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the development of an extrapolation methodology, first introduced by

Steward and Trihey (1984), which weights WUA indices developed for each

mOdeling site according to the proportion of the middle reach possessing

similar hydrologic, hydraulic and water clarity attributes. This approach

focuses on the characterization of fish habitat on the subenvironmental

scale in order to overcome problems associated with the large degree of

environmental variability in the middle Susitna River. Stratifying the

river into subenvironments and identifying the relationship between

streamflow and fish habitat at this level increases our confidence in the

applicability of these results to the river as a whole.

Within the overall framework of the Susitna aquatic habitat assessment

progr am, habitat modeling results obtained for individual subenvironments

are particularly appropriate since related studies of juvenile fish dis­

tribution were conducted at this level (Hoffman 1985). An evaluation of

habitat modeling results in combination with fish utilization data will

permit an accurate assessment of rear t ng naot tat response to natura 1 and

project-induced changes in streamflow for the entire middle river segment.

Figure 3 illustrates the primary steps in the extrapolation analysis. An

outline of the data requirements and steps whiCh comprise the methodo l ogy

follows in order that the reader gain an appreciation of the utility of the

rearing habitat response curves. The results of applying the full extrapo­

lation analysis to existing flow regimes will be detailed in Volume II of

the Instream Flow Relationships Report, scnecul ec for release by EWT&A in

December 1985.
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Quantification

Quantity surface areas of

individual channel branches

in the middle Susitna River

for each flow for which

aerial photography is

available to determine

the surface area response

to mainstern discharge.

Stratification

Use available morpho-

logic, hydraulic, and

hydrologic information

to stratify individual

aquatic habitats into

groups that are hydro-

logically and morpho-

logically similar.

1
Integration

For each evaluation species/

life stage:

Simulation

Simulate the response

of aquatic habitat

quality to discharge

with habitat modeling

techniques at selected

areas of the middle

Susitna River.

I

I

I

I

I

I

I Figure 3.

I

Integrate the quantifi-

cation, stratification,

and simulation components

to determine the aquatic

habitat response to dis-

charge for the entire

middle Susitna River.

Flow chart inaicating steps followed in the extrapolation of
site-specific juvenile chinooK habitat inaices to the entire
middle Susitna River.
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2.0 METHODS

2.1 Habitat Characterization of the Middle Susitna River

2.1.1 StUdy Site Classification

For the middle reach of the Susitna River, Klinger and Trihey (1984)

identified six subenvironments, on the basis of water source and

morphology, which they termed habitat types: mainstem, side Channel, side

slough, upland slough, tributary, and tributary mouth. Rearing habitat

modeling sites were initially selected to conform with the concept of

aquatic habitat types. The degree to which these habitat types are uti­

lized by juvenile salmon as well as their susceptibility to project impacts

determined the extent to which they were represented in modeling stuct es ,

Of the large number of locat ions sampleu for juveniles in 1981 and 1982,

significant numbers of chum, sockeye, and ch inook salmon were found in

tributary, side Channel, side slough and upland slough locations. Chinook

salmon utilization of these habitat types is summarized in Figure 2.

Recognizing that rearing habita~ in tributaries will prObably not be

affected by project operation, investigators excluded this habitat t ype

from mOdeling studies. Juvenile salmon utilization of mainstem and tribu­

tary mouth areas was judged i nsuffi ci ent to warrant i ntens i ve study. The

si tes chosen for mode ling s tunt es of j uvenil e chi nook habi tat are i centi­

fied by river mile and bank orientation (L and R denote left and right

bank looking upstream) in Figure 4.
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2.1.2 Representative Groups

While the haoitat type concept of Klinger and Trihey (1 984) is usef ul in

the i<1entification of attributes characterizing a particular location

within the mi<1<1le river at a given time, the static quality implicit in the

concept makes it 1ess practical as a means of stratifyi ng the river for

extrapolation purposes. The results of the habitat mO<1el ing analyses are

WUA forecasts for sites which frequently transform from one habitat type to

another over the range of evaluation flows. Juvenile chinook haOitat

<1istribution an<1 quality is highly <1epen<1ent upon these transformations an<1

the progressive physical changes which atten<1 them.

