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Thii; horh :%as u n d e r f a k e n  rn coopera-tion rs;itf i  t b e  A i a z k a  3eparsrne t o? 

I i s h  z :>d  6 a ~ 1 e  C ~ H y , l r ~  A q u a t i c  S-Puciy Team a r d  R A M  ! -onsui  t j n l r  I Y C - ~  

i:ncrorc,i 2. 41 zska. 4DF8G Sutiydro personnel p a r t i c  l ya ted  i n  -the der i va- 

~ i c n  o+ :ef I ~ : t i a n s  f ~ i -  the u&r;c.is h a o i t a ~  ~ y p e s  and t h e  a e u e l s p ~ t w t  of 

t h e  s q u a t  i c  nab 1 + 3 t  c i  3 5 5 i f  i c a f i o n  key. The aerial photograyi-iv rnis+ions 

were scnecu  i e d  r h r s ~ ~ h  > r, S T C ~ S  SredThhauer, R & M  Conscl l -t-,?nfs, I nc. t?e 

d i a  an xce~l-;anal jab c l v e n  t h e  h i g h l y  variable n a t g r e  o+ s"rre;lmflov 

a n d  h9cea-i-i e r  conai t i o n s ,  Pier- i a i  pno-f-cgr dphy was f i ~ ~ s i n  and  c o n i i n u o d s  

a b c ' u  inossics prepared  ~y F i r 13iia-to Tech, Ins . ,  Ancnorage, A i  aska ,  under 

s o ~ t r  BCP 3-0 The iiar-zi?-Esasco Sus i l.na Joi nf- Veni~~r-e, 

h0T ! CE 
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The p roposed  Su; i t n a  hydroeleotr i c  p r o j e c t  k j l l a l i e r  t i l e  n a t ~ r s i  

s t r e a ~ l :  E ~ t j e ' ~  ?her rr,dI, anB s e d j r n e n 2 r  r - e g i  rnes o f  1-he S ~ s i  t n a  R i v e r .  T h e  

r i v e r  segment downsti-earn f r o m  Devil Canyon "r The heChul ihna R ~ v e r  con- 

f I i ience i T a i  keefna) W O C ~  I d e x ~ e r i e n c e  n c t i j b ! e  ai terr?- l . ions :r8 n a t u r a l  i y  

o c c u r t - i  n g  s t r e a m f  l ow pa-f->:erris, Jue T G  Il-s p r o x i m i f y  -9-0 ?he p r o p o s e d  

dami ; k e i ;  ar id  he l i n  ited arnocin"relP I n f  l uent-;e tha f l r -  i bu-fary inP lows have 

or; To-ral c l scharge i g7 1-R! s i- !:lc?r segrnenf, ki'l-f-h-pi-ojec-i- ncii nstern d i  s- 

c h a r s e s ,  a s  r n e a s ~ r e d  a t  -file U,S,  G e ~ l o g i c a l  S u r v e y  ( IJSGS) G o l d  Creek 

g a g  i n s  s - t a t i s n ,  a r e  ex?ec tec l  to b e  l o v e r  d u r i n g  summer  and  notably 

h i she r  d u r  i ng w i n " r r  months. 

F i v e  spec i es of Pac  i f ic sa l mon a n d  14 o the r  madrornous andlor res  i den* 

f i s h  spec Tes  ti l i ze  a var Tety of a q u a t i c  h a b  i t a i s  ii! the Tal kee-tna-to- 

Gev i i C a n y o n  r each  of  t h e  Sus! t n a  R i v s r  (Acres Awier ican In@. 1983; 

Alaska B e p a s f m e a t  o f  F i s h  arid Game f9d41, 8i-i-era-t-ion of t h e  n a t u r a l  

s i - rea rn f  low p - r : l s  b y  consf- r?sc4r ioc a3d operation o f  the proposed 

S u s i P n a  hgdroei ectr ic p r ( ~ J e c f  i s  expected tc a f  f e z t  the amount  a n d  

seasuna l aval i ab i l i ty of The- aqi~ai-ic ha$ i t a t s  present1 y being u%'i l l z ~ d  

b y  i - '?ese species, 

Know l e d g e  of   ha I o c a f  i o n  and a r e a l  e x r e n t  ~f v a r  i o u s  aqua"rie h a b i t a - f  

T y p e s  a t  a i f ferent. ~ a i n s t e r n  d ischarges N i i l fat I l i t a t e  Parecast i ng  t h e  

effecds of reduced s ' r r e a m f i o w s  oil +he a:lai i a b l  I iPy  of  aqua?-ic habitat t c  

r e s  i d e n ?  A n d  anadrorxous t i s h .  T h i  s r s $ o t - t  cl'escr l Ses t h e  :;urfac,e a r e a  

r l ;sponse of s i x  a q u a t ' c  / ?a?  :! i t a l -  types  i > c c u r r  j ,qy i r  t n e  P a l  kee - fna - j -0 -  

' t q ~ 8 i - I L  r,ai.i -faat ir,zcr I r g  an6 surface aped neSur-en,eri;s cr, r ,  

P r P  

fee7 a e r  i a !  phciog: d p h y  were c s a d  f-5 serer-ro I i:e ;f,e i C , E ~ T ; O ~ ~  ; i i 7 0  arnoi,~ T 

of aqua-t ic  habitat Types ~t i i h ;  P rhe Tal hee"r6-rc-Dz~~i I C d n y o n  ren:i: of 

?he Susi-i-{:a R i v e r  a T  rnainz-Fern d ischarges  o.& 23,60Q, 46,000, 12,538, arrd 

9,OCO ci:bic -Fee? per second i c f s f ,  These cJsct.?-gc-s p r s v  lde an a a ? q ~ * d ~ ~  

basis f o r  evalhari -b2 f h e  c h a n g e s  ; v  w e t t e ;  s u r f a c e  a r e a  o f  s e L e r p t  

d l s c r e t ~  h a b i t a l  t y p e s  over a b r o a d  r a n g e  c f  peter-t i a i  w ~PP-prcjtc-;- 

5-i-reamf l sws, I P shuu I d b e  emphas i zed ,  however, t h a t  i h  s repor-? makes 

no sta?'emeh;-ts c s r c e r n i r i g  t h e  su i t a b i  l i t y  of These  q b i  t8-i. t y p e s  :LJ;- 

h a b i t a - f i s n  b y  + i s h ,  nor how " i h e  qua i  I ty of these hzS1.i-a? r, rmy  change i;i 

response t o  vary  i P $  ma i ns+em d i sch 2rges, 

AquaQIc h a b  t T a ~ s  associated w i i h  the 23s i t n a  f? i .~er  b d t ~ e ~ n  731 k ~ e ~ i - i ~  an4 

B e v i  i Canyon w e r e  61 a s s i  r" ied Y n r c  s i x  g e n e r a ;  c a i e y c ? - i e s :  i - : z i n ~ ~ e ~ ~ ~  

s i d e  channel, s i d e  5 t ough ,  :;id! a,cd s;o1~g.i7, i-r i ~ i . , ~ ? r y  mcurr;, diiil  

-Ti- i $u t a r ? ,  The geagraph i (:a! 1 o c a t !  on and per5 i s tence  of cerPa i n hdD i 

Types, s u c h  a s  4-ributaarlecr a!Id P t i e i r  m o u r h s ,  a r e  G e r e r a i  I.'; F i x e t l ,  

j-ii,zsgF - f -hgi : r  s c f - f a c e  a r e a s  may respond  :I I i ; n  i f i c a i . t i  y T O  cc::,2n~e?:' 

d i schar.gi,  n ~ t i ! e r  insTance5, ' f ~ i ; n s  f c : - ina? icx  r f  oi?e hao  ; ; t j T  T y p e  i r-i.2 

a c ~ t h e r  rrlay cccur a r tve!- sf-age i i i c r -eases or decrear.ec. f o r  e:+ar?pIi;., 

an descr ibe( j  as a s i c ~ s h  h d 5 i  fa-:' k!3[. 1 U& 31 2:;'; l v f  12: 25 t- elk? 



