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1.0 INTRODUCTION

Studies of juvenile salmon in the Susitna River have been a major part
of the investigations being conducted by the Susitna River Aquatic
Studies Program. The scope of these studies has been to describe the
periods of freshwater residence, growth, timing of outmigration, dis-
tribution and relative abundance. Only one major winter study was
conducted in the middle reach, during the winter of 1980-81l. The
objectives of this study were to determine the distribution and relative
abundance of overwintering juvenile salmon and describe the habitat
characteristics at rearing sites. This report presents the results of
the juvenile salmon cold-branding study conducted on the Susitna River
during the winter 1984-85. Two Pacific salmon species are addressed in

this report: chinook salmon (Oncorhynchus tshawytscha) and coho salmen

(Oncorhynchus kisutch).

Previous studies of Jjuvenile salmon during 1982 and 1983 were focused on
the reach of the Susitna River above the Chulitna confluence to Devil
Canyon, the middle river (ADF&G 1983a, 1983b; Schmidt et al. 1984).
These studies consisted primarily of stationary outmigrant traps at
Talkeetna Station (RM 103.0) and sampling at mainstem, slough and
tributary sites by beach seines and electroshocking. During the 1984
open-water season, an additional study, the summer cold branding study,
was added in the middle reach to further describe juvenile chinook and
coho salmon growth, migration timing and response to changing habitat

conditions (Roth and Stratton 198%).
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Investigations of the migration of juvenile salmon in the middle reach
of the Susitna River from 1982-84 have indicated that a major outmi-
gration occurs of smolt and pre-smolt juveniles of all species to areas
below this reach. Previous winter studies have not provided information
on the size of the overwintering populations of chinook and coho in the
middle reach or their distribution. Towards the end of the summer 1984
cold branding studies, large numbers of Jjuvenile salmon were observed
both remaining in Indian River and entering selected sloughs and side
channels. Catches, recaptures and outmigrant trap data all indicated
that a large number of fish were remaining in the middle reach, and it

appeared they would overwinter in these areas.

As the adult chinook escapement in the niddle reach has continued to
rise over the last five years (1,121 in 1981 to 7,180 in 1984) (Barrett
et al. 1985), and there is no reason why they should not continue to
rise (as this stock 1is not subjected to commercial fishing and very
little sport fishing takes place), knowledge of the distribution and the
responses of juvenile chinook and cohe salmon to mainstem and rearing

habitat changes is necessary to properly plan and manage this resource.
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2.0 METHODS

2.1 Study Locations

Juvenile salmon studies were conducted 1in the middle Susitna River
during the 1984-1985 winter season.  Surveys were conducted 1in
mid=October, after water levels had lowered and stabilized, to locate
four sampling sites which contained sufficient numbers of Jjuvenile
chinook salmon to insure catches throughout the winter. The sites
selected were Slough 9A (RM 133.6), Slough 10 (RM 133.8), Slough 22 {RM
144.3), and Indian River (RM 138.6) (Figure 1).

2.2 Field Data Collection and Recording

Mark-recapture studies of Jjuvenile salmon using cold branding were
conducted 1in the middle river from October 15, 1984 through May 15,
1985, Studies were conducted by a two or three man crew based at the

Gold Creek cabin using helicopters and snowmachines for transportation.

Fach of the four winter study sites was divided into "partitions.”
Partitioning was based on several habitat parameters including water
depths and cover types. Each site contained from three to fTive

partitions (Figures 2, 3, 4, and 5).

Baited minnow traps were used to capture Juvenile salmon. Sites were

sampled two to three times per month and fish were captured, pranded,

e A
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Figure 1.
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and released during each sampling trip. Five traps were set in each
partition in the same general area eacn trip. Changing ice conditions
during the winter meant traps were set 1in a variety of conditions
ranging from open water leads to under 40 inches of ice. All fish werekyq;
marked and held overnight at the Gold Creek cabin, and then released in

the partition where they were collected.

5

The brands consisted of single brass letters or symbols measuring three
millimeters 1in height which were soldered onto threaded brass caps.
Liguid nitrogen was used as the cooling agent and the branding proce-
dures were similar to those outlined by Mighell (1969) and Raleigh et

al. (1973). The cold branding equipment is described in ADF&G (1985a).

Juvenile chinook and coho salmon were marked with a distinctive brand to
signify when and where they were captured. Fish were marked at one of
three target branding sites on either side of their body (Figure 6), and
a branding time of two seconds was used. Recaptures were rebranded if
they did not already have a brand at the branding location for that time

period.

Date, location, branding symbol, fishing effort, and coliectors were
recorded for each sampling site., Species, number of fish captured and
branded, and numbers and symbols of recaptures were recorded for each
partition. Total lengths of 50 juvenile chinook and coho salmon were

recorded once a month at each sampling site.

N
.



Six Branding Locations

Left Side Right Side

c¢) anterior fo dorsal fin
b} beneath dorsal fin

c) posterior to dorsal fin

&

Figure 6. Branding .-cations and sample Drands used for cold branding juvenile
salmon, winter 1984-85.



