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Figure D-5. Model-predicted frequency distribution of the water
surface area of Chum Channel having associated water
depths at three selected discharges. Water depth is
expressed in 0.2 ft increments.
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Figure D-6. Model-predicted frequency distribution of the

water surface area of Slough BA having associated

water velocities at two selected discharges.

Water

velocity is expressed in 0.2 ft/sec increments.
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Figure D-7. Model-predicted frequency distribution of the water surface
area of Slough 9 Raving associated water velocities at four
§e1ected discharges. Water velocity is expressed in 0.2 ft/sec
increments.
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Figure D-8. Model-predicted frequency distribution of the water surivace
area of STough 21 having associated water velocities at
four selected discharges. Water velocity is expressed in
0.2 ft/sec increments.
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Figure D-9. Model-predicted frequency distribution of the surface
water area of Chum Channel having associated water
velocities at three selected discharges. Water velocity
is expressed in 0.2 ft/sec increments.
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Figure D-10.

Comparisons of the model-predicted water surface area at

assoclated water depth frequency destribution with the
frequency distribution of observed chum saimon redds versus
their associated water depths for Slough BA, 9 and 21.
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Figure D-11. Comparison of the observed water surface area versus
associated substrate frequency distribution with the
frequency distribution of observed chum salmon redds
versus substrate composition for sloughs 8A, 9 and 21.
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Table 0-1. Calibration of water surfece elevationt snd discherges ot
two flows for trantects fn Chum Chanrnel,

Yelocity

Water Surface Ad juy pment

Transert Elevation (Ft) Diteharge {cfs}) Factor

Observed Predicted T Observed Predicted £ Oifr

1 .10 11210 6.7 6.5 =3 0000
2 11228 112,28 &.7 6.8 *] :.urm
3 m.n mn.n 6.7 6.8 +} L9995
4 m.r m.n 6.7 6.7 0 L9062
H] .35 1M 6.7 ¥ & L3res
6 172,35 112,55 5.7 6.5 ) .99
H 112.50 172,50 5.7 6.8 +1 1.0000
] 17266 172.66 6.7 6.5 -3 R1I]
1 172.45 112,48 0.0 88.1 -2 L5479
2 e, mn 1n.n 0.0 0.8 +1 968
3 . 17:.m 0.0 2.9 *] 9960
4 172.81 1720 0.0 9.0 -1 .53
5 tre.m i12.93 .0 1.9 4 1.003%
[ inR. .o .0 5.4 2 9992
H 113,10 173,10 0.4 9.1 2 R 1]
[ 111 171 13 0.4 9.6 -1 R H]

Table 0-2. Calibration of mater su=face alevationt snd discharges st
three flows for transects in Slough BA.

Yeloc ity
Water Surface i Jors tampat
Transect Elevation {ft} Ofscharye {cts) Factor
Observed  Predicted T Observed Predicted I DAEF
1 56547 $45.5% 4.0 4,1 ] L9519
? 56%.48 545.51 4.0 1.0 ] 9784
] 565.52 $45.5% 4.0 4.0 0 94
4 5. M wi.er 4.0 4.0 a 1.004]
5 568,01 k2 4.0 4.0 ] L9124
[ 585,05 64 .08 4.0 L «} 1.003
¥ %4.3) L 4.0 4.0 0 1.0108
] 566.62 566,63 4.0 £.0 0 1.0060
9 567,20 557,21 4,0 4.0 0 L9866
10 557,20 S81.21 4.0 .0 0 .85
11 7.0 %7.21 4.0 .0 ] .
1 545.65 545,80 1.00 I *] LS
2 555,08 5.1 1.00 7.1 ol L9748
3 ;.0 5.0 1.00 1.1 L3 no1H
[ 568 .0% %4 .03 7.00 1.0 [} 1.0076
3 5%4.11 5413 1.00 7.0 [ A0
] %4, 18 545,15 1.00 1L ol 1.0146
H 5%4.37 564,37 .00 1.0 '] M3
L} . 4.8 T.00 1.0 a 1.0350
) 67,18 $61.m T.00 1.0 0 L5991
10 sr.n 1.9 r.m 1.0 0 .5
11 1.0 $61. 79 r.00 1.0 0 1.0107
1 5,14 $45.00 10,05 0.1 #] 1.0206
2 585,77 5.1 10.0% 2.1 *] 1.0083
] 555,00 W5, M .05 0.1 *l 1.0086
] 564,37 564 .38 20.0% 0.2 »1 R
5 5%4.36 6.3 .04 19.9 -} 1.0190
4 564,37 %4.37 20.05 4.1 +]1 AT
? 558,48 .0 20.05% 0.0 a 1.010)
8 568,79 5.1 mn, 0% 19.0 -k 1.0009
] ur. - . u 20.0% 0.0 a 1.0048
10 6.4 47 .46 .08 0.0 "] 1.0052
11 S£7.4% 587,45 20.0% 0.1 +1 o
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Tadle 0-). Calibration of water surface elevatlions sad discharges at
three flows for transects 1 Slowgh 9,

Yelocity

Vater Surfsce Ad s Larni

Transect Clevation {ft} Discharye fcfs) Factor

ovterved  Predicted Y Observed Predicted 1 OAfF

1 92.40 Wi 4.0 2.0 ] Je0a
4 59250 . & 8.0 B.i | 1.0026
[ 532,15 $92.75 8.0 8.0 [ 91
5 51).40 9.8 8.0 8.1 *1 1.0212
H 591,45 593,44 8.0 8.0 9 Loy
8 $91.40 59119 LA 7.9 «1 1.0054
9 591.50 591, % .0 8.2 ) 9330
10 $91.60 $91.59 a.0 8.0 1} 9
1 593.143 $91.42 {450 48,4 o} 1.0073
H 591,80 593,57 145.0 1447 o 1.0108
4 593,60 §93.65 145.0 145.3 ] 1.0450
[ §94.00 594,10 1450 144.9 a 597
7 SH.20 594,25 145.0 147.9 +1 1.0028
[ S M. 145,0 141.3 -4 1.0182
9 5.0 59435 145.0 1454 -] ..
10 i% .20 §94.37 145.0 [T o o1
k 170 591.71 212.0 M6 ol 9103
H 593.80 5130 2.6 1.0 a 5987
1 534.00 3. M 2.0 2026 [ a4
1 $94,50 SH_ % m.o 314 1] .21
H 59450 594,45 12).0 235.9 2 K 1T
[ ] $9.20 58452 1.0 .5 «1 9.
9 53460 .56 2120 2318 0 L1920
10 .0 M .0 3.4 ] S

Totle D4, Catibeation of water surfice elevations and discharges at
three flows for traniects in Slowgh 21.

Yelocity
Water Jurface Ajwrtmgat
Transect  Elevation (ft) Discharge (efx} Faclor

Observed Pradicted Y Observed Predicted I DIFfF

] 744,2) e ,28 5.0 5.0 0 1.0067
[} ra4. 25 744,29 5.0 5.0 0 972
5 a7 T8, 31 5.0 1.8 -4 1.0295
1] 744,55 7l4.57 5.0 e -4 9952
H T4 M e 5.0 5.0 0 9655
] Ta. 60 744,50 10.0 10.0 0 5951
4 a4 59 744,51 10.0 10.0 0 /1990
5 LN ] Tad,51 10.9 1.7 =3 9
L] 14408 a2 10.0 2.8 *2 1. 1046
H 144,99 14,93 9.0 10.v [ 1,064}
k] 145, 84 145,90 157.0 156.8 [ 906
4 145.05 745,90 157.0 156,2 -1 -ma2
§ Tas.07 15.% 157.0 158.3 *l R
[ s, »n 5.4 151.0 157.4 *1 970
T 145,98 T46.02 157.0 152.7 [ ] 8.
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Table D-S, Comparison of abserved and predicled water depths and
velocities along Slcfgh BA Transect ] at two slough
flows: 4 and 20 cfs.

&4 cfs 20 cfs
Depth Velocit Depth Yelocit:

b (£13] {fessec {fe) {fe/sec)
Segment obs. pred, obs., pred. obs, pred. obs, pred,
LWE 12 40 .60 .00 .00 g .90 .05 05

14 .80 N:H .00 .00 1.05 1.15 .05 05

16 .90 90 .10 .00 1.20 1.20 .14 .
18 1.00 .95 .0p .00 1.20 1.25 .10 0%
20 1.00 1.00 .00 .00 1.3 1.3 .10 05
22 1.00 1.00 .00 .02 1.30 1.30 .10 A1
24 1.05 1.10 05 .02 1.40 1.40 .10 LAl
26 1.20 1.25 .05 .04 1.40 1.55 .10 12
28 1.30 1.15 05 | 1.50 1.65 .10 .12
30 1.45 1.40 .01 N 1.70 1.70 .10 A2
n 1.40 1.40 .10 .0l 1.70 .70 .10 .11
M 1.50 1.45 .10 L 1.65 1.76 .10 .13
6 1.60 1.50 05 .04 1.60 1.80 .10 .12
» 1.55 1,55 0% .04 1.80 1.8% .10 A2
40 1.60 1.60 .00 .06 1.90 1.90 .20 .18
42 1.65 1.60 05 06 1.80 1.90 .20 .18
il 1.60 1.60 0% .06 1.85 1.90 .30 .M
46 1.60 1.60 05 .DE 1.90 1.90 .20 .25
[ ] 1.60 1.55 .10 .08 1.90 1.85 .35 32
50 1.55 1.50 05 .07 1.60 1.80 . .32
52 1.50 1.50 .05 .10 1.80 1,80 .40 3R
54 1.50 1.50 .05 .10 1.70 1.80 A5 .37
L] 1.50 1.45 ] .07 1.75 1.75 .30 P P4
58 1.40 1.3% .05 .06 1.6% 1.65 .30 )
&0 1.25 1.20 . .06 1.50 1.50 % L

62 1.10 1.05 .00 .06 1.35 1.3% . .
&4 1.00 .95 .00 .06 1.%0 1.2% .25 .26
66 .95 .80 .05 .06 1.30 1.20 .20 .20
68 .93 .90 .00 06 1.10 1.20 2 .20
70 .95 .85 .00 .09 1.30 1.15 .20 .20
1 .a5 .80 .00 .07 1.10 1.10 .20 .13
74 .90 .80 .00 .03 1.10 1.10 .20 .12
76 .80 .80 ) .01 1.10 1.10 15 12
78 .85 5 .00 (1} 1.00 1.0% B H .07
[:1¢] 80 .65 .00 .01 1.00 .95 .10 .07
¥4 .60 .60 .00 ol .90 .80 .10 .07
84 .65 .55 00 .0l 1.00 .85 .10 07
86 .50 A5 .00 01 .80 ) .10 .07
B8 A5 .35 .00 0o .55 .65 .05 .05
90 0 .20 .00 .00 .60 .50 .00 .05
RWE 92 .10 .05 .00 .00 .40 .30 .00 .05
94 .20 15 .00 Al
RWE 96 .00 .05 .00 .00
ra= .99 r=.35 r= 99 ral,00

)

bpistance (ft) along transect from left bank head pin. LWE and RME are
left and right water's rdge at the two discharges.
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Table D-§. Cospariton of cbirrved #nd predicted waler depths and
valocities oaltomg Chus [hanael Tranpecs § ol two slowgh
flows: 6.7 and 90 s