!:har?,pe 1 i "Fa? k hen t u r b  i r: ma! r:stem w s f & r  O i / e T ' T 0 6 ) 5  f f ' t  ~ p ~ t r - ~ : a l ~ ;  :iC?bG of 

The s ide  slouah aqd i n u n d a t e s  t he  former c l e a r  water  area. 

The Y i s u a  i y recogn i s a b i  e a i t r  i b u i e s  usec i E -PR i s  s-t udv t o  d e  l iiteate - h e  

s i x  aqua? i c hab i ta-i- types are described S e i  ow. 7 h e e  desc i p-fJons dr e 

I ',TI ted t o  physlca! c h a r a c t e r  isi-ics present  during sl immer- %ha? can be  

easily r e c o g n i z e d  Prom the a i r  d u r i i l g  he/  icop1.e; reconnaissance f1lgh.f-s. 

R more d z h  i i ed aescr i p? ion of each aqua? i c  nab i t a t  type has been pi-- 

pare6 b y  the Aiaska B e p a r ~ m e n f  of F i sh  and Gane 11983). 

Ma instern hab  i t a f 5  a r e  those channel s o f  the r - i  ver chasacf-er  i z e d  b y  

t u r b  i d  g i a &  i a t  r low that carlvey more t h a n  1 0  percenl (approxima f-2) of 

the  %o"ral PBow a " r  given s i te ,  

S i d e  h a b  i "rats a re  t h o s ~  channe B s of t h e  I- Over charsc-ter f zed by 

t u r b i d  g l a c i  a !  f taw PhaP c o n v e y  l e s s  Than 4 0 percent ( a p p r o x i ~ a T e 9  o f  

!%he Pota l  f B ow. 

hab il-ai.5 cen-l-a i n c l e a r  wa-rer, Local s u r f a c e  veter  r u n ~ f f  

a n d  u p w e l  l ing are i h e  p r i m a r y  water sources PhaP s u p p i y  c lear  w a t e r  t o  

These krtbiPa-Ps, Side sloughs have nonveyetaaed uppe r  Tha!wegs $ h a t  are 

overtopped d u r i n g  per iods  of  snodera-be 3-9 h i g h  nnalnsPem dlschargs- (hcc 

over iapped,  s i d e  sloughs a r e  considered s i d e  channel s. 

s are  c t e a r  w a f e r  habitats t h a t  depend upon u p w e i  l l n g  

a n d / o r  1 aca l r u n o f f  for  the1 r w a h r  sources, U p  i ant! s E oughs  p o s s e s s  

vege - ra ted  ::pper 'i-ha I wegs t h a t  a r e  s e !  durn overfcdpped b y  ifla i nsPem d  i s- 

charge.  

lii_j>-rj. B-UL~ t l a t / " r . "$  2 ; ~ -  ; j ? ~ "  * % r r , . r  ' z t ; - i ? ? >  " : < '  t . , ,  ' '  i c 

j-r j b a t a r y  C G E T ~  l b i t i a r . 5  TC na ; f i cm:e r  f . , c;., I ' c ; 5 ~  ' , l j t : : -*:c &'-'; 

manifesf a s  a c i e a r  wa'ter p i  ume exrer io i i - ig i n f c  T i i r L i ~  r;)air!s?c;i,~, :JL 

s ide  chantlei  and ex-i.end i n b  +he ?-r i bu te i - y  tc t h e  upper e x t e ~ t  o f  r;3cL,- 

waPe, i s $ !  uence,  The  s i z e  o f  f h i s  b i  ume i s  s f  fec- i -ed b y  -ihe amcit,i?":of 

f r  i b u t a r y  d l  sctiarge end adjacenTmmains-l-err! # z t s r  s u r f a c e  e l e v a t i o n s ,  

a re  clear  wafer  reaches of t r i bu ta ry  s t r e a ~ s  upsTream 

of t h e  P r  i butar-y rnou-i h Flab; taPs, For th i s ana 1 ys  i s, ";I- i b u f a r y  hsb I - t a t  

was measured sniy t̂o t he  i;aunGar-y of ?-he d ig i - l - i zed  port ior? of ?he photo 

p l ate, 

Nonwe-ttea areas b e r e  categcr ized a s  ei t h e r  veyefaJred is l anas  or g r a v e ;  

nars.. The a r e a s  i dent i S l e d  as Mbackgrsur~ap  "cons i sied of bo-rh biei fed and 

nunwetted sur face areas t k a 4  were w i t h i n  The r i v e r  co r r i cc r  b u t  ac re  no+ 

r e i e v a n v  Po T h e  a n a l y s i s .  l i i d i v i d ~ a l  surface a r e a s  w e r e  c l z s -  i s d  

u s l i ~ g  a Qescripti~e k e y  (Figure 1 3  adap ted  trciii t h e  i2ic:rid deDarr, , ient cf 

. 9 F I z b  and Game (ADFBSb S ~ ! ~ y d r o  si a (  i , - I  index fc;- aqua"ric ~ l a b i r a i  

I-~&Ic;?s ~ n a  by p r c c ~ s s  ior,a I Jt;dgi;,~-n-f-. 

CornpleP@ pho7"0gr-c4phic coverdye was o b t a  i ~ e d  a% The T a  I Itee-i-na-fa-Dev i i 

Canyon reac? at four  Sus i *:id R I ver d l scharges, 9i zck-dnd-u h i-Te aer i z i  

phiai-sgraph: were o b i a i  ned a h a n  af?si-:?x i rnafe sca i  e  o f  I i n ~ h - - !  ,000 f e e t  

w i t h  a 50 percent  over1 ap  b e t w e e n  a t j a c e n : '  phoSos w h e r l  S u s  i t n , 2  Qii;er 

discharges as  i x e a ~ u r e a  ;;-t The USGS Gc! 3 Crab;. gaging sta-k. io;> i!xiz, 

!529?00J) were 23,9130, i 6 , O C ! 3 ,  12,509, .i,;d "000 c f s .  Date; c f  t h v s e  
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FIGURE 9 Key to aquatic habitat classiflcaliora for She Taikeetna to Dcvii Canyon reach st !Re SusiQna River. (RM 1 C'i "l If49j. 



f l i _ ~ h : C s  w e r e  June I ,  1982, S e p f e r n b e r  6 ,  1983,  S e p t e m b e r  ' 4 ,  1983, a n d  

Octobei  10, 1983, respect i v e l  y. 

He! i cap'ter recc~na isssnce r l i gh+s  were conducted o'ler -She Tal keetne-trs-- 

Dev  i l C a n y o n  reach  a? t h e  samk mainstem discharges a t  which the  a e r i a l  

p h o t o g r a p h y  was o b t a  i ned. E u r  i ng each of these recsnna i ssance S i lghts, 

aqua-tic h a b i t a t  Types were idant i f  l e d  u; I ng t he  key presented as F Igure 

4 ,  and t h e 1  r locat  ions were wapped an 1 inch=T ,000 f e e t  b l  uel ine p r  i c t s  

o f  ?-he Susirna r ' i ivera Dewatered gravel b a r s  and srreambank areas were 

s k e t c n 2 d  on The  u i u t ; l  ii)e prints a s  were boundar i e s  of t h e  v a r i o u s  

aqua$ i c h a b  l f a 9  ;y pes, 

Pho$ograph ic mosa j cs Here prepared Prom t h e  over l app i ng b 9 ack-and-wh i te 

p l . ? s l o ~  $0 p r - ~ v f d e  c o n t i n u ~ i i s  1 i n c h = I  ,000 f e e t  c:overags of the 

Tai  kes$wa-twDw i l Cacyon r P ver segmen"iw each of the four d i scharges. 

