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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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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.
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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)

£



DRAFT/PACE 1
8/30/85
PART1/Table 15

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
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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
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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%)




7/24/85, 8/13/85
PART1/Table 2

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
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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
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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.




DRAFT

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.




(°C)

i
o«
)
&aw
et
i d
L
G,
=
wl
}aw.-‘
%
L4 i i n i 5 £ 1 | i 5 | L ; : ; |
10~ - o ~100
j;k\ ya S e o =g O r
Y o AN |
S L
/ N At I
/ \
s o= |BEAVER POND SLOUGH| ‘| Lo
A oo
- . \
— Y FaN |
= %,
T ; | 5 § : j § i i | i : : i i | P 0
o 10— 100
o
= R [D.0.D. SLOUGH | |
\ o, |
g 5 // » i
- g © =50
e / \
E A . 5 g
- Ay / AN
= 5 y ‘3\\ 5
W | - & ’? Ve a Eo
=
o 10~ P e e g M@wm@‘rwmaﬁ\' =100
/ by / g
W , . !
. 5 oA |LEN'S SLOUGH | . |
& - // aQ 50
of \*w B N %
~ %\ * ! N
T Ns - {
i i i { i 1 i H i i i i H i 4 } | feo ()
25 12 16 4 15 21 ¢ 17 2% 6 20 { 14 21 1 1z 19 5 10
OCT  NOV BEC JAN FEB MAR APR MAY
tog 4 eEs HE 2 NOT BAMPLED
SAMPLING PERIOD & s HO CATCH
Figure 21. Plot of the catch rates at Indian River versus ice

cover and air temperature by

winter 1984-85.

COVER (%)

ICE

site and sampling period,



[NEAY At ]

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.
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4.2 Coho Saimon

Adult coho salmon spawning in the middle Susitna River have been
documented almost exclusively in tributary streams. Very small numbers
iave also been observed 1in sioughs and at mainstem spawning sites used
by other species ot salmon. Spawning occurs from August to October and
the alevins emerge in March and April. Coho salmon juveniles remain in
freshwater for up to three years, but scale analysis of returning adults
has concluded that approximately half of the returning adults remained
in freshwater for one year and the other half for two years (ADF&G

1981b, 1983d, 1983e; Barrett et al. 1984, 1985).
Only 472 juvenile coho salmon were captured during the 1984-85 winter
studies and less than 20 were age 2+, indicating that the majority of

these older fish overwinter in habitats below the middle reach.

Life History

Coho salmon Juveniles exhibit habits quite similar to Jjuvenile chinook
salmon. So few juvenile coho were captured compared to chinook (472
coho versus 11,543 chinook) that little was learned about them. Coho
were found to exhibit the same movements and responses to mainstem

changes and habitat characteristics as cninook.

The only major difference found between chinook and coho was habitat
preference. Coho preferred areas with greater depth and cover consist-

ing of debris, vegetation, and undercut banks, while chinook Tike
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shallower, slightly more velocity and cover consisting of rocks and
bolders. Beaver dams and ponds were found to be excellent coho covar.
fartition V of Slough 10 and Beaver Pond and DOD Stough in Indian River
are prime examples.) This corresponds with the findings of Suchanek et

al. (1984) for summer coho habitat preference.

Other habitats and characteristics of coho salmon during the winter
study closely followed those outlined for chinook 1in Section 4.1.1.
Since so few fish were captured and subsequently recaptured, no

population estimates were calculated.
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fppendix Table B-1. Branding and recaptuse date for the cold-branded juvenile salmon recaptured at the Talkeetna outmigrant traps,
1985.
Talkeetna Trap 1985 Talkeetns Trap 1985
Recapture Data Cold Branding Data Recapture Data Cold Branding Data
B Date Species Length Date Location # Date Species  Length Date Location
1 5728 811 65 8-29-84 Stough 19 26 6/20 411 86 8-11-84 Indian
2 5733 411 81 11-15-84 Slough 22 27 743 411 75 8-27-74 Indian
3 5/31% &1 86 3-25-84 Indian 28 743 511 70 9-11-84% indian
& 5/31 &11 77 Q2484 Indian 29 773 411 70 8-27-84 indian
5 5731 &1 77 9-13-86 Stough 22 30 778 4811 85 8-11-84 Indian
£ /1 b1 T4 12-15-84% Stough 34 31 774 £11 90 8-11-84 indian
7 6/1 1% 73 9-11-84 indian 32 774 511 93 8-10-84 tndian
3 641 13 70 9-11-84 indian 33 7/5 %1 83 1-24-85 Stough 22
Ed 571 &1 55 10-11-84 Slough 20 34 745 471 g2 3-~14-85 Indian
e 6/1 11 80 12-18-8% Indian 35 7/86 491 82 1-25-85 Slough 22
11 672 §13 78 10-9-84 indian 36 747 £11 7% 12-16-84 Slough 22
12 672 &11 91 10~9-84 tndian 37 779 431 73 10-26-84 indian
i3 5/2 11 73 10-10-85% tndian 38 7/13 &31 77 3-14-85 fndian
14 844 %7 84 12-16-84 Siough 22 39 At 411 80 -15-85 Slough 22
e 15 B/6 451 80 G-13-84 Stough 22 &0 7/18 &11 79 9~-11-84 indian
15 547 2171 56 9-13-84 Stough 22
17 6/7 411 28 10-10-84 tndian
18 &6/8 411 76 9-11-84% indian
12 /8 11 79 B~10-86 indian
26 /8 £173 82 2-11-84 Indian
21 6/10 511 95 §-16-85 Siough %A
22 6713 411 62 1-8-85 Slough 22
23 &6/13 11 52 2-20-85 Stough 22
24 &6/1% 11 &7 2-20-85 Stough 22
25 6713 11 7z 9~11-84 indian




The Schaefer method of estimating population size is given by Ricker
(1975) as
N= Noo= R LG
H [
i J
whare: Ri, = pumber of fish which were marked during a tagging period
J (1) and subsequently recaptured during a recovery period
(J).
Mi = pumber of fish marked during a single tagging period.
R, = total recaptures of fish tagged in the ith period.
C. = number of fish captured and examined for marks during a
J recovery period.
R. = number of marked fish which were recaptured during a
J recovery period.
Nij = estimate of the number of fish available for marking

during a period (i) and the number available for recovery
in a period (J).

