS, the i nsireani f i ow lie1 al- ior lsh i p 5  liepart 

(IFRR), ( 1 )  Identifies t i l e  biologi: s i g n i f i c a r l c - c  o f  *he p h y s i c a l  

pa'ocassc3ci w a i u a P e d  i n  -1-he t c?c l~ i l ! ca l  r~por-";~?t-ie:, ( 2 1  S n i e s j r i - j t i i i  -the: 

f g -  - I  ih r r  t ; . L - h n i c . i i  rf::poi-i 5 i r i ; ( i  ( - j ) l J r  c - 1 ~  i t j ~ f & : ~  q t ~ i ' j r ~ t  i - i a -1  / * # : ,  

g i l  i ,; i i i..8ii:.,il 1 pi { j i i ~ j  d 1 5~ UCJ:, i 4 i r i s  ~ ; 2 ~ ~ q j  %) L I - I & {  i / \ k h  1 f i t  1 ~ V , I I I ,  $ , t  i ) ~  A I I ~ ~ ~ ~ ! I  0 ;  



changes i n s t r e a m f  low, s t ream temperature,  and wafer cua l i + y  on f i sh 

kabltar"s i l. t h e  middle SusTTt-na R ives  oft a seasonal basls. 

T ~ L ?  i FRR cons i sPs of t ~ o  vol umes. Joi lime I ilses project reports, da?a 

and  professional j u d g e m e n t  available b e f o r e  M a r c h  1985 to identify 

e v a  i u a i  i on spec i e s ,  i m p o r t a n ?  I i f e s t a g e s ,  a n d  hab i t a t s ,  The r e p o r t  

r a n k s  a v a r i e t y  o f  physical habilat componenf-s w i - th  r e g a r d  i o  t h e i r  

deg ree  of  i n  f l uence on f i s h  h a t  i t a t  a i  d i f f e r e n f  t i m e s  c f  t h e  year .  

T h i s  r a n k i n g  considers the biologic requirements of t h e  e v a l u a t i o n  

s p e c i e s  and  i i f e  s tage,  a s  r e l l  a s  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  

d i f fereni h a b  I t a  t types,  u n d e r  b o t h  n a t u r a l  a n d  a n t i c i p a t e d  w i Th-project 

cond i *ions. Vol ume i l o f  t h e  I FRR w l i i address the t h  i l-d objective of 

the l F R R  a n d  provide quantitaiive reiafionships regarding t h e  influences 

of  i r , c rementa l  changes i n  s- f rearnf  i ow, s i r e a m  i e m p e r a T u r e  and water 

q u a ?  i - t y  o f  f I s h  habitats i n  t h e  m i d d l e  S u s i i n a  R i v e r  on  a s e a s o n s i  

bas i s ,  

The i n t  l uence of incremental changes i n s t reamf  !ow on t h e  a v a i  l ab i l i ty 

arid qua i  jl-a/ of fish h a b i t a t  i s  d-he central filen~e of -the l F R R  VoI ume l i 

d n a l  y s  is. P r o j e c t  induced changes i n  siream .temper a t u r e  a n d  water-  

q u d  :ty a r e  i i sed to condil i o n  o r  qcial i f y  t h e  f o r e c a s t e d  respons.;.s o f  

f i s h  hab i - ta-f  to instream h y d r a u l  ics. The i n f  1 ue i ice  uf c t r eamf  iow orl 

f i s h  habiia? w i l l  be rvalual-ed a t  t h e  mlcrohabitat level and presented 

d-i- ?!le m a c i - o h a ~ i t d t  l e v e l  i n  te rms o f  a compcsite weishted u s a b l e  a rcd  

t:cirvt'. T h i s  c;~niposi-ie cu rve  b i l l  describe The ccmhlned response of i i i h  

I-.al.iJt~,i a1 a !  l 5lies iv i - t h i n  i-he same re?pmi;entci l  / v e  y - ~ i l p  r i  ir1c,r-er~ei2-jdi 

i.lidriges I . 1  o : ~ w  4,1k.in t!i:3c!~arcjeb, 



F o u r -  S e c h n  i c a  l rep or:^ arc? be i n y  p r e p a r e d  b y  E. h o o d y  T r  i h e y  a n d  

:bsoc i a t e s  i n  slipporr of ?he I FPR Vc! u m e  I I anal  y s  i i. The function cf 

each report i s  depicted i n  a +low diagram and described bet ow, 

1 . Quant i f y  Wetted 2. Assess the Represent* 3 .  Determine S i t e  
Surface Area tiveness ~f Modeled Specific Hydraul i c  
Response and Non-model e d  S I tes  Conditions 

4. Quant i f y Streami ids D e p e n d e n t  Hab i tat 
Response Funct!ons for Juvenile Chinook 
and Spawning Chum Salmon 

RESPONSE OF AQUATIC ;-i&/YAT SURFACE AREAS TO MA I NSTEbj D 9 SCi-fARG%: 1 N 

THE TALKEETNA-TeDEVIL CANYON SEGMENT OF TWE SUSITNA R I V E R ;  ALASKA 

T h i s  repsrt /dent-ifies f i v e  a q u a t i c  h a b i t a t  types w i t h i n  the 
m i d d l e  S u s i t n a  River directly influenced b y  changes  i n  
mai nstem d i scharge and p resen ls  t h e  necessary photography and  
su r f ace  a r e a  measurement-s PQ 

Sit assoill i a tad  M J Bh l ncramenta l decreases i n ma i nsd-ern 
d i s c h s ; r g e  between 23 ,000  and 5,100 c f s .  The r e p o r t  a l s o  
descr i b c s  -!-tie i n f l  oence c f  m a i n s t e m  discharge on h a b i t a t  
T r a n s f o r w  !t l i o n  sand t a b u  1 a f e s  i - h s  ~ ~ e t f e d  s ~ r f a c e ;  a r e a  
responsea f o r  17.2 spec i t i c areas  u s  i ng the f en  r e p r e s e n t a t  i ve 
groufjs p r e s e ~ i t e d  i n -the IiaS i t a i  C h a r a c i - e r  i z s t  i j n  Re-par-;. 
Surface a rea  measuremen-l-s presenfed i n  t h i s  report p r o v i d e  a 
basis f o r  e x - f r - a y o i a . t i n g  resuiis from i n t - e o s i v e i y  s m b u d i e d  
model i ng  s i t e s  to fl?e remainder o f  -the m i d c l e  Suiitna River .  



2 ,  CHARACTER I Z,4T i OF4 OF AQClAT i C kIAB i TATS l r.1 THE TALKEETNA--TiI-EEl" i I 

- 
{ h i s  r e p o r t  descr ibes the < & n a r a c ~ e r i z a ? i o n  a n d  classif ;cation 

LIP 472 specif iz areas  i n f o  t e n  _r_gg=~ 

Emphasis i s  piaced on the  t - r a n s t o r m a t i o n  specific a r e a s  
f r i ,~n i  one? h a b  i T a t  t y p e  To anof h e r  i n r-t.s?onse To I nc:-nmen-ta 1 
decreases i n  m a i n i t e m  discharge from 23,000 c f  s i o  5,l<iC sfs. 
8 0 t h  modeled ana n c ~ n - m c d e l e d  sites a r e  cl a s s i f  ic+d a n d  a 
s-triicTr?ral h a b i i a t  index is pr ~ s e ~ t - e d  f-or ~ a c h  sy?eci t i c  area 
b a s e d  upon subjective evz l  u a t  i o n  of date? ob-tai n e d  i h r o u g h  
E i e i  d reccnna i ssance s G r v s y s .  Represenfat  i v e  groups a n d  
striictijrsl habitat i nd ices presented i n f h  i s  report prov ide a 
Oasis tor ex t rapo i  a t  i i i g  habitat response f unc?ions d e v e i  oped 
a?- mode i e d  s i f es  to non-  mode l e d  a reas  w l Ph i ra The renal" ~ d e r  sf 
the river, 

3 
-d H"41)RlliUL I C REHA"S- ONSH I PS AND M O b E L  GAL f 63R4TlON PROCEDURES AT 1984 

S T u D U  1 PES I N THE TALKEETNA-TCr-DEhJ I i CANYO& SEGMENT OF THE SUS i TRA 

RIVEH, ALASKA 

T b  l s report descr l bes Phe i n f  I uence of 
14 for  j i i v e n  i 1 e ch i n~ok 

a n d  s p a w n i n g  c h m  sa lmon,  T w o  . q u a t i c  hi"tbia"at models are 
a p p l  i e d  3-0 q u a n t  i f y  s i  re-spec i r i c  h a b i t a t  r e s p o n s e s  +i? 

i nc remenfa i  charlgec i n  d e p t h  a n d  velocity for b o i h  steady an3 
spa? ia f [y  varied s-P.reamf!ow con,i*iorns, Summaries a4 siPe- 
spec i f i c  s tage-d  i scharge b r d  f l ow-d i scharse , el a f  i ~ n s h  i p s  a r e  
presented a s  we/  I a s  a descr  l piion of da t a  reduction methods 
and  model c a i  i b r a t  i o n  procedures. Weighted u s a b l  e a r e a  
f o r e c a s t s  a r e  p r o b d i d e d  f o r  j u v e n  i i e  c h i w c k  a t  eight s i d e  
chanrle l sl Tes and f cbr. spaw i; i nc~ c h u r n  sei rnon ai f 4 s l Ge channel 
arid mainst-cm L; li~i. T ' w i e  hc,b i - f a t  respnrise i unc-k ions  provide 
t h e  b a s  i s for- -the I ns.-f-rearri f i ow a s s e s s m e n t  of  - the sr; i c d  l e 
Susitna R I v e r - ,  