In oraer that the <1ynamic an<1 site-specific nature of rearing habitat

response to a constantly changing aquatic environment be acknowle<1ge<1

by the extrapolation methO<1ology, an alternate means of stratifying the

mi<1<11e river was <1evelope<1. The concept of representative groups as a

further set of <1istinct subenvironments of the mi<1<11e river an<1 the

criteria use<1 by Aaseru<1e et al. (1985) to <1efine them ensures that the

mcde l f nq sites are truly representative of the portions of the river they

are suppose<1 to character ize. Accurate forecasts of the response of

juvenile chinook to natural or impose<1 changes in flow regime require that

this con<1ition be satisfiea.

Aaseru<1e et al. (1985) <1elineatea 172 specific areas of the mi ddl e river

from aerial photography interpretation an<1 fiel<1 verification stu<1ies.

Specific areas formerly assigne<1 to four habitat types (si <1e channel, si<1e

slough, upl and slough, anc in some cases mainstem habitats) were aivi<1e<1
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among ten representative groups, each characteri zed by unt que and readi ly

identifiable combinations of flow-related attr ibutes. Representat ive

groups and the pr imary hydrolog ic, hydraulic and morpholog ic forms and

processes which distinguish them are summarized in Table 1.

Each mocel t nq site is associated with a corresponding specific area; from

an analysis of aerial photography and reconnaissance level f ield data , a

mOdeled specific area mdY also be determined to be representative of

several non-modeled specific areas withi n the same representative group.

iolithin the framework of the extrapolation methodology, the collection of

modeled and non-modeled specific areas which comprise a particular repre­

sentative group may be thought of as a discontinuous (1.e., spatially

discontinuous) yet homogeneous subsegment of the r iver.

Figure 4 i ndi ca t e s the representat ive group designat ion of each rearing

habitat modeling site. Because the delineat ion of representative groups

Occurred subsequent to study site selection and data collection , some

representative groups do not possess specific areas in which modeling

stuo ies were conducted. I n part icular, spec if ic areas which dewate r at

relatively high mainstem discharges (Gr oup VIII) and ma instem areas which

remain shoal-like at most evaluation flows (Group Xl are not represented by

juvenile chinook habitat mOdeling sites. The remainder of the representa­

tive groups have at l e a s t one spec if i c area wi th an associated mone l i nq

study site. (his fact is important since the objective is to extrapolate

habitat i ndi c es from specifi c ardas with mOdeled s ites to non-moae leo

spec ific areas, assum ing that mooel ing sites general l y reflect the habitat

character of non-modeled areas with in the same representative group. As

will be discussed l a t e r , juvenile chinook habitat response within

14
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Group XIII was represented using mOdeling results from study sites from

Groups II and Ill. No attempt was made in the present analysis to charac­

terize rearing haoitat at specific areas inclUded i n Group X, However,

future derivation of acceptable habitat response curves for this group is

feas ible through mcc t f t ca t ton of direct input nydr au l t cZhao t t at moaels

developed for spawning chum salmon (Hi l l i ar a et al. 1985)