The data collected for the estimate of the population of chinook salmon
are tabulated by the Schaefer method in Appendix Tables . The
computation of the population estimates are presented in Appendix Tables

RSB T S
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Appendix Table B-2. Petersen estimator data for 1983 brood year chirook
juveniles in the middle reach above Talkeetna

Station.
Total Estimate Overwintering Estimate
M = 42952 M= 9744
L= 9702 C = 2647
R = a7 R= 13
8,866,889 = N = M.C =n = 1,984,028
(6@67544 - 12, 978 ,B849) P (1@1%6 608 - 3,738,024)
where:
M = Number of 1983 brood year M = Number of chinook marked
chinook marked (1984 summer during 1984-85 winter
+ 1984-85 winter). study.
C = Catch of 0+ chinook after C = Catch of 1+ chinook
July 20, 1984 + catch of during 1985 at Talkeetna
1+ chinook during 1985 trap.
at Talkeetna traps.
R = Total number of O+ chinook R = Number of recaptures of
recaptured in 1984 + recap- 1984-85 winter study
cures of 1+ chinook in 1985 branded chincok.

at Talkeetna traps.
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Appendix Table B-3, Deta colliected at Slough 22 for juvenile chinook salmon to provide & Schaefer population estimate, 1984-85 wiater

study.

Pariod of Period of Tagaing (1) Total Total
Recovery Recovared  Observed

(i} Gct Now Pec Jan Feb Mar Apr {Ri} (i CiiR3
Kovember 134 - - - - - - 134 1,074 8.01
December 218 787 - - - - - 899 1,883 3,77
January 136 3 384 - - - - 681 T A2 2,12
February 51 S 10& az - - - 301 L45 .48
March 70 71 94 135 57 - - 827 622 T
April &5 32 &6 B 24 && - 55 327 1.28
May 5 z 5 & 3 3 3 25 53 2.2

553 &an7 £33 295 84 &7 3

Total
Marked {Mi} 238 1,022 1533 1,266 282 411 271

MiZRE Toh% 1.68 2.42 &.29 3.48 8.74 90.33
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Appendix Table B-&. Computation of the juvenile chinook salmon population at Slough 22,
1984-85 winter study.

Period of Paricd of Tagging (i)
Racovery

(i} et Hov Dec Jan Feb Mar bpre Total
Hovember 1,586 - = - = = - 1,546
December 1,151 $,818 - = - = = 2,969
January k15 573 1,970 - - “ - 2,958
February 109 134 372 584 - - - 1,199
March 147 174 332 846 250 - = 1,789
April &3 69 142 351 107 492 - 1,284
May 15 7 26 36 22 5e 575 737

TOTAL 3,465 2,775 2,842 1,817 419 548 575 12,442




DRAFT/PAGE 2
8/30/8%
PARTY/Teble 7

Appendix Table B-3, Data collected at Slough 10 for juvenile chinook salmon to provide a Schsefer population estimete, 1984-85 winter

study.
Period of Period of Tagging (i) Totsl Total
Hecovery Recovered  Observed
{1} Oct Nowv Dec Jdan Feb Mar Apr {Ri} {03 Ci/Rj
Movember 4 - - - - - - & 237 59.25
Docemoer 3 1) - - - - - 19 141 742
January 2 12 2 - - - - 23 252 10.98
February & & 1 3 = - - e 115 8,21
HMarch 1 4 1 3 1 - - 7 b 5,29
Auril o 1 o 2 4] 1 - & 8 2.00
:ﬁia}: O i 3 Q 1 1 O & 10 2@5@
§ o Total
e Recoversd {Ri} 23 35 = 8 2 2 G
;‘ie (43} 237 235 141 115 108 25 7

Mi/Ri 13,30 §.71% 28,20 14.38 54.6G0 12.50 0,00
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fAppendiz Table B-6. Computation of the juvenile chinook salmun population at Slough 10,
198485 winter study.

Period of Period of Tagging (1)
Recovery
{33 Oct Nov Dec Jan Feb Mar Apr Total
Hovember 2 kb - - - - - - 2,441
December 229 797 = @ “ - = 1,026
January 1,016 882 618 = - - - 2,516
February 507 220 232 354 - - - 1,313
March 65 &2 177 271 340 = - 895
April 0 13 0 58 g 25 - 96
May 0 17 74 38 135 31 0 250
TOTAL 4,258 1,971 1,098 719 475 56 4] 8,577
o
o

S %
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Appendix Table B-7. Data collected at Slough SA for juvenile chinocok salmon te provide a Schaefer population estimate, 1984-85 winter
study.

