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APPENDIX A

Analysis of the Species Selectivity of Fishwheels for the Capture of

Adult Salmon in the Susitna River.
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INTRODUCTION

In Alaska, fishwhee1s have been utilized for commercial and subsistence

fishing since before the turn of the century. They are used primarily

in glacial, turbid rivers such as the Yukon, Kuskokwim, Copper and

Susitna rivers. In the early 1950's fisheries scientists began using

fishwhee1s to monitor salmon escapement timing. abundance and to obtain

salmon age, length, weight and sex composition samples. Fishwheels are

still used for these purposes today.

One of the early recognized limitations of fishwhee1s in fisheries

management and research programs was species selectivity. Meehan (1961)

reported that chinook and coho salmon in the Taku River were least

susceptible to recapture by fishwhee1. while pink salmon were more

susceptible to recapture. He also noted fishwhee1 selectivity within a

species; the smaller tljack" chinook salmon were more readily captured

than the larger. older chinook salmon. He felt that fishwheel

selectivity was manageable when the data were used as a relative index

of the escapement and not as a definitive measure of the escapement.

It is the purpose of this report to address the question of whether·

fishwhee1s used in the Susitna River are in fact species selective and

if so, to what extent.

The Alaska Department of Fish and Game (AOF&G) Su Hydro, Adult

Anadromous staff deployed fishwhee1 s for tag/ recapture programs at

severa1 10cati ons on the Susitna River mai nstem i nc1 udi ng Sunshi ne,
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Tal keetna and Curry stations. Side scan sonar units were operated at

Susitna, Yentna, Sunshine and Talkeetna stations with species apportion

ment of sonar counts provided by fishwheel catch data (Appendix Figure

A-I). The equipment located at Susitna Station was managed by ADF&G)

Commercial Fisheries Division, Soldotna.

METHODS

Tagging Process

Fishwheels, designed and built by ADF&G/Su Hydro, Adult Anadromous

staff, were used to intercept salmon for tag application at Sunshine,

Talkeetna and Curry stations in 1981 and 1982. Four fishwheels were

located at Sunshine and Tal keetna stations and two at Curry Station.

Fishwheel site locations and specifications may be obtained by

consulting the Phase I, ADF&G/Su Hydro, Adult Anadromous Report (ADF&G

1981).

Rotating baskets of the fishwheels trapped adult salmon and exited them

via a padded chute into a water filled live box. Individual captures

were then dipnetted from the live box and placed on a padded platform.

The fi sh were next tagged with a floy FT-4 spaghetti tag or a Petersen

disc secured beneath the dorsal fin and released. Both tag types \vere

color coded to identify capture station. Total time of the tagging

process, from dipnetting to release, was 10 to 15 seconds.

A-2
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Appendix Figure A-I. Susitna River basin map showing field stations and
major tributaries.
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Tag Recovery

Marked salmon were recovered during surveys of salmon spawning streams

and sloughs above the ~agging sites. Streams and sloughs were surveyed

repetitively throughout the season at seven to ten day intervals.

Surveyors recorded the number of tagged live salmon by tag type, color

and species and the number of live untagged salmon by species. Results

of the repetitive surveys were summed and provide'd the total number of

salmon observed that had tags (r) and the total number of salmon

examined for tags (c), by species and station, Only those surveys with

good to excellent visibility conditions were used in computing the

seasonal ric proportions.

The percent tag loss was used to adjust the number of tags recovered (r)

for each species tagged at stations with reported tag loss. The adjust

ment was made as follows with the results presented in Appendix Table

A-I:

y'adjusted

Data Analysis

(1 + percent tag loss) x robserved

Determination and quantification of fishwhee1 selectivity required two

procedures. The first procedure statistically addresses the question of

fishwhee1 selectivity and the second procedure is used to quantify

fishwheel selectivity.
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Appendix Table A-I Percent tag loss based on surveys conducted between
Talkeetna Station and Devil Canyon in 1981 and 1982

No. tagged No.
Tagging fish shed Percent

Tag Type Station Year examined tags tag loss

FT-4/Spaghetti Ta1keetna 1981 397 27 7.5

FT-4/Spaghetti Talkeetna 1982 386 26 6.3

Petersen disc Curry 1982 325 3 0.9
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Step 1: Determination of fishwheel selectivity

If fishwheels were non-species selective in capture it would follow that

the number of salmon caught and tagged would be proportionally the same

for each species. This can be tested by using the tag recovery data

accumulated from surveys of streams and sloughs. Again, if fishwheels

were non-species selective in capture the number of tagged salmon

observed during tag recovery surveys should be proportionally the same

for each species. A chi-square test of association was used to test the

null hypothesis that the proportion of tagged salmon of each species

observed during the tag recovery surveys was equal or:

H .o·

where: r i

C.
1

= total number of tagged adult salmon observed

during tag recovery surveys for the i th species

total number of the i th species of adult

salmon examined for tags during tag recovery

surveys

This test incorporated the following assumptions:

1) Fishwheels were not selective for stocks within a species.

Chinook salmon less than 351 millimeters in fork length were

not tagged and therefore not considered in the analysis.
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2) Tagged salmon mixed randomly with untagged salmon and exhibit

ed essentially no behavioral differences.

3) Reported tag loss, by station and tag type, occurred at the

same rate for all species.

4) Tagged and un tagged salmon had no differential mortality.

5) Fishwheel efficiency and operation remained cOl1stant through-

out the season.

Determination of fishwhee1 selectivity proceeded as follows:

1) The expected frequency of r for each species was cc 1cu1 dted

by:

r i expected = x c.
1

- It shou1d be noted tha t r i expected va 1ues are we i ghted by

sample size.

2) A chi-square contingency table was calculated in the following

form (Summer et al. 1981):

A-7
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Species 1 Species 2 Species 3 Species 4

r

r-c

The individual cell chi-square values are summed and with the

appropriate degrees of freedom compared to a tabled value to

determine if observed values differed significantly from

expected values.

Step 2: Quantification of fishwheel selectivity

The second procedure was to quantify species selectivity if present. To

accomplish this an expected value for r (E r ) not weighted by sample

size was derived for each species. This expected value is not the same

and should not be confused with the expected values used for the

chi-square contingency table. These Er values were determined by

using the arithmetic mean of the observed r./c. proportions (both
, 1 1

r. and c· continue to be the observed number of tagged sa1mon (r.)
1 1 1

and the number of salmon observed (c i ) for the i th species during

tag recovery surveys) for all species at each station and multiplying

this value by the total number of each species (c i ) examined for marks

A-8



duri ng tag recovery surveys ° The resultant expected value for r (E r !

and the observed value for r (0 ) for each species were expressed asr

the ratio 0r:Ero Setting Er equal to one to define a base for

comparison Or then becomes a function of fishwheel selectivity hey'ein

referred to as the coefficient of selectivity (CS). CS values less than

one indicate fewer tagged salmon of that species were observed during

surveys than expected and conversely CS values greater than one indicate

more tagged salmon of that species were observed during surveys than

expected.

The percent deviation between observed r values (Or) and expected r

values (E r ) were determined for each species at each station. These

values were derived by subtracting Or from Er and expressing this

va 1ue as a percent of Ero Observed r values that were greater than

expected r values resulted in a negative percent deviation (-) and

observed r values less than expected r values resulted in positive

percent deviations (+). Percent deviations, regardless of sign, were

divided into three categories:

1)

2)

3)

< 15%

15% to 30%

> 30%

low deviation from expected value

moderate deviation from expected value

high deviation from expected value

A-9



RESULTS

Fishwheel Selectivity

All survey results and fishwheel catch data were provided in previous

reports (AOF&G 1981; AOF&G 1983).

/\.. \

The null hypothesis. thatf'proportion of tagged salmon of each species

observed during tag recovery surveys was equal, was tested for salmon

tagged at Talkeetna and Curry stations in 1981 and 1982. Salmon tagged

at Sunshine Station were not included -in the test as fishwheel s there

did not operate continuously and therefore had a disproportionate amount

of capture effort expended for each species.

Results of the chi-square test indicated a highly significant

(l-P<.OOl) difference between observed and expected values of r for

sockeye, pink. chum and coho salmon tagged at Talkeetna and Curry

stations in 1981 (Appendix Table A-2). Similarly, the results of the

chi-square test for data collected in 1982 also indicated a highly

significant (I-P~.OOl) difference between observed and expected values

of r fOt' chinook, sockeye, pink, chum and coho tagged at Talkeetna

Station and chinook, sockeye, chum and coho salmon tagged at Curry

Station (Appendix Table A-3). Fifty percent of the pink salmon captured

at Curry Station in 1982 were tagged and subsequently they were not

included in the analysis. Based on the chi-square test results,

fishwheel s operated at Tal keetna and Curry stations in 1981 and 1982

were species selective in capturing adult salmon.
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Appendix Table A-2 Chi-square test results of observed versus expected
number of tag recoveries during stream and slough
surveys for salmon tagged at Talkeetna and Curry
stations in 1981.

TALKEETNA STATION

Observed~/ Expected 231 S' 'f" 4/
ell

1 gm 1ca nce-
Species r r Cell X- DF=3

Sockeye 4,167 286 296 .37 N.S.
Pink 724 82 51 11.36 **
Chum 5,944 346 423 16.98 ***
Coho 852 117 61 27.21 ***

Total 11,687 831 831 91.3G§/ ***.

CURRY STATION

Observed Expected
Cell X2 Significance

Species c r r DF=3

Sockeye 3,040 403 324 15.55 ***
Pink 69 12 7 1.80 N.S.
Chum 4,033 345 430 20.76 ***
Coho 105 12 11 .05 N.S.

Total 7,247 772 772 43.67 ***

1/ c = Total number of fish examined for marks during stream and
slough su rveys

~I r = Total number of tags (adjusted) recovered during stream and
slough su rveys

1/ X2 = Chi-square

il Significance denotes I-P values represented at: *<0.05, **(0.01,
***< .001, N.S. ~ 0.05.

~Total cell X2 i~cludes all cells of chi-square table (that is
including the X associated with observed and expected c-r cells).
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Appendix Table A-3 Chi-square test results of observed versus expected
number of tag recoveries during stream and slough
surveys for salmon tagged at Talkeetna and Curry
stations in 1982.

TALKEETNA STATION

Observe;.! Expected 2~/
S' of· 41

c1 1 gm 1 cance-
Species r r Cell X OF=4

Chinook 1,436 88 183 49.52 ***
Sockeye 2,128 287 272 .88 N.S.
Pink 13,936 2,597 1,779 376.61 ***
Chum 9,588 503 1,223 424.42 ***
Coho 1,065 118 136 2.36 N.S.

Total 28,153 3,593 3,593 978.7etl ***

CURRY STATION

Observed Expected
Cell X2 Si gnifi cance

Species c r r OF=3

Chinook 642 35 35 .00 N.S.
Sockeye 1,970 171 108 36.67 ***
Chum 7,802 361 428 10.46 "/r

Coho 398 26 22 .80 N.S.

Total 10,812 593 593 50.72 ***

II c = Total number of fish examined for marks during stream and
slough surveys

~ r = Total number of tags (adjusted) recovered during stream and
slough surveys

11 X2 = Chi-square

!Y Significance denotes I-P values represented as: *<0.005, **<0.01,
***<0.001, N.S.~0.05.

~I Total cell X2 i~cludes all cells of chi-square table (that is
including the X associated with observed and expected c-r cells).

A-12
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Quantification of Fishwheel Selectivity

The unweighted mean value of the ric proportions and subsequently

derived expected r values provided a quantitive method to assess the

species selectivity of fishwheels located at Talkeetna and Curry

stations. The deviation of the observed number of tag recoveries from

stream and slough surveys and the calculated expected number of tag

recoveries, provided the assumptions previously described are true,

reflects the selectivity or non-selectivity of fishwheel captures for

each species. Results for each species are summarized below:

Chinook salmon

Chinook salmon were tagged at Talkeetna and Curry stations in 1982 only.

Chinook salmon less than 351 mm were not tagged. The coefficients of

selectivity were 0.56 at Talkeetna Station and 0.61 at Curry Station.

The percent deviation between the number of tag recoveries observed and

the number expected was high, +44.0 percent at Talkeetna Station and

+34.0 percent at Curry Station (Appendix Table A-4).

Sockeye sa 1mon

Between year comparisons for sockeye, pink, chum and coho percent

deviations and coefficients of selectivity required an analysis without

chinook salmon, which were tagged in 1982 only. The results are provid

ed in Appendix Table A-5 and A-6. Fishwheels were not selective toward

A-I3



Appendix Table A-4 Coefficient of selectivity and percent deviation for
chinook, sockeye, pink, chum and coho salmon tagged
at Talkeetna and Curry stations in 1982.

TALKEETNA STATION

Observe~1 Expecte~1
Coeffi -
eient of Percent

Values Values Select- Devia-
Species c r rIc rIc r i vi ty tion---

Chinook 1,436 88 .06 .11 157 .56 +44.0
Sockeye 2,126 284 .13 .11 233 1.22 -21.9
Pink 13,936 2,596 .19 .11 1,473 1. 76 -76.2
Chum 9,588 502 .05 .11 1,054 .48 +47.6
Coho 1,065 117 .11 .11 117 1.0 0.0

CURRY STATION

Coeffi-
Observed Expected cient of Percent

Values Values Select- Devia-
Species c r rIc rIc. r ivity tion

Chinook 642 35 .06 .09 57 .66 +34.0
Sockeye 1970 171 .09 .09 177 1.05 - 4.9
Pink 4,470 726 .16 .09 371 1. 96 -95.7
Chum 7,802 359 .05 .09 647 .55 +44.5
Coho 398 26 .07 .09 33 .79 +21.2

1/ c = total number of fish examined for marks during stream and slough
surveys
r = total number of tags (adjusted) recovered during stream and
slough surveys

~/Expected values calculated by multiplying the non-weighted arithmetic
mean of the observed r.le. ratio for all species by the individual
species observed ci vaiue~
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Appendix Table A-5 Coefficient of selectivity and percent deviation for
sockeye t pink, chum and coho salmon tagged at
Talkeetna Station in 1981 and 1982.

1981

ObservectY ExpecteetY
Coeff; -
cient of Percent

Values Values Select- Devia-
Species c r rIc rIc r ivity tion

Sockeye 4,167 299 .07 .10 416 .72 +28.1
Pink 724 86 .12 .10 72 1.19 -19.4
Chum 5 t 944 357 .06 .10 594 .60 +39.9
Coho 852 125 .15 .10 85 1.47 -47.1

1982

Coeffi-
Observed Expected cient of Percent

Values Values Select- Devia-- Species c r rIc ric r ivity tion

- Sockeye 2,126 284 .13 .12 257 1.11 -10.5
Pink 13,936 2,596 .19 .12 1,686 1.54 -54.0
Chum 9,588 502 .05 .12 1 t 160 .43 +56.7
Coho 1,065 117 .11 .12 128 .91 +8.6c

11 c = total number of fish examined for marks during stream and slough
surveys
r = total number of tags (adjusted) recovered during stream and
slough surveys

~ Expected values calculated by multiplying the non-weighted arithmetic
mean of the observed r.lc. ratio for all species by the
individual species obs~rv~d ci value.
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Appendix Table A-6 Coefficient of selectivity and percent deviation for
sockeye, pink, chum and coho salmon tagged at
Curry Station in 1981 and 1982.

1981
00 Coeffi-

Observedll ExpectedY cient of Percent
Values Values Select- Devia-

Species c r ric rIc r ivity tion

Sockeye 3,040 386 .13 .13 380 1.02 - 1.6
Pink 69 12 .17 .13 8 1.50 -50.0
Chum 4,033 333 .08 .13 504 .66 +33.9
Coho 105 12 .11 .13 13 .92 + 7.7

1982

Coeffi-
Observed Expected dent of Percent

Values Values Select- Oevia-
Species c r rIc rIc r ivity tion---

Sockeye 1,970 172 .09 .09 177 .97 + 2.8
Pink 4,470 732 .16 .09 402 1.82 -82.1
Chum 7,802 362 .04 .09 702 .52 +48.4
Coho 398 26 .07 .09 35 .74 +27.7

1./ c = total number of fish examined for marks during stream and slough
surveys
r = total number of tags (adjusted) recovered during stream and
slough surveys

~ Expected values calculated by multiplying the non-weighted arithmetic
mean of the observed r./c. ratio for all species by the individual
species observed ci vaiue~
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sockeye salmon in 1982 at either Talkeetna or Curry stations. The

coefficients of selectivity in 1981 were 0.72 and 1.02 at Talkeetna and

Curry stations and 1.11 and 0.97 in 1982. The percent deviation between

observed and expected tag recoveries was -10.5 percent at Talkeetna

Station and +2.8 percent at Curry Station, both low values. In 1981

sockeye salmon were caught at less than the expected rate (moderate

percent deviation of +28.1 percent) at Talkeetna Station while

fishwheels at Curry Station did not appear to be selective in capture

(low percent deviation of -1.6 percent) (Appendix Table A-5 and A-6).

Pink salmon

Pink salmon tended to have consistently higher observed r values than

expected. The coefficients of selectivity in 1981 were 1.19 and 1.50 at

Talkeetna and Curry stations, respectively (Appendix Table A-5 and A-6).

The CS values increased in 1982, the dominant pink salmon year in a two

year cycle, to 1.54 and 1.82 at Talkeetna and Curry stations. In 1982,

due to the large number of pink salmon in the Susitna River drainage and

manpower constraints 50 percent of the pink salmon intercepted at Curry

Station were tagged and in deriving the Er values all tag recoveries

were increased by a factor of two.

The percent deviation in 1981 was -19.4 and -50.0 percents at Talkeetna

and Curry stations and incY'eased to -54.0 and -82.1 percents in 198(~

(Appendix Table A-5 and A-6). Pink salmon were captured by fishwheels

at a rate that exceeded expectations regardless of the location.

A-17
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Chum salmon

The number of chum salmon tag recoveries were lower than expected for

fish tagged at Talkeetna and Curry stations in both 1981 and 1982. In

1981 the coefficients of selectivity were 0.60 and 0.66 at Talkeetna and

Curry stations, respectively. In 1982 the coefficients of selectivity

were lower, 0.43 and 0.52 in the above station order. The percent de

\dation remained high, greater than -+30 percent at both Talkeetna and

Curry stations in 1981 and 1982 (Appendix Table A-5 and A-6).

Coho salmon

Coho salmon tag recoveY'ies and expected tag recoveries varied con

siderably between years and between sites. The coefficients of

selectivity were 1.47 and 0.92 at Talkeetna and Curry stations in 1981

and 0.91 and 0.74 in 1982. In 1981 the percent deviation at Talkeetna

and Curry stations were -47.1 and +7.7 percents, respectively. In 1982

for the same stations the percent deviations were +8.6 and +27.7

percents (Appendix Table A-5 and A-6).

DISCUSSION

It has been determined that fishwheels are species selective at two

sites on the Susitna River. Selectivity can be a function of many

parameters such as fishwheel site, channel configuration, water

velocity, fish size and behavioral traits. These parameters have been

considered intuitively by fisheries biologists but were difficult to
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quantify. The large number of fish tagged and the extensive -random

surveys pursuant to goals of this project provided a means for

quantifying fishwheel selectivity. For reasons yet to be defined

chinook and chum salmon are under-caught by fishwheels at Talkeetna and

Curry stations while pink salmon are over-caught. Sockeye and coho

salmon were caught at rates that deviated from expected catch rates but

were not consistently under- or over- caught by fishwheels at Talkeetna

and Curry stations.

Having established fishwheel selectivity, it becomes apparent that using

fishwheels to apportion sonar counts in the Susitna River would bias the

counts based on the selectivity of the fishwheels at that site. This

bias can change constantly, from no bias (one species present) to bias

which severely impacts daily sonar estimates of the number of each

species present (when two or more species temporally overlap). This is

graphically portrayed in Appendix Figure A-2 where as many as four

species overlapped in migrational timing in 1981 and 1982 at Ta"' keetna

Station.

It may be possible, in the future, to formulate reasonable escapement

estimates based on fishwheel catch statistics. Analysis indicates that

fishwheels intercept a near constant proportion of the escapement

(Talkeetna and Curry stations). Based on ric proportions, fishwheel

catches between years usually vary 5 percent or less for an individual

species.

Additional data would be required to assess the feasibility of using

fishwheel catch data as a method of determining escapement size.

A-19



:!o>
I

N
o

SOCKEYE

PINK

CHUM

TALKEETNA STATION

VZZl/f/I///TIIVl/IJ!/1.
!m!!f<liWitiPf%;W"
~#fri@'0f~

l!ZZLf//l/lI1
B~~~¢~;~f'" ~:~~ A~. ( )~.; ~ ~ ~~" • '~ ~~x~:'

V107JlZlllZomm

COHO
I MEDIAN

~ 1982

II 1981

VI/l//lI'I/lIll/////lIll

JULY 5 JULY 15 JULY 25 AUGUST 4 AUGUST 14 AUGUST 24 SEPT. 3 SEPT. 13

DATE

Appendix Figure A-2. Migrational timing of sockeye, pink, chum and coho salmon at Talkeetna
station in 1981 and 1982.



LI TERATURE CITED

Alaska Department of Fish and Game (ADF&G).

Phase I final species/subject report.

Studies Program. Anchorage, Alaska.

1981. Adult Anadromous

ADF&G/Su Hydro Aquatic

1983. Adult Anadromous Fish Studies, 1982. Volume 2 of Phase

II Final Draft Report. ADF&G/Su Hydro Aquatic Studies Program.

Anchorage, Alaska.

Meehan, W.R. 1961. Use of a fishwheel in salmon research management.

Translations of the American Fisheries Society Vol. 90: 490-494.

Summer, G.W., W.S. Peters, and C.P. Armstrong.

in business and economics. Wadsworth

California. 594 pp.

A-21

1981. Basic statistics

Publishing, Belmont,



APPENDIX B

Timing and Passage of Adult Salmon in the Mainstem Susitna River and
Access into Selected Sloughs Upstream of the Chulitna River Confluence



APPENDIX B

TABLE OF CONTENTS Pag~

LIST OF TABLES •.•

LIST OF FIGURES .. ................................................
.............................................. ..

LIST OF PLATES .••...•

B-iii

B-v

B-vi

LIST OF CONTR1BUTORS.

ACKNOWLEDGEMENTS .•

INTRODUCTION ...•.....•.•.•.

Importance of Timing .•........
Importance of Access •......•..

METHODS .••....••

.B·-vii

.B-viii

B-1

B-7
B-7

8-8

Timing
Timing
Slough

of Upstream Migration •..••....
of Movement into Sloughs and Tributaries ..
Access Conditions •.••••.•....••........••..

B-8
B-I0
B··l1

Method two.

Method one •.•.

Thalwegs.
Staff gages.
Fish passage criteria.

............................................
Stage ......•..•.•..•.....
Fish passage criterion ..•

RESULTS •••••••••••••••••••••••••••

Timing of Upstream Migration ..•.......•.........
Timing of Movement into Sloughs and Tributaries.
Slough Access Conditions ...•.••....•.•.........•..

Slough 8A ••
Slough 9 .
Slough 11. ..
Slough 21. •..
Other sloughs ..

B-i

------------,---_.._- ~,-_._._.

8-11

B-12
8-13
8-14

B-16

B-16
B-17

B-18

B-18
B-21
8-24

B-24
B-26
B-26
8-30
B-32



TABLE OF CONTENTS (Continued)

DISCUSSION •••••••••••••••••••••••••••••••••••.•••••••••••••.••••• B-32

General ••••••••••••••••••••••••••••••••••••••••••••••••••••• B-32
Timing •••••••••••••••••••••••••.•••••.•••••••••••••••••••••. B-34
Slough Access Conditions ••••••••.••.•••••••••••..••••••••••. 8-35

Slough 8A••••••••••••••••••••••••••••••••••.••••••••... B-37
Slough 9............................................... B-38
Slough 11 ........•........•.......•.................... B-38
Slough 21 ........................................•..... B-38
Other sloughs •••.••••••••••••••••••••••••••••.••••••••• 8-39
Combi ned sloughs ••••••••••••••••••.•••••••••••••••••••• B-39
Additional evidence for access problems •••.•••••••••.•• B-41

LITERATURE CITED .•••••••••••••••••••..••••••••••••.•••••••••••••• 8-45

B-ii



APPENDIX B

LIST OF APPENDIX FIGURES

Appendix Figure B-1

Appendix Figure B-2

Appendix Figure B-3

Appendix Figure B-4

Appendix Figure B-5

Appendix Figure B-6

Appendix Figure 8-7

Overall study area of the
Susitna Hydroelectric
Feasibility Study Program,
Susitna River, Alaska .

\

Slough locations and gradient of
the Susitna River from Talkeetna

~:~ ~:~~~)~~.~~~~~~~.~~~~~ .

Factors potentially limiting
salmon spawning in sloughs .

Timing of salmon migration,
spawning, incubation and rearing
in the Susitna River system
above Talkeetna, and Susitna
River discharge at Gold Creek,
RM 136.6, #15292000 (USGS 1982) .

Comparison of salmon fishwheel
catches (ADF&G 1983b: Volume 2)
to discharge (USGS 1982) and
temperature (ADF&G 1983b: Volume
4) at Susitna, Sunshine, Talkeetna
and Curry Stations, Susitna River,
Alaska, 1982.....•.........................

Comparison of periodicity of
live salmon (ADF&G 1981a) in
tribu.taries (RM 101.0 - 113.6)
and sloughs (RM 99.6 - 145.5)
with discharge (USGS 1981) at
Gold Creek (USGS #15292000),
Susitna River, Alaska .

Comparison of periodicity of
live salmon (ADF&G 1983b: Volume 2)
in tributaries (RM 101.4 - 161.0)
and sloughs (RM 99.6 - 144.3)
with discharge (USGS 1982) at
Gold Creek (USGS #15292000),
Susitna River, Alaska •.•...................

B-iii

_.._._._.._-_..~------------_.-.... . . ..._._---_.--_._----,

B-2

B-3

B-9

B-19

8-20

B-L2

B-23



LIST OF APPENDIX FIGURES (Continued)

Appendix Figure B-8 Thalweg profile and water surface
elevations in the lower reach of
Slough 8A at various mai~stem

discharges of the Susitna River
at Gold Creek. Passage reaches are
those segments of the channel
where water depth may restrict
access of adult salmon into the
slough B-25

Appendix Figure 8-9 Thalweg profile and water surface
elevations in the lower reach of Slough 9
at various mainstem discharges of
the Susitna River at Gold Creek.
Passage reaches are those segments
of the channel where water
depth may restrict access of adult
salmon into the slough B-27

Appendix Figure B--10 Water surface elevation and depths
at gage site number 129.2 W1A in
Slough 9 verses mainstem discharge
(USGS 1982) at Gold Creek (Gage
#15292000) ...........•.•................... B-28

Appendix Figure B-11 Thalweg profile and water surface
elevations in the lower reach of
Slough 11 at various mainstem
discharges of the Susitna River
at Gold Creek. Passage reaches are
those segments of the channel where
water depths may restrict access
of adult salmon into the slough 8-29

Appendix Figure B-12 Thalweg profile and water surface
elevations in the lower reach of
Slough 21 at various mainstem
discharges of the Susitna River
at Gold Creek. Passage reaches
are those segments of the channel
where water depth may restrict
access of adult salmon into
the slough B-31

Appendix Figure B-13 Flow duration curves for Susitna
River at Gold Creek for July, August
and September. Curves based upon mean
daily flows for water years 1950-1981
(from Acres American Inc. 1982) B-36

B-iv



APPENDIX B

LIST OF APPENDIX TABLES

Appendix Table B-1

Appendix Table B-2

Appendix Table B-3

Appendix Table B-4

Appendix Table B-5

Summary index (by river mile)
for locations referred to
in this appendix ...•....................... 8-4

Known distribution of salmon
species by life phase and habitat
type in the Susitna River Basin B-5

Comparison of fish access conditions
in 1982, in the lower reaches of select
ed sloughs at various mainstem
Susitna River discharges (USGS 1982)
at Gold Creek (Gage #15292000) B-33

Range of base flow measurements
obtained in Slough 8A during
unbreached conditions in 1981
and 1982 (ADF&G 1981b, 1983b:
Volume 4, compared to
mainstem discharges (USGS
1981, 1982) at Gold Creek
(Gage #15292000) ......•••.................. B-37

Comparison of fish access
conditions in the lower reaches
of selected sloughs at
various mainstem Susitna
River discharges (USGS 1982)
at Gold Creek (Gage #15292000).
Relative abundance of salmon
by location is provided for
comparlson 8-40

B-v



Chum salmon stranded in riffle
(approximate water depth = 0.2
ft) near mouth of Slough 9 on
August 24, 1982. Slough discharge
was approximately 3 cfs .

I
ILIST OF APPENDIX PLATES

I
iAPpendiX Plate B-1

APPENDIX B

B-15

B-vi



APPENDIX B

CONTRIBUTORS

Aquatic Habitat and Instream Flow Studies
(AH) Project Leader and Principal Contact

AH Fish Habitat Utilization Subproject
Leader and Appendix Report Coordinator

AH Instream Flow Subproject Leader

Hydraulic Engineer

Data Processing Project Leader

Graphics

Typing Staff

Editors

Data Collection

Data Analysis

Text

8- vi i

-----------------_.

