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INTROOUCT ION

The proposed Susltr.e hydro e l ect r ic project wil l a l t er t he nat ura l

s t r ea mf l OW regl ••s of the Susltna River. The river 58g...e nt downs t rull

from Dev II Canyon t o t he Chul itna River conti uence (lei ke.tne) 'I OUI d

experience notable a lter a t i ons In natur ally occ urring streamflow

patt erns, due to Its prox imity to the proposed dams lt . , and the limited

amount of Infl uence th at t ributary Infl ows neve on tota l dl5Charg e In

th is r iver segment.

With-proJeCT d r scn er-ges are expected to be lower t he n natura l I y

occurr ing f lows dur ing summer end hlghe,.. In the . I nte~ These a ltered

flow s ar e expected t o af fect t he amount end seasonal avaI lab ili t y of the

aqua t i c hab Itat s present In the river. This report prov ide, locat ion

and area l extent of various aquat ic hab itat types at d ifferent Illli nst em

d Ischar ge s. These dat8. In comb i na tion wi t h the r es u l t s of other

st ud i e s f ocu sing o n biol og i ca l fe 8tures o f ha b i ta t s present In thi s

segment of the r iver, wi ll faci l i t ate forecasting t he ef fects of a l t e red

s treamflows on th e avai l abili t y o f 8q ua t lc nee t r e r t o eneer c e c us an d

res l dent fish.

Aer ia l photography Interpretation. along with field r eco nnaissance. Is

bei ng used t o Ide nti f y and map va r iou s aq ua t ic ha bitat types In the

Ta l keetna-t~Oevl l Canyon reach of the Susltna River (a l so refe rred t o

85 t he middle Susltna River). In 19&4 Initia l wor k on aquatic hablt8t

mapping and 5urfece area Ileasurements determined t he location 8nd amount

o f va r io us aquatic habitat t y pe s at malns t e . d ls ch8 r g8s of 2',000,

16.000 ; 12,500, and 9,000 c t a, 85 meas ured at the U. S. Geolog ical
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Survey ( USGS) Gold Creek gag ing stat ion (Kl ing er llnd Tr lhey 1984 ).

This reporT presents t he surface area response of aquaTi c habitat types

t o m81 nstem d i scharge at four addi t iona l streemf lows: 18,000. 10.6 00.

7 .400 , zmd 5 .100 cfs. The 18,000 ch d i scharge fall s within the 16,000

to 23,000 cfs r ange••here ~veral s loe s loughs and si de channels become

Inundated by lIalnstem wat er. The lowe- three discharges "r ovld e a good

basis for evaluating low flow cond Itions In the river.

This report discusses the four sets of aer ia l photogra phy analyzed In

1985 and pr e se nt s the su r f ace area meas urelll en ts I n comb Inat Ion .1 th

those a na l yze d I n 1984. Ho wevc r , surface area measur eme nt s o bt ai ned

from the 9 .000 cfs photography have bee n omitted from th is eva l uat ion.

The s urface area me8 s ur ements obt 81ned from the 9.000 ch phot ogr llpny

were s us pecte d o f be i ng somewhat Inacc urate due to di s t or tion s

associ ated wi t h Ice an d snow cover (KI Inge r and Trlh ey 1984). The

presence of sno w and Ice alade It difficult t o accurate ly determine th e

wa t e r 's edge an d eeesur e the we t t e d surfaces. The 1984 s ur fl!l ce area

measurements obtllined from the 9.000 c fs photography wer e compared wit h

198' su r f8ce 8re8 da t 8 ob ta ined 8t 7.400 a nd 10 . 600 ct s. The adver se

Inf l uence of shoreline Ice and snow cover on t he eccuracy of the 9,000

c ts data set Is qu ite ev ident from this cOtllparlson (Kl inger 198').