Pariod of Period of Tagging (i) Total Total
Hecovery Recovered  Obserwed

(33 Qct Mov Dec Jan Feb Mar Apr {R3} {Ci) Ci/Rj
November T4 - - - - - - i 512 36.57
December 23 51 - - - - - b 786 i10.62
Jeauary 5 29 30 - - - P 416 5.62
?g@g‘gsy}a g 13 1% 11 - - = 59 159 3,28
HMarch & 7 1h 13 0 - - 38 (R3S 3.8%
April 3 & & 5 1 1 - 21 136 6.48
Man 1 i 1 3 1 2z 3 15 81 5.40
Total
Bsoovered {Ri} 68 110 &7 32 2 3 3
Toval
Marked {Mi} 265 &£93 707 &0% 113 88 128

#i /RE 3.30 d.54 10.55 12.53 35.50 29,67 42,

(=3}
1
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Appendix Table B-8. Computation of ihe juvenile chincok saimon population at Slough 94,
1984~85 winter study.

Period of Period of Tagging (i)
Recovery

{i} Gect Nov Dec Jan Feb Mar Aor Total
November 1,997 - © = - - - 1,587
December 953 2,459 - = - - - 3,412
January 329 740 1,779 - = « < 2,848
February 114 191 547 b7 - - = 1,299
March 60 122 567 625 i - = 1,378
April 51 177 410 406 360 192 = 1,596
May 23 9g 57 203 300 320 691 1,890

TOTAL 3,525 3,797 3,360 1,681 660 512 691 14,216
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Appendix Tahle B-9. Data coliected at Ssaver Pond Slough (TRM 11.5 indian River} for juvenile chinook salmon teo provide & Scheefer
population estimate, 1984-85 winter study.
Period of Period of Tagging {1} Total Total
Racovary Recovered Observed
{3} fct Nov Dec Jan Feb Mar {Ri} {C33 Ci/R;
ovenber 2% - - - - - 21 89 4,24
December 17 14 - - - - 31 77 2,48
fanuary i3 10 7 - - - 30 61 2.03
February z 1 3 1 - - 7 21 3.00
Merch & & 1 1 1 - 7 26 3,71
April e 1 2 0 © ] 3 12 4,00
Hay 1 7 O 0 0 0 2 3 1.50
ey
(U
T Total
Recovered [Ri} 54 3% 13 2 1 ¢
Total
Marked {(Mi) 100 B8 67 22 & 17
Mi/R1 1,83 Z.8% 5.15 11.0 6.0 0
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Appendix Table B-10. Computation of the juvenile chinook salmon population at Beaver Pond
Slough (TRM 1.5, indian River) 1984-85 winter study.

Period of Period of Tagging (i)
Recovery
{1 Oct Nov Dec Jan Feb Mar Apr Total
Kovember 165 - - - - = 165
December 78 99 = ® = - 177
January 45 58 73 - = - 180
February 11 9 L1 33 = - 99
Mareh G &2 19 &1 22 - 124
April 0 11 &1 G G 0 52
May 3 k& 0 0 0 o 7
TOTAL 306 223 179 74 22 G 804
oxe:
Ve
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Appendix Table B-11., Data collected at Len's Slough (TRM 1.9 Indian River) for juvenile chinook salmon %o provide e Schaefer
popuiation cstimate, 1964-85 winter study.

iod of Period of Tagging (1) Total Total
Recovery Recovered Ohserved

(3 Oct Nov Dec Jan Feb Mar {R§) {Ci} Cj/Rj
Novamber 42 - - - - - L V] S 2.24%
Cecember 50 27 - - - - 77 177 2.30
January L} 10 25 - - - 49 88 1.30
February 13 5 5 1 - - 21 46 2.19
Harch ] 2] 8 3 1 - 30 33 .10
tprit 3 i 8 1 3 & 27 38 1.41
May 5 2 i ] 2 i 13 i7 1.31
Total
Recovaered {Ri} 134 57 &6 6 & g

136 89 173 43 2% 20
Mi/Ri 1.01 .56 3.60 77 3.50 2.22
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Appendix Table B-12. Computation of the Jjuvenile chinook saimon population at Len's
Slough {TRM 1.9, Indien River) 1984-85 winter study.

Period of Period of Tagging (i)
Recovary

(i} Oct Nov Dec Jan Feb Mar Total
Hovember 95 - - = - = 95
Decembar 113 g7 - - - 212
Janyary 25 28 162 - = - 218
February 24 17 35 16 - = 96
March 10 15 32 25 & = 85
Hay 7 & 9 E 9 3 41
TOTAL 280 170 283 5% 28 28 848

{
e, b
N

b
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PART 2
Winter Resident Fish Distribution and Habitat Studies
Conducted in the Susitna River Below
Devil Canyon, 1984-85

‘@; Fichard L. SundeW
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Studies of selected resident fish species were conducted in both the
Tower (below the Chulitna River confluence) and middle (between the
Chulitna River confluence and Devil Canyon) Susitna River during the
winter of 1984-85., These studies primarily colliected movement and
habitat data from resident fish which were radio tagged in the spring or
fall of 1984. These studies showed that middle river rainbow trout
overwintered in the mainstem Susitna River, while lower river rainbow
trout usually overwintered 1in side channels. Most rainbow trout
overwintered from 0.0 to 4.0 miles below the mouth of the tributary they
were tagged at. Rainbow trout in both reaches of river overwintered in
areas of low to moderate water velocities (0.0-2.5 fps) and in areas of
surface ice. No rainbow trout overwintered in areas that had anchor
ice. Middle river rainbow trout were Tound 1in slightly deeper waters
than lower river rainbow trout. Several middle river rainbow trout
overwintered close 1o each other suggesting that this species congregate
during the winter. Two pronounced winter movements were recorded for
rainbow trout in both reaches of river: one between mid-September and
mid-0ctober and one between mid-December and mid-Jdanuary. Most rainbow
trout begin to migrate from the mainstem to tributaries during breakup
in May. Lower river burbot spawned between late dJanuary and early
February. Four spawning sites at the Deshke River were documented.
Several radio tagged burbot probably spawned in the mainstem Susitna
River between RM 13.0 and RM 92.0. Burbot showed both a pre- and
post-spawning migration of up to 20 miles. Monitoring data suggest some
b

middle river Arctic grayling overwinter in the mainstem at RM 147.0,

i £5 n wwaide = on o e AT A ol b 4T i s e b s e a i A 1Y me Tae
[near Portage Creek (RM 148.8)], while other stocks migrate 40.0 miles