4, RESPC3NSE OF $ LJV EN 1 LET ' f PIOOk AND SPA W !a l S\iG CHliM SAi kfON HAE E TAT T"i3 

M A  1 BS-[EM D I SCtl AKGE I A 'TEE "Sd"li- t{Ef T!VAw T9-I7E Bi I II CANYON SEGMENT OF THE 

SUS I T'F'4 K I  VEW, AI .bSKA 

a:d-b+ from t h e  surface drt-;, i;.3pping, 
habi?,t char<jc-fer i r a t  ion, dnd  h y d r ; 7 u  i i c  modei i n g  r e p o r  s ;--Q 

b 4~ cavlde-  ad^ .ec~ m-f i~k(_ i l i~e~~i~~-k-  ha$ -( tcflil._rr-es~xa~-s t:, _"! ui;s ! -1 d ~ ; .  f or 
juvea? i le cninook a n d  s p a w n i n g  c h n i r n  531 ~ O F I ,  W e t t e d  s u r f a c e  
d rea  an-4 w , ? j g h I e d  u ~ a b l i ~  ( . ~ r . ~ a  art2 t h e  p r - l r ~ c i p a i  r i ~ ? ~ + r r ~ l ; i ~ d i l r i -  

/ ~ a b I + d - !  Indices pi-o~iji  e.1 ' s " t  ' I  3 3 c 3 l - 1 ~  r t 2 ~ 0 1 - f  P c l i '  

< j i i d ~ ! : i  i l : inuc- , i *  d f  eiigl? s j ? t ? ~ i i  i; ,3r L 3 r ~  C I ! I ( ?  t i j i ?  r t > r ~  

- [ )  - 1  ' I . " ;  ["l t ] ) ; t s  < : % l ! \ - l  1 ; \ r l > l  



habitat response f unct  l cns fcr exist 1 ng c h u m  sa i man spawn lng 
s i i e s .  The hab i t s f  response f uric* i ons  c o n t a  i ned i n t h  i s  
s e p o r h  wi l l b e  u s e d  f o r  an i ncrerr;en*al assessment of T h e  
r e a r - i n g  a n d  s p a n n i n g  potential of :he entir? m i d d i e  Susitna 
R i v s r  u n d e r  a w i d e  r a n g e  o f  n a i u r a l  and  w i i h - p l - o j e c t  
st~reamf 1 OWZ,  



The proposed S d s  i f n a  hydroeleciric p r o j e c i  w i l l a i  =t-er t i le n a i u r a !  

streamf low regime of the Susl tna R i v e r  downsfream of  River M i  l e  232, t h e  

u p s t r e a m  rnosl- e x t e n t  of the  Watana impoundment. The r i v e ~ r  segment 

upstraam trom the C h u l  i t n a  R i v e r  conf l uence (Ta l  keetna) a t  Riv is r  M i  l e 98 

wou i d exper ience nofab l e a l  teraiions i n natural l y occurr ing  s t reamf  l ow 

patterns d u e  io i t s  proxi m i t y  t o  fhe proposed dam sites and the i i r n  i t e o  

amount of influence -that tributary i n f l ows  have on t o t a l  discharge i n  

t h i s  river segment. Wi?h-project discharges a re  expecTed to b e  lower 

than n a t u r s ;  i y cccurr ing i lows during summer and h igher  than na tu ra l  l y 

o c c u r r  i ng f i ows i r! The w i n t e r .  These a i  tered -f I ows a r e  expec ted  to 

a f f e c t  3-he amotin-l- a n d  seasonal ava l i ab i l i ty of aqua t i c  kablPafs, 

Th f s repar? i den* I f f es f h e  i scat I on a r i d  descr l bes t h e  a r e a  l =*en* s f  

v a r i o u s  a q u a t i c  habitat t y p e s  w i t h i n  i h e  T a l  kee tna- to -Dev  i l Canyon 

segmen-f of  t he  S u s i P n a  R i v e r  ( h e r e a f t e r  referred t o  as t he  m i d d l e  

S u s i t n a  R i v e r )  a t  d i f  f e r e n t  mainstem discharyds. T h e s e  d a t a ,  i n  

c o m b i n a t l ~ n  wi4-h the r e s u i t s  ~f other  s t u d i e s  focusing on b i d o g i c a !  

aspec-ts of aqua* 1 c ha9 i -1-a'ts w i TBt l r? 4% hl s h e r  segmenl-, k: i l I f ac il i ?a te  

f o r e c a s t  l n o  the ef f ec t -5  of p r o j e c t -  induced changes t o  n a t u r a l  

s t reamf  l ows on ?he ava i l ab 1 l i t y  of aqua t i c  hab i t a t  -for anadromolis and 

t-es l d ens$  f i sh, 

Aer i a i phutogr apt]! i n - fe rp re ta t  i on, a l ong iv i f h  -f i e d reco~ina / ~,si;lnce, i s 

;e lng u s e d  tc., i t l e n l  i f y  and map v a r  i o u s  a q i ; a i r l ~  h a b l i a - i  - types  i n  t h e  

m i d d l e  Su!;lfila R l v c r .  i n  1984 i n i t i a i  work  oi l  d q u a f i c  hahil .a-4- i l i i l p p i i l y  

c:rlc] " I ~ ; ~ ~ L ~ c - c  D S - B ! ~ ~  n 1 t ? ~ 3 \ i , 1 ~ . ~ j f i \ ~ r !  !"-, de"fii-rrl l n ~ ~ d  '$ha I oc,~ii iori d r ~ ~ q i i v  1 c) l" 



various aquaflc h a b  i t a - t  t ypes .  Four s e t s  o f  aer i a i  photographs were 

t a k e n  a: mainstem discharges o t  23,000; 16,000; 12,500; a n d  9,000 c f s ,  

as  measured a t  ? h e  U. S. Geological S u r v e y  (USGS) G o l d  Creek; gaging 

s t a t  ion ( K  l 1 nger  and Pr  i hey 19843. These photos are discussed i n  t h i s  

repor? (wi l -h The exception of t h e  9,000 c f s  photography) t o g e t i ~ e r  w i t h  

" i -87e  surface area measuremenfs a t  four a d d  i -Ilona9 s*rg?amdI OW%:  "t8,800, 

10,600, 7,400, a n d  5,100 c f  s. The 18,000 c f s  discharge f a /  l s w i t h  i n t h e  

16,000 to 23,000 c i s  range, where several side sloughs and side channeis 

become i nu~jdat.ed by ma i nstem water. The l ow er  three d i scharges prov l cle 

a good basis for evaluating low flow cond i t i ons  i n  t h e  r i v e r .  

The surface a r e a  measurements obtained i n  1984 from t h e  9,000 c f s  

photography were om itted from t h i c ;  reporl- because the  presence of snow 

and  i c e  i n  t h e  9,000 c f s  phoiography made i t  d i f f  i c u l f  l o  a c c u r a t e l y  

determ i ne the water's edge a n d  measure the wetted sur.faces ( K  l i nger and 

T r  i h e y  1984) ( a l  so see Discuss ion). The adverse i n f  l uence of shorel i ne 

i c e  and snow cover  on t h e  a c c u r a c y  of t h e  9,000 c f -  d a t a  se? was 

cant i r m e d  i n  a compi.-i son between .the 1984 surface area measuremenfs 

obta i r ted  froin t h e  9,000 c f s  pho?ograpi~y a n d  t h e  1985 s u r f a c e  area d a t a  

nbfai n e d  a t  7,400 and 10,600 c f s  (K l inger  1985 ). 

S u r f a c e  a r e a  measurements f o r  t h e  seven d ;  s c h a r g e s  e v a l  u a t e d  i n  T h i s  

report prov idc- an ailequate b a s i s  fo r  idenf l f y  i n g  -the trans.for-mat ion o f  

i p ec  i f i c  a!-eas from one habitat i y p e  to anott ler  a s  a r-esul? o f  

I -e t i uc l - i bns  i n  s t r  eamf low, a s  wel I as f o r  quan7' i  f j i  i n g  t h e  r e s p o i l s e  o f  

w t ~ l  led surface area 'for h d l ,  l fa-l- -types and spec i f lc areas  o v i r  i he r a n g e  

of f L .  5 5 0 1 23 0 f- I-lo\, ever-, z! i-hcjtigii w t;-i i 2~1  



does no* i - e p r e s e n i  hab i t a , t  qua  l i i.y. Th i s report ,  t h e r e f o r e ,  does not. 

contain any statements concerning t h e  suitability of t he  various habifat 

types for  f i s h ,  nor- doer; i -k conta l n conc l us !&ins regar-d i ng the response 

of habidmat qua/ !l-y t o  changes i n  mainstem discharge. 

METHODS 

The f0-2"al we-E-+gd su r f  ace area of Bhe n-~ P dd  d e Sus; Otna R i v e r  was cf ass l f Eed 

7nio s i x  gene ra l  aquatic habitat types:  mainsl.em, side channel, s i d e  

s l  oug:., u p  i and s l o u g h ,  t r  l b u t a r y  mouth, and i r  i b u t a r y .  These h a b  i i a t  

types Mere e s t a b i  ! s h e d  d u r i n g  ice-free condi t ia2ns from physical 

c h a r a c t e r  i s t l c s  o f  t h e  e n v  ircnment v l s r l a i  y e v 1 d a n . t  i n  aerial 

ghoTayraphy or h e !  !copter overt1 lgh$s a n d  d o  no? necessar i  l y  depend upan 

any particular degree of u l i l i z a i i o n  by f i s h  (F igure  I ) .  A descripflon 

of t h e  types follows. 