Christopher Estes

Andrew Hoffmann

Tim Quane

E. Woody Trihey

Allen Bingham

Sally Donovan
Anne Reilly

Peggy Skeers
Loretta Channell

Christopher Estes
Andrew Hoffmann
Doug Vincent Lang

Andrew Hoffmann
Len Vining
Don Seagren
Dean Beers
Jeff Blakely
Tim Quane
TOIl1l1Y Withro\',
Pat Morrow
Jody Mi 11 er
Chris Kent
E. Woody Trihey

E. Woody Trihey
Len Vining
Don Seagren
Gene Sandone
Tim Quane
Dana Schmidt

E. Woody Trihey
Len Vining
Christopher Estes
Don Seagren
Andrew Hoffmann



ACKNOWLEDGEMENTS

The authors express their appreciation to the other ADF&G Su Hydro

Aquatic Studies Program staff who provided their support to this

appendix. Appreciation is also extended to Harza-Ebasco Susitna Joint

Venture subcontractors who provided editorial rpview of an earlier draft

of thi s report.

B-viii



INTRODUCTI ON

This appendix is an assessment of the timing of upstream migration

patterns of adult Pacifi c salmon (Oncorhynchus spp.) in the Sus itna

River (Appendix Figure B-1), and an analysis of access conditions for

adult salmon passage into the mouths of nine selected sloughs (Appendix

Figure B-2) located in the reach between Talkeetna (RM 103.0) and Devil

Canyon (RM 157.0, Appendix Table B-1). The slough access portion of

this appendix is an expansion of an earlier analysis (Trihey 1982) of

Slough 9 data collected by the Alaska Department of Fish and Game

(ADF&G). Adult salmon access conditions into the mouths of selected

tributaries in the Talkeetna to Devil Canyon reach have been evaluated

in a separate report by Trihey (1983). Qualitative analyses of general

spawning habitat conditions for salmon in 14 sloughs and relative usage

within 34 sloughs (including the 9 sloughs evaluated for fish access

conditions in this appendix) and 22 tributaries are presented in

Appendix C. A quantitative analysis of the influence of slough flows on

the availabiltity of selected spawning habitat criteria within three of

the sloughs evaluated in Appendices Band C is reported in Appendix D.

Five species of Pacific salmon (chinook, Q. tshwayscha; coho, O.

kisutch; sockeye, Q. nerka; chum, Q. keta; and pink, Q. gorbuscha) use

va~ious habitats within the Cook Inlet (RM 0) to Devil Canyon (RM 157)

reach of the Susitna River (ADF&G 1983b: Volume 4). Hydraulic barriers

within Devil Canyon prevent access of salmon to habitats above RM 156.8

(ADF&G 1983b: Volumes 2, 4). Use of each habitat type varies for

species and life phases. Appendix Table B-2 lists the habitats which
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Appendix Table B-1 Summary index (by river mile) for locations referred
to in this appendix.

River Location

Susitna Station
Sunshine Station
Whiskers Creek Slough
Talkeetna Station
Slough 6A
Lane Creek Slough
Curry Station
Slough 8A
Slough 9
Slough 11
Gold Creek Station
Slough 16B
Slough 19
Slough 20
Slough 21
Slough 22
Devil Canyon

B-4

River Mile

26.0
80.0

101. 2
103.0
112.3
113.6
120.0
125.3
129.2
135.3
136.8
138.0
139.7
140.1
142.0
144.3
157.0



Appendix Table B-2 Known distribution of salmon species by life phase and
habitat type in the Susitna River Basin.

SALMON
SPECIES

&
LIFE PHASE

HABITAT TYPES UTILIZED ON MODERATE BASIS
TRIBUTARY UPLAND SIDE SIDE

TRIBUTARY MOUTH SLOUGH SLOUGH CHANNEL MAINSTEM

Chinook
Adult Passage
Spawning
Incubation
Rearing

x
X
X
X

X
X
X
X X x

X

X

x

x

Coho
Adult Passage X X X X
Spawning X X
Incubation X X
Rearing X X X X X \'

i\

-"

Chum
Adult Passage X X X X X
Spawning X X X X X
Incubation X X X X X X
Rearing X X X X X X

Sockeye
Adult Passage X X X
Spawning X- Incubation X
Reari ng X X

Pink
Adult Passage X X X X
Spawning X X
Incubation X X
Rearing
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are utilized on a moderate basis by each life phase of salmon in the

Susitna River. The most intensively used spawning areas within the

Talkeetna to Devil Canyon reach are located in tributaries and sloughs.

Tributaries are used most heavily for spawning by chinook, coho, chum

and pink salmon, whereas sloughs are used primarily by chum. pink. and

sockeye salmon. Mainstem and side channel habitats are used to a

limited extent by chum salmon.

The proposed Susitna hydroelectric project would alter the existing

streamflow. sediment and thermal characteristics of the Susitna River.

Streamflows would be reduced during the summer and inCt'eased during the

winter (Acres 1982). Suspended sediment. turbidity, and water tempera

tures are expected to follow s'imilar patterns. Unregulated preproject

flows of the Susitna River at Gold Creek commonly range between 20,000

and 30,000 cfs in June, July. and August (Scully et al. 1978) during the

adult salmon migrations. Average monthly postproject streamflows at

Gold Creek would range between 7,000 and 11.000 cfs during June, July,

and early August, with a proposed controlled flow of no less than 12,000

cfs from mid-August to mid-September (Acres 1982).

At the projected postproject flows of the mainstem Susitna River.

sloughs are hydraulically similar to small stream systems and convey

clear water originating from small tributaries and/or upwelling

groundwater (ADF&G 1981b. 1982, 1983b: Volume 4). At intermediate and

higher flows, the stage of the mainstem Susitna River forms a hydraulic

plug at the downstream end (mouth) of the slough and creates a backwater

lone. Water depth and the surface area of these slough backwater zones
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varies with mainstem discharge. Depth and surface area responses of

these backwater areas to various mainstem discharges appears to

influence the immigration of adult salmon from the mainstem river into

the sloughs.

Importance of Timing

The tendency of adult salmon to return to their natal stream to spawn is

well established (Hasler 1966. 1978; Tesch 1980, Groot 1982. Brannon

1982). The timing of the life phases of salmon have evolved in such a

way that their life functions are timed to correspond with the seasonal

changes of the natural environment which will ensure their continued

existence. Maturing salmon undergo physiological changes which trigger

their upstream migration from saltwater to freshwater spawning grounds.

Brannon (1982). Hasler (1978) and Johnson (1982) suggest that migrating

sa1mon cue on flow. temperature and odor to locate thei r natal stream

for spawning. If unfavorable discharges, water temperatures. turbidity

levels or water quality delay or prevent arrival at natal spawning

grounds. it may reduce the likelihood that spawning will be successfully

completed (Reiser and Bjornn 1979).

Importance of Access

Positive rheotactic migration of salmon from the Susitna River into

natal tributary and slough spawning areas is dependent upon adequate

water velocities and depths which will allow passage. When access is

B-7



denied into a spawning area, all habitat above the impass is unavailable

for use by adult salmon (Appendix Figure B-3).

Field observations of entrance conditions at several sloughs in the

Talkeetna to Devil Canyon reach (ADF&G 1983b: Volume 4) indicate that it

is unlikely that velocity barriers will exist at these locations under

the proposed post project flow regime discussed above. Thus. the ease

with which adult salmon can enter sloughs from the mainstern Susitna

River under post project conditions would primarily be a function of

depth.

METHODS

Timing of Upstream Migration

To evaluate whether timi n9 of upstream mi grati on of adult sa 1rnon is

affected by mainstem discharge and/or surface water temperature, numbers

of salmon captured in fishwheels were plotted against Susitna River

discharge data and surface water temperatures. Adult salmon were

counted daily at fishwheels located at four mainstem sites on the

Susitna River: Susitna Station (RM 26), Sunshine Station (RM 80),

Talkeetna Station (RM 103) and Curry Station (RM 120). Specific methods

and data are presented in ADF&G (1983b: Volume 2). Discharge data (USGS

1982) for the fishwheels at Susitna Station were recorded at Susitna

Station (#15294350), RM 25.7; for the Sunshine Station fishwheel s at

Sunshine (#15292780), RM 83.9; and for the Talkeetna and Curry Station

fishwheels at Gold Creek (#15292000), RM 136.7.
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POTENTIAL LI M ITATIONS
TO SALMON SPAWN ING IN

SLOUGHS

!+--YES Access Limiting?

I
NO

+

Available Habitat Limiting?
YES- (depth, velocity, substrate ,

water quality, cover, etc.)

..-

YES-

I
NO

t

Competition, Predation,
Disease, etc. Limiting 7

I
NO

~

Successful
Spawning

Appendix Figure B-3. Factors potentially limiting salmon spawning
in sloughs.
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Da i ly surface water temperatures were recorded by Ryan thermographs at

four locations near the fishwheels. Thermograph recorders were located

in the Susitna River above the confluence of the Yentna River (RM 29.5),

at the Parks Highway Bridge (RM 83.9) and at TaHeetna (RM 103) and

Curry Stations (RM 120). Specific methods and data are pt'f:'sented in

ADF&G (1983b: Volume 4).

Timing of Movement into Sloughs and Tributaries

Fish survey data tram 1981 (ADF&G 1981a) and 1982 (ADF&G 1983b: Volume

2) were compared with discharge data from the Gold Creek gaging station

for the respective years (USGS 1981, 1982) to evaluate timing dnd

discharge relationships. In 1981 and 1982, ADF&G observers surveyed

sloughs and tributaries approximately once each week counting live, dead

and total numbers of salmon from mid-July through September. In 1982 I

an additional survey was conducted in late October. In sloughs, numbers

of the adults of each species were censused at each visit; whereas in

tributaries, numbers of each species were counted only in a portion

(index area) of each tributary. In 1981, foot surveys to count chum,

sockeye, pink and coho salmon began in late July and ended in early

October. Su rveys for ch i nook sa 1man were performed by he 1i copter,

fixed-wing aircraft, and 1n one instance, by foot. In 1982, surveys for

all species were performed on foot and/or helicopter, and began in mid

,July and ended in late October. A detailed discussion of methods is

included in ADF&G (1981a, 1983b: Volume 2).
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Slough Access Conditions

Two analytical methods were used to evaluate slough access conditions

for adult chum salmon. These methods are adaptations of procedures

summarized by Stalnaker and Arnette (1976), Thompson (1972, 1983), and

Bovee (1982). The first method, the most data intensive of the two, was

applied to sloughs 8A, 9, 11, and 21. The second method was applied to

Whiskers Creek Slough and sloughs 6A, 16A, 20, and 22. Selection of the

method was dependent upon the amount and type of information available.

Chum salmon were selected for this study because they are the most

abundant of the adult salmon species to utilize slough habitat. They

al so appear to have the most restrictive of passage requirements of

adult salmon (Scott and Crossman 1973).

Method one

Access conditions into sloughs 8A, 9, 11 and 21 for adult chum salmon

were evaluated by 1) determining water depths and longitudinal distance

in passage reaches* at the mouths of each slough at various mainstem

flows of the Susitna River and 2) comparing the length and depths of

these passage reaches to fish spawning criteria. Water depths and

lengths of reaches within sloughs were determined by surveying streambed

* Reaches within the slough mouth which the salmon pass through to
access spawning habitat within the slough.

B-11
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profiles (thalwegs*). The water surface elevations (WSEL) at staff

gages were recorded at the same time. Fi sh cri teri a for passage were

developed from a combination of visual observations and physical

measurements.

Thalwegs

Thalwegs were surveyed along the entire length of the four study sloughs

during low water conditions in October 1982. Thalweg data were

collected using a surveying level, standard surveying rod, and rod level

employing standard surveying techniques of differential leveling (Trihey

and Wegner 1981). At the beginning of each survey, a temporary bench

mark (TBM) was established that was later surveyed to a known elevation.

Two steps were followed when surveying the thalweg in a slough. First,

points of significant change of the slough bed elevation along a longi

tudinal gradient were determined by visual assessment (i.e .• tops and

bottoms of riffles, bottoms of pools, etc.). Upon completion of the

initial step, an observer stood at the point of longitud'jnal gradient

change and visually evaluated a perpendicular crossection passing

through the point and selected the location where the water was deepest.

Longitudinal distances between the location of greatest water depth in

t.'ach crossection were measured (to the nearest foot) by using a

surveyi ng tape or by record; ng the stadi a rod values observed with a

level and computing distances. When survey data (i.e •• crossections at

* The line following the deepest part or middle of the bed or channel
of a river or stream (Arnette 1975).
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study sites, staff gage sites or the mouth or head of a slough) were

available from previous work in a slough and met the requirements for

developing a thalweg profile, they were used in conjunction with or in

lieu of additional thalweg survey work.

Staff gages

Sites for staff gage installations at the mouths of sloughs were

selected in order to evaluate the influence of mainstern discharge on

water depth in fish passage reaches within the slough mouth. An assumed

elevation, which was referenced to a temporary bench mark (TBM), was

determined for each staff gage using basic survey techniques of

differential leveling (Bovee and Milhous 1978, Trihey and Wegner 1981,

ADF&G 1983a). All TBM's were surveyed to a known elevation (project

datum) so that resultant stage readings could be converted to true WSEL.

Water surface elevations in Slough 8A were determined from stage

readings obtained at R&M staff gage #125.2Wl at the mouth of the slough.

Stage data in Slough 9 were obtained at staff gages (#1292WIA and

#129.2WIB) located 500 ft downstream of the slough mouth. In Slough 11,

two gages were used. One gage was installed at the mouth (gage

#135.3Wl) and one in the side channel approximately 250 ft downstream

from the mouth (gage #135. 3M4A). In Slough 21, three gages were used:

one at the mouth (gage #142.0W5), one approximately 500 ft upstream from

the mouth (gage #142.057) and one approximately 500 ft downstream from

the mouth (gage #142.056).

B-13

._----_..._---



~~hen poss i b1e, stage data were collected over a range of hi gh. medi urn

and low di scharges. The data were then were converted to WSEL and

plotted against corresponding average daily mainstem discharges at the

USGS Gold Creek gaging station. A linear fit was constructed by inter

connecting the data points. These graphs also provide the basis for

interpolating WSEL data for unobserved mainstem flows.

Fish passage reaches with shallow water depths were identified by

plotting the WSEL at the slough mouth at various mainstem discharges on

the same graph as the streambed profile. Each passage reach was then

evaluated at various mainstem discharges on the basis of depth of water

and length of the passage reach (see Fish passage criteria below) to

determine critical mainstem discharges required for passage of fish.

Fish passage criteria

Fish passage criteria were developed to define threshold conditions for

water depths which wou~d prevent or allow access of adult chum salmon

into the mouths of sloughs from the mainstem Susitna River. They were

not des igned to evaluate interim passage conditi ons withi n these two

extremes. Criteri a for access into sloughs by adult chum sa 1mon are

based upon a combination of visual observations (Vining et ale 1982,

Vining 1982, Trihey 1982) of chum salmon passage from the mainstem

Susitna into the mouths of sloughs and a series of point water depth

measurements in the proximity of adult chum salmon attempting to ascend

a 250 ft riffle in Slough 9 on August 24, 1982 (Appendix Plate 13-1).

The point specific depth measurements were collected throughout a fish
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passage riffle area in the mouth of Slough 9. Fish stranding was

observed to occur in water depths averaging 0.3 ft or less. Although

the distance ascended varied among individual fish, the average maximum

distance that fish ascended within a riffle before becoming stranded was

estimated to be 100 ft. Reaches having water depths greater than 0.3 ft

(regardless of their length) were not considered to be impassable for

adult chum salmon. Therefore, if the water depth in a slough reach was

equal to or less than 0.3 ft for a distance equal to or exceeding 100

ft, it was considered to he impassible for adult chum salmon and desig

nated as being an "acu te" condition. Reaches having water depths

greater than 0.3 ft were designated as "unrestricted" fish passage

conditions. Data to quantify interim degrees of passage conditions were

not evaluated.

Method two

To expand the fish access evaluation analysis to sloughs other than

those, surveyed for streambed profi 1es, adult salmon access conditions

into Whiskers Creek Slough and sloughs 6A, 16B, 20 and 22 were estimated

by 1) determining average water depths in the mouth of the slough at

various mainstem flows of the Susitna River; and 2) comparing the depths

to fish passage criterion.

Stage

Data from cross sections, staff gages, and rating curves for slough

stage/ mainstem discharges (ADF&G 1983b: Appendix 4-A) were combined
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with professional judgement (based on field observations) to estimate an

average minimum water depth for the mouth of each slough. Specific

methods for collecting the staff gage and cross section data are

presented in ADF&G (l983b: Volume 4). Staff gage and cross sectional

data were collected from the following locations: Whiskers Creek - gage

site 101.2W1; Slough 6A - 112.3W1; Slough 16B - gage site 138.0W1 and an

additional cross section at RM 137.8; Slough 20 - gage site 140.1W4; and

Slough 22 - gage site 144.3W3.

The mainstem flow at Gold Creek at which the cross section at the mouth

of the slough would be dewatered was determined from a comparison

between the cross secti ana1 profil e at the slough mouth and the WSEL

versus mainstem flow relationship. Values were then adjusted by field

personnel to reflect what they considered representative of the fish

passage reach of slough at the mouth. This adjustment was necessary

because: 1) cross sections did not necessarily represent the most

critical access conditions in the slough because they were established

during periods of high flow; and 2) thalweg data were unavailable to

determine specific lengths of reaches in which passage problems would be

encountered.

Fish passage criterion

A minimum water depth of 0.5 ft was defined as the threshold condition

which would prevent or allow access of adult chum salmon into the mouths

of sloughs from the mainstem Susitna River. This criterion was not

designed for evaluating interim passage conditions within these two

extremes.
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The passage criteria in Method One could not be utilized because lengths

of specific passage reaches could not be defined. Therefore a more

conservative value of 0.5 ft was selected as the limiting variable for

passage by combining the fish passage criteria in Method One with those

of Thompson (1972, 1983) and professional judgement.

Thus, for this second approach to passage analysis, mainstem flows

resulting in an average minimum water depth less than 0.5 ft at the

slough mouth were considered acute and those providing depths of 0.5 ft

or greater were considered unrestricted.

RESULTS

Timing of Upstream Migration

Although the migration periods of several species of salmon overlapped,

median points for each species were generally distinct (Appendix Figure

8-4 and 5). Following an early run of sockeye salmon, chinook salmon

were the first species of salmon to immigrate into the Susitna system in

significant numbers. The median for numbers of chinook salmon were

followed by the medians for numbers of sockeye, pink, chum and coho

salmon, respective1y.

Because there appears to be an inverse re"lationship between discharge

and temperature (Appendix Figure 8-5) it is not possible to distinguish

their separate effects on upstream movements of salmon. Both of these

vadables undoubtedly affect a host of other physical and chemical
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variables, many of which may be affecting salmon migration. In spite of

these interpretative limitations it is important to establish the range

of conditions encountered by adult salmon during migration. In 1982,

salmon migrated up the Susitna River when surface water temperatures

ranged between 7 and 12°C and when di scha rges ranged from 12,000 to

greater than 50,000 cfs (at Gal d Creek). Peak upstream movement for

each species seemed to occur when discharge was stable or decreasing and

when temperatures were stable or increasing (Appendix Figure 8-5).

Timing of Movement into Sloughs and Tributaries

The order in which salmon species migrated up the mainstem Susitna River

in 1981 and 1982 (chinook, sockeye, pink, chum, and coho salmon, respec

tively) differed from the order (Appendix Figures B-6 and B-7) in which

they entered sloughs and/or tributaries (chinook, pink, chum, sockeye

and coho salmon, respectively). The difference occurred in the relative

timing of sockeye movements and is probably not of significance in terms

of differences in access to spawning habitat.

The median dates of arrival for a species in sloughs and tributaries

were similar in 1981 and 1982 (Appendix Figures B-6 and 8-7). The

largest difference for any species in median arrival time between the

two years was less than 10 days. This difference is relatively small in

light of the large differences in mainstem discharges between years.

Timing for median numbers of each fish species passing Ta"lkeetna

fishwheels and the timing when median numbers of each species were

11-21
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observed in sloughs and/or tributari es differed between speci es. In

1982, median numbers of' pink salmon were observed in sloughs and

tributaries (Appendix Figure B-7) less than 10 days after they were

observed at Talkeetna fishwhee1s (Appendix Figure B-5). The time

difference was approximately two weeks for chum salmon and a month or

more for chinook, sockeye and coho salmon. Reasons for these dif

ferences may be related to variations in lengths of time that each

species mill before entering spawning areas.

Slough Access Conditions

Slough 8A

Access conditions for adult chum salmon into the lower reach of Slough

8A are ill ustrated for five mainstem discharges ranging from 7,860 to

22,500 cfs (Appendix Figure 8-8). At a mainstem discharge at, or below

7,860 cfs, there are two restrictive passage reaches (A and B). Passage

Reaches A and B are located approximately 200 ft and 1,100 ft above the

slough mouth, respectively. At 12,000 cfs Passage Reach A has a depth

of approximately 0.5 ft and would not restrict fish passage. However,

Passage Reach B remains a barrier to fish passage until mainstem flows

equal or exceed 12,500 cfs. At 12,000 cfs, passage reach B has a depth

of 0.25 ft for a distance of approximately 80 feet. Note that the reach

length reported for Passage Reach B does not include the intermediate

pool between the upper and lower ends of this reach. At a mainstem

discharge of 16,000 cfs or greater neither passage reach is restrictive.
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Slough 9

Access conditions for adult chum salmon in the lower reach of Slough 9

are illustrated for five mainstem discharges ranging from 12,500 to

32,500 cfs (Appendix Figure 8-9). Two reaches (A and B) were identified

as potentially restricting fish passage. Observations at Passage Reach

A, located approximately 500 ft below the slough mouth, indicate that

water depths are maintained at 0.3 feet or greater by base slough flow

(Appendix Figure 8-10) and/or mainstem flows. This reach is therefore

not expected to be restrictive to fish passage for mainstem flows equal

to or exceeding 12,500 cfs.

Passage Reach 8 is located approximately 700 ft above the slough mouth

and un1ike Passage Reach A, poses di fferent degrees of access diffi

culties under varying mainstem discharges. At 18,000 cfs, the average

depth is 0.25 ft and the reach extends for a di stance of 143 ft. As

mainstem discharges increase, the length of the reach changes markedly.

At 22,500 cfs, the average depth is 0.5 ft and the length of reach at

this depth is only 10 ft. Thus, at mainstem discharges at approximately

20,000 cfs or above, acute passage restrictions are not expected for

either reach.

Slough 11

Access conditions for adult chum salmon in the lower reach of Slough 11

are illustrated for four mainstem discharges ranging from 6,660 to

24,000 cfs (Appendix Figure 8-11). A single reach, located approxi-
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mately 200 ft above the slough mouth, was identified as potentially

restrictive to fish passage. However at a mainstem discharge of 6,660

cfs the minimum depth for this passage reach is 0.4 ft for 137 feet.

This is not considered to be acutely restrictive to passage of adult

chum salmon. However, because the depth is only slightly greater than

the minimal criteria and the length of reach is 137 ft, access is

expected to be partially restricted at these conditions.

Slough 21*

Access conditions for adult chum salmon in the lower reach of Slough 21

are illustrated for three mainstem discharges ranging from 16,000 to

32,000 cfs (Appendix Figure B-12). A single restrictive passage reach

was identified approximately 600 ft above the mouth of the slough. This

reach remains a problem at a mainstem discharge of 22,500 cfs due to its

shallow depth. At 23,000 cfs however, the head of the slough is

breached, resulting in sufficient water depth to support passage.*

* In this report, Slough 21 has been defined to include the slough,
as described in the Aquatic Habitat and Instream Flow Phase I Final
Draft (ADF&G 1981b), and the extended access channel oriented
parallel to the mainstem Susitna River (see ADF&G 1983b: Volume 4:
Figure 41-3-14). Fish data reported in all years for Slough 21
includes all visible portions in the Slough 21 complex.
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Other sloughs

The effects of mainstem discharge on access of adult chum salmon into

the five sloughs evaluated by the second method are summarized in

Appendix Table B-3. The most significant finding of this assessment is

the genet'al trend toward lower mainstem flow requirements for access by

salmon into sloughs in a downstream direction from Devil Canyon toward

Ta"1 keetna.

DISCUSSION

Genera1

Passage of adult salmon into the Susitna River and its sloughs can be

partitioned into three phases, each defined by specific hydraulic

conditions. In the first phase, adult salmon return to the Susitna

River where passage conditions are mediated by the hydraulic conditions

present in the mainstem river. In their second migrational phase,

salmon enter a hydraulic zone within the mouths of sloughs and mill

before entering the slough. This zone is influenced by both slough and

mainstem conditions. In the third phase of their migration, fish ascend

above the influence of the mainstem river water into upper slough

reaches where hydraul i c conditi ons are primari ly a functi on of slough

base flow and channel morphology.

In this Appendix we have primarily focused on the second phase of the

upstream migration of chum salmon in the Susitna River. The first phase
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Appendix Table B-3. Comparison of fish access conditions in 1982, in the
lower reaches of selected sloughs at various
mainstem Susitna discharges (USGS 1982) at Gold
Creek (Gage #15292000).

Access a

River Mile Acute Unrestricted
Whiskers Creek

Slough 101. 2 8,000 cfs 10,000 cfs

6A 112.3 8,000 cfs

168 138.0 18,000 cfs 26,400 cfs

20 140.1 20,000 cfs 21,500 cfs

22 144.3 20,000 cfs 22,500 cfs

aEstimated from cross sections, staff gage readings rating curves and field
observations.

-- Data unavailable.
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of migration in the mainstem river has been limited to consideration of
\

timing of upstream movements of fish relative to mainstem discharge and

temperature. Consideration of a third phase of the salmon migration,

has been limited to a comparison between distributions of spawning

salmon within sloughs in 1981 and 1982 and a comparison of fish distri-

bution within sloughs prior to and following a high water event in which

the heads of the sloughs were breached.

Timing

The timing of peak movements of salmon generally corresponded with

stable or declining mainstem discharges and stable or increasing water

temperatures. However, because there appears to be an inverse relation-

ship between water temperature and discharge level in the mainstem

Susitna River it is not possible to determine their individual effects

on fish migration.

During upstream migration of salmon in 1982, temperatures ranged from 7

to lrC in the Susitna River. These values are in the lower range of

temperatures reported by Bell (1973) for species in other areas of North

America: fall chinook salmon (10.6 - 19.4°C), chum salmon (8.3 

15.6°C), coho salmon (7.2 - 15.6°C), pink salmon (7.2 - 15.6°C) and

sockeye salmon (7.2 - 15.6°C). However, it should be noted that abrupt

changes from the normal temperature pattern could alter the timing of

migration and adversely affect survival (Reiser and Bjornn 1979).

£3-34



Compared to a 30 year average, mainstem discharge levels (at Gold Creek)

for 1982 were relatively low and .levels in 1981 \'iere relatively high

(Appendix Figure 8-13). This basic difference was particularly large

during August when chum salmon were entering sloughs to spawn. However',

despite this dramatic difference in mainstem water levels, the time when

individual salmon species entered sloughs (and tributaries) were

remarkably similar between years (Appendix Figures 8-6 and 8-7). This

suggests that factors other than mainstem Susitna River discharge level

regulates timing of arrival of fish to slough habitats.

Slough Access Conditions

Two methods were applied for analyzing slough access conditions. Both

provided the means to define mainstem flows of the Susitna River for

acute or unrestricted passage of adult chum sal~on into sloughs with the

ex·jsting data base and analytical resources. These methods were based

cr adaptations of previous studies summarized by Stalnaker and Arnet~e

(1976), Thompson (1972, 1983) and Bovee (1982). It is important to

recognize that our techniques were specifically designed to provide a

data base for analyzing the impacts of this proposed project for the

particular species, life phase and habitat targeted. Use of the other

methods referenced without these adaptat ions were not cons i dered t'e 1e

vant to this study at this time. Other variables which can influence

passage, such as temperature (Brannon 1982), should also be considered.
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Slough 8A

Passage problems are not anticipated for returning adult salmon in

Slough 8A when mainstem discharge at Gold Creek equal or exceed 12,500

cfs. When mainstem flows are less than 12,500 cfs (Appendix Figure B-8)

access by adult salmon into Slough 8A probably depends upon levels of

base slough flow.

Appendix Table B-4 is a summary of available data for Slough 8A showing

discharges into the slough relative to those in the mainstem. Based

upon the range of base slough discharges (2.76 to 22.28 cfs) in Slough

8A, it appears that local precipitation events can influence slough

flow. However, the extent of influence precipitation conditions have on

access conditions in the mouth of this slough is unknown at the present

time.

Appendix Table B-4. Range of base flow measurements obtained in Slough
8A during unbreached conditions in 1981 and 1982
(ADF&G 1981b, 1983b: Volume 4) compared to mainstem
discharge at Gold Creek (USGS 1981, 1982) at Gold
Creek (gage #15292000).

Date

810930
820907*
820822*
810625
820919*

Slough 8A .
Discharge (cfs)

2.76
6.21
3.84
6.36

22.28

Mainstem Discharge
(cfs)

Gold Creek

N/A
11,700
13,600
17,100
24,100

* 1982 slough discharges are averages of several transect measurements.
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Slough 9

Upstream passage into Slough 9 by adult salmon does not appear to be

acute when mainstem flows are 20,000 cfs or higher. Upstream access

becomes increasingly more difficult for salmon as mainstem discharges

increase and become acute at ma"instem streamflows of 18,000 cfs and

less. Because this slough has two small tributaries that influence the

base slough flow. local rainfall would substantially effect access

conditions. If base slough discharges were elevated to 10 to 15 cfs it

is 1ikely that passage restrictions would be minimal for fish under

these conditions.

Slough 11

When mainstem flows are 6,700 cfs or greater, adequate depths for

passage exist throughout the lower reach of Slough 11. In part this is

attributable to the confinement of slough flow in this lower reach to a

very narrow channel. Thus, the naturally occurring flow from Slough 11

appears adequate to provide for fish passage provided the existing

channel morphology of the slough is maintained.