Talkeetna.

downviver to overwinter near
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1.0 INTRODUCTION

The lower and middle Susitna River Resident Fish Stucies were initiated
in the fall of 1980 to determine the relative abundance and distribution
of resident fish in those reaches of river. Between 1980 and 1984,
sampling effort was primarily done during the open-water periods,
mid-May to mid-October. However, studies were also conducted during the
winters of 1980-81 and 1982-83 (ADF&G 1981b, 1983c). These studies
primarily documented burbot (Lota lota Linnaeus) distribution, relative
abundance, and suspected spawning areas with the use of baited hooks or
trotlines. It was difficult to sampie resident fish, other than burbet,
effectively with standard methods because of winter conditions such as
ice cever and frazil ice (slush ice). To better understand the winter
distribution of important sportfishing species of resident fish, a radio
tagging program was initiated in the fall of 198l. Since that time,

radio tagged rainbow trout {Salmo gairdneri Richardson) and burbot have

heen successfully monitored over the winters of 1981-82, 1982-83, and
1983-84 (ADF&G 1983b, 1983c; Sundet and Pechek 1985). In addition,

several Arctic grayling (Thymallus arcticus Pallus) were monitored over

the winter of 1982-83 (ADF&G 1983c). Several sampling trips conducted
during those winters at racio tagged fish relocations, however, yielded
Timited habitat data on their winter rearing areas. Because winter
rearing habitat data were Timited, many more resident fish were radio
tagged in the fall of 1984 and surveyed more frequently in the winter of

1984-85 compared to other yaars to better document their winter habitat.
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To better answer questions concerning the overwintering distribution and
habitat of resident fish, the 1984-8% winter study had the following
objectives: (1) tou describe the distribution and habitat associated
with overwintering rainbow trout in the lower Susitna River (between
Cook Inlet and the Chulitna River confluence), (2) estimate the response
of rainbow trout overwintering habitat at selected sites (radic tagged
fish relocation sites) to hydraulic changes during the winter period.
Although the primary intent of this study was to monitor the responses
of radio tagged rainbow trout over the winter in the lower Susitna
River, bioclogists were unable to capture many rainbow trout large 2nough
to accommodate radio tags during the fall of 1984 in that reich of
river. Therefore, some rainbow trout were radio tagged during th2 fall
of 1984 1in the wmiddle Susitna River (between the Chulitna River
confluence and Devil Canyon) to increase the sample size. In addition,
several rainbow trout which were radio tagged in the spring of 198% were
monitored through the winter until the batteries of their radic tags
expired. Several middle river Arctic gravling and lower river burbot
were also radio tagged in the fall of 1984 using radio tags left over
from previous years of vradio tagging efforts. These fish were also
monitored through the winter of 1984-85. Relative abundance studies
were also done at radio tagged burbot relocations to determine locations

and timing o7 spawning of burbot.

This report primarily addresses winter resident fish studies which were
conducted from November L, 1984 to April 1, 1985. However, radic
telemetry monitoring data fror fish tagged in September and Octcber 984

are presented from the time of tagging to the end of May 1985. These
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data are presented to the end of May because breakup was late in 13985,
having occurred on May 24 (R&WM 1985). In addition, winter monitoring
data are presented from several middle river rainbow trout radio tagged

during May and June 1984,

a7
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2.1 Study Locations

2.1.1 Relative abundance

Sampling sites were chosen in conjunction with the radio telemetry
study. During the winter of 1984-85, radic tagged fish were located in
the mainstem Susitna River between RM 6.0 to RM 150.1. In addition,
sampling was done in the Deshka Riverl [river mile (RM) 40.6, tributary
river miles (TRM's) 0.0 = 29.5] where several radio tagged burbot were
found. Figure 1 shows a map of the Susitna River between Cook Inlet and

Devil Canyon and its principal tributaries therein.

2.1.2 Radio telemetry

Selection of radic tagging sites in the lower Susitna River during the
fall of 1984 were based on resident fish data collected in 1981 and 1982
(ADF&G 1981b, 1983b). Primary efforts to capture rainbow trout in the
mainstem Susitna were focused at the mouths of the Deshka River, Willow
Creek (RM 49.1), Little Willow Creek (RM 50.5), Kashwitna River (RM
61.0), Sheep Creek Slough (RM 66.1), Montana Creek (RM 77.0), and

Talkeetna River (RM 97.0). The upper reaches of Sheep Creek (RM 68.0),

This tributary 1is identified on USGS topographic maps (1958) as
Kroto Creck. However, the more common name for this tributary is
the Deshka River and that is the name which has been utilized in

this and past reports,

H
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2.0 METHODS

2.1 Study Locations

2.1.1 Relative abundance

Sampling sites were chosen in conjunction with the radio telemetry
study. During the winter of 1984-85, radio tagged fish were located in
the mainstem Susitna River between RM 6.0 to RM 150.1. In addition,
sampling was done in the Deshka Riverl [river mile (RM) 40.6, tributary
river miles (TRM's) 0.0 - 29.5] where several radio tagged burbot were
found. Figure 1 shows a map of the Susitna River between Cook Inlet and

Devil Canyon and its principal tributaries therein.