The p h o t o  m o s a i c s  w e r e  s u b d i v i d e d  i n t o  e i g h t e e n  s e c t i o n s  o f  

approxi  rna-kel y t h e  same i ength, w i " i  a asma1 l airiount of over I ap between 

a d j o i  n i n g  r- l v e r  sect- ions.  The sarne d 1 v l i d i n g  i ines between ad  joii? i n g  

segmen-i-s were rnai n t d  f n e d  f o r  al l ~ - Q L I ~  d  i schar-ges, and a sef  o f  eigh-i-een 

4-1/2 i n c h  S y  15 I n c h  pho-ipo platas were p r i n t e d  f r om $he s s c t i c n e d  

nosaics for each of the foul- discharges ( A p p e n d i x  1 ). Each p h o t o  piate 

was c a r t f u !  l y  examined and areas t ha t  were too small i n  s i z e  t~ p r o v l d s  

dePa l 1 e d  r eso l ur ; on were en i arged. t o  a sca t e of 3 i nch-6250 feel-. 

Aqda"; i h h a  i ? a ~  b o i d n d a r ,  P C  t r a p p 3 t  on  T h e  k 1 ~ 5  I i rle p s  i nts o j r  E 113 " '  

kei icopter recorinaE ssance r 1 i gtl-i-s b e r e  f r a n s f  e r r e a  t o  i n d  I v 1 d u a l  p h c t o  

pi a tes  and  en I argemerrts (.Figure 2 ) -  !4a-l-r;h t l nes bere d r a t d n  on arijc r n i n g  

p f a t e s  t o  e n s b a e  t h a t  h a b  i =fa-? a r e a s  k fou i cl n e t  b e  cadn ted  T W  GC a a -r:L 9 P 

o v e r  i a p p  i wg s e c t  Ions near  t h e  edges of- p h c y o  pl a-tcs. The b ~ ~ l n ~ a r . ,  o f  

each en l a r ~ e n t e n t  area we5 astab / i s h e d  us ing  i d e n t  i f  iabie f e a ~ u r e s  i n  "she 

photography and drawn on bofh t h e  p l a t e  ane The individual eniargerne~t  

3-0 ensure -I-iiai areas v i =rh n t h e  ?n! af gemen? COL! l d be ~ u n m e d  and co7ipared 

w l t h  "re en l a!-gemertt area on -the $ 1  ate, 

The extef-fial ~ o u n d a r  les of the Psa-8-al area Po b e  Included i n  ?he sur-face 

area anat y s i s  ehereaf%sr r e f e r r e d  t o  as 'rhe corridor area)  were def i n &  

on each p i a t e ,  se t h a t  sub-areas  u i t k i n  t h e  corridor couId be tohaf sd 

a n d  cci-cpared w i + h  t he  -rsPal corriaor area  by p i  a te ,  The c a r r  i d s r  

boundar ies  were estabi ished us ing  phys ica l  "sa-Pures isie1i"i-f iakle an a i  ! 

f o u r  S ~ P S  o f  p h ~ t o s ,  119 many cases, r P  was necessary I-o gc: b e y o n d  T h e  

r- iver cha:wrle! b o u n d a r  l e s  t o  e s t ab  l i s h  ar, ider>tbf  % a b l e  carr idor b ~ t ~ n d a r y . .  

T h a t  a r e a  i oca ted  bed-ween T h e  c o r r  idor boundarb a ~ d  the  I - ;  ,pep sh2i;ns i 

boundary Pras "rrrned background ( r e f e r  to P l g t i r e  2b).  45 trie second 

Index of  qza l  i t y  c0n-i-rod, t he  'ro+aE 3Tgitlzed corridor area w i 4 h i n  t h e  

Tai  keetna--fo-De~ i I Caii).on r iver segment was cc,7apared among tne  f o u r  sePs 

o f  phoPogrzphy. 



FIGURE 2a. Example of a SusiBna River segment ~e~ i lh  habitat types mapped and classified. 
3b. Example QI the same river segment as delineated prier to dlg938zing. 



Boundar - les  & e r e  drawr! f o  d i s d i - i n g u i s h  b e ~ u e e n  wef- l -ea a n d  n o n - w e T " r e r !  

s u r f a c e  a reas  w i t h i r ,  each aqua-t ic h a b I t i i t  ! oca l  i on  on i n d i v i d u a l  photo 

p l  a t e s  a n d  e n l  c7i-gements (F igure  2 b 1 ,  S u r f  ace a r e a  rneasurern6rl-t s were 

made u s i n g  a Riumonics C o r p o r a t i o n  E~estronIc G r a p h i c s  6;aicula-i-or a n d  

Mode 1 24CO D igiTabi e?, By -r 'raci ng t h e  per irnerer of a g i  vefl a r e a ,  ?he 

area conSained w i t h i n  the per imeter  i s  eaiculated a n d  displayed t o  an 

a c c u r a c y  c f  0 -01  sqirare inches. For The 7 ipach=I ,000 fee*  s c a l e  pho- 

tography, t h i s  represents  an accuracy of 40,OFO square feet. 

E a c h  i rid i v I dual  p h o t o  ple4-e &;ad i ' rs accompany i n y  en la rgemen ts  were 

dlgIBized and evalua-ier!  separatedy, The P s t a i  surface a r e a  of the 

cor-r i d o r  was d i g i t i zed 3-0 es-l-ab l i s h  a  cont ro l  area, I nd i w i 3ua l Rab ita-t '  

areas,  exe l u d  i ng t h o s e  w i t h  i n  a des igna-teo er; i argrtment, were ass lgned a 

ur; ique sequenr iai rlurnber and t h e i r  surface %reas d i g i t i z e d ,  Rep1 icafe 

,.neasureinenTs were made of individual  a r e a s  t o  ensure  repeatabi i i t y  

w i - th  i n 5 percent, 

Fol low i ng camp l etion of t hese  area rneasuremen-l-5, $he f-cT?a l sz r f  ace area 

of en i ar_r;ements apgear i ng  on -!-he plate were d i g  l t !red,  I nd i v  ]dua l  areas 

w i - l - l -r  i n  each en l a!-gernen-f- were then ass  l gned a un ;que sequeat i a l n u m b e r  

f o i  I ow i n g  ~ n e  l a s t  number a s s i g n e d  4-9 an I n d  i.sidrdab aroa ow ?he  photo 

p l  a t e  ~r prsv i cds en l trgement. These areas were %hen d i g  i P i z e d  and ? h e  

i nd Iv i d u a i  areas -iota led for cornpar i son 1-0 . t h e  tol-al d i g  i P  Yzed area oi- 

t h e  en l argenent .  

F c i i ~ w r f i i ;  c O = . r n a i e t i o ~  o f  d ; g i l ' l ~ i ~ l g  fa r  6 ; i ~ i ; ? P  p , a i t = ,  I ,  -"t,:. 

measurernen-i-s were siar~med a n d  compared -ic TIie + c + a l  a r e a  r i-;ac, - 71ut-7 : J- 

t 5 s  c o r r  I aor,  A d i f f e r e ~ c e  of  l e s s  r h a n  > p a r c e ~ t  $, 2 s  c c r , s ,  ;prcc 

acceptao i e, Th i % grozaddr-e was repea fed  f cr a l , 78 pnoto p 1 cities ?* eY - 

0 4  f o u r  d i scharges.  Tnus, e a c ~  d i g i -f f z e d  a r e a  sq a o h o t n  p i  5*3 or I T S  

assoc Ta-i-ed en l argemenh had s kan ique I dan'r I f y  i ng number zzsia: i a te6 e*' TR 

a l  l foigr r " ; scharges ,  3r.d f h e  sum tofal of f$esz i n d i v i d u a l  a r e a s  k a s  

\.i i -ih i n 5 perter,? of "re t c t a l  COPP i COP area, 

Area measurements  were  entered i n t o  a c o m p u i e r i z e d  d a t a  base f o r  

storage, sorting, a n d  s6tbsequen-S ana l ys is .  Each I n d  ivideeak sur face area 

measurement was entered as a separate r@Gopd t h a t  enabled I d e n t i  4 i ca%ion  

b y  d i scha rge ,  p h o t ~  plate ( co r respond ing  t o  a r i ve r  mi le  i ndex) ,  a n d  

i n d i v  ldual area number, Data may be refrievea i n  a v a r l e f y  ,af formats:  

b y  discharge, by  r ives  mile inasx,  or by  i d e n i l f y i n g  and c o m b i n i n g  

specific i n d i v i a u a l  areas.  I n  P h i s  way, T h e  i n f l u e n c e  of mainstem 

d i s c h a r g e  on The s u r f a c e  a r e a  of s p e c i f i c  habitat types o r  Gacal;ons 

c o ~ ~  i  d  be i nves t  i cjated. 