Slough 21

Fish passage into Slough 21 is acute until mainstem flows exceed 22,500

cfs and breach the upstream end of the slough. This breaching flow has

been defined at 23,000 cfs (ADF&G 1983b; Volume 4).
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Other sloughs

Of the five other sloughs evaluated, Slough 22 required the highest

flows for unrestricted passage (22,500 cfs) and Slough 6A the lowest

(8,440 cfs).

Combined sloughs

In general, chum salmon are the predominant species to utilize sloughs

for spawning. Chum salmon were observed in 17 of 34 sloughs surveyed in

1982 (ADF&G 1983b: Volume 2), with sloughs 8A, 9, 11 and 21 containing

over 80 percent of the total slough index counts.

A summary of access conditions for all study sloughs are listed in

Appendix Table 8-5. These data suggest that there is a general trend

toward lower mainstem flow requirements for access by salmon into

sloughs in a downstream direction from Devil Canyon toward Talkeetna.

With the exception of Slough 9, it appears that access problems do not

exist downstream of RM 140 (Slough 20) for mainstem flows of 20,000 cfs

whereas, access conditions upstream of RM 140 are acute at this flow

(sloughs 20, 21, and 22). Also included in Appendix Table 8-5 is a

ranking of the relative abundance of adult salmon in the nine sloughs

evaluated. These data are derived from Appendix C of this report and

indicate that sloughs 8A, 9, 11 and 21 have the highest abundance of

chum salmon and Slough 11 the hi ghest abundance of pi nk and sockeye

salmon of the nine sloughs evaluated.

B-39

-----_.-----_.....



Appendix Table 8-5. Comparison of fish access conditions in the lower
reaches of selected sloughs at various mainstem
Susitna River discharges (USGS 1982) at Gold Creek
(Gage #15292000). Relative abundance of salmon by
location is provided for comparison.

cRelative Abundance
Access of Salmon in 1982

River
Sloughs Mile Acute Unrestricted Sockeye Pink Chum

Whi skersbCreek 101.2 8,000 cfs 10,000 cfs 0 L 0Slough
6Ab 112.3 8,000 cfs 0 L L

BAa 125.3 7,860 cfs 12,500 cfs M L H

ga 129.2 18,000 cfs 20,000 cfs L L H

11a 135.3 6,700 cfs H H H

16Bb 138.0 18,000 cfs 26,400 cfs 0 0 0

20b 140.1 20,000 cfs 21,500 cfs 0 M L

21 a 142.0 20,000 cfs 23,000 cfs M M H

22b 144.3 20,000 cfs 22,500 cfs 0 0 0

aDetermined from surveyed thalwegs cross sections and staff gage
readings, and field observations.

bEstimated from cross sections, staff gage readings, rating curve, and
field observations.

CRelative abundance in slough (from Appendix C)
(H) High,. 100
(M) Medium 50-100
(L) Low < 50
(0) None observed.

Data unavailable.
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Additional evidence for access problems

In contrast to the similarity between years in the arrival time of

salmon in to sloughs and tributaries (Appendix Figures B-6 and 8-7),

four types of evidence suggest that passage problems for salmon existed

in 1982 (low water year). These are:

1) hydraulic evidence presented in the body of this report for

entrance conditions of selected sloughs suggests that entrance

conditions were partially restrictive for adult chum salmon in

some sloughs during 1982 (previously discussed);

2) chum salmon were present in more sloughs in 1982 (high VJater

year) than in 1982 (low water year);

3) in 1982, the uppermost 1imit of occurrence of spawni ng chum

salmon was significantly extended after a high water event

(September 15, 1982) in the mainstem Susitna River caused

water to breach the heads of several sloughs. The difference

in distribution was most dramatic in sloughs 9 and 21; and

4) escapement estimates (ADF&G 1983b: Volume 2) for chum salmon

at Talkeetna Station were higher in 1982 (low water year) than

in 1981 (high water year), although the actual numbers of chum

salmon observed in sloughs were similar in both years.
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Although these problems may have existed for other species using sloughs

for spawning. only chum salmon are considered in the following

discussion.

Chum salmon spawned in Lane Creek Slough and sloughs 19 and 22 during

1981 but were absent from these sloughs during 1982. In contrast, index

counts in tributaries were much higher in 1982. Although reasons for

this apparent discrepancy are as yet undetermined. it is possible that

it is related to differences in the relative effect of mainstem dis

charge on entrance conditions of sloughs verses tributaries. A complete

analysis on access into tributaries has not been conducted; however the

analysis of access into two primary tributaries (Indian River and

Portage Creek) of the Susitna River suggests that access has not been a

problem in past years and is not expected to be a problem even under

operational discharges (Trihey 1983) as outlined in Chapter 2 of the

draft Exhibit E of the FERC License Application (Acres American

Incorporated 1982).

In addition to the major differences between occurrence of chum salmon

in sloughs in 1981 verses 1982, evidence from differences in distri

butions of spawning chum salmon before and after the high water event in

mid-September, 1982 suggests that fish were denied access into upper

slough reaches (particularly in sloughs 9 and 21).

Observed distributions of spawning chum salmon before and after the

heads of sloughs 9 and 21 were breached in September 1982 indicate that

access was restricted prior to this event (see discharge level on
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September 15 in Appendix Figure B-7). Significant numbers of chum

salmon spawned in the uppermost reaches of sloughs 9 and 21 in 1981;

however, in 1982. prior to September 15, fish were concentrated in the

lower half of Slough 9 and in the mouth region in Slough 21 until a

breaching event occurred which allowed fish to access spawning areas in

upper Slough 9 near the confluence of Slough 9B, as well as in the upper

reaches of Slough 21. These observations indicate that the distribution

of spawning fish within sloughs 9 and 21 were restricted because of low

water conditions.

Escapement estimates for chum salmon at Talkeetna Station were 2.4 times

higher in 1982 (low water year) than in 1981 (high water year). Yet.

the actual number of chum salmon observed in sloughs (slough index

counts) were similar in both years (ADF&G 1981a. 1983b: Volume 2). If

one assumes that decreased index counts in sloughs reflects a loss of

spawning habitat for chum salmon, a simple method for evaluating the

extent of habitat loss can be performed by comparing actual verses

expected escapement index counts for both years. "Expected" is defined

as the ratio of the Talkeetna station 1982 escapement estimate for chum

salmon to the 1981 escapement estimate (2.4), multiplied by the 1981

slough index counts. This provides an expected 1982 total escapement

count for the sloughs of 6,200 chum salmon as compared to an actual

count of 2,250. This actual count is only 36 percent of the expected

number of fish. which could be interpreted as the result of a 64 percent

reduction in accessibility of usable spawning habitat under the 1982

flow conditions.
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There are factors other than access problems whi ch caul d account for

lower than expected numbers of returning chum salmon into sloughs.

These are:

1) the 1982 escapement may have been a high year and the expected

number may have not been able to use the available habitat,

regardless of flow conditions. The actual numbers counted may

have reflected a saturation of available slough habitat so the

remainder of the escapement required use of the tributary or

mainstem habitats; or

2) the di fferenti a1 between the escapement counts of 1981 and

1982 may have been caused by exceptional survival in the clear

water tributaries and not related to slough conditions at all.

As we have no data for the respective brood years, this

possibility will have to remain untested.

Regardless of the limitations of the above analysis, the numbers of

salmon observed spawning in the sloughs versus the escapement, the

distribution of fish within the sloughs, and their response to the short

term changes in discharge (fish remaining in the sloughs during the

September high water period were able to move further upstream), provide

evidence that some habitat was lost in 1982 and that flows in 1982 had

an adverse affect on the access of adult chum salmon into sloughs.
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APPENDIX C

Qualitative Analysis of Salmon Spawning Habitat in Sloughs Located

Within the Talkeetna to Devil Canyon Reach of the Susitna River.
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INTRODUCTION

This appendix addresses adult salmon (Oncorhynchus ~.) distribution and

spawning habitat utilization. It represents an intermediate step in a

narrowing focus of investigation. Appendix B analyzes the migration of

adult chinook salmon, Q. tschawytscha; coho salmon, Q. kisutch; sockeye

salmon, Q. nerka; chum salmon, Q. keta; and pink salmon, Q. gorbuscha up

the Susitna River and access conditions in the mouths of nine selected

sloughs between Ta"lkeetna and Devil Canyon. This appendix describes the

distribution and abundance of adult salmon in 34 sloughs and 20 tribu

taries located in the Talkeetna to Devil Canyon reach of the Susitna

River (Appendix Figure C-1). In addition, general habitat character

istics (substrate composition, upwelling ground water, and ice-free

areas) at 13 of these sloughs were also evaluated and compared with the

salmon distribution of adult salmon in these sloughs. A fourteenth

slough (not included in the distribution and abundance analysis) was

also included in the general habitat surveys. Appendix D compares

available and utilized ranges of three hydraulic habitat variables

(water depth and velocity, and substrate composition). These variables

are analyzed in detail for spawning chum salmon suitability in three

sloughs.

Each species of fish has adapted to a particular range of habitat

conditions (Gorman and Karr 1978). In this way, a species lessens

competition for a scarce resource (e.g., food or spawning habitat) by

selecting a specific range of acceptable conditions. Spawning habitat

for salmon is a limited resource in the Talkeetna to Devil Canyon reach
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of the Susitna River. Few salmon t primarily chum salmon t spawn in the

mainstem river or side channels. Tributaries provide the primary

spawning habitat for chinook and coho salmon t whereas sloughs and

tributaries provide the principal spawning habitat for chum t pink, and

sockeye salmon.

Adult salmon usually return to their natal waters to spawn (Hasler

1966). Access into these spawning areas is the first critical obstacle

to overcome and access into Susitna River sloughs depends on mainstem

discharge (Appendix B). One of the major effects of the proposed

hydroelectric project would be a change in flow regime. The slough

habitats would be affected by these changes to a much greater extent

than the tributaries •

METHODS

Salmon Distribution and Abundance

Distribution and abundance of adult salmon in 34 principal sloughs and

20 tributaries of the Susitna River between the Chulitna River and upper

Devil Canyon (Appendix Figures C-1 and C-2) were determined in 1981

and/or 1982. Survey methods and data are presented in the ADF&G Basic

Dat~ Reports (ADF&G 1981a t 1983b: Volume 2). Procedures are described

in the 1981 and 1982 Procedures Manuals (ADF&G 1981b t 1983a). To

complete this evaluation t peak numbers of live salmon in a slough were

tabulated under the assumption that they indicate the relative

importance of a slough for spawning salmon.
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Slough Habitat Characteristics

Habitat characteristics of 13 of these sloughs were evaluated during the

open-water and ice-covered seasons. Whi skers Creek Slough, Slough 6A,

Lane Creek Slough (Slough 8), and sloughs 8A, 9, 98, 9A, 10, 11, 16B,

19, 20, 21* and 22** were sampled to represent a cross section of slough

habitat in this reach of river. During the open-water season upwelling

ground water, substrate composition, and salmon spawning activity were

evaluated.

Upwelling was detected by observing the movement of small streambed

particles as the ground water exited the substrate. Upwell ing areas

were easily visible in silt and sand substrates but were difficult to

detect visually when larger streambed particle sizes predominated.

Thus, the presence and extent of upwelling was difficult to quantify

accurately in gravel, rubble or cobble substrates.

-
-

*

**

In this report the Slough 21 Complex has been defined to include
the slough, as described in ADF&G (l981c, 1982, 1983b= Volume 4),
and the adjoining access channel which parallels the mainstem
Susitna River (Appendix Figure C-11). Surveys of spawning salmon
included the entire Slough 21 Complex.

Slough 22 was only surveyed for spawning fish on an infrequent
basis.
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Substrate categories were classified by visual observation. The area of

various substrate sizes was indicated on field maps. Substrates were

classified by one or a combination of two of the following codes, with

the first of the two codes being the most predominant (i.e. 70% rubble 

30% cobble = RUCO).

Classification

Silt
Sand
Gravel
Rubble
Cobble
Boul der

Code

SI
SA
GR
RU
CO
BO

Size*

a - 3
3 - 5
5 - 10
>10

Salmon spawning locations within the sloughs were recorded by the stream

survey crew during the distr-ibution and abundance survey of the thirty

four sloughs. Spawning locations at Slough 22 were recorded on an

infrequent basis as part of other study program elements.

Open-water season observations were recorded and mapped on bluelines of

aerial photographs** (scale 1"=50 1
) during foot surveys in the sloughs.

During the ice-covered months, the same sloughs were surveyed for open

leads in the ice cover. Open leads were suspected indicators of

upwelling ground water or other warm water sources. Helicopter obser

vations of open leads were mapped on the same series of bluelines as the

open-water season data from an altitude of 600 feet above the sloughs

*
**

Particle size range in inches.

The aerial imagery was obtained on May 31, 1983, when the mainstem
flow was 20,000 cfs at Gold Creek.
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during two flights (November 18, 1982, and February 23, 1983). From the

air it was diffi cu It to determi ne differences between open 1eads and

areas covered with clear ice unless a recent snow or wind left a layer

of snow on the ice.

To complete the habitat evaluation, the relative density of

open water season upwelling/seepage areas in sloughs was rated

subjectively* on a scale of 0 to 3. A slough with no observed

upwelling/seepage was assigned a rank of O. A slough where

-

upwelling/seepage was infrequently observed was assigned a rank of 1. A

slough with a few localized areas of strong upwelling/seepage or

numerous areas of weak upwelling/seepage wa~ assigned a rank of 2. A

slough with numerous areas of strong upwelling/seepage was assigned a

rank of 3.

Surface areas of substrate types and open leads were computed indirectly

from the scaled blueline maps using a digitizer. These areas were

expressed as a proportion of total water surface area in the slough.

- * It is important to stress that this rating is based on visual
detection of upwelling sources. Limitations such as substrate
particle size may have biased some of these ratings. Additionally
this method does not evaluate other important ground water sources
which contribute to slough flow but are not readily detected by
visual observation.
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Spawning Distribution and Slough Habitat Analysis

The habitat and spawning distribution information for the 14 sloughs

was tabulated and combined to permit a qualitative analysis of spawning

habitat characteristics in sloughs.

RESULTS

Salmon Distribution and Abundance

The distribution and abundance of adult salmon differed between each

slough and tributary location. Distribution and abundance also varied

between years (1981 and 1982) at each location. Chinook salmon spawned

exclusively in tributaries; whereas, sockeye salmon spawned predominant

ly in sloughs (Appendix Tables C-1 to C-4). Chum, pink and coho salmon

spawned in both tributary and slough habitats.

Abundance of live salmon in tributaries is not comparable to abundance

in the sloughs because entire tributaries were not surveyed. Relatively

few sloughs contained large numbers of spawning salmon (Appendix Table

C-5). Only sloughs 8A, 9, 9A, 11, 15 and 21 contained more than 100

salmon of a given species (ADF&G 1983b: Volume 2).

Spawning Distribution and Slough Habitat Characteristics

Maps of sampling sites, substrate types, upwelling ground water and open

leads in ice cover for 14 sloughs are included in the ADF&G Basic Data
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Appendix Table C-1 Number of observations of salmon in Susitna River
sloughs in the Taol keetna to Devil Canyon reach
during 1981 (adapted from AOF&G 1981a).

Number of visits live salmon
Total were observed in sloughs

River # of Sampling
Slough Mile visits Chinooka Sockeye Pink Chum Coho Period---- --

I 99.6 6 0 0 1 0 8/21 - 10/2
2 100.2 7 0 0 3 0 8/2 - 10/2
3B 101.4 8 2 0 0 0 8/5 - 10/2
3A 101.9 8 4 1 0 0 8/4 - 10/2
4 105.2 8 0 0 0 0 8/4 - 10/2
5 107.2 5 0 0 0 0 8/7 - 9/22
6 108.2 5 0 0 0 0 8/2 - 9/22
6A 112.3 4 2 0 3 0 8/19 - 9/22
7 113.2 3 0 0 0 0 8/7 - 8/29
8 113.7 7 0 1 3 0 8/7 - 9/28
80 121.8 4 0 0 0 0 8/1 - 8/27
8C 121. 9 4 0 0 0 0 8/1 - 8/27
8B 122.2 4 0 0 1 0 8/1 - 8/27
Moose 123.5 5 0 0 5 0 8/27 - 9/27
AI 124.6 4 0 0 4 0 8/27 - 9/21
A 124.7 7 0 1 4 0 8/7 - 9/24
8A 125.1 7 4 0 4 0 8/7 - 9/27
9 128.3 8 3 0 4 0 8/7 - 9/27
98 129.2 7 7 0 6 0 8/11 - 9/27
9A 133.3 8 3 0 5 0 7/31 - 9/27
10 133.8 5 0 0 0 0 7/31 - 9/20
11 135.3 10 8 0 7 0 7/31 - 9/26
12 135.4 7 8 0 0 0 7/31 - 9/26
13 135.7 8 0 0 2 0 7/31 - 9/26
14 135.9 7 0 0 0 0 7/31 - 9/26
15 137.2 7 0 0 1 0 7/31 - 9/19
168 137.3 7 0 0 0 0 8/6 - 9/26
17 138.9 8 4 0 7 0 8/6 - 9/26
18 139.1 5 0 0 0 0 8/6 - 9/3
19 139.7 8 6 0 1 0 8/6 - 9/26
20 140.0 7 1 0 2 0 8/6 - 9/19
21 141.1 8 5 0 4 0 8/6 - 9/26
21A 144.3 3 0 0 3 0 8/26 - 9/11

TOTAL 209 49 3 70 0

a Not included in the same survey - data not comparable.
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Appendix Table C-2 Number of observations of salmon in Susitna River
sloughs in the Talkeetna to Devil Canyon reach
during 1982 (adapted from ADF&G 1983b: Volume 2).

Total Number of visits live salmon
River # of were observed in sloughs Sampling

Slough Mile visits Chinook Sockeye Pink Chum Coho Period---
I 99.6 6 0 0 0 0 0 8/8 - 9/29
2 100.2 6 0 0 0 0 0 8/8 - 9/29
3B 101.4 7 0 0 0 0 0 8/8 - 9/29
3A 101.9 6 0 0 0 0 0 8/8 - 9/21
4 105.2 7 0 0 0 0 0 8/13 - 9/29
5 107.2 7 . 0 0 0 1 0 8/7 - 9/21
6 108.2 6 0 0 0 0 0 8/13 - 9/21
6A 112.3 9 0 0 1 2 2 8/7 - 9/27
7 113.2 8 0 0 0 0 0 8/8 - 9/27
8 113.7 10 0 0 0 0 0 7/28 - 9/21
80 121.8 8 0 0 0 1 0 8/6 - 9/25
8C 121. 9 7 0 2 0 3 0 8/6 - 9/25
8B 122.2 10 0 4 0 6 0 8/6 - 9/25
Moose 123.5 8 l a 2 2 7 0 8/6 - 9/25
AI 124.6 9 0 0 0 0 0 7/29 - 9/19
A 124.7 9 0 0 0 0 0 7/29 - 9/19
8A 125.1 10 0 9 3 10 3 8/6 - 10/2
B 126.3 9 0 4 2 6 0 8/12 - 10/2
9 128.3 8 0 4 3 6 0 8/6 - 9/25
9B 129.2 3 0 1 0 1 0 8/6 - 9/25
9A 133.3 11 0 1 0 3 0 8/6 - 10/1
10 133.8 9 0 0 0 2 0 8/6 - 9/25
11 135.3 12 0 11 4 10 0 8/2 - 10/5
12 135.4 10 0 0 0 0 0 8/2 - 9/25
13 135.7 10 0 0 0 0 0 8/6 - 9/25
14 135.9 10 0 0 0 0 0 8/6 - 9/25
15 137.2 9 0 0 3 1 2 8/4 - 9/25
16B 137.3 9 0 0 0 0 0 8/4 - 9/25
17 138.9 10 0 0 0 3 0 8/4 - 9/30
18 139.1 10 0 0 0 0 0 8/4 - 9/30
19 139.7 10 0 0 1 0 0 8/4 - 9/30
20 140.0 10 0 0 4 4 0 8/4 - 9/30
21 141.1 10 0 7 3 8 0 8/4 - 9/30
21A 144.3 4 0 0 0 0 0 8/4 - 9/23

TOTAL 287 1 45 26 74 7

aSingle chinook salmon observed milling in slough.
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Appendix Table C-3 Number of observations of salmon in Susitna River
tributaries in the Talkeetna to Devil Canyon reach
during 1981 (adapted from ADF&G 1981a).

Number of visits live salmon
Total were observed in tributaries

River # of
ChinookaSockeye Pink Chum Coho

Sampling
Tributary Mile visits Peri ad--

Whiskers
Creek 101.4 8 0 0 0 7 8/5 - 10/2

Chase Creek 106.9 9 0 2 1 7 8/4 - 10/2

Gash Creek 111.6 2 0 0 0 2 9/23 - 9/28

Lane Creek 113.6 7 0 3 6 2 8/19 - 9/28

Lower McKenzie
Creek 116.2 6 1 0 2 4 8/23 - 9/28

McKenzie
Creek 116.7 2 0 0 0 0 8/11 - 8/23

Deadhorse 120.9 2 0 0 0 0 8/11 - 9/25

5th of July 123.7 1 0 1 0 0 8/11

Skull Creek 124.7 3 0 2 1 0 8/20 - 9/19

Sherman
Creek 130.8 6 0 3 4 0 7/31 - 9/25-

4th of July
Creek 131.0 6 0 4 4 2 7/31 - 9/25

Gold Creek 136.7 1 a 0 0 0 8/25

Indian
River 138.6 8 0 1 5 3 8/6 - 9/26

Jack Long
Creek 144.5 3 0 1 a 0 8/21 - 9/24

Portage
Creek 148.9 3 0 0 a 1 8/21 - 9/24

TOTAL 67 1 17 23 28

a Not included in same survey - data not comparable.
C-17
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Appendix Table C-4 Number of observations of salmon In Susltna River
tributaries in the Talkeetna to Devil Canyoll reach
during 1982 (adapted from AOF&G 1983b: Volume 2).

Total Number of visits live salmon
River # of were observed in tributaries Sampl ing

Tributary ~ ~j~ Chinook Sockey'~ pink .chum Coh~ Peri~

Whiskers
Creek 101. 4 6 a a a 8/8 - 9/24

Chase Creek 106.9 8 a 4 a 8/8 - 9/27

SIa sh
Creek 111. 2 0 a a a 9/21

Gash Creek Ill. 6 a a a a 3 8/7 10/2

Lane Creek 113.6 31 a 5 8 4 7/12 - 9/21

l.ower
Mckenzie 116.2 10 a a 2 a 4 8/7 - 10/2
Creek

Mckenzie Cr 116.7 10 a a a a 8/7 - 10/2

Little
Portage (r 117.7 10 0 0 3 8/7 - 10/2

5th of July
Creek 123.7 e a 4 a 8/6 - 9/20

Skull Creek 124.7 8 a 0 0 8/6 - 9/19

Sherman Cr 130.8 8 0 3 0 0 8/6 - 10/1

4th of July
Creek 131.0 11 3 0 9 8/28 - 10/1

Gold Creek 136.7 5 0 0 813 • 8/30

Indian
River 138.6 13 6 0 6 9 7/21 - 9/30

Jack Long
Creek 144.5 9 0 3 8/4 - 9/30

Portage Cr 148.9 12 4 4 6 3 7/21 • 9/30

Cheechako
Creek 152.5 8 4 0 0 0 a 8/5 • 9/24

Chinook Cr 156.8 4 0 a 0 0 8/6 - 8/22

Devil Cr 161. 4 0 .....Q a .....Q a 8/6 - 8/22

TOTAL 153 30 49 38 38
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Appendix Table C-5 Abundance of adult salmon in Susitna River
sloughs during peak observations in 1982. Relative
abundance: High (H) > 100, Medium (M) 50-100,
Low (L)< 50, None observed (-).

River
Slough Mile Chinook Sockeye Pink Chum Coho

1-4 99.6-105.2
5 107.2 L
6 108.2
6A 112.3 L L L
7 113.2
8 113.7
8D 121.8 L
8C 121.9 L L
88 122.2 - L M
Moose 123.5 La L L L
AI 124.6
A 124.7
8A 125.1 M L H L
B 126.3 L L L
9 128.3 L L H
98 129.2 L L
9A 133.3 L H
10 133.8 L
11 135.3 H H H
12 135.4
13 135.7
14 135.9
15 137.2 H L L
168 137.3
17 138.9 L
18 139.1
19 139.7 L
20 140.0 M L
21 141.1 L M H
21A 144.3

aSingle chinook salmon observed milling in slough.
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Report (ADF&G 1983b: Appendix Figures 4-F-15 to 4-F-69). Salmon

spawning areas were observed in 10 of these sloughs during 1982

(Appendix Figures C-3 to C-ll). In addition, locations of redds (ADF&G

1983b: Appendix 4-F) were mapped in more intensively studied sloughs

(8A, 9, 11 and 21). A list of the maps produced and their locations is

summarized in Appendix Table C-6. Information from all of these maps

has been synthesized in Appendix Table C-7 and is discussed below.

Due to our dependence on visual observations to detect areas of

upwelling, and our inability to observe upwelling if silts and sand

substrates were absent, the relationship between open leads and areas of

upwell ing ground water was not always establ ished. Field observations

in which this relationship could be detected appeared to indicate that

open leads occur immediately downstream from the point of upwell ing.

This trend was noted at Lane Creek Slough and sloughs 9, 9A, 11, 21 and

22. Other sloughs had many open leads yet little or no observed

upwelling. In most of these instances, open leads were probably due to

the presence of a nearby tributary or source of flowing water which was

not observed. This occurred at Whiskers Creek Slough and sloughs 6A, 10

and 20. Slough 19 had a concentrated upwell ing area yet very few open

leads, none in the vicinity of the upwelling. Open leads were present

in Slough 168 yet no upwelling was observed (perhaps because upwelling

was so difficult to observe in rubble-cobble substrate).

Substrate in sloughs varied from silt to cobble and boulders. The

majority of salmon spawning in the sloughs were observed utilizing a
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Appendix Table C-6 Summary of available maps of sampling sites,
su~strate types, ground water upwelling, open leads
in ice cover and salmon spawning areas in 14 sloughs
of the Susitna River, 1982.

Sloughs
Samplig9

Substratea Upwellinga Ice Frae Spawnigg
Site Lead Area

Whiskers Creek X X 0 X X

Lane Creek X X X X

6A X X 0 X X

8A X X X X X

9, 98 X X X X X

9A X X X X X

10 X X 0 X 0

11 X X X X X

16B X X 0 X 0

19 X X X X X

20 X X 0 X X

21 X X X X X

22 X X X X 0

aADF&G 1983b: Appendix Figures 4-F-15 to 4-F-69.

b X = Locations shown on map.
a = No map, none observed.

= Salmon observed spawning but locations not mapped.
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Appendix Table C-7 Summary of ground water upwelling, substrate
composition and distribution of spawning salmon
.mong some Susitna River sloughs, 1982.

Open leads
in Ice-cover Upwelling/

('I: tot.l
slough area) seepagea

Subs trate SpawningC

Whiskers Creek
Slough

Slough 6A

lane Creek
Slough

Slough 8A

Slough 9

Slough 9B

Slough 9A

Slough [['

Slough 11

Slough 168

Slough 19

Slough 20

Slough 21

Slough 22

S2

33

sg

10

24

8

S2

19

46

8

11

6

70

IS

o

2

3

2

2

2

2

o

2

2

GRRUCO
SISA

SICa
SI

CORU
SISA

GRRUCO
SISA

GRRUCO
SISA

CORU
SISA

RUCO
SISA

RUCO
SISA

GRRUCO
GRSI

GRRUCO
SA

RUCO
SI

GRRUCO
SI

RUCO
SISA

RUCO
SI

98
2

4
96

44
56

91
9

40
60

1
99

9S
5

58
42

60
40

96
4

45
55

67
33

64
36

65
35

C,S

C,P

C,S,
Coho

C,S

C,S

C,S

C,S

C,S

C,S

C,S

C

P

C,P,
Coho

C,P,S
Coho

C,P,S

C,S

C,S

C

C,P,S

P

C,P

C,P,S

- Upwelling/seepage observation rating scale (rating may be biased by
limitation of vIsual observation method).

a - none observed
1 - infrequently observed
2 - several localized areas of strong upwelling/seepage or numerous

areas of weak upwelling/seepage
3 - numerous areas of strong upwelling/seepage

bSI-silt
SA - sand
GR gravel

RU - rubble
CO . cobble
60 - boulder
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combination of gravel, rubble and/or cobble. In most sloughs the

substrate was overlain with a thin layer of silt that could easily be

fanned away by spawning fish. However, very few fish were observed

spawning °in areas where the overlying silt or sand deposits were more

than 4-6 inches deep.

Access into sloughs can be a limiting factor regardless of the presence

of upwell i ng ground water or good spawni ng substrate. Access di Hi

culties may have prevented chum salmon spawning in Lane Creek Slough and

sloughs 19 and 22 in 1982 (Appendix B).

DISCUSSION

Chum Salmon

Most chum salmon spawning appeared to occur in or near areas where

upwelling ground water could be observed. Other investigators have also

associated chum salmon spawning habitat with upwelling ground water

(Kogl 1965, Francisco 1977, Wilson et al. 1981). In 1982, the sloughs

with the most chum salmon (Appendix Table C-5) were observed to have

intermediate or abundant levels of upwelling (Appendix Table C-7). The

other salmon species were not abundant in these sloughs, except in

Slough 11. In 1981, Lane Creek Slough (Slough 8) also had an inter

mediate level of upwell ing and spawning chum salmon were abundant.