2.1.2 Radio telemetry

Selection of radio tagging sites in the lower Susitna River during the
fall of 1984 were based on resident fish data collected in 1981 and 1982
(ADF&G 1981b, 1983b). Primary efforts to capture rainbow trout in the
mainstem Susitna were focused at the mouths of the Deshka River, Willow
Creek (RM 49.1), Little Willow Creek (RM 50.5), Kashwitna River (RM
61.0), Sheep Creek Slough (RM 66.1), Montana Creek (RM 77.0), and

Talkeetna River (RM 97.0). The upper reaches of Sheep Creek (RM 68.0),

This tributary s ddentified on USGS topographic maps (1958) as

Kroto Creck. However, the more common name for this tributary is
the Deshka River and that 1is the name which has been utilized in

this and past reports,
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Goose Creek (RM 72.0), and Montana Creek were also sampled for rearing
rainbow trout. Efforts to capture burbot for radio tagging were focused
at the mouth of the Deshka River although backwater areas 1in the

mainstem were also sampled,

Selection of radioc tagging sites in the middle Susitna River during the
spring and fall of 1984 were based on resident fish distribution data
collected during the 1981, 1982, and 1983 open-water field seasons
(ADF&G 1981b, 1983b; Sundet and Wenger 1984). Primary efforts to
capture and radio tag rainbow trout and Arctic grayling in the mainstem
Susitna were focused at the mouths of Whiskers Creek (RM 101.4), Lane
Creek (RM 113.6), Fourth of July Creek (RM 131.1), Indian River (RM
138.6), and Portage Creek (RM 148.8). Some rainbow trout - re also
caught and radio tagged in the upper reaches of Fourth of Jul, Creek,

Indian River, and Portage Creek during May and June 1984.

2.2 Data Collection

2.2.1 Relative abundance

Resident fish were captured duving the winter of 1984-85 by trotlines,
burbot sets, and angling. Gill nets were also set in several areas,
however, no fish were captured. Catch and biological data were also
taken from sportfishermen fishing for burbot on the Deshka River during

the winter.
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Biological data (age, length, sex, and sexual maturity) were collected
as outlined in ADF&G (1983a). Otoliths for age determination were taken

from burbot sampling mortalities.

Habitat parameters were measured at suspected burbot spawning areas.
These parameters included mean column water velocity, water depths, ice
thickness, the presence or absence of slush ice, substrate type, and
general water quality. Specific habitat data collection methodology is

summarized in ADF&G (1983a).

2.2.2 Radio telemetry

Most rainbow trout and Arctic grayling which were radio tagged in 1984
were captured by boat electrofishing or by hook and line (Appendix
Tables A-1, A-2Z, and A-3). Burbot which were radio tagged were captured
by poat electrofishing or hoop net (Appendix Table A-4). Scales were

taken from rainbow trout and Arctic grayling for aging purposes.

Habitat parameters were measured at radio tagged fish relocation sites
during the winter of 1984-85. During ground surveys in December,
January, and February, radio tagged fish were located to within a
four-foot-radius and habitat measurements were made as close to the
signal as possible. Habitat parameters measured were The same as those
taken at burbot spawning sites. During the ground surveys, the fate of

each located radio tagged fish was alsc determined.

o,
S, 3
S



Equipment

Radio telemetry receiving equipment used in this study was developed by
Smith=-Root Incorporated in Vancouver, Washington. Receiving equipment
consisted of a low frequency (40 MHz) radio tracking receiver (Model

RF-40) and scanner {Model SR-40), and a loop antenna (Model LA-40).

Radio transmitters manufactured by Smith-Root Iacorporated and Advanced
Telemetry Systems (ATS of Bethel, Minnesota) were used in the 1984-85
study. Two types of radio tags were used: internal and external.
Internal radio tags were provided by both Smith-Root and ATS while
external radioc tags were provided by ATS. Smith=Root radic tags with a
six or a nine month life expectancy were implanted in burbot. Advanced
Telemetry Systems' radioc tags with 6-11 month 1ife expectancies were
implanted in rainbow trout and also several burbot when the supply of
Smith-Root tags was exhausted. Since past efforts to internally radio
tag Arctic grayling have failed (ADF&G 1983c), ATS' external radio tags

were attached to this species.

Smith-Root transmitters (Model P40-500L 3v) were identical to those used
in previous resident fish telemetry studies (ADF&G 1983b, 1983c).
Smith=-Root transmitters used in the 1984-85 studies had pulse rates of
0.5, 1.0, or 3.0 pulses per second (pps) with the 0.5 pps radio tags
having a 1ife expectancy of nine months while the others had a life

expectancy of six months. Advanced Telemetry Systems' internal trans-

mitters (Model 10-35) were identical to those used in 1982 and 1984
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summer telemetry studies with pulse rates between 1.0 and 2.4 pps

{Sundet and Wenger 1984; Sundet and Pechek 1985).

The Advanced Telemetry Systems' external radio tags (Model RMEZ25) that
were used were the same as those used in 1984 summer studies {Sundet and
Pechek 1985). The power source for the transmitters was a 1.4 volt
mercury battery providing 1ife exnectancies of 90 days. The pulse rates

for these tags were 2.4 pps.

Transmitter frequencies used (40.600-40.770 MHz) were the same range as
used in 1983 and 1984 summer studies (Sundet and Wenger 1984; Sundet and
Pechek 1985). A1l radio tags were immersed in cold water (1.5°C) for 48
hours to ensure they were transmitting properly before they were

implanted in fish.