Cor recf i an f ac-i-ars were entered t o  s"Pndar-d i z e  measuremenTs Po a cornman 

sca le  of- f insh=1,060 fee?. Surface areas ir iPh I n en!  argernent areas were 

d i \ i  i d 8 d  b y  a f a c t o r  o f  16 f o  acccailnt f o r  t h e  f o u r - f o l d  a !  f f e r e n c e  13 

s c a i e  b e t ~ a e n  I i n c h - 2 5 0  f e e t  a n d  1 i n c h = ]  ,GOO fe2-t-  Elide ko p.;;ior 

w e a t h e r  a n d  a s ~ o c i  a t e d  low c I  o u d  cover, t h e  9,00G c r s  photography waz 

s I 
I i aw r t  a f  a s c a i e  sf  1 inch=920 f e e t  whereas  Phe o the r  trlree seri ~ i i  
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0 $0 20 30 4ii 50 68 70 $0 90 'TOO 

?/o /of Time Discharge Equa;!~d or Exceeded 

Months 

ofo ot Time Discharge Equalled or Exceeded % of Time Discharge Equalled or Exceeded 

FBGURE 3 Average annual disehasg:: and average monthly discharges 
fear Shs Susitna River at Gcld Creek (adapted Iram Se~Bly, 
!,eveen, and George 1998); $,c,d. Monthly f lew duratian 
curves B O P  Phc Sadsitna River at Gold Creek !adaptea from 
Acres American Inc. 7983). 

P a t ;  2 1 , qc;-f T i s t ; t  ,- :,.cP . ~ . ; f e ~ "  7 ,  ,$ere,, r f f ,  1 1 ,  - P C :  ' +  . . . . , . - .. \. . - 

Canyon r ive r  scgmrnT b y  c a t h g ~ r \ ~ '  a t  . i s ~  c ,b ,k , a i -~ ( r : ,  

m3azk: 

Ms i i?s.i-cm 

Side Channel 

Side Sls iugh  

Upiand Slough 

Tributary MauPh 

I r  i $u$ary 

Gravei Gars 

Veje-tafed Bars 

Background 

To ta l  Corridor 10,476.413 11,458 -46 11,391.60 lQ ,331 ,20  
Area 

Snow and sho re :  ine i c e  cornyl l c ayed  The! d i g i k i z i n g  of "rhis se"Pof 
photography ., 



7:16 ut-l; k re isen lec  i r r  'e 1 were ~ i c t t e c l  T G  i I i ~ s i i d t e  I G S  S U I - I ' ~ ? ~ ~  

a r e s  reypcjrses  of ; n d i v i d u a i  h a b i t a t  types t o  c h d n ~ e 5  i n  ilrdrrit.tC?ii' d i  S- 

crlal-;e d i  x e a r s t r e c  et. i r i e  USGS G o l d  Creek g a ~ i n g  s ' a t i o n  ( F i q c r e  41, 

C , ,  ~ e c e  a i - 6 ~ ~  01. t r ~ a i n s t e r n  a n d  s i a e  c h a n n e l  h a b i 3 - a r s  i n c r e a s e d  ~x~ i " r 1  

I r T e r 3 ~  i n g  nre i r l s fen c I s c h a r g e ,  Concur rcn*  l y, e x p o s e d  grbace I b a r s  

c c ~  r-~:5ec; k fr i i!cr eas i ng d i scharge. 

Stir r ace area  of  s i de s  i ough hab i t a t s  i ncreased w i t h  oecreas i ng  ma i nsl-ern 

c r  s c n a r  ye. l i p l a n u  slough s u r f a c e  a r e a  showed a dec i  i n i n g  i - r e n d  w i t h  

cecr~zsing cischarges. 

T r  i b i i f - a ~ y  rnou-i-h habi"rs"r &as low a t  9,600 c i s ,  increased a t  discharges o f  

12,500 a n a  76,00il c f s ,  t h e n  dect i n e d  aP 23,000 cfs .  S u r f a c e  a r e a  of 

vege4aied bars rernal ned re1 a t i v e l  y constant over the range QP mai  stern 

d i schdrges, T r  i b u t a r y  h a b  i - taf  increased s i  igii"s y w i 1-h decreas ing  d i s- 

charc~e. 

P e r c e n t a g e s  of P o f a l  s u r f a c e  a r e a  w iPk  i n  %he c o n t r o l  ccrrrcor a r e  

presented I n  T a b i e  2 by category for e a c h  of the  four discharges.  

T a b l e  3 p r e s e n t s  t h e  percentage change  i n  t h e  s u r f a c e  a r e a  o f  each 

habitad- fype a i ?h  decreasing m a i n s t e r n  discharge as c a l c u  la.t.ed f r o m  a  

base: i n e  d ischarge  cf 23,000 cPs, 

F i g u r e s  5-8 p r e s e n t  S h e  s u r f a c e  a r e a  response o f  I n d ! v  ldual h a b !  t a t  

t y p e s  to ma i nstern Lt j schsrge i r: four 5egrnen.l-s of +he Ta f keetn3--;o-Se~ ir 

C a n y o n  reach, These s e g r n e n i s  e x i e n d  from river m i  les (RM) 107 3-0 113, 

113 TO 122 ,  i 2 2  l o  138, and  138 3-3 149, T h e  parcentacje o f  t h e  t o t d i  

2006 POSED GRAVEL BAR% 

'I 500 

? 000 

Mainsfesn Discharge at Gold Creek 6x1G3, c fs ]  

FlGUWE 4 Surface area responses to mainste:n discharge in the 
Talkeetna-to-Bed Canyon reach of t h e  Susomna River 
(Rh4 1 Q l  tg  1491 I -  



Table 2 ,  D i c i t i z e d  s u r f  ace a r ea s  w it:; i r, :ha T d i  keetria-tc-hev l 1 Canyon 
r iver segrneri-t- e x p r e b ~ e d  as a per- ;  - i i ta r je  0: The l o t e l  corridor 
area l ess i n e  b a c k g r o u n d  area.  

!<a i nsi-em 

S i  d e  Channei 

S ide  S l o u g h  

U p t d n d  Slough 

- 
a r l LuPary Modth 

-Tr i b u t a i - y  

Gravsl Bars 

Vegetated Bars 

S i d e  Channel -39 -62 -1 1,74 - i  .49 

Side S l o u g h  4 96.22 %30,99  63 -26 

UpIand S l o u g h  - 2  .4O -3 -34  -7 -63 

Tributary Mouth 14.56 4 j6.86 109 - 4 7  

T r  i b u i a r y  23 -21 -0 -89  -5,09 

Gravel Bars 156,59 111 ,77  73 ,36  

VegePated Bars 0-54 12,53 5?,93 

Backgrr?~ir?d -2 - 5 3  I ?  -96 3 * 5 1  



E 

500 
EXPOSED GRAVEL BARS 

hfainstem Di;,charge at Goid Creek ( ~ 1 0 5  cfs)  Mainstern Discharge at Geld Creek ( x l O J ,  cfs)  

FIGURE 5 Surface area responses to ,wainsten7 discharge in the 
Talkeetna-to-Lane Creek reach of t h e  Susitna River 
(RM 101 to 11 13). 

