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INTRODUCTION

1y salmon. In the Susitna River basin, salmon often spawn in sloughs.

access cand; tions into the mouths of nine selected sloughs between

available hydraulic habitat categories in sloughs versu:; their

Habitat suitability is the relationship between fish habitat
preference and habitat availability {Baldridge and Amos 1983}.

0-1

Reduction in Susitna River discharges that occur as a result of filling

and opera ti on of the proposed hydroe1ectri c facil i ty is expected to

affect hydraulic conditions in sloughs. Chum salmon were the most

abundant salmon spawning in sloughs in 1981 and 1982. Consequently

It represents th~ final step in a narrowing focus of investigation.

their spawnin9 requirements were selected for this initial phase of

analysis.

spawning areas in sloughs are also compared with substrate composition

and areas of upwelling ground water.

suitability* for spawning by chum salmon at different slouah flows.

Spawning is a critical period in the lffe cycle of any fish, particu1ar-

Append; x 8 ana lyzes adu1t sa lmon mi grati on up the Sus itna River and

•

Talkeetna and Devil Canyon. Appendix C describes the distribution and

abundance of adult salmon in 34 sloughs and 20 tributaries in the

Talkeetna to Devil Canyon reach of the Susitna River. In Appendix C

This acpendix presents three models: 1) a model of available hydraulic

conditions in sloughs as determined by slough discharge; 2) a model of

chum salmon selection of redd sites in sloughs as determined by slough

hydraulic conditionsi and 3) a model of the wetted surface area of

I
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In the first model, two hydraulic variables, water depth and velocity,

were analyzed in four sloughs over a wide range of predicted slough

discharges. The second model is a frequency distribution of chum salmon

redds among available water depths, velocities and substrate types in

three sloughs at low slough flows (4-8 cfs). The quantity and qUcllity

of chum sa 1mon spawni ng habi ta tin sloughs is dependent upon

environmental factors, some of which are flow dependent. Significant

di fferences in the hydraul i c vari ab 1es of water depth and ve loci ty,

substrate composition and upwelling ground water* are expected to lffect

habitat suitability for spawning salmon in sloughs. The third moael. a

habitat suitability model developed for three sloughs. combined

available water depths, velocities and substrate types at a predicted

slough flow of 5 cfs with the frequency distributions of chum salmon

redds.

METHODS

Hydrau1i c Mode 1

Hydrau1i c da ta were collected and ana lyzed to predi ct the hydrau1i c

conditions that would be available in a slough for a range of slough

I

I
I
I

I
I
I
I
I

• Substrate composition was assumed to t'emain static for the range of
predicted slough flows. Upwelling ground water is not evaluated in
this appendix because of an inability to accurately identify
point-specific sources in gravel, rubble. cobble, or boulder
substrates. These variables are addressed qualitatively in
Appendix C and a quantitative evaluation is planned in future
studies.
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flows. Supplemental information which supports this analysis is

tabulated and summarized in the Basic Data Report (AOF&G 1983: Volume

4) as follows: location maps of sloughs, study reaches and transects

(Appendix 4-F), survey data for each cross section (Appendix 4-E), cross

sectional profiles of each transect (Appendix 4-A) and thalweg profiles

(Volume 4).

Site selection and data collection

Five sloughs (BA, 9, 21, Rabideux and Chum Channel) were initially

selected for a model of hydraulic and habitat conditions in sloughs of

the Susitna River (RH 76.0 to 141.0). These sloughs were selected

because they included a wide variety of slough characteristics and were

assumed to represent hydraulic conditions present in most Susit"a River

sloughs (ADF&G 1981a, 1982, 1983: Volume 4). Rabideux Slough was not

modeled because at high mainstem stages the right bank was overtopped by

the mainstem and at low mainstem stages water ceased flowing through the

slough.

Each slough study area consisted of a representative reach with

transects. Study reach and transect locations were selected based on

cri teri a descri bed ; n Bovee and Mil haus (978) and Tr; hey and Wegner

(1981) and represented proportions of each lotic habitat typ~ present

within a slough. They were also selected to encompass areas known to

support chum sal~n spawning during 1931. A study team consisting of a

fishery biologist and a hydraulic engineer familiar with the U.S. Fish

and Wildlife Service Instream Flow Group (IFG) methodology (80vee 1982)

0-3



directed the site selection, t!"ansect location, data reduction, and

hydraulic model calibration.

Representative reaches included a minimum of 10 percent of the total

1ength of the slough (AOF&G 1983: Va1ume 4). The length of wetted

surface area in each slough decreased as the upper portion of the slough

became dewater~d (ADF&G 1983: Volume 4). Thus, the relative proportion

of each representative reach to total sloU9h length increased in sloughs

BA, 9 and 21 during periods of low flow when chum salmon were observed

spawning (August - September).

Selecting a representative reach in each slough presented a problem

generally limited to the mainstem confluence area. A backwater zone

extended up into the sloughs from the confl uence of the slough mouth

with the mainstem river.* The size of the backwater zone varied with

mainstem discharge. A discussion of the influence of mainstem flows on

backwater zones in sloughs is included in several AOF&G reports (AOF&G

Ig81a, 1982, 1983: Appendix 4-F). Accordingly, the representative

reach for each slough was located in a portion of the sloughs which

would be upstream of the backwater zone for all mainstem flow conditions

less than those required to breach the head of the slough.

* The hydraulic model used for this study cannot be applied to lentic
conditions.

0-4
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Techniques for collecting hydraulic data at points (verticals) along

transects are described by Trihey and Wegner (1981) and Bovee and

Milhous (1978).

Ddta analysis

The hydraulic conditions in the sloughs were simulated using the IFG-4

computer program (Milhous et al. 1981). The program was designed for

use by resource spec; ali sts to mode 1 hydrau1; c condit; cns for a wi de

range of discharges.

Field data were reduced and coded according to the procedures described

by Trihey (1980). Procedures for enter; 09 the da ta ; nto the IFG-4

computer program and for roodel calibration are described in Milhous et

.1. (1981).

