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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 flowing

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 described in the Basic Data Report,
Volume 4, Part 1 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-1 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 hydraulic features of these habitat areas.

Some changes have been made in the definition of "study" boundaries at
the Sunshine 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 half of the study area were not made during 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

2 2t 60,100 cfs and 24,000 ft° at 82,400

creek. As a result, 15,000 ft
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-1 to E-14. At most sites, the relationship between tctal
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 1is replotted in the manner
developed previously (Volume 4, Part I, Basic Data Report, ADF&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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Apcendix Table -1, Tota! wetted and aggregate type 1! (backwater) surgace areas of selected regions of Designated Fish Habitat
(DFH) sites, and mainstem Susitns River discharges™, June through September, 1982,

Dischgrge Total Wetted Surface Area
DFH Site cfs Date Surface Area (Ft2) Type 11 (Ft2)
Slough 21° 31,900 7/25 316,000 72,800
28,500° 6/19 203,000 16,300
24,000 7/11 166,000 0
17,000 8/09 160,000 73,600
12,800 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 68,900 500
14,000 9/26 639,700 .
12,500 8/20 55,700 1,800
Slough 19 24,900 7/23 46,000 26,000
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 11 33,250 6/20 153,000 128,000
27,300 714 135,000 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

2USGS 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 discharge curve,
€No backwater area mapped. A very small area probably existed.
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Appendix Table E-1 (Continued).

)

J——
o

Dischgrge

DFH Site cfs

Stough 9 31,500
29,100
28,400
26,000
19,400
16,700
12,200
11,700

Stough 8A 28,600
26,500,
26,500
25,600
17,100
15,400
12,200
11,700

Lane Creek 28,500°
25,000
22,400
18,100
16,600
15,000
14,400
12,500

Slough 6A 33,250°
24,900
23,000
21,500
16,600
14,400
14,000
12,200

Date

6/22
7/27
7/13
6/10
9/23
8/10
8/
9/07

6/08
7/12
6/23
7/28
/24
8/11
8/21
9/07

6/19
6/07
7/22
7/08
8/08
9/25
9/10
8/20

6/20
/23
6/06
7/09
8/08
9/10
9/26
8/21

Total Wetted
Surface Area (Ft2)

269,000
321,000
305,000
298,000
168,000
185,000
134,000
172,000

223,000
218,000
223,000
257,000
169,000
220,000
185,000
182,000

57,000
61,000
45,000
54,000
37,000
32,000
38,000
36,000

138,000
135,000
131,000
134,000
131,000
129,000
131,000
127,000

Surface Area

Type {1 (Ft2)

210,000
202,000
210,000
205,000
143,000
193,000
158,000
155,000

48,200
45,000
14,400
14,700
12,700
8,000
9,400
6,100

138,000
135,000
131,000
134,000
131,000
129,000
131,000
127,000

®USGS provisional data at Cold Creek, 1982, 15292000.
b Jjune 10 and June 27 data for Slough 9 incomplete,

CAmended mainstem discharge at Gold Creek as determined from ADFG stage discharge curve.
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Appendix Table E~1 {Continued).

Dischgrge Total Wetted Surface Area
DFH Site cfs Date Surface Area (Ft?) Type 11 {Ft?)
Whisker Creek and Slough 37,0009 6/21 217,000 75,0005
31,900 7/25 236,000 56,000
25,000 6/03 217,000 160,000°
23,000 7/10 213,000 83,900
16,600 8/08 163,000 46,600,
13,800 9/27 190,000 -
13,400 9/09 195,000 29,200
12,200 8/22 150,000 28,500
Birch Creek and Stough 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 7/1 422,000 398,000
52,500 8/09 370,000 157,000
36,000 8/23 362,000 147,000
35,900 9/28 376,000 59,500
33,800 9/11 363,000 81,300
Sunshine Creek and Sidechannel 82,400e 7/27 332,000 218,000f
70,200 6/09 277,000 121,000
62,700 6/24 275,000 134,000,
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

2USCS 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 ADFG Basic Data Report, 1982).
®USGS provisional data at Sunshine 15292780,

fDiffers from value in ADFC Basic Data Report, 1982 (see text).

Iamended mainstem discharge at Cold Creek as determined from ADFG stage discharge curve.
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Appendix Table E-1 (Continued).
Dischgrge Total Wetted Surface Area
DFH Site cfs Date Surface Area (Ft?) Type {1 (Ft?)
Rabideux Creek and Sloughb 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
Whitefish Slough® 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
Goose Creek and Sidechannel 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 8/1 154,000 113,000
38,700 8/25 148,000 122,000
36,400 9/13 137,000 0
33,900 9/29 134,000 0

2USGS provisional data at Sunshine, 1982, 15292780,

bNot sampled in early June or in early July.

“Not sampled in early July.
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH 21 (SQUARE FEET x 1000)

SLOUGH 2|

300 * o TOTAL WETTED SURFACE
A--—0 BACKWATER ZONE H-II
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SUSITNA R. DISCHARGE (CFS x 1000) AT GOLD CREEK
USGS PROVISIONAL DATA 1982 15292000

Appendix Figure E-1. \letted surface area at Slough 21 versus mainstem discharge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-].
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH 20(SQUARE FEET x1000)

SLOUGH 20
1409 o4 TOTAL WETTED SURFACE
A---0 BACKWATER ZONE H-II
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SUSITNA R DISCHARGE (CFSxI000) AT GOLD CREEK
USGS PROVISIONAL DATA i982 15292000

Appandix Figure E-2. Wetted surface area at Stough 20 versus mainstem discharqge at

Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-2.
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH I19(SQUARE FEETx1000)
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USGS PROVISIONAL DATA 1982 15292000

Appendix Figure E-3. Wetted surface area at Slough 19 versus mainstem discharge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-3.
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH 11{SQUARE FEET x 1000)

SLOUGH I
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SUSITNA. R. DISCHARGE (CFS x 1000) AT GOLD CREEK
USGS PROVISIONAL DATA 1982 15292000

Appendix Figure E-4. Wetted surface area at Slough 11 versus mainstem discharge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-4.
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SLOUGH 9
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH 9(SQUARE FEET x 1000)
[ ]

Appendix Figure E-5. Wetted surface area at Slough 9 versus mainstem discharge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-5.
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Appendix Figure E-6.

— SLOUGH 8A
E; ®
>0 2507 e—s TOTAL WETTED SURFACE
> N---0 BACKWATER ZONE H-II
" :
w
w
w W
T w 2004 A
@
/
z3 o
T o
F o
z < B~
<& 150~ o
ui T o
@
>
53
W o
< L -
< 100
o
w
o W
o
Ta
a
FZz 50-
I [ 1 . |} 3
%3 0 5 10 15 20 25 30 35
@
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Wetted surface area at Slough 8A versus mainstem discharqge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-6.
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF LANE CR./SLOUGH 8 (SQUARE FEET x1000)

8071 LANE CREEK/ SLOUGH 8
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USGS PROVISIONAL DATA 1982 15292000

Appendix Figure E-7. Wetted surface area at Slough 8 / Lane Creek versus mainstem
discharge at Gold Creek. The measurements represent the areas
within the study boundaries illustrated in Appendix Plate E-7.
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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH 6A(SQUARE FEET x 1000)
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Appendix Figure E-8. Wetted surface area at STough 6A versus mainstem discharge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-8.



91-3

WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF WHISKERS CR.(SQUARE FEET x1000)
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Appendix Figure E~9. Wetted surface area at Whiskers Creek / Slough versus mainstem

discharge at Gold Creek. The measurements represent the areas
within the study bourdaries illustrated in Appendix Plate E-9.
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Appendix Figure E-10. Wetted surface area at Birch Creek / Slough versus mainstem discharge
at Sunshine. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-10.
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Appendix Figure E-12. Wetted surface area at Rabideux Creek/Slough versus mainstem
discharge at Sunshine. The measurements represent the areas
within the study bourdaries illustrated ir Appendix Plate E-12.
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Appendix Figure E-13. Wetted surface area at Whitefish Slough versus mainstem discharge
at Sunshine. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-13.
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Appendix Figure E-14,



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 simple linear regfessions. 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 Slough, 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 Il). 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 site. Additional discussion relating 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 poo]sa 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
14,500 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 7/24 54,800
23,000 6/04 36,300
18,100 7/08 11,500
16,500 8/07 20,300
14,500 9/04 18,100
14,000 9/26 18,100
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

3These 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
DFH Site cfs

S5unshine Creek and Sidechannel 35,000
33,400

Birch Creek and Slough 38,000
35,900
33,800

Slough 19 15,500
14,400
13,300

Slough BA

Date

9/12
3/30

8/23
9/28
9/11

9/25
9/04
8/19

Zone 9
Surface Area

8,400
7,700

33,900
37,400
37,400

5,500
5,100
4,600

Approx 8,000a

37 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 systemetic 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 discharge®, June through September, 1982,
Surface Areas® (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, 9%, 106. 18, 130.
Slough 19 16.° 20. 26. 32. 38. a8 ¢ a6, ¢
Slough 11 58. 77. 97. 116. 136. ' 143, 145,
Stough 9 150, 171, 193. 215, 237. 259, 280,
Slough 8A 186, 194, 201, 208, 215, 223. 230,
Lane Creek/Slough 8 35. 39. 43, 47, 51. 55. 59.
Slough 6A 128. 129, 131. 132, 134, 135. 137.
Whiskers Creek/Sidechanne! 170. _179. 189, 198. 208, 217, _218.
Total by Discharge 888. 1007. 1122, 1203, 1288, 1367. 1437,

3USCS Provisional data at Gold Creek, 1982, 15292000.
bData compiled from Appendix Figures E-1 through E-9.
®Area measured at 13,300 cfs.
dArea measured at 24,900 cfs,
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Appendix Table E-4, Totai wetted surface areag measured within the boundaries of five study areas on the Lower Susitna River,

versus Sunshine discharge™, June through September, 1982,

Surface Areas’ (Square Feet x 1000) at Habitat Location, by Discharge

Habitat location 35,000 40,000
Birch Creek 362. 368.
Sunshine Creek/Sidechannel 168, 185,
Rabideux Creek/51ough 1020. 1050.
Whitefish Slough 21. 37.
Goose Creek/Sidechannel _139. 143,

Total by Discharge 1710. 1783.