Surface ar e a measur e ments for t he se ve n d I sc harge s ev a luated In t h is

report prov I de an ad equate ba s i 5 for Ide nt I f y Ing the response of

specific areas t o streamflow reductions. as we l l as for quantifying

change In wet t ed surface area of middle river h8bltat types oyer 8 breed

range o f streamflows. Althou gh weTt e d sw t eee area may be used 8S an

Indicator of habitat aV81lablllty. It does not represent ha bI t at



quality. This report does not contain any st.teCients concern ing the

s uitab i l i ty ot the various habitat ty pes tor fish, ncr does It address

how the quality ot theee hab itats !na y r espond to ch a nges In malnstell

discharge.

MElHOOS

HabItat Tvp: De5lg not 1OO$

The t ota l wetted s urfece pr ea of the middle Sus l t na River was class If ied

Into six ge ner a l aq uatic ha b itat t ype s based on cr i ter i a v Is ua l ly

ev ident In aer ial photograp hy or hel icopter overf li ghts : malnstem, sI de

channel , side s lough , upl and slough, tr ib utary mouth, and tributary.

These ha bitat types represent phys i c al charac t e r i s t ics of t he

env ironment and do not necessarily depend upon any particular degree ot

uti I lzatlon by 11.1\.

The fol lowing brief descr i pti ons were used to IdentIty the six aquatic

habi t at types eval uated In th is st udy. These def initions are li mit ed to

v isua ll y r ecogn izab le phys i ca l char act er ist i cs present during Ice-free

condItions and that are easily Identified from t he air dur ing he l icopter

reconnaissance flights . A eer-e detailed descript ion of each aquatic

habitat type has bee n pre pared by th e Alask a Department of Fi sh and Game

(1983 ).

Haln$tQm ha bi tat ty pes are th ose c ha nne ls ot the r iver that

normal ly convey streamflOW t hr ou ghout t he e nt ire ye a r . They a r e
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visua lly recognizable by thei r turbi d, g lac ial water and hi gh

vel ocities.

Si d. Cbannel hab itat ty pes a r e a lso c ha ract er i ze d by turb i d,

glacial water. Veloc it ies often appear l ower t han In malnstem

si tes. Side chan ne l hab it at Iley exist In we l l-de f Ined channel s or

In areas typified by numerous Islands an d subm erged gr avel bar s.

When the upstrea. be rms of si de ch ann els a r e de watered a nd the

channels conteln clear weter, they are class if ied as s ide s loughs.

S'd Q Sl ough hab itat types cont a i n c l ear water . Up welli ng and local

s urface ru noff are t he pr Imary s ources su pp Iy Ing c l ear wa t er t o

t hese ar ea s. Side s loughs have non- vegetat ed upper thal wegs that

are overtopp e d dur i ng per iods of moderate to h i gh malnstem

dlscharg8~ When these areas a r e over toppe d they co nvey tur bid

wat er lind are t hen c l ass i f ied as si de channe ls .

Uplond ' Iougb habItat ty pes a l so contain c t ee r- wliter lind depe nd on

up.e l I In9 and/or loca l surface ru nof f f or their wate r sour ce s.

Up Iand sl oughs possess vegetated upper thai wegs that ar e 581 dOll

overtopped by malnstem dl scharg&

Tr i but a r y mou th hab itat types are clear wat e r areas that exist

wher e tri butary str e ams flo w In to mal nstem or side c hannel

ha b itats. This habita t type Is manif es t a s a clear wat er p l ume

extend i ng ou t Into the tur bi d r e c e i v in g wa t e r . Tri butary mouth

hat l t a t al so extends ups t ream Int o t he tributary to t he uppe r

e xte nt of a ny backwater Inf luence that might exist. The surf ace



area of tr ibutary mouth habitat Is af fected both by tributary

d ischarge and maln stem stage.

Trlb ytory hab ita t t ypes are t ho se reaches of tributary st reams

upstream of the tr ibutary mouTh hab i t at s. Tr l but ery hab itat types

heve not been evaluated In this analysi s because tributary habitat

Is not I nfl uenced by mal nst em stag~

Non-wetted areas were cf ess l t l ed as e ither veget ated I sl ands or gravel

bar s. Areas within the control corr idor that were quantif ied but not

r-et even't to t r.., sur f ece area analysis were Classi fied as "back ground".

f igure 1 pr esents a descript ive key used to c lass i fy ar eas of t he mi ddl e

river I nto habi t at t ypes. This ke y was adapted from the Al aska

Depa rtment of Fish and Game Sus ltna Hydro Aquatic Stud I es (1983 )

classification Index for aquat ic habitat types.

flold M@thods

CampI ete photograph I e coverage was obta I ned for seven lila I nstem

d ischarges In the Talkeetn~t~evll Canyon roach of the Susl t na Ri ver.