Substrate composition differed among these sloughs, ranging from a high

proportion of gravel, rubble and cobble, to a high proportion of sand

and silt. Some sloughs with substantial upwelling ground water, such as
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Lane Creek Slough and Slough 19 did not attract spawning chum salmon

during 1982, perhaps due to limited access.

Because of its apparant importance to chum salmon spawning, it is

recommended that specific studies to identify mainstem/slough

ground water relationships be initiated and that existing studies be

continued to further evaluate the relationship between this variable and

spawning.

Pink Salmon

Pink salmon appar'ently select tributary-like areas for spawning within

the sloughs. In sloughs SA, 9, 11, 20 and 21 they were found spawning

in shallow riffle zones containing gravel-rubble-cobble substrate.

Because pink salmon return to spawn after two years in the ocean,

interchange between alternate years is rare and one population is

generally larger than the other. In the Susitna River basin the even

years have the most abundant runs of pink salmon and this increase is

evident in Appendix Table C-7.

Sockeye Salmon

Sockeye salmon apparently select the slower, deeper pools with a

rubble-cobble substrate such as those in sloughs SA, 9 (near the 90 0

bend), 11, 19 (1981 only) and 21.
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Coho Salmon

Coho salmon are not nearly as abundant in the sloughs as chum, pink and

sockeye salmon. Coho salmon seem to prefer to spawn in the tributaries

but were observed in Whiskers Creek Slough in 1981 and observed spawning

in the upper reaches of Slough 8A duri ng both 1981 and 1982. Coho

salmon were not observed in upper Slough 8A until after the water level

rose in mid September 1982. However, coho salmon also arrived in Slough

8A in mid September 1981. Water levels were high throughout the summer

of 1981 and turbid water may have obscured the arrival of the earliest

coho salmon.

Chinook Salmon

Chinook salmon were observed to spawn exclusively in tributaries.
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APPENDIX D

Models of Hydraulic Conditions and Chum Salmon Spawning Habitat in

Selected Susitna River Sloughs,
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INTRODUCTION

This appendix 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 conditions; and 3) a model of the wetted surface area of

available hydraulic habitat categories in sloughs versus the-ir

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

It represents the final step in a narrowing focus of investigation.

Appendix B analyzes adult salmon migration up the Susitna River and

access conditions into the mouths of nine selected sloughs between

Tal keetna and Devil Canyon. Appendix C describes the distribution and

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

Ta lkeetna to Devil Canyon reach of the Sus itna Ri ver. In Appendi x C

spawning areas in sloughs are also compared with substrate composition

and areas of upwelling ground water.

Spawning is a critical period in the life cycle of any fish, particular-

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

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

and operation of the proposed hydroelectric facility is expected to

affect hydraulic conditions in sloughs. Chum salmon were the most

abundant salmon spawning in sloughs in 1981 and 1982. Consequently

their spawning requirements were selected for this initial phase of

analysis.

* Habitat suitability is the relationship between fish habitat
preference and habitat ava"ilability (Baldridge and Amos 1983).
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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 quality

of chum salmon spawning habitat in sloughs is dependent upon

environmental factors, some of which are flow dependent. Significant

differences in the hydraulic variables of water depth and velocity,

substrate composition and upwelling ground water* are expected to affect

habitat suitability for spawning salmon in sloughs. The third model, a

habitat suitability model developed for three sloughs, combined

available water depths, velocities and subS,trate types at a predicted

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

redds.

METHODS

Hydraulic Model

Hydraulic data were collected and analyzed to predict the hydraulic

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

* Substrate composition was assumed to remain 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.

D-2



fl ows. Supplemental information which supports this analysis is

....

-

-

tabulated and summarized in the Basic Data Report (ADF&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 (8A, 9, 21, Rabideux and Chum Channel) were initially

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

the Susitna River (RM 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 Susitna 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 1ocat ions were selected based on

criteria described in Bovee and Mi 1hous (978) and Trihey and Wegner

(1981) and represented proportions of each lotic habitat type present

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

support chum salmon spawning during 1981. 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 (Bovee 1982)
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directed the site selection, transect location, data reduction, and

hydraulic model calibration.

Representative reaches included a minimum of 10 percent of the total

length of the slough (ADF&G 1983: Volume 4). The length of wetted

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

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

of each representative reach to total slough length increased in sloughs

8A, 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 1irnited to the mainstern confluence area. A backwater zone

extended up into the sloughs from the confluence of the slough mouth

with the rna i ns tern ri ver. * The size of the backwater zone va ri ed with

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

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

1981a, 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 mainstern 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.
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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).

Data analysis

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

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

use by resource specialists to model hydraulic conditions for a wide

range of discharges.

Field data were reduced and coded according to the procedures described

by Trihey (1980). Procedures for entering the data into the IFG-4

computer program and for model calibration are described in Milhous et

a1. (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 the assumption of steady

flow conditions within a rigid channel. Observed shifts in slough

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

- 0.2 ft between discharges. These variations were 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 during and immediately followin9 the
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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 the 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 were compared with actual field

measurements at known flows. Computer generated roughness coefficients

("Manning's n" values) were adjusted when necessary to better

approximate observed velocities. Values for roughness coefficients were

assigned within an acceptable range of potential values (Trihey 1980).

Observed water surface elevations and discharges were compared with

predicted water surface elevations and discharges. To determine whether

the cal"ibration process was completed, the velocity adjustment factors

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

predicted discharge which is 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

considered good. A VAF less than 0.70 or greater than 1.30 is

considered very poor.

After it is calibrated, the IFG-4 program can predict hydraulic con

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

bration range. Depending on how accurately the model fits observed
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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).

Di rect compari son of observed hydraul i c condi ti ons 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 8A 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 rang-ing

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

period of salmon spawning. A low intermediate flow for the four

sloughs, 50 cfs, was selected because it 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 9, 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 cell encompasses the surface area surrounding each
vertical between adjacent verticals and transects which is assumed
to have the same habitat characteristics as the vertical at the
center of the cell.
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Spawning Habitat Model

The spawning habitat model presents the relationships of chum salmon

selection of redd sites in sloughs to slough hydraul ic conditions.

Water depth, velocity and substrate composition are considered important

physical variables which determine acceptable spawning habitat for

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

variation in spawning location can be explained by distributions in

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

of these characteristics to develop a slough spawning habitat model were

initiated in 1982.

Site select jon and data collection

five sloughs (8A, 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 salmon 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.
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Slough spawning habitat study areas encompassed the entire slough (with

the exception of the backwater 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 (ADF&G 1981b, c, 1983: Volume 4; Estes et al.

1981; Wilson et al. 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, p"ink, and sockeye salmon redds must be

sampled to determine a multivariant suitability function based on

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

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

the three species were insufficient to meet this criterion, chum salmon

were the most abundant salmon observed spawning in the sloughs (37 redds

measured in Slough 8A, 48 in Slough 9, and 33 in Slough 21).

Consequently, their spawning requirements were selected for detailed

analysis.

Data ana lysi s.

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 grouped (Bovee and Cochnauer 1977). A difference of + 0.1
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ft or ft/sec was considered to be within the range of potential field

measurement error. Therefore, 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 suitability study in

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

of 0.5 ft/sec (Wilson et ale 1981, Baldrige and Amos 1983).

Suitability Model

In order to determine whether a particular type of habitat is important

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

the util ized habitat must be compared to the total amount and types of

available habitat.

Habitat suitabi 1ity is defi ned by the percent occurrence of a fi sh

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 Simulation System (PHABSIM),

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

eta1. 1981).

There are four methods whi ch quantify the combi ned habitat preference of

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

composition. These techniques are: multivariate suitability functions,
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preference curves, binary criteria, and multivariate functions in

association with preference curves. Each technique has certain

strengths, weaknesses and limiting assumptions (Bovee 1982).

Our intention to use a multivariate suitability function was precluded.

A multivariate suitability function cannot be derived without sufficient

data and it is 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, Voos 1981).

The preference curve method (Bovee and Cochnauer 1977, Baldrige and Amos

1983) was a possibil ity but preference· curves are environmentally

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

stage have adapted 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 va 1i dated (Estes et a1. 1981, Wil son et a1. 1981.

Bovee 1982). Thus, it cannot be assumed that preferences of salmon in

Susitna River sloughs are similar to those in other watersheds.

Oi fferences in preference curves from other watersheds may represent

real differences in microhabitat preference, availabil ity, or sarnpl'ing

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

that must 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.
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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 II requ ire more than professional judgment as to

sufficiency of conditions ll (Bovee 1982).

Our analysis borrowed concepts from both the binary criteria and pre

ference curve methods. The compromi se 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 determine weighted usable areas,

are necessar"ily based 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,

\rJhich require a minimum sample size. Because the preference criteria

were determined from field observations, rather than hypothesized or

adapted from a 1iterature review of chum salmon spawning in other

streams, they are relevant to conditions observed in Susitna River

c, I uughs duri rig 1982.
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In developing a suitability model for the evaluation of fish habitats,

the following assumptions (Baldridge and Amos 1983) adapted from Bove~

and Cochnauer (1977) were applied:

1) individual fish tend to select the most favorable habitat from

within the total range of available habitat. They use less

favorable habitat with lesser frequency and eventually leave

the area, if possible, before microhabitat conditions become

lethal;

2) i ndi vi dua 1 fi sh are most frequently observed in thei r most

preferred habitat conditions; therefore, frequency of observa

tion can be accepted as an indication of habitat utilization

and frequency of observation weighted by habitat availabili~

can be accepted as an indication of suitability; and

3) individual fish select values of one habitat variable in

dependently of the other habitat variables as long as a'l]

these other variables are within the tolerable range of the

species/life stage.

Habitat suitability was determined in six steps. First, the frequency

di stri buti on of active redds and correspondi ng frequency di stri buti ons

of available habitat variables predicted by the hydrau"' ic model were

superimposed. Second, spawni ng habitat was categorized (unacceptable,

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

[)-]3
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preference.

D-14

...



occurrences of redds and each available habitat variable (Appendix

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

o Unacceptable spawning habitat in a slough included those

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

water depth, velocity or substrate composition) where active

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 spawning habitat in a slough included those

ava"ilable increments of a particular habitat variable where

the proportion of active 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 in which the

largest proportion (mode) of redds occurred.

Third, the cumulative frequencies of utilized water depths, velocities

and substrate types were compared with those that were available and

tested for significant differences in distribution with 0

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

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 all cells

were summed to determine 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 determine the

Regardless of the outcome of the statistical test, available and
util i zed data wi 11 conti nue to be coll ected for all three habi tat
variables because of the low 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
field season, when sample size and observed range of available
depths, velocities or substrate types are considered to be
sufficient.
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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.

Velocity
Water Surface Adjustment

Transect Elevation (ft) Oi scha rge (cfs) Factor

Observed Predicted "X" Observed Predicted %Diff

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 .999 f j

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 1.0035
6 173.02 173.02 90.0 91.4 +2 .9992
7 173.10 173.10 90.0 92.1 +2 .9658
8 173.13 173.13 90.0 89.6 -1 .9971

0-17
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Appendix Table 0-2. Calibration of water surface elevations and
discharges at three flows (4, 7 and 20 cfs) for
transects in Slough 8A: 1982.

Ve1acity
~Jater Surface Adjustment

Transect Elevation (ft) Oi scha rge (cfs) Factor

Observed Predicted X Observed Predicted % Oiff

1 565.47 565.50 4.0 4.1 +3 .9539
2 565.48 565.51 4.0 4.0 0 .9288
3 565.52 565.55 4.0 4.0 0 .9344
4 565.84 565.87 4.0 4.0 0 1.0043
5 566.01 566.02 4.0 4.0 0 .9124
6 566.05 566.06 4.0 4.1 +3 1.0036
7 566.31 566.32 4.0 4.0 0 1.0108
8 566.62 566.63 4.0 4.0 0 1.0060
9 567.20 567.21 4.0 4.0 0 .9866

10 567.20 567.21 4.0 4.0 0 .9851
11 567.20 567.21 4.0 4.0 0 .9884

1 565.65 565.60 7.0 7.1 +1 .9895
2 565.66 565.61 7.0 7.1 +1 .9746
3 565.69 565.64 7.0 7.1 +1 .9617
4 566.05 566.03 7.0 7.0 0 1.0076
5 566.13 566.13 7.0 7.0 0 .9740
6 566.15 566.15 7.0 7.1 +1 1.0146
7 566.37 566.37 7.0 7.0 0 .9833
8 566.68 566.68 7.0 7.0 0 1.0350
9 567.28 567.28 7.0 7.0 0 .9991

]0 567.29 567.29 7.0 7.0 0 .9955
11 567.29 567.29 7.0 7.0 0 1.0107

1 565.76 565.80 20.05 20.1 +1 1.0206
2 565.77 565.81 20.05 20.1 +1 1.0082
3 565.80 565.84 20.05 20.1 +1 1.0086
4 566.37 566.38 20.05 20.2 +1 .9898
5 566.36 566.36 20.05 19.9 -1 1.0198
b 566.37 566.37 20.05 20.1 +1 .9867
7 566.48 566.48 20.05 20.0 0 1. 0103
8 566.79 566.79 20.05 19.8 -1 1.0009
9 567.44 567.44 20.05 20.0 0 1.0048

10 567.46 567.46 20.05 20.0 0 1.0052
11 567.45 567.45 20.05 20.1 +1 .9920
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I\pp~~,,(jl)( faolt' lJ·3. (al ibrat ion of wdtey" <,urface el(!vdt iUlls an1j
discharql.'s at three flows (8, 14~J clnd (32 cfs) for
transects in Slough 9: 19??

Velocity
Wat2r Surface Adjustment

Transect Elevation (ft) Discharge (cfs) Factor

Observed Predicted X Observed Predicted " DiffI"

I 59?40 59?40 8.0 8.0 0 .9908
2 592.60 592.60 8.0 8.1 -t 1 1.0026
4 592.75 592.75 8.0 8.0 0 .9961
6 593.40 593.36 8.0 8.1 +I 1.0212
7 593.45 593.44 8.0 8.0 0 1.0117
8 593.40 593.39 8.0 7.9 -1 1.0054
9 593.50 593.50 8.0 8.2 +0 .9930.)

10 593.60 593.59 8.0 8.0 0 .9945

1 593.43 593.42 145.0 146.4 +1 1.0073
2 593.60 593.57 145.0 144.7 0 1.0148
4 593.60 593.65 145.0 145.3 0 1. 0450
6 594.00 594.18 145.0 144.9 0 .9973
7 594.20 594.25 145.0 147.0 +1 1.0028
8 594.20 594.29 145.0 143.3 -I 1. 0182
9 594.30 594.35 145.0 145.4 0 1.0n1

10 594.30 594.37 145.0 144.7 0 1.0118

1 593.7\' 593.71 232.0 234.6 +1 .9903
? 593.80 593.83 232.0 231. 0 0 .9987
4 594.00 593.94 232.0 232.6 0 .9848
6 594.50 594.36 232.0 231. 4 0 .9621
7 594.50 594.45 323.0 235.9 +2 .9814
8 594.20 594.5? 232.0 229.5 -1 .9798
9 594.60 594.56 232.0 231.8 0 .9920

10 594.60 594.54 232.0 231. 4 0 .9893

Appendix Table D-4. Calibration of water surface elevations and
discharges at three flows (5, 10 ilnd 157 cfs) for
transects in Slough 21: 1982.

Velocity
Water Surface Adjustment

Transect Elevation (ftl. Discharge (cfs) Factor------
Observer! Predict.f'd X Observed Prf'dictcd [liH

3 744.23 744.28 5.0 5.0 0 1.0067
4 744.25 744.29 5.0 5.0 0 .9726
5 744.27 744.31 5.0 4.8 -4 1.0295
6 744.55 744.57 5.0 4.B -4 .9952
7 744.74 744.77 5.0 5.0 0 .9655

3 744.60 744.50 10.0 10.0 0 .9951
4 744.59 744.51 10.0 10.0 0 .9990
5 744.61 744.51 10.0 9.7 -3 .9968
6 744.78 744.72 10.0 9.8 12 1. 1046
7 744.99 744.93 10.0 10.0 0 1. 0641

3 745.84 745.90 157.0 156.8 0 .9906
4 745.85 745.90 157.0 156.2 -1 .9882
5 745.87 745.96 157.0 158.3 +I .9562
6 745.89 745.94 157.0 157.? +1 .9970
7 745.98 746.02 157.0 157.7 0 .9558

~-~-----,_._-_. ._----------_._-_.._--
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percentage of total water surface area for each category within the

study reach.*

RESULTS

Hydraulic Model

Accuracy and precision

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

sion (Mi"lhous et al. 1981). The IFG-4 models for hydraulic simulation

in sloughs 8A, 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 0-4). Overall, pre-

dieted water surface elevations were highly correlated with observed

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 (Churn Channel

Transect 5). Overall, predicted discharges at each transect were highly

-------------

* A seventh step, not applied in this analysis, would be to multiply
the percentages of the water surface areas within the study reach
for each habitat preference category times the total slough water
surface area. However, if a backwater zone within a slough were to
exist for any of the predicted discharge values, that area would
be subtracted from the total surface area of the slough before the
seventh step of the model would be applied. Backwater areas within
sloughs are also used by spawning salmon. Therefore, plans for the
1983 field season include sampling these areas and, if possible,
developing a suitability model.
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Appendix Table 0-5. Comparison of observed and predicted water depths
and velocities along Slough 8A Transect 1 in 1982 at
two slough flows: 4 and 20 cfs.

4 cfs 20 cfs
Depth Velocity Depth Velocity

Segmenta
(ft ) (ft/sec) ( ft) (ft/sec)

obs. ~ obs. pred. obs. pred-:.- obs. pred~

LWE 12 .40 .60 .00 .00 .70 .90 .05 .05
14 .80 .85 .00 .00 1. 05 1. 15 .05 .05
16 .90 .90 .10 .00 1. 20 1. 20 .10 .05
18 1.00 .95 .00 .00 1. 20 1. 25 .10 .05
20 1.00 1.00 .00 .00 1. 30 1. 30 .10 .05
22 1.00 1.00 .00 .02 1. 30 1. 30 .10 .11
24 1.05 1.10 .05 .02 1.40 1. 40 .10 · 11
26 1. 20 1. 25 .05 .04 1.40 1. 55 .10 .12
28 1. 30 1. 35 .05 .04 1. 50 1. 65 .10 .12
30 1.45 1. 40 .03 .04 1. 7Q '1. 70 .10 .12
32 1. 40 1. 40 .10 .OJ 1. 70 1. 70 .10 · 11
34 1. 50 1. 45 .10 .04 1.65 1. 75 .10 .13
36 1.60 1. 50 .05 .04 1.80 1.80 .10 .12
38 1. 55 1. 55 .05 .04 1.80 1.85 .10 .12
40 1. 60 1. 60 .00 .06 1. 90 1. 90 .20 .18
42 1. 65 1. 60 .05 .06 1.80 1. 90 .20 · j 8
44 1.60 1.60 .05 .06 1.85 1. 90 .30 .30
46 1.60 1. 60 .05 .06 1. 90 1. 90 .20 .25
48 1.60 1. 55 .10 .08 1. 90 1. 85 .35 .32
50 1. 55 1. 50 .05 .07 1.80 1.80 .30 .32
52 1. 50 1. 50 .05 .10 1.80 1.80 .40 .32
54 1.50 1. 50 .05 .10 1. 70 1.80 .45 .37
56 1. 50 1. 45 .05 .07 1. 75 1. 75 .30 .32
58 1. 40 1. 35 .05 .06 1. 65 1. 65 .30 .30
60 1. 25 1.20 .05 .06 1. 50 1. 50 .35 .35
62 1. 10 1. 05 .00 .06 1. 35 1. 35 .30 .30
64 1.00 .95 .00 .06 1. 30 1. 25 .25 .26
66 .95 .90 .05 .06 1.30 1. 20 .20 .20
68 .95 .90 .00 .06 1.30 1. 20 .20 .20
70 .95 .85 .00 .09 1. 30 1.15 .20 .20
72 .85 .80 .00 .07 1.10 1.10 .20 .13
74 .90 .80 .00 .03 1.10 1.10 .20 .12
76 .80 ' .80 .00 .03 1.10 1.10 .15 .12
78 .85 .75 .00 .01 1.00 1. 05 • IS .07
80 .80 .65 .00 .01 1.00 .95 .10 .07
82 .60 .60 .00 .01 .90 .90 .10 .07
84 .65 .55 .00 .01 1.00 .85 .10 .07
86 .50 .45 .00 .01 .80 .75 .10 .07
88 .45 .35 .00 .00 .65 .65 .05 .05
90 .30 .20 .00 .00 .60 .50 .00 .05

RWE 92 .10 .05 .00 .00 .40 .30 .00 .05
94 .20 .15 .00 · 11

RWE 96 .00 .05 .00 .00

r = .gg r = .44b r = .99 r " .93 b

aOi stance (ft) along transect from left bank head pin. LviE and RWE are
left and right water's edge at the two discharges.

bpredicted velocities in each segment rounded to nearest 0.05 ftlsec
before detf'rmining correlation coefficient to compensate for rounding
of observed velocity measurements in the field.
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Appendix Table 0-6. Comparison of observed and predicted w~ter depths
and velocities along Chum Channel Tr~nselt 5 in 1982
at two slough flows: 6.7 and 90 cfs.

6.7 cfs 90 c fs

r = .98

uepth
(ft)

obs. ~i:-

Velocity
(ft/sec;

obs. ~

2.21

2.21

2.41

2.51

2.31

2.31

2.21

1. 40

1. 73

1. 81

2.01

2.21

2.21

2.01

1. 57

2. 11

1. 81

2. 11

1.40
1. 32
1.12

.90

.71

.50

.39

.50

.40

.20

.20

.08

.9gb

2.10

r

2.30

{ .10

1.80

2.30

2.20

2.20

2.20

2.00

1.30

1. 30
1. 30
1. 10

.90

.70

.SO

.40

.50

.40

.20

.20

.00

2.40

1. 90

2.20

2.20

1. 90

1. 80

2.50

;: .00

Veloci ty
(ft/s~c)

obs. ~d.
-:0-0 --:n4
.10 .10
.60 .61
.80 .81

1.30 1.29
1.30 1.32

.83

.73

.08

.63

.7R

J .23

I.W

1. 18

1. 38

1. 33

1. 28

1. 43

1. 43

1. 43

.53

.48

.48

.48

.38

.2n

.23

.n

. 18

.13

.08

.02

.99b

1.1R

1. J:j

1. O?

r =

.60

• ~)O

.50

.40

.50

.40

.30

.20

.20

.20

.10

.10

.00

Depth
(ft )

obs. Q!"ed.
-:00 .08
.10 .18
.20 .7R
.30 .38
.40 .4B
.50 .53

.60

1. 40

1. 40

1. 50

1. 50

1. 50

1. 20

1. 20

1. 10

1.00

.70

1. 30

.80

1.00

1. 20

1.30

1. 40

.34

.39

.24

.24

.78

.00

.39

.44

.39

.44

.29

.29

.24

.49

.44

.39

.39

.00

.58

.30

.30

.40

.20

.00

.00

.40

.30

.40

.40

.50

.30

.30

.50

.40

.50

.00

.00

.20

.70

.03

.00

.75

.60

.50

.40

.20

.25

.45

.60

.65

.75

.85

.85

.85

.80

.08

.15

.30

.00

.50

.10

.60

.50

.4C

.70

.70

.70

.70

.70

.30

.50

.50

.70

.00

.20

.10

Segmenta

LWE 24
26
28
30
32
34

LWE 35.2
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
51
52
63
54
55
65
67
58
59
70

R\IE 71
72
74
76
78
BO
82
84
86
88
00
92

RWE 94

aDistance (ft) along transect from left bank head pin. LWE and RWt are
'eft dnd right water's edge at the two discharqes.

I·
~rredictpd w~tpr dppths i,nd velocit1rs in eac~ sE'qmf'nt rOIJndl'd to

II(',jl"C',t 0.05 It dnd (J.()~, ft/sec. respect ively, Iwlr,t'E' rJetenlilllinfj
correldtlon coeffjcent to compensate for rounding of observed velocity.
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Appendix Figure 0-2. 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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available for four selected discharges (5, 50, 150
and 300 cfs) in the Slough 21 study area.
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Appendix Figure D-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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Appendix Figure D-9. Frequency distribution of the predicted water velocities
available for three selected discharges (5, 50 and 150
cfs) in the Chum Channel study area.
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correlated with mean slough discharges (r = 0.999). All but one VAF

were considered good (0.9< VAF < 1.1). Forty-seven percent of the VAF

values were 1.00 + 0.01. The single exception was the velocity

adjustment factor for Slough 21 Transect 6 (at 10 cfs) which was con

sidered fair (VAF is 0.85-0.9 or 1.1-1.15).

Precision standards also recommend 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 al. 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

Tables D-5 and D-6) are provided. Correlation coefficients may be

somewhat misleading at the discharge 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 9, 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 substantia1

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

8A, 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
water depths at chum salmon redds (August-September
1982) with predicted water depths available in sloughs
8A, 9 and 21 for slough flows of 5 cfs.
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Appendix Figure 0-12. Comparisons of the frequency distributions of observed
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available in sloughs 8A, 9 and 21 for slough flows of
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BA, 9 and 21 were not breached, their discharges were gener'ally less

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

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

1981, the discharge in Slough 8A was 551 cfs at a mainstem flow of

40,000 cfs at Gold Creek (ADF&G 1981b). Conversely, slough flows

decreased rapidly when mainstem 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.

Suitability of Available Habitat for Chum Salmon Spawning

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

suitability model (Appendix 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.OS) between sloughs BA, 9 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 determine.

Velocities measured at active redds (Appendix Figure D-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 determining 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 are summarized in the

following paragraphs. Gaps in the ranges of utilized water depths and

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

redds rather than actual avoidance of those depths and substrate types

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

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

estimated.

In Slough 8A, at 5 cfs, the water depths used by spawning chum salmon

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

were used. Preferred water depths 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 5 cfs, the water depths used by spawning chum salmon

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

substrates were used. Preferred water 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 percent 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 are~ was preferred and 1.5 percent

was optimal for spawning.

DISCUSSION

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

The upper 1imit of depths used for spawni ng 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 of depths

(0.16-3.9 ft) reported for chum salmon redds in the Chena River (Kagl

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

depths (0.25-3.5 ft) reported for chum salmon 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>0.05) at a predicted flow

of 5 cfs. As with depths, the upper limit of velocities used for

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

September 1982. Water velocities used for spawning in all three sloughs
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were within the range of velocities (0.0-2.0 ft/sec) reported at chum

salmon redds in the Chena River (Kogl 1965). Velocities reported at

chum salmon redds in the Terror and Kizhuyak rivers (0.0-3.9 ft/sec)

were even higher (Wilson et al. 1981).

Adequate aeration of chum salmon eggs, like those of other salmonids,

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

1977) and on Kodiak Island (Wilson et al. 1981). Upwelling ground

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

substrate freezing in shallow water and in slow currents (Levanidov

1954, Kogl 1965, Sano 1966. Francisco 1977). Upwelling ground 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 base 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 that are likely to

cause increases in local runoff would also likely be coincident with

increases in basin runoff that would stimulate an increase in mainstem
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discharge and overtop the sloughs. Thus, it is difficult to identify

the specific relationsh"ip between local runoff and slough flow under

natural flow conditions.

An increase in slough flow may not result in a proportional 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. Under these circumstances, a reduction in the

proporti on of habitat acceptable for spawning cou 1d result. Second'ly,

salmon eggs and alevin rema"in in the gravel of redds for months and

require a long term 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 t"imed

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 upwelling ground water 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

differed from that found in other Alaskan chum salmon spawning areas.

Redds in the three sloughs were not observed in substrate smaller than
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gravel, including the combination 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 cOJm1only used

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

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

(Francisco 1976).

Water depths, velocities and substrate types at chum salmon redds in

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

much wider range of environmental conditions prevail. Chum salmon spawn

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

mainstem chum salmon redds observed between September 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. These water

depths and velocities were within the ranges measured at chum salmon

redds in sloughs 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 surface

area at predicted flows other than 5 cfs (i.e., 50, 150, or 300 cfs).

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

spawning chum salmon can only be predicted at this slough flow. Because

breaching events are of short duration in late summer 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 Susitna River sloughs. It

0-40



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 bc:se

slough flows during the spawning season generally are low.

The analysis of water depth and substrate composition with our spawning

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

for evaluating salmon spawni ng habitat conditi ons ins1oughs. Ground

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

and surface water temperatures, backwater zones, and access into sloughs

must also be considered. A better understanding of the relationships of

mainstem flows to slough flows and the relative contributions of various

water sources (e.g., ground water upwelling and seepage, and surface

waters) to slough flows is also required in order 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 multivaridte

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

samples collected within study areas during different years if they are

not found to be significantly different. Additional hydraulic data must

also be collected at intermediate and high flows in order to calibrate

the hydraulic models over a wider range of discharges. Other plans for

1983 include collecting hydraul ic and habitat data from transects and
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redds in slough backwater zones, side channels, and tributaries of the

Susitna River between Talkeetna 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.

Intragravel 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 used to quantify upwelling conditions in sloughs if

proven feasible.
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INTRODUCTION

Backwater areas are zones of low velocity water which result from

hydraulic barriers created by mainstem stage effects. The relationship

between backwater surface areas and incremental changes in mainstem

Susitna River discharge has been addressed in Volume 4, Part 1 of the

Basic Data Report (ADF&G 1983). This appendix provides additional

information concerning the response of these backwater surface areas to

changes in mainstem discharge and provides information on wetted surface

areas. The relationship between the backwater and wetted surface areas,

and data on the abundance of pools formed by berms in free fl owi ng

stream areas at these study sites is also discussed.