50,000 55,000
380. 386.
219. 236.

1110, 1120.

61, 67.
152, 157,
1922, 1966,

60,000 65,000 70,000
394, 400. 406
253. 270. 287.

1150. 1180. 1200.

72. 77. 80.
161. 166. 170,
2030, 2093, 2143,

3USGS Provisional data at Sunshine, 1982, 15292780.
bData compiled from Appendix Figures E-10 through E-1%,

o
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Appendix Figure E-15. Wetted surface area summations for the nine upper
Susitna sites versus mainstem discharge at Gold Creek.
The measurements represent the areas within the study
boundaries illustrated in Appeadix Plates E-1 through E-9.
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Appendix Figure E-16. Wetted surface area summations for the five lower Susitna sites
varsus mainstem discharge at Sunshine. The measurements represent
the areas within the study boundaries illustrated in Appendix
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These values were obtained by determining the areas indicated at 250C
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 1lines. Below
17,500 cfs a given change in mainstem flows results in greater changes
in total wetted surface areas than does a given 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 4I-4-1 and 4I-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" wetted surfaces mapped were, however, selectively limited in
area by study design and sampling logistics, Within the Tower 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 teotal
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
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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 total wetted surfaces of the Susitna River with decreasing 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 1s, however, confidence for wusing 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
(sTough and tributary) habitat based on overly simplified 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 1life history stages. In addition, separating those

backwater areas that re-form downstream (in mainstem type environments
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during

Tow 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 F

Influence of Habitat Parameters on Distribution and Relative Abundance

of Juvenile Salmon and Resident Species.
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INTRODUCTION

The physical and chemical parameters of the Susitna River such as
discharge, surface area, water velocity and depth, temperature, and
water quality have wide ranging spatial and temporal variations.
Spatial variations range from micro-habitat (on the order of a few
feet), to macro-habitat (such as tributary mouths or sloughs), to entire
river segments. Temporal variations occur on a scale ranging from
daily, to annual, to multi-year cycles. Fish and other organisms
respond to these spatial and temporal variations and this response is
reflected in the distribution and relative abundance of each species.
The proposed hydroelectric project could create physical-chemical
conditions which are outside the limits of natural variation with regard
to timing, magnitude, or both. This appendix presents an analysis of
the cause-effect relationships observed between natural variations in
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 sﬁbstantia] difficulties. Although much research has
been conducted elsewhere using hydraulic models to predict the

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

diverse glacial systems such as the Susitna River.

Observations made during the 1981 studies indicated the problems associ-
ated with evaluating juvenile salmon habitat of the Susitna River on a
detailed basis and led to a hypothesis regarding the factors affecting
juvenile salmon distribution and abundance at an intermediate level of
resolution. The hypothesis is that juvenile salmon distribution and
abundance at the important summer rearing areas (sloughs and tributary
mouths) are controlled by the hydraulic conditions at these areas which
are in turn controlled by variations in mainstem discharge. The 1982
field study plan focused on those factors which were obviously

influenced by mainstem discharge.

Central to this approach was the thesis that several sites would have to
be examined to adequately address the 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.

F-2



o

mas

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 sites 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. Sampling 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
sampling site, sampling period, and habitat zone within a site on the
catch per unit effort of each species of fish and on each habitat
variable is examined. Inherent in this sfep are tests to determine if
any differences among sites, periods, or zones are statistically signif-
icant. Next, the relationships between catch per unit effort for a
particular species and the habitat variables are examined. Finally, the
effects of variations in mainstem discharge on habitat are investigated.
This is done by deriving a quality index for each habitat zone and then
multiplying the quality index by the surface area of that zone which was
present at a particular level of discharge to obtain a habitat index.
Mainstem discharge is treated in this separate analysis because of the
likelihood that it is and would be the dominating environmental factor
in controlling other habitat variables and fish distribution and abun-

dance in both natural and post-project conditions.

Assumptions

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

zone can be constructed as follows:

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

catchability)
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where:

Abundance = f (local habitat suitability, time of season, success

of previous fall's spawning, percent incubation survivai,

proximity to spawning grounds)

where:

Local habitat suitability = f (temperature, water chemistry, water

velocity, depth, substrate, turbid-

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 Tocation of the site
integrates such factors as proximity to spawning 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
period, was assumed to have a choice of habitat types available at a
site and presumably would be found in greatest abundance in that habitat
type which was most suitable to them.
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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 micro-habitat (such as would be obtained by point-
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 11, Volume 4 of the Basic Data Report (ADFAG 1983b). A summary

. follows:
Aggregate
- Criterion Zone Descripticn
1. presence df mainstem H-1 tributary or slough above
backwater area mainstem backwater area
‘ H-11 mainstem backwater area
— H-I11 mixing zone below mainstem
backwater area
_ 2. water scurce W-1 tributary water
W-11 mainstem water
- W-TIT mixed water
3. water velocity V-1 fast water
- V-T1 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) 1is equal or,
stated in another way, differences in habitat quality within an aggre-
gate zone are insignificant when compared with differences amona

- 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

Zzone.



The t test was also used to test for significant differences between
aggregate hydraulic zones for catch/effort data for juvenile chinock
salmon, juvenile coho salmon, rainbow trout, and burbot. Catch/minnow
trap data were used for chinook and coho and catch/trotline data were
used for rainbow and burbot because these sampling techniques were
effective for these species and 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
grayling, longnose sucker, and slimy sculpin with the three different
aggregate zones. Presencef/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 were 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 habjtat 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



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 zones were aggregated into the three
types of hydraulic zones. The H-I aggregate hydraulic zone consisted of
alil habitat zones which occurred above the influence of mainstem back-
water areas. The H-II aggregate hydraulic zone included all habitat
zones which were backed up by a hydraulic barrier created by mainstem
stage at the mouth of tributaries, sloughs, or side channels. The H-III
aggregate hydraulic zone was the mainstem mixing area, just below the
H-I1 zone. The hydraulic zone category, rather than the water source or
water velocity categories, was used to aggregate the individual habitat

zones because of its utility in relating habitat change to mainstem

discharge.

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

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

took the form:

(CPUE),
CR1= n
> (CPUE). /n-1
izl J
Jai

where: CPUE

ou

catch per unit effort

n total number of zones sampled
i = zone number of the zone in question
J = zone numbers of all other zones



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. Al1l cases where less
than ten fish of any one species were captured at a site during a
particular sampling period were dropped from the data set because of the
small sample size. This was done to eliminate those instances where a

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 poséible 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 established

using catch data:

Number
Captured Code
0 0
1-10 1
11-25 2z
more than 25 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:

1 CR;
W1 w1 "I
where: ZQIi = zone quality index for zone i
CRi = catch ratio for zone i
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This asymptotic equation transforms catch ratios to a value ranging from
zero to one. The ZQI approaches zero for small values of CR and one for
large values of CR. A value of zero means that none of the fish
captured at the site were caught in the zone in question and a value of
one means that all the fish were caught in this zone. A value of 0.5
means that the catch rate in this zone was equal to the average catch
rate of all other zones. Further, if the catch/trap in zone X 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 guality index commonly used 1in
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 js 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.




Z0I'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
periods) for each zone for each species, the next procedure was to
multiply these ZIQI'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-1 was
cimilarly obtained from the digitized maps. The tributary sites
(Portage Creek, Indian River,and Fourth of July Creek) were excluded
from the analysis at this point because none of them had a mainstem

backwater (aggregate zone H-II) area.
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The product of zone quality index times surface area provides a habitat
index (H1) for that zone. A site habitat index was calculated according

to the following equation:

n
HI = 3 (ZQ1, X SA.)
i1

where:
ZQIi = zone quality index for zone i
SAi = surface area of zone i
n = number of zones

For the present analysis, this equation took the form:

HI = (2Q1,_; X SA,_ ;) + (201, ;X SA ;)

where:

H-1 aggregate hydraulic zone H-I

H-TI

it

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-III
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,land was therefore not a factor.
Zone and site habitat indices are a ﬁroduct 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-1 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 time of the year, the turbidity of
tributary zones was relatively low compared to the slough and mainstem
zones. Zone 9 had a Tow 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-II and V-II)
were warmer than areas having a faster water velocity. This is
illustrated for aggregate hydraulic zones by sampling period in Appendix
Figure F-1. Temperature differences were greater during the first part
of the season than they were after cooling began in early September.

Slack water zones also had a Tower mean dissolved oxygen Tevel than



Appendix Table F-1 Matrix table of mean habitat conditions by zone.
A1l sites, all periods, June through September,
1982. Standard error in parentheses.

Mean Mean Mean
Mean Mean Conduc- Turbi-  HWater
Water DO Median tivity dity Velocity

Zone Temp(°C) {mg/1) pH (umhos/cm) (NTU)  (ft/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) 7.3 101(6) 36(8) 1.1(0.2)
5 6.6* 12.3* 7.0% 75% 17* 1.4%
6 9.2(0.5) 10.7(0.3) 7.0 114(8) 52(12) 0.3(0.1)
7 10.5(0.6) 10.9(0.4) 7.0 62(7) 36(9) £.5(0.1)
8 15.5% 9.1*% 7.4% 82* 85* -
g 8.7(0.6) 8.9(0.5) 6.6 78(9) 12(4) 0.1(0.1)

* = sample size £ 3

Appendix Table F-2 Matrix table of mean habitat conditions by aggregate
zone. All sites, all periods, June through
September, 1982. Standard error in parentheses.