Black-and-white aer ia l photographs .er. obta ined at an approx imate sca le

of 1 Inch . 1000 teet, with a 60 per cent ov er l ap bet ween ad j acent

photos. The dates of the photography and mal nstelll discharges as

measured at the USGS Gold Cr eek gagi ng station (No. 15292000 ) at t he

time of photography are presented I n Table I .
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'reete 1. Oates and ",a l nstem di scharges at whi ch aeria l phot ography of
the Tal keetna-ta-Devll Canyon reach was obtalne~

JlA1I PI$<;b§rge ( e l$)

6- 1- 82 23 , 000

8-24 -80 18,000

9-11-63 16 , 000

9-6-83 12 , 500

9-9-64 10,6 00

10- 4- 84 7 , 400

10-14-84 5,100

Helicopter reconnaissance fl ights ~ere co nducted ov er the Talkeetna-to

Devil Canyon reach at maln stem discharges si milar t o those at whi c h the

aer- I al photography was obt a I ned. Our I ng each of these r eco nna I sse nee

fli ghts, aquati c habitat ty pes werG Identified us i ng the key presented

as Fi gure 1, and their l ocati ons were mapped on 1 Inch . 1000 feet sca le

bl uel Ine prints of the Susltna River. Dewatered gr ave l bers and

streambank areas wer o sketched on the blu~l l ne pri nts as wer e boundari es

of the var ious hab itat type.

Qfflce prQCedyres

Pbgto PIAtOS ond Fn l org~

Photographic mosai cs .ere prepared from the overlappi ng black-end-w hite

photos to prov ide continuous I Inch · 1000 feet coverage of the

Tal keetn~to-Oev ll Cenyon reach for each of the 58ven d l schal"g es. The
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photo mos a ics were subd iv ided Into e Ighteen sections of appr oxl .ately

the same length, with a s . al l a~nt of overlap between adjoin ing river

secti ons . A se t of e ighteen 4-1/2 Inch by 15 Inch phot o pl at e s was

print e d for each of the seven dlsch.-ges (Appendix O. For t he sets of

photogra phy taken at 23,000; 18,000; 16,000 ; and 12~00 cts, each photo

p late WOJ s carefully exami ned a nd areas t hat were t oo sma l l In size to

prov I de deta II ed resol ut Ion we r e en lar ge d t o a sca l e of 1 Inch · 25 0

feet. Al l s et s of photognll phy taken et 10 ,600 ; 7 ,400, and 5,100 c f s ,

were enlerged to e seat e of 1 Inc h · 250 feet.

Hnb ttot Type BouodArles

Aquat ic ha bi t a t boundar ies . a ppe d on the b lue l Ine pr in ts dur ing t he

he licopter reconnai ssance flights were trensferred t o correspond ing sets

of photogr ephs . Figure 2 prov ide s an e)Ulm pl e of th e techni que used for

t he phot ogr a phy ta ken at 23 ,000; 18,000 ; 16 ,COO; and 12 ,500 cfs. The

technique used for the photogrep:--y taken at 10,600 , 7,400; and 5, 100 c 15

was essentia lly t he same, with t he exception that no enlargement areas

were def Ined because t he ent Ire set of phot ogrlllphy ves pr Inted lit t he

enllll rged sClllle of 1 : nc h · 250 faet. A total a t 35 adj oin ing plates

were needed to cover t he ent i re TalkaQtna-to-Dev ll Canyon reach at that

scale. Matchl l oes were drewn on ad j o in ing photo plates to ensure t hat

habi tat areas with i n over lapp i ng secti ons nea r tha edges a t the plates

.ere not counted twice. The boundary of each e n largement area was

establ ished us ing prominent topograph ic features In the photography and

drawn on both the plate and t he In di vi dua l en iarge lllent. This ensured

that areas within t he enlargement cou ld be summed and compared with the

e nlargement area on the plate.
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The externa l boundaries of th e tota l er-ee t o be Inc luded In the s urface