Important criteria used to partition specific areas into representative

groups are the type and rate of change in hydrologic character documented

for the specific areas. The hydrologic component of the method used by

Aaserude et al. (1985) to stratify the middle Susitna River focuses on the

systematic transformation in habitat type of specific areas within the

5,100 to 23,000 cfs flow range. For example, as flows recede mainstem

areas frequently Oecome shallow water shoals, and side channels may

transform into side sloughs; both habi tat types may eventually dewater as

flows decrease further. The emphasis on habitat transformation

acknowledges the transient nature of r iverine habitat availabil ity end

distrioution. The dichotomous key in Figure 5 aelineates the eleven haOi­

tat transformation categories derived from an evaluation of the 172 speci­

fic areas and eight streamflows for the middle river. Note that the fina l

categories approximate the original "habitat type" designations used oy

Klinger and Trihey (1984) and ADF&G (1983). Two important modifications to

the habitat type classification system are the inclusion of shoal habitat

and the presence/absence of upwelling. Shoals are areas whiCh at high

flows are visually inseparaole from adjacent mainstem or side channel

areas. As flows recede the shoal or riffle character of these sites be­

comes obvious, even though the boundaries separating shoal s and adjacent

16
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Fi gure 5. Key to habitat transformat ion categories used to c la ssify
specif ic areas to representative groups.
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habitat types are usually indistinct. Specific areas f i t t i ng this descrip­

tion are further distinguished on the basis of whether their boundaries

remain indistinct or transform into well-defined channels at lower flows.

Upwelling groundwater, usually discernab1e in aerial photos by the presence

of clear water, is accentuated in the classification step of the extrapo1a­

ti on methodology because of its pronounced effect on the di stri buti on of

juvenile and adult salmon within the middle Susitna River.

Using habitat types present at 23,000 cfs as a point of reference, site­

specifi c habitat transformati ons have been defi ned for several di scharges

of 18,000 cfs and less. The sequential changes in habitat type observed

within this flow range offers a powerful tool with which to combine

specific areas into representative groups . Other hydrologic parameters

used with varying degrees of confidence to cluster specific areas into

representative groups are breaching flow, cross-sectional profiles of the

head berm and adjacent mainst m Channel, and upwelling.

Of the hydrau1 tc variables examined by Aaseruce et ale (1985), mean reach

veloc ity under breached conditions was considered the most appropriate for

classifying specific areas within the middle Susitna River. Unfortunately,

the relatively low flows (8,000 - 11,000 cfs ) at which field sampl ing was

conducted preclUded standardization of mean reach velocities on the basis

of a common flow or trans formational state. Mean reach velocit ies were

unava ilable at sampling flows for two-thirdS of the specific areas

delineated in the middle Susitna River; the majority of the sites were

unoreacneu duri ng reconnai ssance f i e1d stUdies. Nonethe1ess, the vel oct ty

data col l ected was used to further refi ne t r ans f or ma t i on category

defin itions .
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Of more practi ca I vaIue i n the development of representati ve groups were

channel morphology i ndi ces derived from aerial photo i nt erpret at i on and on­

site visits in the f ield. Specific areas within the middle reach exhib it

sufficient s iml l ar i t i es in plan form to provide a theoretically attractive

means of grouping sites together. Use of channel geometry, sinuos ity ,

length-to-width ratios and related morphologic i ndi ces to classify specific

areas accord ing to representative group i s j usti fi ed by the repetitiveness

of similar channel features within the middle r iver segmen~

2.2 Quantification of Surface Areas

Although each specific area i s assigned to the same representative group

for all flows of i nt er es t , the per imeter and therefore its surface area

varies with discharge. Furthermore, Doth the aDsolute size and the rate of

change i n surface area var ies between speci f ic areas. Successful appl ica­

tion of the extrapolat ion methOdology requ ires that the surface area

response to streamflow of individual sites be quantified since the amount

of rearing habitat availaDle within a specif ic area is dependent on its

areal extent at different flows.

The total surface area of each specific area i n the middle r iver has Deen

estimated for ma instem ct scnarqes of 5,100, 7,400, 10,600, 12,500, 16,000,

18,000, 23,000 cfs using digital measurements on 1 inch = 1,000 feet scale

aerial photography. The digitizing methods are descriDed by Kl i nge r and

Trihey (1984). Surface area estimates were used to adj ust WUA estimates at

Doth mcce l ed and non-mone lec specif ic areas , as descr ibed in Sec ti on 2.4

Delow.
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2.3 Physi cal Habi t at Mode ling Studies