Mean Mean Mean

Aggre- Mean Mean Conduc- Turbi- Water
gate Water DO Median tivity dity Velocity
Zone Temp(°C) {mg/1)} pH (umhos/cm)  (NTU)  (ft/sec)
H-1I 8.8(0.3) 10.7(0.1) 6.8 83(5) 10(2) 1.2(0.1)
H-11 9.7(0.3) 10.4(0.2) 6.8 g8(6) 18(3) 0.2(0.0)
H-II1  8.7(0.3) 11.0(0.2) 7.1 98(4) 45(4) 1.2(0.1)
W-1 9.1{(0.3) 10.7(0.1) 6.9 g1(5) 5(1) 0.9(0.1)
W-11 9.3(0.3) 10.9(0.2) 7.2 106(5) 44(7) 0.7(0.1)
W-IIT  9.0(0.3) 11.0(0.2) 7.0 92(4) 43(4) 1.1(0.1)
V-1 8.8(0.2) 11.0(0.1) 7.0 30(4) 26(3) 1.3(0.1)
V-11 9.5(0.3) 10.2(0.2) 6.8 95(5) 17(3) 0.2(0.0)




WATER TEMPERATURE BY AGGREGATE HYDRAULIC ZONES
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other zones. Mainstem water (zone W-I1I) 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 Tower 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 pocled and the three variables water
temperature, water velocity, and turbidity were tested for statistical
differences using a t test. These three variables were chosen because
they are the most important of the measured variables in influencing
fish distribution. All differences between mean values, with one

exception, were statistically significant as shown in the following

table:

Pair Water Temperature Water Velocity Turbidity
H-1/H-I1 p¢0.05 p«0.01 p<0.05
H-1/RH-111I NS no difference p< 0.01

H-II/H-I11 p< 0.05 p<0.01 p<0.01

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 hahitat
zones could exist while differences among aggregate zones may not be
statistically significant. This can occur because habitat zones which
were hydraulically similar, but perhaps different in other habitat
variables, were grouped to obtain aggregate hydraulic zones. This

indicates whether the aggregating criterion is important.




WATER VELOCITY BY AGGREGATE WATER VELOCITY ZONES
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The above analysis establishes the uniqueness of the hydraulic zones
with regard to a composite of these three habitat variables. Therefore,
it is valid to test variations in catch against habitat variations among
these zones. Because the aggregate hydraulic zone category can be used
to illustrate the effects of changing mainstem flows, further analysis
of habitat availability uses this category rather than the aqgregate

water source or water velocity categories,

Retative 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 salmon 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 zones.

Rainbow trout were more broadly distributed among the habitat zones than
the other species analyzed, but showed a preference for clear water
tributary zones (zones 1 and 2) over turbid slough or mainstem 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 scparate

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 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

__fone _ Mean CPUE No. of Sites

Hydraulic

H-1 0.3 15

H-11 0.4 14

H-TII 0.1 17
Water Source

W-1 0.3 17

W-11 0.1 8

W-111 0.2 17
Water Velacity

V-1 0.2 17

V-1I ' 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
Aggregate
__Zone Mean CPUE No. of Sites
Hydraulic
H-1 1.2 15
H-11 0.8 14
H-IT1T 0.0 17

Water Source

W-1 1.0 17

W-T1 0.0 8

W-TII 0.1 17
Water Velocity

V-1 0.6 17

V-11 0.8 15
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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
Hydraulic
H-1 0.2 15
H-11 0.3 14
H-T11 0.2 17

Water Source

W-1 0.3 17

W-IT 0.1 8

W-T11 0.2 17
Water Velocity

V-1 0.2 17

v-11 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
Hydrauiic
H-1 0.1 15
H-11I 0.2 14
H-T11 0.7 17

Water Source

W-1 0.1 17

W-11 0.6 8

W-T1I 0.6 17
Water Velocity

V-1 0.5 17

V-11 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 sianificant differences for each of the

four species.

The mean catch rate for juvenile chinook salmon was approximately
equally balanced between zone H-I and zone H-II; the mean rate for zcne
H-111 was significantly {p< 0.05) lower than zone H-I1 (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 agyregates (V-1 versus V-11).

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«0.05) lower than zone H-I. Coho juveniles strongly preferred

tributary water (W-I) over slough or mainstem water {W-II or W-IIl)}.

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¢0.01) higher than that of zones H-I or H-II.

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

Shown 1in Appendix Tables F-7 to F-10. 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.

Aggregate Zone
Category

Hydraulic zone
df=2

Water source
df=2

Velocity
df=1

Juvenile Sockeye Salmon Juvenile Chum Salmon

Chi-square Probability Chi-square Probability
18.9 p<0.01 6.3 pe 0.05
9.4 p<0.01 4.5 NS
16.3 p<0.01 3.5 NS

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

Hydraulic Zone

Juvenile
Chum Salmon

Juvenile
Sockeye Salmon

I - Not Mainstem Backwater 0.80 0.96
IT - Mainstem Backwater 1.58 1.34
IIT - Mainstem Mixing Zone 0.52 0.35

Water Source

I - Tributary
IT - Mainstem

11T - Mixing
Velocity
I - Fast
IT - Slack

11 --

.65 -
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Appendix Table F-9. Chi-square tests of association between resident fish

presence/absence and aggregate zones at DFH sites, ell
periods, June to September, 1982.

Aggregate Zone Round Arctic Longnose STimy
Category Whitefish Grayling Sucker Sculpin
X' Pprob. X Prob, X* prob, X' _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«0.01 14.6 p<¢0.01 0.0 NS
Velocity 1.3 NS 11.6 p<0.,01 2.9 NS 0.6 NS

Appendix Table F-10. Ratios of observed to expected presence of resident fish

by species in aggregate zones. Only those ratios from
significant chi-square tests are presented.

Aggregate Zone
Category

Hydraulic

I - Not Mainstem Backwater
IT - Mainstem Backwater
[1I - Mainstem Mixing Zone

Water Source
I - Tributary

Il - Mainstem
ITI - Mixing

Velocity
I - Fast
IT -~ Slack

Round Arctic Longnose
Whitefish Grayling Sucker
0.46 0.68 --
0.82 0.19 -
1.74 2.24 -
0.43 0.29 0.70
1.48 0.89 2.86
1,58 1,95 0.80
- 1.51 -
-- 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-I1) 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.

STimy sculpin showed no significant associations with any of the aggre-
gate zones (Appendix Table F-9). 1In other words, the likelihood of
capture for this species was equal in all of the zones. The dis-
tribution of Arctic grayling was significantly associated with
particular zones within all three of the zane groupings. Water source
was of importance to round whitefish and longnose sucker; hydraulic zone

mattered to round whitefish, Ratios of observed to expected presence

F-29



(Appendix F-10) 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 grayling were frequently captured in the
mainstem just below the confluence of tributary mouths and were Tless
commonly captured in sloughs or in tributaries just above the mouth.
This distributional pattern is reflected in the observed association

with a mixed water source with a relatively high velocity.

Correlation of Fish Abundance and Habitat Variables

Juvenile chinook salmon abundance showed a good correlation with water
temperature, but not with turbidity or water velocity (Appendix Table
F-11). 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 distributionsk in this
study. Rearing coho salmon apparently avoided turbid water while burbot
were captured almost exclusively in turbid areas. These preferences
were probably related to differences in feeding behavior of the two

species. Juvenile chinook salmon apparently were attracted to 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).

TMP TRB VEL  CHN  COH  RBT  BRB
Temperature (TMP) T.00

Turbidity (TRB) 0.15 1.00

Velocity (VEL) -0.35 0.11 1.00

Juvenile Chinook (CHN) 0.82* -0.04 0.04 1.00

Juvenile Coho (COH) 0.07 -0.76* 0.14 0.33 1.00

Rainbow Trout (RBT) 0.27 -0.56 0.10 0.39 0.61 1.00

Burbot (BRB) 0.13 0.90* -0.03 -0.19 -0.86* -0.36 1.00

* = correlation significant at 95% level
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water areas; none of the other three species showed such a tendency,
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 Jjuvenile 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 sampling 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-1), as the mean ZQl'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
Jjuveniles are associated with broader ranges of habitat parameters than
the other species. Similar results were obtained when examining chinook

distribution among the major habitat types (tributary mouths, upland

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-1 Zone H-11 Zone H-TIT
Species Min_ Max Mean n Min Max Mean n Min Max Meann
Chinook 0.49 0.71 0.59 4 0.46 0.66 0.53 4 0.32 0.32 0.321
Coho 0.71 0.8 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 0.001
201 -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 0.8 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-1). 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-1 area of sloughs with a mainstem water source (zone 4) from the clear
water H-1 area of tributaries {(zone 1). Very few juvenile coho salmon
were caught 1in zone H-III. There was one site in the upper reach
(STough 6A) which never had a zone H-I present during the samplings.
A1l the coho salmon caught at the site were in zone H-II; none were
caught in zone H-III. This is the reason for the maximum ZQI of 1.00 in

zone H-1I for coho in the upper reach.

A11 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. 1In
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-Il 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-II1), there were several cases where they were present in zone H-I.
Juvenile chum salmon were captured in tributaries (zone I) during
outmigration from tributary spawning grounds (as at Goose Creek). Also,
they were frequently present in sloughs above the backwater zones (zone
4), having emerged from nearby redds (Slough 11) or having entered the

slough head during outmigration.