The IFG-4 hydraulic model, is intended for use where hydraulic variables

are assumed to be one of the major determinants affecting fish

distribution and abundance. It is based on th2 assumption of steady

flow conditions within d rigid channel. Obset·ved shifts in slough

bottom profiles across transects in study sloughs varied at the most 0.1

- 0.2 ft between discharges. These variations W(lre probably attri­

butable to acceptable errors in measurement. In these cases the

different values were averaged. Also. discharge can increase or

decrease during measurement of a series of transects within a study

area. Transect discharges measured durir.g and immediately following the

0-5



highest measured flow event at Slough 9 were averaged for use in the

computer simulation.

Observed water depths, velocities. water surface elevations and slough

flows were used to calibrate the hydraulic models. Calibrating the

IFG-4 model, as described by Milhous et al. (1981), involved slight

adjustments to observed depths, velocities and water surface elevations

within the range of accuracy of th~ field measurements (0.1 ft in depth,

0.1 ft/sec in velocity, or 0.01 ft in water surface elevation).

Predicted depth and velocity values wer'" compared with actual field

measurements at known flows. Computer generated roughness coeffl ients

(otManning's nil values) were adjusted wnen necessary to better

approxi~te observed velocities. Values for roughness coefficients were

assi gned withi n an acceptable range of potent i a1 va 1ues (Trihey 1980).

Observed water surface elevations and discharges were compared with

predicted water surface elevations and discharges. To determine whether

the ca1i brati on process was completed, the ve loci ty adjustment factors

(VAF) were evaluated. The VAF is the ratio between the calibration and

predicted discharge which ;s used to calculate predicted point

velocities and is rated as either good, fair, marginal, poor, or very

poor. A VAF for a calibrated model which is between 0.9 and 1.1 is

cons i dered good. A VAF 1ess than 0.70 or grea ter than 1. 30 is

considered very poor.

After it is ca1i bra ted f the IFG-4 progrum can predi ct hydrau 1i c con­

ditions for individual slough cells· at any discharge within the cali­

brat i on range. Dependi og on how accura te ly the model fits observed

0-6
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values, hydraulic conditins can only be modeled for given flows which

range from 40 percent of the lowest measured flow to 250 percent of the

highest measured flow (Bovee and Milhous 1978).

Direct comparison of observed hydraulic conditions in the four study

sloughs is not feasible because the specific flow values and the range

of flows measured at each slough varied. Thus, four predicted slough

discharges (5, 50, 150, and 300 cfs) were chosen to standardize

hydraulic conditions so that comparisons between the sloughs could be

made. Sloughs 9 and 21 were evaluated for all four flow ranges; Chum

Channel for three of the flows (5, 50. and 150 cfs); and Slough SA for

two of the flows (5 and 50 cfs). The lowest predicted discharge for the

four sloughs,S cfs, was selected because low flow discharges ranging

between 4 and 8 cfs were measured at sloughs 8A, 9. and 21 during the

period of saln:on spawning. A low intermediate flow for the four

sloughs. 50 cfs. was selected because H was the maximum predictable

flow within the calibration range of the model for Slough 8A. A high

intermediate flow of 150 cfs was selected for sloughs g. 21, and Chum

Channel because it was a high predictable flow for Chum Channel. The

high flow for sloughs 9 and 21, 300 cfs , was selected because the

highest predictable flow for Slough 21 was in this range.

•
•
•

• A slough cpl1 encompasses the surface area surrounding each
vertical between adjacent verticals and transects which is assu~d

to have the same habitat characteristics as the vertical at the
center of the cell.

0-7



Spawning Habitat Model

The spawn; n9 habita t model presents the re lationshi ps of chum salmo"

select-Ion of redd sites in sloughs to slough hydraulic conditions.

Water depth, velocity and substrate composition are considered important

physical variables which detennine acceptable spawning habitat for

Pacific salmon (Reiser and Bjornn 1979). Si9nificant amounts of

variation in spawning location can be explained by distributions 1n

water depths. velocity and substrate (Gorman and Karr 1978). Evaluation

of these characteristics to d~velop a slough spawning habitat model were

initiated in 1982.

Site selection and data collection

Five sloughs (BA, 9. 21, Rabideux and Chum Channel) were initially

selected for a study to model salmon spawning habitat. These sloughs

were selected because of their relative importance to the fishery, based

on observed numbers of spawning salmon in previous years (ADF&G 1981a,

b, 1982, 1983: Volume 4).

low flows in the Susitna River during 1982 apparently prevented access

of adult sal ron to some 1981 spawning areas (Appendix B); thus.

anticipated salmon redds were not observed in Chum Channel or Rabideux

Slough in 1982. Consequently. these two sloughs were deleted from the

spawning habitat model study.

0-8
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Slough spawning habitat study areas encompassed the entire slough (with

the exception of the back.water zone). Water depth, velocity and sub­

strate composition were examined at all active salmon spawning redds in

the sloughs between August 25 and September 6, 1982. Specific techni­

ques for locating spawning salmon and sampling redd sites are described

in other publications (AOF&G 19S1b, C, 1983: Volume 4; Estes et a1.

1981i Wilson et a1. 1981). Spawning salmon were observed directly from

the slough banks. During observations the sloughs were clear, shallow.

and slow-moving. Therefore. salmon were easily seen and identified.

Sufficient numbers of chum, pink, and sockeye salmon redds must be

sampled to determine a ~Iltivariant suitability function based on

probability (see suitability model section below); Bovee and Cochnauer

(1977) reconmend a minimum of 200. Although observations of redds for

the three speci es were .nsuffi ci ent to meet thi 5 cri teri on, chum sa1mon

were the most abundant salmon obser/ed spawning in the sloughs (37 redds

measured in Slough 8A, 48 in Slough g, and 33 in Slough 21).

Consequently. their spawning requirements were selected for detailed

analysis.

Data analysis

Frequency distributions of water depths, velocities and substrate

composition at chum salmon redds. measured at slough flows of 4-8 cfs,

were plotted. To reduce variability of the continuous variables (depth

and velocity) associated with small sample sizes of redds, adjacent

values were 91·OUp·' (Bovee and Cochnauer 1977). A difference of + 0.1

0-9



ft or ft/sec was considered to be wif:hin the range of potential field

measurement error. Theref~re. 0.2 ft was chosen as the depth increment

and 0.2 ft/sec was chosen as the velocity increment. The same incre­

ments were used for water surface area of available depths and

velocities so that frequency distributions of depth and velocity at

redds would be comparable. A previous habitat suitabil ity study in

Alaska used depth increments of 0.3 and 0.4 ft and velocity increments

of 0.5 ft/sec (Wilson et al. 1981, 8aldrige and Amos 1983).