8.7 c’s 90 cfs
“Bepth YeTocik Tepth Velotit
b {re) “sfl.!uc {rt) {ftfnec
t°  obi pred. . pred, oby. red. obs.
&%‘— i : " N | - EEI
o ] 18 .10 .10
28 .20 . .50 K1l
0 J0 8 .50 MM
n A0 K] 1.30 e+ |
n 50 -5 1.3 .12
L 35,2 .00 .00
36 .0 .00 80 .53 1.90 1.40
n .10 .00
B .S .58 .50 1 1,90 .72
19 0 20
a0 25 24 .80 A 1.80 1.81
1 30 »
L ¥ 45 .29 1.00 1.0] FA L 2.1
4) .50 30
i 8 29 1.6 1.18 L0 .21
45 50 30
% ) ) ) 1.0 1.2 2.20 .
LH 70 .50
L] 15 .49 1.0 1.7] 2.4 2.41
L] . ]
0 85 L 1.0 1.4} 1.50 .51
51 10 40
57 B3 .3 1.50 1.4 2.30 2.3
53 .m .40
54 45 3 1.9 1.4 2w 1
%5 .10 .M
55 .00 LAl 1.%0 1.2 .5 .21
57 "] .50
] 15 A& 1.40 [0 5 I 5 . I 'Y |
59 .60 LD
(=] Ja e 1.40 I.ma 2.10 .1
[} 50 K]
&2 & M 1.20 14— .20 2.21
[} 50 .30
(] ] .3 1.20 .13 2.0 2.0
&5 40 ")
[~ .40 24 1.10 .9 2.00 2.0%
&7 ] .20
[.] .0 FL} 1.00 M 1.80 1.8
(3] 1 .00
10 03 .26 .1a .54 1.3 1.57
MT 00 .00
it 1 4] .00 .50 .52 1.30 }.40
T4 .50 A8 1.3 1.12
| J—— .40 AR - 1,10 1.12
8 .50 .18 .90 90
&8 L0 .08 L] n
az ) 28 .50 .50
-1} 10 .23 A . ]
.1 . 23 50 50
"] 20 .18 .40 A0
90 .10 .13 20 20
” .10 .0 .20 .20
[ - & ] K 02 00 LB
re=. " r= 57 r= .9 r= .9

'Oium (L] alony traasect from Teft bask head pin, LVE sudt B arw
Teft snd right water’s edpe at the twp discharpas.
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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.
Inspection of the photographs will provide an indication of the level of
abstraction involved if the reader associates the total wetted .urface

areas reported with the larger physical or hydraulic features of some of

these habitat areas.

Some changes have been made in defining the "study™ boundaries at the
Sunshine Creek, Slough 9, Lane and Goose Creek sites from those defined
in the Basic Data Report. At the Lane and Goose Creek sites, the creek
portion of the sites has been omitted because mapping of this area was
not always complete. At the Slough 9 location, maps of the upper half
of the study area were not made during tow water samplings, Thus, the

upper half of the area was omitted from consideration.

At the Sunshine site, a section of the previously defined study area was
also deleted due to inconsistent mapping of the uppermost reaches of the
creek. As a result, 15,000 ft2 at 60,100 cfs and 24,000 ft° at 82,400
cfs (of the true tota])‘backwater area present during the July samplings
was omitted fn this study in order to obtaim comparable total and

backwater area measurements.

In gereral, the sampling boundaries at each site were chosen to

encompass the backwater areas present over the range of flows sampled,
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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 presents 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 total
wetted surface area and discharge was plotted by fitting least squares
Vinear regressions to the data, For Whitefish Slough and 5lough 21, a
hand drawn curve was best fitted top the data. The relationship between
backwater surface area and discharge is replotted in the manner
developed previously (Volume 4, Part 1, Basic Data Report) on a site by

site basis.

Discussion

Even though sampling was centered around slough and tributary reaches
where mainstem backwater zones were a domipant feature, a very diverse
set of hydraulic and physical habitats were sampled. The total wetted
surface areas measured decreased with decreasing mainstem discharges.
The wetted surface areas of the upper portions of several sites were

greatly reduced as flows declined, and the habitat {types) present in
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Appendix Table £-1, Total wetted and aggregate type I1 {(backwacer) suriace areas of selected regions of Designated Fish Habitat
{CFH} sites, and mainstem Susitna River dischavges™, June through September, 1982.

Dllchlrge Total Wetted Surface Area
DFH Sice cfn Date Surface Area (Ft?) Type I1 (Fe?})

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 B8/09 160,000 73,600
13,800 9/27 89,000 48,200
12,500 8/20 96,000 47,300
12,200 9/06 99,000 61,200
Slough 20 33,250 6/20 139,000 20,600
26,800 1724 137,000 0
213,000 6/04 115,000 0
16,500 a/m 68,900 0
14,400 9/04 68,900 500

14,000 5/26 69,700 -a-®
12,500 8/20 55,700 1,800
Slough 19 24,900 7/23 46,000 24,000
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 &,200
Slough 11 33,2%0° 6/20 153,000 128,000
27,300 7/16 135,000 92,800
21,600 7/29 155,000 124,000
23,000 6/04 132,000 95, 000
14,400 8/12 69,000 25,600
12,400 9/2% 50,000 19,300
12,200 9/06 68,000 25,300
12,200 8/22 53,000 23,700

%usgs provisional data at Gold Creek, 1982, 15292000,

® June 10, 1982, data for Slough 21 incomplete.

“Amended msinstem digcharge at Gold Creek as determined from ADFG stage discharge curve,
%Mo backwater area mapped. A very small area probably existed.
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Dtlchlrle Total Weteed Surface Area
DFH Site cfs Date Surface fres (Ft?) Type 1} (Fe?)
Siough 9 31,500 6/22 269,000 ---b
29,100 117 321,000 )
28,400 1/13 05,000 0,
26,000 6/10 298,000 -
19,400 9/23 168,000 118,000
16,700 8/10 18%,000 132,000
12,200 8/21 134,000 0
11,700 9707 172,000 0
Slough BA 28,000 6/08 223,000 210,000
26,500 112 218,000 202,000
26,500° 6/23 223,000 210,000
25,600 7/28 257,000 205,000
17,100 9724 169,000 143,000
15,400 8711 220,000 193,000
12,200 8/21 185,000 158,000
11,700 9707 182,000 155,000
Lane Creek 28,500° 6/19 57,000 48,200
25,000 6/07 $1,000 5,000
22,400 1122 45,000 14,400
18,100 7/08 54,000 14,700
16,600 8/08 37,000 12,700
15,000 9/25 32,000 8,000
17,400 9/10 18,000 9,400
12,500 8/20 36,000 6,100
Slough 6A 33,250° 6/20 138,000 138,000
24,900 1/23 135,000 135,000
23,000 6/06 131,000 131,000
21,500 7/09 134,000 134,000
16,600 a/08 131,000 131,000
14,400 9/10 129,000 129,000
1%,000 9/26 131,000 131,000
12,200 8/21 127,000 127,000

%usGS provisionsl dats st Gold Creek, 1982, 15292000,
®June 10 and June 22 data for Slough 9 incomplete,
Samended mainstem discharge at Gold Creck as determined from ADFG stage discharge curve.
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Dllchlrge
DFH Sice (31}

Whisker Creek snd Slough 37,0008
31,900
25,000
21,300
16,600
13,800
13,400
12,200

Birch Creek and Slough 99,300
61,600

59,700

58,400

52,500

38,000

35,900

— 33,600

Sunshine Creck and Sidechannel sz,nooe
70,200
62,700
60,100
51,600
38,700
35,000
33,400

Date

6/21
7725
6/03
1/10
8/o8
9727
9/G,
a/22

1726
6/23
&/04
1
a8/0%
8/23
9/28
%/11

7427
6/0%
6/2L
7/12
8/10
8/2&
9/12
9710

Total Wetted
Surface Area {Ft?)

217,000
236,000
217,000
213,000
163,00U
190,000
195,000
150,000

458,000
388,000
394,000
422,000
370,000
362,000
376,000
363,000

332,000
277,000
275,000
259,000
214,000
180,000
179,000
154,000

Surface Area

Type II (Fi?)

76,0000
56,0000
160,000
83,900
46,600,
29,200
28,500

424,000
354,000
359,000
398,000
157,000
147,000

59,500

81,900

218,000f
121,000
134,000,
163,000
128,000
46,300
12,200
25,300

Miscs provisional data at Gold Creek 15292000 (with Whisker Creck data).
bSurfa:e area measurements for June 21 and July 25, 1982, are lower limits,

SSurface ares measurement for June 3, 1982 is an upper limit.

dHigh tributary discharge this date eliminated zone I {see ADFG Basic Data Report, 1981).

®uscs provisional dsta at Sunghine 15292780.

fDiffers from value in ADFG Basic Date Heport, 1982 (see text),

Ernended mainstem discharge at Gold Creek as determined from ADFC stage discharge curve.
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Appendix Table E-1 (Continued).

Dlschlrge Total Wetted Surface Ares

DFH Site cfa Date Surface Area (Ft?) Type 11 (Fe¥)
Rabideux Creek and Sloughb 71,700 6/26 1,170,000 1,160,000
67,900 Y 1,120,000 1,180,000
53,000 9/14 1,220,000 96% ,000
&4 000 8/12 1,070,000 876,000
38,700 8/25 1,080,000 836,000
33,400 9/30 968,000 b, 000
whitefish Slough® 72,000 1/28 65,800 85,800
66,700 &6/2% 75,000 75,000
60,100 /12 65,800 65,800
53,000 9/14 71,000 71,000
47,900 a/i1 56,200 56,200
39,700 a/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 /13 158,000 14,600
47,900 8/11 154 000 113,000
38,700 B/25 148,000 122,000
36,400 9/13 137,000 0
33,900 9/29 134,000 0

856S provisionsl data st Sunshine, 1982, 15292780,
bNoL sampled in early June or in early July.

SNot sampled in early July,



WATER SURFACE AREA WITHIN THE STUDY
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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-1.



WATER SURFACE AREA WITHIN THE STUDY
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Appandix Figure E-2. Wetted surface area at Slough 20 versus mainstem discharge at

Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-2.
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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.



WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SLOUGH II1{ SQUARE FEET x 1000}
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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 Appeadix Plate E-4.



Appendix Figure E-5.
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USGS PROVISIONAL DATA 1982 (5292000

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.






WATER SURFACE AREA WITHIN THE STUbY
BOUNDARIES OF LANE CR./SLOUGH 8 (SQUARE FEET x1000)
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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.



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 Slough 6A versus mainstem discharge at
Gold Creek. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-8.



WATER SURFACE AREA WITHIN THE STUDY
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Appendix Figure E-9. Wetted surface area at Whiskers Creek / Slough versus mainstem
d@scharge at Gold Creek. The measurements represent the areas
within the study boundaries illustrated in Appendix Plate E-8.



WATER SURFACE AREA WITHIN THE STUDY
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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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WATER SURFACE AREA WITHIN THE STUDY
BOUNDARIES OF SUNSHINE CR/ SIDECHANNEL
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Appendix Figure E-11. Wetted surface area at Sunshine Creek versus mainstem discharge
at Sunshine. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-11.
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Appendix Figure E-12. HWetted surface area at Rabideux Creek versus mainstem discharge
at Sunshine. The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-12.
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Appendix Figure E-13. Wetted surface area at Whitefish Slough versus mainstem cischarge
at Sunshine, The measurements represent the areas within the
study boundaries illustrated in Appendix Plate E-13.
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many of these areas changed considerably over the range of mainstem
discharges observed. Total wetted surface area plots are typically
represented by simple li... regressions. In contrast, backwater area
plots are more complex, In part, this complexity is attributed

to these areas moving, receding and reforming downstrean 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 BA 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 and backwater surface areas reported equals
the surface area of water present in the study area which had
appreciable velocity. Appreciable velocity was generally defired as a
velocity of 0.5 ft/sec or greater (Volume 4, Part II). Conversely, the
pool plus backwater surface area sum 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 the Juvenile Anadromous Section of this volume,

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.

