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Influence of Habitat Parameters on Dfstributior. and Relative Abundance

of Juvenile Salmon and Resident Species.
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INTRODUCTION

The physical and chemical parameters of the Susitna River such as

discharge. surface area. water velocity and depth, temperature. and

water quality have wide ranging spatial and temporal vari~tions.

Spatial variations range from micro-habitat (on the order of a few

feet). to macro-habitat (such as tributary mouths or sloughs), to entire

river segments. Temporal variations occur on a scale ranging from

daily, to annual. to mUlti-year cycles. Fish and other organisms

respond to these spatial and temporal variations and this response is

reflected in the distribution and relative abundance of each species.

The proposed hydroelectric project could create physical-chemical

conditions which are outside the limits of natural variation with regard

to timing, magnitude, or both. This appendix presents an analysis of

the cause-effect relationships observed between natural variations in

phys i ca1 and chemi ca1 condit ions and the di s tribut ion and abundance of

fish during ~he 1982 open water season. An understanding of these

relationships will be useful in predicting the effect of the proposed

project on fish populations.

The emphasis of this appendix is on the relationship between mainstem

discharge and juvenile salmon distribution and abundance, although other

species and variables are also discussed. Measuring the changes in

available juvenile salmon habitat in response to changing Susitna River

discharge presents substantial difficulties. Although much research has

been conducted elsewhere us i n9 hydrau1 i c mode 1s to predi ct the

availability of habitats over incrementally varying discharges
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(Bovee 1982). these studies have not been directed towards large and

diverse glacial systEms such as the Susitna River. I

Observations made during the 1981 studies indicated the problems associ

ated with evaluating juvenile salmon habitat of the Susitna River on a

detailed basis and led to a hypothesis regarding the factors affecting

juvenile salmon distribution and abundance at an intermediate level of

resolution. The hypothesis ;s that juvenile salmon distribution and

abundance at the important sUlTJIler rearing areas (sloughs and tributary

mouths) are controlled by the hydraulic conditions at these areas which

are in turn controlled by variations in mainstem discharge. The 1982

field study plan focused on those factors which were obviously

influenced by mainstem discharge.

Central to this approach was the thesis that several sites would have to

be examined to adequately address the nat~ral variability among habitat

types used by the majority of each species. This decision prevented the

quantification of micro-habitat conditions within each of the st~dy

sites. To monitor the changes in physical habitat with changing

mainstem discharge without an intensive data collection effort. we

developed a system to classify the habitat conditions present at a study

site into nine possible habitat zones. The surface areas of the zones

were measured under the variable flow conditions of the mainstem Susitna

during the open water season. Physical and chemical habitat variables

of each zone and the distribution and relative abundance of fish among

the zones were also measured. Changes in micro-habitat within the zones

as a function of discharge were not evaluated during the 1982 studt.
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An estimate of how juvenile salmon habitat changes with variations in

mainstem discharge was developed by combining the catch vo.riatiorlS

between zones with the changes in the surface area of the zones. The

resulting habitat index is plotted as a function of discharge. This

work provides a logical step in the quantitative analysis of the avail

able habitats over an incremental range of mainstem Susitna River

discharges.

METHODS

Data for this appendix were drawn from the 1982 open-water studies at

the 17 Designated Fish Habitat (DFH) sites described in Volume 3

(Section 2.1.3) and Volume 4 (Section 2.1.3.1 of Part I and Section 2.2

and 2.3.2 of Part II) of the Bas i c Data Report (ADF&G 19B3a. ADF&G

1983b). The sites includpd several different major habitat types

located from Goose Creek (RM 73.1) to Portage Creek (RM 148.8). Two

reaches were defined - the upper reach included twelve sites above the

Chulitna River confluence (RM 98.5) and the lower reach ir.cluded five

sites below this point. These 17 sites were sampled once every t\'10

weeks during June, July, August, and September. Each recognizable

habitat type at a site was categorized as one of nine possible habitat

zones. These habi tat zones are defi ned in Va 1ume 4, Part I I, Secti cn

2.2 of ADF&G (l983b) - a summary table is included at the end of this

appendix. Criteria used in delineating habitat zones included water

source, water velocity. and mainstern backwater influence. Sampling at

each site was standardized by zone as ITJJch as possible to minimize

sampling biases.
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Three steps are followed in this appendix. First, the effect of

sampling site, sampling period, and habitat zone within a site on the

catch per unit effort of each species of fish and on each habitat

variable is examined. Inherent in this step are tests to determine if

any differences among sites, periods, or zones are statistically signif

icant. Next, the relationships between catch per unit effort for a

particular species and the habitat variables are examined. Finally, the

effects of variations in mainstem discharge on habitat are investigated.

This is done by deriving a quality index for each habitat zone and then

multiplying the quality index by the surface area of that zone which was

present at a particular level of discharge to obtain a habitat index.

Mainstem discharge is treated in this separate analysis because of the

likelihood that it is and would be the dominating environmental factor

in controlling other habitat variables and fish distribution and abun

dance in both natural and post-project conditions.

Assumpt ions

A word model of the factors affecting juvenile salmon catch within a

zone can be constructed as follows:

Catch f (abundance, sampling effort. gear efficiency, and fish

catchability)

F-4
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Some of these parameters can be quantitatively evaluated, whi"le others

can only be subjectively evaluated. For others. we have no dat).

Catch f (abundance) = f (time of season, site, and habita: zone

within sampling site).

where:

Abundance = f (local habitat suitability. time of season, Slccess

of previous. fall's spawning. percent incubation survival,

proximity to spawning grounds)

Each species of fish, at each site during any particular s,Jmpling

period, was assumed to have a choice of habitat types availabl.~ at a

site and presumably would be found in greatest abundance in that habitat

type which was most suitable to them.

F-S

f (temperature, water chemistry. water

velocity, depth. substrate. turbid

ity, cover, food)

During data collection and subsequent analysis. we have att(ompted to

eliminate the variables sampling effort. gear efficiency, and fish

catchability so that catch reflects abundance. The location of the site

integrates such factors as proximity to spawning grounds, success of

previous fell spawning, and incubation survival. local habitat

suitability is integrated by hydraulic lone. Therefore, we can simplify

the model to:

where:

Local habitat suitability

I
I
I
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I
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Spatial and Temporal Variation in Habitat Variables and in Relative I
Abundance of Fish.

The tnfc~ variables that cause variation in catl,.. data are s mpling

site. habitat zone within sampling site. and sampling period. Ant,lysis

by sampling site and habitat zone address spatial variation, and

sampling period addresses sea~Jnal variation (during the open water

season). Sampling site takes into account macro-habitat variations

including differences between reaches and differences between major

hatHat types such as tributary mouths versus upland sloughs. Habitat

zone addresses a more narrowly defined habitat and considers th~ effect

of habitat variables such as water temperature and velocity within a

site. The reso1ut i on of habitat zone fa 11 s somewhere in between

macro-habitat and micro-habitat (such as wou~d be obtained by point

specific measurements). The emphasis of this report is on differences

of habitat variables and fisll abundance among zones within a site.

Seasonal variation is examined briefly. Differences among sites are

analyzed in Appendix G of this report.

The catch and habitat data were sorted and pooled in various ways (as

outlined in the results section). One way in which the habitat zones

were pooled was by aggregate zone ypes. Three different criteria were

used to aggregate habitat zones - (1) by the presence or absence of a

mainstem backwater zone, (2) by water source. and (3) by water velocity.