METHODS

Fourteen slough and tributary mouths, between Susitna River miles 73.1

and 142.0, were visited once every two weeks from the beginning of June

to the end of September during 1982. Maps of the wetted surfaces

present at each site were drawn for each sampling. The total wetted and

backwater surface areas represented on the maps were planimetered after

ensuring that the study boundaries were identical from trip to trip.

Details of the methodology are descroibed in the Basic Data Report,

Volume 4, Part I ADF&G, 1983. A detailed narrative describing each

study site is available in Appendix F, Volume 4 of the Basic Data

Report .
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Aerial photographs of each of the study sites are presented as Appendix

Plates E-l to E-14. The sampling boundaries illustrated in these photo

graphs bracket those reaches of each site where the surface area

measurements were taken. The entire wetted surface found within this

area during each sampling is termed the "total" wetted surface area

although it is a partial total for the slough or tributary as a whole.

Inspection of the photographs will show the reader the extent to which

the total wetted surface areas reported actually represent the larger

physical or hydraul ic features of these habitat areas.

Some changes have been made in the defi nition of Il study" boundaries at

the Sunshi ne Creek, Slough 9, Lane and Goose Creek sites from those

shown previously in the Basic Data Report. At the Lane and Goose Creek

sites, the creek portion of the sites have been omitted because mapping

of these areas was not always complete. At the Slough 9 location, maps

of the upper ha 1f of the study area were not made duri ng low water

samplings. Thus, the upper half of the area was not included in the

study boundary.

At the Sunshine site, a section of the previously defined study area was

also deleted due to inconsistent mapping of the uppermost reaches of the

creek. As a result, 15,000 ft2 at 60,100 cfs and 24,000 ft2 at 82,400

cfs (of the true total) backwater area present during the July samplings

was omitted in this study in order to obtain comparable total and

backwater area measurements.
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In general, the sampling boundaries at each site were chosen to

encompass the backwater areas present over the range of flows sampled,

and as much additional free flowing slough or tributary water as was

necessary for the fish collection aspect of the study.

RESULTS

Appendix Table E-1 displays by two weeks intervals between June and

September, 1982, the backwater and total wetted surface areas mapped

within the boundaries at Designated Fish Habitat locations. Surface

areas are tabulated with the corresponding mean daily discharge reported

for the Gold Creek or Sunshine gaging station. Plots of the total

wetted surface areas versus mainstem discharge are found as Appendix

Figures E-l to E-14. At most sites, the relationship between tota"1

wetted surface area and discharge was plotted by fitting least squares

linear regressions to the data. For Whitefish Slough and Slough 21, a

hand drawn curve was best fitted to the data. The relationship between

backwater surface area and discharge is replotted in the manner

developed previously (Volume 4, Part I, Basic Data Report, AOF&G 1982)

on a site by site basis.

DISCUSSION

Even though sampling was centered around slough and tributary reaches

where mainstem backwater zones were a dominant feature, a very diverse

set of hydraulic and physical habitats were sampled. The total wetted

surface areas measured decreased with decreasing mainstem discharges.
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APe~ndix Table E-l. Total wetted and aggregate type I! (backwater) 5ur1ace areas of selected regions of Designated Fish Habitat
(DFH) sites, and mainstem Susitna River discharges, June through September, 1982.

Dischsrge Tota 1 Wetted Surface Area
DFH Site cfs Date Surface Area (Ft') 11E.e II (Ft 2 )

b 31,900 7/25 316,000 72,800Slough 21
28,500° 6/19 203,000 16,300
24,000 7/11 166,000 0
17,000 8/09 160,000 73,600
13,800 9/27 89,000 48,200
12,500 8/20 96,000 47,300
12,200 9/06 99,000 61,200

Slough 20 33,250° 6/20 139,000 20,600
26,800 7/24 137,000 0
23,000 6/04 115,000 0
16,500 8/07 68,900 0
14,400 9/04 68,900

:~~e14,000 9/26 69,700
12,500 8/20 55,700 1,800

f'Tl
24,900 7/23 46,000 26,000I Slough 19

+:> 22,000 6/17 30,000 10,000
22,000 6/05 39,000 16,500
16,800 8/06 29,000 12,300
16,600 7/07 25,000 4,800
15,000 9/25 20,000 0
14,400 9/04 17,000 0
13,300 8/19 15,000 4,200

Slough l' 33,250° 6/20 153,000 128,000
27,300 7/14 135,000 92,800
23,600 7/29 155,000 124,000
23,000 6/04 132,000 95,000
14,400 8/12 69,000 25,600
12,400 9/29 50,000 19,300
12,200 9/06 68,000 25,300
12,200 8/22 53,000 23,700

aUSCS provisional data at Gold Creek, 1982, 15292000.

bJune 10, 1982, data for Slough 21 incomplete.

cAmended mainstem discharge at Gold Creek as determined from ADFG stage disoharge curve.

eNo backwater area mapped. A very small area probably existed.
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Appendix Table E-l (Continued).

Dischsrge Total Wetted Surface Area
DFH Site cfs Date Surface Area (FtZl Type II (HZ)

Slough 9 31,500 6/22 269,000 ---b

29,100 7/27 321,000 0
28,400 7/13 305,000 __~b
26,000 6/10 298,000
19,400 9/23 168,000 118,000
16,700 8/10 185,000 133,000
12,200 8/21 134,000 °11,700 9/07 172,000 0

Slough 8A 28,000 6/08 223,000 210,000
26,500c 7/12 218,000 202,000
26,500 6/23 223,000 210,000
25,600 7/28 257,000 205,000
17 ,100 9/24 169,000 143,000
15,400 8/11 220,000 193,000
12,200 8/21 185,000 158,000
11,700 9/07 182,000 155,000

rrJ
I

tTl Lane Creek 28,500c 6/19 57,000 48,200
25,000 6/07 61,000 45,000
22,400 7/22 45,000 14,400
18,100 7/08 54,000 14,700
16,600 B/08 37,000 12,700
15,000 9/25 32,000 8,000
14,400 9/10 38,000 9,400
12,500 8/20 36,000 6,100

Slough6A 33,250c 6/20 138,000 138,000
24,900 7/23 135,000 135,000
23,000 6/06 131,000 131,000
21,500 7/09 134,000 134,000
16,600 8/08 131,000 131,000
14,400 9/10 129,000 129,000
14,000 9/26 131,000 131,000
12,200 8/21 127,000 127,000

aUSes provisional data at Cold Creek, 1982, 15292000.
bJune 10 and June 22 data for Slough 9 incomplete.

cAmended mainstem discharge at Cold Creek as determined from ADFG stage discharge curve.
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Appendix Table E-1 (Continued).

DFH Site

Whisker Creek and Slou9h

Birch Creek and Slough

Sunshine Creek and Sidechannel

Dischgrge lota 1 Wetted Surface Area
cfs Date Surface Area (Ft~) Type I I (Ft ~ )

37,0009 6/21 217,000 b76,OOOb
31.900 7/25 236.000 56,000
25,000 6/03 217,000 160,OOOc
23.000 7/10 213,000 83.900
16,600 8/08 163,000 4~~~00d
13,800 9/27 190,000
13,400 9/09 195,000 29,200
12,200 8/22 150,000 28,500

99,300 7/26 458,000 424,000
61,600 6/23 388,000 354,000
59,700 6/04 394,000 359,000
58,400 7/11 422,000 398,000
52,500 8/09 370,000 157,000
38,000 8/23 362.000 147,000
35,900 9/28 376.000 59,500
33,800 9/11 363,000 81,900

82,400e 7/27 332,000 218,Ooof
70,200 6/09 277 ,000 121,000
62,700 6/24 275,000 134,OOOf
60,100 7/12 259,000 163,000
51,600 8/10 214,000 128,000
38,700 8/24 180,000 46,300
35,000 9/12 179,000 12,200
33,400 9/30 154,000 25,300

aUSCS provisional data at Cold Creek 15292000 (with Whisker Creek data).

bSurface area measurements for June 21 and July 25. 1982, are lower limits.

cSurface area measurement for June 3, 1982 is an upper limit.

dHigh tributary discharge this date eliminated zone 2 (see ADFC Basic Data Report. 1982).

eUSGS provisional data at Sunshine 15292780.

fDiffers from value in ADFC Basic Data Report, 1982 (see text).

9Amended mainstem discharge at Cold Creek as determined from ADFG stage discharge curve.
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Appendix Table E-1 (Continued).

DFH Si te

Rabideux Creek and Sloughb

Whitefish SloughC

Goose Creek and Sidechannel

Dischsrge Tota1 Wetted Surface Area
cfs Date Surface Area (Ft 2 ) Type II (FtZ)

71,700 6/26 1.170,000 1,160,000
67.900 7/29 1,120,000 1,180,000
53,000 9/14 1,220.000 965,000
44.000 8/12 1,070,000 876,000
38,700 8/25 1,080,000 836,000
33,400 9/30 968,000 344,000

72.000 7/28 85,800 85.800
66,700 6/25 75,000 75,000
60,100 7/12 65,800 65,800
53,000 9/14 71,000 71.000
47,900 8/11 56.200 56,200
38,700 8/25 32,200 32,200
33,900 9/29 14,200 14.200

72,000 7/28 166.000 75,000
66.700 6/25 170,000 83,000
64,200 6/10 176,000 87.000
63,000 7/13 158,000 74.400
47,900 8/11 154,000 113,000
38.700 8/25 148.000 122.000
36.400 9/13 137,000 0
33.900 9/29 134.000 0

aUSGS provisional data at Sunshine, 1982. 15292780.

bNot sampled in early June or in early July.

cNot sampled in early July.
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study boundaries illustrated in Appendix plate E-1.
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study boundaries illustrated in Appendix Plate E-5.
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The wetted surface areas of the upper portions of several sites were

greatly reduced as flows declined, and the habitat (types) present in

many of these areas changed considerably over the range of mainstem

discharges observed. Total wetted surface area plots are typically

represented by s impl eli near regressi ons. In contrast, backwater area

plots are more complex. In part, this complexity is attributed to these

areas receding and reforming downstream as flow decreased (see Volume 4

for more discussion of this topic).

At Slough 6A and at Whitefish Slollgh, the total wetted and backwater

surface areas are identical within the range of discharges observed.

The reaches of Sloughs 8A and 11 which were mapped consisted predomi

nantly of backwater areas. At these and other habitat locations, except

when zone 9 (calm water) pools were present (Appendix Table E-2), the

difference between the total wetted and backwater surface areas reported

equals the surface area of water present in the study area which had

appreciable velocity. Appreciable velocity was generally defined as a

velocity of 0.5 ft/sec or greater (Volume 4, Part II). Conversely, the

sum of the pool plus backwater surface area equals the low velocity (0.0

to 0.5 ft/sec) surface areas present within the boundaries mapped at a

habitat sHe. Additi ona1 di scussion rel ati ng surface areas to habitat

is found in Appendix F of this report.

A summation of the total wetted surface areas, within the boundaries of

all upper and lower Susitna River study sites sampled, is shown in

Appendix Tables E-3 and E-4, and in Appendix Figures E-15 and E-16.
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Appendix Table E-2. Surface areas of morphological poolsa not regulated by mainstem Susitna River discharge at Designated Fish
Habitat (DFH) sites, and mainstem Susitna River discharges, June through September, 1982.

Discharge Zone 9
DFH Site cfs Date Surface Area

Goose Creek and Sidechannel 36,400 9/13 64,200
33,900 9/29 77,400

Lane Creek/Slough 8 22,400 7/22 22,200
18,100 7/08 23,100
16,600 8/08 19,500
15,000 9/25 18,800
14,400 9/10 18,900
12,500 8/20 18,700

Rabideux Creek and Slough 33,400 9/30 308,000

Slough 20 33,250 6/20 40,500
26,800 7/2' 54,800
23,000 6/04 36,300
18,100 7/08 11,500

fTl
16,500 8/07 20,300

I 14,400 9/04 18,100
N 14,000 9/26 18,100w 12,500 8/20 15,900

Whisker Creek and Slough 37,000 6/21 41,400
31,900 7/25 8,400
25,000 6/03 none
23,000 7/10 55,200
16,600 8/08 25,100
13,800 9/27 23,500
13,400 9/09 23,500
12,200 8/22 19,500

aThese areas were identified as zone 9 and occurred (as calm water morphologic pools) in free flowing tributary or ground water
areas.
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Appendix Table E-2. (Continued).

Discharge Zone 9
DFH Site cfs Date Surface Area

Sunshine Creek and Sidechannel 35,000 9/12 8,400
33,400 9/30 7,700

Birch Creek and Slough 38,000 6/23 33,900
35,900 9/26 37,400
33,600 9/11 37,400

Slough 19 15,500 9/25 5,500
14,400 9/04 5,100
13,300 6/19 4,600

Slough 6A Approx 8,OOOa

aA small pool was located below the first beaver dam throughout most of the sampling year. This pool was not mapped as such but was
the site of systematic fish captures.
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Appendix Table E-3. Total wetted surface areas measured within the boundaries of nine study areas on the upper Susitna River. versus
Gold Creek dischargea, June through September, 1982.

Surface Areasb (Square Feet x 1000) at Habitat Location, by Discharge

Habitat Location 12,500 15,000 17,500 20.000 22,500 25.000 27.500

Slough 21 88. 129. 160. 161- 163. 173. 194.

Slough 20 57. 69. 82. 94. 106. i 18. 130.

Slough 19 16. c 20. 26. 32. 38. 44. d 44. d

Slough 11 58. 77. 97. 116. 136. 143. 145.

Slough 9 150. 171. 193. 215. 237. 259. 280.
m

Slough 8A 186. 194. 201. 208. 215. 223. 230.I
N
01 Lane Creek/Slough 8 35. 39. 43. 47. 51- 55. 59.

Slough 6A 128. 129. 131- 132. 134. 135. 137.

Whiskers Creek/Sidechannel 170. 179. 189. 198. 208. 217. 218.

Total by Discharge 888. 1007. 1122. 1203. 1288. 1367. 1437.

aUSGS Provisional data at Gold Creek, 1982. 15292000.

bOata compiled from Appendix Figures E-l through E-9.
cArea measured at 13.300 cfs.
dArea measured at 24.900 cfs.



Appendix Table E-4. Total wetted surface areaH measured within the boundaries of Five study areas on the Lower Susitna River,
versus Sunshine discharge, June through September, 1982.

Surface Areasb (Square Feet x 1000) at Habitat Location, by Discharge

Habitat Location 35,000 40,000 45,000 50,000 55,000 60,000 65,000 70,000

Birch Creek 362. 368. 374. 380. 386. 394. 400. 406.

Sunshine Creek/Sidechannel 168. 185. 202. 219. 236. 253. 270. 287.

Rabideux Creek/Slough 1020. 1050. 1070. 1110. 1120. 1150. 1180. 1200.

Whitefish Slough 21- 37. 51- 61- 67. 72. 77. 80.

Goose Creek/Sidechannel 139. 143. 148. ~ ~ 161- 166. 170.

f'T1 Total by Discharge 1710. 1783. 1845. 1922. 1966. 2030. 2093. 2143.
I

N
0'1

aUSGS Provisional data at Sunshine. 1982. 15292780.
bData compiled from Appendix Figures E-10 through E-14.
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These values were obtained by determining the areas indicated at 2500

and 5000 cfs discharge intervals from Appendix Figures E-1 to E-14. The

lower river plot indicates that a linear relationship between total

wetted surface areas and mainstem discharge exists within the range of

discharges observed. The upper river total wetted area versus Susitna

River discharge data is best described by two straight lines. Below

17,500 cfs a given change in mainstem flows results in greater changes

in total wetted surface areas than does a gi ven change in flow above

17,500 cfs.

Appendix Figures E-15 and E-16 also display the corresponding backwater

surface data as adapted from Tables 41-4-1 and 41-4-2 of the Basic Data

Report. A comparison of the total wetted and backwater surface area

plots requires careful interpretation. As noted above, the backwater

areas occurring at each site were normally mapped in their entirety.

The "total ll wetted surfaces mapped were, however, selectively limited in

area by study design and sampling logistics. Within the lower river

slough and tributary areas sampled, the backwater surface areas decrease

faster at mainstem discharges below approximately 60,000 cfs, than do

total wetted areas. At mainstem discharges above 60,000 cfs, the total

wetted areas increase faster than the backwater areas and the highest

proportion of backwater area occurs at about 60,000 cfs. At upper river

sites, the inflection point (in the backwater plot) near 17,500 cfs

appears to be similar to the 60,000 cfs point in the lower river plot

because above 17,500 cfs the total wetted area increases faster than

backwater area. Below 17,500 cfs (in the upper river plot), it is not

clear that backwater surface areas decrease faster than do total wetted

E-29
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surfaces as is apparent in the lower river areas. However, data at

discharges of 10,000 cfs and below may show that this is the case in the

upper river as well.

Use of the slough and tributary mouth wetted surface area data to model

the tota1 wetted surfaces of the Sus itna Ri ver with decreas i ng flows

should not be attempted. These data were not obtained from areas

representative of the average mainstem environment, as the proportion of

free flowing mainstem surfaces included represent a small and

insignificant proportion of the Susitna River's total free flowing

mainstem surfaces. There is, however, confidence for using the

backwater data to represent the true backwater surface area versus

discharge relationship for larger reaches of the Susitna (as was done)

as a significant percentage of the backwater surfaces were actually

measured. At low mainstem discharges such as are present during early

spring and late fall, reductions in surface area were observed at

several sloughs suggesting that the total wetted and backwater surface

area relationships presented should not be used to infer surface areas

at mainstem discharges beyond those observed.

This information illustrates that many difficulties might be involved in -

attempting discharge related assessments of available juvenile fish

(slough and tributary) habitat based on overly simpl ified parameters,

such as total wetted surface areas. Total backwater area relationships,

which appear to be more complex, may be better indicators for selected

species and life history stages. In addition, separating those

backwater areas that re-form downstream (in mainstem type environments

E-30



during low mainstem flows) from the slough and tributary backwater

habitats present at higher flows, are also necessary for a habitat

analysis.
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Appendix Plate E-2. August 1982 photograph of Siough 20 (RM 140. I). The sUi'face area
measurements reported are for the slough between the study boundaries shown.
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Appendix Plate E-3. ~ay 1982 photograph of Slough °19 (RM 140.0). The surface area
measurements reported are for the slough and its immediately downstream
reach between the study boundaries shown.
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Appendix Plate [-4. August 1980 photograph of Slough 11 (RM 135.3). The surface area
measurements reported are for the slough betwef.n the study boundaries shown.
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Appendix Plate E-5. August 1980 photograph of Slough 9 (RM 129.2). The surface area
measurements reported are for the slough between the study boundaries shown.
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Appendix Plate E-6. August 1980 photograph at Slough 8A (RM 125.3). The surface area
measurements reported are for the slough between the study boundaries shown.
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Appendix Plate £-7. August 1982 photograph of Lane Creek mouth and Slough 8 (RM 113.6).
The surface area measurements reported are for the slough between its
mouth (see inset) and the upper boundary shown.
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Appendix Plate E-8. May 1982 photograph of Slough 6A (RM 112.3). The ~urface area
measurements reported are for the slough between the study boundaries shown.
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Appendix Piace £-9. May 1982 photograph of Whiskers Creek and Slough (RM 101.2). The
surface area measurements reported are for the creek and slough between
the study boundaries shown.
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Appendix Plate E-IO. August 1Y80 pllotograph of Birch Creek and Slough (RM 88.4). lhe
surface area measurements reported are for the creek and slough between
the study boundaries shown.
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Appendix Piate E-11. August 1980 photograph of Sunshine Creek and Side Channel (RM 85.7).
The surface area measurements reported are for the creek and slough areas
shown in the inset and the creek above to the study boundary shown.
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Appendix Plate E-12. August 1982 photograph of Rabideux Creek and Slough (RM 83.1).
The surface area measurements reported are for the site between the study
boundaries shown and a point on the creek about 400 ft. off the photograph.
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Appendix Plate E-13. May 1982 photograph of Whitefish Slough (RM 78.7). The surface
area measurements reported are for the slough between the study boundaries
shown.
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Appendix Plate E-14. August 1980 photograph of Goose Creek 2 and Side Channel (RM 73.1).
The surface area measurements reported are for the slough between the study
boundaries shown.
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Influence of Habitat Parameters on Distribution and Relative Abundance
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INTRODUCTION

The physical and chemical parameters of the Susitna River such as

di scharge, surface area, water velocity and depth, temperature, and

water quality have wide ranging spatial and temporal variations.

Spatial variations range from micro-habitat Con 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 rel ati onshi ps observed between natural vari ati ons in

physical and chemical conditions and the distribution and abundance of

fish during the 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 using hydraulic models to predict the

avai 1abi 1ity of habitats over incrementa 11y varying di scha rges
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(Bovee 1982), these studies have not been directed towards large and

diverse glacial system? such as the Susitna River.

Observations made during the 1981 studies indicated the problems associ

ated with evaluating juvenile salmon habitat of the Sus1tna 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 is that juvenile salmon distribution and

abundance at the important sununer rearing areas (sloughs and tributary

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

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

field study plan focused on those factors which were obviously

influenced by rnainstem discharge.

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

be examined to adequately address the natural variability among habitat

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

quantification of micro-habitat conditions within each of the study

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 study.
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An estimate of how juvenile salmon habitat changes with variations in

mainstem discharge was developed by combining the catch variations

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 Basic Data Report (ADF&G 1983a, ADF&G

1983b). The sites included 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 included five

sites below this point. These 17 sit~s were sampled once every two

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

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

zones. These habitat zones are defined in Volume 4, Part II, Section

2.2 of ADF&G (1983b) - a summary table is included at the end of this

appendix. Criteria used in delineating habitat zones included water

source, water velocity, and mainstem backwater influence. Sampl ing at

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

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

sampl"ing site, sampling period. and habitat zone within a sHe 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

1ikel ihood 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.

Assumptions

A word model of the factors affecting juvenile salmon catch \'Jithin a

zone can be constructed as follows:

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

catchability)
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where:

Abundance = f (local habitat suitability, time of season, success

of previous fa11·s spawning, percent incubation survival,

proximity to spawning grounds)

where:

Local habitat suitability = f (temperature, water chemistry, water

ve1ocity, depth, substrate, turbi d

ity, cover, food)

Some of these parameters can be quantitatively evaluated, while others

can only be subjectively evaluated. For others, we have no data.

During data collection and subsequent analysis, we have attempted 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 spawni ng grounds, success of

previous fall spawning, and incubation survival. Local habitat

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

the model to:

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

within sampling site).

Each species of fish, at each site during any particular sampling

peri od, was assumed to have a choi ce of habitat types avail ab1e at d

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

type which was most suitable to them.

F-5



Spatial and Temporal Variation in Habitat Variables and in Relative

Abundance of Fish.

The three variables that cause variation in catch data are sampling

site, habitat zone within sampling site, and sampling period. Analysis

by sampling site and habitat zone address spatial variation, and

sampling period addresses seasonal variation (during the open water

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

including differences between reaches and differences between major

habitat types such as tributary mouths versus upland sloughs. Habitat

zone addresses a more narrowly defined habitat and considers the effect

of habitat variables such as water temperature and velocity within a

site. The resolution of habitat zone falls somewhere in between

macro-habitat and mi cro-habitat (such as woul d be obtained by poi nt

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

of habitat variables and fish 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 types. 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 aggregate zones were presented in Section 2.2,
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Part II, Volume 4 of the Basic Data Report (ADF&G 1983b). A summary

fall ows:

Aggregate
Criterion Zone Description

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

H-II mainstem backwater area

H-I II mixing zone below mainstem
backwater area

2. water source W-I tributary water

W-II mainstem water

W-I II mixed water

3. water velocity V-I fast water

V-II slack water

The assumption with each of the categories is that, 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 amonq

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 (all sites, all

sampling periods) of selected habitat variables by aggregate hydraulic

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

aggregate hydraul i c zones for catch/effort data for juvenil e chi nook

salmon, juvenile coho salmon, rainbow trout, and burbot. Catch/minnow

trap data were used for chinook and coho and catch/trotl ine data were

used for rainbow and burbot because these sampling techniques were

effective for these species and because we were able to consistently use

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

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

It was not possible to consistently use sampling techniques such as

beach seining and backpack electrofishing, which were effective at

capturing other species, in all 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

grayl ing, longnose sucker, and sl imy sculpin with the three different

aggregate lones. 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. Sampling 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 w(:re presented in the previous section. In this section, methods

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
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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. Two 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 from the 17 fish habitat sites used to determine

quality indices are contained in Appendices G and H of Volume 4 of the
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Basic Data Report (ADF&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 lanes were aggregated into the three

types of hydraulic zones. The H-I aggregate hydraulic zone consisted of

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

water areas. The H-II aggregate hydraul ic 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 hydraulic zone was the mainstem mixing area, 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 util ity in relating habitat change to mainstem

di scharge.

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:

(CPUE) i
CR.= --------

1 n
L (CPUE) j /n-1
j~ 1
j i>i

where: CPUE =
n =
i =
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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This is simply the ratio of the CPUE of the zone in question to the mean

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

manner in accordance with the original assumption - 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 were 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 fi sh of anyone speci es were captured at a site duri ng a

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

small sample size. This was done to eliminate those instances where d

few fish might chance to be in an uncommon zone •

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

than to the mean of all zones 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 all the fish at a site were caught In one zone, a

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

dent of the number of zones sampled.

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

and coho salmon. The CPUE was defined, as catch/trap in a three hour
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,
set. Minnow traps were most effective in collecting these two species

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

juvenile sockeye and chum salmon were compiled from beach seining and

backpack electrofishing data, which were the two methods most effective

in capturing these species. Because of the difficulty in replicating

effort among zones with these types of gear, a code was estab1is hed

using catch data:

Number
Captured

o
1-10

11-25
more than 25

Code

o
1
2
3

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 the range zero to one,

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

derived the following equation:

lQT.= 1
1

1
CR; + 1

where: lQI i = zone quality index for zone i

CR. = catch ratio for zone;
1
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This asymptotic equation transforms catch ratios to a value ranging from

zero to one. The zQr 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 is twice

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

as high as that 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 commonly 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 no

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 ZQI 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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ZQI' 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 ZQI'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 obvious 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

tion is that the value for a species of each of the zones relative to

the other zones was approximately constant over the period June through

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

the three aggregate hydraulic zones.

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

peri ods) for each zone for each species, the next procedure was to

multiply these ZQI'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

values for the aggregate zone H-II 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 1983b).

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 tr"ibutary 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 habitat

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

to the following equation:

n
HI = 2. (lQI i X SA i )

;=1

where:

ZQI i
:: zone quality "index for zone i

SA. :: surface area of zone i
1

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 zone H-II habitat index. The surface area of the aggregate H-II I

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

of habitat was always available 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 Variables and in Relative

Abundance of Fish

Habitat variables

Appendix Table F-l shows the mean values for the habitat variables that

were measured in each of the nine habitat zones. 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 levels

among zones that would matter to fish except that the level in zone 9

(morphological pools) was somewhat low. The median pH of tributary

water (zones 1 and 2) was lower than that of all other zones, except

zone 9. As expected for this t.ime of the year, the turbidity of

tributary zones was relatively low compared to the slough and mainstem

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

within tributaries.

Data from these individual habitat zones were pooled into the aggregate

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

were warmer than areas having a faster water velocity. This ;s

illustrated for aggregate hydraulic zones by sampling period in Appendix

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

of the season than they were after cool ing began in early Septembel~.

Slack water zones also had a lower mean dissolved oxygen level than
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Appendix Table F-1 Matrix 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 Median tivity dity Vel acity
Zone Temp( 0c) (mg/l} pH (umhos/cm) (NTU) (ftl sec)

1 8.8(0.3) 10.9{0.2) 6.9 81(7) 5{1 ) 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 10I( 6) 36(8) 1.1(0.2)
5 6.6* 12.3* 7.0* 75*' 17* ] .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(9) 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
lone. All sites, all periods, June through
September, 1982. Standard error in parentheses.

Mean Mean Mean
Aggre- Mean Mean Conduc- Turbi- Water
gate Water DO Median tivity dity Velocity
Zone Temp(OC) (019/ 1) _.E!!- (umhos/cm) (NTU) (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-I II 8.7(0.3) 11.0(0.2) 7.1 98(4) 45(4) 1.2(0.1)

W-I 9.1(0.3) 10.7(0.1) 6.9 91(5) 5(1) 0.9(0.1)
W-II 9.3(0.3) 10.9(0.2) 7.2 106(5) 44(7) 0.7(0.1)
W-I II 9.0(0.3) 11.0(0.2) 7.0 92(4) 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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WATER TEMPERATURE BY AGGREGATE HYDRAULIC ZONES
DFH SITES
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Appendix Figure F-l. Mean water temperature of aggregate hydraulic zonRS by
sampling period, June through September, 1982.
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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-II), 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

H- I/H-II
H-I/H-III

H-II/H-I II

Water Temperature

p <. 0.05
NS

pz 0.05

Water Velocity

p<O.OI
no difference

p <0.01

Turbi dity

p<.O.05
p < 0.01
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 the nine individual habitat

zones could exist while differences among aggregate zones may not be

statistically significant. This can occur becau5e 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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WATER VELOCITY BY AGGREGATE WATER VELOCITY ZONES
DFH SITES
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Appendix Figure F-2. Mean water velocity of aggregate velocity zones by
sampling period, June through September, 1982.
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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 illustrate the effects of changing mainstem flows, further analysis

of habitat availabil ity 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 Tables F-3 to F-6.

The highest catch rates for chinook salmbn juveniles occurred in habitat

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

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

habitat zQnes.

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 mainstern zones.

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
minnow trap) by zone at DFH sites on the Susitna River
below Devil Canyon, all periods, June through September,
1982.