FIGURE 6 Sudace area responses to m~instefdn d~sc?maige !n the 
Lana Creek-to-Curry reach of the Si?;si"Li~ir! Rluer 
(RM "813 to 1221. 



EXPOSED GRAVEL BARS 
I 
I 

SO 

D GRAVEL BARS 

SOQ 

400 

3013 I 

1 
I 
i 

9 0  5 .  

9 10 f f  i 2  13 74 15 16 17 i d  79 23 2 22 2 3  

M a i ~ s t e m  Discharge at Goid Creek  (x1G3,  ~ f % j  

Mainstem Discharge at Gold Creek (x-RCl\ cfs) 

FlGURE 7 Surface area responses to mainstem discharge in lbiie 
Curry-to-Gold Creek reach of the Susitna River 
(e4M 122 10 938) 

FEGURE 8 Surface area respovses 'a main stem^ discharge in Gclc! 
Creek-Eo-Devil Canyon reach of t h e  Sus~tna  River 
(RM 138 to 149). 
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T h e  23 ,000  c f s  pho-tographs, raker1 o n  Junt-  i ,  1532, b t r e  L L  ,, r r ( .  5-1 c. 

* ime of The year  when T h e  s u n  & a s  a $  a h ig t !  angie and d e i b o ~ o i , s  vege-t t -  

$ I o n  h a d  n o *  f u l  l y  teafed-out. This r e su l l eo  in few s t i a a s ~ s ,  h c l c h  

e n a b  1 e d  excel l e n t  dei i nea t  ion of water's edge a n d  s l owgh bouncar I es, 

The 12,500 and 16,000 cfs photographs were o t p a i  n e d  on Sep-t-ember- P 7 ,  

7983, aild September 6 ,  1983, respec t ive1  y. A"r" rh i s  t i m e  of year t he  sun 

Es a t  a low ang 1 e, and deciduous fol i a t  ion i s  we! l deve l  oped, resu I t i  ng 

i n  extensjve shadows along the soer'rh an3 e a s i  shorelines, These shadows 

some-t i mes o b s c u r e d  t h e  water 's  e d g e  and made some surf ace area  de l i nea- 

* ions  a i f f i c u l t ,  

f n 5 p i - d - s  af $he minor differences I n  photographic a e t a i  l ,  the accuracy 

a n d  re1 iabi l i f y  of aree l  measurements obtaln~d by  t h e  d i g i r l z  i n g  

lechn ique appear i-o be good, A comparison between ksPal sib!-face areas 

for Phe con-trot e o r r  idor a t  each of t h e  f o u r  d i s c h a r g e s  deviaied from 

1 - 1  to 5.3 p e r c e n t  o f  T h e i r  asi thme-l-ic mean. T h i s  s u g g e s t s  t h a t  a h i g h  

l a v e !  o f  p r e c i s i a n  a n d  good r e p i  i c d b i l  i t y  were ~ ~ a l n - i - a ; n e d  d u r i n g  t h e  

d i g  i %iz i ng ~f al i four se t s  of a e r i a l  pnotgraphy. To-fal SJO" face areas 

for v e g e t a t e d  b a r s  and  backgroidnd a r e a s  were  compared among T h e  f ~ w r  

discharges a n d  wers found 90 rema in  re la?  i v e l  y cons-farit, This HOG! d b e  

expected d u e  4-0 $he l in i t e d  i n f  l uence of the $ 1  ow f i uc tua t i ons  on These 

areas ,  

S u r f a c e  a r e a  responses  a r e  a f u n c t i o n  of  s f re i amf low  a.rd channe i  

georne-try. I f channel geornerry remains constan? over- "rime, *he s u r f  ace 

a r e a  r e s p o n s e s  can a i  S Q  be expected Po re rna i  cons%an?. W i 3 h  i n  -the 

I e v t l  ~f p r e c i s i o n  of  t h i s  work, s m a i  i l o c a l  changes  " h 3 T  m a i  h z v e  

o c c ~ r - r e c  j i j  c f , z n n e /  g e a ~ ; ; l r y  ? ? , C ; L I G ~ ; ~  Tc, I!zt,< - ,  (: ' 

c f  j ~ j ~ 4 :  on - j r ie 5 i ; c : : r ~ c y  of s i ~ r f a ' ; p  d-;., e5. f  ' r ; , b * p : .  e , : ~  r ~ * : 2 r k 2  - P  

;esu 1 pprese r ~ e f l  i. ?"h  i ; P k ( j y  a r e  ' pp r  <,. ' .cil~"-r q " a ,  i ~.i- # b  C J T  ~ L;)C?,'y, %bvc;"t:" 

, . c o n c i i -  rc>ns a n a  e x ;  s " i i n g  c h a n r ~ t l i  gen,lY;txry, i i t h e   per-I~,?'C;T; b f  -, , a". 

p i - ~ p o s e d  pro jec? resuit-5 i n  no ii2e formaPion and c2zs no? s i g n ;  i ! c z : , -  i + 

a i  t e r  e x i  %"r rig char4i id gesme-kry I n  -the 'Ta i keefna-to--Dev i I Canyor; reach, 

t h e n  t h e  response p a i t e r n r  p r e s e n t e d  here a re  a p p l  i cab i e -to a y e a r - r o u ~ c  

a s s e s s m e n t  of h a 3 i P a t  avaiiabliity u n d e r  p r ~ j e c t  condilians, 

Befinltiors for aquaPic habitat t y p e s  u s e d  i n  P h i s  stady represent a ser 

of v i s u a l  i y recogi; 'izabi e, strearnfl Q W  Gapendent phys ica l  ckaracl-ei- i s - t i i cs  

t h a t  do no? resr r  i c t  Phe occurrence of a p a r t i c u l a r  P , a b i t a - l  - type t o  

f i xed  geogr~ph lcal locations, An exampie of t h e  f !  ow-degendent n a t u r e  

o i  t h a se  d e f  iniiiocs 6s r e f i e c t e d  b y  s i d e  s i o ~ g h  arid s i d e  ckannoi 

habi" ra . t s ,  S i d e  S ~ O U ~ ~ S ,  b y  d e f  lnifion, a r e  clear-water kabi-ta-l-s I n  

which t h e  flow Bs main fa ined by  tipwea! ! il.ag a n d  lccai surf ace water rl;i;- 

of f . ,  A non-vege-tater l  a !  l uvY a !  berm a n d  derratered o v e r f  l ob;: cnanriei  

separates like ci ear wafer  h a b  ii-a-i- f r o m  the acr i ~ e  ch?nnei, When rnalc- 

.-teem d ischarge I r : c r e a e s  and r i v e r  5-!-age i - i  ses, +he si i uv i s 1 berm a+ rne 

head of  t h e  s l ~ u g h  is ove r i -opped ,  Turbid mains?-em water f iows inS-c -rhe 

o v e r f  i o v  e h a n n e f  a n d  replaces the f o r m e r  clear  water i a~itsP .,$ i ~ >  

- 1 deeper ,  fa.;-Per f l ow  I n y ,  ?carbid water-. i n e  a q u a t i c  h a h i i d - i -  a ?  t h i s  

l aca-i-ioi; ?hen f i Ts ?he d c f  i n t i o n  of s lde zhanne! h z b  i tat, Converse i y, 

as ma i as-ken .ci i sc;karze clecreases, a reas  c i ass i u" i ed  a s  s i d e  chc3i?i.ie; 5 ma! 

bec~me cu+ c!; Sr-om 1 . h ~  mains-!-crn f !  ow a?  - i -he iv -  upsti-earn znc a n d  bazorrie 

c j  e a r  waj "es h a t  i -a+.r.  i f P h s s e  i l l  ea; wa'rc.r a r a s s  a r e  ccjntic;i,oil-? - -  ' 

coniiectec f c :  i h ~  n;ainsTem a t  Pha downs t ream enr, a? t h e  cha i?ns i ,  ;he; a:-." 



t h e n  c I a s s i f ; e d  as s iee  c ; l o u y h s .  i f  f h e s e c i e a r  k a ? e i  d : - i ; ' ~ s b e i - F : r ; 0 1  

con?! g u o u s  and connec?ed "io the n a i  nsl-em, i h e v   ere cons i 3zr-eo "pondec 

w a l e r u  2 n d  t h e i r  s u r f a c e  area was i n c l u d e d  i n  the  measursneni G: 

aewztereb gravel bar;, 

I P S L , ~  f icien? t i m e  and  resources h e r e  a v a i  6 a b l e  t o  make o!>-si"r i n s p e c -  

t i  on5 ts  d e t e r m  i ne w het-her  he c t e a r  w a t e r  -f low i n  These c l i t o f f  s i de  

channels wouid be ,,tdinSained by  ~ l p w e l  i ing, or w h e t h e r -  i - t  & a s  a s h o s t -  

?ern p c e n e m e r c t n  a " r r  i b u t a b  I e  t o  bar& shrage  d r a  i n i ng j ntc the channe I .  