Details describing these ~ggregate zones were presented in Section 2.2,
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Part II. Volume 4 of the Basic Data Report (ADF&G 19B)h\. A sunmary

follows:

Aggregate
Cri terion Zone Description

I. presence of mainstem H-I tributary or slough above
backwater area mainstem backwater area

H-II mains tern backwater area

H- I I I mixing zone below mainstem
backwater area

2. water source W-I tributary water

W-II mainstem water

W- I I I mixed water

3. water velocity V-I fast water

V-II slack water

T~e assumption with each of the categories is th~t. if the aggregating

criterion is important. the habitat quality of all the individual

habitat zones in each aggregate zone (e.g .. H-I zone) is equal or,

stated in another way. differences in habitat quality within an aggre-

gate zone are insignificant when compared with differences among

aggregate zones.

The effect of zone on variations in habitat variables and in catch data

was examined by t tests and by chi-square tests (Snedecor and Cochran,

1967). The t test was used to compare the pooled means (~11 sites. all

sampl i ng peri ods) of selected habita t vari ab1es by aggregate hydraul i c

zone.
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The t test was also used to test for significant differences between

aggregate hydraul ic zones for catch/effort data for juvenile chinook

salmon, juvenile coho salmon, rainbow trout, and burbot. Ca1:ch/minnow

trap data were used for chinook and coho and catch/trotline data were

used for rainbow and burbot because these sampling techniques were

effective for these species and bec~' ie we were able to consistently ~se

minnow traps and trotlines in the different zones sampled. The minnow

trap data have the further advantage of flve to ten replicates per zone.

It was not poss ib1e to cons i stently use samp1i ng techn i ques such as

beach seining and backpack electrofishing, which were effective at

capturi ng other speci es, ina11 of the zones sampled. Therefore, a

chi-square test was used to determine if there were associations of

juvenile chum salmon, juvenile sockeye salmon. round whitefish, Arctic

grayling, longnose sucker, and slimy sculpin with the three different

aggregate zones. Presence/absence data were compiled only from beach

seining or backpack electrofishing effort. Only those zones which had

such effort were included in the analysis. Sampl ing effort over the

entire open water season was pooled to increase sample size.

Correlation of Fish Abundance and Habitat Variables

Methods for examining the relationship of fish abundance with habitat

zone were presented in the previous section. In this section, IfIcthods

used to examine relationships between fish abundance and individual

habitat variables. such as water temperature, are given. Caution should

be used in interpreting such an analysis because there are several

F-8
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habitat variables that have an interactive effect on fish. For example.

a low level of dissolved oxygen can be more detrimental at a high

temperature than at a low temperature. The objective of this section

was to detect any single variables that might have a strong effect on

the distribution and abundance of a particular species.

A correlation matrix was calculated for four species of fish (juvenile

chinook salmon. juvenile coho salmon, rainbow trout, and burbot) and

three habitat variables. The habitat variables water temperature,

turbidity. and velocity were chosen because they are among the most

important of those variables measured in affecting fish distribution.

The matrix was compiled for these seven variables by individual habitat

zone. Twc zones (zones 5 and 8) were deleted from the analysis because

of low sample size. All sites and all sampling periods were pooled for

each zone prior to calculating the correlations.

Relationship of a Habitat Index and Mainstem Discharge

The value of a habitat type to a population of fish is a function both

of the quality of the habitat and the amount available. In this

section, we derive a quality index for each habitat zone and multiply

the index by the surface area of that habitat zone available within the

study boundaries at incremental levels of mainstem discharge.

The raw catch data fj"om the 17 fish habitat sites used to detennine

quality indices are contained in Appendices G and H of Volume 4 of the

F-9



•

Basic Data Report (AOF&G 1983b). The surface area data for the sites

are for the study boundaries as defined in Appendix E of the present

report.

First, the nine separate habitat zones were' aggregated into the three

types of hydraulic zones. The H-I aggregate hydraulic zone con~isted of

all habitat zones which occurred above the influence of mainstem back-

water areas. The H-II aggregate hydraulic zone included all habitat

zones which were backed up by a hydraulic barrier created by mainstem

stage at the mouth of tributaries. sloughs, or side channels. The H-III

aggregate hydraul ic zone was the mainstem mixing area I just below the

H-II zone. The hydraulic zone category, rather than the water source or

water velocity categories, was used to aggregate the individual habitat

zones because of its utility in relating habitat change to mainstem

discharge.

A catch ratio (CR) was calculated for each hydraulic zone at each site

during each sampling period. This was done for each species. The ratio

took the form:

(CPUEl;
CR; ~ ---'n~---'---

L (CPUElj /n-1
j>.. 1
j ,.;

i
I
I
I
I
I
!

I
I

I
where: CPUE

n =
; =
j

catch per unit effort
total number of zones sampled
zone number of the zone in question
zone numbers of all other zones
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Th; 5 ; 5 5imp 1.)' the rat; 0 of the CPUE of the lone ; n ques t i on to the mean

of the CPUEs of all other lones. The ratio was calculated in this

manner in accordance with the original aS~'Jmption - each species will

concentrate in the zone that has the most desirable conditions. This

ratio was used because it is independent of the absolute numbers of fish

at the site; if a particular zone is preferred, it could have the same

ratio whether there we,! 50 fish or 500 fish present at a site. A

further advantage of the ratio is that it is independent of the number

of zones sampled, which ranged from two to four. All cases where less

than ten fish of anyone species were captured at a site during a

particular sampling period were dropped from the data set because of the

small salJllle size. This was done to eliminate those instances where a

few fish might chance to be in an uncommon lone.

The zone in question was compared to the mean of all other zones rather

than to the mean of all lanes at the site for two reasons. First. with

this method, the possible values of CR will range from zero to infinity.

Had the mean of all zones at the site been used as the denominator. then

CR would range from zero to some unknown and non-constant number, thus

complicating further mathematical manipulation. Secondly. had the site

mean been used. CR would be affected by the number of zones sampled for

those cases where a11 the fi sh at a site were caught inane zone. a

situation which was not uncommon. It was desirable tc keep CR indepen

dent of the number of zones sampled.

Only minnow trap data were used to cOlJllile the CPUE for juvenile chinook

and coho salmon. The CPUE was defined as catch/trap in a th,ee hour

F-ll



set. Minnow traps were most effective in collecting these two species

juvenile sockeye and chum salmon were compiled from bt::Jch seining and

and were the most reproducible unit of gear between zones. The CPUE for

effort among zones with these types of gear, a code was established

using catch data:

I
I
I
I
I
I
I
Io

I
2
3

Code

o
1-10

11-25
more than 25

Number
Captured

backpack electrofishing data, which were the two methods most effective

in capturing these species. Because of the difficulty in replicating

The catch ratio (CR) for sockeye and chum salmon was calculated based on

these codes. To be included in the analysis, at least two zones at any

one site and sampling period had to have been sampled by the gear

previously mentioned.

The catch ratio can vary from zero, if no fish were captured in the zone

in question, to infinity, if all the fish at the site were captured in

this zone. In order to transform this range into th~ range zero to one,

which was desirable from the perspective of a habita~ quality index, we

derived the following equation:

I
CRi + 1

where: ZQl i zone quality index for zone

CRi = catch ratio for zone i

F-12 I
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This asymptotic equation transforms catch ratios to a value ranging from

zero to one. The ZQI approaches zero for small values of CR and one for

large values of CR. A value of zero means that none of the fish

captured at the site were caught in the zone in question and a value of

one means that all the fish were caught in this zone. A value of 0.5

means that the catch rate in this zone was equal to the average catch

rate of all other zones. Further. if the catch/trap in zone X ;s twice

as great as the catch/trap in zone Y. then the ZQI for zone X is twice

as high as tha~ for zone Y. This zone quality index is considered to be

independent of mainstem discharge and sampling site surface area.