The fo i  lowing brief descriptions were u s s d  to identify t h e  s i x  aquatic 

habll.at t ypes  evaluated i n  $ h i s  s t u d y .  These definiiions are3 limi+ed i o  

v !  s u a l  ! y recogn I z a b  l e p h y s  l c a l  charac-ker 1s t  ics present  during ice-free 

condit- ions $haat are  easily ide11"i-f led d u r i n g  helicopPer reconnaissance 

f l lgh*s.  



@-a- a h s b i t a t  Types a r e  t h o s e  channels of  t h e  r ! v e r  t h a t  

normal  l y  convey sl-reamt low t h r o ~ g h o u t  t h e  ent i  r e  yea r ,  They a r e  

visualiy recognlmabls b y  t h e i r  t u r b i d ,  g l a c i a l  water  and h i g h  

veIocitIes, i n  general, t h e y  convey more t h a n  10 percent 

(approximate) of the -fatal flow pass ing a g iven location. 

h a b i t a - t  types a r e  a l s o  characterized b y  l u r k i d ,  

g l a c i a l  water.  Velocities o f t e n  appear l ower  -rhan i n  nalnstem 

sites. I n  general, ? h e y  convey less than 10 per :en+ (appro,t i%a$e> 

of  -the total flow pass ing a g iven  loca+ion. S i d e  channel habitat 

may exis* i n  we1 /-defined channels o r  i n  areas  possessing nulnerous 

i s l a rds  and suolrrerged grave l  bars. When t h e  upstream berms of s i d e  

channels are  dewatered and the channeis contain clear  water, They 

are  classified as s ide  sloughs. 

hab i h a  ?types cots?-a l il c l ear water, S m a  i i t r  i b u t a r  i es, 

u p v e l  i i n g  g roundwafer ,  and l vca l  surface r u n o f f  a r e  the pr i m a r y  

sources  o f  cl e a r  w a f e r  f o r  t h e s e  a reas .  S i d e  si o u g h s  h a v e  non- 

vegeta-bed u p p e r  +ha l wegs t i l a t  a r e  overl-opped r i u r  l n g  per i 3 d s  o f  

mode ra te  to h i g h  m a i n s t e m  discharge, When t h e s e  a r e a s  a r e  

ovegiopped T h e y  convey ?usb i d  wafer  and a r e  T h e n  c l ass S f l e d  as s i de 

channel s, 

.kkfi~&shidyi~ hab i -i d-1 *y p e ~  a l so confa i n c i ear water- a n d  depe i i d  or: 

small $tr-t?ams, ~lpkdeil iuag, e n d  l n ca i  surface  runoff for- St-ielr wa'tet- 

r 3 u p p i y a  i l f j l < ~ n d  .;l~riigll:-~ pn5scss veyet r j led  upper thal i4og-y -ti?? a:--$ 

i drc  ly L W G : ~  %~pl;exi by nr a i ns l e t r i  d i scharg63- 



hab i t a P  t y p e s  a r e  c l e a r  w a l e r  a r e a s  t h a f  e x i s l  

where tribufariss $lots: j n P ~  mainstem or s i d e  chanwet habits-ts, hhls 

habitat t y p e  i s  man; f e s t  as a c i  ear  wzter p1 ume extending out i n t o  

the t i i r b i d  r e c e i v i n g  water. T r i b u t a r y  mouth habitat al so extends 

upsl - ream i n t o  -the trlbufary To t h e  upper e x t e n t  of  any backwater  

i n f l uence - tha t  rn i y h t  e x  i st. The s u r f  ace a r e a  of t r  i bu-bary moul-11 

habitat i s  affected b o t h  by  tributary discharge and main:;tem stage. 

h a b  i ?a?- types ar-e t h o s e  reaches of  t r i b u t a r y  st reams 

upsiream of the t r  i b u t a r y  mouth hab i -tats. T r  i b u t a r y  h a b  i t a t  t ypes  

have no? been eval  ua led  i n  t h i s  ana 6 ysls because Jri Dutary habitat 

i s  not influenced b y  mainstem discharge. 

Nan-wetted areas  were classified as e i t h e r  vegetated islands or g rave l  

bar s .  Are65  w i t h  i n t h e  c o n t r o l  c o r r  i d a r  ? h a t  were qu(3nl-i f i e d  b u t  not  

rei  evani  To the s u r f a c e  area a n a l y s i s  were c lass  i f  ied  as  ubackground.$t  

For d more detalled d e s c r i p t i o n o f  each a q u a t i c  habifat t y p e  see t he  

Alaska Department  of F i s h  a n d  Game Susitna H y d r o  Aquat ic Studies (1903). 

f <.la .f he sewon mae'nsPem d i schar-yes s " r d  f 8 d  I n ?Ire rn ic;d f e Sus l " i - n a  R lver ,  

ii i ~ i ak - - and -  w jf i 3-e aer  T a I pho-3-ogr-aphs were obTa i nsd a0 an appr-ox l ma4-e sc;a 1 E: 

. i 1 i n c h  = 1000 tee-i, w l t h  a 6 0  p e r c e n t  ovei-I ap hi?-fwcen adjact3nl-  

..)-I  J a - , a  The daPes of the p h o t o g r a p h y  a n d  mainstem d l s c h i i l - g e s  as 

i w  ( i t  ~ - 6 2 C 1  S T  -the i j S G S  Gsl d C ~ - O C ~ \  g a g  i rig 5-1 a4-/c-,n ihio, 1 _",?i?::'0!1(3) L~i J h e  

l i 1 : 4  ; i p i ~ c > i - z ~ ( ~ i - d p h y  at-&: pl-k:~,r~irted i n Ti,:) i c! l . 



Tab le  1 . Dates and ma i nstem d !  scharges a t  which aerial phoiography of 
t h e  m i d d l e  Susi-tna RIver was sb%a!nedg 

Hel i cop ter  reconnaissance f t  l g h t s  were conducted over t h e  g x i d d i e  S u s l t n a  

River a t  mainstem discharges s i m i l a r  to those a t  w h i c h  t h e  aerial 

photography was ob ta  i ned, D u r  i ng each of these reconna i ssarice f l i g h t s ,  

aquat i c  habif-at types were identif l e d  us ins  t h e  k e y  presented a s  Figure 

1 ,  and t h e i r  i x a i i o n s  were mapped on 1 inch = 1000 f e e t  scale biuell~e 

prints of the S u s i t n a  R i v e r .  Dewatered g r o v e l  b a r s  a n d  s treambank areas  

werh.: site?-cb?ed on the S i uel 1 ne p r i  n"i aas were bhaundalc i e s  of t h e  va r  l o ~ s  

k a b  i-tasf t ypes .  
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Phofoyraphic mosaics were prepared from ?-he overlapping black-and-white 

photos T o  provide continuous I i n c h  = 1000 fee t  coverage for each of ihe 

seven discharges. The photo mosaics were subdivided in to  eishteen 

s e c t  ions of approximately t he  same i engSh ,  w I t h  a smai l amoun-f o f  

ove r  l ap be-tween adjoin i ng r i ver s e c t  i cns a n d  a s e t  o f  el yh'f-een 4-1 / 2  

inch b y  15 inch phoioplates was p r i n l - e d  fo r  each of t h e  seven discharges 

(Appendix 1 ) .  For t h e  s e t s  o f  p h o t o g r a p h y  t a k e n  a* 23,0010; 18,000; 

16,CL)O; ano 12,500 c f s ,  each p h ~ t o  plaTe was careful l y  examined arid 

a r e a s  t h a t  were foe smal l i n  s i z e  to prov ide detal led r e s o l  u?ion were 

e n /  a r g e d  to a s c a l e  o f  1 I n c h  = 250 f e e t .  Entire se+s of photography 

t a k e n  a t  T9,6i?; 7 ,400 ;  and 5,100 c f s ,  were e n i  a rged  to a s c ~  l c of  1 

l rick -- 250 f e e t ,  

Aqua? i c  h a b  i t a t  b o i ~ n d a r  ! es mapped on b l ue I i na pr i n.l-5 d u r  l ~y t h e  

helicopter reconnaissance f l  ights were t r ans fe r r ed  t o  corresponding sets  

uf pi-~otographs. Figure 2 prov Ides an example of t h e  teciinique used for 

the  photography raken  a-t  23,000; 18,000; 16,000;  and 1:.,500 ci-5. The  

l e c h n i q u e  used for t h e  photography i a ken  a t  10,600; 7,400; arid 5,100 c f i  

\#/as es ent i al i y the  same, w i t h  tho  excel)$ ion Pha t  bn l ai-gement d r s a s  iver-e 

il~1.k' dm@qbJ i r 0 ~ 1  because ?he &)st3 i r e  s o t  o f  pksoj-oyr.dp~?y ~ t 3 5  pi' i i..tb-ed cd"d-i-~e 

-,ccJic. cif i i n d i  = ?tKl f e e t .  Ma-tc: l~j I I - I E ~ ~  vjterv < ~ a w ~ - i  ~ . i t ~ ~ j c J r ~ i ~ ~ \ j  



edges o f  t h e  plates were n o t  counfeci ?*  ice, The b o u n d a i  o f  each 

an l argemen? area was es9ab l i s h e d  u s  l ng prom i r .ent  topograpk~ i c fea tu res  i n 

*he photog -aphy  and drawri on b o t h  t h e  p l a t e  and t he  i n d i v i d u a i  

en l argomen?. Tli  i s ensured t h a t  areas  !r i t h  i n  i h e  en l argement cau l d b e  

s u m m e d  and compared w i t h  the en l argement area on t h e  p i  ate. 