2.3.1 Overview of MOdeling Techni ques

The quantitat ive assessment of juvenile chinook rearing habitat response to

streamflow i n the middle Susitna River is based on investigations conauctea

by ADF &G and EWT&A between 1982 and 1985. Suffi ci ent aata were co11 ectec

to moae1 chinook rearing habitat potential at 20 mode ling sites typ ica l of

9 of the 10 representative groups which characterize the mt dnl e Susitna

River. These studies uti] t zen two data intensive moae1 i ng techniques : 1)

the Resident Juvenile Habitat (RJHAB) model aeve10pea by ADF&G; and 2) the

Physical Habi t at Simulation (PHABSIM) System aeve10pea by the Instream Flow

and Aquatic Systems Group of the U. S. Fish ana Wil a1ife Service. Data

requirements ana sampl i ng methoas emp10yea by the two models are similar,

and mode l parameters ana stanaard output var iab les are i de nt i cal

(Fi gure 6). The major differences between RJHAB ana PHABSI M moae1ing

approaches relate to the resolution of input and output data and the tech­

niques usea to process these data. The RJHAB moael generates surface area

ana WUA output only for those aischarges for which hyarau1ic i nformati on

was col l ect ea. The PHABS IM moael ing syst em incorporates hyarau1ic mo ae1s

whi en may be usee to forecast syntheti c hydrau1 ic data for any streamflow

within an acceptab l e ca l ibrat ion range . These aata serve as i nput to a

program (hABTAT) which calculates wetted surface area ana various habitat

inai res for the moae1ing site. WUA forecasts for unobservea flows basea on

the PHABSIM moae1s are much more re liable than t hose ob t a i oec using the

RJHAB moce 1i ng techn i que.

20
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Flgure 6. RJH AB and PHABSIM mOdeli ng pat hways fol lowed i n the analys i s
of j uveni le chlnook sal mon habitat.
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Source aoc uments for i nfor mati on re lating to RJ HAB ana PH ABSIM moael

aevelopment for mt ndl e r i ver s tudy sites t ncl uce Estes ana Vincent -Lang

(1984) , Ha l e et al. (1984) , Marshall et al. (1984 ), ana EWHA ana wee

(1985). Habi t a t su itability criteria serving as mode l parameters for

HABTAT are cescr tbed in Stewara (1985).

2.3 .2 Hyaraulic Data Requ irements

RJHAB ana PHABS IM moaels appl iea i n th is stuay assess the influence of

three key phys ical habitat variables known to s i~nificantly influence

juvenile chinook salmon aistribution, namely instream ana overheaa cover,

water velocity ana water aepth. The availability of areas characterizea by

suitable combinations of these variab les varf es df rect ly with changes in

streamflow. The primary objectives of both habitat moaels are to quant ify

the ais tribution of var ious comb inations of these habi t at .,ar iables within

a representat ive segment of stream ana to ce sc r t be th is c t s t r f but t on in

terms of i t s usab ility or potent ia l as rear ing habitat for j uve ni l e

chinook.

In oraer to aescr ibe rearing hab itat potenti al basea on the availabil ity of

suitable cover, vel ocity ana cepth within a study site, f t el d measurements.

were oot a i nec at ot sc r ete i nt er val s along mul ti ple transects. Figures 7

ana 8 illu s t ra t e t he basi c ai f ferences between the RJH AB ana PHA BSIM

sampl ing methoas, i ncl uai ng transect placement, number of vert icals where

hyaraul ic var iables are sampled and the dimensions of the cells or mapping

element s represent ea by these poi nt measurements. In the case of the RJHAB

moue l t nq si te s , cover ana hyara uli c da t a were collec t ed at four t o seven
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Figure 7 . SampI i ng de s i gn for RJ HAB mode l i ng s i t es . The RJH AB moce l
ass umes that average va lues ob ta i nea for nant ta t var i ac 1e s
witn i n 6' x 5 0 ' bank an d mid -cnan n e l cells are
representative of l a r ge r areas within (he mo de ling s ite.