This zone quality index is unlike the quality index corrmonly used in

habitat suitability index (HSI) models in that it is a relative measure

only - one zone relative to other zones. For example, if no fish of a

certain species were captured at a site, an HSI of zero would be in

dicated~ in this case, a ZQI would not be calculated because there is ~o

sample to compare one zone against another. The only way to obtain a

ZQI of zero are the cases where the species was captured at the site,

but none were captured in the zone in question. The zone quality index,

like the habitat suitability index, is compiled from catch data rather

than from habitat data. However, the lQl is based on relative abundance

of fish among zones, while the HSI is based on frequency distribution of

fish compiled from data collected at the micro-habitat level.
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lQI's were calculated for each species, each site, each aggregate

hydraulic zone, and each period which met the criteria listed pre

viously. For the present analysis, seasonal lQI's for each zone at each

site were calculated by taking the mean of all sampling periods for that

zone at that site. This was performed after examination of the ratios

among periods showed that there were no obvio'lS trends over the course

of the season. The exception is chum salmon, which were more prevalent

in tributaries early in the season than they were later on. The assump

t ion is tha t the va1ue for a species of each of the zones re1ati ve to

the other zones was approximately constant over the period June through

Septentler. These calculations were done for each species for each of

the three aggregate hydraulic zones.

Having obtained a zone quality index (the mean lQI of all sampling

periods) for eaCI~ zone for each species, the next procedure was to

multiply these lQI's by the total surface area of that zone which was

present at a particular level of mainstem discharge. The surface area

data used were those which were calculated for discharge' increments of

2,500 cfs (upper reach) and 5,000 cfs (lower reach). The surface area

va 1ues for the aggrega te zone H- I I were presented in Sections 3.1. 3.1

and 4.1.3.1 of Volume 4, Part I, of the Basic Data Report (ADF&G 19B3b).

Values for the total wetted surface area are included in Appendix E of

the present report. Values for the surface area of zone H-I was

similarly obtained from the digitized maps. The tributary sites

(Portage Creek, Indian River,and Fourth of July Creek) were excluded

from the analysis at this point because none of them had a mainstem

backwater (aggregate zone H-II) area.
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The product of zone quality index times surface area provides a habltat

index (HI) for that zone. A site habitat index was calculated according

to the following equation:

n
HI L(ZQI i X SAi'

;=1

where:

ZQl i = zone quality index for zone

SA; = surface area of zone i

n number of zones

For the present analysis, this equation took the form:

where:

H-I = aggregate hydraulic zone H-I

H-II = aggregate hydraulic zone H-II

The site habitat index here is the sum of the zone H-I habitat index and

the lone H-II habitat index. The surface area of the aggregate H-llt

lone was not included because it is assumed to be a constant - this type

of habitat was always avai lable to fish, regardless of the level of

mainstem discharge observed during 1982, and was therefore not a factor.

Zone and site habitat indices are a product of habitat quality and

habitat quantity and can be plotted as a function of mainstem discharge.
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RESULTS AND DISCUSSION

Spatial and Temporal Variation in Habitat Var;a~l~~ and in Relative

Abu~dance of Fish

Habitat variables

Appendix Table F-l shc~s the mean values for the habitat variables that

were measured in each of the nine habitat lones. The mainstem backwater

zones (zones 2, 6, 7, and 8) were generally warmer than the other zones.

There did not appear to be any differences in dissolved oxygen level!

among lones that would matter to fish except that the level in zone !,

(morphological pools) was somewhat low. The median pH of tributar~'

water (zones 1 and 2) was lower than that of all other lones, excep1.

zone 9. As expected for this time of the year, the turbidity 01'

tribctc.ry zones was relatively low compared to the slough and mainstenl

zones. Zone 9 had a low turbidity because this zone generally occurre(

within tributaries.

Data from these individual habitat zones were pooled into the aggregate

zones (Appendix Table F-2). Slack water areas {zones H~II and V-II)

were wanner than areas having a faster water velocity. This is

illustrated for aggregate hydraulic zones by sampling per"iod in Appendix

Figure F·l. Temperature differences were greater during the first part

of the season than they were after cooling began in early September.

Slack water lanes also had a lower mean dissolved oxygen level than
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Appendix Table F-l atrix table of mean habitat conditions by zone.
All sites, all periods, June through September,
1982. Standard error in parentheses.

Mean Mean Mean
Mean Mean Conduc- Turbi - Water

Water DO Medi n tivity dity Velocity
Zone Temp(OC) (mg/l) ~ (umhos/cm) ill!!l (ft/sec)

1 8.8(0.3) 10.9(0.2) 6.9 81(7) SFj 1.4(0.1)
2 9.5(0.4) 10.3(0.2) 6.8 105(8~ 6 1 0.1(0.0)
3 8.7(0.3) 11.0(0.2) 7.1 98(4 45(4 1.2(0.1)
4 9.0(0.4) 11.2(0.4) 7.3 10l( 6) 36(8) 1. (0.2)
5 6.6* 12.3* 7.0* 75* 17* 1.4*
6 9.2(0.5) 10.7(0.3) 7.0 114(8) 52(12) 0.3(0.1)
7 10.5(0.6) 10.9(0.4) 7.0 62(7) 36( ) 0.5(0.1)
8 15.5* 9.1* 7.4* 82* 85* --*
9 8.7(0.6) 8.9(0.5) 6.6 78(9) 12(4) 0.1(0.1)

* = sample size ~ 3

Appendix Table F-2 Matrix table of mean habitat conditions by aggregate
zone. All sites, all periods, June through

I
September, 1982. Stan ard error ;n parentheses.

Mean Mean Mean
Aggre- Mean Mean Conduc- Turbi- Wter
gate Water DO Median tivity dity Velocity
Zone Temp(OC) (mg/l) ~ (umhos/cm) i!ffiU. (ft/sec)

H-I 8.8(0.3) 10.7(0.1) 6.8 83(5) 10~2) 1.2(0.1)
H-II 9.7(0.3) 10.4(0.2) 6.8 98(6) 18 3) 0.2(0.0)
H-III 8.7(0.3) 11.0(0.2) 7.1 98(4) 45(4) 1.2(0.1)

-I 9.1(0.3) 10.7(0.1) 6.9 91(5) SP) 0.9(0.1)
-II 9.3(0.3) 10.9(0.2) 7.2 106(5) 44 7) 0.7(0.1)
-III 9.0(0.3) 11.0(0.2) 7.0 92( ) 43(4) 1.1(0.1)

V-I 8.8~0.2) 11.0(0.1) 7.0 90(4) 26(3) 1.3(0.1)
V-II 9.5 0.3) 10.2(0.2) 6.8 95(5) 17(3 ) 0.2(0.0)
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other zones. Mainstem water (zone W-II) had a higher mean conductivity,

mean turbidity. and median pH than tributary water (zone W-I). The

mainstem backwater zone (H-II) and the low velocity zone (V-It). as

would be expected by definition, had lower mean water velocities than

the other zones (Appendix Figure F-2).

Data from all 17 sites and all 8 sampling periods for each of the three

aggregate hydraulic zone types were pooled and the three variables water

temperature, water velocity, and turbidity were tested for statistical

differences using a t test. These three variables were chosen because

they are the most important of the measured variables in influencing

fish distribution. All differences between mean values, with one

exception, were statistically significant as shown in the following

table:

Pair Water Temperature Wa ter Ve 1oc i ty Turbidity

H·I/H·II p~0.05 p<O.OI p < 0.05
H·I/H·III NS no di fference p<O.OI

H·II/H·III p<.0.05 p<O.OI p<O.OI

Mean water temperatures of the H-I zone and the H-III zone were quite

close; mean water velocities of these two zones were equal.