These values were obtained by determining the areas indicated at 2500
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Appendix Table E-2. Surface areas of morphological pools® not regulated by matnstem Susitna River discharge at Designated Fish
Nabitat (DFH) sites, and mainstem Susitna River discharges, June through Seprember, 1982,

Discharge Zone 9
DFH Site cfy Date Surface Area
Goose Creek and Sidechannel 36,400 9/13 64,200
33,900 9729 17,L00
Lane Creek/Slough B 22,500 /22 22,200
18,100 1/08 23,100
16,600 8/08 19,500
15,000 9/25 16,800
14,400 9/10 18,900
12,500 8/20 18,700
Rabideux Creek and Slougu 33,400 9/30 loa 000
Slough 20 33,150 6/20 40,500
26,800 T2 54,800
23,000 6/04 36,300
18,100 /o 11,500
16,500 B/Q7 20,300
14,400 9/04 18,100
14,000 9/26 18,100
12,500 ‘4?20 15,900
Whisker Creek and Slough 37,000 --821 L1,400
31,900 5 8,400
25,000 3 none
23,000 7/1D. 55,200
16,600 25,100
13,800 9{,&,\ 23,500
13,400 9 23,500
12,200 a/22 A 19,500

% These areas were identified as zome 9 and occurred {as calm water morphologic pools) in free flowing tributary or ground water
areas.
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DFH Site

Sunshine Creek and Sidechannel

Birch Creek and Slough

Slough 19

Slough 8A

Dlacharge

cfa

35,000
33,400

38,000
35,900
33,800

15,500
14,400
13,300

Date

9/12
%/30

8/23
%/28
9/1)

3/25
9/04
8s/19

Zone 9
Surface Area

8,400
7,700

33,900
17,400
37,400

5,530
5,100
4,60,

Apprcs 8,000°

2 amall pool was located below the first beaver dam throughout most of the sampling year. This pool was not mapped as such but was

the site of systematic fish captures,
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Appendix Table E-3. Total wetted surface areas measured within the boundaries of nine study atess on the upper Susitna River, versus

Gold Creek discharge®, June through September, 1982,

Habitat Location

Slough 21

Slough 20

Slough 19

5lough 11

Slough 9

Slough 8A

Lane Creek/Slough 8
Slough 6A

Whiskers Creek/Sidechannel

Total by Discharge

150,
186,

35.
128.
170.

fas,

Surface Areasb {5quare Feet x 1000) ot Hebitat Location, by Discharge

171.
194,

39,
129,

179,

1007,

193.
01,
43,

131.

189,

1122.

20,000
161,
G4,
32,
116,
215,
208,
&7,

132,

158,

1203.

/522.500

-

=

"3
106,
1.
136,
m.A
215,
51,
1.
208,

1274,

1367.

8SGS Provisional dats at Gold Creek, 1982, 15292000,
b"-ta compiled from Appendix Figures E-1 through E-9.

CA.ea measured at 13,300 cifs.

dares measured at 24,900 cfs,



Appendix Table E-4. Total wetted surface areag measured within the boundaries of five study areas on the Lower Susitna River,

versus Sunshine discharge™, June through September, 1982,

DRAFT

FHRTAR/Table .

Surface Areasb {Square Feet x 1000} at Nabicat Lucatiun, by Discharpe

Habicat Location 35,000 40,000 45,000 50,000 55 000 &0, 000 65,000 70,000
Birch Creek 362 368, 74, 380, 186, 394, 400G, L06.
Sunshine Creek/Sidechconnel 168, 185, 02, 219, )6, 253, 270. 87,
Rabideux Creek/Slough 1020, 1050, 1070, 1110, 1120, 1150. 1180, 1200.
Whitefish Slough Z1. 7. 51, 51 &7, 12. 7. 80.
CGoose Creek/Sidechannel 139, 1], 148, _152, 157, 161, 166, 170.

Total by Discharge 1710. 1781, 1845, 1922, 1966, 2010, 2093, M&3,
®uscs Provisional dats at Sunshine, 1982, 15292780.

bata complled from Appendix Flgures E-10 through E-lk,
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and 5000 cfs discharge intervals from Appendix Figures E-1 to E-14. The
upper river total wetted area versus Susitna River discharge plot
indicates a small inflection in the relationship of areas to Gold Creek

discharges above and below approximately 17,500 cfs.

The lower river plot indicates that a simple relationship between total
wetted surface areas and Sunshine station discharge exists within the

range of discharges observed,

Appendix Figures E-15 and t-16 also display the corresponding backwater
surface data as adapted from Tables 41-4-1 and 41-4-2 of the Basic Data
Report. Comparison between 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 lower river
slough and tributary areas sampled however, backwater surface areas
decrease faster than do total wetted areas, at mainstem discharges below
approximately 60,000 cfs. At mainstem discharges zbove 60,000 cfs, the
total wetted areas increase faster than do backwater areas, yielding the
highest proportion of backwater area near 60,000 cfs. At upper river
sites, the inflection point near 17,500 cfs appears to be similar to the
60,000 cfs point in the lower river plot: 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 surfaces, as it appears in the
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lower river. Data at discharges of 10,000 cfs and below may show that

this is the case in the upper river as well,

Use of this 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. This data was not obtained from areas
representative of the average mainstem environment, as the proportion of
free flowing mainstem surfaces included represent an insignificantly
small proportion of the Susitna River's total. There is however
confidence for using the backwater data tc represent true backwater
surface area versus discharge relationship for larger reaches of the
Susitna (as was done)} as a significant percentage of these types of
surfaces were actually measured. Thus, the total wetted surface areas
presented are intended primarily to be illustrative of changes that

occur within the slough environments.

This work 1illustrates that many difficulties might be involved in
attempting discharge related assessments of available juvenile fish
{slough 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 reform downstream (in mainstem type environments
during low mainstem flows) from the slough and tributary backwater
habitats present at higher flows, would also contribute to a habitat

analysis.
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Both the total wetted and backwater surface area relationships presented
should not be used to infer surface areas at mainstem discharges beyond

those observed.
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A.  INTRODUCTION

The physical and chemical parameters present in the Susitna River, such
as discharge, surface area, water velocity and depth, temperature, and
water quality have wide ranging spatial and "® 'ﬁng!rai: ariations.
Spatial variations range from micro-habitat {on the.';rder of a few
feet), to macro-habitat (such as tributary mouths or sloughs), to entire
reaches. Temporal variations occur on a scale ranging from daily to
annual to multi-year cycles. Fish and other organisms respond to these
spatfal and temporal variations and this response is reflected in the

distribution and relative abundance of each species.

The distribution of juvenile fish im the Susitna present formidable
difficulties 1in measuring the quantity of productive habitat with
changing mainstem discharges. Although significant amounts of research
have been conducted using hydraulic models to predict the availability
of habitats over incrementaliy varying discharges, these studies have
not been directed towards large and diverse glacial systems such as the

Susitna River.

The broad geographical distribution of Jjuvenile fish observed in 1981
provided an overall perspective and an indication of problems associated
with evaluating the Susitna's juvenile salmon habitat on a very detafled
level. These observations have also provided the basis for hypothesis
of the factors which influence the distribution and abundance of the
Juvenile species at an intermediate level of resolution. Of trese

factors, those that were obviously influenced by mainstem discharge were
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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)

Where:

Abundance = F (Local habitat suitability, time of season, success

of previous fall's spawning and incubation survival,

proximity to spawning grounds)

Where:

Local habitat suitability = F (“pvtﬁ‘ef r velocity, depth,
rb

substrate, t

ity, cover, food)

Some of these parameters are quantifiable and some ave semi-quanti-

fiable. For others, we have no data.

During data collection and subsequent analysis, however, we have
attempted to eliminate the variables of sampling effort, gear
efficiency, and fish catchahility so that catch reflects abundance by
using a constant effort with one type of gear that is most effective in
catching the species of interest. The Tlgcation of the site integrates
such factors as proximity to spawning grounds and succes$ of previous
fall spawning and incubation survival. Local habitat suitability fis
integrated by hydraulic zone. Therefore we can simplify the model to

catch = F (abundance) = F (time of season, site, and habitat zone within
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sampling site). Presumably higher catches reflect greater abundance and

therefore we can proceed with a greatly simplified analysis.

1. Spatial and temporal variation in habitat variables and in relative

abundance of fish.

Catch data were grouped by 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. Sampling site takes into account macro-habitat variations
including differences between reaches and differences between major
habitat types such as tributary mouths velgﬁs[ap{XnéFs;FLghs. Habitat
zone addresses a more narrowly defined habitat and considers the effect
of habitat variables such as water temperature and velocity within a
site. Habitat zone falls somewhere in between macro-habitat and micro-

habitat ({such as would be obtained by point-specific measurements).

Also, the catch and habitat data were sorted and pooled in various ways
{as outlined in the results section) and mean values were tested for

significant differences using a t test.

In order to dincrease sample sizes, habitat zones were pooled by
aggregate zone types. Three different criteria were used to aggregate
habitat zones - by the presence or absence of a mainstem backwater zone,
by water source, and by water velocity. Details describing these
aggregate zones ware presented in Section 2.2, Part II, Volume 4 of the

Basic Data Report (ADF&G, 1983). A summary follows:
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. Aggregate
Criterion Zone Cescription
1. presence of mainstem H-1 tributary or slough above
backwater area mainstem backwater area
H-T1 mainstem backwater area
H-TII mixing zone below mainstem
backwater area
2. water source W-1 tributary water
W-II mainstem water
W-111 rn'ixing.v\tate'r A T
3. water velocity V-1 fast water

V-11 slack water

2. Relationship of a habitat index and mainstem discharge

The value of a habitat type to a population of fish is a function both
of the quality of the habitat and the amount available. In this
section, we derive a quality index for each habitat zone and multiply
the index by the surface area of that habitat zone available within the

study boundaries at incremental levels of mainstem discharge.

The raw catch data from the fish habitat sites used to determine quality
indices are contained in Appendices G and H of Volume 4 of the Basic
Data Report. The surface area data ar: from Sectfons 3.1.3.1 and

4.1.3.1 of Volume 4, Part |, and from Appendix E of the present report.
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First, the nine separate habitat zones were aggregated into three
categories of hydraulic zone types. These zones are defined in Yolume
4, Section 2.2, of the Basic Data Report {ADFAG, 1983), 8riefly, the
H-1 aggregate zone consisted of all habitat zones which occurred above
the influence of mainstem backwater areas. The H-I1 aggregate 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 zone was the mainstem itself, just below

the H=I1 zone.

A catch ratio (r ) was calculated for each hydraulic at each site
during each sampling period. This was done Q Q c&sict The ratio

took the form:

re = (CPE}i
fn-1
\}_? (CPUE)j) /n-1
J-

where: CPUE = 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 - that each species
will concentrate in the zone that has the most desirable conditions,
This ratio is also ind 2endent 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. A further advantage of
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2QI's were calculated for each species, each site, each aggregate
hydraulic zone, each period which met the criteria listed previously.
For the present analysis, seasonal ZQl's for each site were calculated
by taking the mean of all sampling periods at that site. This was
performed after examinetion of the ratios between periods for time
trends in the ratios. As no obvious trend over the periods of time that
the fish were collected were observed, with the exception of early
period chum salmon, the pooling of the data sets from the different
callection periods appeared to be justified. This was done for each
species for each of the three aggregate hydraulic zones. The assumption
is that the value of each of the different zones relative to the other

zones for a species was approximately constant over the period June

through September.

Having obtained a site quality index for each zone for each species, the
next procedure was to multiply these ZQI's by the total surface area of
that zone which was present at a particular level of mainstem discharge.
The surface area data used were those which were calculated for dis-
charge increments of 2,500 cfs (upper reach) and 5,000 cfs {lower
reach}. The surface area values for the aggregate zome 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. The values for the total wetted surface area are
included in Appendix E of the present report. Values for the surface
area of zones H-I and H-III were similarly obtained from the digitized
maps, when this zone was present in the study area. The tributary sites

(Portage, Indian and 4th of July) were excluded from the analysis at
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Appendix Table F-1 Matrix table of habitat conditions by zone. All

sites, all dates, June through September, 1982.