Transmitter implantation

Based on personal communications with Carl Burger (USFWS) and experience
gathered from the previous three years of radic telemetry studies, the
minimum fork length of rainbow trout and Arctic grayling radio tagged in
the summer and fall of 1984 was set at 380 mm (ADF&G 1983b, 1983c:
Sundet and Wenger 1984). The minimum total length of burbot te be radio

tagged was set at 525 mm.

internal radio tags were implanted using the same procedures described

in Ziebell {(1973) and discussed in Sundet and Wenger (1984). External

o
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tags were attached in a similar manner as attaching Peterson discs
(Sundet and Pechek 1985). BRefore surgery or attaching external tags,

fish were anesthetized with MS-222 (tricaine methane sulfonate).

After radio tagging, the fish were placed into a live box and held
upright until they regained their equilibrium. The fish were then held
overnight whenever possible for observation. The following day the
sutures were checked and the transmitter's signal was tested before

releasing each radio tagged fish near their point of capture.

Tracking

Biologists radio tracked fish over the mainstem Susitna between RM's 0.0
and 15%4.0 primarily by fixed wing aircraft or helicopter during the
winter of 1984-85. Aerial radio tracking was -done using methods
described in ADF&G (198l1c). Radic tracking conducted between September
and freeze-up (mid-October) 1984 was done by boat or fixed wing
aircraft approximately every 10-14 days. Between freeze-up and late May
1985, radio tracking was done by fixed wing aircraft or helicopter every

20 davs.

Additionally, tracking flights were regularly made over the Deshka River
(TRM's 0.0 to 29.5). Fixed wing radio tracking was also done
occasionally over various tribulicies such as Yentna River (RM 28.5),
Witlow Creek, Little Willow Creek, Fourth of July Creek, and Portage

Creek.
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When helicopters were used for tracking, fish were pinpointed and
habitat data were often collected after landing at their relocations.

Occasionally, snowmobiles were also used during the winter to pinpoint

radio tagged fish.

e S,
S—
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3.1 Lower Susitna River

3.1.1 Rainbow Trout

Ten rainbow trout were radio tagged in the lower river between September
6 and October 12, 1984. A summary of their capture, biological, and
radio tagging data is presented in Appendix Table A-l. During intensive
surveys to radio tag rainbow trout in the upper reaches of several east
side tributaries such as Montana Creek during September 1984, only three
rainbow trout large encugh to accommodate a radio tag were captured and
radio tagged. It was beiieved that most of the rainbow trout had
outmigrated these tributaries to the mainstem Susitna because of a flood
in late August before the tagging surveys commenced. It was hoped that
a number of rainbow trout could have been radic tagged ‘n their summer
rearing east side tributaries so their fall outmigration would have been
better documented. In their summer rearing areas, we believed rainbow
trout could be more easily and readily captured then after they
outmigrated and dispersed into the mainstem. Sundet and Pechek (1985)

further discuss overall catches of these surveys.

The remaining seven lower river rainbow trout were captured and radio
tagged between KM 49.5 and RM 96.0 with four fish being captured in the

mainstem or side channels of the Susitna River and three fich being

captured at tributary mouths.
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Two of the ten radio tagged rainbow trout yielded little data. Rainbow
trout 609-2.0 was found for only one week after and within 0.1 mile or
where 1t was tagéed and released. Because this fish was not found
again, the battery of its radic tag was believed to have expired soon
after the fish was released. Rainbow trout 739-2.3 was pinpointed on
January 14 during a ground survey and was believed dead at that time.
After it was tagged, it moved consistently downriver and was found at RM

9.6 in mid-January {(Figure 2).

Figures 2 and 3 show the winter movements of the rainbow trout which
provided good results. Two of the three rainbow trout (609-1.2 and
620-1.2) which were tagged in the upper reaches of east side tributaries
remained in those tributaries for at least two weeks before outmigrating
to the mainstem Susitna. The remaining rainbow trout tagged 1in a
tributary (599-1.2) moved into the mainstem Susitna soou after tagging.
By early October, all three of these rainbow trout were found in the

mainstem Susitna.

After moving into the mainstem Susitna, the three rainbow trout which
were radio tagged in tributaries, as well as the other five successfully
radio tagged rainbow trout, showed variable movements. Six of the eight
radio tagged rainbow trout showed a general downstream movement with
three of these fish (599-1.2, 650-1.3, 660-1.0) eventually moving back
upriver during the winter. Two fish (602-2.0 and 630-1.0) moved
stightly downriver for the winter and another (640-1.4) moved rapidly

downriver (28.0 miles) before nolding. The remaining two fish (609-1.3
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and 620-1.2) moved slightly upriver. The maximum upriver movement by
the eight successfully radio tagged rainbow trout was shown by rainbow
trout 650-1.3 which moved 5.5 miles. This fish also exhibited the

maximum downriver movement (20 miles).

Eight of the ten radio tagged rainbow trout were ground surveyed during
mid-January or February. At this time, vrainbow trout 739-2.3 was
pinpointed and believed dead. The remaining seven fish were believed
alive when ground surveyed. Four of the fish (602-2.0, 609-1.3,
630-1.0, 640-1.4) were found in side channels approximately 200 feet
wide and in water depths under four feet (Appendix Table A-5). The
remaining three rainbow trout were found in the mainstem Susitna 1in
waters betwesn 1.5 to 10.0 feet deep. One of the seven fish believed
alive (599-1.2) was found in open-water during a ground survey, as well
as mwuch of the winter. The remaining six fish believed alive when
ground surveyed, were found under ice cover. In addition to the time
when the ground surveys occurred, these six fish appeared to have
remained under ice cover for much of the winter. A summary of the
habitat data collected at the relocation wites of the seven rainbow
trout believed alive 1is presented in Table 1. Specific measurements at

cach radio tagged fish relocation are presented in Appendix Table A-5.