The ex'ter-na! bsadndar leg of the -total area So b e  I nci t ided i n  - t he  sur face  

a r e a  ana i y s  i s !control a r e a )  were aef i ned on each  p !  a t e ,  sc t h a t  sub- 

ar-eas w i i-h i n the controi a r e a  could be t o t a !  ed and compared iv i t h  3 .,e 

total c o f ~ t r o i  area of t h a t  p l  ate. i n many cases, i i  was necessary to go 

b e y o n d  T h e  r iver  ct lannet  boundaries to as'i.ab i i sh sit i aen-f-i -f i a b i  e 

constani confrci  a r e a  boundary. The a r e e  l u c a t e d  b e t w e e n  t h e  c o n t r o i  

a r e a  b o u r ~ d a r y  a n d  The r iver  channel was d i g i t i z e d  (see b e l ~ w )  a s  

vbackgroundt9 ( r e f e r  to F i gure 2 h ) .  

I n  addition t o  delineating habitat t y p e  boundaries, IndIviauaI channels, 

r e f e r r e d  to as  igspec i f  i c  a r e a s , "  were a !  so del i n e a t e d  and d i g  i i i z e d .  

--#- 

ibis enabled t h e  habitat i y p e  ji a g i \ f e n  locarion to b e  cracked a t  

different mainstem disctiarges. C l  ose  e x z ?  i n a t i o n  of  ?he hab i t a i  t y p e  

napp i ng reveal  e d  T h a t  habitat i y p e  a t  a given i u c a t  ion rnav no: i ema i  n 

$he same over  a r a n g e  o f  discharges. i n  general, the geographic&/ 

! oca-l. ion and pers i stance of cer-fa i n h a b  i t a t  :-) pes, s u c h  as ti- i hiitar l es 

a n d  i-he1 r mouths, a r e  f i xed, d l  t h o u g i ~  t h c ? i  r- sui-Face ar-eas md), r e s p o n ~  

~ J y n  i -l [ c a n t i  y Jo changes i n  d i  schar gc. I n  otl3er cases, irdi.sIc)i-iiia1-ions 

c>.& t;lrie h t j b l t a t  type!  Ir!4-o ano+tjer may i-cc:ri 21% rb  er hiJare ~ ~ I C Y P ~ S C ~ S  or- 

deci;-et9ses, For s.rst:1~t3 alota/ l sd descr f !;?- ion  \,E. -it"-je a~ie-r"E"~i;:qjc~j r ~5 
dl r 

t i !  

t,#f ~ t ~ n .  ; i f f a ~ i  k c  "9 ;;3:-1>~tu1.r0:3: L~sa t2n ,q iy~  Y ~ ~ t ~ ~ ~ x  i 1 4 : ~  % k- 







i n  -i-h i s  report, dig1 t i z  ing refer-s to the  process of calculating the area 

1.r i i h  i n a per i m e t e r  c i rcumscr i b e d  on t h e  a e r  i a1 photogrzlphs. Area 

calcuiations were made u s i n g  s Numonics Model 2400 Digilablet a n d  

r 
i l e c t ron  i c  Graphics Cai cu i d f o r  connecied to an E p i o n  HX-20 Notebook 

C u n p u t e r .  P r  i or to d i g  i 3 - i  r i n y  each photo p i  a t e  a n d  en i aryemenf, 

b ~ u n d s r  ies were drawr, artar~nd each we?t@d and non-we*ted h a b  il-a-t e t emen*, 

By l r a c  i n y  t h e  per irnc;.ter- of  a g i v e n  a r e a  w i t h  :he Numonics C igiTabl e t  

cursor, t he  area c ircumscr i b e d  i s  cal cti l a t e d  by t h e  Graphics Calculator 

to an accuracy of 0.01 square inch. T h i s  accuracy i s  greater than t h a t  

of d e l  i nearion a n d  operator tracing error.  

Digitizing s t r a t e g y  consisted of dlsitizing t h e  confro!  a rea ,  t h e  

enlarge men?^ ( i f  a n y )  and el sn~ents  w i t h i n  t h e  controi  a rea .  I f  

en i a rgeme . i t s  were present, ?he total a r e a  of the  enlargement was 

digiiired, Poliowed by .tiie e lements w i t h i n  it. Each area calculation 

was psrfor~ned -9.w lee, 3 f t h e  percen-l- error bel-veen t h e  -4-wo ateasurernenb 

was g r e a i e r  T h a n  -f i v e  p e r c e n t ,  ?be a r e a  was redigif l z e d  ~ n t l  i t h e  

percenJ agreemen? was less t i lan  f he. An interactive compuTer program 

was deve i  oped for +he HX-20 which promp- led  t h e  d i g  i i  i z  ing operator fo r  

-I-lie p i  a t e  n u m b e r ,  flow code, control area  number, en l aryerneni number ( i 

any), tin I argemen-i- Eartor, h a b  iiat ccde, el cment i~ufnber,  spec i f !c area 

river m i  i e number, and i h ~ !  d i y  i f  i z e d  dr'ea (tr-dnsferrea fr-om the Grdph ic2; 

r u  1 a t o r ) .  The [1"'"'3'"4" checlced pet  c e n t  a g r T  crnenf f o r  each i~:easuri:mel~-t 

~ i 3 : c :  p e r - f c ~ l  mr:d Pkle t ,urrlr~)dt icrn L.t e ! ~ ~ r r l ~ n - t $  far C C O B I ~ ~ ~ ~ ^ ~ S C Y ~ ~  9 i tbc+ i;li $ - i d {  

.,1)!1 1 ; - 1  i: l;f g f i e ~ ~ J ( ~ $ - e ~ ~ n ~ j a a I ,  



Sur-face a r e a  measurements  t h a t  h a d  been s to red  on the  Epson m a g n e t i c  

t a p e  t a s s e f t e s  were t r ans f e rb red  inPo a comp~terized d a t a  b a s e  f o r  

storage, sorti ng, and  subsequen-i ana i ys i s, Each i nd i v i d u a l  su,rf  ace area 

ineasuremenl was entered a s  a separat-e record t h a t  enab led i d e n t  i f  ication 

b y  d i scharye ,  j i ho tograph  (correspond i ng t o  a r i v e r  m i i e index) ,  

i n d i v i d i ~ s i  a r e a  n u n b e r ,  and specific a r e a  r i v e r  mile  n c i m b e r ,  i f  

appropr i aPe. 

Correc-i-ion f a c t o r s  sere s n f e r e d  -!-Q 5-f-anifarrftze *P-o a C O ~ ~ Q F !  5ca Ie  oi  3 

i n c h  = 1000 feei .  Due to prevailing weafher factors a t  the time of t h e  

aer i a!  pho?ography f- l i g h t s ,  s i  g h t  r a r  i a t  Ions i n  sca l e occurred i n the 

various photo sets .  S u r f a c e  a r e a s  w [ t h i n  eni a rgemeot  a r e a s  and f o r  

-those s c t s  of phi j los pr i nted en* i r f i  y a t  $he en l arged sca l e were d i v i d e d  

b y  a f a c f a r  o f  16 t o  account f o r  the f o u r f c i d  d i f f e rence  i n  s c a l e  

be?~ujeem 1 i n c h  -- 250 feed- and 1 1 rich = "800 feet, 

Surface a reas  were surnmed by  habitat t y p e  tor ihe en-f i r e  r - i v e r  corridor 

be- l  ween ' ial  kee-t na and D e v  i i Canyon for- each c.i the  seven d i scharg i - ; '~ ,  

Pt. ceirfayes of -!he - l - ~ t d /  r - i  ve r  ~ i ~ r i a c c  ar-ea rcpr-esen,trc:d by  e a c i ~  aquatic 

blab i t a - f  -hype were ca6 c i ~  B a-l-ed. Sur f a c e  a r e a s  of i rid i v %  d u a l  c h a i ~ ~ ~ e l s  

! sp(:c; j f 1 c ar-er-if, ,' nrec-e a l so de-feu-m l rtecx , 



Lncai [ z e d  changes i n  channel geometry which occurred as a resu i t of h igh 

f i ovi events i n  1981 (K l i nger-K i ngs l ey and T r  i h e y  1985 1 resu  l t e d  i n  some 

incorjs i stenl s ~ r f  ace area measurements for  the 18,000 c f  s pi?otography. 