Suitability Model

In orde~ to determine whether a particular type of habitat is important

for a particular fish species/life stage (e.g .• spawning chum salmon).

the utilized habitat rust be compared to the total amount and types of

available habitat.

Habitat suitability is defined by the percent occurrence of a fish

observed within increments of an environmental variable weighted against

the corresponding percent occurrence of available area within increments

of the same variable (Baldrige and Amos 1983). The IFG provides a

computer program, the Physical Habitat Sirrulation System (PHABSIM).

which merges the IFG-4 model with habitat preferences of fish (Milhous

et a1. 1981).

There are four methods which quantify the combined habitat preference of

a fish species/life stage for water depth, velocity and substrate

composition. These techniques are: multivariate suitabil ity functions,

0-10
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preference curves. binary criteria, and multivariate functions in

associ at ion with preference curves. Each techn; que has certai n

strengths. weaknesses and limiting assumptions (Bovee 1982).

Our intent ion to use a mu 1ti"ariate suitabil ity funct i on was prec1uded.

A multivariate SUitability function cannot be derived without sufficient

data and it ;s difficult, if not impossible, to supplement the function

with professional judgment (Bovee 1982). Insufficient redds were

available for measurement during 1982 to determine the probability of

finding a certain combination of environmental conditions given the

presence of a fish (Bovee and Cochnauer 1977, Voas 1981).

The preference curve method (Bovee and Cochnauer 1977. Baldrig~ and Amos

1983) was a possibility but preference curves are environmentally

dependent (Bovee 1982). That is. individual stock of a species/life

stage have adaptc 1 to the environmental conditions of the stream system

they are found in. Habitat criteria for a species that are collected in

one system should not be applied to another unless their applicability

to one another is validated (Estes et a1. 1981. Wilson et a1. 1981,

80vee 1982). Thus. it canna" be assumed that preferences of salmon in

Susitna River sloughs are similar to those in other watersheds.

Difference; in preference curves from other watersheds may represent

real differences in microhabitat preference. availability, or sampling

bias. Given that equivalent samplin9 procedures were used, another bias

that ITlIst be considered is one that would be present if the range of

available habitat values is less than the range that would otherwise be

utilized by the fish species/life stage.

D-ll



The binary criteria method was too simplistic. Dealing only with

presence or absence of a fish in a habitat. it makes no distinction

between varying degrees of habitat suitability. However. analysis of

criteria has an advantage over the use of statistical functions which

describe species behavior. That is. criteria need no statistical

justification and do not "require more than professional judgment as to

sufficiency of conditions" (Bovee 1982).

Our analysis borrowed concepts from both the binary criteria and pre­

ference curve methods. The compromise was to increase the number of

categories of fish preference. Rather than considering simple presence

or absence. predictions of habitat availability were used to categorize

habitat as optimal, preferred. utilized, or unacceptable. These

hierarchical categories are based on an ordinal scale of measurement

(i.e .• no value is placed on the interval between each category). In

contrast, preference curves, used to detennine weighted usable areas.

are necessarily ba::, ~ on the ratio scale of measurement. where values

between 0 (unacceptable habitat) and 1 (optimal habitat) are specified

by a probability-of-use curve (Bovee 1982).

Because a distinction was made between those conditions that were

optimal, preferred or utilized, our method approximates the utility of a

weighted usable area analysis without the use of probability functions.

whi ch requi re a mi nimum sample size. Because the preference criteri a

were detenni ned from fi e1d observati ons, rather than hypothes i zed or

adapted from a literature review of chum salmon spawning in other

streams, they are relevant to conditions observed in Susitna River

sloughs during 1982.

0-12
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In developing a suitability model for ~he evaluation oT fish habitats.

the following assumptions (Baldridge and Amos 1983) adapted from Bovee

and Cochnauer (1977) were applied:

I} individual fish tend to select the most favorable habitat from

within the tlltal range of available habitat. They use less

favorable habitat with lessel' frequency and eventually leave

the area, if possible, before microhabitat conditions become

lethal;

2} individual fish are most frequently observed in their most

preferred habitat conditionSi therefore. frequency of observa­

tion can be accepted as an indication of habitat utilization

and frequency of observa~lon weighted by habitat availability

can be accepted as an indication of sUitabillty; and

3) individual fish select values of one habitat variable in­

dependently of the other habitat variables as long as all

these other variables are within the tolerable range of the

species/life stage.

Habitat suitability was detennined in six steps. Flrst. the frequency

distribution of active redds and corresponding frequency distributions

of available habitat variables predicted by the hydraulic model were

superimposed. Second. spawni ng habi tat was categori zed (unacceptab1e.

utilized. preferred. or optimal) based upon a combination of the percent

0-13



....1---------AVAILABLE---------.

UNACCEPTABLE

UTILIZED ----~.

-+-- PREFERRED~

~OPTlMAL"

o Water Surface Area
rzJActive Salmon Redds

HABITAT TYPE ~NCREMEN~

(Le.,Depth, Velocity or Substrate)

Appendix Figure 0-1. Illustration of habitat categories based on fish
preference.
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occurrences of redds and each available habitat variable (Appendix

Figure 0-1). Criteria for each habitat preference category were:

o Unacceptab 1e spawn; n9 habita t ; n a slough inc1uded those

available increments of a particular habitat variable (i.e .•

water depth. ve1aci ty or subs trate compos; ti on) where act i ve

redds were not observed.

o Utilized spawning habitat in a slough included those available

increments of a particular habitat variable where active redds

were observed. Utilized spawning habitats included those that

were also preferred and optimal.

o Preferred spawn; ng habitat ; n a slough included those

available increments of a pa"ticular habitat variable where

the proportion of ac.tive redds exceeded the proportion of

water surface area. Preferred spawning habitats included

optimal habitat.

o Optimal spawning habitat in a slough included those available

increments of a particular habitat variable ir which the

largest proportion (mode) of redds occurred.