Mean Mean Mean

Mean Mean Conduc- Turbi- MWater

Water DO Mean tivity dity Velocit,
Zone Temp(°C) {(mg/1) pH {umhos/cm) NTU (ft/sec
1 8.8 10.9 6.8 81 5 1
2 9.5 10.3 6.8 105 6 0
3 8.7 11.0 7.0 98 45 1
4 9.0 11.2 7.1 101 36 1
5 (6.6) (12.3) (7.1) (75) (17) (1)
6 9.2 10.7 7.0 114 52 0
7 10.5 10.9 6.9 ¢ 36 1
8 (15.5) (9.1) (7.4) (82) (R5) (1)
9 8.7 8.9 78 12 0

=¥
g\‘ﬁ

Appendix Table F-2 Matrix table of habitat conditions by aggregate

Zone. All sites, all dates, June through September,
1982.
Mean Mean Mean
Mean Mean Conduc- Turbi- Water
Water DO Mean tivity dity Velocit
Zone Temp{°C} {mg/1} pH (umhos/cm)  NTU (ft/sec{
H-1 8.8 10.7 6.8 83 10 1.2
H-11 9.7 10.4 6.9 98 18 0.2
H-111 8.7 11.0 7.0 98 45 1.2
W-1 9.1 10,7 6.8 921 5 0.9
W-11 9.3 10.9 7.1 106 44 0.7
W-11I 9.0 11,0 7.0 92 43 1.1
V-1 8.8 11.0 7.0 90 26 1.3
v-11 9.5 10.2 6.8 95 17 0.2
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The mean values of all 17 sites and all sampling periods for each of the
three aggregate hydraulic zones for water temperature, water velocity,
and turbidity were tested using a t test (Snedecor and Cochran 1967).
These three variables ware chosen for the analysis hecause they are the
most important of the measured variables in influencing fish dis~
tribution. In all cases using these pooted da&g, the mean values of the

three zones were significantly different (P<O, Uli I shown in the

following table:

Pair Water Temperature Water Velocity Turbidity
H-1/H-11 P<0.01 P<0.01 P<0.01
H-I/H-111 P<0.01 P<0.01 P<0.01

H-TI/H-ITI P 0,01 P<0.01 P <0.01

Conducting the same analysis for each of the eight sampling periods
showed that water temperature and water velocity of the three zones were
significantly different (P <0.,01) during every period. Turbidity
differences among the three zones were not significantly different in

about one-half of the cases.

The above analysis establishes the uniqueness of the hydraulic zones
with regard to these habitat variables. Therefore, it is valid to
relate variation in catch to habitat variations among these zones.

Catch Data

The means of catch per unit effort data for four species of fish for all

sites and sampling periods pooled are presented by habitat zone in
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Appendix Tables F-3 to F-6. These four spectes and two gear types were
chosen because the gear is afficient at capturing the species indicated

and replicated observations enable statistical comparisons of means.

The highest catch rates for chinook salmon juveniles occurred in habitat
zones 1 and 2 (tributary) and 7 (mainstem backwater zone below tributary
mouth). Coho salmon catch rates were highest in the tributary habitat

Z0nes,

Rainbow trout were more broadly distributed among the habitct zones, but
showed a preference for tributary zones {zones 1 and 2) over slough or
mainstem zones. Burbot were caught most frequently in the mainstem

mixing zone, followed by s ough zones,

The results of taking these same data and aggregating them by zone,
using three separate criteria, are presented in Appendix Tables F-7 to
F-10. A t test was conducted for each pair of aggregate zones under
each of the three zone aggregating categories for each of the four
species. In all cases, these means representing pooled sites and

sampling periods, showed highly significant differences (P <0,01),

The catch rate for chinook salmon was about equally balanced between
zone H-1 and zone H-II, the rate for zone H-1I1 was lower (Appendix
Table F-7). <Chinooks showed a slight preference for tributary water
(W-1}) over mainstem water. There was not a clear preference

demonstrated for water velocity aggregates (V-1 versus V-II),
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. Appendix Table F-3. Chinook juvenile catch per minnow trap by zone at selected
DFH sites on the Susitna River below Devil Canyon, June
through September, 1982,

Zone Min Max Mean o
1 0.0 6.9 0.4 15
2 0.0 5.8 0.2 13
3 0.0 1.0 0.1 17
4 0.0 0.2 0.0 7
5 0.0 0.0 0.0 2
6 0.0 0.7 0.1 5
7 0.0 13.0 0.9 6
8 0.0 0.0 0.0 1
9 0.0 0.4 0.0 5

-:
2
>
>
—and

%
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® Appendix Table F-4, Coho juvenile catch per minnow trap by zone at selected
DFH sites on the Susitna River below Devil Canyon,
June through September, 1982.

Zone Min Hax Mean o
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

Like zone 1 best, then 2 and 5, then 7 (below trib).
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Appendix Table F-5. Rainbow trout catch by trotline by zone at selected DFH
sites on the Susitna River below Devil Canyon, June

through September, 1982.

1 0.0
2 0.0
3 0.0
4 0.0
5 0.0
6 0.0
7 0.0

0.0
9 0.0

Max
2.0
4.0
5.0
1.0
0.0
0.0
2.0
0.0
1.0

Mean

o
.
™~

(=] =) o o [==] o o =]
- - - L ] L] - - .

—

o N O O

15
13
17

i N~

Like zone 2 best, then 3, 1, and 7.
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Appendix Table F-7. Chinook juvenile catch per minnow trap by aggregate zone
at selected DFH sites on the Susitna River below Devil
Canyon, June through September, 1982.

Aggregate Mean
Zone _n_ Catch/Trap
Hydraulic
H-1 15 0.3
H-11 14 0.4
H-IT1 w~in A F 0.1
Water Source
W-1 17 0.3
W-I1 8 0.1
W-III 17 0.2
Water Velocity
V-1 17 0.2
y-1I 15 0.3
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Appendix Table F-9, Rainbow trout catch per trotline by aggregate zone at

selected OFH sites on the Susitna River below Devil
Canyon, June through September, 1982,

Aggregate
Zone

Hydraulic
H-1
H-11

H-111

Water Source

EEE

-1

-11

=111

Water Velocity
V-1
V-11

Mean
_n_ Catch/Trap

15 -‘ 0.2

0.3

~oR ¢ 0.2
17 0.3

8 0.1

17 0.2

17 0.2
14 0.3
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Appendix Table F-10, Burbot catch per trotline by aggregate zone at selected
DFH sites on the Susitna River below Devil Canyon, June
through September, 1982,

Aggregate Mean
Zone n_ Catch/Trap
Hydraulic
B-1 " 0.1
H-11 nh R ‘: 0.2
H-II1 17 0.7

Water Source

W-1 17 0.1

W-11 8 0.6

W-III 17 0.6
Water Velocity

¥-1I 17 0.5

v-11 14 0.2
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had the highest catch for the species and which had zone quality indices
which were typical for that species among the several sites in the
reach, Together, the graphs include upland sloughs, side sloughs
associated with a large tributary mouth, and side sloughs with no large

tributary mouth; represent both reaches; and illustrate all the major

points which result from this kind of analysis.

Juvenile Chinook Salmon

The site habitat index (sum of the habitat indices for each separate
zone) for chinook salmon at the Whiskers Creek and siough site shows a
steady increase with increasing discharge (Appendix Figure F-3). This

results from summing the habitat indices of the two zones represented.

The shape of the habitat index curves for the individual zones is
exactly the same as the shape of their surface area curves because the
habitat index is a multiple of the surtace area. The shape of the zone
H-TI curve s typical for sites in the reach - it shows a steady
increa<= and then levels off at a discharge of approximately 22,500 cfs.
The zone H-1 surface area curve is relatively more constant. At the
lower discharge levels, the linear extent of zone H-I increased down-
stream as the backwater zone (zone H-11)} receded. However, at the same
time, the width of zone H-1 was decreasing. The result of the two was a

slight increase in zone H-I surface area as discharge decreased.

Because the zone quality indices for the two zones at Whiskers Creek for

chinook salmon were fairly similar (Appendix Table F-12), zone H-1 and
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Appendix Figure F-3,

Habitat indices for chinook salmon juveniles at
Whiskers Creek and Slough as & functian of
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Appendix Table F-12. Habitat indices for juvenile chinook satmon for
aggregate hydraulic zones at Whiskers Creek and
slough, June through September, 1982.

Susitna Discharge Site habi-
at Gold Creek Zone H-I Zone H-11 tat index

(cfs) (201=0.52} _{7q1=0.48) { £ HI)
12,500 73 f \14 87
15,000 74 ; pq. 92
17,500 71 § s 25 96
20,000 69 ' 32 101
22,500 66 39 105
25,000 69 30 109

27,500 70 40 110
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zone H-1] were given nearly equal weight in compiling the site habitat
index. Zone H-1 is slightly favored (ZQI = 0.52) over zone H-I1 (ZQI =
0.48). [If the IQI for each zone had been equal to D.5, which means that
chinpok salmon were equally distributed between the two zones, then the
site habitat index curve would exactly parallel the total wetted surface

area.

Juvenile Coho Salmon

The shape of the surface area curves for zones H-I and H-II at the Birch
Creek and Slough sampling site reflect a pattern which occurs at several
of the study sites (Appendix Figure F-4)}; with increasing mainstem dis-
charge, the surface area of zone H-I decreases. The zone H-! surface
area decreases because the zone H-11 {backwater area) encroaches upon it

as the discharge level increases.

Because zone H-1 was strongly preferred by coho salmon (Appendix Table
F-13}, 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-4). Basically, this means that a loss of zone H-I reflects an impor-
tant loss of habitat for coho salmon at this site, because they may not
have the capability of compensating for a decrease in this zone H-I

surface area.
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Juvenile Sockeye Salmon

Juvenile sockeye salmon preferred the zone H-I1 area {ZQI = 0.66) over
the zone H-I area (ZQT = 0.55)} {Appendix Tabie F-14). This, along with
the fact that the surface area of the zone H-1 area changed very little
with variation in discharge, gave a site habitat index for Slough BA for
sockeye salmon which closely resembled the shaoe of the zone H-1I
habitat index {Appendix Figure F-5). This is opposite the situation for
coho at Birch Creek, where the site habitat index was strongly
influenced by the H-1 zone. 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 BA and because the gradient near the zone I/II interface is

relatively steep.

Juvenile Chum Salmon

Slough 6A was chosen as the site to depict habitat indices for chum
salmon (Appendix Table F-15}. The study boundary for this upland slough
did not include an H-I 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.

A1l of the chums present at this site were captured in the H-II zone,
which gives that zone a ZIQI of 1.00 and zone H-III a Z{I of 0.00. The
net result of the above is that the site habitat index is exactly the
same as the zone H-I1 habitat index and that this index did not vary

much with variations in discharge (Appendix Figure F-6).
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Chinook saimon apparently do not have strong preferences between the
backwater areas (Zome H-II1) and the free-flowing areas above the back-
water zone {Zone H-1), They also show more association with the mixing
zone {(zone H-1I1) below the backwater area than other juvenile salmon
species. These results suggest that chinook juveniles are associated
with broader ranges of habitat parameters than the other species.
Similar results were obtained when examining chinook distribution among

the major habitat types (tributary mouths, upland sloughs, and so on) in

Appendix G.

Coho salmon showed the strongest association of all the species for the
area (zone H-I) above the backwater zone. This may be related to their
preference for areas with tributary water. If the nine separate habitat
zones had been aggregated using water source as a criterion rather than
mainstem backup, a strong preference by ccho 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 (called Zore 4) from

the clear water H-1 area of tributaries (called zone 1).

Sockeye and chum salmon juveniles both showed a marked preference for
the mainstem backwater zone (Zone H-II}. However, there were several
cases where both these species were present in Zone H-I; thus, the Z(I
for zone H-I is not insignificant. Field observations indicated that
the sockeye present in zone H-1 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, it would probably show a very



ORAFT/PAGE 24

FHR/S. HALE

APP2/Appendix F
strong preference by sockeyes for low-velocity water. Two factors
account for the presence of chum salmon juveniies in zone H-I. First,
they were captured in this area durirg outmigration from tributary
spawning grounds (at Goose Creek). Second, they were frequently present
in sloughs above the backwater zones, having emerged from nearby redds
{Slough 11) or having entered the slough head during outmigration (Birch
Creek Slough), The examination of the distribution of this species over
time also suggests that this may be the reason for their occurrence in
zone H-I, Juvenile chums sampled shortly after emergence were found in
a higher ratio in zone H-1 than in tater sampling periods when a higher
ratio occurred in zome H-II. This presumably reflects their migration

from natal areas in zone H-1 to rearing areas in zone H-2.