These i ncons i s ienc i es  were cons i dered ar! a r t  i f a c t  of ut ;  i ng ~bhotography 

obfaInod b e f o r e  a n d  a f t e r  a m a j o r  f iood even t .  The 18,000 c f s  

photography i i  the on i y  prt11981 condition analyzed, whereas post-1981 

c ~ n d i - i - i o n s  a r e  represented by s i x  se fs  of photography w i t h  f lows ranging 

+a-.;)m 5,100 T o  25,000 c f s ,  

Because t h e  change ifi s u r f  ace area of aquaric habits* i s  a f u n c t i o n  of 

discharge a n d  channel geometry, t h e  m i d d l e  Susitna R i v e r  was subd [viceci 

i n t o  C c w -  s i ;bsega~enf .s ,  e a c h  p ~ s s e s s  i ng somew h a t  d i f f e r e n t  

georaorpholoy i c a i  c h a r a c t e r  i s t  ics .  RM 101 f o  113 ( T a l  kee9na-to-Lane 

Creek) is 3 relafively channellzed subsegment of t h e  m i d d l e  r i v e r  w i t h  

few mid-channel vegeta"red islands or gravel  bars  and few s i d e  channels 

brar~c l - l ing  a f t  from t h e  mainstem. RM 113 to 122 (Lane Creek-i-~rCurry) i s  

a mare b r a 1  d e d  subsegment  w i t h  mid-channel i s /  arlds and  s i  d e  c h a n n e l  s 

bi-anching from $ h e  niainstem. RM 122 i o  138 ( C u r r y - + - G o l d  Creek) i s  a 

bra1  d e d  subsegment w i t h  i a r g e  mid-channel islands and g r a v e l  bars  arld 

numerous s i d e  i i 7 a n n c l s  b i - d n c h i n g  nf f from -tile rnainsrem. RN ! 3 8  to 149 

iGol d Creck-ttz-Dev l l C a n y o n )  i s a more channel / z e d  subsegment i~ i t h  some 

a -  5 i c j  n L I -  1 1  I L .  f from -the m a !  ~:s-r'e:n. S'o+ai s u t - f a c e  

areas  of each h a h  i fd l -1-y pe kd i -l-h! n i i i ese  subsc$men$s were determ l ned to 

focus a i t 2 n - t  io r~  cil t h e  diversity o f  h a h i - f a t  t y p e s  arid s u r f a c e  a r e a  

i ~ j ' ; P O ~ ~ ~ 2 ~  amilnti ';iibsegrrianis w j l h tl i f fc>l6!i l t  rnor pl~ol C I ~  i c chirrdcter- i i ci. 



The pwcen-i- change i n  habifat -type surface area beetbeen t h a t  prcsefi* a t  

23,000 c l s  and at T h e  o t h e r  d i s c h a r g e s  of interebi was cd lcu l  a l e d .  

A v e r a g e  mon th1  y d i s c h a r - g e s  f o r  t h e  Susitna R i v e r  a-t- G o l d  Creek r a n g e  

f r o m  1,500 c f s  i n  w inter tc. 28,000 c f  s d u r i n g  summer w i t i 7  ari ave rage  

anniia i e i scharge of 9,700 c f  s (F  i gu re  3 3 ) .  Snowmei t. runoff du~r i ng June 

and early J u l y  accompanied by  glaciai m e i t  a n d  r a i n f a i  i runo6ff  during 

J u  i y a n d  A u g u s t  prov i de s t a b  l e and pers i s t e n i  h i g h  summer d i scharges  

( F i g u r e  3 b ,  c ,  d l .  Fr-om an a r i a l y s i s  of  t h e  hydrologic data, i t  was 

deferm i ned P h a t  the aer i a i photography ob?a i ned a t  a ma i nstem d l scharge 

of- 23,000 c i s  represents a fypical mid-summer discharge fo r  the m i d d l e  

Susitna i i i v e r .  Therefore, t.h i s  phol-ography was u s e d  t o  d e p i c i .  basel ine 

mid-summer condiTlons, 

RESULTS 

T o t a l  s u r f a c e  a r e a s  f o r  a q u a t i c  habitat t y p e s  i n  the  m i d d l e  Susltna 

R i v e r  are  presenfed i n  T a b l e  2.  I n  some cases, such as for  tributaries 

and t h e i r  mouths, h a b  i l -a t  l-ype i s  associafed w i f h  spec i t i c  geographical 

loca'rlon and -the habitat t y p e  pers ist -5 over a broad range of s?rearr;f iows 

even i h o u g h  tl. s u r f a c e  a r e a s  may r e s p o n d  5 i g n  i f icar l t  l y to c h a n g e s  i n  

discharge. I n  i;thar insianceri, specific geographic loca l - ions ?ranstorm 

fl-om one habital- t y p e  lnio a n ~ t h e r -  a s  r her- s-iage i n c r e a s e s  or 

deer-~ases, 
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S I : ~  t ace area va i ues presented i n Tab1 e 2 were p i  otted to i ! l ur-,trate t h e  

surface a r e a  r esponses  of l n d i v i d u a i  habitat t y p e s  i n  response to 

cl..snyes I n  m a l n s b - e m  d l  sctlar-ge i F  i g u r s  41, Surface arcas  of mains-tern and 

s i  d e  channei h a b  i t a t s  were smal l e r  a t  l owar d i scharges. Concurrent  i y, 

U X P O S ~ ~ ~  91-avel bar- surface areas  were larger a? lower discharges. 

SIC% s lough surface area increased w i t h  decreasing discharge tdown to a 

mainstem d i s c h a r g e  of  7,400 c f s ,  and t h e n  decreased a t  5,100 c fs .  

Up! and slough surface area remai n ~ d  re /  a t lve l  y constant  over the range 

of ma i nstem d l scharses, decreas i ng somew h a t  a* 5,100 c f  s. Sur f  ace area 

of tributary mouth habitat was i a r g e s i  a t  I n t e r m e d i a t e  f lows of 16,000 

arid 12,500 cfs. Vegetated bar  su r face  area remained relatively constan? 

over the r a n g e  of mainsteni discharges. 

Exam B naP ion of t h e  data  rsvea l s % ncons l %+en? surfaca area measurements 

l o r  s i d e  channei a n d  s i d e  s l o u g h  habifat t y p e s  to r  t h e  18,000 c f s  

photography. Side channel surface area is lower and  side slough surface 

a r e a  is h i g h e r  t h a n  va l  ues expec ted  f rom i n is rpol  a t i o n  b e t w e e n  d a t a  

g o i n f s  a? lb800i3 a n d  23,iSol) c f s ,  Exam inaP-60fii 01 -f I OW records f 0 1 -  Th8 

m i d d l e  Susitnz R i v e r  r e v e a l  that -  J u l y  a n d  R u g u s ;  1981 were periods o f  

reiatively c o i i t i n u o u s  h i g h  flaw e v - - r i t s  ( K 1  i n g e r - l < i n g s l e y  a n d  : r - l h e y  

1985) .  I n  a d d l  t i o n ,  compar ison of  s h g e - d i s c h a r g e  r e l a , t l o n i h i p s  

prapdred before and a l t e r -  J u l  y-Augus-t 1981 .-how% a 0.25 t t .  r - ~ d u c i  iun i n  

$-:age for sc lu  i v a l o n f  c l i sch i r r~ jo?~ (USGS 197'. 1982). Ti? !  :, s u y g u i t s  -$-ha'; 

:>coiir i ni( occurred d u i - I  ng " t h e  h l q h  f l c i w  e 7 - 5  of  1981. 111 i 5 1s 

<-or!% i s? i ~ i i  % w i 7 !I 3 l ie c: .bs t~r- \ :~i  l ion o f  l ei,i, c-t ! t l ~  1~ i oricgt~ ~ 'snd r n o r  62 i (dc? 

L 1 j t a t  t - f 3 - s 1 1 - - : 1 . L !  1 A*:> 

l i i r s i  f i t 2  K *, e; i - i3  i . ) i d i  ~ 3 ~ 1 ,  i < I \  t : ~  I i I , i j  l c i " i  rjt "ii I $1  i ,t* E t ia I ;a1 : 



overt-up She head berms, resu!tlng i n  more s i d e  channel sur face area and 

isss side slough surface area aP a g i ven  discharge a f l e r  1981 than prior 

-9-0 1 9 8 L  

Tab! e 3 presents t h e  percentage of the total r i v e r  corridor represented 

by each habi ia i -  t y p s  for each of ? h e  seven mainsiem discharges. Table  4 

p r e s e n t s  t h e  percen? change i n  ?he s u r f  ace a r e a  o f  each hab i 9 a t  t y p e  

a.1- each discharge is calculated from a basel lne discharge of 23,000 cfs. 

The m l d d l e  Sos i tna  R i ve r  was divided i n t o  four subsegments based upon 

d i ffer ing geomorphoiogical charac ter  I s3-I cs. These subsegm~!n t s  e x t e n d  

from approximat.ely r iver  miles (RM) 101 to 113, 113 to 122, 122 to 138, 

a n d  "13 8 0  149, Because of  d f $fsr-.geaces ! n t h e  amount sf strrface a r e a  

w l $ h  i n each r iver  subsegmen?  a n d  f he des i r e  t o  accent  the  response of 

hab i ' ra t  surface areas w i t h i n  t h e  r iver  subsegments, surface areas for 

T h e  var lsus habitat "gppes a r e  r e p o r b d  as %he percent of I-oSal area On 

the subsegment  river corr Idor (Figure 51. F igu re  6 presents a r e l a t - i ve  

cc mpar i son of t o i a l  sur face ar-eas ca l cu l a*ed for va r  lous hab i t a f  7'ypos 

w i l-h l n t h e  ent [ r e  Ta l  kee tne t s -Dsv  l i Canyon segmeni and B l i h  I n  +he four 

subsegments i n  response t o  chang l ng ma i ns-tern d i scharge. 



T a b l e  2. T o t a l  s u r - t a c t  a r e a 5  by  h;ibi t a t  t y p e  M ! t h i n  ?lie r r i : ; d l e  S u s i  t n a  
R i v e r .  