area anal ys is (con t r o l area) were def Ine d on each p l at. , s o t hat s ub

areas with I n t he cont r o l area caul d be t ot a Ied and compared with th e

total control area of that pl ate. In Ineny cases , It was neceJury t o go

beyond the river channel bounderles t o establ ish en Icent ltlab le control

MINI boundary. The area tocat ed betwe8n the control area bounda ry and

the river channel was d l ~ ltl zed as "background" (r-efer to Figure 2 b) .

010 ' t1zl oo

In t his report, digit iz ing refers to t he proces s of ca lcu lat ing the area

wlth l n a per Ime t e r c Ircu mscr l bed on t he areal photogr a phs. Area

c a lcu lations were ma de usi ng a Numonl cs Mode l 2400 Dl g l TllI b l et lind

El ectroni c Gr a phi c s Ca lcu lator connecte d to an Epson HX-20 Notebook

Comput er. Pri or to d i g i t iz i ng each phot o p late and enlar geme nt,

boundar ies wer e dr awn around each wetted and non- wet t ed habi tat el ement .

By tracing the per imeter of a g i ven ar ea '11t h the Numonlcs Ol glTab l et

cursor, ~he area c irc umscr ibed 15 ca lc ulated by t he Graphi c s Calculator

to a n accurecy of 0.01 sq uare Inch. This accu racy 15 less t han th e t of

dellneetlon and operator t racing error.

Dig itiz ing strategy cons Is ted o f d ig i t i z i ng th e contro l area, the

e nl argeme nts ( If pre sent ) and elements wi t h i n the contr ol are~ If

enlarge ments were present, the tota l arelll of the en iergellle nt ~ a s

d ig it ized and t he n t he e lement s wit h i n It. Eac h ar ea c alculat ion was

per for.ad t. lce. If t he percent error betw een th e t wo measurement s was

greater t han five percent, the area was red l gl tlzed unt i l th e per cent

agreement was l es s than five. An Inter ac tIve computer program was



FIGURE za. Example ot a Susitna River segment with habitat types mapp ed and classif ied .
2b. Example 01 the same rlv ~r segment as delineated prio r to digitizing.
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developed for th e HX- 2O, which prompted the dlg ltlz Ing oper ator for th e

p Iate number, f Iow code, cont r o l ar ea nu.ber, enl erge . ent nu . ber ( I f

en t ergeeent ), enlargement fector, habi t at code, e l ement number and t he

digi t ized ar ea (tr ansferr ed from the gr aphics cal culator). The progralll

ch ecke d percent agreemeflt for each meas.urement, and perfor med the

summntlon of elament s for compar i son wi th t he Init i al con tro l ar ea

measur ement.

pota B§ $@

Sur face area measur ement s that hed been stored on the Eps on meg netl c

tape cessettes were trans fe rred Into a comput e r i zed da t a base for

storage, sorting, end SUbsequent anal ysl:.. Eoch Indiv idua l s urface ar ea

measureeent was entered as a se par ate record that e04bled Identificat ion

by discharge, photograph (correspon ding to a river mile Inde x) , a nd

Individual area num ber.

Correct ion factor s were ente r ed to s t a ndar d ize t o a common sc ale of 1

Inc h· 1000 f eet. Due t o prevai ling weat he r factors at the time the

aerial phot ogr aphy flights, slight vari ations In scale occ ur red In th e

vari ous photo se t s. Surface area s with in enlargement areas and for

those sets of photos printed Antlrely at the enlarged scale wer e div ided

by a fector of 16 to acco unt f or the fo urfold d ifference In scal e

between 1 Inch · 250 feet <!Ind I Inch . 1000 feet.
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Surface areas were summed by hebl t at type for the entire river corridor

between Ta lk e. tna an d Dev il Canyo n for each of t he seven d i s c ha rge s.