di = depth (tt ) for ith c~1I

dj = depth (tt) at jt h vertical
dn = depth (tt) at nth vertical
vi = velodty (ftIscc) for [th cell
Vj = velocity (ftIsec) at jth vertical
vn = velocity (ftIsec) at nth vertical
n = number of verticals
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VI = velocity (ftlsec) to r i th cell
dl = depth (ft) tor ith ce ll
wI = width (ft) tor i th ce ll
Ii = leng th (ft) tor ith ce ll
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Figure 8.
Sampl i ng des ig n for PHABS IMmOde ling si t es .
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~ifferent ~ischarges. Two bank cells an~ one mi~-channe l cell , each 6 ft

wi~e by 50 ft long, were samp l ed per transect. However, the areas

represente~ as bank cells in surface area an~ WUA calculations exten~e~ 6

ft out from the left or right banks an~ upstream to the next transec~ The

mi~-channel cells were consi~ere~ representative of the area located

between the 6 foot wi~e bank cells.

Cover, velocity an~ depth ~ata for PHABSIM mo~els were col lected at several

irregularly spaced vertical s along the study site transects. The surface

area associ aten with each ce 11 extended halfway to aaj acent verti ca 1sand

transects (Figure 8). In contrast to the RJHAB mode l , the f t e l n data

ootatnec in the PHABSIM analysis are used to calibrate a hydraulic mode l

capaole of forecast ing dep tn-ve l oc t ty combinations for each cell at

unsamp l e d ct scnar-qe s , Two types of hydraulic mo de l s were usee for this

purpose, depending primarily on hy~raulic conditions at the study site. The

IFG-2 mOdel is a water surface profile type mOdel based on the Ma nni ng

equation and the principle of conservation of mass an~ energy (Milhous et

a l , 1984). Data requirements for the IFG-2 model t nc l ude a single set of

veloc ity data and several measurements of transect water surface eleva­

tions. MOdel calibration involves iterative adjustments of Mannin g's n

values until agreement between observed and predicted water surface eleva­

tions is ootaf neu. Once reliably calibrated, the IFG-2 moue l may be used

to predict ve l oc t t t e s within each cell across the transect at dif fe rent

diSCharges.

The se cond type of model used to simulate hydraul ic data i n rear ing habitat

investigations was the IFG- 4, which employs linear regression ana lysi s to
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pred i ct cep tn ana velocity as a funct ion of c t scnar-qe for ea ch cell. The

I FG-4 moael requ ires a minimum of two hyaraul ic aata sets but i s better

su i tee than the IFG- 2 mode l for s imulating rapialy variea f low connt t tons

(Trihey and Bal drige 1985) .

Estes ana Vincent-Lang (1984), Hale et a l , (1984) , ana Hilliard et e l .

(1985) provide further information on hydraulic data collection and

analytical procecures.

2.3.3 Habitat Suitability Criteria

The next stage in the RJHAB and PHABSIM mOdeling process requires that

habitat suitability criteria be developed for the species/life stages of

interest. Habitat su itability criteria (cur ves) i ndi cat e the preference of

a fish for different l eve l s of a particular habitat variable; suitability

curves are needed f or each physical habitat var iable incorporated i n the

habitat mOde ls. The cover, velocity and depth suitability criteria used in

this stuay to evaluate ch inook rearing habitat potential in the mi dale

Susitna River are based pr imarily on field observations of juvenile chinook

aens ities in siae channe l ana s ide s lough areas of the miad le Susitna River

(Suc ha ne k et a l . 1984 ). EWT&A ana WCC (1 985) and Stewara (1985) discus s

these aat a wi th regara to their app l icabi lity to mains t em, s iae channel ana

s ide s lou gh habita t s. The j u ve nil e c h i no ok suitab i l ity c ri te ri a