DRAFT

Habitat data dincluding cover type, percent cover, and average depth
within each partition were visually assessed once towards the end of the
Tield season. This was deemed sufficient as these parameters did not

change much cver the course of the field season.

Surface and intragravel water temperatures and percent ice cover andg
thickness data were collected at each partition, each trip. At the
beginning of the study, water temperatures were taken with a Digisense
thormometer, but continuing malfunctions forced us to finally use
hand-held mercury tharmometers. Temperature data from datapods 1in
Indian River and Slough 10 were used 1in comparing selected habitat
variables, as the hand-held thermometer temperatures varied greatly,

depending on the exact sampling location.

2.3 Data Analysis

The catch per unit effort (CPUE) data is calculated as catch per minnow
trap day. All sets were approximately 24 hours which was calculated as

one minnow trap day.

opulation estimates for each of the winter study sites are calculated
by the Schaefer method (Ricker 1975), given in Appendix B. Population
estimates for the entire 1983 brood year Jjuvenile chinvok salmon and
that portion of it overwintering in the middle river above Talkeetna
Station are calculated by the Petersen method (Ricker 1975), gqiven in

Appendix B.
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3.0 RESULTS

3.1 Zdivlogical Data

3.1.1 Chinook Salmon

An estimated escapement of 9,120 adult chinook salmon (95% Confidence
Interval 6,148 - 14,212) passed Curry Station (RM 120) during the summer
of 1983. Based on peak escapement counts on the spawning grounds, 99.8%
of these fish spawned at or above the 1984-85 winter studies sampling
sites, with the majority going to Portage Creek (70.8%) and Indian River

(26.9%) (Barrett et al. 1984).

The mean length of adult females past Curry Station in 1983 was 855 mm
(Barrett et al. 1984). The average fecundities of Susitna River fish of
this Tlength as determined in the 1985 fecundity study at Sunshine
scation is 7,824 eggs (ADF&G 1985 unpublished data). This provides a
total deposited egg estimate of 7.82 willion for Indian River

(escapement x male:female ratio x proportion in Indian River X nean

fecundity).

3.1.1.1 Catch

A total of 11,543 juvenile chinook salmon were captured during the

winter 1984-85 studies beginning in mid-October and ending in mid-May,

Juvenile chinook were most abundant at Slough 22, where 59% of the total

F A
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catch occurred (Table 1). Catches were high in early winter, peaking in

December then rapidly declining to a low in May (Table 2).

3.1.1.2 Catch Per Unit Effort

Catch rates at the winter study sites varied greatiy. Overall site
catch rates (Figures 7, 8, 9, and 10) reflect the differences 1in
juvenile chinook abundance between the sites. Slough 22 had, by far,
the highest catch rates, while catch rates were generally lowest at

Indian River and Slough 10. Catch rates were higher early in the season

until January, when they dropped dramatically.

Catch rates at each site, within each partition, also varied greatly.
At Slough 22 and Slough 9A, catch rates were higher in the upper parti-
tions, while Slough 10 catch rates were generally higher at the mouth.
Indian River catch rates were highest at Len's Slough, the Towest site.
Catch rates by partition are shown in Appendix Figures A-1, A-2, A-3,

and A=4,

3.1.1.3 Lengths

Chinook salmon juveniles exhibited Tittle growth during the winter study
(Figure 11). The mean length in the middle river at the end of the open
water field season was 63 mm. Throughout the winter studies (October

May) the mean Tlengths at the study sites showed an increase of

approximately 1 mm per month, by mid-May the mean lengths were around /0
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Table 1. Juvenile chinook salmon catches by site and partition, 1984-85 winter studies.

Location Partition Catch {%) % Total

indian River

Len's Slough 619 {51}
D.0.0. Slough 211 (17)
Beaver Pond S1. 378 {373
Total T,208 {10%)
Stough 10
] 282 {273
i 192 {(18)
I 169 (16}
v 296 {28)
Y __1038 (11}
Total 71,048 {9%)
Stough 94
i &% (%3
i 340 (14
il 2960 (38}
v 451 (18}
Y 686 {273
Total 7,507 T (22%)
Stough 22
i 1,670 (25)
b 1,425 (21)
E;S 1,196 (18)
Y 7,495 (36)
Total & 786 R (59%)
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Juvenile chinook salmon catch by site and date, 1984-85 winter studies.

Location Oct. Nov, Dec. ggif Feb. Mar. Apr. May Total
Slough 22 940 1.074 1,883 1,442 445 622 327 53 6,786
Stough 10 237 237 143 252 28 124 17 10 1,048
Stough SA 265 514 792 416 159 146 137 72 2,501
Indian

River 236 190 392 207 70 40 b1 22 1,208
TOTALS 1,678 2,015 3,210 2,317 702 932 532 157 11,543

s
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mn. Preliminary 1985 cutmigrant trap data shows a mean length of 78 mm

by early June and 89 mm by late June (ADF&G 1985 unpublished dutaj.