Statistically significant differences among t~;: nine individual habitat

zones caul d ex i st whil e di fferences among aggrega te zones may not be

statl!'.:tically significant. This can occur because habitat zones which

were hydraulically similar, but perhaps different in other habitat

variables, were grouped to obtain aggregate hydraulic zones. This

indicates whether the aggregating criterion is important.
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~ATER VELOCITY BY AGGREGATE ~ATER VELOCITY ZONES
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The above analysis establishes the uniqueness of the hydraulic zones

with regard to a composite of these three habitat variables. Therefore,

it is valid to test variations in catch against habitat variations among

these zones. Because the aggregate hydraulic zone category can be used

to ; 11 ustrate the effects of changing rna i "stem flows I further ana 1y5; 5

of habitat availability uses this category rather than the aggregate

water source or water velocity categories.

Relative abundance of fish

Relative abundance. expressed as the mean of catch per unit effort data

for four species of fish for all sites and sampling periods pooled

is presented by habitat zone in Appendix rubles F-3 to F-6.

The highest catch rates for chinook salmon juveniles occurred '" "abitat

zones 1 and 2 (tributary) and 7 (mainstem backwater zone below tributary

mouth). Juvenile coho salmon catch rates were highest in the tributary

habitat zones.

Rainbow trout were more broadly distributed among the habitat zones than

the other species analyzed. but showed a preference for clear water

tributary zones (zones 1 and 2) over turbid slough or mafnstem lanes.

Burbot were captured most frequently in the turbid mainstem mixing zone

(zone 3), followed by turbid slough zones.

These same data were grouped by aggregate zone. using the three separate

criteria - hydraulic condition, water source, water velocity. Using a
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Appendix Table F-3. Range and mean of chinook salmon juvenile CPUE (catch per I
minnow trap) by zone at OFH sites on the Susitna River
below Devil Canyon. a'1 periods, June through September. I1982.

I
Zone Min CPUE Max CPUE Mean CPUE ~o. of sites

I1 0.0 6.9 0.4 IS

2 0.0 5.8 0.2 13

3 0.0 1.0 0.1 17

4 0.0 0.2 0.0 7

5 0.0 0.0 0.0 2

6 0.0 0.7 0.1 5

7 0.0 13.0 0.9 6

8 0.0 0.0 0.0 1

9 0.0 0.4 0.0 5

A99re9ate
Zone Mean CPUE No. of Sites

Hydraulic

H-I 0.3 IS
H-II 0.4 14
H-III 0.1 17

Water Source

W-I 0.3 17
W-II 0.1 8
W-Ill 0.2 17

Wa ter Ve 1oc i ty

V-I 0.2 17
V-II 0.3 15
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Zone Min CPUE Max CPUE Mean CPUE Nn. of Sites

I 0.0 25.6 1.2 15

2 0.0 18.1 0.9 13

3 0.0 1.4 0.0 17

4 0.0 0.3 0.0 7

5 0.0 1.8 0.9 2

6 0.0 0.7 0.1 5

7 0.0 1.7 0.3 6

8 0.0 0.0 0.0 1

9 0.0 1.9 0.1 5

Range and mean of coho salmon juvenile CPUE (catch per
minnow trap) by zone at DFH sites on the Susitna
River below Devil Canyon, all periods, June through
Septerriler t 1982.
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Appendix Table F-4.

Aggregate
Zone

Hydraul ic

H-I
H-ll
H-III

Water Source

W-I
W-II
W-III

Water Velocity

V-I
V-II

Mean CPUE

1.2
0.8
0.0

1.0
0.0
0.1

0.6
0.8
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Appendix Table F-5. Range and mean of rainbow trout CPUE (catch per trotline) I
by zone at DFH sites on the Susitna River below Devil
Canyon, all periods, June through September, 1982. I

Zone Min CPUE Max CPUE Mean CPUE No. of Sites I
1 0.0 2.0 0.2 15 I
2 0.0 4.0 0.3 13

3 0.0 5.0 0.2 17 I
4 0.0 1.0 0.1 7

I
5 0.0 0.0 0.0 2

6 0.0 0.0 0.0 5

7 0.0 2.0 0.2 5
•

8 0.0 0.0 0.0

9 0.0 1.0 0.1 4

Aggregate
Zone Mean CPUE No. of Sites

Hydraul ic

H-I 0.2 15
H-II 0.3 14
H- III 0.2 17

Water Source

W-I 0.3 17
W-Il 0.1 8
W-I II 0.2 17

Water Velocity

V- I 0.2 17
V-II 0.3 14
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Zone Min CPU[ Max CPU[ Mean CPU[ No. of Sites

1 0.0 2.0 0.0 15

2 0.0 5.0 0.3 13

3 0.0 4.0 0.7 17

4 0.0 2.0 0.6 7

5 0.0 0.0 0.0 2

6 0.0 2.0 0.6 5

7 0.0 2.0 0.5 5

8 0.0 0.0 0.0

9 0.0 2.0 0.3 4

Range and mean of burb~t CPUE (catch per trotline) by zone
at DFH sites on the Susitna River below Devil Canyon, all
periods, June through September. 1982.
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Appendix rable F-6.

Aggregate
Zone

Hydrau1i c

H-I
H-lI
H-lI I

Water Source

W-I
W-lI
W-I II

Water Velocity

V-I
V-II

Mean CPU[

0.1
0.2
0.7

0.1
0.6
0.6

0.5
0.2
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t ~est, the mean catch rate of all sites for each pair of aggregate

hydraulic zones was tested for significant differences for each of the

four species.

The mean catch rate for juvenile chinook salmon was approximately

equally balanced between zone H-I and zone H-I I. tile mean rate for zone

H~iII was significantly (p<.O.05) lower than zone H-II (Appendix Table

F-3). Chinook juveniles showed a slight preference for tributary water

(W-I) over slough or mainstem water. There was not as strong a

preference demonstrated for water velocity aggregates (V-I versus V-II).

Juvenile coho salmon preferred the area above the mainstem backwater

zone over the backwa ter zone itse1f (Appendi x Tab 1e F-4) . The mean

catch rate in the mainstem mixing zone (H-III) was significantly

(p<O.05) lower than zone H-I. Coho juveniles strongly preferred

tributary water (W-I) over slough or mainstem ~..ater (W-II or W-III).

Rainbow trout did not show any strong separation by the aggregate zone

categories. but they appeared to least prefer mainstem water (zone W-II)

(Appendix Table F-5). Burbot clearly demonstrated a preference for the

mainstem mixing zone (H-III), mainstem water (W-II), and higher velocity

water (V-I) (Appendix Table F-6). The mean catch rate in zone H-III was

significantly (p<.O.Ol) higher than that of zones H-I or H-II.

Results of the chi-square tests performed with the other species are

shown in Appendix Tables F-7 to F-IO. The distribution of juvenile
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Appendix Table F-8. Ratios of observed to expected presence of juvenile
sockeye and chum salmon in aggregate lones with significant
differences in use.

Appendix Table F-7. Chi-square tests of association between juvenile salmon
presence/absence and aggregate zones at OFH sites, all
periods, June through September. 1982.