Zone Min CPUE Max CPUE Mean CPUE No. of sites

1 0.0 6.9 0.4 15

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

Aggregate
Zone Mean CPUE No. of Sites

Hydralll i c

H-I 0.3 15
H-II 0.4 14
H-III 0.1 17

Water Source

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

Water Velocity

V-I 0.2 17
V-II 0.3 15
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Appendix Table F-4. 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
September, 1982.

Zone Min CPUE Max CPUE Mean CPUE No. of Sites

1 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

Ag9regate
Zone Mean CPUE No. of Sites

Hyclrau 1i c

H-I 1.2 15
H-II 0.8 14
H- II I 0.0 17

Water Source

W-I 1.0 17
W-II 0.0 8
W- I II 0.1 17

Water Velocity

V-I 0.6 17
V-II 0.8 IS
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Appendix Table F-5. Range and mean of rainbow trout CPUE (catch per trotline)
by zone at DFH sites on the Susitna River below Devil
Canyon, all periods, June through September, 1982.

Zone Min CPUE Max CPUE Mean CPUE No. of Sites

1 0.0 2.0 0.2 15

2 0.0 4.0 0.3 13

3 0.0 5.0 0.2 17

4 0.0 1.0 0.1 7

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 1

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-II 1 0.2 17

Water Source

W-I 0.3 17
W-II 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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Appendix Table F-6. Range and mean of burbot CPUE (catch per trotline) by zone
at DFH sites on the Susitna River below Devil Canyon, all
periods, June through September, 1982.

Zone Min CPUE Max CPUE Mean CPUE 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 1

9 0.0 2.0 0.3 4

----"

Aggregate
Zone Mean CPUE No. of Sites

Hydrau 1i c

H-I 0.1 15
H-II 0.2 14
H- II I 0.7 17

Water Source

W-I 0.1 17
W-I1 0.6 8
W-III 0.6 17

Water Velocity

V-I 0.5 17
V-II 0.2 14

------
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t test, 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 appy'oxilllately

equally balanced between zone H-I and zone H-II; the 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- I I) .

Juvenile coho salmon preferred the area above the mainstem backwater

zone over the backwater zone itself (Appendix Table 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 water (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-IJI 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 speci es are

shown in Appendix Tables F-7 to F-IO. The distribution of juvenile
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Appendix Table F-7. Chi-square tests of association between juvenile salmon
presence/absence and aggregate zones at DFH sites, all
periods, June through September, 1982.

Agglregate Zone Juvenile socke~e Salmon Juvenile Chum Salmon
Category ~hi-square robability Chi-sguare PrObab i1 ity

Hydraul i c zone 18.9 p <:,0.01 6.3 P«0.05
df=2

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

Ve1ocity 16.3 p<-.O.Ol 3.5 NS
df=l

---,---

Appendix Table F-8. Ratios of observed to expected presence of juvenile
sockeye and chum salmon in aggregate zones with significant
differences in use.

Aggregate Zone
Category

Hydraul ic Zone

I - Not Mainstem Backwater
II - Mainstem Backwater

III - Mainstem Mixing Zone

Water Source

I - Tributary
II - Mainstem

III - Mixing

Velocity

I - Fast
II - Slack

F-27

Juvenile
Sockeye Salmon

0.80
1. 58
0.52

1.11
1.66
0.65

0.65
1. 51

Juvenile
Chum Salmon

0.96
1. 34
0.35
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Appendix Table F-9. Chi-square tests of association between resident fish
presence/absence and aggregate zones at OFH sites. all
periods, June to September, 1982.

Aggregate Zone Round Arctic Longnose Sl"i my
Category Whitefish Grayling Sucker Scul~

"X ~ Probe "k.< Probe ](~ Probe 7::-' Prob.---
Hydraulic 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<.O.Ol 14.6 p<.O.Ol 0.0 NS

Velocity 1.3 NS 11.6 p<O.Ol 2.9 NS 0.6 NS

Appendix Table F-IO. 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 Whitefish Grayling Sucker

Hydraulic

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

III - Mainstem Mixing Zone 1. 74 2.24

Water Source

I - Tri buta ry 0.43 0.29 0.70
II - Ma i nstem 1.48 0.89 2.86

III - ~1ixing 1.58 1.95 0.80

Velocity

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

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

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

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

velocity (V) zones. 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 preference

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 sockeye. 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 (Appendi x Table F-9). In other words, the 1ike1i hood 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 sucker; hydraulic zone

mattered to round whitefish. Ratios of observed to 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.

Arctic grayling also showed a preference for fast water over slack

water.

Round whitefish and Arctic grayl ing were frequently captured in the

mainstem just below the confluence of tributary mouths and were less

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

Thi s di str'j butional pattern is Y'efl ected in the observed associ ati on

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

temperatUt'e, 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 habitat variables.

Turbidity was a strong factor influencing fish distributions in this

study. Rearing coho salmon apparently avoided turbid water while burbot

wel'e captured almost excl us ively in turbid areas. These preferences

were probably related to differences in feeding behavior of the two

species. Juvenile chinook salmon apparently were attracted to warm
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Appendix Table F-11. Correlation matrix for four species of fish and three
habitat variables by individual habitat zone (7 cases
for each variable).

TM? TRB VEL CHN COH RBT BRB
Temperature (TMP) TIo
Turbi dity (TRB) 0.15 1.00
Velocity (VEL) -0.35 0.11 1.00
Juvenile Chinook (CHN) 0.82* -0.04 0.04 1.00
Juvenil e 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,

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 (ZQI) 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

seasonal ZQI's of all the sampling sites in the reach where the data

from at least one sampl ing period met the criteria explained in the

methods section.

Chinook salmon apparently do not have strong preferences between the

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

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

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

association 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

di stri bution among the major habitat types (tributa ry mouths, upl and

sloughs, and so on) in Appendix G.
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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 seasonal ZQI's for all the
sites in the reach. The sample size (n) equals
the number of sites included in calculating the
mean.

ZQI-Lower reach

Zone H-I Zone H-II Zone H- I II
Species Min Max Mean n Min Max Mean n Min Max Mean n- ---

Chinook 0.49 0.71 0.59 4 0.46 0.66 0.53 4 0.32 0.32 0.32 1
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 1 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 1

ZQI-Upper reach

Chinook 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
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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) from the clear'

water H-J area of tributaries (zone l). Very few juvenile coho salmon

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 salmon caught at the site were in zone H-Il; 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.

All of the sockeye salmon 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. there

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 8A and Slough 19. If

point-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-II was shown in the upper reach.

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

juveniles showed a preference for the mainstem backwater 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 inc1uded in th is report plots of the zone and site hab ita t

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 analysis.

The shape of the zone habitat index curves for the ma"instem 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

ZQn and because there are sma 11 differences resulting from i nter

polation of the raw surface area versus discharge curves at incremental

discharge levels.

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

discharges than at higher discharges. This results from the greater

effect of a gi ven change in di scha rge 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 the upper reach

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

sa lmon 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 hydraulics of these
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Appendix Table F-13. Habitat indices for juvenile chinook salmon for aggregate hydraulic zones at four sites. June through
September. 1982.

Goose Creek and Side Channel Rabideux Creek and Slough Birch Creek and Slough

Susitna Site Site Site
Discharge at Zone H-I Zone H-II Habitat Zone H-I Zone H-II Habitat Zone H-I Zone H-II Habitat

Sunshine (cfs) (ZQI=0.54) (ZQI=0.46) Index (2i1) (ZQI=0.71) (ZQI=0.48) Index (nil) (ZQI=0.49) (ZQI=0.51) Index (:Vi I )

35.000 73 ° 73 355 238 593 144 43 187
40.000 13 27 40 142 396 538 105 75 180
45.000 19 54 73 121 422 543 104 77 181
50.000 25 50 75 99 448 547 103 78 181
55.000 31 47 79 78 474 552 74 115 189
60.000 37 43 80 57 499 556 15 186 201
65.000 43 39 82 36 523 559 15 193 208
70.000 49 36 85 14 552 566 15 196 211

.,., Whiskers Creek and Slough
I

w Susitna Site
'-l Discharge at Zone H-I Zone H-II Habitat

Gold Creek (cfs) (ZQI=0.52) (ZQI=0.48) Index CJ.H I )

12.500 73 14 87
15.000 74 18 92
17 .500 71 25 96
20.000 69 32 101
22.500 66 39 105
25.000 69 40 109
27.500 70 40 110
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sites, refer to Appendix E of this report and Volume 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 Rabideux

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 mainstem

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

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

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 stage 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 level)

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

probab1y di d not undergo a great dea 1 of change with regard to the

quality of habitat.

The pattern shown at the Birch Creek and Slough site (Appendix Figure

F-S) 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 H-II

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

index for the two zones) gradual~y increases with an increase in

mainstem discharge because of increasing total wetted surface area.

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 the 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 surface 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 mainstern

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

relatively flat. At the lower discharge levels, the length of zone H-I

increased (downstream) as 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

Juvenile 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-II area was

not greatly different from the zone H-I area ;n physical and habitat
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Pppendix Table F-14. Habitat indices for juvenile coho salmon for aggregate hydraulic zones at three sites, June through
September, 1982.

Sunshine Creek and Slough Birch Creek and Slough

Susitna Site Site
Discharge at Zone H-I Zone H-II Habitat Zone H-I Zone H-II Habitat

Sunshine (cfs) (ZQI=0.71) (ZQI=0.45) Index ~HI) (ZQI=0.88) (ZQI=0.18) Index ff:H I )

35,000 99 11 110 245 15 260
40,000 87 25 112 194 26 220
45,000 74 39 113 197 27 224
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
..j:»
..j:»

Lane Creek and Slough 8

Site
Susitna Discharge Zone H-I Zone H-II Habitat

at Gold Creek (cfs) (ZQI=0.94) (ZQI=0.17) Index (Of 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



characteristics. Both areas had a low gradient, abundant aquatic

vegetati on for cover, and provi ded excell ent habitat for reari ng coho

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

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

increase with increasing mainstem discharge (Appendix 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 and Slough site reflect a pattern which was more

common for the study sites (Appendix Fi gure F-8). With; ncreas i ng

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

off while the zone H-II habitat index increases and then also 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 ;s 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 capabil ity of compensating foy' 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 the habitat index for zone H-I because of the strong weighting

given zone H-I by the ZQI (AppendiX Figure F-9). The changes at about

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

discharge level.
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at the Sunshine Creek and Side Channel study site as a
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 pY'eference

for zone H-II, a preference opposite that of rearing coho salmon.

However, as mentioned previously, there were several sites where sockeye

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

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

greater than that of zone H-II (Appendix Table F-15). The sockeye zor

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

typical.

Because the ZQI for zone H-I at Birch Creek and Slough was equal to

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

H-II (Appendix Figure F-10). 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 Slough 8A preferred the zone H-II area (ZQI =

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

along with the fact that the surface area of the zone H-I area changed

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

Slough 8A 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 8A is in part due to the gradually sloping

banks of the H-II zone at Slough 8A. The increasing backwater area
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Appendix Table F-15. Habitat indices for juvenile sockeye salmon for aggregate hydraulic zones at three sites, June through
September, 1982.

Birch Creek and Slough

Site
Susitna Discharge Zone H-I Zone H-II Habitat
at Sunshine (cfs) (ZQI=O.O) (ZQI=1.00) Index ~HI)

35,000 0 84 84
40.000 0 147 147
45,000 0 150 150
50.000 0 153 153
55,000 0 225 225
60,000 0 365 365
65.000 0 378 378
70.000 0 385 385

...,.,
I

U"l
0

Slough SA Slough 19

Susitna Site Site
Discharge at Zone H-I Zone H-II Habitat Zone H-I Zone H-II Habitat

Gold Creek (cfs) (ZQI=0.55) (ZQI=0.66) Index CE.H I ) (ZQI=1.00) (ZQI=0.33) Index ~H')

12.500 16 103 119 11 1 12
15.000 16 108 124 14 0 14
17,500 15 114 129 3 3 6
20.000 14 120 134 3 4 7
22,500 14 125 139 3 4 7
25.000 13 131 144 0 9 9
27.500 12 137 149 0 9 9



400

350

300

x
UJ 250a
z

....
«.... :wo
m
«
J:

1'50

100

50

SOCKEYE SA LMON
Birch Creek and Slough SUM

O+---...,...---...,..----r---~---__r---__,;__---r__--__,
o

SUSITNA RIVER DISCHARGE AT SUNSHINE (It IO:5c fs)
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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 index at Slough 19 is atypical of the sites 'in that

rearing sockeye 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 resemble the shape of the H-II habitat index (Appendix

Figure F-12). A hydraulic 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 rnainstem

(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 because 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 zo~e, would

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

Juvenile chum salmon

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

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

sites sampled. As a result, the site habitat indices closely resemble

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

F-15). The results at Birch Creek and Slough in the lower reach
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Appendix Table F-16. Habitat indice~ for juvenile chum salmon for aggregate hydraulic zones at three sites, June through
September, 1982.

Birch Creek and Slough

Site
Susitna Discharge Zone H-I Zone H-II Habitat
at Sunshine (cfs) (ZQI=O.28) (ZQI=O.72) Index C2:,H I)

35.000 82 60 142
40,000 60 106 166
45.000 59 108 167
50.000 59 110 169
55.000 42 162 204
60.000 8 263 271
65.000 8 272 280
70,000 8 277 286

"I
Ul
Ul

Slough 6A Lane Creek and Slough 8

Susitna Site Site
Discharge at Zone H-I ZoneH-11 Habitat Zone H-I Zone H-J I Habitat

Gold Creek (cfs) (ZQI=N!A) (ZQI=1.00) Index ~/) (ZQI=0.25) (ZQI=0.75) Index l1iH I )

12.500 -- 128 128 5 5 10
15.000 -- 129 129 5 7 12
17.500 -- 131 131 5 10 15
20.000 -- 132 132 6 11 17
22.500 -- 134 134 6 12 18
25,000 -- 135 135 2 34 36
27,500 -- 137 137 1 35 36
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Appendix Figure F-13. Zone and site habitat indices for juvenile chum salmon
at the Birch Creek and Slough study site as a function
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(Appendix Figure F-13) and at Lane Creek and Slough 8 in the upper reach

(Appendix Figure F-15) are very similar in form.

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

H-r zone. This slough has steep banks and a deep entrance channel t 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 t which gives that zone a

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

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

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 habitat

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

different habitats. These differences were maintained over the course

of the season and over variations in mainstem discharge. Significant

differences in distribution of fish among these zones demonstrated that

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

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
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from the catch data was established by demonstrating the above

statistical differences.

The measure of habitat qual ity which was derived for this study, the

zone quality index (lQI), provides logical results which reflect actual

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

the sites; it only considers differences in quality among the zones.

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

represent only one of the several possible approaches using this kind of

analysis. The nine individual habitat zones could be treated separately

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

the rna i nstem backwater. These other approaches coul d provi de further

insight into the factors controlling fish distribution and abundance.

The approach used in this appendix (aggregate hydraulic zones) was

chosen for its relative strength in relating habitat to mainstern 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, because 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 ar'ea of the mainstem [nixing
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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

Slough may be able to move further up the creek as a rising rnainstem

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 sa 1man. S-j nce 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 summary 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 (z'one 1). Most of thesockeyes were captured in the

mainstem backwater zone above (zone 6), and below (zone 7), the

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

mainstem backwater area (zone 4). Juvenile chum salmon were captured in

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

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

indices for juveniles of each species 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 Slough
study site, open water season, 1982.

F-62



(aggregate hydraulic Zone H-I includes habitat zones 1 and 4 and

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

Species lone H-I lone H-II

Chinook 0.49 0.51
Coho 0.88 0.18
Sockeye 0.00 1.00
Chum 0.28 0.72

The zone quality indices (lQr) for each species are typical of those

shown by the species at the fourteen different sites.

_.
The site habitat 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

meaning; 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 is 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 for

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

habitat index curve for chinook ;s 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-Ir) encroaches upon zone H-I. Churn

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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for sockeye salmon, which are even more strongly associated with zone

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

affect habitat of different species in different ways, 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.

Zone Code

1

2

3

4

5

6

7

8

9

Description

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

Backwater areas resulting from a hydraulic barrier created at
the mouth of a tributary or slough by mainstem 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 locatpd
in a slough or side channel above a tributary confluence (or in
a slough where no tributary is present) when the slough 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 resul ting 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 is open.

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

Backwater areas consisting of mainstem eddies.

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 batTier created by a
tY'ibutary; not created as a result of mainstem stage.

all,Appreciable" surface water velocity means a velocity of at least 0.5 ft/sec.
However, there are site-specific exceptions to this, based on local
morphology.
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INTRODUCTION

The preference of fish for a certain kind of habitat varies with

species, life history stage, time of year, and other factors. This

appendix presents an analysis of preferences of resident fish and

juvenile salmon during the open water season for six major habitat types

occurring on the Susitna River between Cook Inlet and Devil Canyon. The

six major habitat types were defined as tributary mouths, side channels

with large tributary mouth, side sloughs with large tributary mouth,

side sloughs with small tributary mouth or groundwater input, upland

sloughs, and mainstem channels or side channels.

METHODS

Two types of proportions were analyzed using chi-square analysis

(Snedecor and Cochran 1974; Summers et ale ]981). The first type was

the distribution of a group of species among several different habitat

types. The second was similar except that the distribution of a single

species among these habitat types was tested. These tests were per

formed for both juvenile salmon (pink salmon not included because of low

numbers captured) and resident species. A third type of comparison

which was conducted graphically but not with chi-square analysis was the

proportion of the four juvenile salmon species at one particular habitat

type.

G-l
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Statistical significance for all the chi square tests was set at the 95%

confidence level. Continuity correction factors were calculated for all

2 X 2 contingency tables. Species, dates, or sites were pooled where

necessary to keep the expected values greater than five.

Presence/absence data were extracted from Volume 3 of the Basic Data

Report (ADF&G 1983) and were collected by a number of gear types and

methods (Appendix Table G-l). Appendix Table G-2 shows how the 17

Designated Fish Habitat (DFH) sites were grouped into five major habitat

types along with sampling effort at each type.

RESULTS

Juvenile Salmon

The presence/absence of the four species of juvenile salmon at the five

major habitat types at DFH sites is shown in Appendix Table G-2. A

4 x 5 chi-square test of the presence/absence of four species of

juvenile salmon versus five major habitat types (Appendix Table G-3)

indicated that juvenile salmon did exhibit habitat preferences. A

closer examination conducted by individual species revealed that coho

and sockeye salmon exhibited a significant preference for certain

habitat types but no such preference by chinook and chums was

demonstrated (Appendix Table G-3).
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Appendix Table C-1. Summary of chi square analyses performed On 1982 presence/absence or species proportion data.

P
I

W

Method and Type of Data

All gear tYpeSB except
boat electrofishing,
presence/absence by species

Beach seine or backpack
electrofishingC

, presence/
absence by species

Boat electrofishing,
catch numbers

Boat electrofishing,
presence/absence by species

Whe re Co11 ected

17 DFH sitesb

17 DFH sites

Cook Inlet to
Devi 1 Canyon

Above Chulitna River
confluence (RM 98.5)

Species

All juvenile salmon species

Chinook salmon
Coho salmon

Chum salmon
Sockeye salmon
Round whitefish
Arctic grayl ing
longnose sucker
Slimy sculpin

All resident species

Round whitefi sh
Arctic grayling
Longnose sucker

Burbot
Humpback whitefish

Rainbow trout
Dolly varden

Chi-Square Comparisons

Among habitat types by all
species

Among habitat types by species

Among habitat types by species

Comparison of species proportions
between habitat types and
by season within mainstem
and tributary types

1) Among habitat type or pooled
habitat type by species

2) Within habitat types by season
by species

a Gear types include minnow traps, beach seines, and backpack electrofishing units.

b The 17 DFH (Designated Fish Habitat) sites ranged from Goose Creek (RM 73.1) to Portage Creek (RM 148.8).

c These methods were the only effective techniques for capturing these species at these sites.



Appendix Table G-2. Effort (number of sampling trips) and presence
(number of trips that each species was present) of
juvenile salmon at DFH sites. Compiled from catch
by all gear types. June through September. 1982.

Presence Sub-
Effort Chinook Coho Chum Sockeye Total---

Tributary mouths

Fourth of July Creek 8 5 2 1 1
Indian River 8 6 1 1 2
Portage Creek 7 0 0 0 0

sub-total TI 11 3 2 3" 19

Upland sloughs

Whitefish Slough 7 3 4 0 3
Slough 6A 8 7 7 2 8
Slough 19 8 3 0 1 6

sub-total n TI 11 3 11 44

Side sloughs w/large tribs

Rabideux Creek 6 5 6 0 1
Bi rch Creek 8 6 8 5 4
Whi skers Creek 8 8 7 2 2
Lane Creek 8 6 4 1 4
Slough 20 8 5 1 1 3

sub-total 1S" 10- N 9 14 79

Side sloughs w/small trib or groundwater

Slough 8A 8 5 1 1 7
Slough 9 8 7 1 3 4
Slough 11 8 3 2 1 3
Slough 21 8 5 1 2 4

sub-total ~ "2"IT --s- I 18 50

Side channels w/trib

Goose Creek 8 6 6 2 5
Sunshine Creek 8 6 8 1 1

sub-total 10 TI" 14 3 b 35

TOTAL 132 86 59 24 58 227
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Appendix Table G-3. Summary of results of chi-square tests of association
between juvenile salmon presence/absence and habitat
type at DFH sites. Habitat types were tributary
mouths, upland sloughs, side sloughs with large
tributaries, side sloughs without large tributaries
and side channels with large tributaries, June
through September, 1982.

Significance
~cies Chi-sguare df Level---

A11 four species of juvenile salmona 22.8 12 p<: .05

Chinooka 7.8 4 NSc

Cohoa 40.9 4 P < .01

Chumb 0.0 1° NS

Sockeyeb 11.1 4 P < .01

aAll gear types

bBeach seining and electrofishing only

cNS = Not significant

dHabitat types were pooled into tributary sites and sloughs with no large
t r'i buta ri es.

G-5



Ratios of observed presence to expected presence show an association of

coho salmon juveniles with upland sloughs, side sloughs with large

tributary mouths, and side channels with large tributary mouths

(Appendix Table G-4). Sockeye salmon juveniles were associated with

upland sloughs and side sloughs without large tributary mouths. The

distribution of each species among the major habitat types is

illustrated in Appendix Figure G-l.

An examination of juvenile salmon species proportions at each of the

five major habitat types (Appendix Figure G-2) shows that each habitat

type had a rather distinctive community of juvenile salmon. Chi-square

tests were not performed on these proportions.

Resident Species

Boat electrofishing catch data were used to characterize species pro

portions of the resident fish community at five different habitat types

of the Susitna River at sites both above and below the Chulitna River

confluence (Appendix Table G-5). After less abundant species were

pooled to increase sample sizes, species proportions between habitat

types were tested, using actual numbers from catch data, with chi-square

analysis and found to be significantly different (Appendix Table G-6).

The seasonal differences in species proportions at mainstem and tribu

tary sites were also significantly different (Appendix Table G-6).
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Appendix Table G-4. Ratios of observed to expected presence of coho and
sockeye salmon juveniles at five different habitat types
at DFH sites, June through September, 1982. Based on
results presented in Appendix Table G-3.

Hab"j tat type

Tri butary
Upland Slough
SidE? Slough with large tributary
Side Slough wlo large tributary
Side channel with tributary

G-7

Coho

0.29
1.07
1.53
0.35
1. 96

Sockeye

0.36
1.46
0.78
1.25
0.92
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WITH GROUNDWATER

Appendix Figure G-2. Proportions of juveniles of four species of salnmn
at each of five major habitat types located on the
Sus itna Ri ver, June through September, 1982.
Based on the number of times the species was
present as a percentage of the total nurnbpr of
times the sites were fished. Effort by all gear
types included. Percentages corrected for unequo 1

sampling effort at the different habitat types.
Chum percentages are low because chums were not
present in the Susitna system for the entire
sampling season.
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Appendix Table G-5. Resident species percentages by habitat type and by season within two habitat types at sites
boat-electrofished between Cook Inlet and Devil Canyon, May through September 1982.

No. of Percentage by Species
Resident Fish Arctic Round Humpback Longnose

Captured Rainbow Grayl i ng Burbot Whitefi sh Whitefish Sucker Other
Habitat
Type

Mainstem 1057 2.4 20.2 7.2 30.9 3.3 30.7 5.2
Tributary mouths 1494 5.0 28.6 2.1 38.5 2.-9 18.5 4.4
Upland sloughs 263 3.8 12.9 2.7 30.0 12.5 33.8 4.2

Gl Side sloughs without trib 119 5.9 18.5 1.7 47.1 5.0 16.8 5.0
I Side sloughs w/large tribs 377 5.6 19.4 2.1 19.4 2.4 47.5 3.7.......

0

Mainstem
Month
May-June 347 2.9 30.8 2.9 38.9 1.2 14.1 9.2
July-August 356 0.8 8.7 14.3 23.0 5.6 43.0 4.5
September 354 3.4 21.5 4.5 31.1 3.1 34.5 2.0

Tributary
Month
May-June 599 4.3 29.4 1.3 42.2 3.0 15.2 4.5
July-August 509 1.0 30.1 4.1 34.4 3.5 20.0 6.9
September 386 11.1 25.4 0.8 38.1 2.1 21.8 0.8



Appendix Table G-6. Comparison of species proportions of resident fish
(rainbow trout, round whitefish, Arctic grayling, longnose
sucker, and other) between habitat types and by season
within each habitat type, May through September, 1982.

1 Upland Sloughs 3 - Mainstem 5 - Slough w/tributary
2 - Side Sloughs 4 - Trib

Significance
Comparison Chi-square df 1evel

1 \IS 2 vs 3 vs 4 vs 5 244.0 16 P< .01
1 \IS 2 20.4 4 P< .01
4 \IS 5 145.5 4 P< .01

By season for mainstem sites:

May-Jun vs Jul-Aug vs Sept 139.7 8 P< .01

By season for Trib sites:

May-Jun vs Jul-Aug vs Sept 87.3 8 p'( .01
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Resident species proportions at tributary, side slough, upland slough,

and mainstem sites above the Chulitna River confluence were further

examined with presence/absence data collected with boat electrofishing

gear for six species of resident fish. The relative distribution of

each species among the four major habitat types is illustrated in

Appendix figure G-3.

Differences in species presence/absence at the four different habitat

types above the confl uence were tested for seven speci es of res i dent

fish. If necessary, habitat types were pooled to increase sample sizes.

Significant differences in habitat use were found for all except burbot

(Appendix Table G-7). Ratios of observed to expected use of the various

habitat types by species (only for those that were significantly

different) are presented in Appendix Table G-8. A few seasonal

differences in species use of a given habitat type were also significant

(Appendix Table G-9). In July and August, use of a given habitat type

was often lower than in May, June and September (Appendix Table G-JO).

In another series of tests, resident fish distribution among five

different habitat types at the 17 DFH sites were examined using catch

data collected with beach seines and backpack electrofishing gear

(Appendix Table G-11). Of the four species of resident fish examined,

only Arctic grayl ing showed significant differences in their use of

different habitat types. Arctic grayling were present at tributary

sites relatively more than they were present at sloughs.
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located above the
sampled by boat

September. 1982.
data which were
at the differpnt

Appendix Figure G-3. Relative distribution of six
among four major habitat types
Chulitna River confluence and
electrofishing, May through
Based on presence/absence
corrected for unequal effort
habitat types.
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Appendix Table G-7. Chi-square tests of resident fish presence/absence
associations among four major habitat types at sites above
the Chulitna River confluence sampled by boat electro
fishing. The four habitat types were tributaries, upland
sloughs, side sloughs with no large tributaries, and
mainstem sites, May through September, 1982.

Significance
Species Chi-square df 1evel----

Round whitefish 38.5 3 p < .01
Arctic grayling 46.0 3 p".Ol
Longnose sucker 9.5 3 p <. .05
Burbot 4.7 3 NS
Humpback whitafish 32.3 3 P< .01
Rainbow trou~ 31.5 2 p< .01
Dolly varden 7.5 1 p < .01

~Upland and side sloughs were pooled due to small sample size
Tributaries and mainstem only. No Dolly Varden were captured in upland or
side sloughs.
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Appendix Table G-8. Ratios of observed to expected presence of resident fish
by species at four different habitat types on the Susitna
River between the Chulitna River and Devil Canyon, May
through September, 1982. Only for those chi-square tests
which were statistically significant.

Round Arctic Longnose Humpback
Whitefi sh Grayl i n9 Sucker Whitefi sh

Tributaries 1.62 1.94 1.36 1. 22
Side sloughs 1.08 1.25 1.30 2.04
Upland sloughs 1.42 0.75 1.00 3.45
Mainstem 0.73 0.69 0.85 0.50

Tributaries
Mainstem

Dolly Varden

2.42
0.52

Rainbow

Tributaries
Upland &Side Sloughs (pooled)
Mainstem

2.31
1.61
0.41

(No Dolly Varden were captured
in upland or side sloughs)
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Appendix Table G-9. Chi-square tests of seasonal associations of resident fish
presence within a major habitat type at sites above the
Chulitna River confluence which were boat electrofished,
May through September, 1982.