Fie! c sarnp! i n g  is necessary PG deterrn lr?e t h e  source t h e  c lea r  w a t e r  

Setore a s s i g n i n g  rhese new s i d e  s l o u g h  h a ~ i t a t s  a n y  s i g n i f i c a n c e  i n  

t ~ , - rns  ~i f l s k  habitat. 

A ~ e d u c f i o n  of  mainsiern and s i d e  channel surface area  and =n Increase i n  

s i d e  s l obgh  a n d  exposed g rave l  b a r  surface areas was  served a t  !Uwer 

d i s c h a r g e s ,  T h i s  resu l-f-s f rom b u t 6  J-he cewafer l n g  of a r e a s  a1!6 t h e  

c h a n g e  I n  -f-neir habitar  c l a s : f i c a - t l o n ,  The increase i n  s i d e  s l o u g h  

E ; H  ea r e s r ~  i Ss pr imar i l y f r ~ m  recf a s s  i f icai-ion of s ide  channel h a b i t a P  

a n d  a rn i n i m  i rat ion sf backwater e f f e c t s  a-t The boiqns-bream end of  t h e  

s i oughr ; ,  

S u r f  ace a r e a s  G :  t r ibutary  5-1-reams were u r i i r r e d  a n d  Found  t o  increase 

s l  i g h i - i y  a t  e rnair- iste:~~ d l schasge  o f  9,000 ;f-, As :Y id-i-hs of the main- 

s"rm chanr je  I s decrease w I t.h Gecreas i n y  ct i scharge, Pr i buPar  i es r?-rc!sl. i i ow 

a gre3"rer dishance and, -i-hare+ore, $r i butar-y sclrface a r e a  t ends  So i n -  

c r e a s e  a t  !ow m a i  nsferrr ischarge. 

-- . 
1 ;  , a g b a r y  , ~ o i j t n  h i j t j  i -)ad j 5 d~r ,ende - : j  r i l l  ti : t z t a r  i; ; ,b! ,: ;, c ,  , L. : i. : - 

~ l t m  d i 5 f h a r g e  ?j;iic <:/?a~riei geci3r-tr y ,  ' n e  ret~,;+ r;;. ;i~ -* $ c - ' i" -, - -.:'-,' d , >J ,% C, .2 C >*I 

. . .  t . a b i - t a ?  r;f ci-5 d~ i n d i c a - t e a  b,f TI- i s  a:al ? s i r .  1 5  fboa,gi;r -rc te 3,- 

a r r  i f a i l ?  o f  t h e  ph9- i -od raphy  r e + h s r -  ?-l-,an -)he i n f  I ~ e ; . , , e  c f  ~ ~ a i  n:-t;-;:3 

d l ' schs;-g~ or chanze !  geometry. 'The 9,280 cf s phctsgraphs ivere o b t a  i r:eci 

O s l ~ b e r  10, 1983; we l  1 a f t e r  PS,e Susitna R i v e p -  h a d  b e g u f i  i a  c l e a r ,  

Because much l e s s  conirasP existed Se-taeen t h e  clear warer y li.me of 

* P - i b u + e r y  a n d  the more "turbid r i ia insiern wai-er a i  t h i s  T i n e  of year-, i t  i s  

v n l  i ke i  y t t ,a-t  -ii-!e en? i r e  s u r f a ~ s  areas of  ' t h e  tr f b i i~iar-y rnoirfh h a b  I tad-s 

were d l  g i  t izsd, Therefore, the P e t a l  amouct  of -fr i b u i a r y  moiifh hao i - i - z t  

surface area may b e  s i  i g h t l y  under e s t i n a t e d  a? 9,096 cfs ,  
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Appendix 2 .  Digitized surface area rorals  by hab i i a r  type Lor each indi te  ~ d c - 1  c;ace fsr- io-JT Go;3 C-eek r~?iab;..:v i i s chs . r~es .  

Type S = M a i ~ n s E e m  
Type 2 = Side channel 
Type 3 = Side slough 
Type 4 - Dplmd slougl2 

Type 5 = TrSbuEaxy mwLitta 
Type 6 = T r i b u z ~ r y  
Type 7 = Grave% bars 
Type 8 = Vegetated bars 



SUM BY I-IAE I T 2 T  : 

T O T A L  r ~ I - I ~ ~ E L ,  

T Y P E  
TYFE 
TYPE 
TYF'E 
TYPE 
TYPE 
TYF'E 
TYFE 
TYF'E 

TYPE 
TYPE 
TYF'E 
TYF'E 
TYFE 
TYPE 
TYPE 
TYPE 
T'IF'E 

F b O b f  1 F'LhTE # 2 
TOTAL NUP'IErEE' 54 
T O T A L  AREA SO. I N .  14. ?)$?9 

FLClbl 1  F'LGTE Sh 5 
TDTAL f.ll?flEER 97 
TCtTAL- ARE& SF. IN. 29.4322 

SUM EY HGE I TAT: SUM BY H A 3  I T h T :  

TYPE 
TYPE 
TYPE 
T'QF'E 
T Y P E  
TYPE 
TYF'E 
TYPE 
T Y P E  

SYF'E 
TYF'E 
TYPE 
S'f F'E 
T'f F'E 
TYPE 
T'f PE 
TYF'E 
TYPE 

FLEW I PLATE # 3 
TOTAL NUMBER 4 9  
TOTfiL QREA SO. I b i s  1?.8r:!2l 

FLOW 1 Pi -ATE 8 6 
T O T F L  T.lirf-IFEF: 1 1 1  
r u r x .  C;F::EA 5 .  I 1 :  4.14-5.3 

SUM BY HABITAT: SUM B'f i -+AD1 T A T :  

TOTGL FiUMBER MEAN F'ERCENT 



: i _ ? ? ' ~  I t i - - t  t % . 
T O T A L  I'dUPlEEF 37 
T P T 4 i  AREA SP.  I N .  3 . 8 9 3 2  

SUM FY H4FJT4T:  

T O T A L  FIUPlFEF: MEtiFf 

TYF'E 
TYF'E 
TYF'E 
TYPE 
TYPE 
TYF'E 
T'T'F'E 
TYPE 
TYF'E 

T Y F E  I 
T Y F E  2 
T Y F E  T 
TUF'E 4 
T Y F E  5 
T?FE 6 
TYPE 
TYPE 8 
T Y P E  Q 

TOTAL T 4 .  7'?9q i37 . = &I!:#- 7- 1 

FLOLJ 1 P L A T E  X E! 
T O T A L  NLlI1FEF: q T  
'TOTAL HREg 5Q. IN .  36.5725 

FLGbI I F'LGTE 3 11 
T O T A L  I'IUMPEF: 99 
TOTAL 4REA SF. I N ,  -1 .237@!  