M+:lnstesn 

S i c s  Channel 

Side  Slough 

Upland Slough 

Tr I buPary &>uSh 

Gravel  Bar 

VegsPatsd Bar 





ljriic j* Su;-facc: .jri.,j; h d b I ? , i l  t y p e  a i t h i n  :he n : i d d l e  kEiitfi,? f ? i v c f -  
ta.ipf e ~ > e d  " 5  ;' i jerct int  < : ~ ; t  ot t h e  tc't %jl i i ~ e i -  cor r 1 cloi 81-i'a. 

iA"i2:- 2~@2 Q ; ~ , ~ " S c f ~  jO,&QQ-& ILJQQxfs 

I&--! I r~ 5-t +p, 31 ,2 32 " 2  3 2 - 1  30-7 

S c,dt3 C h d n j i c  [ 9 *t? l i?  ,@ 12-z  1 4 - 1  

C - * - brca Slough 1 . 5  -! -6 i . I  1 - 3  

UpSanB S l a b y h  0 , 2  ‘d-.5 0,: 0 . 3  

I r  i bk,Tsry Pauf 3 6,2 t$ a 2 G .2 t3 -5 

Grave :  Bar- 32,1 23 ,R 2 3 - 5  2 2 , ~  

VedeuateQ 5ar 24,9 2e ,3 26 - 4  2 4 , 7  
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S ica  C116nnei -23 - 3  - 1  - 5  - 1 ' 1  -7 --**iI " ?  - 3 ~ 2  -38.1 

S i d e  Sracgh 121.1 bZ ,t? 124,f : A  J J  i .h  l, 1)b,3 a? * 1 ~ 5 - 4  -) 

C y l s n d  Stonryh 0.8 - 7 , 4  -9,B "a 1 * t~ -1d .8  -3?,6 

; t  I ~ M - ~ P - Y  $~GLJI~ 52.1 103.1 'l f6,5 - > $  % ?  i ) * r  23. ,$ 
? p  4 

Cr-avei Bar- 53 -2 74 ,O I l l , r S  l L - j . l  181 9 ~ o q ,  5 



GRAVEL BAR 

", 

S % D E  SLOUGH 

SIDE SLOUGH 
*a- -.." *- -- ---*--*--,-"--. 

*e:x::i"*-As J*-*~&**=-L-LA--L~ 

5 + U 15 



Cur t  y-to-Gold C r e e k  

SIDE CHANNEL,, 
/-----'" 
/ 



'i'alkcetna to Devil C a n y o n  

R rol  to -949 

i-ai-nc Greek rrr C u r r y  

R M  133 "i 1'122 





A i i -  photo  i n i e r p r e - t a - i - i u i :  i s  h i g h  i y  d e p e n d e n t  u p o n  ? h e  qua1 i t y  o-f *he 

p h ~ i o y r a p i - 1 7 .  A i  t h o u g h  each set  of photographs obtained fo r  -t-h i s  s f  u d y  

Mas yenet-di ! y  z i ea i  arid comple-i-e, the t inre of day ,  daie, and prevail ing 

weather  conditions s i  T h e  t i  me t h e  aer  i a l  photographic missions were 

t l own a t  tezted + h e  e x t e r i t  3x1 w h i ch d e t a  i e d  r h e r  i ne  t e a t t ~ r e s  Mere 

v i s i b l e ,  

1 he ?3,0(:6 c f s  p h o i u g i - a p h y ,  r a k e r  on J u n e  1,  1982, was c b t - a i n e d  a t  a 

t iiiit, i.i t h e  year- when t h e  sun  was a i  a h i g h  a n g l e  a n d  decldious 

~egc!-?r  ion i > s d  no$ i u i  i y ! e a f e d - o u i .  Th i s r e s u  l t e d  i n  few s h a d o * ~ ,  

e n a b  i i f i  L; ~ x c t  i l e n i  del i n e a i  ioi-1 of  w i - i l e r t s  e d g e  an3  S !  o ~ g h  b o ~ n d a r  ies .  

l i - ie  7 , 4 0 0  c i s  ar;d 5 ,100 c f s  ph~toyrapby, obiained cn Ozi-cber 4 and 14, 

1994, recpccr i v e i  y, have extens i v e  areds of shzdows a on5 the solith anc! 

ea.;;i; 51h~;ir s I i n c s .  7 17 i 5 was Cl~e pr i mas i i I, to - the i ow s u n  ang l E: d\jr P "I;; 

t h a r  t ime  r d i  y e a r ,  Thsse s h a d o w s  somct /me> o b s ~ i i r e d  the wdiervs e d g e  

c;nd indilt scme i u r f  ace ared d e l  ineat ians mare ij i f f- i cu  i i-, The ra!naini ny 

Sr3pS hsbf p S l o - l o c , t - h  h a d  i sol a t e d  shadow prob  l enls, I r, sp i Te of -:he nz i no;' 

p r - o b  l em5 w i 't-1-i bjilail-ayraph l c 2~2-la ii , accur-a-te a n d  r-t:i j abI E: sur face  a rea  

mea:si:! t : m i a n h  were ob-rr. .!  n e d  u s i n g  v. i r  i o i ~ s  t c c h n  i q u ~ i ?  to C I ;  d i n 

:I e 1 i i-1 t2 "+ / t.) f " l  * 



w h i c h  reduces $ v e t t e d  T o p  w i d t h .  S i d o  s i  ough habitai a t  9 ,000  c f s  was 

overes t ima ted  i n  1983 because the sharp corltrast between snow and wet 

sand made i t  extreme1 y d i  f f i c u  i f t o  accura te /  y d e i  i ne f h e  water's edge. 

T r i  b u - t a r y  m o u i h  habital- Has underestimated i i i  1983 because of t h e  

difficulty i n  d i s t i n g u i s h i n g  beiween the c l e a r w a t e r  plume of  the 

* r - i  bu fa ry  a n d  the clearing mainstem. Becai~se o t  These problems w i t h  The 

9,000 c f s  photography and $ h e  d i screpanc i e s  i n f h e  s u r f  ace a r e a  o a t a  

when compared 3-0 t h o  10,600 a n d  7,400 c f s  d a t a ,  i - h e  3 , 0 0 0  c i s  

photography and da?a were nct- included i n  this analysis. 

Aqua t i c  i ~ a b i t a t  suf-face a rea  reLponses arc- a function of : i r e la~ i iow and 

cf!ar?nei geonlctry, 1-sca l !zed c h a n n e  i yeome-Sry changes werii.: obseruea 

be*iween -!-ha 18,000 c f s  phoiographj ubiained i n  1960 a n d  the i - e m a i n i n g  

i, s e t s  o f  p h o i o g r a p h y  i a k e n  i n  1982-84 i K  i n y e r - k  i n s s  1 ey an -i T r  i hey 

5 "These api;ea:-eo 4-0 h d i e  beer. T1.e r3slri-t- iif h i g h  f low events  w h i c h  

: ~ i c u i r e o  d u i  i r g  J u  i y a n d  A t . ~ g i : s f  1981, The a p p a r e c t  l y incons i s.ter;i 

wr--face ased rneasr.rr-e~tenI-s J-or 5 i d e  chariiiei a;ld s 1 d e  s i ough hati E Pa? T y p e s  

3 7  i b , 0 0 0  c i s  can  De e x p i  a i i l ed  as  s r e s u i  t o f  scour - ing  ivhic!~ occijrred 

t ! u r . i r z ~  -Ellis k s r ' l o d ,  

f ?  
i, I s)sr;+f c<?~.ara I rid t i L ~ O  cjb: t h e  18,636I) c f s i i a h  shoi+ s d d i i fere,?n,:e o f  

np i ' rox  i m a i t  i ii ( 40 i - tc i -es ht' t i r : j ; .eo Il-it: iiiila~lji / i i f  s / ( i~? u u y h  5 u r  I dce 

~ i r t : a  pr-t. i i . i l t  i~ii j h c  18,000 c f b  phr,)ij:, ~ c r - s i ~ ~  i h r  amoun t  u x p e ~ 4 i . d  b y  

I t t  I d 2 . 1  I ,  C i ) t l * c i i - q ~ . I j . ,  ~i i ; i i i ~ ~ i - e i i ~ i ?  

- !  , i i l i > f~ ' h /~ i i l ? i . ! ) .  ~ ' 2 8 O  z l .<o*  i : ~  d ~ ~ ~ t ~ ~ k 2 ! 1 . ~  b ~ ? k i ~ C ! i * i  i J / 2 ~ ~ t i ? ~ V 6 ~ , ~ ~  t-j!li! ~ : & [ } t - ~ x ; ~ ~ ~ ~  

$ ; ~ c , c :  P k i i ~ ~ ~ i  v ~ j j i l ~ l i ,  i i -ar-  t L 1 1 ~ 3 b ~ i  i i a 3 i  r j i  l f i C l i , O l l Q  ~h 93 'i ! i th.? 

k d < ~ ~ ~ t i i  ii-ji; t211i  ~f ( c ! r ~ l t t * / *  ~ - L , J ~ I / < ;  t , , ~ p t : ~  1 ~ ~ 1  / I ~ J Y L - >  i q - : : ~ i j j  !I b t l i  

1 J f j t  \ , {  f i i <  1 1 8 1 $ i a  i * \ k % $ j  t i l : d l  1 \ { $ J  4 l>f<li y - ~ ;  6 J  i b ! i  \ )  1 d b \ t l  



he&,] bernis were lowered, These 'f-rar:sfoi-mat ions cowl d account for "rhe 40 

acres  ol s i d e  slough su r f ace  area apparently 10s-k. T h e  additional 240 

acres of  side channel s u r f  ace a r e a  b e y o n d  t h a t  gained d u e  t o  habitai 

Transfor-mat-ion f rom s i d e  siough may be  a r e s u i t  o i  laierai cutting of  