Aggregate Zone Juvenile Socke~e Salmon Juvenile Chum Salmon
Category Chl-sguarerobablilty Chl-sguare Probabi.!.!!t

Hydrau1i c zone 18.9 p <.0.01 6.3 p<. O.O!,
df=2

Water source 9.4 p<.O.OI 4.5 NS
df=2

Velocity 16.3 p <,0.01 3.5 NS
df=1

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

Aggregate Zone
Category

Hydrau 1i c Zone

I - Not Mainstem Backwater
II - Mainstem Backwater

III - Mainstem Mixing Zone

Water Source

I Tributary
I I - Mainstem

III - Mixin9

Velocity

I Fast
II - Slack

F-27

Juvenile
Sockeye Sa 1mon

0.80
1.58
0.52

~ .11
1.66
0.65

0.65
1. 51

Juvenile
Chum Salmon

0.96
1.34
0.35



Appendix Table F-9. Chi-square tests of association between resident fish
presence/absence and aggregate zones at DFH sites, all
periods, June to September, 1982.

Aggregate Zone Round Arctic Longnose Sl imy
Category Whitefi sh Grayl i n9 Sucker Sculpin

X~ Prob. "k.-i Prob. k~ Prob. 'k.~ Prob.

Hydrau 1i c 22.4 p <.0.01 25.2 p<0.01 3.8 NS 0.7 NS

Water Source 25.5 p <.0.01 19.8 p<.0.01 14.6 p<.0.01 0.0 NS

Velocity 1.3 NS 11.6 p<0.01 2.9 NS 0.6 S

Appendix Table F-10. Ratios of observed to expected presence of resident fish
by species in aggregate zones. Only those ratios from
significant chi-square tests are presented.

Aggregate Zone Round Arctic Longnose
Category Whitefi sh Grayling Sucker

Hydrau 1i c

I - Not Mainstem Backwater 0.46 0.68
II - Mainstem ackwater 0.82 0.19

III - Mainstem Mixing Zone 1. 74 2.24

Water Source

I - Tributary 0.43 0.29 0.70
II - Mainstem 1.48 0.89 2.86

III - Mixing 1. 58 1. 95 0.80

Velocity

I - Fast 1. 51
II - Slack 0.25
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sockeye salmon was significantly associated with aggregate zone type for

all three zon~ groupings (Appendix Table F-7). Juvenile chum salmon

showed a significant association with the aggregate hydraulic (H) lones,

but no association with aggregate water source (W) zones or aggregate

velocity (V) lones. Ratios of observed to expected presence for those

associations that were found to be significant (Appendix Table F·8)

indicate that both species preferred the mainstem backwater zone (zone

H-II) over adjacent zones. Sockeye salmon juveniles showed a pref~rence

for slow water. originating from the mainstem.

The preference shown by juvenile sockeye salmon for the mainstem back

water zone, rather than the higher velocity areas above and below this

zone, is probably related to the common use of lakes for rearing by this

species. Chum salmon juveniles, which also were more likely to occur in

the mainstem backwater zone than in other zones. did not show as strong

an association as did ~ockeye. The tendency of sockeye salmon juveniles

to be present in mainstem rather than tributary water was not always

shared by chum salmon juveniles which were also captured in tributaries

as they outmigrated from tributary spawning grounds.

Slimy sculpin showed no significant associations with any of the aggre

gate zones (Appendix Table F-9). In other words. the likelihood of

capture for this species was equal in all of the zones. The dis

tribution of Arctic grayling was significantly associated with

particular zones within all three of the zone groupings. Water source

was of importance to round whitefish and longnose suckeri hydraulic zone

mattered to round white-fish. Ratios of observed tc expected presence
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(Appendix F-IO) shows a preference of round whitefish and Arctic

grayling at these sites for mixing water, rather than for pure tributary

or mainstem water. Longnose sucker clearly preferred mainstem water.

Arct i c gray1i ng a1so showed a preference for fast water over slack

water.

Round whitefish and Arctic grayling were frequently captured in the

mainstem just below the confluence of tributary mouths dnd were less

cOtTlllOnly captured in sloughs or in tributaries just above the mouth.

This distributional pattern is reflected in the observed association

with a mixed water source with a relatively high velocity.

Correlation of Fish Abundance and Habitat Variables

Juvenile chinook salmon abundance showed a good correlation with water

temperature. but not with tUrbidity or water velocity (Appendix Table

F-ll). The abundance of juvenile coho salmon did not show any relation

ship with temperature but was negatively related to turbidity. The

capture rate for burbot was strongly correlated with turbidity. Rainbow

trout capture rates did not exhibit significant correlations with any of

the three habltat variables.

Turbidity was a strong factor influencing fish distributions in this

study. Rearing coho salmon apparently avoided turbid water while burbot

were captured almost exclusively in turbid areas. These preferences

were probably related to differences in feeding behavior of the two

species. Juvenile chinook salmon apparently were attracted to wann
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Appendix Table F-ll. Correlation matrix for four species of fish and three
habitat variables by individual habitat :one (7 cases
for each variable).

TMP TRB VEL CHN COH RBT BRB
Temperatu:-~ (TMP) 1.0"0
Turbidity (TRB) 0.15 1.00
Velocity (VEL) -0.35 0.11 1.00
Juvenile Chinook (CHN) 0.82* -0.04 0.04 1.00
Juvenile Coho (COH) 0.07 -0.76* 0.14 0.33 1.00
Rainbow Trout (RBT) 0.27 -0.56 0.10 0.39 0.61 1.00
Burbot (BRB) 0.13 0.90* -0.03 -0.19 -0.86* -0.36 1.00

* := correlation significant at 95~ level
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water areas ~ none of the other three species showed such a tendency I

although the sign was positive for all four species. Zone water

velocity was not a factor for any of these species.

Relationship of a Habitat Index and Mainstem Discharge

Zone quality indices

Zone quality indices (lQI) calculated for the aggregate hydraulic zones

for four species of juvenile salmon for each of the two reaches are

given in Appendix Table F-12. The value shown is the mean of the

seasona 1 zQr' s of a 11 the sampling sites in the reach where the data

from at least one sampling period met the criteria explained in the

methods section.

Chinook salmon apparently do not have strong preferences between the

backwater areas (zone H-Ili and the free-flowing areas above the back

water zone (zone H-I), as the mean ZQI's are fairly evenly balanced.

There is a slight preference shown for zone H-I. Chinook also show more

associatbn with the mixing zone (zone H-III) below the backwater area

than other juvenile salmon species. These results suggest that chinook

juveniles are associated with broader ranges of habitat parameters than

the other species. Similar results were obtained when examining chinook

distribution among the major habitat ty~es (tributary mouths, upland

sloughs, and so on) in Appendix G.
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ZQI-lower reach

Zone H-I Zone H-II Zone H-III
Species Ml n Max Mean n kl" Max Mean n Mln Max Mean n---
Chinook 0.49 0.71 0.59 4 0.46 0.66 0.53 4 0.32 0.32 0.32 I
Coho 0.71 0.88 0.82 3 0.18 0.45 0.32 3 0.00 0.05 0.02 3
Sockeye 0.00 0.00 0.00 I 1.00 1.00 1.00 1
Chum 0.28 0.67 0.54 3 0.33 0.72 0.57 3 0.00 0.00 0.00 I

lQI-Upper reach

Ch;nook 0.52 0.52 0.52 1 0.48 0.48 0.48 1 0.00 0.00 0.00 1
Coho 0.94 1.00 0.97 3 0.04 1.00 0.40 3 0.00 0.03 0.01 4
Sockeye 0.00 1.00 0.59 6 0.33 1.00 0.70 5 0.00 0.50 0.20 6
Chum 0.00 0.33 0.29 4 0.67 1.00 0.88 5 0.00 0.00 0.00 3

I

I

I

I

I

I

I

I

I

I

I

I

•
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Appendix Table F-12. Range and mean zone quality indices (ZQI) for
aggregate hydraulic zones by reach by species.
June through September, 1982. The means are
the mean of the seasonel ZOI's for all the
sites in tne reach. The sample size (n) equals
the number of sites included in calculating the
mean.