During dce drilling over seven radio tagged fish, five fish moved
between 30 and 200 feet while no movement was detected for two Tish
(660-1.0 and 739-2.%)., Rainbaw trout 739-2.3 was determined Lo be dead
but rainbow trout 660-1.0 was beliesved alive since 1t had recently moved

upriver 3.0 miles, Sempling gear was set overnight near Tive radio
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ainbow trout relocations, Jeanuwary end February 1985,

E 1, date collected at Susitne River radic tegged
sbured in the lower Susitea River in 1984,
Depths {fg} Water Quality
velocity conductivity

water ice siush {fps} substrate temp °C DO mg/l umhios/om pH

) 7 7 7 7 o & pa G )
X 3.5 1.8 0.0 1.0 sand/gravel ~0,2 10.6 188 7.0

range G.5-10.0 G.0-3.0 - 0.0-3.5 silt/cobble ~3.3-0.0 10.2-10.9 160-202 6.7-7.3
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tagged rainbow trout. None of the radio tagged rainbow trout were
captured, but seven non-spawning burbol were captured in mid-Jdanuary

near rainbow trout 640-1.5 at RM 46.0 (Appendix Table B-1).

3.1.2 Burbot

Fourteen river burbot were radio tagged in the Tower river between
September 14 and October 17, 1984. Most (8) of these fish were radio
tagged at the Deshka River (RM 40.6). Another three burbot were radio
tagged in the mainstem Susitna close to the Deshka River. Appendix
Table A=4 lists the biclogical, capture, and radio tagging data of these
fish. Little data were provided by four of the radio tagged burbot.
Two fish (610=3.0 and 629<3.0) apparently died soon after tagging and
their movement is not further discussed. For another (619-2.2), the
radio tag's battery apparently expired soon after deployment (Figures 4
and 5). The remaining fish (770-2.4) which yielded limited data was
recaptured by a sportfisherman 2.5 months after being radio tagged and

released (Figure 4).

The remaining ten burbot showed variable movements. All ten radio

tagged burbot showed an upstream movement between 0.4 miles and 30.2

b o

miles (Figures 4 to 6). The maximum downstv am movement was exhibited
by burbot 659-1.0 which moved downriver 39.8 miles after ascending the

Deshka River (Figures 4 and 5).

wat

Five of the ten radio tagged burbot which yielded good results spent

659-1,

o
Yoy

e

much of the winter in the Deshka River., Three of these fish
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669-1.8, 760-1.9) migrated tc the upper reaches of the Deshka River with
two of the fish being found at TRM 0.7 of Moocse Creek on February 5.
Moose Creek flows into the Deshka River at TRM 28.5 of the Deshka River.
Two other radio tagged burbot (650-3.0 and 739-1.0) spent much of the
winter near TRM 2.0 of the Deshka River. Burbot 659-1.0 also ascended
the upper reaches of the Deshka River after spending 1.5 months at TRM

0.

™

Movement data were also collected on five radio tagged burbot which
remained in the mainstem (Figure 6). Generally during the winter of
1984-85, one fish (649-1.0) moved upriver, ancther (749-0.7) remained
relatively stationary, while the remaining three burbot (610-0.5,
639-3.0, 730-1.0) moved downriver tc the lower reaches of the Susitna

River,

Sampling trips conducted from mid-December through February showed most
(9 of 10) of the radio tagged burbot that were ground surveyed were
alive and habitat data were collected near each radio tagged fish.
Burbot 629-3.0 was believed dead during a ground survey on January 16.
Seven of the nine fish believed alive when ground surveyed moved after
ice driliing over them. Meanwhiie, the remaining two fish (649-1.0 and
650-3.0) surveyed were believed alive because they had recently or after

sampling moved upriver.

Habitat measurements taken at 14 radic tagged burbot relocations showed
they were generally found 1in low water velocities and depths in the

Deshka River, and in low water velocities and variable depths in the
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mainstem. However, few areas in the Deshka River are believed to exceed
6.0 feet 1in water depth during the winter. By comparison, the Tlower
mainstem Susitna River has many areas which have winter water depths
greater than 6.0 feet. The radic tagged burbot were also generally
found under solid ice cover. In three instances, radio tagged burbot
were found near open leads but still under ice. In one 1instance, a
radic tagged burbot was found under overflow. Table 2 presents a
summary of habitat data collected at the radio tagged burbot relocation
sites. Specific habitat wmeasurements at each relocation site are

presented in Appendix Table A-6.

During ground surveys, burbot sets and trotlines were set overnight near
several radio tagged burbot. Although none of the radio tagged burbot
were captured, 33 untagged burbot were captured in varying stages of

sexual maturity (Appendix Table B-1).

By May, only cne radic tagged burbot (760-1.9) was found in the upper
reaches of the Deshka River. During a ground survey in late June, the
radio tag of this fish was found along the shoals of the Deshka River at

RRM 23.5. It appeared this fish died some time in late April.