Third. the cumulative frequencies of utilized watel- depths, velocities

and substrate types were compared with those that were available and

tested for significant differences in distribution with a

Kolmogorov-Smirnov two-sample test (Conover 1971). This test allows for

0-15



comparisons between two distributions and can distinguish differences

associated with both central tendency (e.g., median) and variability

(e.g., variance). If there is no statistically significant diff.. rence

between what was available and what the fish selected, then no

preference could be inferred with the existing data base.* Fourth, the

habitat preference categories of each significant habitat variable

representing a slough cell were compared. If all habitat variables

within a cell were in the same category, the surface area of that cell

was assigned to that category. If different categories were assigned to

the habitat variables within a cell. the least selective category was

assigned to the surface area of the cell (e.g. if depth were classified

as optimal and substrate classified as utilized in a cell, that cell

would be classified as utilized). Fifth, the surface area of ~ll cells

were sunmed to detennine the water surface area of the study reach. *

Sixth, the surface area of each habitat preference category was divided

by the total water surface area of the study reach to detennine the

percentage of total water surface area for each category within the

study reach.

I

I
!
I,
,

• Regardless of the outcome of the statistical test, available and
utilized data will continue to be collected for all three habitat
variables because af the law sample sizes used in this test and the
biological significance of these variables. Another Kolmogorov­
Smirnov two·sample or similar test will be performed after the 1983
fi e1d season, when samp1e si ze and observed range of ava i 1ab 1e
depths, velocities or substrate types are considered to be
sufficient.
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Velocity
Water Surface Adjustment

Transect Elevation (ftl Discharge (cfs) Factor

Observed Predicted I Obs~rved Predicted % Oiff

1 172 .10 172 .10 6.7 6.5 -3 1.0000
2 172.28 172.28 6.7 6.8 +1 1.0000
3 172.32 172 .32 6.7 6.8 +1 .9995
4 172.32 172.32 6.7 6.7 0 .9862
5 172.35 172.35 6.7 7. 1 +6 .9746
6 172.35 172.35 6.7 6.5 +3 .9977
7 172.50 172.50 6.7 6.8 +1 1.0000
8 172.66 172.66 6.7 6.5 -3 .9484

1 172.45 172.45 90.0 88.3 -2 .9879
2 172.72 172.72 90.0 90.8 +1 .9968
3 172.79 172.79 90.0 90.9 +1 .9960
4 172.81 172.81 90.0 89.0 -1 .9873
5 172.93 172.93 90.0 93.9 +4 ' .0035
6 173.02 173.02 90.0 91.4 +2 .9992
7 173.10 173.10 90.0 92.1 +2 .9658
8 173.13 173.1.1 90.0 89.6 -1 .9971

I
I
I
I
I
I
I
I
I
I
I
I
I
I
R

I
I
I
I

Appendix Table 0-1. Calibration of water surface elevations and
discharges at two flows (6.7 and 90 cfs) for
transects in Chum Channel: 1982.
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I

I ADllellClu Table D·). Calibration of wHer ~urfa':e elev'110ns ,nd
dtsc.harljts at three flO\05 (8. 145 .110 132 cfs) r"
t,.oseets in Slough 9: 1~2.

I
VelOClly

IIHer Surflce AdjuHn!nt

I Tr,!tluet Elevation ((t) Discharge (CTS) Factor

Observed Pr~H::tea i Obse ....ed Dre1!ieteo ~ OH'

I
, 592,40 592.':0 8.0 8.0 0 .9'?<l8
Z 592.60 592.60 8.0 8.' ., 1.0026, 592.15 592.75 8.0 8.0 0 .9961
6 593.':0 !In. 36 8.C 6.' ., l.Oi:tZ
1 593.':5 59] ...4 8.0 8.0 0 1.0111

I 8 59],40 593.39 8.0 1.• ., 1.0054

• 593.50 593.50 8.0 8. Z ·3 .9930
10 593.60 593.59 8.0 8.0 0 .9945

I
, 593.4] 593.42 145.0 146 . .: ., 1.0013
Z 593.60 593.57 145.0 144.7 0 1.0148, 593.60 593.55 145.0 145.3 0 J .0450, 594.00 594.18 1015.0 14<1.9 n .9973

I
1 594.20 59t..25 145.0 147.0 . ! 1.0028
8 S~4.Z0 554,,9 145,0 14). ) ., 1.0182• 594.30 594 . .35 145.0 145.4 0 l.OZZI

10 594.30 594.37 145.(1 144.7 0 1.0118

I ! 593.1t.. 593.11 232.0 B4.6 ., .9~J, 593.80 593.8:i Zll.O .Dl.O 0 .9C187,
59~ .00 593.9( 211.0 232.6 0 .9848, 591. .50 59:.36 232.0 231.1. 0 .9621

I
, 594.50 594.45 323,0 Z35.9 ·z ,9814
8 59: .20 594.52 232.0 229.5 ., .9198• 594.60 594.56 232.0 231.8 0 .9920

10 59t. .60 594.54 232.0 231.': 0 .9893

I ,l,PI'endh hble 0-4. (iI;llbration of ...aar surface eleyatlons allo
dhcha'ges at ~hree flows (S. 10 alld 157 chi r"
transetts in sloU9h ZI; 1982.

I

I
Ve 1ad t)'

....ater Surface ACJl.Istment
Transect Eleyation Iftl Olscharge {chI Factor

Dbser'/crl PredictE'd V Observed P""dicted DIH

I , 144.23 140:.28 5.0 5.0 0 1.0061, ~O:4 .25 10:.1.29 5.0 5.0 0 .9126
; 144.21 144.31 5.0 ... ., 1.0295

I
6 144.55 140:.51 5.0 J.1l -- .9952
1 144.14 744.77 5.' 5.0 • .9655, 144.60 t.4.50 10.0 10.(1 0 .9951, N4.~9 ;44.51 10.0 10.0 0 .,990

I ; 144.6l 144.51 10.0 9. ; -, .9968
6 1'01 18 ;4(.12 10.0 '.8 'Z !.l046

144.99 14'Un 10.0 10.0 0 l.0641

I
, 145."4 145.90 151.0 156.8 0 .9906, 145,85 145,90 151.0 156.2 -, .9882
5 145.8' 145.96 151,0 158,3 ., .9562
6 145.89 145.94 151.0 151.8 ., .9910