Habitat Indices

The 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, Other zone aggregations could be compiled using water
velocity or water source as a criterion. However, the value of the

approach has heen demonstrated by what has been presented so far.

In interpreting the habitat index curves, one should be careful about
extending the curves beyond the range of mainstem discharge which was
observed, because the trends may not hold outside that range. Also, it

very important to keep in mind that these curves reflect the situation
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only within the study boundaries. These boundaries usually included a
tributary or slough mouth, some of the area above, and some of the
mainstem mixing zone below. Just because the surface area of a
preferred habitat diminished 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 2 rising mainstem discharge causes the backwater

zone to advance on zone H-1I,

Similarly, decreasing areas of backwater zones may not have replacement
habitat available, such as are used by sockeye and chum salmon. These
study sites for this analysis were chosen in part because of their
importance to the fish populations, and loss of surface area can
correctly be interpreted as a habitat loss which will influence the

populations,

The four site habitat index curves which were presented show all of the
three possibie relationships with an increase in mainstem discharge -
they increase, decrease, or remain relatively constant. In practice,
the curves showing a positive correlation with discharge are the norm,
Only coho site habitat indices would be expected to decline with an
increasing discharge. This relationship exists because of the strong
association of cohos with zone H-I. The curve where there is little
change in habitat index with a change in discharge (Slough 6A) is the
exception. This occurs only at upland sloughs which are completely
backed up by the mainstem, and extends only over the range at discharges

sampled.
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1. Intruduction

The preference of fish for a certain kind of bhabitat varies with
species, life history stage, time of year, and other factors. This
appendix is 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 kinds of proportions were analyzed using chi sguare analysis
{Snedecor and Cochran, 1974; Summers et al,, 1981), The first kind 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 habijtat 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 kind of comparison
which was conducted graphically but mnot with chi square apalysis was
the proportion of tke four juvenile salmon species at one particular

habitat type.
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Statistical significance for all the chi square tests was set at the 95%
confidence level. Continuity correction factors were calculated for all
2 X 2 contingency tables. Species, dates, or sites were pooled where

necessary to keep the expected values greater than five,

Presence/absence data were extracted from {ADFAG 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.

3. RESULTS

Juvenile salmon

The presence/absence of the four species of juvenile salmon at the five
major habitat types at DFH sites is shown in Appendix Table G-2, A 4 x
5 chi square test of the presence/absence of four species of juvenile
salmon versus five major habitat types (Appendix Table G-3) showed that
juvenile salmon did exhibit habjtat preferences. A closer examination
conducted by individual species revealed that cohos and sockeyes
exhibited a2 significant preference for certain habitat types but no such

preference by chinook and chums was demonstrated {Appendix Table G-3).
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Appendixn Teble G-1, Summary of chi squsre snalyses performed on 1982 presence/sbsence or species proportion data.

HMethod and Type of Data where Collected Species (hi Square Comparisons
All gear typu‘ except 17 OFH sites® A1l juvenile salmon species Among habitat types by all
boat eitctrofishing, species
prasence/absence by spacies
Chinook salmon Among habitat types by species
Coho salmon
Beach seine or backpack 17 DFH sites Chum salmon Among habitat types by species
electrofishing®, presence/ Sockeye salmon
sbsence by species Round whitefish

Arctic grayling
ij Longnose sucker
S1imy sculpin

=t

e
£
Syt
Boat electrofishing, Cook I(nlet to All resfdent species Comparison of species proportions
catch numbers Devil Canyon S:’ betwesn habitat types snd
-‘f‘ 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

® Cear types include minnow traps, beach seines, and backpack electrofishing units.
b The 17 DFH {Designated Fish Habitat) sites ranged from Goose Creok (RM 73.1) to Portage Creek (RM 1488.8).

¢ These methods were the only affective techniques for capturing these spacies at these sites,
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Appendix Table G-3. Summary of results of chi-square tests of association
between juvenile salmon presence/absence and habitat

type at OFH sites.

Habitat types were tributary

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

Species Chi-square bf
A1l four species of juvenile salmon’ 22.8 12
Chinook? 7.8 q
Coho® 40.9 a
Chumb ™ Rk r "" 0.0 14
Sockeyeb ‘ 11.1 4

Probability

aamn 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 tr expected presence show an association of
coho salmon juveniles with upland sloughs, side sloughs with large
tributary mouths, and side channels with large tributary mouths
{Appendix Table G-4). Sockeye salmon juveniles were associated with
upiand 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 s2lmon 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 cat:in data, with chi square
analysis and found to be significantly ditferent (Appendix Table 6-6).
The seasonal differences in species proportions at mainstem and tribu-

tary sites were also significantly different {Appendix Table G-6).










SIDE CHANNELS

WITH LARGE TRIBUTARY WITH TRIBUTARY

Appendix Figure G-2.

SIDE SLOUGHS
WITH GROUNDWATER

Proportions of juvenil:s 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 unequal
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 habjtat type and by season within two habitat types at sites
boat-electrofished between Cook Inlet and Devil Canyon, May through September 1982,

No. of Percentage by Species
Resident Fish Arctic Round Humpback Longna:ce T
Captured Rainbow Grayling Burbot Whitefish Whitefish Sucker Other

Habitat
Type
Mainstem 10587 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 gy

May-June 347 2.9 30.8 ‘2.9 38.9 1.2 14,1 9,2

July-August 356 0.8 8.7 em=J4.3 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
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. Appendix Table G-6. Ccmparison of species proportions of resident fish
(rainbow trout, round whitefish, Arctic grayling, longnose
sucker, and other) between habitat types and by season
within each habitat type, May through September, 1982.
1 - Upland Sloughs 3 - Mainstem 5 - Slough/w/tributary
2 - Side Sloughs 4 - Trib
Significance
Comparisan Chi-square df level
lvs2vs 3vs 4 vysh 244, 0 16 p .01
1 vs 2 gg : 4 p .01
4 vs 5 I it“rf 4 p .01
By season for mainstem sites:
May-Jdun vs Jul-Aug vs Sept 139.7 8 p .01
By season for Trib sites:
May-Jun vs Jul-Aug vs Sept 87.3 8 p .0i
@
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Resident species proportions at tributary, side slough, upland slough,
and mainstem sites above the Chulitna River confluence were further
examined with presence/absence data collected with boat electrofishing
gear for six species of resident fish., The relative distribution of
each species among the four major habitat types is illustrated in

Appendix Figure G-3.

Differences in species presence/absence at the four di’ ferent 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 ali except burbot
{Appendix Table 6-7). Ratios of observed to expected use of the various
habitat types by species (only for those that were significantly
different) are presented in Appendix Table G-8. A few seasonal
differences in species use of a given habitat type were also significant
(Appendix Table G-9). In July and August, use of a given habitat type
was often lower than in May, June and September (Appendix Table G-10).

In another series of tests, resident fish distribution among five
different habitat types at the 17 DFH sites were examined using catch
dita 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 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.

Species Chi-square df Probability
Round whitefish 38.5 3 p .01
Arctic grayling 46.0 3 p .0l
Longnose sucker 9.5 3 p .05
Burbot 4.7 3 NS
Humpback whitsfish 32.3 3 p .01
Rainbow trou 31.5 2 p .0l
Dolly varden 7.5 1 p .01

aUp‘land and side sloughs were pooled due to small sample size
Tributaries and mainstem only. No Doily varden were captured in upland or
side sloughs.
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Appendix Table G-8. Ratios of observed to sxpected presence of resident fish
by species at four different habitat types on the Susitna
River between the Chulitna River and Devil Canyon, May
through September, 1982. Only for those chi-square tests
which were statistically significant.

Round Arctic Longnose Humpback
Whitefish Grayling Sucker Whitefish
Tributaries 1.62 1.94 1.36 1.22
Side sloughs 1.08 1.25 1.30 2.04
Upland sloughs 1.42 0.75 1.00 3.45
Mainstem 0.73 0.69 0.85 0.50
NRAFY
Dolly Varden Ra{nbow
Tributaries 2.42 Tributaries 2.31
Mainstem 0.52 Upland & Side Sloughs (pooled) 1.61
Mainstem 0.41

{No Dolly Varden were captured
in upland or side sloughs)
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Appendix Table G-9. Chi-square tests of seasonal associations of resident fish
presence within a major habitat type at sites above the
Chulitna River confluence which were boat electrofished,
May through September, 1982,

Species Chi-square df Probability

Rainbow

within tributaries:
Spring (May, Jun} & Fail {Sep} vs 7.4 1 p .01
Summer {Jul, Aug)

Grayling

within tributaries:
Spring & Fall vs Summer 6.5 1 NS

within side sloughs & upland sloughs:
Spring & Fall vs Summer 3.3 1 NS

within minstem sites: ) f i
Spring & Fall vs Summer wid.

- 7

Round Whitefish

within tributaries:
Spring & Falil vs Summer 0.1 1 NS

within side sloughs & upland sloughs:
Spring & Fall vs Summer c.7 1 NS

within mainstem sites:
Spring vs Summer vs Fall 36.6 2 p .01

Longnose Sucker

within tributaries:
Spring & Fall vs Summer 1.2 1 NS

within side sloughs & upland sloughs:
Spring & Fall vs Summer c.1 1 NS

within mainstem sites:
Spring vs Summer vs Fall 15.5 2 p .01

Burbot

within tributaries:
Spring & Summer vs Fall 0.0 1 NS

within minstem sites:
Spring & Summer vs Fall c.0 1 NS




Appendix Table G-10.

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

Species

Rainbaw
Tributaries

Grayling
Mainstem

Round Whitefish
Mainstem

Longnose Sucker
Mainstem

Season

Soring
Summer

Spring
Summer

Spring
Summer
Fall

Spring
Summer
Fall

& Fall

& Fall
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4. Qiscussion

Juvenile salmon

Chinook salmon juveniles appeared to be equally likely to be present at
any of the five major habitat types defined. They 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, but this was probable 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.
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 sfde ch--nels) attract chinook
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summer. These species apparently use tributaries and sloughs in the

summer and the mainstem in the spring and fall during migrations and

as over-wintering habitat.
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1, Introduction

This appendix is an analysis of the relationships betweern the outmi-
gration timing of juvenile salmon and environmental variables for the
Susitna River between the Chulitma River confluence and Devil Canyon.
The purpose is to increase our understanding of how environmental
factors influence the outmigration of juvenile salmon since 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.

2. Methods

Parameters examined included mainstem discharge, water temperature,
turbidity and photoperiod. Time of season was another parameter used to
integrate and sum other parameters such as photoperiod, water tempera-
ture and fish size. The variation in size (mean length) of the juvenile
saimon species was also examined as a factor infiuencing outmigration.
The catch data for this appendix came from ar outmigrant trap located at
river mile 103.0, 4.5 miles above the Chulitma 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. Not
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enough juvenile pink salmon were captured to draw any conclusions about

this species.

Discharges are from provisional data taken by the U.S. Geological Survey
at the Gold Creek station. To obtain water temperatures representative
of the area from which the juvenile salmon were migrating, most of the
mainstem water temperature data were obtained from a continuous
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, other 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 16 respectively, Data for June
18 to 24 were extracted from temperatures recorded by fish distribution
crews at sites above the trap. Turbidities 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 MNational Weather Service.
Time of season was computed as the number of days since the day (day 1)

that the outmigrant trap began fishing,

Mean length for each species {age D+ only) was calculated by summing the
daily catches of fish until a sample size of at least 25 fish was
obtained, and then taking the mean length of these fish. In some cases,
it took only one day to get a sample size of at least 25, and in other
cases, it took several days. The number of 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, correlation analysis, and analysis of
variance (Snedecor and Cochran, 1967). Because the catch/hour data were
guite variable from day to day, varijous data mznipulations, including
moving averages, exponential smoothing, time lags, and logarithmic
transformations, were performed. We also wused first-difference
regressions, in which change in a dependent variable is regressed
against the 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.