Figure 11 also shows a slight difference in lengths between Portage
Creek and Indian River stocks. Indian River fish averaged approximateiy
& mm larger than their Portage Creek counterparts (Portage Creek itself
was not sampled. However, fish at Slough 22, almost 6 miles above
Indian River, are all believed to be Portage Creek fish). Juvemle
chinook lengths from Stough 9A and Slough 10, a mixture of both Indian

and Portage fish, fell in between the Portage and Indian means.

3.1.1.4 Branding and recovery

A total of 9,744 juvenile chinook salmon were cold branded between
October 15, 1984 and April 30, 1985 (Table 3). Of these, 3,265 were
later recaptured (Table 4). All but two of the recaptures were made at
the same site where the fish were originally branded and released. One
fish was branded and released in Slough 22 on November 15 and recaptured
at the mouth of Slough 10 on March 30. The other fish was branded
Hovember 16 in Indian River and recaptured at the mouth of Slough 10 on
February 6. Recapture rates were highest 1in the vrecapture period

immediately following the tagging period then slowly declined to almost

noching in May.

Many fish were captured and branded more than once. One individual fish

in Slough 22 was captured on s$ix occasions (Sept., Oct., Nov., Dec.,
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Table 3 Juvenile chinook sal agging by site and date, 1984-85 winter studies.
ratin Date ‘
mocation Oct Nov Dec Jan. Feb, Mar. Apr. fotal
Stough 22 938 1,022 1,533 1,266 292 411 271 5,733
Stough 10 237 235 141 115 108 ) 7 868
Slough 9A 265 499 707 401 111 89 128 2,200
Indian
River 236 184 3717 79 28 7 32 943
TOTALS 1,676 1,940 2,758 1,861 539 532 438 9,744
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fable 4. Juvenile chinook salmon recaptures by site and date, 1984-85 winter studies.

Date
Nov. Dec. Jan. Feb. Mar. Apr. May

Total

o
§"
Liw]
:;J
it
]
s
£
451
o
™
o

627 315 456 270 27 2,481
Siough 10 7 20 24 14 7 4 4 80
Stough SA 27 86 90 50 38 2l 1% 327

LN TOTALS 267 840 825 413 535 324 61 3,265
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March and Aoril) and received five brands. Actual tagging and recapture

data are presented in Appendix B.

A total of 38 branded chinook were recaptured at the ocutmigrant traps at
Talkeetna Station by August 6, 1985 (1985 preliminary data). Of these
fish, 25 were from the summer 1984 cold branding study and 13 were from
the winter study. The majority of these recaptures were from the summer
cold branding study at Indian River. The actual data including branding
and recapture date and branding and recapture Jocation are presented in

Appendix Table B-l.

3.1.1.5 Population Estimates

Population estimates were calculated for the winter study sites using
the Schaefer method. The total estimates plus a monthly breakdown by
site are given in Table 5. The largest populations were present at most
sites during early winter, October - December, then fell sharply for the
remainder of the winter. Slough sA had the largest population for the
winter with an estimated 14,216 fish. Siough 10 hat the Tlowest
population with an estimated 8,577 fish. Population estimates were
calcutated separately for two of the three Indian River partitions as
the third, D.0.D. Slough, had too few recaptures. No confidence
intervals are provided with the Schaefer estimate. The Schaefer tables

are given in Appendix B.

The Jjuvenile chinook population cstimates calculated for the middle

river ahove Talkeetna Station are 8.87 willion {(C.1. 6.67.12.08 million)

£
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Table 5. Population estimates calculated by site and month for chincck salmon using the
Schaefer method, 1984~85 winter studies.

Location et Nowv Dec Jan Feb Mar Apr Total
Slough 22 3,406 2,775 2,842 1,817 519 548 578 12,442
STough 10 &,258 1:971 1,098 719 475 56 N/E 8,577
Stough 9A 3,525 3,787 3,360 1,681 660 512 691 14,216
indian River

Beaver Pond 30e 223 179 7 22 N/E N/E 804
Len's Slough 280 176 283 59 28 28 N/E 848

yoLn

<. g "m::?



DRAFT

for the entire 1983 brood year and 1.98 million fish (C.Il. 1.16 - 3.74
million) for that portion of the total which overwinter in the middle
reach. The estimated percent of 1983 brood year Jjuvenile chinook
overwintering above Talkeetna Station during the 1984-85 winter is
22.4%, Since the Petersen estimater gives the meximum likely estimate,
the estimated percent overwintering should be a minimum value. Data

ysed in these Petersen estimates are given in Appendix Table B.

3.1.2 Coho Salmon

An estimated escapement of 761 adult coho salmon (95% C.I1. 425-1,551)
passed Curry Station during the summer of 1983. Based on peak escape-
ment counts an the spawning grounds, 90.9% of these fish spawned at or
above the 1984-85 winter studies sampling sites, with the majority going

to Indian River (82%) (Barrett et al. 1984).

A coho fecundity study was conducted in 1984 at Sunshine Station. The
fecundity for an averzge length female coho at Curry Station (542 mm)
was determinea to be 2,800 egys (Barrett et al. 1985). This produces a

total deposited egg estimate above Curry of 1.01 million.