Zone and site habitat indices

We have included in this report plots of the zone and site habitat
indices as a function of mainstem discharge at three or four sites for
each of the four salmon species. The sites selected in each case were
among the top four or five in total catch for the season for the species
and had zone quality indices which were typical for that species among
the several sites in the reach. Together, the graphs include all the
major hahitat 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 mainstem backwater
zone (zone H-II) resembles the shape of the mainstem backwater surface
area curves (see Appendix E of this report) because the zone habitat
index 1is 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-1 and H-II are given different weighting factors (the
Q1) and because there are small differences resulting from inter-

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 given change in discharge on zone surface area at lower

discharges than at higher discharges.

Juvenile chinook salmon

Zone and site habitat indices for juvenile chinook salmon were calculat-
ed for three sites in the lower reach and one site in the upper reach
(Appendix Table F-13). The zone quality index for juvenile chinook
salmon at three of the four sites selected was close to 0.5 for both

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

The site habitat index at the Goose Creek and Side Channel site
(Appendix Figure F-3) shows a steady decrease with a decrease in dis-
charge until discharge drops to about 40,000 - 45,000 cfs. At this
point, the head of the slough closed, the H-II area began to decrease,
and the tributary section of the H-I area moved out into the slough

channel. For a more detailed explanation of the 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
Susftna Site Site Site
Discharge at Zone H-| Zone H-11 Habitat Zone H-1 Zone H-t} Habitat Zone H-! Ione H-1{ Habitat
Sunshine (cfs) {ZQ1=0.54) (ZQ1=0.46) Index (FH!) (Z2Q!=0.71) (2Q1=0,48) Index {EHI) (ZQi=0.49) (ZQ1=0.51) Index {ZH!)
35,000 73 0 73 355 238 593 144 43 187
40,000 13 27 40 142 356 538 105 75 180
45,000 19 54 73 121 422 543 104 77 181
50,000 25 50 75 29 448 547 103 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
70,00C 49 36 85 14 552 566 15 196 211

Whiskers Creek and Slough

Susitna Site
Discharge at Zone H-{ Zone H-11 Habitat
Gold Creek {cfs) (ZQ1=0.52) (ZQ1=0.48) Index @EH!)
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 4o 110
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Appendix Figure F-3. Zone and site habitat indices for juvenile chinook
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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-T)
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 poel
(included in zone H-I1)} 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
probably did not undergo a great deal of change with regard to the

guality of habitat,

The pattern shown at the Birch Creek and Slough site (Appendix Figure
F-5) was typical for juvenile chinook salmon at several of the sampling
sites. With an increase in mainstem discharge, the habitat index for
zone H-I decreases, and then levels off; the habitat index for zone H-II
does exactly the opposite. The site habitat index (sum of the habitat
index for the two zones) gradually increases with an increase 1in
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

F-39




CHINDOK SALMON
$301  Rabidewr Craak end Stough

$30+

500+ }{

450 p

400+ {
i

HABITAT INDEX

i

i

250 6\‘1
!

200

1504

50+ .
N

~
A TONE W-T

T N L ¥ A
] L] ] 30 40 30
AUSITNA RIVER DISCHARGE AT SUNJMINE (1Q% te}

T T T
.0 ro -m

Appendix Figure F-4. Zone and site habitat indices for juvenile chinaok
salmon at the Rabideux Creek and Slough study site as a
{unction of mainstem discharge, June through September,
982.




o

INDEX

HABITAT

3007 CHINOOK SALMON
Birch Creek and Slough
250
SUM
200 -
’_JD"_-D ZONE H'H
\-— ;
i
7
’
I
150“" ’I
4 ;
\ /
\
!00“‘ . /’
’X,\
[T SR » (S
b
50 / \
d \
\.
N a._.& ZONE H-T
¢ 1 T T T Y Y T \
o] 10 20 30 40 50 60 70 80

SUSITNA RIVER DISCHARGE AT SUNSHINE (x103¢fs)

Appendix Figure F-5. Zone and site habitat indices for Juvenile chinook
salmon at the Birch Creek and Slough study site as a

f;g;tion of mainstem discharge, June through September,

F-41




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 Jlocation 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
sTough site shows a steady increase with increasing discharge (Appendix
Figure F-6). The shape of the zone H-II curve is typical for sites in
the reach in that it steadily increases with an increase in mainstem
discharge and then levels off. The zone H-1 surface area curve is
relatively flat. At the Tower discharge levels, the length of zone H-1
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-1 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 in physical and habitat
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Pppendix Table F~14, Habitat indices for juvenile cohc salmon for aggregate hydraulic zones at three sites, June through

September, 1982.

Susitna
Discharge at
Sunshine (cfs)

35,000
40,000
45,000
50,000
55,000
60,000
65,000
70,000

Sunshine Creek and Slough

Birch Creek and Slough

Zone H-1

99
87
74
62
59
60
98
106

Lane Creek and Slough 8

Zone H-11
(2Q1=0.45)

Susitna Discharge Zone H~-1
at Gold Creek {cfs) (ZQ1=0.94)
12,500 18
15,000 19
17,500 20
20,000 21
22,500 21
25,000 7
27,500 2

Zone H~-{!

{2Q1=0.17)

DW=

Site
Habitat
Index (&HI1)

110
112
113
115
126
140
156
160

Site
Habitat
index EH!)

19

22
23
24
15
10

Zone H-1

(2Q1=0.88)

245
194
197
200
142
26
19
18

Site
Zone H-1i1 Habitat
(ZQi=0,18) Index EHI)
15 260
26 220
27 224
28 228
40 182
66 92
68 87
69 87

waw
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characteristics. Both areas had a low gradient, abundant aquatic
vegetation for cover, and provided excellent habitat for rearing coho
salmon. As a result, the habitat index for zone H-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 habjtat index curves for zones H-I and H-I1I
at the Birch Creek and Slough site reflect a pattern which was more
common for the study sites (Appendix Figure F-8). With increasing
mainstem discharge, the zone H-I habitat index decreases and then levels
off while the zone H-II habitat index increases and then also levels
off. The zone H-I surface area decreases because the zone H-II
(backwater area) encroaches upon it as mainstem discharge Tlevel in-
creases. Because zone H-I was strongly preferred by coho salmon
(Appendix Table F-14), the site habitat index curve is heavily weighted
by the zone H-I habitat index and the two curves have a similar shape
(Appendix Figure F-8). Basically, this means that a loss of zone H-I
reflects an important loss of habitat for coho salmon at this site,
because they apparently do not have the capability of compensating for a

decrease in zone H-I1 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-1 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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Appendix Figure F-7. Zone and site habitat indices for juvenile coho salmon

at the Sunshine Creek and Side Channel study site as a
function of discharge, June through September, 1982.
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Appendix Figure F-9. Zone and site habitat indices for juvenile coho salmon
at the Lane Creek and Slough 8 study site as a function
of mainstem discharge, June through September, 1982.
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Juvenile sockeye salmon

Juvenile sockeye salmon at most of the sites showed a strong preference
for zone H-II, a preference opposite that of rearing coho salmor,
However, as mentioned previously, there were several sites where sockeye
Jjuveniles also occurred in small low velacity pools within zone H-1. At
Slough 19, this occurred often enough so that the ZQI for zone H-1 was
greater than that of zone H-II (Appendix Table F-15). The sockeye Z0I
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 eqgual to
zero, the site habitat index was equal to the habitat index for zone
H-1I (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-I1 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-I1 habitat index (Appendix Figure F-11). The flatness of the
zone H-I curve at Slough BA is in part due to the gradually sloping

banks of the H-II zone at Slough 8A. The increasing backwater area

F-49




05-4

Appendix Table F-15. Habitat indices for juvenile sockeye salmon for aggregate hydraulic zones at three sites, June through
September, 1582,

Birch Creek and Slough

Site
Susitna Discharge Zone H-| Zone H-11 Habitat
at Sunshine (cfs) (2Q1=0,0) (ZQ1=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
Slough 8A Slaugh 19
Sysitna Site Site
Discharge at Zone H-1 Zone H-t! Habitat Zone H~-| Zone H-il Habitat
Cold Creek (cfs) (2Q1=0.55) {2Q1=0,66) index EHI) (2Qi=1.00) (ZQ1=0.33) Index EHI)
12,500 16 103 119 1 1 12
15,000 16 108 124 14 0 14
17,500 15 114 129 3 3 3
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
§ 4
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salmon at the Slough 8A study site as a function of
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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 1is 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 salmen). Early in the season, juvenile sockeye were
present in an area of the slough which was backed up by the mainstem
(hence, this was zone H-II). As the flow decreased, the slack water
area no longer resulted from mainstem stage, yet it continued to exist
in the same area because of a morphological control at the mouth of the
slough. The rearing sockeye also remained in this area, now designated
zone H-1. 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 zore, would

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

Juvenile chum salmon

Juvenile chum salmon always preferred the zone H-11 area at the selected
sites (Appendix Table F-16); this was typical of most of the fourteen
sites sampled. As a resuit, 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 Tlower reach
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Appendix Table F-16. Habitat indices for juvenile chum salmon for aggregate hydraulic zones at three sites, June through
September, 1982,

Birch Creek and Slough

Site
Susitna Discharge Zone H-1 Zone H-1} Habitat
at Sunshine {cfs) (ZQi=0.28} (7Q1=0.72) Ingex 1)
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
Slough 6A Lane Creek and Slough B
Susitna Site Site
Discharge at Zone H-} Zone H-it Habitat Zone H-1! Zone H-i1 Habitat
Gold Creek (cfs) {ZQi=N/A) (ZQ1=1,00) Index (EH!) (2Q1=0.25) (ZQ1=0,75) tndex (EHI)
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 1 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
of mainstem discharge, June through September, 1982.
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at the Slough 6A study site as a function of mainstem
discharge, June through September, 1982,
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Appendix Figure F-15. Zone and site habitat indices for Juvenile chum salmon
at the Lane Creek and Slough 8 study site as a function
of mainstem discharge, June through September, 1987,
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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, did not include an
H~-I1 zone. This slough has steep banks and a deep entrance channel, so
the surface area of the slough showed only a small response to
variations in mainstem discharge. All of the juvenile chum salmon
captured at this site were in the H-II zone, which gives that zone a
seasonal ZQI of 1.00 and zone H-III a 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.