SUM 5,:' H9EITAI: 
SLIM 3's' HAFIT AT: 

TYF' i I  
IYI:'E 
T Y  F'E 
TYF'E 
T'!F'E 
T'T'F'E 
T-YF'S 
TYPE 
T'iF'E 

TYPE 
P'i'F'E 
T y ,.:a 

TYPE 
2-YF'E 

T W E  

T'SFE 

TOTAL 535'6 7 3 .  .66,1 

FI-Obi I ?LATE # 9 
TOTAL. F-ILIPfEEF: f fZj(jl 

TDTAL GF'EA SO.  IN,  Z f  .9'767 

FLOLI I F L A T E  # 1 2  
T O T A L  PIIJT"IFEE 47 
TOT&[- PF:EA SC?. 1P.J. Zi?.l5.<3(:! 

TOTAL P4UPIFEE MEAN 

1 7 . 5  
7 .  Q 

J . ' I t  
- 1:) 

" ,:I 

(21 . l j i  "- - -. . S 
4 1 .  1 

5 . 3  

TYF'E 
T'fIZ'F 
TyF'E 
T':F'E 

T'f PE - .<' f= 

TYF'E 
" !-, 

'r' f" E 



TOTAL  ?!UMEEF MEAN 

TYPE 
T'yJ"E 

TYF'E 
T Y F E 
TYF'E 
TYPE 
TYPE 
TYF'E 
TYPE 

T Y F E  
T 'dF.E 
-T 'U'F'E 
TYPE 
TYPE 
TYF'E 
TYPE 
TY IZ'E 
TYF'E 

TOTAL 25. "1 75 -- _.- i 

FLOW I P L A T E  6t 14 
T O T A L  NUMEE5: 5: 
TOTAL AF:EA 5 1 25.3793 

SUM BY Hr lEI I 'T 'A I :  

TOTAL  r.IUMPER MEAN TOTAL.. P&.IMFEK MEAN 

TYPE 
TYPE 
TYPE 
TYF'E 
TYPE 
TYPE 
TYF'E 
TYPE 
TYFE 

TYPE 
TYF'E 
TVF'E 
TYPE 
TYPE 
TYPE 
T Y P E  
TYi:*E 

TYF'E 

T O T A L  28 . ~$215 1 .-& .-. . .5421 EI- TOTAL 4.77(j l  14. 



r L. f-ju; - ; .-- .  I L Y A 

T O T A L  PJUMEEF: 1 E* 
TClTFtL ;IF:EA SP. IPJ. $3. "1Ql 

SUM BY t?iSBITFi?-: 

T O T A L  rXJP1FEF: I? E & P.1 

TYF'E 
TY F'E 
TYPE 
TYPE 
TYF'E 
TYF'E 
T YF'E 
T 'r'PE 
T'IF'E 

T't'F'E 
TYPE 
TYF'E 
TYF'E 
TY F'E 
7- Y i 2 i  
TYF'E 
TYPE 
TYF'E 

FLCIbI 2 PLATE 4% 2 
T09"AL NUPIEtEE c-. 

-1 A 

TOTc?L.. APE& SD. IN .  15.2 1-99 

FL. Ob! l? I"LATE # 5 
TC!TAL- PiURE:f F: 93 
T O T G L  ;;RE& SD, I N .  45.6755 

SUM E:'f XC?E I T A T  : 

TQTr?L NUMBER MEAI\J TOTAL. NUP!BER nEp'ir.4 

TYPE 
TYPE 
TYF'E 
TYPE 
T': F'E 
TYPE 
TVF'E 
T'/F'E 
T'f F'E 

T O T A L  46,  1:!#:522 QT, ,-4bb- 

FLDbJ 2 Pi-ATE # 2 
TOTAL r*IUMFER c2 .A t4 - 
TO'I-AL ARECS TC!. I r.1. i T ,. 2524 

SUM E'Y k1AP I TAT' : 



t 1- k-114 - I -  t -  * 7 I L -  R 

T O T A L  NUMPEF. s.: 
TOTAL  ARE& SF. IN .  TS. 4365 

TYF'E 
TYPE 
T Y P E  
1";'F'E 
TYF'E 
B'/FE 

TYPE 
TYPE 
T I.' F" E 

TYPE 3 
TYF'E 2 
TYF'E 1: 
TYF'E 4 
TYFZ 5 
TYIz'E b 
PYFE 7 
P'i'F'E 8 
TYQE <> 

FLQCI 2 PLATE # 8 
T D T A L  N!lMBER q21 

TClTC1L AREA SO. I f.1. 38. fr;Z2: 

FLOL.4 T' P L G T E  # 1 5  
T O T A L  !\I1JME!EF: E? 1 
' TOTAL  AREA SO. IN ,  34.325C1 

SLlM EiY 1.lt;EI I T A T :  

T'Y F E 
TY F.E 
TYFE 

'Ck- F'E 
T "t' F' E 
T'I'F'E 
TYPE 
'TYF'E 
T YF'E 

T'CF'E 1 7 .  ,5792 7 1 .138,57 
TYIZ'F 2 3- 1267 b - 5 2 1 5  
TYPE 7 ..a134 4 . 1 t:iz4 
TYPE 4 - ~.;$qi:!~ 6 A -, p j ~ i j i ~  

TYPE 5 .353 - . c i f . i  1 
TYPE .?I , !.15 1 $ 4 - . !?i i : r  8 
TYFE 7 ?.5,515 -. b .1 I ?  7 -  

T'fF'E 3 5.S586 3 I - -- ,4534 
TYPE 9 i .:. 4.757 I 1  1. ""S!:i 

TOTAL 1:4 . 2'74-7 81. . -445 - 

FLC)I.I 2 PI-i\TE # s 
TOTGL I'.JLJI.IEj:IEE' 8 6 
TOTAL. CSF1ZA Sr?. IN,  fS. !365!3 

F L O W  2 F 'LATE  # 12 
YDTAt- r.ft-!i.IE:EF: c -I I .i 

TPTGI.. APIEr?, 1 . 2 1 . 3(:15 

SUM R'r' l i i > B I T & T :  



f- L tJbJ -: 1-'Lt'i !!. i: 1 -', 

T O T A L  NUMBER b 1 
TOTAL. AREA SC?. I N .  2 1  . 1 (715!21 

SUM E Y  HAEi I TAT:  

T Y P E  
T Y F E  
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TYFE 
TYF'E 
TYF'E 
'r YF'E 
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TYF'E 
TYPE 
TYPE 
TYPE 
TYF'E 
T Y P E  
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T Y  fz'E 
TYPE 

FLO1.I 2 PLATE # 14 
T D T A L  NUPIEER CCI 

-1 L 

TOTAL  ARE& SQ. IN. 353. !337,5 

SUM BY HABITAT:  SCiI'1 E'f H R F  I TAT: 

T O T A L  NUMEEF: 

TYPE 1 
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T Y F. E 5 
T Y P E  6 
TYF'E 7 
T\iiZ'E El 
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TYPE 
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FLrJbI 2 FLATE # 15 
TOTAL  IIUMFER - - -. i<j 

TOTAL. FiF:EA SD. IN .  2 3 .  799rji 

SUM I?'{ HABITAT:  
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TYF'S 
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T U ,  ' r r 5-.E 
T ' f F E  
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T'iFE 
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T \. 1:. E 

T ',' F E 
T V F E  
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T :'FE 



. : t - - ; ! -  !t ; 
T O T A L  t\iUMEER 1 4  

T O T A L  AF:EA SF. I N .  7 .  7.51-!1;: 

SUM BY HHPITGT: SUM BY HnblTAl : 

TYPE 
TYF'E 
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TYPE 

TYPE 
TYPE 
TYPE 
TYPE 
TYKE 

TYF'E 
T'f F'E 
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TYPE 
TYPE 
T','F'E 
TYF'E 
T'f F'E 

TOTAL 7 .754.  3 -3 . -3°C . ;.-. -.LS 

FLOW T PLfiTE # 2 
T O T A L  MIJMEEF: 24 
T O T A L  AREA SF. IN.  15.2144 

FLOb1 Z F L F I T E  # 5 
TCiTFiL NLIllflER 74 
TC3TA1- 6F;Ed S?. IN.  4!15.2&5& 

SUM EjY HABITAT: 