A total of 472 juvenile coho salmon were captured during the 1934-85
winter studies. Juvenile coho were most abundant in Indian River and

Stough 10, where 47 and 44% of the catch occurred, respectively. Very
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few coho were captured in Sloughs 9A and 22 (Table 6). Catches were
highest 1in early winter, October-January, then rapidly decreased to a

Tow of only 8 in May (Table 7).

3.1.2.2 Catch Per Unit Effort

Catch rates at the winter study sites were relatively constant. The
catch rates at sites wnich contained cohos ranged between 0 and 3.4
fish per minnow trap day (Figures 12 and 13). Cohos were present during

every sampling period at Slough 10, the only site where this occurred.

3.1.2.3 Lengths

Coho salmon juveniles exhibited 1ittie or no increase in length over the
course of the winter study (Figure 14). The mean length in the middle
river at the end of the cpen water season was 56 mm (Roth and Stratton,
1985). During the winter, mean lengths at the study sites showed an
increase of approximately 1 mm per month. By mid-May, the mean length
was around 6Z mm. Preliminary outmigrant trap data from Talkeetna
Station show mean lengths of approximately 69 mm in early June and 79 mm

in late June.

3.1.2.4 Branding and Recovery

A total of 393 juvenile coho salmon were cold branded bectween Uctober 15
b

and April 30 (Table 8). Thirty of these fish were later recaptured, all

but one were recaptured in the same site where they were branded and

S,
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Table &. Juvenile coho salmon catches by site and partition, 1984-85 winter studies.

Location Partition Catch {%) . % Total

indian River

Len's Stough (TRM __ ) 5h (24)
D.0.D. Stough (TRM ) 115 {51}
Beaver Pond S1. (TRM ) 55 (25) )
— Total 7% (87%)
Stough 10
! 7 (3}
H 8 {4}
il & {3}
1y 125 {60}
Yy 63 {30)
Total 705 {hh%)
51ough %A
¢ i - {0
il 4 (14)
i 12 (43)
1y 7 {25)
Y _5 {18}
Total 78 T (6%)
Stough 22
i 2 {18)
bl 2 {18}
P i {36}
v 3 (28}
Total kE) T (3%)
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Table 7. Juvenile coho salmon catch by site and date, 1984-85 winter studies.

i Date 1
Location Oct. Nav., Dec. Jan. Feb, Mar. Apr. May Total
Stough 22 é 3 Z 3 - - - 1 11
Stough 10 47 51 34 24 33 10 5 5 209
Stough 9A 5 7 11 - 1 1 P 1 28
Iudian
River : 55 25 a7 75 16 12 3 1 224

TOTALC 109 86 84 102 50 23 10 8 472




% Sompling periods too
close together
%
v 37
o
o
- .
E
)
E e
&
N N
oy tad
i =
[+ LA
. . |
o ’ [ [ e e | T P oy
ge ¢ & 19 } 230 8 16 28 & 18 3 15 23 30 14 } i8
oot NOW DEC J AN FER MAR APR Ay
ieg4 {2895

SAMPLING PERIOD

Figure 12. Overall site coho catch rates av Slough 10, winter 1984-85.



BEAVER POND SLOUGH
#E Kot Zompiod

2= g Mo Caich

o T [ e, P e R e PR R R ORY,

= D00 SLOUGH

I i

&

= 34

] o

£

=] »

el

- _

()
;.m
. ]

=y ) H

Lew Ot P00 cooo

LEW'S SLOUGH

- Amf T l
OMHHmmMm@mmgwmwm@@ﬂw

% 219 1Y 285 & 20 4 21 2 12 1% 3
OUT ROV GEC JAH FES MAR AP MAY

1964 1985
SAMPLING PERIOD

Figure 13 Juvenile coho catch rates at Indian River, winter 1984-85.



80~ e o iLate
e — June
— T Qutmigrant
Trop
TO -~ Early
June
.AQZ; . 1

@ End of
Summer
. (Sept)
Mean
=
% §
o i i i I i i i
OCY MOV DEC JAN FEB MAR APR

1284 288

o
(n. seocd)
o
2
wt
s
o
o
3
[
g
]
L
o
vt
=
o
s
=
D
k)
o
sl
11
=
Gn]
ot
e
1]
s
w3
2.
-3
£
=3
S
D
o/
=ty
Ead
iD
=3
o’
.;-m%-
fa
w
-y
R
wn
2
=
kel
avtesed
=
€2
g~
D
=5
E
&
=8
W
=
nts
=3
:m-q;
o
3
ot
L0
oo
+
!
o0
(&



“‘?;‘/“ L
By {im

-
g, J
I ‘fw

7/24/85, 8/13/85
Z

PART1/Table 2
Tablie 8. Juvenile coho salmon tagging data by site and date, 1984-85 winter studies.