CONCLUSTIONS

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 abaove

statistical differences.

The measure of habitat quality which was derived for this study, the
zone quality index (ZQI), 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 mainstem backwater. These other approaches could provide 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 mainstem dis-

charge.

In interpreting the zone and site habitat index curves, one should be
careful about extending the curves beyond the range of mainstem dis-
charge which was observed, 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 bhoundaries usually included a tributary or slough

mouth, some of the area above, and a small area of the mainstem mixing
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zone below. A decrease in surface area of a preferred habitat within
the study boundary does not mean that the habitat was completely lost.
For example, the coho salmon present in zone H-I at Birch Creek and
Slough may be able to move further up the creek as a rising mainstem
discharge causes the backwater zone to advance on zone H-I. However,
there may not be replacement habitat available for decreasing areas of
backwater zones, such as are used by sockeye and chum salmon. Since the
study sites were chosen in part because of their importance to the fish
populations, the Tloss 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 Figqure F-16).
Most of chinook Jjuveniles were captured in the slough below the
tributary mouth (zone 7), the rest were evenly distributed between the
tributary (zone 1) and the backed-up slough above the tributary
confluence (zone 6). Almost all of the rearing coho were captured in
the tributary (zone 1). Most of the sockeyes were captured in the
mainstem backwater zone 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 guality

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.



(aggregate hydraulic Zone H-I includes habitat zones 1 and 4 and

aggregate hydraulic zone H-1I includes habitat zones 6 and 7):

Species Zone H-I Zone H-11I
Chinook 0.49 0,51
Coho 0.88 0.18
Sockeye 0.00 1.00
Chum 0.28 0.72

The zone quality indices (ZQI) 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. A11 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 ZQ1 for
chinook salmon juveniles is approximately 0.5 for each zone, so the site
habitat index curve for chinook is a function of total wetted surface
area. The site habitat index curve for coho salmon, which are strongly
associated with zone H-1, declines with an increase in discharge because
the mainstem backwater zone (H-I11) encroaches upon zone H-I. Chum
salmon, which tend to occur in zone H-1I, have a site habitat dindex

which increases with increasing discharge. The site habitat index curve

F-63




INDEX

SITE HABITAT

400

BIRCH CREEK and SLOUGH

__a SOCKEYE

350

300~

250 ~

n

]

(o]
!

@
<)
l

100

COHO

50

0 1 * ¥ ¥

0 10 20 30 40 50 80 70 80
SUSITNA RIVER DISCHARGE AT SUNSHINE (x103cts)

Appendix Figure F-17. Site habitat indices for juveniles of four species of
salmon at the Birch Creek and Slough study site as a

function of mainstem discharge, June through September,
1982.
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o

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

Description

Areas with a tributary or ground water source which are not
influenced _by mainstem stage and which usually have an
appreciable” 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 located
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 resulting from a hydraulic 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 created 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 barrier created by &
tributary; not created as a result of mainstem stage.

a"!\ppreciame“ 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 al. 1981)}. 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.




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-1). 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
Jjuvenile 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 G-1, Summary of chi square analyses performed on 1982 presence/absence or species propartion data.

Method and Type of Data Where Collected Species
All gear typesa except 17 DFH sitesb A1l juvenile salmon species

boat electrofishing,
presence/absence by species

Chinook salmon
Coho salmon

Chi=Square Comparisons

Among habitat types by all
species

Among habitat types by species

Beach seine or backpack 17 DFH sites Chum saimon
electrofishing®, presence/ Sockeye salmon
absence by species Round whitefish

Arctic grayling
Longnose sucker
Slimy sculpin

Among habitat types by species

Boat electrofishing, Cook Inlet to A1l resident species Comparison of species proportions
catch numbers Devil Canyon between habitat types and
by season within mainstem
and tributary types
Boat electrofishing, Above Chulitna River Round whitefish 1) Among habitat type or pooled
presence/absence by species confluence (RM 98.5) Arctic grayling habitat type by species
Longnose sucker 2) Within habitat types by season
Burbot by species

Humpback whitefish
Rainbow trout
Dolly varden

3 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).

€ These methods were the only effective technigues 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
Jjuvenile 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 B 6 1 1 2
Portage Creek 7 0 0 0 0
sub-total 23 11 3 2 3 19
Upland sloughs
Whitefish Slough 7 3 4 0 3
STough 6A 8 7 7 2 8
Slough 19 8 3 0 1 6
sub-total 73 13 1T 3 17 44
Side sloughs w/large tribs
Rabideux Creek 6 5 6 0 1
Birch Creek 8 6 8 5 4
Whiskers Creek 8 8 7 2 2
Lane Creek 8 6 4 1 4
Slough 20 8 5 1 1 3
sub-total 38 30 Z6 9 1z 79
Side sloughs w/small trib or groundwater
STough 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 37 20 5 7 18 50
Side channels w/trib
Goose Creek 8 6 6 2 5
Sunshine Creek 8 6 8 1 1
sub-total 16 12 7 3 B 35
TOTAL 132 86 59 24 58 227




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
meuths, upland sloughs, side sloughs with large
tributaries, side sloughs without large tributaries
and side channels with large tributaries, June
through September, 1982.

Signiticance

Species Chi-square df Level

All four species of juvenile salmon® 22.8 12 p < .05
Chinook® 7.8 4 NS©
Coho® 40.9 4 p< .01
Chum? 0.0 14 NS
Sockeye? 11.1 4 p < .01

aa1 gear types
bBeach seining and electrofishing only

NS = Not significant

dHabitat types were pooled into tributary sites and sloughs with no large
tributaries.
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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 Tlarge 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-1.

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.
Habitat type Coho Sockeye
Tributary 0.29 0.36
Upland Slough 1.07 1.46
Side Slough with large tributary 1.53 0.78
Side Slough w/o large tributary 0.35 1.25
Side channel with tributary 1.96 0.92
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Appendix Figure G-1,

Distribution of juvenile salmon by species among the major habitat types at
DFH sites, June through September, 1982, FEased on the number c¢f times the
species was present as a percentage of the total number of times the sites
were sampled. Effert by all gear types included. Percentages corrected for
unequal sampling effort at the different habitat types.
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Proportions of juveniles of four species of salmon
at each of five major habitat types located on the
Susitna River, June through September, 1982,
Based on the number of times the species was
present as a percentage of the total number of
times the sites were fished. Effort by all gear
types included. Percentages corrected for unequai
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 Iniet and Devil Canyon, May through September 1982.

No. of Percentage by Species
Resident Fish Arctic Round Humpback Longnose
Captured Rainbow Grayling Burbot Whitefish Whitefish Sucker Qther

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
Side sloughs without trib 119 5.9 18.5 1.7 47.1 5.0 16.8 5.0
Side sloughs w/large tribs 377 5.6 19.4 2.1 19.4 2.4 47.5 3.7
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
2 - Side Sloughs 4 - Trib
Comparison Chi-square
1l vs 2 vs 3 vs 4 vs 5 244.0
1 vs 2 20.4
4 yvs 5 145,56

By season for mainstem sites:
May-Jun vs Jul-Aug vs Sept 139.7
By season for Trib sites:

May-Jun vs Jul-Aug vs Sept 87.3

5 - Slough w/tributary

Significance

level

p<

p<.

.01
.01
.01

.01

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 1is illustrated in

Appendix Figure G-3.

Differences in species presence/absence at the four different habitat
types above the confluence were tested for seven species of resident
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-B. 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 Tower than in May, June and September (Appendix Table G-10).

In another series of tests, resident fish distribution among five
different habitat types at the 17 OFH 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 grayling 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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Appendix Figure 6-3.

Relative distribution of six resident species
among four major habitat types Tlocated above the
Chulitna River confluence and sampled by boat
electrofishing, May through September, 1982.
Based on presence/absence data which were
corrected for unequal effort at the different
habitat types.

G-13




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 daf Tevel
Round whitefish 38.5 3 p<.0l
Arctic grayling 46.0 3 p< .01
Longnose sucker 9.5 3 p<.05

Burbot 4.7 3 NS
Humpback whitgfish 32.3 3 p< .01
Rainbow trou 31.5 2 p< .01
Dolly varden 7.5 1 p<.01

aUp]and 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,

which were statistically significant.

Only for those chi-square tests

Tributaries
Side sloughs
Upland sloughs
Mainstem

Tributaries
Mainstem

Round Arctic Longnose Humpback
Whitefish Grayling Sucker Whitefish
1.62 1.94 1.36 1.22
1.08 1.25 1.30 2.04
1.42 0.75 1.00 3.45
0.73 0.69 0.85 0.50

Dolly Varden Rainbow
2.42 Tributaries 2.31
0.52 Upland & Side Sloughs {pooled) 1.61
Mainstem 0.41

(No Dolly Varden were captured
in upland or side sloughs)




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

within tributaries:

Chi-square

Spring (May, Jun) & Fall (Sep) vs

Summer (Jul, Aug}

Grayling

within tributaries:
Spring & Fall vs Summer

within side sloughs & upland sloughs:

Spring & Fall vs Summer

within mainstem sites:
Spring & Fall vs Summer

Round Whitefish

within tributaries:
Spring & Fall vs Summer

within side sloughs & upland sloughs:

Spring & Fall vs Summer

within mainstem sites:
Spring vs Summer vs Fall

Longnose Sucker

within tributaries:
Spring & Fall vs Summer

within side sloughs & upland sloughs:

Spring & Fall vs Summer

within mainstem sites:
Spring vs Summer vs Fall

Burbot

within tributaries:
Spring & Summer vs Fall

within mainstem sites:
Spring & Summer vs Fall

7.4

0.5

3.3

14.5

0.1

0.7

36.6

1.2

0.1

15.5

0.0

0.0

Significance
Level

p<.01l

NS

NS

p<.01

NS

NS

NS

NS

p<.01

NS

NS




Appendix Table G-10. Ratios of observed to expected presence of resident
fish by season at sites above the Chulitna River
confluence which were boat-electrofished, May through
September, 1982. Only those ratios from significant
chi-square tests are presented.