Per cen t ages of the total river s urface ar ea r epr esen ted by eecn aquat i c

hab itat type were ca lcu lat ed for each of the seven discharges.

Because the change In surfece area of aqua t ic habitat Is a function of

dlscher-ge and channe l geOflletry, the Talkeetne-to-Dev ll Cenyon reach was

subdi vi de d Into four segments, ea c h possessing somewhet different

geolllorpholog ical c ha rac t er i s t Ic s. RM 101 t o 113 CTa l keetne-to-l an e

Creek) Is a re latively channel Ized se gment of th e middle r iver with fe w

mid-channel veget a t ed Isl onds or gravel bar s ;: few side channels branch

off frOIl the malnstem . RM 113 to 122 ( l a ne Creek-ta-Curry ) Is a more

bra ided s~llenf with IllIld- channel Islands and si de c ha nne l s branc h in g

frOID t he malnstelD. RM 122 to 138 (Curry-fa-Go ld Creek ) Is a br a id e d

segment wit h l or ge mid-channel Is lands and grllvel bars. Nu merous s ide

channe l s branc h off fr om the ma lnsfe m. RM 138 t o 149 (Gol d Cr eek- t o

Dev il Can yon ) 15 a more channe lized segment wi t h s ome l a r ge side

channe ls br anching off from the ma insfelll. Tot al surface ar eas of each

habitat type wi t hi n these segments were determ ined to focus attent ion on

th e divers ity of habi t at types and surface area responses among se gmenTS

'11th d ifferent morphologic characterlstlc~

Average mont h Iy d i s ch arge s for th e Sus It n8 Ri ver at Gol d Cr eek r ange

f r om 1,500 cfs In wlnfer to 28, 000 cfs dur ing s ummerJ the average annual

discharge Is 9 ,7 00 cfs (figure 'a). Snowmelt runoff dur i ng June and

early JUly accompanied by glac ial melt and r a in fa l l r unoff during July
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type surface areas as a function of malnstem discharge for other

discharges was referenced to the digit ized surface areas on t he 23,000

cfs photography.

to depict baseline mid-summer conditions. The percent change In habi t at

Canyon reach of the Susltna River. Therefore, th is photography was used

From an analysis of the hydrologic data, It was determined that the

aer ial photography obtained at a malnstem discharge of 23,000 cfs

represents a typ Ica I mid-summer discharge for the Tal keetna-t~Dev I I

and August provide st~ble and persistent high summer discharges (FIgure
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for the Sus ltna River at Gold Creek (adapted from Scu lly,
Leveen, and George 1978)j b,c,d. Monthly flow duration
curves for the Susitna River at Gold Creek (adapted from
Acres American Inc. 1983). .

s ide channel ha bi t a t s decreased with decr~aslng d isc ha rge.

associated with specific geographical location and the habitat type

Surface area values presented In Table 2 ~ere plotted to Illustrate the

surface area responses of indiv idual habitat types In response t o

changes In ma Inste discharge (FIgure 4l. Surface areas of ma Instem and

some cases, such as for tributaries and their mouths, habitat type Is

Canyon reach of the Susitna River are presented In Table 2. These

persists over a broad range of streamflows even though the surface areas

habitat types represent physical characteristics of the environment. In

may respond significantly to changes In dlscharg~ In other Instances,

another as river stage Increases or decreases.

specific geographic locations transform from one habitat type Into

Total surface areas for aquatic habitat types In the Talkeetna-t~Devl l
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Tabl e 2 . Tot~1 sur face areas by h~blTat ty pe within the Ta l keetna-t~D8vll

Canyon reach of t he sus tm e River.
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FIGUR E 4 Surface area responses to malns tem discha rge in the
Tatkeetna-tc-Devil Canyon reach 01 the susn ne n iver
(RM 101 '0 149).
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COncur rentl y, expo sed grave l bar surface area IncrUHd with deereased

disCharge.

SIde slough sur f ace area Increased with deer"S I"g d I$Charge dow" to a

. a lnste_ discharge o f 7 , ..00 efs, a nd then decreased at 5,1 00 cfs.