. Date A
&Lé\n;};v‘i“} “i N 1 9 % TF .§
Jeatie Oct. Nov. Dec. Jan. Feb. Mar. Apr. ota
Siough 22 £ 3 2 3 - - - 1d
Steough 10 47 49 24 2z 31 8 1 192
Stough SA 5 16 1 i - 1 2 26

Indian
River 55 25 36 34 10 2 3 165
TOTALS 109 93 73 60 41 11 6 393
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released (Table 9). The one exception was branded and released in
Indian River on November 15 and recaptured in Slough 10 on February 6.
Tne majority of the recaptures, like the catch, occurred prior to

December,

Two branded cono were recaptured at the ocutmigrant traps at Talkeetna
Station by July 16, 1985. Both of these fish had been branded in Indian
River during the winter study, one on October 26 and one on March 14,

and were recapturad on July 9 and 13, respectively.

3.2 Habitat Data

Discharge in the middie Susitna River average approximately 2,100 cubic
feet per second (cfs) during the winte study, ranging from a hi.gh of
5,600 in mid-October to a low of 1,600 in April (USGS Provisional Data,
1985) (Figure 15). After the discharge has reduced to below 4,000 cfs
(usually occurring in ear?ymﬁcvaméer)g our observations suggest that
Susitna River surface waters had little effect on the slough and side
channel habitat conditions. The slough levels, water tewperature: and
physiochemical parameters are governed primarily by their groundvater
seurces and air temperatures, the exception being wher local ice danming
and staging occurs, overflowing slough mouth areas and, during excessive
perinds, actually overtopping the siough (this occurred ia Siough 8A

during the winter of 1982-1983).

Stough labitac and morphoiogy for the open water season have baen

recorded for these study sites in previous ADFAG reports (ADF&S 198 4.
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Juvenile coho salmon recaptures by site and date, 1984-85 winter siudies.
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Figure 15. Mean Susitna River discharge by month, winter
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1983¢c; Marchall 1983; Estes et al. 1984). The following section will
provide an overall view of the basic habitat characteristics which

occurred at the study sites during the 1984-85 winter study.

Basic habitat characteristics which changed Tittle or not at all over
the course of the winter study are summarized ia Table 10. These
characteristics include cover, water depth, and velocity. Cover ranged
from none to boulders and included debris and aguatic vegetation.
Average water depths ranged from 0.3 to 5.0 feet 1in the various

partitions with velocities ranging from 0 to 0.6 feet per second (fps).

Cover suitability for chinook and coho salmon was calculated for each
partition using the criteria outlined in Suchanek et al. 1984. These
criteria do not take into account winter variables including water
quality parameters, temperatures, and ice cover or fish behavicr vari-
ables including reduced feeding and activity during the winter. Cal-
culated cover suitabilities ranged from poor to excellent at Slough 22,
poor to good at Slough 10, fair to excellent at Slough 9A, and fair to

excellent at Indian River (Table 10).

Ice cover was a highly variable habitat characteristic during the winter
study at most of the partitions. Percent ice cover is closely related
to  ambient air temperatures, water velocity, and water depth.
Partitions with higher velocities had less ice cover, deeper partitions
had more ice cover, and rising and lowering air temperatures decreased

and increased ice cover, respectively. Figures 16, 17, 18, and 19 show




DRAFT/PAGE 1
8/13/85, 8/29/85
PART1/Table &

.
H

fable 10 . Basic habitat characteristics present at the winter study sites by partition, 1984-85 winter study.

Cover m Average Average
Site Section Primary % §u§t&bi§§ty* Secondary {Fed {Fps}
Cover Cover Chinook Coho Cover Deptl velocity

Stough 10
{Upland Slough) 1 5t g -5 ¢.09 .02 None 0.3 0.6
2 Ag. Veg. & - 25 8.22 0.22 it g.5 0.4
3 Ao, Yeg. & ~ 25 G.22 §.22 Debris 0.7 0.2
4 Ag. Veg. 26 - 50 0.37 8.36 5% 1.0 0.1
5 EREE &6 ~ 25 .27 .06 B 2.0 0.0

Stough 24
{Side Stoughi 1 jee - 30 6 -~ 25 0.21% .08 3T - 5 8.5 0.4
2 30 - B & - 25 0.23% G.06 o= 3% 1.5 0.2
3 Debris 26 - 50 0.33 0.31 5 5.0 0.0
& 5y &« 25 G.29 .06 3% - 50 1.5 0.1
5 3¢ - 5U 26 - 50 0.45 0.10 S8 1.5 0.1

Stough 22
{Side Sliough} 1 5%+ 6 - 50 0.49 0,10 Debris 1.5 0.1
2 5tte 0~ 5 0.09 £.02 None 3.0 8.0
3 B4 & ~ 25 €.29 .06 3% - Bt 2.0 0.1
& 54 26 - 50 849 0.10 3® - 5N ¢.7 0.0

indian River
{Tributary} Len's 3 - B 6 - 25 0.27 0.06 Sy 0.5 0.3
DOD

Lower 3 - B 6 - 2 0.27 0.06 Debris 1.5 0.1
tipper S8t 26 ~ 50 0.49 0.10 3 - 5w 0.7 0.4
B.P. 3 - G & -~ 25 0.27 0.06 ey 0.5 0.2

Poor: 4.20
Fair: 0.21 - 0.30
Good:  0.31 - Q.40

Excellant: 6,80
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the percent 1{ce cover present at the four winter study sites by
partition and Figure 20 shows the average mean air temperatures as
recorded at the Sherman Weather Station at RM 129.2 (R&M Consultants
Preliminary Data, 1985). Except 1in the partitions with near to
continual ice cover, peaks and troughs in percent ice cover closely
followed low and high air temperature peaks and troughs. Valid surface
water temperatures were obtained only at Partition IV in Slough 10, from
a continuous temperature recorder. Surface water temperatures for this
partiticen are plotted for the sampling periods in Figure 20 and closely

correlate with the mean air temperatures observed at these times.