Species Season Obs/Exp
Rainbow Spring & Fall 1.5
Tributaries Summer 0.5
Grayling Spring & Fal 1.6
Mainstem Summer 0.6
Round Whitefish Spring 2.7
Mainstem Summer 0.6
Fall 1.2
Longnose Sucker Spring 2.1
Mainstem Summer 0.7
Fall 1.1




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.

Species
RPound whitefish
Arctic grayh’nga
Longnose sucker?

STimy Sculpin

Significance

Chi-square df Level
8.6 4 NS
6.9 1 p< .01
0.4 1 NS
6.9 4 NS

2 Sites were pooled into tributary mouths versus sioughs because of small

sample size.



DISCUSSION

Juvenile Salmon

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 and scckeye.

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.

0f 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 sioughs
and the mainstem. Rainbow trout and Dolly Varden mainly used tributary
mouths. Round whitefish were most 1likely 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
spring and fall than in the summer. This 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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sunmer, These species apparently use tributaries 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 variables 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 outmigration 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 in¢cluded 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 outlined in the
Basic Data Report (ADF&G 1983a). Capture rates of juveniles of four

species of salmon (chinook, coho, sockeye, and chum) were analyzed.



Juvenile pink salmon were not captured in large enough numbers to draw

any conclusions about this species.

Discharge levels 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 O+ only) was calculated by summing the
daily catches of fish until a sample size of at least z5 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 fish caught in this period
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 al.
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 variables are summarized in
Appendix Table H-1. 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-1). Turbidity
fluctuations 1lagged discharge by two or three days. Day Tlength

(Appendix Table H-2) remained at 24 hours/day from the beginning of the
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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 _h
Discharge (ft3/sec) 7,950 37,000 19,225 104
Water temperature (°C) 0.5 14 .1 9,2 104
Turbidity (NTU)? 8 284 103 51
Daylength (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
socksye 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
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Appendix Figure K-1. Variation of Susitna River mainstem environmental variables above the
Chulitna River confluence from June 18 to October 12, 1982. See text for
exact source of data.



Appendix Table H-2. Civil twilight at Talkeetna, Alaska
(Source: National Weather Service)

Daylength Daylength Daylength
Date {(hours) Date (hours) Date (hours)
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 1€ 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
July 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 Oc tober 07 12.3
July 12 24.0 August 25 16.8 October 08 12.2
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 12 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 over
the course of the season. The correlation coefficient (r) between
discharge and time of season was -0.65, p«< 0,0l1. 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 species of juvenile salmon was initially
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.

Correlations with turbidity were not calculated because turbidity 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<0.01) and to daylength (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<0.01). 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<0.01)
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.

OQutmigrating 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
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H-5). The 60 mm pulse occurred prior to the 50 mm pulse. Relatively
large numbers of 50 mm fish outmigrating near the end of July depressed

the plot of mean length at that time.

Juvenile Coho Salman

Coho salmon outmigrated 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<0.01), 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 lags, by using a moving average,

or by performing a first-difference regression. There was a modest
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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<0.01. 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<0.01). 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<0.01). 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/lﬂq). 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 were outmigrating, the

catch/hour was Tow.

DISCUSSION

Catch/hour for all species generally declined with time (Appendix
Figures H-2, H-3, H-4}, Levels of the environmental variables
(discharge, water temperature, and daylength) also generally decreased
over the course of the season (Appendix Figure H-1, Appendix Table H-2).
These two facts alone would probably lead to reasonable correlation
coefficients between habitat variables and catch/hour. However, the
real question is 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 tco 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 Tikely to be favorable. Given this, the cbjective
of this study has been to determine if the fish respond to short-term
fluctuations (on the order of days) in environmental variables and if
changes 1in those variables, such as might be caused by Lthe propased

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 season, but it can be seen from Appendix Figures H-1,
H-2, and H-3 that the mid-September surge in discharge correlated very

well with an increase in outmigration of chinook and coho salmaon.

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. Alsc, other factors which may
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influence outmigration 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. Diséha;ge 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 areas
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). 1In 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 fimpetus for outmigration (Sano 1966). Day length
regulates the biological clocks of juvenile salmon. For example, an
increasing day length (photoperiod) affects the pituitary system of
Jjuvenile 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 for 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

Mone of the first-difference regressions which were computed gave very
good results. There 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 1in the numerous small eddies,
backwaters, and slack-water border areas. On any given day with this
scenario, 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 a 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 is 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. Durirg
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 hahitat 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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INTROBUCTION

The opening of access roads into the proposed impoundment area can he
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 proposed
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 data, the effects of
fishing pressure can be projected from these catch records and

population estimates.
The theoretical analysis of the data was developed using eguations
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:

(1) Nt+1 = Ny x Stn where:

Nt and Nt+1 are known
for each age class and

give estimates for Stn
for each age class.

In an exploited fishery then,

(2) Moy

The annual total mortality
rate, A, is related to S, as:

=1 -5 F and,

tn+

-1

(4) Sy p= e t and, where:

I-2

= Nt X Stn+F where:

t+l

tn

= Population number of age

class t plus one year.

= Population number of age

class t fish

= Natural survival rate of

age t fish

tn+F Survival rate of age t

It

fish after combined
natural and fishing
mortalities.

Instantaneous rate of totel
mortalities of age t fish.



o

(5) Zt - Ft * Mt and, where: Ft = Instantaneous rate of
fishing mortality of age
class t fish.

(6) Mt = -In Stn where: Mt = Instantaneous rate of

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 experienced 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 Tline) fishing. (3)

Recruitment of age II class fish is constant.

In an exploited system then, Ft is viewed as:

-———
~J
N
-
i

t = 9 X f where: 9 = catchability of age
class t; proportioned
fish per unit time fished.

f = fishing effort, (98.25

hrs or 6.05 hrs/mile
stream).

and 9y is estimated from:

#

(8) ay -In (l—ut) using,
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(9) up = E% where: Rt = number of grayling marked in
M July 1982 that were recaptured
t in August 1982 by age
class t.
M‘t = number of grayling marked in
July 1982, by age class t.
The term Uy is called the rate of exploitation and was calculated from

the mark-recapture fishing data found in ADF&G (1983).

Calculation of the annual total mortality rate (Atn+F) n equation (3)

thus allows calculation of predicted catch at different 1levels of

exploitation.
(10) AtF = Atn+F - (l-Stn) where: AtF = annual fishing mortality
A, = 1-S_ = annual natural
tn tn ortality
t = VIII
(11) Ct = :S‘ AtF X Nt Ct = total catch
t = III

A model of the maximum sustained yleld 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 SuperCa]cR.
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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-1 summarizes the July catch and effort. The fishing
pressure (f) value, which was varied to calculate Ct 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 expluitation 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 reduced linearly as

a function of the remaining proportion of spawners.
RESULTS

Appendix Table I-2 presents the calculated wuaximun sustained catches
resulting from differing levels of fishing pressure (f). Appendix
Figure I-1 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.
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Appendix Table I-1. Summary of catch and effort made during the July
1982 proposed impoundment grayling tag and recapture
sampling program.

Impoundment Miles of Haurs 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 a1 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
Fag 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 {-2, Results of age class and total population calculations at variable levels of fishing pressure,
Relative fishing pressure (f) = .00
Total Population Spawners
Population of as a
Age Class Age 11} Spawners Percent
and Older {Age V of Total
K 11t IV v Vi Vii VI Fish & Older) Population
Natural instantaneous
Mortality (M) .90 46 .27 77 .78 1.06
Natural Survival (S) 41 .63 .85 T 46 .35
Fishing Mortality (F) .00 .00 .00 .00 , 00 .00
Mark/Recapture (R/M')
Ratio -0& .09 A% 24 .20 . 26
Total instantaneous
Mortality (Z) .30 .46 A7 .77 .78 1.06
Total! Mortality (An+F) .59 .37 .15 - .54 .65
Total Survival (5n+F) o1 .63 .85 .46 46 .35
Numbers of Fish Year
1982 11363 4602 2904 2454 1134 521 180 11795 54289 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 16
1989 11363 4502 2904 2454 1134 521 180 11795 4289 36
1990 11363 Leo2 2904 2454 1134 521 180 11795 4289 36
19291 11363 Le02 2904 2454 1134 521 180 11795 4289 36
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Appendix Table 1-2 (Continued}.

Natural Instantaneous
Mortality (M)

Natural Survival (§)
Fishing Mortality (F)

Mark/Recapture (R/M')
Ratio

Total Instantaneous
Mortality (2)

Total Mortality (A .c)
Total Survival (5n+F’
Numbers of Fish Year

1982
1983
1964
1985
1986
1987
1988
1989
1990
1991

Relative fishing pressure (f) = .50

Tota? Population Spawners
Population of as a
Age Class Age 11t Spawners Percent
and Older (Age V of Total
i RE 13 v Vi Vil Viil Fish & Qlder) Population
.90 b6 17 .77 .78 1.06
1 .63 .85 46 .46 .35
.02 .05 .07 .13 11 .15
.04 .09 . L .24 .20 .26
.93 .51 <24 .91 .89 1.21
.60 .40 .21 .60 .59 .70
.40 .60 .79 .80 A1 .30
11363 4602 2904 2454 1134 521 180 11795 4289 36
11363 4500 2773 2280 992 467 155 11166 3893 35
11363 4500 2712 2177 921 408 139 10857 3646 34
11363 4500 2712 2129 880 379 122 10720 3509 33
11363 4500 2712 2129 860 362 113 10675 3464 32
11363 4500 2712 2129 860 354 108 10662 3451 32
11363 4500 2712 2129 860 354 105 10660 3448 32
11363 4500 2712 2129 860 354 105 10660 3448 32
11363 4500 2712 2129 860 354 105 10660 3448 32
11363 4500 2712 2129 860 354 105 10660 3448 32

TR
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Appendix Table 1-2 {Continued).