F-33



Coho salmon showed the strongest association of all the species for the

area above the backwater zone (zone H-I). If the nine separate habitat

zones had been aggregated using water source as a criterion rather than

mainstem backup, a strong preference by coho for tributary water would

have been evident. This kind of aggregation would separate the turbid

H-I area of sloughs with a mainstem water source (zone 4) &rom the clear

water H- I a rea of tri bu ta ri es (zone 1). Very few juvenil e coho sa 1man

were caught in zone H~ I I I . There was one site in the upper reach

(Slough 6A) which never had a zone H-I present during the samplings.

All the coho sa 1man caugh'~ at the site were in zone H- I I ~ none were

caught in zone H·III. This is the reason for the maximum ZQI of 1.00 in

zone H-II for coho in the upper reach.

A11 of t'".e sockeye sa 1mon present at the one site in the lower reach

which met the previously defined criteria were caught in zone H-II. In

the upper reach, a preference for zone H-II is apparent. However. tryere

was at least one site where all the sockeye present were in zone H-I,

leading to the maximum value of 1.00 for that zone. Field observations

indicated that the sockeye present in zone H-I were often associated

with the small calm water morphological pools present in these areas.

This was the case in sites such as Slough SA and Slough 19. If

paint-specific data were available for sockeye juveniles, they would

probably show a very strong preference by sockeyes for low-velocity

water.

Chum salmon in the lower reach were approximately equally divided

between zone H-I and zone H-II. with a slight preference shown for the
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latter. A strong preference for zone H-IJ was shown in the upper reach.

Chum salmon were rarely caught in zone H-III. Although chum salmon

j uven; 1es showed a preference for the rna; os tern backwa ter zone (zone

H-II), there were several cases where they were present in zone H-I.

Juvenile chum salmon were captured in tributaries (zone I) during

outmigration from tributary spawning grounds (as at Goose Creek). Also,

they were frequently present in sloughs above the backwater zones (zone

4), having emerged from nearby redds (Slough 11) or having entered the

slough head during outmigration.

Zone and site habitat indices

We have included in this report plots of the lone and site habitat

indices as a function of mainstem discharge at three or four sites for

each of the four salmon species. The sites selected in each case were

among the top four or five in total catch for the season for the species

and had zone quality indices which were typical for that species among

the several sites in the reach. Together, the graphs include all the

major habitat types, represent both reaches, and illustrate all the main

points which result from this kind of ana~ysis.

The shape of the zone habitat index curves for the mainstem backwater

zone (zone H-II) resembles the shape of the mainstem backwater surface

area curves (see Appendix E of this report) because the zone habitat

index is a multiple of surface area. There are slight differences

because the surface area curves (Appendix E) were plotted from the raw

data. while the zone habitat indices used surface area values extracted
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from these curves at evenly spaced increments of mainstem discharge.

The shape of the site habitat index curves do not usually resemble the

shape of the total wetted surface area curves (shown in Appendix E)

because zones H-I and H-II are given different weighting factors (the

ZQI) and because there are small differences resulting from inter

polation of the raw surf~ce area versus discharge curves at incremental

discharge levels.

Many of the zone habitat index curves have a steeper slope at lower

discharges than at hi9her discharges. This results from the greater

effect of a given change in discharge on zone surface area at lower

discharges than at higher discharges.

Juvenile chinook salmon

Zone and site habitat indices for juvenile chinook salmon were calculat

ed for three sites in the lower reach and one site in tht~ upper reach

(Appendix Table F-13). The zone quality index for juvenile chinook

salmon at three of the four sites selected was close to 0.5 for both

zones. Rabideux Creek and Slough had a higher ZQI in the H-I area.

The site habitat index at the Goose Creek and Side Channel site

(Appendix Figure F-3) shows a steady decrease with a decrease in dis

charge until discharge drops to about 40.000 - 45,000 cfs. At this

point, the head of the slough closed, the H-II area began to decrease,

and the tributary section of the H-I area moved out into the slough

channel. For a more detailed explanation of the hydraul ics of these
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sites, refer to Appendix E of this repor and Volufie 4, Part I, Section

3.1.3.1 of the Basic Data Report (ADF&G 1983b).

Large changes in surface area occurred in both zones at the Rabi jeux

Creek and Slough site with changes in mainstem discharge, but the site

habitat index remained relatively constant (Appendix Figure F-4). As

mainstem discharge decreased from the maximum observed, the maiTistem

backwater zone (H-I I) receded and was replaced by the tributary I H-I)

zone. Because the tributary area was better habitat than the backllater

area for rearing chinooks, the site habitat index is highest at the

lowest discharge observed. At about 40,000 cfs, a large pond-like pool

(included in zone H-II) which had been backed up by mainstem sta!le at

greater flows was no longer affected by mainstem stage and became zone

H-I. However, the pond-like area remained {although at a lower 1 !vel}

as a zone 9 (morphological pool) within th~ aggregate zone H-I and

probably did not undergo a 9 eat deal of change with regard to the

quality of habitat.

The pattern shown at the Birch Creek arid Slough site (Appendix igure

F-5) was typical for juvenile chinook salmon at several of the sampling

sites. With an increase in mainstem discharge, the habitat index for

zone H-I decreases, and then levels off; the habitat index for zone ~'-II

does exactly the opposite. lhe site habitat index (sum of the habitat

index for the two zon s) gradually increases with an increase in

mainstem discharge because of increasing total wetted surface ana.

Because the seasonal zone quality indices for the two zones at Birch

Creek and Slough for chinook salmon were fairly similar {Appendix Table
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F-13), both zones had nearly equal weight in compiling ~he site habitat

index. If the ZQI for each zone had been equal to 0.5, which means that

chinook salmon showed no preference for either zone over the other, then

the shape of the site habitat index curve would be similar to the shape

of the total wetted surfac~ area. In this case. if one zone decreased

in areal extent, the fish would simply move to the other zone. In fact.

the fish might remain where they were. but the zone designation (and

habitat characteristics) at that location would change. The site

habitat index would decrease as the total wetted surface area decreased.

The site habitat index for chinook salmon at the Whiskers Creek and

slough site shows a steady increase with increasing discharge (Appendix

Figure F-6). The shape of the zone H-II curve is typical for sites in

the reach in that it steadily increases with an increase in mainstem

discharge and then levels off. The zone H-I surface area curve is

relatively flat. At the lower discharge lev~ls. the length of zone H-I

increased (downstream) a!; the backwater zone (zone H-II) receded. At

the same time, however, the width of zone H-I was decreasing. The net

result of the two was a slight increase in zone H-I surface area as

discharge decreased below about 22,000 cfs.

Juvenile Coho Salmon

Juv~nile coho salmon showed a strong preference for zone H-I at all of

the sites (Appendix Table F-14). This preference was least apparent at

the Sunshine Creek and Side Channel site, where the zone H-rl area was

not greatly different from the zone H-I area in physical and habitat
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Appendbl hble F~III. Habitat indices for juvenile COhO ulman for aggregate nydraullc zones at three sites, June through
September, 19B2.

Sunshine Creek .nd Slough Birch Creek and Slough

5usltna Site 51 te
Dlschar~e at lone H-' Zone H~ II Habitat lone H-l Zone H-II Itabl tat

Sunshine (ch) (Z01-0.7l) (101-0.115) Indell "-" I ) (lOI-O,BB) (lOI=O.lB) Indell "HI)

35,000 .. 11 110 '" " ,..
110,000 .7 25 112 10' ,.