Ice thickness at the four sites was highly variable, ranging from 0 to
48 1inches. Most partitions had thick shelf ice along their perimeters
with a strip of ice ranging from open water to six inches thick out
towards the center or main channel. Ice thicknesses are reported 1in

Appendix Table C.
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4.0 DISCUSSION

Previcus winter studies of Jjuvenile salmon in the middle reach of the
Susitna River were basically designed to gather information describirg
their presence, vrelative abundance, and distribution. Data were
collected on these variables and on many site associated habitat
characteristics including cover, water depth, velority, and water

quality (ADF&G 198la, 198l1c).

During the 1980-81 winter study, with the majority of the sampling
(minnow trapping) occurred between January 15 - April 30, 1981. This
study found that juvenile chincok salmor were the most abundant species
overwintering in the middle reach of the Susitna River and juvenile coho

salmon were second,

4.1 Chinook Salmon

Adult chinook salmon spawning in the middle Susitna River has been
documented only in tributary streams. Spawning 1in this reach occurs
from July to September and the alevins emerge in March and April.
Chinook salmor juveniles remain in freshwater for up to two years, but
scale analysis of chinook returning to the Susitna River has concluded
that the overwhelming majority of these fish remained in fresh water for
one year (ADF&G 1981lc, 1983a, 1983b; Barrett et al. 1984, 1985). Also,
no HAge 2+ chinook have been observed in the Susitna River during

previcus studies. This supports the idea that the vast majority of
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juvenile chiaocok remain one year in freshwater, but is not conclus’ve,
as the hypothesis outlined by Roth and Stratton (1985) concerning a
large number of Jjuveniles outmigrating as 0+ fish with a very high

mortality rate may still occur.

Previous studies of different aspects of the 1ife history of Jjuvenile
chinook salmon in Upper Cook Inlet tributary streams have been reported
by Delaney and Wadman (1979), Delaney et al. (1981), ADF&G (198lc,
1983a, 1983b), Hale (1983), Suchanek and Hale (1983), Roth et al.
(1984), Dugan et al. (1984), Suchanek et al. (1984), Marshall et al.
(1984), Roth and Stratton (1985), Suchanek et al. (1985), Anderson et

al. (1985) and Hansen and Richards (1985).

4.1.1 Life History

Distribution

Chinook salmon juveniles ir the middle reach appear to belong to one of
two basic groups: (1) those that spend a portion of their first summer
in the middle reach, then wigrate out of this reach before winter; and
(2) these which spend their entire first year within the middie reach.
The first group was reported on in Roth and Stratton 1985, and the
second greoup 15 the subject of this report. Which of these two groups
is the most irportant in respect to returning adults is not known at
this time. Knowledge of the importance of middle river reared juveniles
to the maintenance of Susitna River stocks is needed to assess possinle

future impacts.
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Within this second group are two sub-groups: (a) those which remain an
entire vyear within their natal <tributaries before beginning their
smolting migration, and (b) those which leave their natal tributaries
but overwinter in slough and side channel habitats in the middle reach.
Previous winter studies and spot sampling during this winter study have
indicated that 1..tle overwintering takes place in the mainstem Susitna

River (ADF&G 1981c, 1983a, 1983b).

During the end of the summer 1984 cold branding study, large numbers of
juvenile chinook were still present in Indian River and some sloughs in
tie middle reach and outmigrant trap catches had fallen to zero (Roth
and Stratton 1985). Indian River catches were high but slowly declined
until mid=-December. Then, catches in the uppermost site (TRM 11.5) fell
sharply and catches in the two lower sites (TRM 2.4 and 1.9) rose
sharply. By the middle of January, catch rates at all three site:
dropped to a very low level (1.5 - 3.0 fish per trap day) and remained

at this level or lower for the rest of the season (Figure 21).

During this same period, catches 1in the two sloughs downstream from
Indian River rose (Figures 8 and 9). This datu, combined with the fact
that a chinook and a coho branded in November in Indian River were
recaptured in January and February in Slough 10, indicates that many
juvenile chinook migrated out of Indian River between mid-~December and
mid-danuary. Catches at all sampling sites dropped dramatically after
mid-January, possibly indicating that this outmicoration of juveniles was

not confined to Indian River, but occurred throughout the middle river.
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The recapture of a Slough 22, November branded fish at Slough 10 in

March alsc lends support to this hypothesis.