recommended by St ewar a (1984 ) and summarizea in Figures 9, 10, ana 11 were

app l ted i n this s tuoy ,

Of part i c u lar in t e re st a re the separate ve loc ity ana co ver habi t a t

sut tatn I i ty c r i t e r i a which app ly unde r cl ear ana t urb i d water conct t t ons,
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I VELOCITY SUITABILITY CRITERIA FOR JUVENILE CHINOOK SALMON
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Clear water habitats occur in side channel areas whiCh are not breached by

the turb id waters of the ma instem ri ver yet maintain a base flow via

groundwater upwelling or tributary inflow. The frequency and duration of

this condition depends on the elevation of the thalweg at the head of the

site relative to the water surface elevation of th~ adj dc ~nt ma instem.

5i te flow versus mai nstem di scharge re l ati onsnt ps were used to determ i ne

when clear and turbid water velocity and cover criteria were to be applied.

Rearing salmon use cover to avoid predation and unfavorable water

velocities. Instream Objects such as submerged macrophytes, large

SUbstrates and organic debris, and overhang ing vegetation i n near shore

areas can provide cover for juvenile chinook salmon. Instream object cover

in most rearing areas of the midC1le 5us itna River i s provided by larger

streambed materials, primarily rUbble (3-5 inch diameter) and boulder ( >5

i nches ) s ize SUbstrates. The cover su itab ility cri t eri a presented i n

Figure 9 and Table 2 suggest that juvenile chinook tend to assoc iate with

some form of object cover in both clear and turbid water habitats.

Preference gen~rally increases in proportion to the percentage of Object

cover present, particularly under clear water condit ions. The different

preferences for the same type and percent of object cover indicated by the

cl ear and turbi d water sui tabil i ty cri teri a are due to the util i zati on of

turbidity as cover by rear ing Chi nook. Dugan et al. (1984 ) documented

higher densities of chinook in breached, turbid water side channels than

were found at the same s ites unde r nonor eacneu , cl ear water cond it ions.

ThlS disparity was most pronounced at sampling sites possessing minimal

Object cover .
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Table 2. Cover sui tab ili ty cri te ri a reconmended for use in modeling juvenile chi nook habitat under clear and

t urbi d wa t er condit i ons . Sources: Suchanek et al . 1984; St eward 1985.

Percent No Emergent Aquatic Large RUbbl e Cobble or Debri s & Overhanging Undercut
Cover Cover Veg. Veg. Grillel 3"-5" Boulders <5" DeaMall Riparian Banks

Cl ear Water (Suchanek et al . 1984))

0- 5'1, 0 .01 0 .01 0.07 0. 07 0.09 0.09 0 .11 0.06 0.10

6- 25'1, 0. 01 0 .04 0 .22 0.21 0. 27 0 .29 0 .33 0 .20 0 .32

26-50'1, 0.01 0.07 0.39 0. 35 0.45 0.49 0.56 0.34 0. 54

51-75'.L 0 .01 0 .09 0 .53 0.49 0. 63 0.69 0 .78 0.47 0.75
w..... 76-100't 0. 01 0. 12 0.68 0.63 0.81 0.89 1.00 0.61 0.97

Turbid Water (EWT&A and WCC 1985)1

0-5'1, 0.31 0. 31 0.31 0.31 0. 39 0.39 0.48 0.26 0.44

6- 25 '1, 0.31 0.31 0 .39 0 . 37 0 .47 0.51 0 .58 0 .35 0. 56

26-50't 0 .31 0 .31 0.46 0 .42 0. 54 0.59 0.67 J .41 0 .65

51-"' 5'1. 0. 31 0. 31 0. 52 0 .48 0 .62 0. 68 0. 77 0.46 0 .74

7b-100'1, 0.31 0.31 0 .58 0.54 0. 69 0.76 0.85 0.52 0.82
- - -----
IMul t i pli cati on factors : 0-5'1, - 4. 38; 6-25'1, - 1.75; 26-50'1, - 1.20; 51 -75t - 0.98; 76- 100'1, - 0.85