"0
115,000 ,. ,. 113 '07 27 '"50,000 ., 5l 115 '00 28 "8
55,000 50 '7 "'

,,, .0 '"60,000 .. 80 '"0 26 66 "65,000 58 58 ". .. .. 87
70,000 10. 50 160 " .0 87

.",
A...

Lane Creek and Slough 8

Site
Susltna Discharge lone H~ I lone H~ II Habi tat

at Cold Creek (efl) (101-0.911) (lOt-O,l7) Indell (ViI)

12 ,500 "
, '0

15,000 .. , "17,500 '0 ,
"20,000 "

, 23
22,500 " l "25,000 7 8 "27,500 , 8 10

- - - - - - - -



Appendix Tabl~ F-14. Habttat Indices for juvenile coho salmon for aggregate hydraulic zones at three sites. June through
September. 1982.

Sunshine Creek and Slough Birch Creek and Slough

Suaitna Site SI
Discharge at Zone H-I Zone H-II HlIbf tilt Zone H-I Zone H-II Habitat

Sunshine (ets) (ZOI=O.71 ) (lOI=0.45) Index gJil) (ZOI=0.88) (lOI-0.18) Indox If:H I )

35.000 99 11 110 245 15 260
40.000 87 25 112 194 26 220
45,000 74 39 1i3 197 27 22
50.000 62 53 115 200 28 228
55,000 59 67 126 142 40 182
60.000 60 80 140 26 66 92
65.000 98 58 156 19 68 87
70.000 106 54 160 18 69 87

..,
I
~
~

Lane Creek and Slough 8

Site
Susltn~ Discharge lone H-I lone H-II ~.abi tat

at Cold Creek (efs) (201=0.94) (201-0.17) Index (;Ot I I

12,500 18 1 19
15.000 19 2 21
17,500 20 2 22
20,000 21 2 23
22.500 21 3 24
25,000 7 8 15
27,500 2 8 10
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characteristics. Both areas had a low gradient. abundant aquatic

vegetation for cover, and provided excellent habitat for rearing coho

salmon. As a result, the habitat index for zone H-I I has a greater

weight than at other sites and the site habitat index shows a steady

increase with increasing mainstem discharge (Append~~ Figure F-7). This

situation was not typical for coho at most other sites.

The shape of the coho salmon habitat index curves for zones H-I and H-II

at the Birch Creek Ci .... d Slough site reflect a pattern which was more

common for the study sites (Appendix Figure F-8). With increasing

mainstem discharge. the zone H-I habitat index decreases and then levels

off while the zone H-II habitat index increases and then alsu levels

off. The zone H-I surface area decreases because the zone H-II

(backwater area) encroaches upon it as mainstem discharge level in

creases. Because zone H-I was strongly preferred by coho salmon

(Appendix Table F-14), the site habitat index curve is heaVily weighted

by the zone H-I habitat index and the two curves have a similar shape

(Appendix Figure F-8). Basically, this means that a loss of zone H-I

reflects an important loss of habitat for coho salmon at this site,

because they apparently do not have the capability of compensating for a

decrease in zone H-I surface area by moving into zone H-II.

The site habitat index at the lane Creek and Slough 8 site closely

parallels th~ habitat index for zone H-I because of the strong weighting

given zone H-T by the ZQT (Appendix Figure F-9). The changes at about

25,000 cfs were related to th~ breaching of the slough head at this

discharge level.
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Appendix Figure F-7. Zone and site habitat indices for juvenile coho salmon
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function of discharge, June through September, 1982.
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Juvenile sockeye salmon

Juvenile sockeye salmon at most of the sites showed a strong preference

for zone H- I I. a preference oppos; te tha t of rea r; n9 coho sa 1mon.

However, as ment;o~ed previously, there were several sites where sockeye

juveniles also occurred in small low veloc1ty pools within zone H-I. At

Slough 19, this occurred often enough so that the zQr for zone H-I was

grea ter than tha t of zone H- I I (Appendix Tab1e F-15). The sockeye ZQ I

at the Birch Creek and Slough site and the Slough 8A site were more

typical.

Because the ZQ I for zone H- I at B; reI'! Creek and 51 Qugh was equa1 to

zero, the site habitat index was equal to th~ habitat index for zone

H-II (Appendix Figure F-IO). As the mainstem backwater area increased

with an increase in mainstem discharge. the value of the site increased

for rearing sockeye salmon.

Juvenile sockeye salmon at Slou~h SA preferred the zone H-YI area (ZQY =

0.66) over the zone H-I area (ZOI " 0.55) (Appendix Table F.15). This,

along with the fact that the surface area of the zone H-I area ct,anged

very little with variation in discharge, gave a site habitat index for

Slough SA for sockeye salmon which closely resembled the shape of the

zone H-II habitat index (Appendix Figure F-ll). The flatness of the

zone H-I curve at Slough SA is in part due to the gradually sloping

banks of the H-II zone at Slough SA. The increasing backwater area
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caused by an increasing mainstem discharge was absorbed by these low

gradient banks and the H-I area was not greatly encroached upon.

The site habitat in~ex at Slough 19 is atypical of the sites in that

rearing so~keye salmon at this site were frequently captured in zone H-I

in greater numbers than in zone H-II and the resulting site habitat

index does not reseni>le the shape of the H-II habitat index (Appendix

Figure F-12). A hydrau'ic situation occurred at Slough 19 which was

similar to what occurred at Rabideux Creek and Slough (as discussed for

juvenile coho salmon). Early in the season. juvenile sockeye were

present in an area of the slough which was backed up by the mainstem

(hence, this was zone H-II). As the flow decreased. the slack water

area no longer resulted from mainstem stage. yet it continued to exist

in the same area betause of a morphological control at the mouth of the

slough. The rearing sockeye also remained in this area, now designated

zone H-I. These events are reflected in Appendix Figure F-12. Ag

gregating the individual habitat zones using water velocity as a

criterion, rather than the presence of a mainstem backwater zone, would

group both slack water areas, regardless of the causative factor.

Juvenile chum salmon

Juvenile chum salmon always preferred the zone H-II area at the selected

sites (Appendix Table F-16l; this was typical of most of the fourteen

sites sall1Jled. As a result, the site habitat indices closely rese.mle

the shape of the habitat indices for zone H-l1 (Appendix Figures F-13 to

F-15). The results at Birch Creek and Slough in the lawer reach
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A9pendh Tabl. F-16. Hebtt.t Indices for juvenile chum allmon for aggregate hydraulic zones It three 5Ite~. June thrGUgh

September, 1982.

Sirch Creek and SlouQh

Site
Susltn. DJL!chafgl Zone H-l Zona H-II Habl tIt
at Sunlhlne lchl (101-0.28) (ZOI-O.72) lnde. Wil)

35,000 82 60 '"110,000 60 106 '66
liS ,000 50 10. 167
50,000 50 110 '6'
55,000 " 162 20.
60,000 • 263 271
65,000 • 272 280
70,000 • 277 286

~,
~

~

Sloygh 6A lane Creek and Slough 8

Susltn. Site Sita
Ohcharge lilt Zone H-l lone H-ll Habi tat Zone H-I Zone H-II Habl tat

Cold Creek (eh) (IOI-N/AI (101-1.00) Indu t;lH1) (101-0.251 (201"'0.75) Indn l:[HI)

12,500 -- 128 128 5 5 10
15,000 -- ". 129 5 7 12
17 ,500 -- '" 131 5 10 15
20,000 -- 132 132 6 11 17
22,500 -- m m 6 12 18
25,000 -- 135 I3S 2 " 36
27,500 -- 137 137 1 3S 36
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ppendix Figure F-13. Zone and site habitat indices for juvenile chum salmon
at the Birch Creek and Slough study site as a function
of mainstem discharge, June through September, 1982.
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(Appendix Figure F-13) and at lane Creek and Slough 8 in the upper reach

(Appendix Figure F-lS) are very similar in form.