The reason or reasons for this movement out of Indian are not known but
several possibilities are graphically presented in Figure 21. As has
been shown in Results Section 3.2, percent ice cover and air temperature
are closely related. When both are compared to the catch rates at most
sites, the catch can be seen to closely foilow the peaks and troughs of
these two parameters. This is especially true in Indian River where
water temperatures quickly reach the freezing point in early winter and
the 0.1 - 0.4°C water temperature changes which can be caused by air
temperature changes are relatively much ltarger than would be expected.
During this period when the large juvenile movement occurred in Upper
Indian River, air temperatures had just risen from their first extreme
low of the season (=10 to -24°C in late November and early December),
the most ice cover to date was in place, the season's first heavy
snowfall was occurring and the photoperiod was at its lowest point. As
temperatures approached the second extreme low trough of the season in
late December and ice cover remained high, the Jjuveniles were in the
process of leaving the lower areas of Indian River. The temperatures
then rose and remained high until mid February, when the coldest weather
of the season occurred and virtually all of the sites were ice covered.
During this warming period in January, it would be expected that catches
at ail sites would increase due to increased activity by the fish, but
this was not the case. Only sicugh site catches increased and Indian

River catches continued to fall. Another interesting point of data from
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the sloughs below Indian is the fact that during this and subsequent
sampling trips the recapture rates decreased. This could be caused by
either or both of the following: a large number of new fish moved into
the sampling site or a large number of fish moved out of the sampling
site. Either case, combined with the aforementioned data, all tend to
support the idea of a large midwinter juvenile movement out of Indian
River and within the middle river itse v. The extent of this movement
downstream cannct be assessed at this time, but future winter studies
using more sites and sites further downstream should help clear up these

auestions.

Another movement which is believed to have taken nlace at the slough
sites over the course of the season was moveme~ - between partitions.
In September, large numbers of juveniles were obse. 'ed at the mouths of
clearwater sloughs and side channels. By mid-October the juveniles had
slowly dispersed within these sites and the major concentrations were in
areas with more cover and groundwater sources (Roth and Stratton 1985).
The data presented in Appendix Figures A-1, A-Z, A-3 and A-4 indicate
there was movement within the sltoughs (i.e., at Slough 8A, fish that
were concentrated in Partitions Il and V during late November moved into
Partition III during December). Although the data are not conclusive,
this observation could easily be proved or disproved by branding fish
from each partition with unique brands. Once again, the reasons for
this movement ave not known but could include: temperature, ice cover,

ice thickness, photoperiod, and/or food supply.
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In early May, as the days became longer, water and air temperatures
increased, ice cover receded, and fish became more active prior to
smolting 1t was expected that catches would increase, especially at
partitions in the lower sections of the sites. As can be seen in
Appendix Figures A-1, A-Z2, A-3, and A-4, this did occur, only not in the
magnitude we had expected. The majority of Jjuvenile chincok had left
the sites prior to this time. Peak catch rates at the outmigrant traps
cccurred soon after the traps were installed, and very few Jjuvenile
chinock were captured during the coded wire tagging program 1in June
(ADF&G 1985 unpublished data), again indicating that the majority of
fish, due to some unexplained biological or physical factor, had left

before breakup.

Perhaps this is a survival response with respect to the severe con-
ditions which prevail 1in the upper middle reach and its tributaries
during breakup, where the majority of the sloughs and side channels are
breached and scoured by ice, debris, and high flows to the point where
any fish not in the substrate would most likely be killed. Whatever the
reason, all data indicates that the wmajority of the 1+ chinook

outmigraticn from the middle river took place before breakup.
As is the case with the majority of cold water fishes, winter growth is

guite slow relative to that achieved during the summer. Juvenile

chinook in the middle reach of the Susitna River exhibited little cr no
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growth during the winter of 1984-85. With the exception of Partition IV
at Slough 22, an abundant food supply was available at all sites
throughouc the winter. At DOD Slough in Indian River, the rocks were
lTiterally covered with larval and pupal stages of aquatic insects.
(Partition IV shrank to a single poo: approximately 20 feet in diameter,
completely cut off from the rest of the slough.) Fish stomachs examined
occasionally throughout the season were always found to contain insects.
From mid-April on, large hatches of aquatic insects were present at all
sites and still Tittle increase in lengths were recorded. In mid-May,
when the winter sampling was cgﬁciaded}grawth of juvenile chinook salmon

was still extremely slow.

After mid-May, some factor or factors occurred whnich triggered a
tremendous spurt of growth by Jjuvenile chinook. By early June, fish
from the middle river which averaged approximately 64 mm in early
October 1984 and 70 mm in mid-May 1985, were passing the Talkeetna
outmigrant traps averaging 78 mm and by the end of June were averaging
89 mmn. This is a growth of 6 mm during the seven month winter study and
then a growth of 19 mm in just a 1ittle over one month in the spring.
This implies a huge increase in the amount of available preferred food
supplies coupled with the increased activity of these fish brought on by

increased water temperatures and photoperiod.