I
1 145.98 146.02 151.0 15',1 0 .9558
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RESULTS

Hydraul it Model

Accuracy and precision

The IFG-4 model must be calibrated to meet required standards of preci­

sion (Milhous et al. 1981). The 1FG-4 models for hydraulic simulation

in sloughs BA, 9, 21, and Chum Channel predicted the water surface

elevation and discharge at each transect. Seventy-three percent of the

predicted water surface elevations were within 0.05 foot of observed

water surface elevations (Appendix Tables 0-1 to D-4). Overall. pre­

dicted water surface elevations were highly correlated with obserJed

values (r = 0.999). Eighty-two percent of the predicted discharges at

each transect differed from mean observed discharges for each slough by

no more than 1 percent. Only one predicted transect discharge deviated

by more than 5 percent from its observed mean discharge (Chum Channel

Transect 5). Overall. predicted discharges at each

I
J

I
I
I
I
I
I
I

• If a backwater zone within a slough were to exist for any of the
predicted discharge values. that area would have bee'l subtracted
from the total surface area of the slough before the model was
applied. Backwater areas within sloughs are also used by spawning
salmon. Therefore~ plans for the 1983 field season include
sampling these ?reas and. if possible. developing a suitability
model.
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I
I ApPendix hble 0-5 . Cc.plrlson of ob$e~td .nd predicted w.ter depths

•nd velocities 110ng Slou~h SA Tr.nsect 1 In 19BZ at
two 510U9h flows: • Ind 0 ch.

I
4eh 20 [($

I bipth VeIOCH)' biji£h Veloc1t~

S!Ptnt'
( tt) (ft/sec) Cft} (ftlSK.... ered. .... p~. obs. pred . .... prtd.

I
.. 12 .'0 .'0 .00 .00 .10 .90 .OS .OS

" ... .85 .00 .00 I OS 1.IS .OS .OS
16 .90 .90 .10 .00 1.20 1.10 .10 .OS
18 1.00 ... .00 .00 1.20 1.25 .10 .OS.. 1.00 1.00 .00 .00 1.30 1.30 .10 .OS

I " 1.00 1.00 .00 .02 1.30 1.30 .10 .11.. I.OS 1.10 .OS .02 1.10 1.'0 .10 .11
26 I." 1.25 •OS ... I.CO 1.55 .10 .12
'8 1.30 I.lS .OS ... 1.50 1.65 .10 .12

I
30 1..5 I.CO •0) ... 1.70 1.70 .10 .12

" 1.'0 1..0 .10 .Ol 1.70 1. 70 .10 .11
)C 1.50 1.45 •10 ... 1.65 1. 75 .10 .ll
)6 1.60 1.50 .OS .0' 1.10 I." .10 .12
18 1.55 1.55 •OS ... I." 1.85 .10 .12

I '0 1.60 1.60 .00 ... 1.90 1.90 ... .18

" 1.65 1.60 •OS ... 1.10 1.90 ... .18.. 1.60 1.60 .OS ... 1.85 1.90 .)0 .30.. 1.60 1.60 •OS ... 1.90 1.90 ... .1S

I '8 1.60 1.55 •10 ... 1.90 1.85 .)5 ."SO 1.55 1.50 .OS .01 I." 1.10 .30 ."" 1.50 1.50 .OS .10 1.80 I." .'0 ."S' 1.50 1.50 .OS .10 1.70 1.10 ... .l1

I
56 1.50 1..5 .OS .07 1.75 1.15 .30 ."51 1.40 1.35 . OS ... 1.65 1.65 .30 .30
'0 1.25 1.20 . OS ... 1.50 1.50 .)5 .)5

" 1.10 1.05 . 00 ... 1.35 1.35 .)0 .30.. 1.00 .9S .00 .0' I.l0 1.25 .1S .26

I " ... .90 . OS ... 1.30 1.20 .'0 .'0.. .9S .90 .00 .0' ),lO 1.20 .'0 .'0
,0 .9S .85 .00 .0' 1.30 l.IS .'0 .'0

" .85 .80 .00 .01 1.10 1.10 .'0 .ll

I " .90 ... .00 .0) 1.10 1.10 .'0 .11

" ... .80 .00 .0) l.ID l.ID ,IS .12
18 .85 .IS .00 ,01 1.00 1.05 .IS ,01.. .80 ... ,00 ,01 1,00 .9S .10 ,07

" .'0 .'0 .00 .01 .90 .90 .10 .01

I .. ... .55 .00 .01 1.00 ,85 .10 .07
86 .SO ... .00 .01 .80 .IS .10 .01
88 ,.. .lS .00 ... ... ... .OS .OS
'0 .lD .'0 . 00 ... .'0 .SO .00 .OS

I
RWE 92 • '0 .DS .00 ,00 ,'0 .)0 ... .OS

" ,'0 .IS .00 .11
RW[ 96 .00 .OS .00 .00

I
r •• 99 r •• U b

'" ." , . .93b

"OhUnce (ft) .Iong transect (1"01II left bank he.d pin. lliE .nd RWE .re
left .nd right .. ter's edge It tne two dfsch.r-gn.

I bpredlcted veloctties in elch segBent rounded to ftelriSt 0.05 ft/sec
before dete~ining correlltion coefficient to co-pens.te (or roundfr.g
of observ~ velocity IIUSllrelnts in the Held.

I
I
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Appendix Table 0-6. C~arison of observed and predicted ~ater depths
and Yelocitfes along Chu~ Channel Transect 5 in 1982
at two slough ,.~: 6.7 and 90 cfs.