Upland sl Cough surface area reaalned rel atively constant aver th e range

of aalnst. d i scharges, deCreasing so-ewnat at 5 ,100 cfs. Surface area

of tr i butar y IIOUth hab itat peake d at Int er.eellat . flows of 16,000 and

12,500 ch. Vegetated bar surface area r ..a lned relati vely constant ovet'

the r ange of malnst • • d ischarges.

Table 3 present s the percentage of th e total ri ver corri dOr repr esented

by each habi t a t type for Bach of t he S8ven ID alnste. d i scharges. Tab le"

pr e sents t he percent change I n t he s urf ace area of eac h ha bi t at t ype

with de cr ea s i ng d ischarge as c alculated f r om a baseli ne d Is c harge of

23,000 cts.

Th& Tal keetna- t o- Oev I I Canyon reach was di v ided Int o four segments based

upon differing geomorpho log ic al charac+er l s t lcs. These segments extend

from approxillat el y r iv er li l i es <RM ) 101 t o 113, 113 to 122, 122 to 138,

and 138 to "'9. aeeecse o f d I tferences In the eeount o f sur fa ce a r ea

wi t h i n e ach river se gll ent and the desire to accen t the r e sponse o f

habi t at su r face area s with in t he ...Ivet" segments, surface area s f or the

var ious habitat types are reported as the percent of total Mea In the

r lv'!lt' corr i dor <Figure 5). Figure 6 presents a rel ative comparison of

total surface areas c a lculated for var ious hab itat types with i n t he

- 10-

enti r e Talkeetn~t~evll Canyon r each and wit h i n the fou r se g_ent s In

response to ch anging _alnst. di sch arge.

DISCUSSION

Air photo Inter pr e t a ti on Is highly dependent upon th e qu al ity of the

photogr aphy. Al though eech set ot photographs obtaIned Ie<" tills study

was genera lly clear and complete, the t l.. of dey, dat e, and preva il ing

weat he r con di t i on s at t he tl_e 'the aerial photograph ic .I s sl o ns w. r e

flo wn affected the extent to wh i c h deta i led river ine features w. r e

vis ible.

The 23 ,000 c fs photograp hy, take n on June 1,1 982, _as ob tained at a

tl.e of t he year when the su n wa s a t B high ang l e and dec ld lou s

ve ge t a t i on had not fU ll y lea fed -out. Thi s res u lte d In f ew shadOw$,

e na b l i ng e xce llent del ineat ion of wa t e r ' s edge a nd s l ou gh ecuneer t es.

The 7,400 c f s and 5 ,100 cf s photography , obtained on Octobe r 4 and 1" ,

1984, respectively, h8ve extens iv e areas of shadows al ong t he sout h and

eest sh orelines. Thi s was due pr imarily to the l ow sun an gle dur i ng

t hat t l llle o f year. These sh adows sometimes obscured the wa ter' s edge

and made some su r-teee area delineations mere d i ff ic u l t. The remaining

sets of photogr a phy had Isol ated shadow prObl8llls. In spite of the minor

problems wi t h photograph ic detail , accurate and r-et r ee t e s ur f ace ar ea

••asure.ents ~ er. obta i ned using various techniques to aid I n

de l inea t ions .



Tabl e ). Surf ace areas by hab ita t type within the Tel ke etna-To-Dev I I
Canyo n r ea ch of the Sus ltna River expressed as a percentage of
t he t otlSl r llfCf' COf"'r idor area.

PeCCt otcg. by Q'Vb"CQft
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Aquat ic habitat surf ace Drea r esponses are a fu nct ion of str88mf low end

c hannel geolletry. Saa l l loc a l changes we r e observed during t he tille

per i od I n which the sets of photog r aphy wer e ob t a i ne d. These s mal I

changes were thOugh t to have an In5lgnl flc,ant effect on the accuraCy of

the surface ar ea meas urements or the ,abil ity to . ake comparisons between

photographs taken In diff erent years. If channe l geo.etry re.alns

reiat iy ely constant oyer t 11l8, then the aquat ic hab itat surface ar ea

responses can a lso be expected t o rema in constant. Thar£fore, the

results presented here are representatlYe of open e et e r condit ions and

exist ing channel geometry.