Species

Rainbow

Chi-square df
Significance

Level

within tributaries:
Spring (May, Jun) & Fall (Sep) vs
Summer (Jul, Aug)

7.4 1 p <' .01

Grayl i ng

within tributaries:
Spring & Fall vs Summer 0.5

within side sloughs &upland sloughs:
Spring & Fall vs Summer 3.3

within mainstem sites:
Spring &Fall vs Summer 14.5

Round Whitefi sh

within tributaries:
Spring & Fall vs Summer 0.1

within side sloughs &upland sloughs:
Spring & Fall vs Summer 0.7

within mainstem sites:
Spring vs Summer vs Fall 36.6

!:-ongnose Sucker

within tributaries:
Spri ng & Fa'll vs Summer 1. 2

within side sloughs &upland sloughs:
Spring & Fall vs Summer 0.1

within mainstem sites:
Spring vs Summer vs Fall 15.5

Burbot

1

1

1

1

1

2

1

1

2

NS

NS

p'( .01

NS

NS

p < .01

NS

NS

p <.01

within tributaries:
Spring &Summer vs Fall

within mainstem sites:
Spring & Summer vs Fall
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Appendix Table G-IO. Ratios of observed to expected presence of resident
fish by season at sites above the Chulitna River
confluence which were boat-electrofished t May through
September~ 1982. Only those ratios from significant
chi-square tests are presented.

~cies Season Obs/Exp

Rainbow Spring & Fall 1.5
Tr'ibutaries Summer 0.5

Grayling Spring & Fall 1.6
~1a ins tern Summer 0.6

Round Whitefish Spring 2.7
Mainstem Summer 0.6

Fall 1.2

Lonqnose Sucker Spring 2.1
Mainstem Summer 0.7

Fall 1.1
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Appendix Table G-11. Chi-square tests of resident fish presence/absence
associations among five major habitat types (the same
as those used in Appendix Table G-3) at DFH sites,
May through September, 1982. Only catch data from
beach seining or backpack electrofishing were used.

----
S"ignifilarlce

Species Chi-square df Level---

Pou nd wh itefi sh 8.6 4 NS

,l\rctic grayl inga 6.9 1 P<. .01

Longnose suckera 0.4 1 NS

Slimy Sculpin 6.9 4 NS

a Sites were pooled into tributary mouths versus sloughs because of small
sample size.
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DISCUSSION

Juven i1 e Sa 1mon

Chinook salmon juveniles apparently show less preference for particular

major habitat types than the other species and are more broadly

distributed.

No significant association of juvenile chum salmon with any of the five

major habitat types was demonstrated; this was probably a result of the

relatively short time chum juveniles are present in the Susitna system.

Because most chums have outmigrated by the end of July, there were only

four or five possible sampling periods that they could have been

present. as opposed to eight periods for the other species.

Coho salmon juveniles showed a definite preference for side sloughs with

large tributary mouths and side channels with large tributary mouths.

This results from their preference for tributary water as demonstrated

in Appendix F of this report. Sockeye salmon juveniles exhibited a

strong preference for upland sloughs and side sloughs not associated

with tributary mouths. Possibly many did not move from their natal

areas (sloughs) to other habitat types.

The attractiveness of different major habitat types for juvenile salmon

can be seen from examining Appendix Figure G-2. Sites that include

large tributary mouths (both sloughs and side channels) attract chinook
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and coho salmon. Side sloughs without large tributary mouths attract

chinook ann sockeye.

Resident Species

Definite major habitat type preferences were demonstrated for all

species except burbot. Burbot have a strong preference for turbid water

(see Appendix F), but this was not established with the present analysis

probably because all of the sampling sites included areas of turbid

water.

Of the six species examined, longnose suckers showed the least prefer

ence for certain habitat types (the chi-square test for longnose sucker

was significant at the 95% level, but not at the 99% level). Arctic

grayling preferred tributary mouths and side sloughs over upland sloughs

and the mainstem. Rainbow trout and Dolly Varden mainly used trihut.ary

mouths. Round whitefish were most likely to be found in tributary

mouths and upland sloughs and humpback whitefish preferred sloughs.

Additionally, seasonal differences in habitat use were demonstrated for

rainbow trout, Arctic grayling, round whitefish, and longnose suckers.

Rainbow trout were more likely to be found at tributary mouths in the

spri ng and fall than in the summer. Thi s probably results from mi

gration patterns into and out of tributaries.

Arctic grayling, round whitefish, and longnose suckers were all more

likely to be found in the mainstem in the spring and fall than in the
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sunnner. These speci es apparently use tri butari es and sloughs in the

summer, the mainstem in the spring and fall during migrations, and the

mainstem in the winter as over-wintering habitat.
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INTRODUCTION

This appendix presents an analysis of the relationships between the

outmigration timing of juvenile salmon and environmental variahles for

the Susitna River between the Chulitna River confluence and Devil

Canyon. The purpose is to evaluate how environmental factors influence

the outmigration of juvenile salmon. The proposed hydroelectric project

will change the timing and magnitude of several environmental

parameters. If the effect of these changes on the outmigrat"ion of

juvenile salmon can be predicted, subsequent effects on the production

of juvenile salmon by this reach of river can be better analyzed.

METHODS

Parameters examined included mainstem discharge, water temperature,

turbidity and photoperiod. Time of season, which integrates and sums

other parameters such as photoperiod, water temperature and fish size,

was also examined. The variation in size (mean length) of the juvenile

salmon species was also examined as a factor influencing outmigration.

The catch data for this appendix came from an outmigrant trap located at

Susitna river mile 103.0, 4.5 miles above the Chulitna River confluence.

The trap was operated from June 18 to October 12, 1982. Details of the

methods used to operate the trap and the results are outl ined in the

Basic Data Report (ADF&G 1983a). Capture rates of juveniles of four

species of salmon (chinook, coho, sockeye, and churn) were analyzpd.
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Juvenile pink salmon were not captured in large enough numbers to draw

any conclusions about this species.

Discharge level s are the provisional data taken by the U.S. Geological

Survey at the Gold Creek station. To obtain water temperatures rep

resentative of the area from which the juvenile salmon were migrating,

most of the mainstem water temperature data were obtained from a contin

uous temperature recorder located at Curry (river mile 120.7),17.7

miles above the outmigrant trap location (ADF&G 1983b). Since this

recorder was not operated for the entire season, data were taken from

recorders located at river miles 130.0 and 113.0 for the periods from

June 24 to July 6 and from October 1 to 12, respectively. Data for June

18 to 24 were extracted from temperatures recorded by fish distribution

crews at sites upstream of the trap. Turbidity readings were taken at

the trap location (ADF&G, 1983a) only from August 14 to the end of the

season. Day length information was obtained from the National Weather

Service. Time of season was computed as the number of days from the

first day (June 18) the outmigrant trap began fishing.

Mean length for each species (age 0+ only) was calculated by summing the

daily catches of fish until a sample size of at least 25 fish was

obtained, and then taking the mean length of these fish. In some cases,

it took only one day to get a sample size of at least 25, and in other

cases, it took several days. The number of fi sh caught ; n thi s peri od

was divided by the number of hours that the trap was fished to obtain an

overall catch/hour. The median date during the period was used as the

time marker.
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Outmigration timing was examined using catch/hour data taken on a daily

basis for each of the four species of juvenile salmon. Age classes were

not separated. The relationship of these data to the habitat variables

was examined through the use of linear regression using one or multiple

independent (habitat) variables and correlation analysis (Snedecor and

Cochran 1967). Because the catch/hour data were quite variable from day

to day, various data manipulations,' including moving averages,

exponential smoothing, time lags. and logarithmic transformations, were

performed. We also used first-difference regressions, in which change

(on a daily basis 'in our case) in a dependent variable is regressed

against the daily change in an independent variable (Summers et a1.

1981). This has the advantage that any existing cause/effect

relationships can be detected without problems caused by differences in

relative magnitude.

RESULTS

Habitat Variables

The mean and range for the physicochemical var'iables are summarized in

Appendix Table H-l. The pattern of water temperature was exactly

opposite that of the discharge pattern during the middle part of the

season, but during ,the early and late part of the season, water tempera

ture more closely paralleled discharge (Appendix Figure H-l). Turbidity

fluctuations lagged discharge by two or three days. Day length

(Appendix Table H-2) remained at 24 hours/day from the beginning of the

H-3
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Appendix Table H-1. Range and mean for habitat variables and juvenile
salmon catch/hour, outmigrant trap, June 18
October 12, 1982.

min max mean n--
Discharge (ft3/sec) 7,950 37,000 19,225 104

Water temperature (DC) 0.5 14.1 9.2 104

Turbidi ty (NTU)a 8 284 103 51

Oaylength (hrs) 11.8 24.0 18.4 104

Catch/hour

chinook 0.0 1.2 0.2 104
coho 0.0 19.5 0.7 104
sockBye 0.0 16.2 1.2 104
chum 0.0 10.0 0.6 55

a Aug 14 - Oct 12 only

b Jun 18 - Aug 15 only

H-4
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Appendix Table H-2. Civil twilight at Talkeetna, Alaska
(Source: National Weather Service)

Daylength Daylength Daylength
Date (hours) Date (hours) Date 11~gursl

June 18 24.0 August 01 19.8 September 14 14.6
June 19 24.0 August 02 19.7 September 15 14.5
June 20 24.0 August 03 19.5 September 16 14.4
June 21 24.0 August 04 19.4 September 17 14.3
June 22 24.0 August 05 19.3 September 18 14.2
June 23 24.0 August 06 19.1 September 19 14.1
June 24 24.0 August 07 19.0 September 20 14.0
June 25 24.0 August 08 18.9 September 21 13.9
June 26 24.0 August 09 18.7 September 22 13.8
June 27 24.0 August 10 18.6 September 23 13.7
June 28 24.0 August 11 18.5 September 24 13.6
June 29 24.0 AUgust 12 18.4 September 25 13.5
June 30 24.0 August 13 18.2 September 26 13.4
,July 01 24.0 August 14 18.1 September 27 13.3
Ju 1.y 02 24.0 August 15 18.0 September 28 13.2
July 03 24.0 August 16 17.9 September 29 13.1
July 04 24.0 August 17 17.7 September 30 13.0
July 05 24.0 August 18 17.6 October 01 12.9
July 06 24.0 August 19 17 . 5 October 02 12.8
July 07 24.0 August 20 17.4 October 03 12.7
,July 08 24.0 August 21 17.3 October 04 12.6
July 09 24.0 August 22 17.2 October 05 12.5
July 10 24.0 August 23 17.0 October 06 12.4
July 11 24.0 August 24 16.9 October 07 12.3
July 12 24.0 August 25 16.8 October 08 12.?
July 13 24.0 August 26 16.7 October 09 12.1
July 14 23.7 August 27 16.6 October 10 12.0
July 15 23.0 August 28 16.5 October 11 11.9
July 16 22.7 August 29 16.3 October ]2 11.8
July 17 22.4 August 30 16.2
July 18 22.2 August 31 16.1
July 19 22.0 September 01 16.0
July 20 21.8 September 02 15.9
July 21 21.6 September 03 15.8
July 22 21.4 September 04 15.7
July 23 21.2 September 05 15.6
July 24 21.0 September 06 15.5
July 25 20.9 September 07 15.4
July 26 20.7 September 08 15.3
July 27 20.6 September 09 15.2
July 28 20.4 September 10 15.0
July 29 20.3 September 11 14.9
July 30 20.1 September 12 14.8
July 31 20.0 September 13 14.7
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sampling season until mid-July, after which it steadily declined,

usually by no more than 0.2 hours/day, to 11.8 hours/day on October 12.

Except for a peak in mid-September, discharge generally declined ove','

the course of the season. The correlation coefficient (r) between

discharge and time of season was -0.65, p L.. 0.01. Temperature also

generally decreased with time of season (r = -0.83, P < 0.01). The

correlation between discharge and water temperature was highly

significant (p < 0.01) but relatively low (r = 0.42). This correlation

was not improved by lagging water temperature one day behind discharge.

Juvenile Salmon Catch - All Species

The catch/hour for the four speci es of juveni 1e salmon was i niti ally

relatively high and then declined over the course of the season

(Appendix Figures H-2, H-3, and H-4). Appendix Table H-1 gives the

range and mean catch/hour observed for each species.

Generally, a highly significant (p< 0.01) relationship was found between

catch/hour for each individual species and the physical variables, but

correlation coefficients were usually not very high.

Correl ations wi th turbidity were not cal cul ated because turbi dity data

were available only after August 14. During this period, turbidity

generally appeared to be closely related to discharge, so any corre

lation that existed between catch/hour and discharge would most likely

also exist between catch/hour and turbidity.
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The catch per hour for all species of salmon was summed to determine if

there was a dominant factor influencing all species. This total was

related to time of season (r = -.69, p<.O.Ol) and to day1ength (r :::

0.67, P <.0.01), but the correlations of total catch per hour with

discharge and water temperature were low.

Juvenile Chinook Salmon

The majority of age 1+ chinook salmon outmigrated in ,June and early ,July

(Appendix Figure H-2). The peak outmigration for age 0+ chinook

occurred in July after the peak for the age 1+ fish.

There was a moderate correlation of juvenile chinook salmon catch/hour

with discharge (r = 0.56, p<.O.Ol). The correlation was not improved by

lagging catch/hour one day behind discharge or by using a logarithmic

transformation of both variables. A first-difference regression between

catch/hour and discharge gave a poor correlation. The correlation of

catch/hour with time of season was slightly higher than the one with

discharge. The best coefficient of determination (r2 = 0.64, P <.0.0l)

was obtained by regressing the three day moving average of catch/hour

versus time of season and temperature. This equation took the form:

moving average of catch/hour = 0.93 - 0.01 (time of season) - 0.03

(temperature). Most of the variation in moving average which was

accounted for was explained by time of season.

Outmigrating age 0+ chinooks showed two pulses in catch/hour - one at a

mean length of 50 mm and one at a mean length of 60 mm (Appendix Figure

11-11



H-5). The 60 mm pulse occurred prior to the 50 mm pulse. Relatively

large numbers of 50 Il1T1 fish outmigrating near the end of July depressed

the plot of mean length at that time.

Juvenile Coho Salmon

Coho salmon outm;grated in a more consistent manner throughout the

season than the other species (Appendix Figure H-3). This was

especially true with the age 1+ and age 2+ coho, which showed a marked

contrast with the pattern of age 1+ chinook salmon.

The relationships of juvenile coho salmon catch/hour with discharge and

time of season were highly significant (p<O.Ol), but the correlations

were modest. These correlations were not much improved by data lags or

transformations. The first-difference regression between catch/hour and

discharge yielded a poor relationship. The relationship of catch/hour

with temperature was not significant.

The highest catch/hour for age 0+ coho usually occurred at the smaller

size classes (Appendix Figure H-6). Decreases in mean length generally

were related to increases in catch/hour.

Juvenile Sockeye Salmon

The correlation of juvenile sockeye salmon catch per hour with discharge

was poor and was not improved by time 1ags, by usi ng a movi rig average,

or by performing a first-difference regression. There was a modest

H-12
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correlation with time of season. A logarithmic transformation of the

catch/hour gave fairly good correlations with time of season (r = -0.82~

p <0.01) and temperature (r ;" 0.71, p <.0.01).

The mean length/catch per hour relationship for age 0+ sockeye salmon

was similar to that of age 0+ coho salmon (Appendix Figure H-7) and had

a correlatior' coefficient of r = -0.53~ p<O.Ol. The highest

catch/hour, occurring in early July, was related to a sharp decrease in

the mean length.

Juvenile Chum Salmon

The last juvenile chum salmon was captured on August 15, so only those

sampling days from June 18 to August 15 (55 cases) were included in the

analysis. The strongest factor relating to catch/hour was time of

season (r = -0.71, p<.O.Ol). The relationship cf catch/hour with

discharge was modest and the relationship with temperature was poor.

Logarithmic transformation of catch/hour provided no further insight. A

first-difference regression of catch/hour with discharge gave inconclu

sive results. Using the three day moving average of catch/hour in a

multiple regression against time of season and daily difference in

discharge "explained" the most variation in catch/hour (r2
= 0.72,

p<.O.Ol). The equation for this regression is: moving average of chum

catch/hour = 3.34 - 0.07 (time of season) + 1.30 (daily change in

discharge/l04 ). Most of the variation in the moving average was ac

counted for by time of season.
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The pattern of catch/hour and mean length was not as clear for chum

salmon as it was for the other species (Appendix Figure H-8), but

generally, the highest catch/hour occurred early in the season when the

mean length was low. When the largest fish wey'e outmigrating, the

catch/hour was low.

DISCUSSION

Catch/hour for all species generally declined with time (Appendix

Figures H-2, H-3, H-4). Levels of the environmental variables

(di scharge, water temperature t and day1 ength) also genera lly decreased

over the course of the season (Appendix Figure H-l, Appendix Table H-2).

These two facts alone would probably lead to reasonable correlation

coeffi cients between habitat vari ab 1es and catch/hour. However, the

real question ;s whether there is a cause-effect relationship between

them or whether the correlation is simply coincidental. It may be that

the fish are merely outmigrating in response to time of season.

Evolution has coded juvenile salmon to outmigrate when conditions

(discharge, water temperature, timing of plankton blooms in the estuary,

and so on) are most likely to be favorable. Given this. the objective

of thi s study has been to determi ne if the fi sh respond to short-tenn

fluctuations (on the order of days) in environmental variables and if

changes in those var'j ab 1es, such as mi ght be caust:d by U:e propo:.;cr)

hydroelectric project. would affect the timing of outmigration.
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Strength of Correlations

Although the relationships examined were usually highly significart, the

correlation coefficients calculated were generally moderate to low. At

best, 72 percent of the variation in catch/hour was "explained" by

variation in habitat variables. The relationships would probably be

much stronger had catch/hour data been available for the entire period

of outmigration. Outmigration probably begins some time in late April

or early May, so at least one and one-half months of data were not

available. By the time the outmigrant trap began operation, the

catch/hour for all species was already near the seasonal peak. Good

data for outmigration occurring under the ice or during breakup (usually

up until mid-May) will probably never be obtained because of sampling

problems during that time of year.

Another factor leading to low correlations is that certain variables may

have a strong influence on outmigration for a short period of time, but

would not show a high correlation when calculated for the entire season.

For example, the correlation of catch/hour and discharge was not very

high for the whole seaSOll, but it can be seen from Appendix Figures H-l,

H-2, and H-3 that thf' rni d-September surge in di scha rge COI're 1ated vel'Y

well with an increase in outmigration of chinook and coho salmon.

Correlations could probably be improved if more habitat data were

available. Mainstem water temperatures were used in the calculations;

slough and tributary water temperatures might be a better measure of the

effect of temperature on outmigration. Also, other factors which may
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i nfl uence oLJtmi gration timing, such as rates of egg development. were

not measured. Correlations for chinook and coho salmon might be

improved by calculating the correlations for separate age classes,

rather than for all age classes together.

Importance of the Habitat Variables

Before examining the relative importance of the different habitat

variables, one should have a clear understanding of how these parameters

interact with juvenile salmon. Discharge is important because an

adequate flow is necessary for the fish to outmigrate. Also_ an ade

quate stage of river at the heads and mouths of sloughs and other ar'eas

may be necessary for the juveniles to gain access to the mainstem. A

faster current probably requires less energy to outmigrate than a slower

current. Turbidity is an important factor in providing cover to

outmigrating salmon in a large river such as the Susitna. In relatively

short non-turbid rivers, juvenile chum salmon outmigrate mainly at night

(Neave 1955). In the Susitna area, there is no true darkness during the

time most of the juvenile salmon are outmigrating (Appendix Table H-2).

Water temperature is a regulator of metabolism; juvenile salmon show a

preference for certain ranges (Reiser and Bjornn 1979). Temperature can

also serve as an impetus for outmigration (Sana 1966). Day length

regulates the biolo'gical clocks of juvenile salmon. For' example, an

increasing day length (photoperiod) affects the pituitary system of

juvenile chum salmon, causing an increasing tolerance for salt water

(Baggerman 1960; Shelbourn 1966).
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The highest correlations were generally obtained between catch/hour and

time of season. This was particularly true with chum salmon. As

mentioned previously, time of season is an integrator of several vari

ables. The correlation with discharge was modest with all species

except sockeye, whose catch/hour was poorly correlated with discharge.

The correlation with temperature was never strong for any species, but

temperature contributed to explaining catch/hour variation in some of

the multiple regressions. Daylength and turbidity correlations were not

calculated fot' each species, but daylength correlated well with the

total catch of all salmon species.

Good correlations with some habitat variables were obtained for chum

salmon catch/hour, which began high and then declined to zero in

mid-August. Coho salmon correlations were the lowest. This species

continued to outmigrate the entire time the trap was fishing whereas the

others did not outmigrate in large numbers after the end of August.

Comments on Methods

None of the first-difference regressions which were computed gave very

good results. Ther'e are probably unpredictable time lags of one to

three days which occur between the occurrence of an environmental event

and the response of catch/hour at the outmigrant trap. If the time lags

could be predicted, then a lag could be built into the calculation.

The daily catch/hour for all species is quite variable from day to day

(Appendix Figures H-2, H-3 and H-4). The reasons for this variability
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are not evident at this time. The variability may be a result of

juvenile salmon re-distributing themselves throughout the mainstem after

migrating out of tributaries and sloughs. Small groups or individuals

may hold for various lengths of time in the numerous small eddies,

backwaters t and slack-water border areas. On any given day with this

scenario t a more or less random number of individuals or groups of

individuals migrates past the outmigrant trap. Regardless of the cause,

the sharp fluctuations in numbers create problems in data analysis and

probably require some sort of smoothing function. Stable results were

obtained using a three day moving average. Some preliminary work using

exponential smoothing also appeared to be promising. Further investi

gation with both of these techniques would probably be profitable, as

would further calculations using different time lags. Mixed results

were obtained using logarithmic transformations of one or two variables

in a bivariate analysis.

Future Work

The ultimate goal of this analysis, given the appropriate habitat data,

is d prediction of the relative magnitude and timing of juvenile salmon

outmigration. This goal was not met during the 1982 studies as the

amount and types of data available did not allow for definitive

relationships to be developed. In particular, more than one season of

data is necessary. For example, a season in which discharge 1S low

early in the season and then increases would be useful in determining
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whether this kind of discharge regime would override the effect of time

of season on outmigration.

This report has provided some insight into the problem of habitat/

outmigration relationships and some direction for future work. During

the 1983 studies, two outmigrant traps will be operated, beginning in

mid-May. Also, more complete habitat data will be obtained. Further

more, coded wire tagging, in conjunction with habitat measurements, will

be conducted in several sloughs above the outmigrant traps. These

studies will contribute a great deal to a more powerful analysis of

juvenile salmon outmigration.
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APPENDIX I

A Model of the Effect of Incremental Increases in Sport Fishing on

Population Structure of Arctic Grayling above Devil Canyon
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INTRODUCTION

The openi ng of access roads into the proposed impoundment area can be

expected to create a substantial Arctic grayling sport fishery in this

previously seldom fished drainage. This study was initiated to examine

the effects of increased mortality rates (due to fishing pressure) on

the age structure and abundance of the Arctic grayling populations in

the clear water tributaries studied to date. The results of the

analysis can suggest management strategies and should be useful in the

impact analysis. The predicted increased access and corresponding

fishing pressure can be used with this data set to predict the changes

that may be expected in these unexploited populations of grayling.

METHODS

Hook and line sampling methods were used to collect grayling for mark

and recapture and age/length data over two open water seasons at eight

major clear water tributaries to the Susitna River in the propOSEr]

impoundment. Field collection methods and data summaries are presented

in ADF&G (1981) and ADF&G (1983) and are not reported here. Because

hook and line methods were used to collect the ddta, the effects of

fi shi fig pressul~e can be projected from these catch y'ecords ami

population estimates.

The theoretical analysis of the data was developed using equations

described by Ricker (1975). The equations used show the relationships

between mortality, population size and age structure. The Arctic
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grayling population structure in the proposed impoundment is presently

assumed to be unexploited and to have natural mortality rates in a state

of equilibrium.

The following equations were used to project population changes:

Nt and Nt +1 are known

for each age class and
give estimates for Stn
for each age class.

where: Nt +1 :::: Population number of age
class t plus one year.

Nt - Population number of age
class t fish

S :::: Natural survi va 1 rate oftn age t fish

In an exploited fishery then,

The annua 1 tota 1 mortal fty
rate, A, is related to S, as:

(3) Atn+F - 1 - Stn+F and,

where: :::: Survival rate of age t
fish after combined
natural and fishing
marta 1it i es.

-z
(4) Stn+F :::: e t and, where:

1-2

:::: Instantaneous rate of total
mortalities of age t fish.



(5) Zt = Ft + Mt and, where: Ft Instantaneous rate of=
fishing mortality of age
class t fish.

(6) Mt
=: -In S where: Mt

=: Instantaneous rate oftn natural mortalities of
age class t fish.

Since Mt is available from Nt and Nt +1 data, it is possible to

substitute (model) values of Ft for a hypothetical fishery and predict

the resulting age structure of the population with time. To do this,

the following assumptions are made. (1) The rate of catch for each age

class of fish per unit of fishing effort exper'ienced by ADF&G will hold

true for the general public. (2) Only grayling of age III and older

are subject to increased mortality by (hook and line) fishing. (3)

Recruitment of age II class fish is constant.

In an exploited system then, Ft is viewed as:

and qt is estimated from:

(8) qt ~ -In (l-u t ) using,

where:

1-3

qt =: cdtchability of age
class t; proportioned
fish per unit time fished.

f = fishing effort, (98.25
hrs or 6.05 hrs/mile
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where: Rt ~ number of grayling marked in
July 1982 that were recaptured
in August 1982 by age
class t.

M'
t

_. number of grayling ITlarked in
July 1982, by age class t.

The term ut is called the rate of exploitation and was calculated from

the mark-recapture fishing data found in AOF&G (1983).

Calculation of the annual total mortality rate (Atn+F) n equation (3)

thus allows calculation of predicted catch at different levels of

exploitation.

(10) AtF

t ~ VIII
~ AtF X Nt

t = II I

where: AtF = annual fishing mortality

= 1-5t = annual natural
n mortal i ty

total catch

A model of the maximum sustained yield of Arctic grayling at various

levels of fishing effort was constructed. The analytical formula and

data were manipulated using a microcomputer and a commercial spreadsheet

software entitled SuperCalcR•
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Fishing pressure, f~ and the exploitation coefficient~ u(t)~ were taken

from R/M' values limited to the July and August 1982 samplings. This

restriction most closely fulfills the "closed system assumption" (no in

or outmigration) because there is little migration occurring in ,July and

August, thus improving the level of certainty in the model.

Appendix Table I-I summarizes the July catch and effort. The fishing

pressure (f) value, which was varied to calculate C
t

in the model, was

taken as multiples of the mean effort (mean hours fished per mile :=

6.05) reported during this period. An f value of 1.0 was set equal to

an effort of 6.05 hours/mile per year.

The effects of exploitation on recruitment was also examined briefly in

a separate analysis. This analysis assumed no effect of spawner

reduction on recruitment of Age II grayling until the population of

spawners is reduced to 10 percent of the unexploited population in year

1982. Two generations after the population of spawners is reduced to

this level, the decrease in the Age II population is t'educed linearly as

a function of the remaining proportion of spawners.

RESUL.TS

Appendix Table 1-2 presents the calculated Jt:J.ximulii sustained catches

resulting from differing levels of fishing pressure (f). Appendix

Figure I-I graphically illustrates these calculations. The calculated

rate of fishing pressure for maximum sustained catch (of all age classes

greater than II) is less than 1,000 fish/year.

1-5
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Appendix Table I-I. Summary of catch and effort made during the July
1982 proposed impoundment grayling tag and recapture
sampling program.

Impoundment Miles of Hours Fish
River River Hours Fished Per

Fished Fished Fished Catch CPUE Per Mile Mile

Oshetna 2.2 21.25 288 13.6 9.66 1103

Goose 1.2 6.75 91 13.5 5.63 791

Jay 3.5 12.00 130 10.8 3.43 455

Kosina 4.5 31. 50 491 15.6 7.00 1232

Watana 4.0 18.00 175 9.7 4.50 324

Deadman 0.3 4.50 51 11. 3 15.0 1835

Tsusena 0.4 3.00 29 9.7 7.5

Fog 0.2 1.25 5 4.0 6.25 440

Total 16.3 98.25 1260

Mean 12.8 6.05 665
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Appendix Table 1-2. Results of age class and total population calculations at variable levels of fishing pressure.

Relative fishing pressure (f) = .00
Total Population Sparmers

Population of as a
!'!Ie Cl ass Age III Spawners Percent

and Older (Age V of Total
II III IV V VI VII VIII Fish & Older) ~ulation--

Natural Instantaneous
Mortality (M) .90 .46 .27 .77 .78 1.06

Natural Survival (5) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .00 .00 .00 .00 .00 .00

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous
I-t Mortality (Z) .90 .46 • 17 .77 .78 1.06
I

-...I Total Mortality (An+F) .59 .37 .15 .54 .54 .65

Total Survival (Sn+F) .41 .63 .85 .46 .46 .35

Numbers of Fi sh Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11363 4602 2904 2454 1134 521 180 11795 4289 36
1984 11363 4602 2904 2454 1134 521 180 11795 4289 36
1985 11363 4602 2904 2454 1134 521 180 11795 4289 36
1986 11363 4602 2904 2454 1134 521 180 11795 4289 36
1987 11363 4602 2904 2454 1134 521 180 11795 4289 36
1988 11363 4602 2904 2454 1134 521 180 11795 4289 36
1989 11363 4602 2904 2454 1134 521 180 11795 4289 36
1990 11363 4602 2904 2454 1134 521 180 11795 4289 36
1991 11363 4602 2904 2454 1134 521 180 11795 4289 36



Appendix Table 1-2 (Continued).