Relative fishing pressure (f) = 1.0
Total Population Spawners
Population of as a
Age Class Age 111 Spammers Percent
and Older (Age V of Total
R bl v V Vi Vil Vit Fish & Older) Population
Natural instantanecus
Mortality (M) .90 .46 .17 .77 .78 1,06
Natural Survival (S} .41 .63 .85 A6 .46 .35
Fishing Mortality (F) .0l .09 .15 .27 .22 .30
Mark/Recapture {R/M')
Ratio .04 .09 .14 .24 .20 .26
Total iInstantaneous
Mortality (Z}) .95 .55 .32 1,04 1.0C 1.36
Total Mortality (A ) .61 242 .27 .65 .63 .74
Total Survival (5n+F) .39 .58 .73 .35 .37 .26
Numbers of Fish 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 3
1985 11363 &400 2532 1846 683 276 82 9819 2887 29
1986 11363 4400 2532 1846 653 252 71 9753 2822 29
1987 11363 4400 2537 1846 653 24 65 9736 2804 29
1988 11363 4400 2532 1846 653 241 62 9733 2801 29
1989 11363 4400 2532 1845 €53 241 62 9733 2801 29
1990 11363 4400 2532 1846 653 241 62 9733 2801 29
1991 11363 4400 2532 1846 €53 241 £2 9733 2801 P4
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Appendix Table (-2 (Continued),

Relative fishing pressure (f) = 2,00

Total Population Spawners
Population of as a
Age Class Age i1t Spawners Percent
and Older (Age V of Total
1 11 v v Vi Vil Vil Fish & Older) Poputation
Natural Instantaneous
Mortality (M) .90 .46 .17 .77 .78 1.C6
Natural Survival (S) A1 .63 .85 .46 .46 .35
Fishing Mortality (F) .09 .18 .29 .54 .44 .59
Mark/Recapture (R/M')
Ratio . 04 .09 I .24 .20 .26
Total Instantaneous
Mortality (Z) .99 .64 .46 1.3 1.22 1.66
Total Mortality (An+F) .63 ] .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 95 9547 2926 31
1984 11363 4206 2208 1520 494 196 64 5688 2274 26
1985 11363 420¢€ 2208 1389 411 146 37 8357 1984 24
1966 11363 4206 2208 1389 376 121 28 B3z8 1914 23
1987 11363 4206 2208 1389 376 m 23 8313 1899 23
1988 11363 4206 2208 1389 37¢ 11 21 8331 1897 23
1989 11363 4206 2208 1389 376 m 21 8311 1897 23
1990 11363 5206 2208 1389 376 111 21 8311 1897 23
1991 11363 4206 2208 138% 376 111 21 8311 1897 23
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Appendix Table i-2 (Continued}.

Relative fishing pressure (f) = 4.0
Total Population Spawners
Population of as a
Age Class Age 11 Spawners Percent
and Older (Age V of Total
b 1] iV v Vi Vil Vit Fish & Older) Population
Natural instantaneous
Mortality (M) .90 .46 17 .77 .78 1.06
Natura) Survival (S) A1 .63 .85 U6 46 .35
Fishing Mortality (F) .18 .37 .59 1.07 .88 1.19
Mark/Recapture (R/M')
Ratio .04 .09 b b .20 .26
Total instantaneous
Mortality (Z) 1.08 .B3 .76 1.84 1.66 2.25
Total Mortalfty (An+F) .66 .56 .53 .84 .81 .89
Total Survival (Sn-!-F) .34 b L7 .16 .19 .M
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 €
1984 11363 3844 1678 942 215 74 23 6776 1254 19
1985 11363 3844 1678 787 149 41 8 6506 984 15
1986 11363 38ih 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 18
1991 11363 3844 1678 787 124 4 2 6459 937 15




¢l-1

Appendix Table !-2Z (Continued),

Relative fishing pressure (f) = 56,0

Total Population Spawners
Population of as a
Age Class Age 11 Spewners FPercent
and Older {Age V of Total
L Pl IV v Vi Vil Vil Fish & Older) Population
Natural instantaneous
Mortality (M) .90 .46 17 W77 .78 1.06
Natural Survival (S) 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 L4 . 24 .20 .26
Total instantaneous
Mortality (1) 1.17 1.01 1.05 2.38 2.10 2.85
Total Mortality (An+F) .69 .6l .65 .91 .88 .94
Total Survival (sn+F) 31 .36 .34 .09 .12 .06
Numbers of Fish Year
1982 11363 4602 2904 2454 1134 521 180 11795 4298 36
1983 113863 3513 1671 1014 227 139 3C 6594 1410 21
1984 11363 3513 1276 583 94 28 8 5502 713 13
1985 11363 3513 1276 445 54 1 2 5301 512 10
1986 11363 3513 1276 445 41 7 1 5283 494 S
1987 11363 3513 1276 L5 41 s ¢ 5281 492 S
1988 11363 3513 1276 445 41 5 o] 5281 492 9
1989 11363 3513 1276 45 41 5 0 5281 492 2
1990 11363 3513 1276 45 41 5 o 5281 492 9
19N 11363 3513 1276 445 41 5 0 5281 492 9

e
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Appendix Table (-2 {Continued).
Relative fishing pressure (f) = 8,0
Total Population Spawners
Population of as a
Age Class Age 111 Spawners Paercent
and Older (Age V of Total
il bHE 1V v Vi VIi Vit Fish & Older) Population
Natural instantaneous
Mortality (M) .90 .46 17 W77 .78 1.06
Natural Survival (5) &1 .63 .85 A6 46 .35
Fishing Mortality (F) .36 .74 1.18 2.14 1.77 2,38
Mark/Recapture (R/M')
Ratio .04 .08 .14 . 24 .20 . 26
Total instantaneous
Mortality (Z) 1.26 1.20 1.35 2.92 2.54 344
Total Mortality (An+F) .72 .70 W7h .95 .92 .97
Total Survival (Sn+F) .28 .30 .26 .05 .08 .03
Numbers of Fish Year
1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1983 11353 321 1390 755 133 89 17 5595 994 18
1984 11363 2N 970 361 41 10 3 4596 416 9
1985 17363 3211 970 252 20 3 0 4u56 275 6
1986 11363 3211 970 252 14 2 ¢ 4448 267 &
1987 11363 3211 970 252 14 1 0 buyy7 267 6
1988 11363 3211 970 252 14 1 0 Lys7 267 6
1989 11363 3211 970 252 14 1 y Lau7 267 6
1990 11363 321 970 252 14 1 G Luyy7 267 6
199N 11363 21 970 252 14 1 0 4447 267 6

.
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Appendix Table |-2 {Continued).

Relative fishing pressure (f) = 10,

Total Population Spawners
Population of as a
Age Class Age 11} Spawners Percent
and Older (Age V of Total
T Il 1y v “!l_ Vil VI Fish & Older) Population
Natural Instantaneous
Mortality (M) .90 .46 17 .77 .78 i.06
Natural Survival (S§) R .63 .85 .46 b6 .35
Fishing Mortality (F) A4S .92 1.47 2.68 2,21 2,97
Mark/Recapture (R/M!)
Ratio .04 .09 A .24 .20 .26
Total Instantaneous
Mortality (Z) 1.35 1,38 1.64 3.45 2.98 4.03
Total Mortality (An+F) .75 .75 .8 .97 .95 .98
Total Survival (Sn+F) .26 .25 .19 .03 .05 .02
Numbers of Fish VYear
1982 11363 4602 2904 2554 1134 521 180 11795 5289 36
1983 11363 2934 1156 562 78 57 9 4797 707 15
1984 11363 2934 737 224 18 i 1 3918 247 6
1985 11363 2934 737 143 7 1 0 3822 151 b
1986 11363 2934 737 143 5 0 0 3819 148 b
1987 11363 2934 737 143 S 0 0 3819 147 iy
1988 11363 2934 737 143 S 0 0 3819 147 4
1989 11363 2934 737 143 5 4] 0 3819 147 4
1990 11363 2934 737 143 S 0 0 3819 147 4
1991 11363 2934 737 143 5 0 0 3819 147 I
¢ ¥ ! 3 L L § ¥ [ f § ¥ L
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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 ¥I and
older (approximately 350 mm and greater in Tlength). The maximum
sustained yield under these conditions occurs at f = 1.5 and 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 at 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 I-2.
Under baseline conditions, 36% of the age Il1I 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
required under the current conditions, the projected decrease in the
number of the spawners at the high rates of exploitation 1s prcbably
sufficient to affect recruitment. Using the assumptions ot 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/mile 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 Spawners
Total Number of of Age V! and Total Catch A1l Age as a Percent of
Year Spawners (Age V & Older) Older Fish Caught (Classes (Age {!! & Older) Total Population
1982 4289 646 3083 36
1583 1410 139 1427 0
1984 713 Le 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 17 816 9
1992 492 17 916 2
1593 492 17 916 9
1994 492 17 916 9
1995 492 17 916 9
1996 492 17 916 2
1997 492 17 916 9
1998 492 17 916 9
1959 492 17 26 9
2000 492 17 916 9
2001 492 17 916 9
2002 492 17 916 9
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Appendix Table -3 (Continued).