T I 3 T A i  NC!ME;ER MEAN 

TYPE 
TYF'E 
TYF'E 
T'i'FE 
T'f PE 
TYPE 
T'/FE 
T'CF'E 
TYPE 

TYPE 
TYPE 
TY12E 
IYF'E 
T\fF'E 

P ': !=* E 
TYPE 
TYPE 

f 'fFE 

FLQba PLATE # 3 
T O T A L  NIII*BFER -- -. ., 
TOTAL. F;F'E!; SCI. IN .  19,1?71 

T'!PE 
T'r' PE: 
T'!F.E 
l'i't7.E 

r !F'E 
T :I:E 
T r f:. E 
T : l:.E 
7 , C E  



t ! i. .'J ! ! - r - - , L  < 
T C i T A l  r,!l-IMFEF: L' : c -8 

TCITF ;~  FiG:[{& 5P. I N .  ? 3 . " 7 & C l  

SUN BY HGb7"T A T :  

T'fF'E 
TYF'E 
T Y P E  
I"t*F'E 
Y 'is F' E 
TYF-!E 
T F' E 

T'f FE 

T Y  F'E 
T Y F'E 
TVF'E 
'I '!PE 
T1'r-E 
T\/ [I-E 
T-JpE 

T'f FE 
TYPE 

SUPI BY HAP I TAT: 

f YPE 
T'i F'E 
-f-.x,?FE 
T'/F'E 
-. 

I 'IFE 
T Y F'E 
T?F'E 
-ryI-'fZ - 
T 'r/ F'E 

T O T A L  7 .  921'' 81. -786.3, 

FLQW 3 lz'LUTE # ? 
TO'f A L  >jLli$Eif 7% 

Ti3VkL ;iF:EA ESP, IN. 4 .  197 



F L L . . ~  - 3 1 . 

TCiTAL T~dCIMEEF: C c -1 -1 

TOTAL AREA SF. IN ,  21.:123 

SUM BY WGBI TAT:  

TOTAL NUI'IFEF: MEAN PERCENT 

TYF'E 
TYPE 
TYPE 
T'f F'E 
TYPE 
TYFE 
TYPE 
TYPE 
TYPE 

T'f F'E 
TYF'F  
TYF'E 
S'IPE 
T '/FE 
T YF'E 
T Y F E  

T Y F'E 
T'iF'E 

q-? !:I - 
1 _' e 
e 

C j I .  - 
II _. 
. !!I 

rii " .  

a.  8 
&. 4 

3 7 - 7  

FLDirl T: F'L-&TE 44 17 
TJJT<)b I..IC!fiBEF: 17 

T!3Ti?L AF:EA SF. I N .  1 1 . Z6!.3 I 

SUM E Y  HABITAV:  

TOTAL NUMBER MEA%d FEFXENT 

TYF'E 1 
TYPE 2 
'TYPE 3 
TYPE 4 
TYPE 5 
T'r'F'E b 
TYPE 7 
TYFE 8 
TYF'E 9 

T Y P E  
T'f F'E 
TYPE 
T'{FE 
T',!PE 
TyF.E 

T Y F E  
' T ' i  FE 
T'I'PE 

TOTAL 7 2 .  21ii&& i?. 1. &@.1Z 1 (3 1 . 2 

FLOLI T; PLATE # 15 
TOTAL. F.IUT.!FER 2ri? 
TOTAL rlF::EA SQ.  IPl. 2 1 . 7 7 8 8  

Fi-!_7Irl FLGTE # 13 
T O T A L  PIIJT;IEER ,5 1:j 
TDTi;l- ;IF.'E~̂ I SF. II'J. 25-21~3fL~ 



i I i .  01 4 L I i 9 J 

T O T A L  NUMBER 1 2  

T O T A L  AREA SD. I N .  7 .4819  

S U M  F Y  H A E I  T A T  : 

T'f'F'E 
2- t'PE 
T YF'E 
T ': F'E 
T '1'F'E 
T k'f'E 
T'f FE 
T'iF'E 
T'f BE 

I'r'F'E .r b,, r:. 

T Y  F ~ E  
T'/PE 
T'1'FE 
TYPE 
TYF'E 
TYPE 
? YF'E 

FLSW 4 PLATE ?: 2 
f QTAl- NCII"iF{EF; 27 
TOTAL GEE& SF. IN. 14,57-:-6 

FLOW 4 F I F s V E  # 5 
T O T A L  FJUMEEH 6" 
TOT&!- &PEG SP  P .  73. 1'48 

SL!f'l P'.' HGPI TAT: 

TYPE 1 
TYPE 2 
TYFE Z 
T'IFE 4 
TUF'E S 
TYPE 5 
T'/FE 7 
T';F'E 3 
T 'v' F ' '7 

T'r'F'E 1 
I Y F ' E  2 
T'?/F'E 2 
TYPE 4 
TYF'E 5 
T Y P E  ,4 

T Y P E  7 

TYF'E I 
T"CPE: 3 

FLCW 4 F'I ATE # 3 
TOTF;L MIIMPEF: 47 
T O T A L  &PEA SP. IN .  19. 16!3? 

FLOl4 4 F 'LATE % 6 
TOTAI. PI\.!ME!EE sa 
TOTf4i. AF:E!; SP. I r d .  25.5166 

SUM E'r' HA:,PI T A T :  

TOTAL  f*IUMBER MEAN 

T Y P E  

T'f PE 
T i F F  
T.<'i:.c 

T':F E 
T v i r  C 
-j= .; F 15 
T '  i .[' 

'r'\ F E  



8 - 1 
L. * -- Ld a;. 

1 - 
C - 
C-r 

i 

8 
- 

ALi7L 'GD 'NI "95 w3:3w S t ? l O l  
I L  : ~ 3 9 ~ i l ~ 1  TVLOL 

8 # 31iJ3.4 t? Pi 13 1.3 

& 

I I - .- 
i- 

ll; 
12 
0 
T 
+7 

b 

1 " I t .  
I 'LI 
T " L  
@ = {.:! 

r ; ~  " t?; 

t "  
i 7 "  

" ( $ 4  

: L Y L I ~ Y H  AY wns 



F L ~ ~ L ~ I  4 b l - 1 ~ 1  t 11 J . 

T O T t l i  PIUPIE~EF' - r-, -. 7 

TOTAL AREA SF. I N .  19.751 6 

TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
T'f FE 

TYFF 

T ' i P E  
T'Y F'E 
TYPE 
TYF'E 
TvFE 
T'f'FE 
T'fF E 
T 't' F 

TOTAL 2!:1, 2 1 &  :G'- 

TOTAL 2%. a477 -7 a,.6 

FLS?bI 4 PLATE # 1 4  
TOTAL  rdUMBER "9 
TOTAL ARE& SQ. I N .  3rZi. 4436 

SUIUBY I-IAP I TAT: 

SUM F'f I-IAF I TAT : 

M E A N  
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 
T'/PE 
T'iFE 

TYF'E 
TYF'E 
TYF'E 
TYPE 
T'f F'E 
T Y1Z.E 

TY Iz'E 
TY FZ,E 
I'IF'E 

TOTAL- ? \:j - q?(;jq 14. 
FLObi  4 P L A T E  # 15 

TOTAL T..LlJWFEH 21 
TOTAL- &PEA SO. 1P1. 14.959? 

T'IF'E 1 
yyprc;: 1: 

T'IF'E T 
T'/F'E 3 

T'r'FE 5 
P','[:'E !., 

T I F E  7 

r *r  r- E 3 
T~,} : fZ ' 2  

1-1-1 Ti.(- 

- - ;. . ,. 1 56 
. ris7 l 4 

*:1 * !?l<:j$Qg 

. 1ir555 
<!j - (,:$i!I<jlf~f 

I!) * !!j<ll.jl[;j 

* !:!:W:i 

. 4476  

'I. S.628 
. c5IC?'l 