The proposed project Is expected t o r esult In a longer ope n- water season

than Is present under natural cond it ions. In add It ion , when f reeze-up

occur s, the l oc ati on of t he Ice f r ont 15 a nt i c i pa t ed t o occur h r ther

downstrwall, leay ln g portions of the middle rlyer Ice-free (Harze-Ebasco

1985•• b) .

Some changes In channel morphology are antic ipated. The ma'nstem

ch a nne l 15 expec t e d t o de grade by a s much a s a f oot, leavi ng some si de

ch a nnel 8nd s loug h ar ea s perched. This would r e s u l t In a hIgher

ma l ns t e m stage requi red to overtop the e l t uv l e! berms ( Harza-E ba s c o

19850).

The surface eree response petterns presented here co ul d be adjusted to

account for 811 tered breach I"g di scharge , of ver- lo u& &Io ug hs and 5 Ide

channel s and, t her eforo, be applicable to a post-project scenario. It

must be re-emphas lzed, however, that the results of this study make no
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asseSSllent of the qua l i ty of th e habitats or the ir su itabi l ity for use

by fish.

Definitions for aquat ic hab ita t types used In this stUdy represent a set

of visually recogn iz abl e, strea_flow dependent physica l character isti cs

that do not r e s tri ct the oc currence o f a pa r t i CUlar ha bi t a t type t o

f ixed geograph ica l locat ions. An example of tha fl ow- dependent ~ature

of t t.sa def in it i on s Is r e f l ec t ed by s ide slough and s ide channel

habitats. S ide sloughs, by defin i tion, are clear wa t e r ha bi t ats I n

which the flow Is lIIalntalned by upwell ing and loca l s urf ace ru noff. A

non-vegetated alluylal berm at the ups tream end of the dewatered

oyerflow ch an nel sep arates the clear wat er ~ ab l t a t from the act lye

Chan ne l. When lIIalns tem discharge Inc reases and r-Iver stage rises. t he

alluv ial berm at the head of the slough 15 cver t ocped, Turbid ma l ns t em

wat er f lows Into t he channel and rep laces the former c lear water hab itat

wit h deepe r , faster-flowing tu r bi d wat e r . The aquat ic habitat at this

locat ion then f its the defi nition of s ide channel habitat. Conyersely,

as ma l ns t em disch arge decr ease s , areas class lf"td as side channels may

become cut of f from ma lnst e m f low at the Ir upstream end and become clear

water habi tats. I f the clea r water In f l ow t o t hese systems Is

sufficient to ma int a i n a downstream con nec tion with t he mal nstem. these

areas then fi t the de f in it ion o f s i de s lough hab itat.

General trend s In s urface area response to mal nstera discharge became

apparent In this study. As .a l ns tem di scharge decreased, the s ur f ace

area of both mal ns t em and side channel habitat t ypes de creased.

Concurrently, s Ide slough habi t a t s ur f ac o area Increased with decreasing

d ischarge. The decrease In s ide s lough surface area shown e-t 5,100 cfs



was due to some of the sloughs dewatering at their downstream end

leaving remnant, ponded water which was not considered available

habitat.

The ~urface area response of malnstem, side channel, and side slough

habitat Is not necessarily directly correlated with habitat quality. In

malnstem and some sl :e channel habitats, velocity and depth are limiting

factors for the distribution of fish. As malnstem and side channel

surface areas decrease with decreasing malnstem stage, water depths and

velocities In these areas are reduced, making these habitats more

su Itab Ie for use by fish. Converse Iy, as maInstem discharge decreases

and s Ide slough habItat Increases, these a Iready she II ow slough areas

may become even shallower with very low velocities. Access Into these

areas may become a problem and/or the shallow depths of the sloughs

themselves may result In less than suitable habitat.