3. Results

Habitat variables

The mean and range for the physicochemical variables are summarized in
Appendix Table H-1, The pattern of water temperature was a mirror image
of the discharge pattern (Appendix Figure H-1), during the middle part
of the season, but during the early and late part of the season, water
temperature more closely paralleled discharge. Turbidity fluctuations
lagged discharge by two or three days. Day length {Appendix Table H-2)

remained at 24 hours/day from the beginning of the sampling season unti}
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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 n mean
Discharge (ft3/sec) 7,950 37,000 104 19,225
Water temperature {°C) 0.5 14.1 104 9,2
Turbidity (NTU)? 8 284 51 103
Daylength (hrs) 11.8 24.0 104 18.4
Catch/hour nP A T
chinook 0.0 1.2 104 0.2
coho 0.0 19.5 104 0.7
socksye c.0 16.2 104 1.2
chum 0.0 10.0 55 0.6

a Aug 14 - Oct 12 only

b Jun 18 - Aug 15 only
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mid-July, after which it steadily declined, usually by no more than 0.2

hr/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 tim. of season was -0.65, p « 0.0l. 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.

Juvenila salmon catch - all species

The catch/hour for juvenile salmon was initially relatively high and
then declined over tne 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<.01) relationship was found between
catch/hour for each individual species and the physical variables, but

correlation coefficients were usually nct very high,

Correlations with turbidity were not calcilated 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) and to daylength (r = 0.67), but
the correlations of total catch per hour with discharge and water

temperature were low.

Juvenile chinook salmon

The majority of age 1+ chinook sulmon outmigrated in June and early July
(Appendix Figure H-2). The peak outmigration for age D+ 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}. The correlation was not improved by lagging
catch/hour one day brind discharge or by using a logarithmic transfor-
mation 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 Aetermination (r’ = 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.

Outmigrating age 0+ chinooks showed two pulses in catch/hour - one at a

mean length of 50 mm and one at a mean length of 60 mm (Appendix Figure
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H-5). The 60 mm puise 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 ¢oho salmon

Coho salmon ouimigrated in a more consistent manner throughout the
season than the other species (Appendix Figure HK-3). This was
especially true with the age 1+ and age 2+ cohos, which showed a marked

contrast waith 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 improved by data lags or
transformations. The r. -*-difference regression between catch/hour and
discharge ytelded a poor relav. nship. The relationship of catch/hour
with temperature was not significant. Thc highest catch/hour for age 0+
coho generally occurred at the smaller size classes (Appendix Figure

H-6).

Juvenile sockeye saimon

The correlation of juvenile sockeye salmon with discharge was poor and
was not improved by time lags, by using a moving average, or by perform-
ing a first-difference regression., There was a modest correlation with

time of season. A logarithmic transformation of the catch/hour gave
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fairly good correlations with time of season (r = -0.82) and temperature

{r =0.71).

The mean length/catch per hour relationship for age 0+ sockeye salmon
is similar to that of age 0+ coho salmon (Appendix Figure H-7). The
correlation coefficient between these two was r = -0.,53, 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 fiom 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)., The relationship of 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 inconclusive
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 (rz = 0.72, p<0.01}. The
equation for this regression jis: moving average of chum catch/hour =
3.34 - 0,07 {time of season) + 1,30 (daily change in discharge/104).
Most of the variation in the moving average was accounted for by time of

5eason.
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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 seascn when the
mean length was iow. When the largest fish were outmigrating, the

catch/hour was low.

q, Discussion

It is apparent from the catch/hour plots over the course of the season
(Appendix Figures H-2, H-3, H-4)} that catch/hour for all species
generally declined with time. Also apparent from Appendix Fiqure H-1
and Appendix Table H-2 is the fact that the levels of the environmental
variables (discharge, water temperature, and daylength) also generally
decreased over the course of the season. 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 to time of season. Many years of evolution have coded them
to outmigrate when conditions (discharge, water temperature, timing of
plankton blooms in the estuary, and so on) are most likely to be
favorable, Given this, the objective of 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 in those variables,
such as might be caused by the proposed hydroelectric project, would

affect the timing of outmigration.
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system of juvenile chum salmon, causing an increasing tolerance for salt

water {Baggerman, 1960; Shelbourn, 1966).

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-
abies. 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 cat-h of all salpon species.

Correlations with habitat variables were generally the best with chum
salmon catch/hour, which began high and then generally declined to zero
in mid-August. Coho salmon correlations were the lowest. This species
continued to outmigrate the entire season, whereas the others did not

outmigrate in large numbers after the end of August.

Comments on methods

None of the first-difference regressions which were computed gave very
good results. 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 1ag could be built into the calculation.
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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
are not evident at this time. The variability may be a result of
juvenile salmon re-distributing themselves throughout the mainstem after
migrating out of tributaries and sloughs. Small groups or individuals
may hold for various lengths of time in the numerous small eddies,
backwaters, and slack-water border areas. On any given day with this
scepario, 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 reguire some sort of smoothing functfon. 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 2 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
retationships to be develgoped. In particular, more than one season of
data is necessary in order to corroborate or expand on what only one

year's data indicates. For example, a season in which discharge is low
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{6) Mt = ~In Stn where: Mt = [nstantanegus rate of
natural mortalities of
age class t fish,

Since M, is available from N, and N

t
substitute {(model) values of F

t t+] data, it is possible to

t for a hypothetical fishery and predict
the resulting age structure of the population with time. To do this,
the foilowing assumptions are made. (1) The rate of catch for each age

class of ficsh per unit of fishing effort experienced by ADF&G will hold

true for the general public. (2) Only grayling of age IIl and older "

at

are subject to increased mortality by {hook and 1line) fishing. (3)
Recruitment of age II class fish is constant. The recruitment constancy

was also examined briefly in a separate analysis.

In an exploited system then, Ft is viewed as

{(7) Ft = qQ 1 f where: qy = catchability of age
class t; proportioned
fish per unit time fished.

f = fishing effort, (98.25
hrs or 6.05 hrs/mile
stream),

and a4 js estimated from

(8) q; = -In (l-ut) using

T

r-
e

&
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{9} Uy = E% where: R, = # of grayling marked in
M July that were racaptured
t in August 1982 by age
class t.

Ug

recapture fishing data found in Volume 5.

M, = # of grayling marked in
July 1982, by age class t.

is termed the rate of exploitation and is available from the mark-

Calculation of Atn+F {eq. 3) thus aliows calculation of predicted catch

at different levels of exploitation,

{10) AtF = Apper - (l-stn) App = 1-5

{11) Ct = total catch

Y

A model of the maximum sustaired yield of Arctic grayling at various

levels of effort was constructed. (The analytical formula and data were

manipulated using a microcomputer and a commercial spreadsheet software

entitled SuperCalch).

Fishing pressure, f, and the exploitation coefficient “(t)’ were taken

from R/M' data limited to the July and August 1982 samplings. This

restriction most closely fulfills the "closed system assumption" (no in

or outmigration), thus improving the level of certainty in the model.
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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. An f {fishing pressure) value of
one {1.0) equals the 6.0% hrs/mile of effort
expended by ADF&G during this time,

Impoundment Miles of Hours Fish
River River Hours Fished Per
Fished Fished Fished Catch CPUE Per Mile Mile
Oshetna 2.2 21.25 288 13.6 9.66 1103
Goose 1.2 6.75 91 13.5 5.63 791
Jay 3.5 12.00 130 10.8 3.43 455
Kosina 4.5 31.50 491 15.6 7.00 1232
Watana 4.0 18.00 175 9.7 4,50 324
Deadman 0.3 4.50 51 11.3 15.0 1835
Tsusena 0.4 3.00 29 9.7 7.5
Fog _0.2 1.25 5 4.0 6.25 _440
Total 16.3 98,25 1260 12.8 6.05 655
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Appendix Table -2 {Continued).
Total Spawners
Population Population as a
Relative fishing pressure (f) = .50 Age 111 of Parcent
and Older Spawners of Total
11 1iT 1V ¥ Vi Vil Vil Fish {Age V+} Po~ulation
Natursl Instantanecus
Mortality (M} .90 .46 .17 .n .78 1.06
Matural Survival (8§) .00 L1 .63 .85 b6 46 .35
Fishing Mortelity (F) .02 .05 .07 A3 B 15
Mark/Recapture tH‘/HI
Ratio 04 .09 L 1) .20 .26
Total Instantanecus =~ a
Mortality (Z) .9 .51 .24 9 - ..B’ 1.2y
Total Actual
Hortality “HN) . 60 . 80 21 .60 59 .70
Total Survival {Sg,,) .40 .60 .79 .40 .41 .30
Year: 1982 11363 4602 290% 2454 1134 521 180 11795 4289 36
1963 11363 4300 773 2280 992 467 155 11166 3893 35
1984 11363 4500 2712 2177 s 408 139 10857 E 11 L1
1985 11363 4500 naz 2129 880 s 122 10720 3509 L¥
1986 11363 4500 2712 2129 860 3182 13 10675 34564 iz
1987 111363 4500 272 2129 860 3154 108 10662 3451 32
1988 11363 4500 212 2129 860 354 105 10660 3448 iz
1989 11363 4500 2712 2129 860 3154 105 10660 448 12
1950 11363 8500 272 2129 a6l 54 105 10660 ELTY:) 32
199 11363 4500 712 2129 860 54 105 10860 Isag LY
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Appendix Tsble {=2 (Continued).
Tota) Spamners
Population Population a3 a
Relative fiahing pressure (f) = 1,00 Age L) of Percent
and Older Spawners of Totatl
I 1) K V Vi Vil VIl Fish LAge V+) Populstion
Hatyral Instantaneaous
Mortality {H) .90 46 A7 77 .78 1,06
Hatural Survival (5) .00 A .63 .85 a8 A6 .35
Fishing Mortalfty (F} .04 .09 .15 .27 .22 .30
Hark/Recapturs (H*/R)
Ratio .04 .09 e .24 20 . 16
Total Instantansous [r,'
Mortality {I) .95 5547 (“.‘32 - 1.0% 1.00 1.36
Total Actual R
Mortality (Ag,,) .61 .42 21 . fes .63 BT
[
Total Survivasl {sFﬂl, .39 .58 .1 .35 .37 .26
Year: 1582 11363 4602 290k 2454 1134 521 180 11795 4289 36
1983 11363 4400 2648 211e 868 418 134 10585 1537 13
1984 11363 4400 2532 1911 T49 320 107 10038 a7 n
1985 11363 4400 2532 1846 663 276 82 9819 2687 19
1986 11363 8400 2532 1846 653 252 n 9753 2822 29
1987 11363 4400 1532 1846 €53 241 65 9736 2804 29
1980 11363 4500 2532 1846 653 Pl 62 9713 2807 29
1989 11363 4500 2532 1846 653 201 62 971 280 29
1990 11363 8400 2512 1846 653 P13 62 9733 2001 2

1991 11363 4400 2532 1B46 653 41 62 971} 2801 29
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Appendix Table 1-7 (Continued).
Total Spamners
Poputation Population as a
Relative fishing pressure {f) = 2,00 Age 111 of Percent
and Older Spawmners of Total
tl 111 1V v Vi Vil Vil Fiah (Age ¥+) Population
Natural Instantanecus
Hortality (M) .90 46 .17 17 .18 1.06
Hatural Survival {S) .00 41 .63 .05 46 .46 35
Fishing Mortatity (F) .09 .18 .29 .11 b .59
Nark/Recapture [H1IR)
Ratio Ok .09 W14 .24 .20 .26
Totel Instantansous
Mortalivy (I} .99 - 6% 46 1.1 1.22 1.66
Total Actual
Mortality IAH"} .63 .48 .37 k) .70 N}
Total Survival ISFH) A7 .52 .63 .27 .30 19
Year: 1982 11363 4602 1904 2454 1134 521 180 11795 4289 36
1983 11363 4706 415 16828 664 33§ 99 9547 2926 3
1954 11363 4206 2208 1520 494 196 64 a6a8 22Tk 26
1985 11363 4206 2208 1389 411 146 37 8197 198% 24
1986 11363 4206 2208 1389 E¥{ 121 28 8328 191% 23
1387 11363 4206 2208 1389 178 1 23 8313 1899 23
1988 11363 4206 2208 1389 £ Ht 21 an 1897 23
1989 11363 4206 2208 1109 176 1] 2 a83n 1897 23
1990 11363 4206 220m 1389 176 M K an 1897 23