Year

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Total Number of

Numbers of Fish at Relative Fishing Pressure (f) = 6,50

Total Number
of Age Vi and

Total Catch A1l Age

Spawners
as a Percent of

Spanners (Age V & Older) Older Fish Caught Classes (Age 11! & Older) Total Population
4289 666 3244 36
129 127 1424 20

622 39 999 12
438 19 912 9
423 14 206 8
421 13 906 8
421 13 906 8
421 13 201 8
421 13 594 8
415 13 890 8
K4 13 889 8
414 13 889 8
414 13 885 8
414 13 879 8
408 13 875 8
406 13 874 8
406 13 873 8
k06 13 869 8
K0€ 13 863 8
401 13 859 8
3199 13 ass8 8
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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 A1l Age as a Percent of

Year Sparners (Age V & Older) Older Fish Caught Classes (Age !if & Older) Total Population
1982 4289 686 3395 36
1983 1182 15 1415 19
1984 543 a2 983 11
1985 374 15 855 § -
1986 362 1 894 7
1987 361 10 893 7
1988 361 10 847 8
1989 161 10 794 9
1990 319 10 760 8
1991 306 9 753 B
1992 304 9 753 7
1993 304 9 716 8
1994 304 5 672 9
1995 271 9 643 ]
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 € 534 7
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Appendix Table 1-3 (Continued).

Year

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
19%6
1997
1998
1999
2000
2001
2002

Total Number of

Numbers of Fish at Relative Fishing Pressure {f) = 8.00

Total Number
of Age Vi and

Spawners {Age V & Older) Older Fish Caught

Total Catch All Age
Classes (Age i1l & Older)

Spawners
as a Percent of
Totail Population

4289
994
416
275
267
267
267
259
176
167
166
166
161
112
104
103
103
101

72
65
64

A RNNRNWEREERPFEFRPOOO0O0NNW

3672
1386
945
869
866
853
715
599
ELT
539
531
450
377
341
336
331
283
237
213
209
206

36
18
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Appendix Table i-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 ¥ & 0lder) Older Fish Caught Classes (Age i1l & Older) Total Population
1982 4289 741 3918 36
1983 837 75 1344 16
1984 320 14 906 g
1985 203 6 838 5
1986 198 i 836 5
1987 198 i 730 6
1988 198 L 541 9
1989 150 b 425 B
1990 96 3 389 5
1991 92 2 386 5
1992 31 2 339 6
1993 91 2 254 9
1994 70 2 199 8
1985 Le 1 1680 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 0. 50 7
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Appendix Table [-3 (Continued).

Numbers of Fish at Relative Fishing Pressure (f} = 10,00

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 Il & Older) Total Population
1982 4289 760 4137 36
1983 707 60 1296 15
1984 247 16 866 6
1985 151 3 807 4
1986 148 é BO& 4
1987 147 2 623 6
1988 147 2 407 9
1989 87 2 302 6
1990 53 1 278 4
1991 5 1 277 4
1992 51 1 216 6
1993 51 1 143 9
1994 £l 1 105 7
1995 19 0 96 )
1996 18 G 95 )
1997 17 0 75 6
1998 17 0 50 9
1999 11 0 37 7
2000 7 o 33 4
2001 & ¢ 33 4
2002 6 v 29 5
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TOTAL NO. OF FISH CAUGHT

4000

1 ¥

2 4 6 8 10 {2 14 6 |18 20

=

NO. OF YEARS FROM ONSET OF INCREASED FISHING PRESSURE

Apperdix Figure I-2. Effort of heavy Tishing pressure on Arctic grayling catch rates assuming

effort of harvest on recruitment. The © value vepresents multiples of 6.0
krs per mile of hook and line sport fishing per year.



CONCLUSION

The model demonstrates that in a closed system fishery, where fisherman
access 1is not 1limiting, modest levels of fishing pressure can
drastically reduce grayling population. In reality, a reduction in the
numbers of large fish would probably result in a decrease in fishing
pressure before the population would be eliminated. The residual
fishery, after such an event, would probably reflect recruitment by

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 grayling 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
assumptions concerning harvest, recruitment, management strategies, and

other aspects of the population dynamics of grayling, with minor adjust-

ments to the model presented.
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APPENDIX J

Age-Length Relationships for Arctic Grayling and Rainbow Trout
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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 enalyzed. 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 popuiations. If growth
rates are low, the Susitna population may be limited in its ability to

absorb impacts associated with the proposed hydroeiectric 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 + bX) regressions of age versus length were then
calculated for both species. Arctic grayling were divided intc 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
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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 analy:zed by reach separately for comparative purposes and as a check
on sampling and agqing procedures. Selected slopes of different

regressions 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 wouid
give hiased results since most growth occurs during a short periond 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 age
if caught in May and 1.2, 1.4, 1.6, and 1.8 years of age it 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-1).
Although slopes and intercepts varied somewhat by reach and year, all
the log regressions are very similar and ditferences are probably due to
chance. Growth rates of Arctic grayling in the impoundment ard below
the Chulitna River confluence are nearly identical. Compariscn of
slopes (growth) of the log regressions of Arctic grayling captured in

1982 in the impoundment with those captured between the Chulitna River
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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- 2
Area Slope cept n r_ Std Error
Arctic Grayling
Log 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 18.14
Above Chulitna, 1981 117.0 47.6 65 .93 19.0
Below Chulitna, 1981 152.9 2.6 209 .87 23.%

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
Log Above Chulitna, 1982 271.3 -104.5 132 .84 34.5
Below Chulitna, 1982 167.5 50.7 35 N1 -

Linear Above Chulitna, 1982 57.0 36,4 132 .86 32.2
Below Chulitna, 1982 42.0 103.0 35 .82 39.8

Above Chulitna, 1981 50.
Below Chulitna, 1981 62.

/3.6 92 .66  39.4
43,5 92 .81 37.6

& o
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and Devil Canyon revealed a statistically significant difference
(t=3.71, df=676, p<.01), but this difference 1is 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 tc

those of other interior Alaskan populations (Appendix Figure J-1).

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-1). 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 = Z2Z20).
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 smallest for any given age class of the
poptulations examined. However, the slope (growth rate) was cowparable

with the other populations except that of Kootenay Lake.

J-4



500"
R S
450~ Bristol Bay
__ 400 T~Interior
= ,
E 3501 North Siope
= 300-
©
& 250
3
¥ 200+
@
Ez 150 -
100 ~
- Susitna River
504 Arctic Grayling
0 T | T 1 T T 7  —
0 | 2 3 4 5 6 7 8 g

AGE

Appendix Figure J-1. Comparisons of age-length relationship of Arctic
grayling in the Susitna River with growth rates of
Arctic grayling in other regions of Alaska. Fiqure
is adapted from Armstrong (1982).

J-5



F4

800+ RAINBOW TROUT
700
6004
Z 500+
=
T
.-
(4
Z 4004
w
|
4
@
(o]
w
300
200
(©) SUSITNA RIVER ABOVE CHULITNA
0 - CONFLUENCE
10 (@ PYRAMID LAKE ALBERTA
{REWSON & ELBEY 1950}
(3) LOWER TALARIK CREEK
KVICHAK DRAINAGE, AK (ADFAG,1977)
(*) «oOTENAY LAKE, B.C.
{CARTWRIGHT 19€1)
0 1 ) L] ¥ | 4 | L ] k |
0 | 2 3 4 5 & T
AGE (YEARS)
aure J-2. Comparisons of age-length relationship of rainbow trout

ir the Susitna River above the Chulitna confluence with
nther systems. Figure is adapted from TtS (1981).

J-6



e

LITERATURE CITED

Alaska Department of Fish and Game. 1977. Rainbow trout Tlife history
studies in the lower Talarik Creek - Kvichak Drainage. Federal Aid

in Fish Restoration, Vol. 18, Study No. G-II,

Armstrong, R.H. 1982, Arctic grayling studies in Alaska. (Draft).
Alaska Cooperative Fishery Research Unit and Alaska Department of

Fish and Game, Sport Fish Division.

Dixon, W.J., and F,J. Massey, Jr. 1969. Introduction to statistical

analysis. McGraw-Hill Book Co., New York. 638 pp.
Terrestrial Environmental Specialists, Inc. (T.E.S.). 1981. Life

history and ecology of selected fishes that occur in the Susitna

River. Phoenix, New York. 59 pp.

J-7




APPENDIX K

Evaluation of Arctic Grayling Spawning and Rearing Habitat and Notes on

Salmon Spawning in the Impoundment Study Area of the Susitna River.
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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 lgss of
existing Totic 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 lTocations. 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 TFog (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 Jjuvenile and adult Arctic grayling
indicated the presence of adequate rearing habitat for these Tlife

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.
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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 tributaries.
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 grayling
spawning was not observed because of turbid water conditions during

spring.

The observation of fry, juvenile and adult Arctic grayling aleng with
the identification of spawning and rearing habitats within the study
reach on each tributary indicated that Arctic grayling of all Tlife

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.
The waterfall located in Deadman Creek would be inundated by the
proposed Watana Reservoir, eliminating this fish passage barrier.
However, the proposed Devil Canyon Reservoir will not inundate the
waterfall above the PIE on Tsusena Creek but will 1limit the amount of
available habitat below the waterfall. Potential spawning and rearing

habitats above this barrier will remain unavailable. Likewise, the

K-4
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proposed inundation of Fog, Watana, and Jay Creeks below possible
hydraulic fish passage barriers may also 1imit 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

A1l 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 notable 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 habjtats (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
all 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
tributary 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 RM
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, 1983:
Volume 2} have tentatively placed the upstream 1limit 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,

ADF&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 limited.

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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