~ h t :  i:mk:J of The channels. T h i s  iateral cufting w o u l d  r e s u i f l i n  a w ider  

chaiiriel a n d ,  t h e r e f o r e ,  a g r e a t e r  s~rface ar-ea f o r  a g i v e n  l n n g f h  a f  

ci:c117;-:e I 

C/iannei morbhoi c q y  cilanyec arid h a t  i t a l  iransicrmations are considered a 

c o r n d l  occurrence w h e n  v i e w e d  i n  t h e  c o n t e x t  of- i o n g  Term channel 

b e h a v  lor .  S t u d i e s  c o n d u c i e d  or! bra'ned gI  a c i d  rivers i n  New Zea i  and 

(Nosley 1'382, 1983) indicate - t h & t  mu/+/-channei river systems typically 

prov i ae a r e  l a t  i vel y c o n s - t i n ?  a m o u n i  of habitat desp  i f e  t h e  f reqbent 

~or,htlii oy i c a i  char-iges Phe r h e r  exper rP?r?ce~, 

The channe!  cl'dnges a n d  accompany i n g  habitat traiisformations i epresent a 

r o l  a $ i v e i y  saia i  l p c r c e n i s g e  of T h e  Tota l  i v e t f e d  surface a r e a  of  t h e  

1.i.1 i d d i  e Susl t n a  R3 ver, A?' 25,000 ifs, appr-oxlmaTc!  y 5,000 ac re s  ci i  

wei-bed dres ii i r esen$ .  T h e  40 acres of s i d e  s iough hab i i a t  w h i c h  was 

i r a r ~ i i o r m e d  i n t o  s i d e  channel habir-a- t  represen$% 0.8 ;:ercent. ,t t h a i  

-f- r n i  wc???.eci drea,  The a d d  i Ji Ionat side c h a n n e l  l iab  i ia -d ined as a 

i -ec ;u  l "t of i a l t - r a l  c t i anne i  ban i% cu-t--"8 i i iy or ottier- 5l ni l i a r  processes 

i - ~ ~ ~ < ? ~ ~ ~ T ~  ~ p p m x  i r n a t e i  y percen* of t h e  i o t d  w e t l e ~  s u r f a c e  at-ea. 

Til t? i c ~ ~ r : , ~  i t u d e  o f  c h d c i n i -  i c i i o n g e s  expeciec! t b  oc-cur- ($ti!- I I I ~  yea{  ,c:~ 

t ; b . / j i i ~ !  t i t ) $  rriort; $ y , - ! i c e /  f l ( : ) b ~  rc;sit~ie!s; W U L I I ~  b ) t;xpe~:*tetA b ~ :  I G S * ~  4 / \ d f !  

i !:csi, . 



DeiiniSlons for  a q u a i i c  habitat types u s e d  i n  t h i s  s t u d y  represent a se-! 

o f  :.;I s ua l  t y F - e c ~ g n  l z a b l  e ,  env " r o n m e n t  al  charac- f -ea- is? lc I j  t.J3a..5' do no?- 

resiric: ? h e  o c c u r r e n c e  o f  B pariicular- habitat f y p e  t o  fixed 

geographical iocalions. An exampie  o f  t h e  f i ow--dependent n a t u r e  o f  

'these definitions and  how habi l -at  tranbformations may occur i s  reflected 

by  s i d e  s lough  and s i d e  channel habitats. Side sloughs, by cleiinii lon, 

are  clear water habitats i n  which t h e  f low i s  maintained by upwelling 

a n d  local si.irface runoff. E\ non--vegetated al l uv i a! berm a t  ?hie upst-rearn 

e n d  n4  The dewatered over f iow channel separa ies  ?he clear h a t e r  h a b l f a i  

from ?he a c t i v e  channel. &hcn main sic^^ d d l d h a r g e  increases a n d  r i v e r  

sf-age rises, -the a i  luviai b e r m  a t  ?he head of  t h e  slough i s  overtopped. 

T u r b i d  i a a i ~ s t e m  ~ a t e r  f l o w s  i n f o  -the channe l  and repiaces +he former 

c i e a r  wa-ter hab i tat w i tii deeper, t a s t e r -  f ! ow i ng - i u r b  I (: w n t e r .  The 

z g u a P / s  habitat a$- t h i s  iccaifon T h e n  f i i s  +fie d$finition of s i d e  

c h a n n e l  h a b  i f a t .  Converse i y ,  as m i  i nstem a i scl large decreases,  a r e a s  

classif led a s  side channeis niay become c u t  o f f  f rom i ~ c i i n s t e m  -flow at 

-i"fseb ssp:;tr-@am e n d  and became cE ear- ua-f-er h a b  i-"sal'.s, 1 f ?he i;j water  

i n t iow 4-0 these  s y s t e m s  is  s u f f  ic!en;- i o  maintsin a d o w n i t r e a n  

connectro i . - i  w I t h  -the mai~sPem, -these a r e a s  f 3-t -5-hs d e f  f n l - t ia ra o f  sl~jc-, 

slough habitat, 

Generiii t t x n d s  i n siirf dce a r e a  i espoi:sc to m a  i ns-rum o i scharyc:  i;ei:;t*ne 

~: j~>pc l r -en i  I n t i i i  i : s i u d y .  As m i i i n s t e i i l  d i ~ i i ~ a r - y e  dec reased ,  t h e :  5 u r i , i c e  

r h  ui' L !  ;niiii~>"tern ,jnd site c i~d i? i ?e i  i l a b i t 3 - t  I - ype :>  t i i i c i e a i e d .  

C ~ r i c o r c - s i l t  i y ,  bide ii x i g h  i iabi la t  sur-f,icc. at-ea ii~t:[-<>~jsc>d w 1-f - t i  ~ i * ~ ~ r < + ~ . . i : : , / r ~ c j  

{jl:-::/~di"s~+* J*hi? d ~ 5 ~ ~ ! - ~ d ~ e  j r ~  Z F ~ L ~ P  b/c:l!~t..ji~ d1.e;~ :A~~L.IVJ~"I ? $ i O t . l  ~ t ; - )  



was due - i ~  ;orr$o of  s i u u g i r s  dewalering a t  t h e i r  downsj-ream end 

/ eav t n y  remnar l t ,  p o n d e d  w a t e r  w h i c h  was no"rcot;sider-cd a v a i  table 

hab i -ra%, 

-#- 
I he s u r f a c e  a r e a  r-esi~ons;: c f  mai nsiem, s i  d e  channei, and $5 i dc slough 

h a ~ i t a ? - s  i s  no t  ncceszar i  l y  cireciiy correlate< av i t h  i i a b i t c 3 t  qua i  i t y .  

s\cr does I - :  ; : j rec f  i y  i -ef  l e d -  $he  arnolin-t- o f  usabi e habi-ia-1- a v s i  l abl  c:, 

For exzmpIe, i r? m i r i n c t ~ s m  and mnie s i d e  chani7ei h a b i l d t s ,  veiocit~ and 

G e p f h  n;db be i i n l i r i n g  f6cf-orb for- the clstribution of fich. As n>air:sfern 

a i d  ~ i d e  r:hannei s u r l a i 5  a r e a s  decrease w i t h  decreasing r iains-ren s tage ,  

wai-ei- dei;*ics and velocities i n  these area% dre reduced, possibly muicing 

r i~esc  G G G  i j z - t s  more su I: t 3 k 1 :  8 f o r  use by  P i  s h e  Converse1 y, zs  mainsi-ern 

ij i s c h a r g e  decreases  ni;d , i oe s i  ougi: h a b  i f a l -  surf  a c e  a r e a  iricreases, 

t!iese a f  ready  stla i l cw s l ~ ~ s b i  areas nisy become wen s h a  i i ~ k e r  N i -l-l.li v e r y  

i i j w  vel o;i i  ies. Access i nio these areds ma\ become a prohlen? and/or the 

s h a i  icw d e p i i i i  sf T h e  sloughs - tht .mseiv i is  m d y  resuii i n  less T h a n  

sid ITabie habi-d-a*, 

Tr-t-nds i n  s u r f  cfre area i-e:;ponie rot- fr i b u t ~ r y  m i l i i t n  h a b i  ta? rere such 

"Fhat surfac.e a re i i  ivai l o w e - i  ~ 1 - t  2 mai33re;n discharge of  23,1100 cf-. ,  

ilis;ht2:>I bl ciii.itie: i i i ~ : / i l > t t , l i ~  ( I />c~I~(J~;L  d n d  d e c i ~ d i e i l  ii? diicb!ar;les of 

10,OCO ;%is  arii! b u i  ~ w .  0 c .  ?l ie ; . ,~rnb i rrcit ion 437 i; i y;i mLj in s - ) e r ; i  

L ~ ~ ~ C J Q  a!ld \ 4 d f C ? i .  VC/UL~.! ieb5 ~ C L ~ ~ J ! - ~ C J ~  t i  b i l k 3 t j j - ! ! > { ~  < j ' f ' {  01 ~IIG tz[t-!at- k d j e r -  

i r e  - f e  - I  i t  i r b i ; . f c ~ i l ;  n;ou?lt !:dbifd3 ~ u E . ~ c ~ c s ~ :  ~B-* . I  

i :  d f -  . I I :  L C  d - i : t ~ w .  I !I:\ 

cft..,\.;~d:~i? Brj  ta i b u - i ~ : r y  i t +  L U I  ~ L ~ C , L V ~ ~ " C : ~  ~ 1 1  t i  i i ~ \ ~ ~ t : , i  y t t j ! ~ ~ k a - ! t + r i ~  

& " ~ I L , L ~ I & ~ ~  je2:: ~ J ~ ~ ~ ! " ~ ~ X ~ ! ~ ~  i * - B r i k ? <  i % l Y d t : !  t!! I : L ~ ! C \ ~ \  ! l f J \ . J q e  i i !<>  b - # j : - ) t :  *? !z< l  /*i l ! ) ( !  

j . I  1 :  , 1 ( 1  + 1 I f  8 L ~ E * - a V  * j  \f j $, \ \ ,  G 



Upland  sioiiyb surface area remained relaiiveiy constant- over the rdrge 

o-f mainstom discharges investigad.ed. A. i  5,100 cfs ,  the low sur-face at-ea 

was due t-o some u p l a n d  s i i j u g h s  becon.ing dewafered a t  . their m o u t h s  

' e a v i n y  the sloughs a s  remnant, ponded areas fnaccessibie to f i s h .  