6.7 c"'s 90 ch
bipth Welocn) Depth Veioclt)

se~nt<!
(ft) ( 'tlsee (ft) (ftlsec

obs. pred. "".. ,...... obs. '1:' obs. ':r..Lvi ~ ~

" .10 .,. .10 .10
2. . 20 .2• .60 .61

I30 .30 .3• .•0 .81
J2 .'0 ••• I. 30 1.29
J4 .50 .53 1.30 I. 32

lWE 35.2 .00 .00
J6 .0. .00 .60 .63 I. 90 1.40 IJ7 .10 .00
3. .15 .5. .60 .73 1.90 1.73
39 .20 .20
40 .25 .24 .•0 .•3 LBO loBI

" .30 .30., ... .29 1.00 I.OJ 2.10 2.11., .50 .JC.. .60 .29 1.20 LIB 2.20 2.21
'5 .50 .30.. .65 .39 1.30 1.23 2.20 2.21

" .70 .50•• .15 ." 1.30 l.J3 2.40 2.41

" .70 .50
50 .•5 ... 1.40 J.43 2.50 2. SI
51 .70 ..0

" ... .39 1.50 1.43 1.30 2.31
53 .70 ..0

I5' .•5 .39 1.50 1.43 ~.30 1.31
55 .70 .40
56 .•0 ." I. SO 1. 38 2.20 2.21

" .10 .50
5. . 15 ... \,40 I. 33 ? .20 2.21 ,
59 .60 .40
60 .70 .39 1.40 1.28 2.10 2.ll
61 .50 .40
62 .60 .J4 1.20 1.1B 2.20 2.21

I63 .50 .30.. .50 .39 1.20 1.18 2.00 2.01
65 .4C .30

" .4C .24 1.10 . !Ie 2.00 2.01

I67 .30 .20

" .20 .24 1.00 .1. 1.80 1.81

" .10 .00
70 . 03 .2• .70 .58 1.30 I. 57

"'" 11 .00 .00 ,
" .00 .00 .50 .53 1.30 1.40,. .50 .'. I. 30 1.32

" .40 ••• 1.10 1.12I. •50 ... .90 .90

r.0 . '0 .3• .70 .11
.2 .30 .2R .50 .50•• .20 .23 .40 .39., .20 .23 .50 .50.. . 20 .1• .40 .40 I90 .10 .13 .20 .20

" .10 .08 . ,0 .20
RWE 94 .00 .02 .00 .0•

r •• 98 r •. S6b
'" .9gb

'" . ggb I
aOistance (ft) along transect f1'Olll left ban'" head pin. lW( and RWE are
left and right water's edge at t~ two discharges. Ibpred1cted ~ater depths and velocities in each se9ftent rounded to
nean!5t 0.05 ft and 0.05 (t/sec, respectively, before detenllinfng
correlation coefflcent to cOMPensate for rounding of observed velocity.
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SLOUGH SA STUDY AREA

Sirlctid Slouoh O. c OrQI: 5 ctl
~dlclld 0101 a Ir Su ace

Areo s 81,500" I

3-2 lo4 3.6 J.I "'-0 "'-2 4

WATER 0 PTH (It)

o-+--+~--+-4-"""--1~+-+-4=I--""'"""T'"----4"""''''''''''''-I--'''''''"''''to--1~'''''''''-I--.....-...,....
aD 0~2 0.4 0. 6 0.1 to 12 • 4 I II I.a :uJ 2.2 2 4 2.1 2 a _

10

S••cted SlouOh D••charOI =50ch
Prld,cled otal o"r Surf CI

Aria = 95,100" I

:U 4 U lol ''0 ~ 4 4.6 4.a!.o U 4
I

10

o+-+~f-+-+-4-t-+-4-~-"""+-+~~T"""-f'I...,.-.,.."t--fII"",-""",,,,,,,,"',..=.=::::r
ao

ATER DEPTH (tt)

Appendix Figure D-2. Frequency distribution of the predicted water depths
available for two selected discharges (5 and 50 cfs)
in the Slough 8A study area.
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SLOUGH 9 STUDY AREA

Slllctld Slough Dilchorgl:: ~ch
Prldictld Total Watlr Surfaci

Aria - 118.600 ft I

WATER DEPTH (ft)

0+--+--4--+-~~-+--+--i:::::J=.~=t=:::::r=:::::r==F="'''''''''1IIIIt-.............. __
GO 0.2 0.4 0.8 Qe 1,0 1.2 1.4 I.. 1.1 2.0 2.2 2.4 2.. " 10 12 3.4 18 11 4.0 4.2 4.4 4.. 4 .•

c
'"II:
C

'"(J 10

~
!
ct)

II:

'".-C
~.,.

S.'lctld Slou,h Oilcharol:: 50cfl
Prldicted Total Water Surfaci

Aria. 171,500 It I

o~-+-4-.J-~~!-~q~==F==F~=f:=f::=F=F::::lt-............~.,.......,......_
0.0 0.2 0.4 Qe a. 1.0 '.2 1.4 I.. 1.1 2.0 2.2 2.4 2.. U 10 12 14 16 11 4.0 4.2 4.4 4~8 4A1

WATER DEPTH (1t)

o-+-+-+--I-W~~""+-4--+::::;:::::P=F;;P=""~~~~-"''''''''--"-"",,,
0.0 0.2 0.4 06 o. I 0 I 2 I 4 I 6 I 8 2.0 2.2 2.4 2.8 2.8 0 12 14 3.8 11 4.0 4.2 4.4 4.1 .....

WATER DEPTH (1t l

Slllctlel Slough Dllchar,l:: 300 ctl
Predicted Toto I Water Surface

Are" - 222,000 ftl

SIIICtid Slough Ilchar,1 -150ctl
Predicted Toto Water Surfaci

Area - 199,000 ft a

20

10
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Appendix Figure 0-3. Frequency distribution of the predicted water depths
available for four selected discharges (5, 50, 150
and 300 cfs) in the Slough 9 study area.
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I
Appendix Figure 0-4. Frequency distribution of the predicted water

available for four selected discharges (5. 50
and 300 cfs) in the Slough 21 study area.
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Appendix Figure 0-5. Frequency distribution of the predicted water depths
available for three selected discharges (5. 50 and
150 cfs) in the Chum Channel study area.
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Appendix Figure 0-6. Frequency distribution of the predicted water velocities
available for two selected discharges (5 and 50 cfs)
in the Slough 8A study area.
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transect were highly correlated with ~~an slough discharges (I'" = 0.999).

All but one vaf were considered good (0.9 < VAF < 1.1). Fortyeseven

percent of the VAF values were 1.00 + 0.01. The single exception waj

the velocity adjustment factor for Slough 21 Transect 6 (at 10 cfs)

which was considered fair (VAF Is 0.85-0.9 or 1.1-1.15).