The study boundary for Slough 6A, an upland slough, did not include an

H-I lone. This slough has steep banks Q~d a deep entrance channel, so

the surface area of the slough showed only a small response to

variations in mainstem discharge. All of the juvenile chum salmon

captured at this site were in the H-II zone. which gives that zone a

seasonal ZQI of 1.00 and zone H-III a lQI of 0.00. The net result of

the above is that the site habitat index is exactly the same as the lone

H-II habitat index and that this index did not vary much with variations

in discharge (Appendix Figure F-14). The flatness of the site hobitat

index curve is not typical of the sites. This situation occurs only at

steep banked upland sloughs which are completely backed up by the

mainstem.

CONCLUSIONS

The results have established that the sampling zones were distinctly

di fferent habitats. These d1fferences were ma i nta i ned over the course

of the season and over variations in mainstem discharge. Significan~

differences in distribution of fish among these zones demonstrated that

the fish respond to the variability of the habitat components. Sorre

possible causes for fish preference for one zone instead of another were

explored by examining the relationship of fish abundance with key

habitat variables. The validity of calculating zone quality indices

F-S9



from the catch data was established by demonstrating the above

statistical differences.

The measure I)f habitat quality which was derived for this study, the

zone quali~y index (ZQI), provides logical results which reflect a~tual

juvenile salmon habitat preferences as established by statistical

analysis of the catch data. Again, this index is not an index of

absolute abundance nor does it consider the differences in quality among

th~ sites; it only c~nsiders differences in quality among the zones.

The zone and site habitat indices which were presented in this report

represent ,mly one ()f the several possible approaches using this kind of

analysis. The nine individual habitat zones could b~ treated separately

or they could be aggregated using criteria other than the influence of

tfle mainstem backwater. These other approaches could provide further

insight into the factors controlling fish distribution and abundance.

The approach used in th i s appendix (aggrega te hydraul i c zones) was

chosen for its relative strength in relating habitat to mainstem dis

charge.

In interpreting the zone and site habitat index curves. one should be

careful about extending the curves beyond the range of mainstem dis

charge which was observed, beca~se the trends may not hold outside that

range and large errors could result. Also, it is important to keep in

mind that these curves reflect the situation only within the study

boundaries. These boundaries usually included a tributary or slough

mouth, some of the area above, and a small area of the mainstem mixing
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zone below. A decrease in surface area of a preferred habitat within

the study boundary does not mean that the habitat was completely lost.

For example, the coho salmon present in zone H-I at Birch Creek and

S10ugh may be ab 1e to move further up the creek as a ri si n9 rna; ns tern

di scharge causes the backwater zone to advance on zone H- I. However,

there may not be replacement habitat available for decreasing areas of

backwater zones. such as are used by sockeye and chum salmon. Since the

study sites were chosen in part because of their importance to the fish

populations. the loss of surface area within a study boundary can

correctly be interpreted as a habitat loss which will influence the

populations.

Analysis of the conditions at the Birch Creek and Slough study site

provides a good surrmary of the conclusions that have resulted from the

site habitat index method. Juveniles of the four salmon species showed

a good segregation by habitat zone at this site (Appendix Figure F-16).

Most of chinook juveniles were captured in the slough below the

tributary mouth (zone 7). the rest were evenly distributed between the

tributary (zone 1) and the backed-up slough above the tributary

confluence (zone 6). Almost all of the rearing coho were captured in

the tributary (zone 1). Most of the sockeyes were captured in the

mainstem backwater zone ~bove (zone 6), and below (zone 7). the

tributary confluence; a few were captured in the slough above the

mainstem backwater area (zone 4). Juvenile c~~m salmon were captured in

the slough above the mainstem backwater zone (zone 4) and in the

mainstem backwater area (zones 6 and 7). A sunmary of the zone quality

indices for juveniles of each specie~ at this site is as follows
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Appendix Figure F-16. Generalized distribution of juveniles of four
species of salmon at the Birch Creek and Slcugh
study site, open water season, 1982.
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(aggregate hydraulic Zone H-I includes habit3t zones 1 and 4 and

aggregate hydraulic zone H-II includes habitat zones 6 and 7):

Species Zone H-I Zone H-II---
Chinook 0.49 0.51
Coho 0.88 0.18
Sockeye 0.00 1.00
Chum 0.28 0.72

The zone qua 1ity i nd; ces (ZQ I) for each spec i es are typi ca 1 of those

shown by the species at the fourteen different sites.

The site habita.t indices for juveniles of each of the four salmon

species at the Birch Creek and Slough site are shown together in

Appendix Figure F·17. The relative values between species have no

mean;ng~ only the shape of the curves is comparable from one species to

another. All four of the species show an inflection at a discharge of

around 53,000 cfs. This;s the discharge at which the head of the

slough is breached.

The shape of each site habitat index curve in Appendix Figure F-17 is

representative of the majority of the fourteen sites. The ZQI :"Jr

chinook salmon juveniles is apprOXimately 0.5 for each zone, so the site

habitat index curve for chinook is a function of total wetted surface

area. The site habitat index curve for coho salmon, which are strongly

associated with zone H-I, declines with an increase in discharge because

the mainstem backwater zone (H-II) encroaches upon zone H-I. Chum

salmon, which tend to occur in zone H-II. have a site habitat index

which increases with increasing discharge. The site habitat index curve
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Appendix Figure F-17. Site habitat indices for juveniles of four species of
salmon at the Birch Creek and Slough study site as a
function of mainstem discharge June through September,
1982.
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for sockeye salmon, which are even more strongly associated with zone

H-II, shows a sharper increase. Variations in mainstem discharge

affect habita· of different species in different w~ys, both in direction

and in magnitude.
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Summary table of habitat zones sampled at Designated Fish Habitat sites. June
through September, 1982.
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~

I

I

Zone Code

1

2

3

4

5

6

Description

Areas with a tributary or ground water source which are not
influenced aby mainstem stage and which usually have an
appreciable surface water velocity.

Backwater areas resul ting from a hydraul ic barrier created at
the mouth of a tributary or slough by ma;nstem stage. which
have a tributary or ground water source.

Areas of appreciable water surface velocities, primarily
influenced by the mainstem. where tributary or slough. water
mixes with the mainstem water.

Areas of appreciable surface water velocities which are located
in a slough or side channel above a tributary confluence (or in
a slough where no tributary is present) when the slo~qh head is
open.

Areas of appreciable surface water velocities which are located
in a slough or side channel below a tributary confluence. when
the slough head is open.

Backwater areas resulting from a hydraul ic barrier created by
mainstem stage which occur in a slough or side channel above a
tributary confluence (or in a slough or side channel where no
tributary is present). when the head of the slough 1s open.

I
I
\

I
I
I,

7 Backwater areas resulting from a hydraulic barrier created by
mainstem stage which occur in a slough or side channel below a
tributary confluence. when the head of the slough is open.

8 Backwater areas consisting of mainstem eddies.

9 A pool with no appreciable surface water surface velocities
which is created by a geomorphological feature of a
free-flowing zone or from a hydraulic barrier created by a
tributary; not created as a result of mainstem stage.

a"Appreciable" surface water velocity means a velocity of at least 0.5 ft/sec.
However. there are siteespecific exceptions to this, based on local
morpholo9Y.
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