A4 iuirer mainstem discharges, t h e  comt r:ed sur fscs  area of c lea r  waier  

habitat;; iras grealer  than  a t  higher mainsierr: di~chsrgss. Fr:r example, 4 

r c < c r t i r i n  i r  iiiairsten Gischarge from 23,00G ta iO,6OQ c f s  (e!:senl-i~i l y  

ha! ;.. ins the  m i d - summcr  f l ow)  resul-rs i n  a 2CO percen? increase, i n  totai 

cl  e a r  wzter-  surface a r e a  w i-i-h a 50 percent dccrease  i: T u r b  i il water 

sirriace are&, mi? a 125 percent increase iii expn:.ed g rave l  bar:$. E w n  a 

dez!-eoss i n  discharge from 23,060 ?o 16,000 cf; r z s u i l - 5  i n  a 1;10 percenf 

insraasr: i n  c i  e a ~  we te r ,  p r  b a r  ! l y d u e  i o  ! ncrea5ed t r  i b u t a r y  m o u t h  

sur--?ace area. l h  i s lncrcase i n  ci ear  water rr,ay be importart i- for pr i m s r k l  

a i d  secondary product ion i f  these cl ear- ~ a i e r  areas reniai n r e !  a t  l y e :  y 

s r a b  l s, 

f -t a"6~~st b e  re-emphas [ z e d  bere -:bay an  inch-ease i n  cl em- vd6ri"er ;urPace 

a r e a  i s  no? b f r - a c I - t y  ci;?rr-eia?ec-i w i t h  an 8~crezse I n  s u i h b l e  f t s i ;  

h a t  i i s - t .  Upwe l  i i ng a n d  i i l t7agravc . i  11 aw have been recogn i r e d  3 s  

i-Iron9 1 ;  i n i l i;ei?c i ng t h e  .;paw il i ngj bekav i or s.f chiii.1 dnci s~ckeye  sc2 j  Ecn ; n 

Aiijsl:d ( i i i e s  a n d  Vinccnf -~ i ;n~~ 19841, FY f i r  slide s ! i i u g h s  a r e  

- i".ed! r!i '~in-iaii~ed b y  u i ! w e i / i n { j .  ir i IThc,o! I ; i ? / d  verifi:a$iitn, 

it i s e .  d i f i ; i u i I  t o  i j i ~ t - i i i i l t l i i r  be-!ween " t i  t i *  i i i ' t : -  ;!cJ:i9!:r d::a ;:rec8:, 

r a -  - t k  J 5 4  l f  4 :  0 1  ? sei!in;dn;i , i I 1 !  

pas t - , i ! : I y  ili ta;ti,,ir~ b y  e: i  i ~ c u  : ; :a?c* r i l r ~ ~ ! + . E  :is-sk:rptrt:l : " s i b ;  m ,: 

i iJ" L8 , - i i j< ;w ,:- s " ~  i~..i: 



2 !I ff; c s  1 F . 0 ) 7 ~ C .  , s ~ t ; ~ ~ ~ m e n B r  c f  -t-;-,e m i a d  { e Sbs I Prsa R i v e r  have  i~ T f f er-en? 
u; 

P I - - Z ; ! ~ ? ~  .% *-a ( ~ t ~ \ ~  :;1 j ?  PP:e r e !  2-t j;.e amour. ts  w e 3 - t ~ ~  e r e a s ,  g rave!  
.&- 

5 z r ' 5 ,  a~;; v5 i l "c~a+er i  a*- b. + a s  l anas. i r a i i s~bscyn:ents, iri2 i csien: arid v e ~ e t a t e a  

- 1 T i s ,  anc 5~r i r z ; t l  3 ~ ~ 3 5  predoci  i la-re. i he creates t  c h e r s  ii) occ~~f-5 i n  ifif 

i z n e  Crer:k-:o-Goic Creek subsesmeni (Rhd 113 to 15P:, iL ni i icr !  s y - e a i e r  

percentage 3f  t h e  - l - ~ i a i  surface a r e a  i z  rzprcsenfed b y  g r a v e i  a n o  

v e c e t a t e d  Zzrs .  T h i s  r!ver 5 c ~ b s e g r n e n t  i s  charaiierizea Sy a more 

? r a 7  d e d  cranr :c : i  pattern, I i: t h e s e  a r e a s ,  the r e !  a*  i v ~  l y  I large edcje 

e f f e c t  ciie *c t h e  numerous i s !  a n d 5  ar,a c r a v e i  C a r s  may  resui i i n  ?he 

c r e s y e s r  ~s?e?t i a l f o r  creat ion of narc u s a b  ie ;mb i t-a+ a !  ong channe i 
V 

~ ~ a r s i n s  arid iri channels w i t h  h i ~ h e r  strearnbec eieva~ions as ~ainstem 

sTage ~ T ' G S ; S  a n b  W Z ~ G T  ' ; i i 0 c i f b5  a r e  !-educed, j n c o ~ f  r as*, the 

re, 6 - t i v i i i i  s t e e p - b s n k e d ,  c h a ~ i i e l  i zec  a r e a s  i;f  ?he r i v e r  shere  e d ~ e  

effecii are n i i n i m a l ,  such as frcm RI.; 102 to 113, r r . i i i  probably not _+how 

as i arya an irir;rease i n  p c a - t e ~ i ,  ; hab i-t.aS, 

T h e  resui~s o i  ? h i ;  s t u d y  can be c j e d  to i n d i c a - k e  t h e  poientidl f o r  

increase or decrease  i n  f h e  amount of  usaOi e haaitaf b y  e v a i  u a t i  ng 

surface a r e a  responses  of  v a r  io~s h a S  i - t a t  T y p e s  d u r  i n s  -!-he open w a t e r  

s e a c o n  arjc w i ? h  ex!  sting channei ~ e o m e t r y .  She f ~ r m  u s a b l e  h a b  i $ a t  

a o ~ i i i "  incfuae ni=-t- i;n i y  f i s h  f iabl ' ta i ,  b u t  a l s o  3qiia-i-jc habitais s t l i tab le  

far pi- i r ~ x x - y  arid secondary product ion. However, f h e  l i n !  i i a i i u n s  of T h e  

s u r f a c e  a r e a  a a l a  generated b y  f h i s  s f u d y  r n u s t  b e  w a i  i zed .  i nese  

i i rn  i . r a l  i f x i s  rei l ec-t t h e  s t r  ic-t i \* physical Cescriptions of i-!~e h a b i i - a t  

?)ryes def l rued hers, 



P 

8 17s: r e s b  i J-s af i h  i s  s t b d y ,  h o ~ e v e r ,  cart be a p p I  l e d  40 b d h  ongoing a n d  

itd-ure s-i-ubies w h i c h  focus mare sireciiy on various biofag!cal Peafufes 

i l i  z q b a i i c  hat! i Tafs. Hzb i t a t  reconna i ssance work done b y  Aaslerude, e-t 

a / .  i 1 9 8 5 )  f ocnsed  or f u r t h e r  a e - f i r i n y  a n d  s u b d i v i d i n g  habitat types 

i n r o  c a f e g x - i e s  w h i c h  more ipecificaiiy define habitat atiributes a n d  

respcnsez To flow, F i s h  u t i l  i z a t i n n  dais (Hoffman 1985) w i i  l be a p p l  ied 

Ti. +he r es i i i  ts of the h i i b i f - a t  recvnnai ssance work to provide a measure 

or ?he suiiabil i t y  of  the vario~s a q u a t i c  habiiais For use by  a d u l t  and 

j i r v e n i  l e  salmon, 

%easilremeni5 c f  p r  i m a r y  prcduciicn i n  the rn i d d l  e river a r e  a n i i c i  pa?ed 

from AEIDC.  T i  k t  i n  c o i n b i n a i i o n  w i t h  t h e  deve iopmen f  o f  a 

ecphotic surface a rea  response model [ R e u b ,  et a ! ,  13851, w i i  I address  

the i ssue of  w 1 th-projec* p r  i n a r y  production p o t e n t i  a I ,  These s t u d  i es 

k i ! :  pr~vide bioiogicai s i g n i f i c a i ' c e  i c  t h e  increase i n  t o t a i  surface 

a r e a  o f  ci e a r  ivai.er habitats seen i n  T h i s  s t u d y  as mains?em discharge 

decreases, 
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Append i x  1 . Aerial pha*ographs of i-hs miGJie Susi?oa River. Aquatic hab i t a t  

t ypes  a r e  dei lnsated a t  seven mainstem discharges. Prominent 

*agog-aphlc feat-ures and s t u d y  sites are identified. 



Appendix 1 .  Aer i a l  phctographs of t he  m l d d i e  Susitna River .  Aqua f i c  habitat 

Types a r e  delineated s t  seven mainstem discharges. Prominen* 

topographic features and s tudy  sifes a re  identified. 








































































































































































































































































































































