Predation

Hinter predation on Jjuvenile salmon was found to be much more extensive

than was originally thought. As winter progresses the amount of area




available to the juvenile salmon shrinks, thereby concentrating the fish
and making them more susceptable to predators. Although ice and snow
cover do replace turbidity as a source of cover from terrestrial preda-
tors, juvenile fish are still vulnerable to these predators through open
leads, The most active and successful terrestrial predator observed

during this study was the dipper (Cinclus mexicanus). Dippers were

observed throughout the winter at almost all open water areas of the
Susitna River. Concentrations of dippers were observed at partitions
containing large numbers of fish and were frequently observed capturing

juvenile fish.

A species of shrew was also found to prey upon juvenile salmon. On at
least three occasions, shrews were found in minnow traps which had been
set with a portion above the water surface. The only remains of the
fish were pieces of heads and tails. Although no shrew predation on
juvenite salmon outside of minnow traps was observed, it 1s pelieved to

pecur.

Other terrestrial predators known to prey upon fish also occur within
this area. including mink, marten and otter. However, no evidence of

juvenile salmon predation was documented for these species.

The most abundant and probably the most successful predator we observed

is an aquatic one, the stimy sculpin (Cottus cognatus). Slimy sculpin

are found throughout the Susitna River, with highest concentrations

occurring in the sloughs and tributaries containing high numbers of
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fish (ADF&G 1981c). Sculpin were captured incidentally at all sampling

N

sites throughout the winter. Sculpin were also observed, both in minnow
traps and lying on the substrate, dead with juvenile salmor .rotruding
from their mouths. The fish had apparently choked or strar.ic” on a
juvenile salmon that was too large for it to handle. Sculpin predation
could be an important factor in winter survival of Jjuvenile salmon,

especially the smaller fish.

Other resident fish species are present in the middle reach of the
Susitna River, but few have been documented 1in the sloughs and
tributaries during the winter (Sundet and Wenger, 1984; Sundet and
Pechek, 1985). Although these fish do not appear to be a threat to
juvenile salmon in the shallower sloughs and side channels, species such
as burbot and rainbow trout would present a large threat to any

population of juveniles overwintering in the mainstem.

4.1.2 Popuiation Estimates

The population estimates calculated for the winter sampling sites also
show a movement of Jjuvenile fish during December and January. The
population at Beaver Pond Slough (TRM 11.5) gradually declined during
November and December then dropped sharply and continued to decline for
the rest of the scudy. Meanwhile, the population at Len's Slough (TRM
1.9) was also decl  ing during November, but made a sharp increase in
December at the same time of the sharp decrease at Beaver Pond Slough.

lhen, during January, the populations at all the sites dropped sharpiy
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and continued to decline as the majority of fish moved out of Indian

River.

Populations in the sloughs were generally stable during November and
December. In January, when Indian River fish were outmigrating, catch
rates rose at the slough sites but population estimates didn't (Table
5). Then in late January, the catch rates and population estimates fell
sharply, indicating that "new" fish had moved in or the "old" fish had
moved out. Catch rates and population estimates continued to decline
until a small increase was observed in April. All indications are that
the majority of the fish in the middle reach redistribuced themselves
downstream during December and January, and that the majority of these
fish moved below our study area. The addition of more sampling sites
between Curry and Talkeetna in the 1985-86 winter study will heln

pinpoint the extent of this winter redistribution.

4,1.3 Effects of Mainstem Conditions

Althouy mainstem discharage has Tittle dirvect effect on slough and
tributarv rearing areas during the majority of the winter, major effects
occur at times which can be placed 1in several categories: pre
freeze-up, freeze-up, winter, and breakup.

Pre freeze-up flows are instrumental in determining when slough mouths
are closed and fish access 1is possible. High flows Jjust prior to
freeze-up allow fish a longer access period to certain slougns (i.e.,

Slough 22) while Tow flows shorten this period.
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During freeze-up, mainstem fiows are rontinually changins within speci-
fic areas due to local ice damming and staging. Some sloughs and side
channels are overflowed, making these areas uninhabitable. During
November at Stough 22, the side channel it connects to overflowed at
least of three times, forming over 20 inches of overflow ice over the

entire mouth and 400 feet up the slough.

During the winter of 1984-85, flows were basically stable with a Timited
amount of staging related to anchor ice formation, ice damming, and snow
load occurring. A more detailed description of winter ice processes 1is
given 1in the R&M 1985 Summary Ice Report (unpublished). Staging
occurred during February in the Slough 10 area due to a heavy snowfall.
Water wacked up over 2,000 feet into Slough 10 raising the average depth
in most partitions by approximately two feet. Although this provided a
larger wetted habitable area, water temperatures were much colder than
that normally found in the slough and no lerge influx of fish occurred.
lce damming, staging, and slough overtopping did not occur at any of the
sampling sites this winter, but this action wculd probably flush any
fish at the site downstream into the mainstem, as the prime reason for

the fishes presence in the slough {warmer water) would now be absent.

The severe conditions occurring during breakup and the fish's response

have been discussed in a previous section.






















































































































































































































































































































































































