1991 11363 4206 2208 1389 376 m 21 &n 1897 23
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Appendin Teble 122 {Continued),
Total Spawners
Population Populstion as a
Relative fishing pressure (f) = & 00 Age |1 of Parcent
and Older Spawners of Total
11l 11 ¥ L i ¥l viti Fish [Age V+) Papulation
Hatural Instantansaus
Mortality (M) .90 .06 A7 77 .78 1.06
Hatursl Survival (5) .00 a1 .63 .05 A6 46 .35
Fishing Mortality (F) .18 .37 .59 t.07 88 1.19
Markh/Recapture '
Ratio L) .09 .14 2h .20 . 26
Total Instantaneous
Mortalicy {(Z) 1.008 .03 .76 1.0% 1.66 2.25
Total Actual
Hortality “Fﬂl, .66 .56 53 L) .81 N
Total Survival (Sr_m) .34 1) A7 .16 .19 .11
Yoar: 15982 11363 4607 2904 2554 1134 s 180 11795 4289 36
1983 11363 1844 2009 1361 a8 216 55 7873 2020 26
1504 11363 3IBas 1678 942 215 74 1) 6776 1254 19
1945 11363 364% 1670 787 1439 [} ] ] 6506 984 15
1986 11363 3IBaN 1678 787 124 28 4 G466 Gk 15
1987 11363 3884 1570 787 128 24 3 6460 938 15
1988 11363 IB4h 1678 787 124 FL) 2 6459 17 15
1989 11363 3084 1678 787 124 4 2 6459 937 15
1990 11363 IBNG 1678 787 124 il 2 6459 537 15
1991 11363 3844 1678 787 124 24 2 6459 937 15
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Appendin Table (-2 (Continued},
Total Spawners
Population Population as 3
Relative fishing pressure {f}) = 6.00 Age 111 of Percent
and Dldar Spawnars of Total
11 111 1V ¥ ¥l Yil Yiil Fish {Age V+) Population
Natural tnatantansous
Mortality (M) .50 .46 17 7? .78 1.06
Hatural Survival (5] 00 At 63 .B5 L6 A6 .35
Fishing Hortality (F) .27 +55 . Bl 1,61 1.32 1.78
Nark /Recapture [H‘IR}
Ratio .0k .09 .10 L 20 .20 . 26
Total Instantaneous - Ca
Mortality (Z) 1.17 1.01 1.05 ¢ z‘,{aa 2.10 2,85
Total Actua)
Mortality “'Fﬂl) .69 6% .65 9 .Ba .9
Total Survival lSFmI Ry .36 » 34 .09 12 .DE
Year: 1982 11363 4602 1904 2454 1134 521 180 11795 4298 EL
1983 11363 1513 1671 1014 227 139 30 6594 1410 21
1984 11363 3513 1276 583 9% 18 8 5502 M3 13
1908 11363 1513 1276 &45 S 11 2 53017 512 10
1986 11363 is13 1276 445 41 7 1 5281 494 9
19487 11363 3513 1276 45 &1 5 0 5281 492 9
1988 11363 3513 1276 45 41 5 g 5281 492 9
19489 11363 3513 1276 445 41 5 1} s2m 492 9
1990 1135% 3513 1276 45 i1 s 1} 5281 492 3
1991 1130l 31513 1276 [11] 41 5 ) 5281 492 9
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Appena.x Table 1-2 {Continued).
Total Spawners
Population Population as 3
Relative fishing pressure {f) = B.00 Age 111 of Percent
and Older Spamners of Total
il 1 ¥ ¥ ¥l Vil Vil ___Fish {Age V+) Popu'ation
Hatural instantsnscus
Hortality (M)} .90 46 17 .77 .78 1,06
Katural Survival (8) .00 ) .63 .85 .46 46 .35
Fishing Fortality (F} .36 Th 1.18 2,14 1,77 2,38
Mark/Recapture (M1 /R)
Ratio 0% .09 4 .24 .20 .26
Total Instantanecus
Mortaltiey (Z) 1.26 1.20 1.35 2.92 2.5k .40
Toral Actual
Mortal ity MF-l-N} .72 .70 .74 .95 .92 97
Total Survival {Srml .28 .30 .26 .08 .08 .03
Yeur: 1982 11363 4602 2904 2454 1134 521 180 11795 4289 36
1993 11153 N1 1390 755 133 a9 17 5595 994 18
1904 11183 32N 70 363 41 10 3 4596 416 9
19485 11363 m 970 52 20 3 0 4456 275 6
1986 11363 m 970 252 1% ? a 4548 267 6
1987 11363 umn 970 252 14 1 0 Ga47 267 6
1508 11363 imn 970 252 14 1 0 4447 267 6
1969 11163 mn 970 252 14 1 0 Gan7 267 6
1950 11363 EFall 970 252 14 1 0 4447 267 6
1991 11363 zn 970 252 i 1 0 Lak? 167 6
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Appendix Table 1-2 {Continued),
Total Spamners
Population Porulation as a
Relative fishing pressure (f) = 10,00 Age 11 of Percent
and Older Spamners of Total
I (11 1y v Vi Vil vil) Fish {Age V+) Population
Katural Instantanecus
Mortality (M) .90 46 17 27 .78 1.06
Katural Survival (S) .00 .01 .63 .85 T T .35
Fishing Mortality (F} .45 .92 1.47 2.68 L. 2.97
Mark /Recapturs {N1IR)
Ratio .0k .09 .14 24 .20 .26
Totsl instantaneous
Mortality {Z) 1.35 1.38 1.64 3.45 2.98 4,03
Total Actual
Mortelity IAF+"} 74 75 .81 .97 .95 .98
Total Survival ISF+") .26 .25 .19 .03 .05 .02
Year: 1982 11363 4602 2904 2454 1134 521 180 1179% 42089 16
1983 11363 2934 1156 562 78 57 9 47197 707 15
1984 11363 2934 737 2124 18 & 1 e 47 6
19085 11363 2934 737 143 ? 1 0 322 151 4
1986 11363 293%4 737 143 L 0 0 3819 148 4
1987 11363 293% 737 143 S 0 0 3819 147 4
1988 11363 2934 737 143 S 0 0 g 147 4
1389 11363 2934 737 %3 S 0 0 me 147 &
1990 11363 2934 737 143 5 L] 4} 819 147 b4
1991 11363 2934 737 143 5 0 0 3st9 147 b4







DRAFT/PAGE &
FHR/D. SCHMIDT
APP 1
APP1/APP0O2
Possible effects of higher levels of exploitation on recruitment are
also presented in Appendix Table 1-3 and illustrated in Appendix Figure
iI-2. Under baseline conditions, the age 11l and older fish are composed
of 36% 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 decreases of the
spawners to the population at the high rates of exploitation is probably
sufficient to effect recruitment. Using the assumptions of 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=78 (48.8 hrs/mile of

river). , ' L S
Conclusion

The model demonstrates that in a closed system fishery, where fisherman
access is not 1limiting, modest 1levels of fishing pressure can
drastically reduce grayling population. In reality, the disappearance
of the fish will probably result in a decrease in fishing pressure
before the population totally disappears. 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 resembles age/class
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Appendix Teble 1-3. Results of snalysis of effects of decreasing spawner populations ceused by fishing pressure on twenty year

catch rates.

Hatura! Instantnaecus Mortality (M)
Katyral Survival (S)

Fishing Mortality (F)
Mark/Recapture (H1/R) Ratio

Tots) Insteantaneous Mortality (Z)

Total Actusl Mortality “Fﬂl)

Total Survival (Sg,.)
Year: 1902
1983

1984
1905
198§
1987
1988
1989
1990
1991
1992
1993
1994
1993
1996
1997
1993
1999
2000
1001
2002

.90
P41
W27
0%

1,17

Total Nymber of
Spawnars (Age V+)

Relative Fishing Pressure {f) = 6,00

Total Mumber
of Aga ¥l and
Dider Fish Cayght

Total Catch Al
Classes (Age 1)

:?e

3083
1427
1014
924
917
e
916
516
916
516
516
96
916
916
916
916
916
916
916
916
916

Spawners
as & Percent of

Total Poputation

[ RF ]
==t

-t
(Yoo QN VR RN AT, AT R T RT. RNV, AT NT. 1. R T. § -~ W)
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Appendix Table 1-3 (Continued).
Relative Fishing Pressure {f) = .50
Total Number Spamners
Total Number of of Age VI and Total Cateh AlY A as a Parcent of

Natural Instantnascus Mortality (M) .90
Matura) Survival (5) o1
Fishing Mortalfity (F) .29
Mark/Recepture (M'/R) Ratio .04
Total Instantanecus Mortality (I) 1.20
Total Actua) Mortality “F-l-N) .70
Total Survivel 5. .} .30

Year: 1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1294
1995
1996
1997
1998
1999
2000
2001
2002

Spamners (Age V+)

4289
1M
622
438
423
k21
421
&1
a1
415
b1k
414
414
h14
408
406
406
406
406
401
399

01der Fish Caught

Classes (Age 1)1+

ge

Total Populationr

J2eh
1424
999
N2
906
906
906
901
B89%
890
889
8eg
885
879
875
B7%
873
869
863
859
L)

LR -N--X-- - R N R R- R . R N NN N R
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Appendix Table 1=) (Continued).
Rolative Fishing Pressure {f} = 7.00
Tota! Number Spawmners
Total Number of of Age VI and Total Catch Al Age as a Percant of
Spawners (Age V+) Older Fish Caught Classes (Age |11+ Total Population
Matural Instantnaseous Mortelity (M) .90
Matural Survival (S} .
Fishing Mortality (F) .31
Rark/Racapture (N'/R} Rotio .08
Total Instantanecus Mortality (2) 1 22
Total Actual Mortality “‘Fﬂl’ .70 :
Total Survival (Sp,,) L0
Year: 1982 4289 +3 686 3395 36
1983 1182 M, 18 1415 19
1584 543 o 32 983 1
1985 174 . - 15 890 )
1986 362 sk 1 894 7
1987 3161 4 10 893 7
19588 73] ! 10 847 8
1989 3161 10 794 ]
1950 319 10 760 8
199 06 9 753 -]
1992 k1ol 9 753 7
1993 104 9 e )
199% NG 9 672 9
1995 2N 9 641 A
1996 259 a 615 a
1997 257 7 634% 7
1998 256 7 605 a
1999 256 7 569 9
2000 230 7 543 a
2007 219 6 536 ]
2002 216 6 534 7
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Appendix Tabie 1~3 {Continued}.
Relative Fiahing Pressure (f} » 8.00
Total Number Spawners

Ratura! Instantnaecus Mortality (M) .90
Ketursl Survivel (5) -
Flahing Mortality (F) .36
Mark/Recapture (H!/R) Ratio .0k
Tots) Instantansous Mortality (I) 1,26
Total Actual Mortaslity (AF+H) .72
Total Survival {5p,.) .28

Year: 1982
1983
1984
1985
1986
1987
1988
1909
1950
1951
1952
1993
1994
1995
1996
1997
1958
1999
2000
2001
2002