Tributary mouths and upland sloughs are the other source of clear water

habitats In the middle river. Tributary mouth habitat surface area Is a

function of both malnstem discharge and tributary flow. Surface area

was low at a maInstem discharge of 23,000 cfs, Incr eased at moderate

malnstem discharges and then decreased at discharges of 10,600 cfs and

below. At 23,000 cfs, the combination of high malnste.. stage and water

velocities resulted In a shearing off of the clear water plume as It

entered the malnstem. The decrease In tributary mouth surface area at

the lower malnstem discharges probably reflects lower tributary flows .

Upland s lough surface area remained relatively constant over the range

of maInstem discharges Invest !gated. At 5,100 cfs, the sur-race area
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decrease was due to the mouths of some upland sloughs becoming dewatered

leaving the sloughs as remnant, ponded areas Inacces s ible to fish.

As malnstem discharge decreased, the combined surface area of clear

water habitats Increased. This Increase In clear water Is Impor t ant not

only as potential juvenile salmon rearing habitat, but could be of

Importance for pr Imary and secondary product Ion If these c Iear water

areas remained relatively stabl~ For example, a reduction In ma lnstem

discharge from 23,000 to 10,600 cfs (essentially halv ing the mid-summer

flow) results In a 200 percent Increase In tota l clear water s urface

area with a 50 percent decrease In turbid water surface area, and a 125

percent Increase In exposed gravel bars. Even a decrease In discharge

from 23,000 to 16,000 cfs results In a 170 percent Increase In clear

water, primarily due to Increased tributary mouth surface area.

It must be re-emphaslzed her e t ha t an Increase In clear water surface

area Is not directly correlated with a~ Increase In sui tab le fish

habitat. By defin it ion, side sloughs are clear water areas mainta ined

by upwelling. Without field verification, It Is diff icult to

distingu ish between true side sloughs and areas containing clear water

due to settling out of suspended sed iments and poss ibly dilu tion by

surface water runoff once the upstream berm of a s Ide channe l Is

dewatered.

Different segments of th e mIdd Ie Sus Itna River appear different

morphologically and vary In the relative amounts of wetted areas, gravel

bars, and vegetated Is lands. ina I I segments, maInstem and vegetated

Island surface areas predominate. The greatest diversity occurs In the



Lane Creek-to-Gold Creek segment (RM 113 to 138l, In which a greater

percentage of the total surface area Is represented by gravel and

vegetated bars. This river segment Is characterized by a more braided

channel pattern. In these areas, the relatively large edge effect due

to the numerous Islands and gravel bars may result In the potential for

creation of more usable habitat along channel margins and In channels

with higher streambed elevations as malnstem stage drops and water

velocities are reduced. In contrast, relatively steep-banked,

channelized segments of the rl ver where edge effects are minImal wII I

probably not show as large an Increase In potential habitat.

The results of this study can be used to Indicate the potential for

Increase or decrease In the amount of usable habitat by evaluating

surface area responses of various habitat types. The term usable

habitat would Include not only fish habitat, but also aquatic habitats

suitable for primary and secondary production. However, the I Imitations

of the surface area data generated by this study must be realized.

These I Imitations reflect the strictly physical descriptions of the

habItat ty pes def Ined here.

The results of this study, however, can be applied to both ongoing and

future additional studies which focus more directly on various

biological features of aquatic habitats. Habitat recon work (Aaserude,

et at, 1985) focused on further defining and subdividing habitat types

Into categor Ies whIch more spec Iflea II y def Ine habItat attr Ibutes and

responses to flow. Fish utilization data (Hoffman 1985) will be applied

to the results of the habitat recon work to provide a measure of t he
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suitability of the various aque t l c habitats for use by adult and

juven IIe sal mono

Measurements of primary production In the middle river are artlclpated

from AEID~ This work, In combination with the development of a

euphot Ic surf ace area response mode I (Reub, et a I. 1985), wII I address

the issue of with-proJect pr Imary production potent Ia I. These stud Ies

wll I provide biological significance to the Increase In total surface

area of clear water habitats seen In this study as malnstem discharge

decreased.

The surf ace area response data presented here represent a port Ion of a

much larger Integrated data base which, when complete, will facilitate

the forecasting of the effects of altered streamflows on the biological

and habitat components of the middle Susltna River.
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