Precision standards also reconmend keeping predicted water depths and

velocities in each cell within 0.1 ft and 0.2 ft/sec of the observed

depths and velocities (Milhous et a1. 1981). A comparison of observed

and predicted depths and velocities along two transects at two dis­

charges with some of the lowest correlation coefficients (Appendix

Tab1es 0-5 and 0-6) are prov; ded. Corre1atian tDeftie; ents may be

somewhat misleading at the disch:lrge level at which the models were

calibrated. At shallow depths and low velocities, differences of 0.1 ft

or ft/sec can appear disproportionally large.

Predicted hydraulic conditions

The predicted proportions of available depths and velocities are

presented for slough flows of 5 and 50 cfs for all four sloughs; 150 cfs

for sloughs g. 21, and Chum Channel; and 300 cfs for sloughs 9 and 21

(Appendix Figures 0-2 to 0-9) for comparative purposes.

Water depths, velocities and discharge in a slough increase substantial­

ly when the slough head is breached by water from the mainstem. Sloughs

BA, 9, 21 and Chum Channel were breached at mainstem flows of 33.000

cfs, 19,500 cfs, 25,000 cfs and 53,000 cfs, respectively. When sloughs
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Appendix Figure 0-10. Comparisons of the frequency distributions of observed

w~ter depths at chum salmon redds (August-September
1992) with predicted water depths available in sloughs
BAt 9 and 21 for slough flows of 5 cfs.
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SA, 9 and 21 were not breached, their discharges were generally less

than 30 cfs (AOF&G 1983: Volume 4).

As breaching occurred, slough flows increased rapidly. On July 21,

1981. the discharge in Slough SA was 551 cfs at a mainstem flow of

40,000 cfs at Gold Creek (AOF&G 198Ib). Conversely, slough flows

decreased rapidly when rnainsteom stage fell below breaching stage.

Therefore, in these three sloughs. discharges greater than 30 cfs were

of short duration in late summer and winter months. as recorded during

the past two years.

SuitJbility of Available Habitat for Chum Salmon Spawning

Data from the hydraulic and spawning habitat models were combined in the

suitability model (Appendi: Figures 0-10 to 0-12). Available water

depths. velocities and substrate types were compared with those found at

chum salmon redds. Distributions of each hydraulic variable differed

significantly (p<O.05) between sloughs 8A, g and 21 at 5 cfs. Depths

and substrate types at chum salmon redds in all three sloughs (4-8 cfs)

differed significantly (p < 0.05) from those available (5 cfs). The

importance of velocity at low slough flows was difficult to detennine.

Velocities measured at active redds {Appendix Figure 0-11} did not

differ significantly (p >0.05) from available velocities in sloughs 8A

and 9 at predicted slough flows of 5 cfs. However. available and

utilized velocities were significantly different in Slough 21 at 5 cfs.

Therefore. at slough flows of 5 cfs. water depth and substrate

composition were considered the most important of these habitat

variables evaluated for detennining salmon habitat preference.
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Preferences of spawning chum salmon for specific ranges of water depth

and substrate composition in sloughs SA, 9 and 21 ar~ $ummarized in the

following paragraphs. Gaps ir'l the ranges of utilized water depths and

substrate types can probably be attributed to the low sample size of

redd..o; rather than actual avoidance of those depths and substrate types

by the spawning salmon. In addition, the proportion of totdl water

surface area that was utilized, preferred and optimal for spawning is

estimated.

In Slough BA. at 5 cfs. the water depths used by 5pawning chum salmon

were 0.2-1.6 and 1.8-2.0 ft. Gravel-rubble and rubble·cobble substrates

were used. Preferred water dej:ths were 0.2-1.2 ft and the preferred

substrate was gravel-rubble. Optimal water depths were 0.4-0.6 ft and

the optimal substrate was gravel-rubble. The Slough 8A study area was

comprised of 30.5 percent usable spawning area. Only 6.0 percent of the

total water surface area was preferred and 1.0 percent was optimal for

spawning.

In Slough 9, at ~ cfs, the water depths used by spawning chum salmor.

were 0.2-2.4 ft. Gravel-rubble, rubb1e-cobble and cobble-boulder

substrates were used. Preferred \Jfater depths were 0.8-2.2 ft and the

preferred substrates were gravel-rubble and rubble-cobble. Optimal

water depths were 1.2-1.4 ft and optimal substrates were gravel-rubble

and rubble-cobble. The Slough 9 study area was comprised of 24.4

percent usable spawning area. Only 0.8 percent of the total water

surface area was preferred and 0.3 pprcent was optimal for spawning.
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In Slough 21. at 5 cfs. the water depths used by spawning chum salmon

were 0.2-2.0 and 2.4-2.6 ft. Substrate types used for spawning ranged

from gravel to cobble-boulder. Preferred water depths were 0.4-1.2 and

1.4-2.0 ft. The preferred substrates ranged from gravel to rubble­

cobble and cobble-boulder. Optimal water depths were 1.0-1.2 ft and

optimal substrates were gravel-rubble and rubble-cobble. The Slough 21

study area was comprised of 21.4 percent usable spawning area. Only 8.2

percent of the total water surface area was preferred and 1.5 percent

was optimal for spawning.

OISCUSSION

Chum salmon did not spawn in sloughs at water depths less than 0.2 ft.

The upper limit of depths used for spawning was probably not reached

because of low flows in August and September 1982. Water depths used

for spawning in all three sloughs were within the range nf depths

(0.16-3.9 ft) reported for chum sa Imon redds in the Chena Ri ver (Kogl

1965). Similarly, water depths in the sloughs were within the range of

depths (O. 25-3.5 ft) reported for chum sa1nl()fl redds in the Terror and

Kizhuyak Rivers on Kodiak Island (Wilson et al. 1981).

The frequency distributions of water velocities at redds in the three

sloughs were not significantly different (p>O.OS) at a predicted flow

of 5 cfs. As with depths. the upper 1i mit of vel oei ties used for

spawning was probably not observed because of low flows in August and

September 1982. Water velocities used for spawning i~ a 1 three sloughs
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were within the range of velocities (0.0-2.0 ft/sec) reported at ct.um

sa loon redds in the Chena Ri ver (Kog 1 1965). Vel aei t; es reported at

chum salmon redds in the Terror and Kizhuyak rivers {D.O-3.9 ft/sec)

were even higher (Wilson et a1. 1981).