Relative fishing pressure (f) = .50
Tota1 Population Spawners

Population of as a
Age Cl ass Age III Spawners Percent

and Older (Age V of Total
II III IV V VI VII VIII Fish &Older) ~ulation

Natural Instantaneous
Mortality (M) .90 .46 .17 .77 .78 1.06

Natural Survival (S) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .02 .05 .07 .13 .11 .15

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous
.... Mortality (Z) .93 .51 .24 .91 .89 1.21
I

co Total Mortality (An+F) .60 .40 .21 .60 .59 .70

Total Survival (Sn+f' .40 .60 .79 .40 .41 .30

Numbers of Fi sh Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11363 4500 2773 2280 992 467 155 11166 3893 35
1984 11363 4500 2712 2177 921 408 139 10857 3646 34
1985 11363 4500 2712 2129 880 379 122 10720 3509 33
1986 11363 4500 2712 2129 860 362 113 10675 3464 32
1987 11363 4500 2712 2129 860 354 108 10662 3451 32
1988 11363 4500 2712 2129 860 354 105 10660 3448 32
1989 11363 4500 2712 2129 860 354 105 10660 3448 32
1990 11363 4500 2712 2129 860 354 105 10660 3448 32
1991 11363 4500 2712 2129 860 354 105 10660 3448 32



Appendix Table 1-2 (Continued).

Relative fishing pressure (f) = 1.0
Total Population Spawners

Population of as a
Age Class Age J II Spawners Percent

and 01 der {Age V of Total
II III IV V VI VII VI f I Fi sh & 01 der} ~ulation

Natural Instantaneous
Mortality (M) .90 .46 .17 .77 .78 1.06

Natural Survival (S) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .04 .09 .15 .27 .22 .30

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous
1-1 Mortality (Z) .95 .55 .32 1.04 1.00 1.36
I

1.0 Total Mortality (An+F) .61 .42 .27 .65 .63 .74

Total Survival (Sn+F) .39 .58 .73 .35 .37 .26

Numbers of Fi sh Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11363 4400 2648 2118 868 418 134 10585 3537 33
1984 11363 4400 2532 1931 749 320 107 10038 3107 31
1985 11363 4400 2532 1846 683 276 82 9819 2887 29
1986 11363 4400 2532 1846 653 252 71 9753 2822 29
1987 11363 4400 2532 1846 653 241 65 9736 2804 29
1988 11363 4400 2532 1846 653 241 62 9733 2801 29
1989 11363 4400 2532 1846 653 241 62 9733 2801 29
1990 11363 4400 2532 1846 653 241 62 9733 2801 29
i 991 11363 4400 2532 1846 653 241 62 9733 2801 29



Appendix Table 1-2 (Continued).

Relative fishing pressure (f) = 2.00
Total Population Spawners

Population of as a
Age Class Age II I Spawners Percent

and 01 der (Age V of Total
II III IV V VI VII VIII Fish & Older) ~ulation-- --

Natura 1 Instantaneous
Mortal ity (M) .90 .46 • 17 .77 .78 1.06

Natural Survival (S) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .09 .18 .29 .54 .44 .59

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous...... Morta 1i ty (Z) .99 .64 .46 1,31 1.22 1,66
I.......

0 Total Mortality (An+F) .63 .48 .37 .73 .70 .81

Total Survival (Sn+F) .37 .52 .63 .27 .30 .19

Numbers of Fish Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11363 4206 2415 1828 664 335 99 9547 2926 31
1984 11363 4206 2208 1520 494 196 64 8688 2274 26
1985 11363 4206 2208 1389 411 146 37 8397 1984 24
1986 11363 4206 2208 1389 376 121 28 8328 1914 23
1987 11363 4206 2208 1389 376 111 23 8313 1899 23
1988 11363 4206 2208 1389 376 111 21 83 i 1 1897 23
1989 11363 4206 2208 1389 376 111 21 8311 1897 23
1990 11363 4206 2208 1389 376 111 21 8311 1897 23
1991 11363 4206 2208 1389 376 111 2' 8311 189i 23



~~pendix Table i-2 (Continued).

Relative fishing pressure (f) = 4.0
Total Population Spawners

Population of as a
Age Class Age III Spawners Percent

and Older (Age V of Total
II III IV V VI VII VI II Fish &Older) ~lation

t~tural Instantaneous
Mortality (M) .90 .46 .17 .77 .78 1.06

Natura1 Survival (5) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .18 .37 .59 1.07 .88 1. 19

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous...... Hortal ity (Z) 1.08 .83 .76 1.84 1.66 2.25I.....
Total Mortality (An+F) .66 .56 .53 .84 .81 .89

Total Survival (Sn+F) .34 .44 .47 .16 .19 • 11

Numbers of Fish Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11363 3844 2009 1361 388 216 55 7873 2020 26
1984 11363 3844 1678 942 215 74 23 6776 1254 19
1985 11363 3844 1678 787 149 41 8 6506 984 15
1986 11363 3844 1678 787 124 28 4 6466 944 15
1987 11363 3844 1678 787 124 24 3 6460 938 15
1988 11363 3844 1678 787 124 24 2 6459 937 15
1989 11363 3844 1678 787 124 24 2 6459 937 15
1990 11363 3844 1678 787 124 24 2 6459 937 15
1991 11363 3844 1678 787 124 24 2 6459 937 15



Appendix Table 1-2 (Continued).

Relative fishing pressure (f) = 6.0
Total Population Spawners

Population of as a
Age Class Age II I Spawners Percent

and Older (Age V of Total
II III IV V VI VII VIII Fi sh &Older) ~ulation--

Natura 1 Instantaneous
Mortality (M) .90 .46 .17 .77 .78 1.06

Natural Sl.Irvival (5) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .27 .55 .88 1.61 1. 32 1. 78

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous...... Horta lity (Z) 1.17 1.01 1.05 2.38 2.10 2.85I
---'

N Total Mortality (An+F) .69 .64 .65 .91 .88 .94

Total Survival (Sn+F) .31 .36 .34 .09 • 12 .06

Numbers of Fi sh Year

1982 11363 4602 2904 2454 1134 521 180 11795 4298 36
1983 11363 3513 1671 1014 227 139 30 6594 1410 21
1984 11363 3513 1276 583 94 28 8 5502 713 13
1985 11363 3513 1276 445 54 11 2 5301 512 10
1986 11363 3513 1276 445 41 7 1 5283 494 9
1987 11363 3513 1276 445 41 5 0 5281 492 9
1988 11363 3513 1276 445 41 5 0 5281 492 9
1989 11363 3513 1276 445 41 5 0 5281 492 9
1990 11363 3513 1276 445 41 5 0 5281 492 9
1991 11363 3513 1276 445 41 5 0 5281 492 9



Appendix Table ;-2 (Continued).

Relative fishing pressure (f) = 8.0
Total Population Spawners

Population of as a
Age Class Age III Spawners Percent

and Older (Age V of Total
II III IV V VI VII VIII Fi sh & Older) ~ulation

Natural Instantaneous
Morta 11 ty (M) .90 .46 .17 .77 .78 1.06

Natural Survival (S) .41 .63 .85 .46 .46 .35

Fishing Mortality (F) .36 .74 1.18 2.14 1.77 2.38

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous
....... Mortali ty (Z) 1.26 1.20 1.35 2.92 2.54 3.44I

I --'
I w Total Mortality (An+F) .72 .70 .74 .95 .92 .97

j Total Survival (Sn+f) .28 .30 .26 .05 .08 .03

Numbers of Fi sh Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11353 3211 1390 755 133 89 17 5595 994 18
1984 11363 3211 970 361 41 10 3 4596 416 9
1985 11363 3211 970 252 20 3 0 4456 275 6
1986 11363 3211 970 252 14 2 0 4448 267 6
1987 11363 3211 970 252 14 1 0 4447 267 6
1988 11363 3211 970 252 14 1 0 4447 267 6
1989 11363 3211 970 252 14 1 0 4447 267 6
1990 11363 3211 970 252 14 1 0 4447 267 6
1991 11363 3211 970 252 14 1 0 4447 267 6



Appendix Table 1-2 (Continued).

Relative fishing pressure (f) = 10.
Total Population Spawners

Population of as a
Age Class Age III Spawners Percent

and Older (Age V of Total
II III IV V VI VII VIII Fish & Older) ~ulation-- -- --

Natural Instantaneous
Mortality (M) .90 .46 .17 .77 .78 1.06

Natural Survival (S) .Ii1 .63 .85 .46 .46 .35

Fishing Mortality (F) .45 .92 1.47 2.68 2.21 2.97

Mark/Recapture (R/M')
Ratio .04 .09 .14 .24 .20 .26

Total Instantaneous....... Mortality (Z) 1.35 1.38 1.64 3.45 2.98 4.03I
---'

~ Total Mortality (An+F) .74 .75 .81 .97 .95 .98

Total Survival (Sn+F) .26 .25 .19 .03 .05 .02

Numbers of Fish Year

1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11363 2934 1156 562 78 57 9 4797 707 15
1984 11363 2934 737 224 18 4 1 3918 247 6
1985 11363 2934 737 143 7 1 0 3822 151 4
1986 11363 2934 737 143 5 0 0 3819 148 4
1987 11363 2934 737 143 5 0 0 3819 147 4
1988 11363 2934 737 143 5 0 0 3819 147 4
1989 11363 2934 737 143 5 0 0 3819 147 4
1990 11363 2934 737 143 5 0 0 3819 147 4
1991 11363 2934 737 143 5 0 0 3819 147 4
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An additional calculation was made at this point to estimate the maximum

sustained yield if catch (mortalities) are limited to individuals VI dnd

older (approximately 350 I11Tl and greater in length). The maximum

sustained yield under these conditions occurs at f = 1.5 dnd is

estimated to be less than 100 fish per year. The total harvest of all

size classes of fish older than age II is about 650 fish per year rtt the

same level of f. By comparison, the maximum sustained yield is 950 fish

per year (which occurs at f = 4.5) when all age classes are harvested.

These values assume equal distribution of effort and success levels

similar to those experienced in the field by the ADF&G crews while

collecting this data. If access is not limiting, the distribution of

fishermen will probably parallel the relative densities of fish.

Possible effects of higher levels of exploitation on recruitment are

presented in Appendix Table 1-3 and illustrated in Appendix Figure 1-2.

Under baseline conditions, 36% of the age III and older fish are

spawners. At the higher rates of exploitation, this number drops off

rather rapidly. Although recruitment is probably in excess of what is

requit'ed under the current conditi ons • the projected decrease in the

number of the spawners at the high rates of exploitation is probi'lbly

sufficient to affect recruitment. Using the assumptions at the model

and assuming a linear decrease in recruitment following a decrease of

spawning aged fish to 10% of the non-exploited population, the number of

fish caught annually rapidly decreases when f = 8 (48.8 hrs/rnile of

river).
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Appendix Table 1-3. Results of analysis of effects of decreasing spawner populations caused by fishing pressure on twenty year
catch rates.

Numbers of Fish at Relative Fishing Pressure (f) = 6.00

Total Number Spavmers
Total Number of of Age VI and Total Catch All Age as a Percent of

Year Spawners (Age V & Older) Older Fish Caught Classes (Age I I I & Older) Total Population

1982 4289 646 3083 36
1983 1410 139 1427 21
1984 713 46 1014 13
1985 512 24 924 10
1986 494 18 917 9
1987 492 17 916 9
1988 492 17 916 9
1989 492 17 916 9
1990 492 17 916 9
1991 492 17 916 9
1992 492 17 916 9...... 1993 492 17 916 9I

-' 1994 492 17 916 9
-...J 1995 492 17 916 9

1996 492 17 916 9
1997 492 17 916 9
1998 492 17 916 9
1999 492 17 916 9
2000 492 17 916 9
2001 492 17 916 9
2002 492 17 916 9



Appendix Table 1-3 (Continued),

Numbers of Fish at Relative Fishing Pressure (f) = 6.50

Total Number Spawners
Total Number of of Age VI and Total Catch All Age as a Percent of

Year Spawners (Age V &Older) Older Fish Caught Classes (Age I I I & Older) Total Population

1982 4289 666 3244 36
1983 1291 1/.7 1424 20
1984 622 39 999 12
1985 438 19 912 9
1986 423 14 906 8
1987 421 13 906 8
1988 421 13 906 8
1989 421 13 901 8
1990 421 13 894 8
1991 415 13 890 8
1992 414 13 889 8
1993 414 13 889 8

1-1 199IJ 414 13 885 8I...... 1995 414 13 879 8
00 1996 408 13 875 8

1997 406 13 874 8
1998 406 13 873 8
1999 406 13 869 8
2000 406 13 863 8
2001 401 13 859 8
2002 399 13 858 8



Appendix Table 1~3 (Continued).

Numbers of Fish at Relative Fishing Pressure (f) = 7.00

Total Number Spawners
Total Number of of Age VI and Total Catch All Age as a Percent of

Year Spawners (Age V &Older) Older Fish Caught Classes (Age III &Older) Total Population

1982 4289 686 3395 36
1983 1182 115 1415 19
1984 543 32 983 11
1985 374 15 898 8
1986 362 11 894 7
1987 361 10 893 7
1988 361 10 847 8
1989 361 10 794 9
1990 319 10 760 8
1991 306 9 753 8
1992 304 9 753 7
1993 304 9 716 8......
1994 304 9 672 9I...... 1995 271 9 643 8

"" 1996 259 8 635 8
1997 257 7 634 7
1998 256 7 605 8
1999 256 7 569 9
2000 230 7 543 8
2001 219 6 536 8
2002 216 6 534 7



Appendix Table 1-3 (Continued).

Numbers of Fish at Relative Fishing Pressure (f) = 8.00

Total Number Spawners
Total Number of of Age VI and Total Catch All Age as a Percent of

Year Spawners (Age V &Older) Older Fish Caught Classes (Age II I &Older) Total Population

1982 4289 717 3672 36
1983 994 93 1386 18
1984 416 22 945 9
1985 275 9 869 6
1986 267 6 866 6
1987 267 6 853 6
1988 267 6 715 8
1989 259 6 599 9
1990 176 6 544 6
1991 167 4 539 6
1992 166 4 531 6
1993 166 4 450 8..... 1994 161 4 377 9I

N 1995 112 4 341 6
0 1996 104 3 336 6

1997 103 2 331 6
1998 103 2 283 8
1999 101 2 237 9
2000 72 2 213 7
2001 65 2 209 6
2002 64 1 206 6



Appendix Table 1-3 (Continued).

Numbers of Fish at Relative Fishing Pressure (f) = 9.00

Total Number Spawners
Total Number of of Age VI and Total Catch All Age as a Percent of

Year Spawners (Age V &Older) 01 der Fi sh Caught Classes (AQe II I &Older) Total Population

1982 4289 741 3918 36
1983 837 75 1344 16
1984 320 14 906 8
1985 203 6 838 5
1986 198 4 836 5
1987 198 4 730 6
1988 198 4 541 9
1989 150 4 425 8
1990 96 3 389 5
1991 92 2 386 5
1992 91 2 339 6
1993 91 2 254 9

....... 1994 70 2 199 8I
N 1995 46 1 180 5

1996 43 1 178 5
1997 42 1 144 7
1998 42 1 98 11
1999 26 1 71 8
2000 16 0 62 5
2001 15 0 61 5
2002 15 O. 50 7



Appendix Table 1-3 (Continued).

Numbers of Fish at Relative Fishing Pressure (fj = 10.00

Total Number Spawners
Tota 1 Number of of Age VI and Total Catch All Age as a Percent of

Vear Spawners (Age V & Older) Older Fish Caught Classes (Age III & Older) Total Population

1982 4289 760 4137 36
1983 707 6CJ i296 15
1984 247 ~O 866 6
1985 151 c, 807 4
1986 148 "- 806 4
1987 147 2 623 6
1988 147 2 407 9
1989 87 ~ 302 6i

1990 53 1 278 4
1991 51 1 277 4
1992 51 1 216 6
1993 51 1 143 9

...... 1994 31 1 105 7
I 1995 19 0 96 4N

N 1996 18 0 95 4
1997 17 0 75 6
1998 17 0 SO 9
1999 11 0 37 7
2000 7 (\ 33 4
2001 6 (, 33 4
2002 6 v 29 5
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CONCL.USION

The model demonstrates that in a closed system fishery, where fisherman

access is not limiting, modest levels of fishing pressun:> can

drast.ically reduce grayl"ing population. In reality, a reduction in the

numbers of large fish would probably result in a decrease in fishing

pressure before the population would he eliminated. The residual

fishery, after such an event. woulrJ probably reflect recruitment hy

immigration of stock from other areas.

Although the data collected pertains to the streams that will be

inundated by the impoundment, the similarity in age structure among the

streams (ADF&G 1983, Table 5-3-8) suggests that this data base may be

applicable to grayling fisheries in other tributaries of the upper

Susitna basin. The modeling of the available data results in age/class

population structures presently found in exploited grayl ing systems in

other parts of interior Alaska (Armstrong 1982; Grabacki 1981).

The spreadsheet program used in the analysis allows very rapid changes

in assumptions and output of usable information with relatively little

programming effort. Projections can be made given any reasonable set of

assumpti ons concerni ng harvest, recruitment, management strategi es, and

othf:'r aspects of the population dynamics of grayling, with minor adjust

ments to the model presented.
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INTRODUCTION

Age-length curves and regressions were examined for Arctic grayling

to determine if the growth of the population in the proposed impoundment

area above Devil Canyon was significantly different from that of the

population below Devil Canyon. Preliminary analysis of 1981 data had

indicated that such a difference might exist which, if true, would have

relevance to proposed mitigation strategies for Arctic grayling in the

impoundment area.

Age-length curves for rainbow trout were also analyzed. The Susitna

River basin is near the northern limit of the zoogeographical range for

rainbow trout and it was hypothesized that growth rates of the Susitna

population may be low, compared to that of other populations. If growth

rates are low, the Susitna population may be limited in its ability to

absorb impacts associated with the proposed hydroelectric project.

METHODS

Scales taken from rainbow trout and Arctic grayling captured and

measured during 1981 and 1982 were aged. Logarithmic (Y = a + b In(X))

and linear (Y = a + IJX) regressions of age versus length were then

calculated for both species. Arctic grayling were divided into three

groups by sampling reach: Cook Inlet to Chulitna River confluence,

Chulitna River confluence to Devil Canyon, and Devil Canyon to Oshetna

River confluence. Since there are no rainbow trout in the impoundment

area except for a transplanted population in the High Lakes, rainbow

J-l



trout were divided into two groups, above and below the Chulitna River

confluence. Data from 1981 and 1982 were analyzed. Each year's data

was analyzed by reach separately for comparative purposes and as a check

on sampling and aging procedures. Selected slopes of different

t'egressions were tested for equality (Dixon and Massey 1969).

Large catches of rainbow trout and Arctic grayling were most often made

in May, June, or September and to compare rainbow trout captured in May

with other rainbow trout captured in September only by year class would

give biased results since most growth occurs during a short per-iad in

the summer. Therefore, data were entered by month for each age class of

fish. For example, an age 1+ grayling was entered as 1.0 years of oge

if caught in May and 1.2, 1.4, 1.6, and 1.8 years of age if caught in

June, July, August, and September respectively.

RESULTS AND DISCUSSION

Arctic Grayling

Log regressions of Arctic grayling age versus length generally fit the

data as well or better than linear regressions (Appendix Table J-l).

Although slopes and intercepts varied somewhat by reach and year, all

the log regressions are very similar and differences are probably due to

chance. Growth rates of Arctic grayl ing in the impoundment and below

the Chulitna River confluence are nearly identical. Comparison of

slopes (growth) of the log regressions of Arctic grayling captured in

1982 in the impoundment with those captured between the Chul itna River

J-2



Appendix Table J-1. Results of regression analyses between length and
age for Arctic grayling and rainbow trout captured
on the Susitna River, 1981 and 1982.

y
Inter- 2Area Slope cept n r Std Error- ----

Arctic Grayling

~ Impoundment, 1982 141.0 84.0 282 .90 14.9
Above Chulitna, 1982 160.8 23.9 398 .83 27.4
Below Chulitna, 1982 139.8 74.9 62 .88 24.8

Impoundment, 1981 155.2 42.6 382 .82 18.4
Above Chul itna, 1981 117.0 47.6 65 .93 19.0
Below Chul itna. 1981 152.9 62.6 209 .87 23.5

Linear---
Impoundment, 1982 29.6 144.5 282 .85 18.3

Above Chulitna, 1982 45.6 54.6 398 .86 24.8
Below Chulitna, 1982 47.7 68.3 62 .88 25.2

Impoundment, 1981 33.2 119.5 382 .81 18.9
Above Chulitna, 1981 44.8 71.1 65 .91 21.2
Below Chulitna, 1981 38.2 101.5 209 .87 23.6

Rainbow Trout

1.29- Above Chulitna, 1982 271. 3 -104.5 132 .84 34.5
Below Chulitna, 1982 167.5 50.7 35 .76

36.4 132
103.0 35

Linear Above Chulitna, 1982
Below Chulitna, 1982

Above Chulitna, 1981
Below Chulitna, 1981

J-3

57.0
42.0

50.5
62.4

73.6
43.5

92
92

.86 3?.2

.82 39.8

.66 39.4

.81 37.6



and Devil Canyon revealed a statistically significant differ'ence

(t=3.71, df=676, p<.Ol), but this difference is probably not bio

logically important as 1981 data suggest the opposite trend. The growth

rates of Arctic grayling in the Susitna River basin are very similar tu

those of other interior Alaskan populations (Appendix Figure J-l).

Rainbow Trout

Available rainbow trout length-age data from the Susitna River basin fit

linear regressions as well or better than log regressions (Appendix

Table J-l). Growth rates (slope of age/length regression) of rainbow

trout captured above the Chulitna River confluence were not

significantly different in 1981 than in 1982 (t :: 1.10, df '" 220).

These data were pooled and a regression line computed for comparison

with other rainbow trout populations (Appendix Figure J-2). The Susitna

River rainbow trout were the sma' lest for allY given age clc1ss of thp

popu 1at; ons exam; ned. However, the slope (growth rate) wa s corllpa rab 1e

with the other populations except that of Kootenay Lake.
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ARCTIC GRAYLING

INTRODUCTION

The objective of this study was to document Arctic grayling, Thymallus

arcticus, spawning and rearing habitats above and below the proposed

impoundment elevation (PIE) within the eleven major tributaries of the

impoundment study area (Appendix Figure K-1). Inundation of the lower

reach of each of these streams below the PIE will result in the loss of

existing lotic Arctic grayling spawning and rearing habitats. Therefore,

the degree of continued spawning and rearing of Arctic grayling pre

sently occurring in these streams will depend upon the quantity,

quality, and availability of habitat above the PIE.

METHODS

Stream surveys were conducted above and below the PIE on eight of the 11

major tributaries within the impoundment study area during 1982. Three

small, steep gradient tributaries, Cheechako Creek (RM 152.5), Chinook

Creek (RM 156.8), and Devil Creek (RM 161.4) were not adequately

surveyed due to time constraints and study priorities during the 1982

field season.* Therefore, these streams have been deleted from further

"* A foot survey, conducted at the mouth of Cheechako Creek and along
the lower mile of Devil Creek indicated that very few grayling were
present in these locations. Habitat was assessed to be poor in the
extreme lower reach of Cheechako Creek, while good to excellent
habitat was identified in Devil Creek. During aerial surveys above
and below the PIE, several fish passage barriers were observed in
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discussion in this section of Appendix K. Investigations of the eight

tributaries studied [Fog (RM 176.7), Tsusena (RM 181.3), Deadman

(186.7), Watana (RM 194.1), Kosina (RM 206.8) and Jay (208.5) Creeks and

the Oshetna River (RM 233.4)] were limited to the reach between the

tributary mouth and a point five miles above the PIE on each stream.

Evaluation of spawning and rearing habitats were based on stream

gradient, substrate type, stream flow velocities and observations of

Arctic grayling in each stream. Specifically, presence of preferred

spawning habitat characteristics (gravel substrate and stream velocities

ranging from 0.8 to 3.3 ft/sec (Tack 1973)) and/or' observed use of

habitat for spawning by grayling were the criteria used to identify

spawning habitat. Based on previous observations, the presence of

slow-flowing and backwater areas and/or observed young-of-the-year

grayling (fry) were the criteria used to identify the presence of fry

rearing habitat. Presence of juvenile and adult Arctic grayling

indicated the presence of adequate rearing habitat for these life

stages.

Data collection methods and detailed individual stream descriptions for

the tributaries investigated are presented in the Procedures Manual

(ADF&G 1982) and the Su Hydro Basic Data Report (ADF&G 1983: Volume 5).

Cheechako and Chinook creeks. One barrier, a large waterfall 0.5
miles above the PIE, was identified in Devil Creek. The inundation
of barriers below the PIE on each stream by the proposed Devil
Canyon Reservoir will not affect the present inaccessibility to the
upper reaches of these streams by Susitna River fish. Spawning and
rearing habitats above and below the PIE were not assessed within
Cheechako, Chinook, and Devil creeks.

K-3
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RESULTS

Arctic grayling adults, juveniles, and fry were observed scattered

throughout the study reach of all tributaries investigated. Because

Arctic grayling fry have been found to spend their first summer near

their hatch site (Tack 1980), the observations of fry indicated that

spawning had taken place above and below the PIE in all tributdries.

Furthermore, all streams contained suitable habitat (gravel substrates

and medium to slow stream velocities) assumed necessary for successful

spawning throughout their surveyed length. Actual Arctic grayl in9

spawni ng was not observed because of turbi d water condi ti ons dur'i ng

spri ng.

The observation of fry, juvenile and adult Arctic grayling along with

the identification of spawning and rearing habitats within the study

reach on each tributary indicated that Arctic grayl ing of all 1He

stages were supported throughout these reaches.

Large waterfalls located within the study reaches of Deadman and Tsusena

Creeks presently prevent fish passage from the Susitna River to the

spawning and rearing habitats located in upper reaches of these streams.

lhe waterfall located in Deadman Creek would be inundated by the

proposed Watana Reservoir, eliminating this fish passage barrier.

~Iowever, the proposed Devil Canyon Reservoi r will not inundate the

waterfall above the PIE on Tsusena Creek but will 1imit the amollnt of

available habitat below the waterfall. Potential spawning and rearing

habitats above this barrier will remain unavailable. Likewise, the

K-4



proposed inundation of Fog, Watana, and Jay Creeks below possible

hydraulic fish passage barriers may also limit the use of available

habitat in each stream these barriers. A more complete discussion on

fish passage barriers in the study area is presented in the ADF&G Basic

Data Report, (ADF&G 1983: Volume 5).

DISCUSSION

All reaches of tributaries studied contained suitable spawning and

rearing habitats above and below the PIE. However, the quality, quanti-

ty, and accessibility of these habitats varies considerably among and

within streams above and below the PIE. Most notahle changes within

streams above and below the PIE occur on Deadman and Kosina Creeks where

an abrupt change in stream gradient and a change in stream gradient

pattern, respectively, changes the quality of the available spawning and

rearing habitats (ADF&G 1983a). Habitat differences among streams are

basically a function of stream gradient, discharge, substrate, and

morphology.

Adult Arctic grayling are suspected to spawn* in the same section of

river where they were hatched (Tack 1980) and have been shown to return

to the same summer feeding station yearly (Schallock and Roguski 1967,

* Spring 1983 field studies located active grayling spawning areas.
These data will be reported and compared to the information of this
appendix in the FY84 ADF&G report.
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ADF&G 1983a). Spawning and rearing habitats above and below the PIE on

an tributaries surveyed are seasonally used by Arctic grayling which

probably home to these specific areas each spring. However, after

reservoir development, Arctic grayling which had homed to the reach of

tributar'y below the PIE will be displaced. The suspected invasion and

use of spawning and rearing habitats above the PIE by these displaced

grayling will likely affect the grayling population presently homing to

habitats above the PIE. Although these effects cannot be predicted at

this time, the lotic habitats above the PIE cannot be considered as

replacement habitat for habitat lost below the PIE.
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SALMON

Cheechako and Chinook Creeks, located within lower Devil Canyon at Rr~

152.5 and 157.0, respectively, are the only tributaries of the Susitna

River within the proposed impoundment areas presently known to be used

by salmon for spawning. Although unconfirmed sightings of salmon have

been reported near the mouth of Jay Creek, RM 208.5 (USFWS 1959),

studies conducted by ADF&G during 1981 and 1982 (ADF&G 1981, 19B3:

Volume 2) have tentatively placed the upstream limit of the salmon

migration in the Susitna River near the mouth of Chinook Creek, RM

157.0. The constricted river channel of Devil Canyon above Chinook

Creek creates a fish passage velocity barrier which prohibits further

upstream migration of fish.

j~DF&G Su Hydro staff initially documented chinook salmon spawning within

the Devil Canyon reach of the Susitna River in the glacial/clearwater

mixing zones of Cheechako and Chinook Creeks on August 4 and 5, 1982,

respectively (ADF&G 1983: Volume 2). On August 6, 1982, ADF&G Su Hydro

Aquatic Habitat personnel measured streamflow velocities and depths

associated with holding chinook salmon within the clear-water plume and

mixing zone of Cheechako Creek (Appendix Figure K-2). Although actual

spawning was not observed at this time, a semi-dewatered chinook salmon

redd was observed along the water's edge approximately 150 feet down

stream from the mouth of Cheechako Creek, indicating that spawning had

taken place during a higher discharge period (ADF&G 1983: Volume 2).
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Subsequent surveys on Cheechako and Chinook Creeks during August, 1982

indicated that salmon used only a small portion of the habitat above the

mouth on each stream. Several fish passage barriers within Cheechako

and Chinook Creeks prevented salmon access to the upper reaches of these

streams. Most of the lower reach on each stream was characterized by

turbulent, high velocity whitewater areas and spawning habitat appeared

to be 1imited.

Additional investigations are planned FY 84 in the Devil Canyon area of

the Susitna River to further document the extent of salmon movement

above the Devil Canyon dam site, RM 152.0.
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