Tota! Numbar of
Spawners (Age V+]

of Age VI and

Older

1s: Caught

Total Catch All A
Classes (Age 11+

Tﬂ

a3 a Percent of
Total Population

nz

r WD
[

iR SRR ONOD

3672
1386

869
866
833
5
599
St
539
33

377
kL3
136
N
2083
237
213
209
206
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Appendix Table -3 (Continued}.
Relative Fishing Pressure (¢} = 9.00
Total Number Spawners

Hatyral Instantnasous Mortality (M) .90
Natural Survival (5} .41
Fishing Mortality (F) B0
Mark/Recapture lH‘IR} Rstio L0k
Total Instantanecus Mortality (1) 1.3
Total Actual Mortality (Ap,) .7
Total Survival (S ) .27

Year: 1982
1283
1984
1985
1986
1587
1988
1989
1990
1991
1992
1933
1994
1993
1996
1997
.998
1499
1000
2001
2002

Total Number of
Spawners [Age V4]

of Age VI and
Older Fish Caught

Tota! Cateh All
Classes (Age 111

:?e

as & Percent of
Total Population

A 74

-y
VOO e m—uudNMRNNWE &S EOEN

3918
13446

a8
836
730
541
425
a9
186
19
254
199
180
178
1k

58

n

62

61

50

it Lad
- o h

-t
e AR R AT R RV . JE T . N1 N RF L]
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Appendix Table -} {Continued}.
Relative Fishing Pressure (f) = 10.00
Total Number Spamners

Matursl (nstentneesous Mortality (M) .90
Matural Survival ($) AT
Fishing Mortality (F) 45
Mark/Hecapture IH‘/R) Ratio .08
Total Instantansous Mortality (Z) 1.35
Total Actusl Mortality (Ap,.) T
Total Survival (S} .26

Year: 1982
198
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
199%
1995
1996
1997
1998
1999
2000
2001
2002

Total Number of
Spawners {Age V+)

of Age VI and
0lder Fish Caught

338
[=X-F-F-R-F-F-F-Fo R R PR I N NN Ry ]

Total! Catch All A
Classes (Age 111+

?E

33 8 Percent of
Total Population

-
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1. Introduction

Age-length curves and regressions were examined for Arctic grayling

(Thymallus arcticus) 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. Prelimi-ary analysis of
1981 data had indicated that there might be such a difference which, if
true, would have relevance to proposed mitigation strategies for Arctic

grayling in the impoundment area.

The same kind of data was analyzed for rainbow trout {Salmo gairdneri).

This species is near the northern limit of its range in the Susitna
River basin. Comparing the growth of the population in the Susitna
River with that of other populations provides an indication of the
capability of the Susitna population to absorb impacts associated with
the proposed hydroelectric project.

g

i
'/’,'\
£

2. Methods ~

Scales taken from rainbow trout and Arctic grayling captured and
measured during 1981 and 1982 were aged. log (Y = a + b 1n(x)) and
linear {Y - a + bx) regressions of age versus length were then run for
both species. Arctic grayling were divided into three groups by
sampling reach: Cook Inlet to Chulitna River confluence, Chulitna River
confluence to Devil Canyon, and Devil Canyon to Oshetna River con-
fluence. Since there are no rainbow trout in the impoundment area

except for a transplanted population in the High Lakes, rainbow trout
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Results of regression analyses between length and

age for Arctic grayling and rainbow trout captured
on the Susitma River, 1981 and 1982,

Y
Inter- 2
Area Slope cept n r- 5td Ervor
Arctic Grayling
Log Impoundment, 1982 141.D 84.0 282 .30 14.9
Above Chulitna, 1982 160.8 23.9 398 .83 27.4
Below Chulitna, 1982 139.8 74.9 62 .88 24.8B
Impoundment, 1981 155.2 42,6 382 .82 18.4
Above Chulitna, 1981 117.0 47.6 66 .93 19.0
Below Chulitna, 1981 162.9 62.6 209 .87 23.5
Linear
lmpoundment, 1982 ‘2.6 44,5 282 .85 18,3
Above Chulitna, 19 ‘i .6 B4.6 398 .B6 24.8
Below Chu'l‘iﬁ 8 47.7 68.3 62 .BB 25.2
Impoundment; 1981 33,2 119,5 382 .81 18.9
Above Chulitna, 1981 44.8 71.1 65 .91 21,2
8elow Chulitna, 1981 8.2 101.5 209 .87 23.6
Rainbow Trout
Log Above Chulitna, 1982 271.3 -104.5 132 .84 34,5
8elow Chulitna, 1982 167.5 50.7 3% 76 -
Linear Above Chulitna, 1982 57.0 6.4 132 .86 32.2
82low Chulitna, 1982 42.0 103.0 35 .82 39.8
Above Chulitna, 1981 50.5 13.6 92 .66 39.4
Below Chulitna, 1981 62.4 43.5 92 .8l 37.6
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a statistically significant difference (t=3.71, df=676, p.01), but
this difference is probably not biologically important as 1981 data
suggest the opposite trend. The growth rates of Arctic grayling in the
Susitna River basin are very similar to 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 fslope of age/length regression) of rainbow
trout captured above the Chulitna River confluence were not
significantly different in 1981 than in 1982 (t = 1.10, df = 220).
These data were pooled ahd 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

other populations examined.
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Appendix Figure J-1. Comparisons of age-length relationship of Arctic

grayling in the Susitnma River with growth rates of
Arctic grayling in other regions of Ala.'.a. Figure
is adapted from Arms.rong (1982},
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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

1. INTROOUCTION

The purpose of this study was to determine the locations of Arctic

gray]inq’ Thymallus arcticus, spawniny and rearing habitats above and
below the proposed impoundment elevation (PIE) within the eleven major
tributaries of the impoundment study area (Figure K-1)}. Inundation of
the lower reach of each of these streams below the PIE will result im
tha loss of existing lotic grayling spawning and rearing habitats.
Therefore, the degree of continued spawning and rearing of Arctic
grayling presently occurring in these streams will depend upon the

quantity, quality and availability of habitat above the PIE.

v DRAFT

General habitat investigations were conducted above and below the
PIE on eight of the eleven 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), because of time constraints and study priorities, were not

adequately surveyed during the 1982 field season*. Therefore, these .

o oetD P
streams have been deleted from further discussion in¥this appendix.

* A toot survey, conducted at the mouth of Cheechako Creek and along
the Tower mile of Devi) Creek indicated that very few grayling were
present in these locations. Habitat was assessed to be poor in the
extreme lower reach of Cheechako Creek, while good to excellent
habitat was identified in Oevil Creek. Ouring aerial surveys above
and below the PIE, several fish passage barriers were observed in
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Investigations of the eight tributaries studied [Fog (RM 176.7), Tsusena
(RM 181.3), Deadman (185.7), Watana (RM 194,1), Kosina (RM 206.8) and
Jay {208.5) Creeks and the Oshetna River (RM 233.4)] were )imited 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 typ:, stream velocities and observations

- o

’ pMM-OO‘I A A e s
of grayling in each stream, Spec1f1ca11y, preferred spawning habitat ~

charactenstwsa/(grave] substrate and stream velocities of 0.8 to 3. 36—
feet per second (fps) {Tack 1973))¢”and/or observed use of habitat by =

. . «be
spawning gray11ng were the criteria used to identify spawning habitat.

&i:;{? E? eyot jE)F RS IUR VIS
he'c a uykd Yo ilenti nifg ha Based on previous

observations, slow flowing and backwater areas and/or observed
young-of-the-year grayling (fry) were the criteria used [? ify the
presence of fry rearing habitat. Juvenile and adu t

observations indicated the presence of adequate rearing habitat for

these life stages.

Data collection methods and detailed individual stream descriptions for
the tributaries investigated are presented in the ADF&G Procedures
Manual (ADFAG 1982) and the ADFAG Su Hydro Draft Basic Data Report, 1983
(ADF&G 1983a).

Cheechako and Chinook creeks. One barrier, a large waterfall 0.5
miles above the PIE, was identified in Oevil Creek. The inundation
of barriers below the PIE on each stream by the proposed Oevil
Canyon Reservoir will not affect the present inaccessibility to the
upper reaches of these streams by Susitna River fish., Soawning and
rearing habitats above and below the PIE were not assessed within
Cheechako, Chinook and Devil creeks,
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3. RESULTS

Adults, juveniles and grayling fry were found scattered throughout the
study reach of &)1 tributaries investigated. Because grayling fry spcnd
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. In addition, all streams contained the gravel
substrates and medium to slow stream velocities necessary for suitable
spawning habitat throughout their surveyed length. Actual grayling

spawning was not observed because of spring turbid water conditions.

The observation of fry, juvenile and adult grayling along with the
jdentification of spawning and rearing habitats within he study reach
on each tributary indicated that grayling of all ges were
-Joported throughout these reaches. i
i/

Large waterfalls lc . *~d within the study reaches of Tsusena and Deadman
Creeks presently prevent 1. % passage from the Susitna River to the
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 Canyomn Reservoir,
which would flood the lower portion of Tsusena Creex, will not inundate
the waterfall located on this stream but will decrease the amount of
available habitat above the PIE and below the waterfall. Likewise, the
proposed inundation of Fog, Watana and Jay Creeks below possibie hydrau-

lic fish passage barriers may also decrease the amount of available

- —
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habitat in each stream below these barriers. A more complete discussion
on fish passage barriers in the study area s presented in the ADFAG

Draft Basic Data Report, 1983 (ADF&G 1983a).
4, CONCLUSIONS

A1l reaches cof 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 streams
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 o& avaﬂable habitat

{ADFAG 1983a). Habitat differences among strea asically a

function of stream gradient, discharge. substrate and mur logy

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,
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 yearly. However, after reservair

-

» Spring 1983 field studies located active grayling spawning areas,
These data will be reported and cowpared to the information of this
appendix in the FY84 ADFAG report.
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development, 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 dispiaced grayling will
likely af‘ect the grayling population above the PIE. These effects
cannot be predicted since estimating the grayling carrying capacity of
these habitats is beyond the scope of this study. Therefore, the

Totic habitats above the PIE cannot be considered as replacement habitat

for habitat lost below the PIE,

oo %

Cheechako and Chinook Creeks, located within 4‘?0“11 Canyon at RM
152.5 and 156.8, respectively, are the only tributaries of the Susitna
River within the proposed impoundment areas presently known to be used
by spawning salmon. Although unconfirmed sightings of saimon have been
reported near the mouth of Jay Creek, RM 208.5 (USFWS 1954), studies
conducted by ADF&G during 1981 and 1982 (ADFAG 1981, 1983b) have tenta-
tively placed the upstream limit of the salmon migratica in the Susitna
River near the mouth of Chinoock Creek, RM 157.0. The constricted river
channel of Devil Cany~n above Chinook Creek creates a fish passage

velocity barrier which inhibits further upstream migration of fish.

ADFAG 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,
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respectively (ADF&G 1983b;. On August 6, 1982, ADF&G Su Hydro Aquatic
Habitat personnel measurec¢ streamflow velocities and depths associated
with holding chinogk salmon within the clear-water plume and miring zone
of Cheechako Creek (Figure K-2). Although actual spawning was not
observed at this time, a semi-dewatered chinouk saimon redd was observed
along the water's edge approximately 150 feet downstream from the mouth

of Cheechako Creek, indicating that spawning had taken place during a

higher discharge period,

Subsequent surveys on Cheechako and Chinook Creeks during Augqust, 1982
indicated that salmon used only a smail portion of the habitat above the
mouth on each stream. Several fish passage barriers within Cheechako
and Chinook Creeks prevented salmon access“ﬁ’ upper reaches of these
streams. Most of the lower reach on each & s characterized by
turbulent, high velocity whitewater areas and spawnipf habitat appeared

to be limited.

Additional investigations are planned FY 84 in the Devil Canyon area of
the Susitna River to further document the ertent of salmon movement

above the Devil Canyon dam site, RM 152.0.
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Figure K-2. Chinook salmon holding area near the mouth of Cheechako Creek in the Susitna River at RM 152.4
{GC S3IZNO1E33CCB) August &, 1982.
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