Adequate aera t f on of chum sa 1mon eggs. 1; ke those of other sa1mon i ds I

requires moving water (Wesche and Rechard 1980, Hale 1981). When redds

were located in velocities of 0.0-0.2 ft/sec, upwelling ground water was

frequently observed. Chum salmon were found to prefer areas of

upwelling ground water in the Alaskan interior (Kogl 1965, Francisco

1917) and on Kodiak Island (Wilson et .1. 1981). Upwellin9 9round

water, which is wanner in winter than surface water. also prevents

substrate freezing in shallow wat2r and in slow currents (levanidov

1954. Kogl 1965. Sana 1966. Francisco 1977). Upwellin9 9round water may

be the principal variable influencing the suitability of habitat for

spawning by chum salmon. and water depth. velocity and substrate

composition the secondary factors. within the limits of tolerance.

The specific relationships between b,~se slough flows and Susitna River

mainstem discharges, when mainstem flows are lower than breaching stage.

is presently unknown. Intuitively. it would seem that increases in

local surface runoff or ground water seepage (due to rainfall or

accelerated snow melt, for example) would increase base slough flows.

However. rainfall or accelerated snow melt events tnat are likely to

cause increases in 1oca 1 runoff wou 1d a1so 1ikely be co~ nci dent with

increases in basin runoff that would stilTlJlate an increase in mainstem

0-38
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discharge and overtop toe sloughs. Thus, it is difficult to identify

the specific relationship between local runoff and slltlJgh flow under

natural flow conditions.

An increase in slough flow may not result in a propcrtional increase in

spawning habitat or production. That is. not all added water surface

area may be of sufficient depth, have suitable substrate composition or

upwelling conditions. llnder these circumstances. a reduction in the

proportion of habitat acceptable for spawning could result. Secondly,

salmon eggs and alevin remain in the gravel of redds for months and

require a long tenn supply of water. Peaks in the Susitna River flow

that are large enough to breach sloughs are generally short term.

Spawning in this ephemeral habitat would result in unsuccessful

incubation if it became dewatered and ground water were absent.

Although incubation and rearing can be successful during low water

conditions, this in no way reduces the necessity for seasonally timed

high discharges in the mainstem. Medium to high mainstem water levels

are important to slough access and subsequent movement into upper

reaches of the slough (where upwe 11 i ng ground wa ter may then be

sufficient to prevent complete dewatering at low flows) often depends on

breaching at the slough heads (Appendices B and C). High flows also

flush accumulations of silt and sand from spawning substrate.

Substrate composition at redds in these three Susitna River sloughs

dHfered from that found in other Alask.an chum salmon spawn',ng areas.

Redds in the three sloughs were not observed in substrate smaller than
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gravel, including the combin3tion of sand-gravel. Rubble mixed with

either gravel or cobble was the optimal spawning substrate. Most other

studies found gravel (0.08-3 inches) substrate to be most commonly used

(Francisco 1976, Morrow 1980, Wilson et a1. 1981). Rubble substrate",

with particles as large as 5 inches. were utilized on the Delta River

(Francisco 1976).

Wa ter depths, ve loc i ties and subs trate types a t chum sa 1mon redds in

sloughs are comparable with spawning sites in the Susitna River, where a

muc~ wider range of environment~l conditions prevail. Chum salmon sp~wn

infrequently in side channels of the Susitna River. However, at 15

mainstem chum salmon redds observed between Septem~~r 4-14. 1982. water

depths ranged from 0.5-2.5 ft (AOF&G 1983: Volume 4). Water velocities

measured at the same 15 redds ranged from 0-0.2 ft/sec. The~e water

depths and velocities were within the ranges measured at chum salmon

redds in ~loughs and more closely resembled side channel habitat

conditions than those of the mainstem. Substrate composition at 13 of

the 15 redds was 60~90 percent gravel. rubble and/or cobble.

No attempt was made to calculate utilized proportions of water surhce

area at predicted flows other than 5 cfs (i.e., 50, ISO, or 300 cfs).

Therefore, at present, the proportion of water surface area used by

spawning chum salmon can only be pr~dicted at this slough flow. Because

breaching events are of short duration in late sunmer and water

conditions were unusually low during the spawning period in 1982, we

were unable to establish an upper limit of water depth and velocity

tolerated by spawning chum salmon in the Susilna River sloughs. It

0-40

I
I
I
I
I

I
I

I
I
I
I
I
I
I,



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

would be misleading to try to predict salmon habitat preferences at

slough discharges where water depths and velocities exceeded those

available at measured low flows of 4-8 cfs. However, as discussed

previously, this does not seriously hamper our analysis because base

sloug~ flows during the spawning season ger.erally are low.

The analysis of water depth and substrate composition with our spawning

habitat suitability model, should not be the sole decision-making factor

fe"r evaluating salmon spawning habitat conditions in sloughs. Ground

water upwelling and seepage. water velocity. water quality, intragravel

and surface water temperatures. backwater lones, ale ar.cess into sloughs

must also be considered. A better understanding (1 e relationships of

mainstem flows to slough flows and the relative cr' Ibutions of various

water sources (e.g .• ground water upwelling anl ~ge. and ~tJrface

waters) to slough flows ., also required i r to link the

suitability model to changes in mainstem flow.

Plans for data collection during the 1983 field season are based on the

observations in this and other ADF&G reports. Additional data from chum

salmon redds in sloughs are required if we are to develop multivariate

suitability curves for a habitat rodel. It may be possible to combine

samples collected within study areas during different y~ars if they are

not found to be significantly different. Additional hydraulic data must

also be collected at intermediate and h':gh flows in order to calibrate

the hydraulic rodels over a w~der range of discharges. Other plans for

1983 include collectin9 hydraul ic and habitat data from transects and
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redds in slough backwater lones, side channels, and t~ibutaries of the

5 sitna River between alkeetna and Devil Canyon. An attempt will also

be made to collect data from pink. sockeye. coho, and chinook salmon

redds to include these species in the spawning habitat model.

ntragravel and surface water temperatures are planned for collection at

transects while the salmon are spawning to compare available

temperatures with those observed at redds. Methods for accurately

detecting presence of upwelling ground water, in an early stage of

development, will be ~sed to quantify upwelling conditions in sloughs if

proven feasi e.
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