Biclogical characteristics: sexual development, age, length, and sex

composition

Non-spawning, pre- and post-spawning burbot were captured by biologists

2 m o by g [
tn Lhe ou

e

ttna River and the Deshka River between December 17 and Febru-

(s




Table Z. Summary of habitat data collected at Susitna River radic tagged burbot relocations, December 1984 and February 1985,
rainbow trout were captured in the lower Susitna River in 19384,

s
el

e

Depths (ft) Water Quality
velocity conductivity
water ice stush {fpsi substrate temp °C DG mg/1 umhos/cm pH

At mainstem sites

f & 3 i & & 3 2 3 3

; 3.3 2.3 1.9 0.1 gravel/cobble ~0.1 12.2 a7 7.2
range 0.2-7.8 1.5-3.0 0.0-4.3 ©.0-G.1 sand/cobble ~0.2-0.0 17.5-12.9 74.0-188.0 7.1-7.3
At Deshlka River sites

f 0 He 10 10 10 ) 5 9 9

% 1.1 2.3 6.0 0.3 gravel/sand 0.0 9.1 78.6 6.8
range 8.1-3.0 1.5-2.9 .0-0.0 0.6-0.5 sand/cobble -3, 2402 8.4-10.4 58.0-101.0 6.4-7.2
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ary 8. 1In addition, burbot catch and biclogical data were gbtained from
a sportfisherman at the Deshka River who recorded his catch data from

fate November to mid-December 1984,

Lower river pre-spawning burbot were captured from November 25 to
January 16. Post-spawned burbot were first captured on February 5 at
TRM 0.7 of Moose Creek. A1l burbot captured after February 5 were post-
or non-spawners, Several non-spawners were also captured before Febru-
ary 5. Sampling locations and catch per unit effort (CPUE) of all
burbot captured during the winter of 1984-85 are presented in Appendix

Table B=1.

Between November 25 and February 8, 63 burbot were sexed by necropsy and
their sexual maturities were recorded (Appendix Table B=2). Fifty=three
of the 67 burbot were aged. Ages ranged from 5 to 12 with ages 7
(20.8%), 6 (15.1%), 8 (15.1%) and 9 (15.1%) comprising the majority of
the sample. Lengths of aged fish ranged from 405 mm to 740 mm in totai
length (TL) (Appendix Table B=3). Figure 7 illustrates the average
length and range of lengths for each age class of burbot sampled between

December 1984 and February 1985.

Of the 53 burbot aged., 35 fish were pre- or post-spawners. Eight of the
pre- or post-spawners were males ranging from 405 mm to 740 mm (TL) and
encompassing age classes © to 1l. The remaining 27 pre- or post-
spawning aged females ranged from 360 mm to 780 mm (TL) and encompassed

to 1Z2. The remaining 18 burbot aged were non-spawners.

(&)

age classes

M
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Five non-spawners were males ranging in length from 410 mm to 665 mm and

age from 5 to 8 years. The 13 non-spawning females ranged in length

from 400 mm te 705 mm and age from 5 to 12 years.

3.2 Middie River

3.2.1 Rainbow Trout

Thirteen rainbow trout were radic tagged in the middle river during
September and October 1984 and their movements were monitored over the
winter of 1984-85. Another 15 rainbow trout which were radio tagged in
May or June 1984 having functional radio tags at the beginning of the
winter study {(November 1, 1984), were also monitored over the winter.
Capture, biological, and radio tagging data for the rainbow trout radio
tagged in the fall of 1984 are provided in Appendix Table A-2. Capture
dats for the rainbow trout which were radic tagged during the spring of
1984 are reported in Sundet and Pechek (1985) along with monitoring deta

between May and November 1984.

Little useful data were collected from six radio tagged fish monitored
gver the winter because they were determined or believed dead during the
fall of 1984 or the winter of 1984-85. Twec of these fish (598-1.6 and
670-1.2) probably died before November 1984 and their fates are dis-

cussed in Sundet and Pechek (1985).

Two rainbow trout were determined dead (740-1.1 and 749-1.1) during

ground surveys in late January or early February. Rainbow trout 618-2.1
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was believed dead during a late January ground survey (Figure 8). The
remaining rainbow trout (719-1.6) moved upriver during late September,
but then slowly moved back downriver and was believed dead during an

early February ground survey (Figure 9).

The other 22 rainbow trout were determined or believed to be alive
during the winter. A1l of the 22 vradio tagged rainbow trout had
outmigrated from tributaries to the mainstem by early October.
Overwintering movements of these 22 radic tagged rainbow trout cén be
placed into three categories based on the distance the fish overwinters
in the Susitna River from their Susitna River tagging site or fron the
mouths of the tributaries in which they were tagged. These categiries
are:  {1) near (within 4.0 miles), (2) medium (between 4.1 mile: #nd

15.0 miles), and (3) far (over 15.0 miles).

Movements of the 22 rainbow trout which were determined or bel eved
alive are provided in Figures 8 to 12. A1l of the 22 fish overwintered
in the mainstem Susitna with 14 of 21 fish overwintering near their
Susitna River tagging sites or the mouths of the tributaries where they
were taggedgg Five of the radio tagged rainbow trout (608-1.9, 620-1.2,
629-1.0, 709-1.2, 770-1.1; overwintered between 4.1 and 15.0 miles “rom

their Susitna River tagging location or the mouths

P

One rainbow trout (728-1.0) was not dincluded in
general overwintering movements because it was a
after capture and displaced 10 miles dowariver. Its overwintering
movement data can only be interpreted as questionable.

discussin, the
ccidently moved
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of the tributaries where they were tagged [Figures 9, 10, and 11). The
remaining two radio tagged rainbow trout (640-1.0 and 759-1.7) were
found up to 90 and 94 miles from where they were tagged at in late
September (Figure 8). Because these two fish moved downriver so rapidly
and far, it appears they were injured during capture or tagging. It
also appears tnese two fish healed and attempted to move back upriver.
Both fish appeared to have died in early or late February, however,

because thereafter they either moved downriver or remained stationary.

Only two of the 21 radio tagged rainbow trout (659-1.8 and 749-1.8)
overwintered for more than two months upstream of their mid-October

locations,

While the 21 radio tagged rainbow trout were found between RM's 42.0 and
151.0 from September 1984 to May 1985, the majority of these 7ish were
generally found in several specific sections of the mainstem. During
this time period, eight of the 21 rainbows were found between RM's 146.0
and 151.0 (Figures 10 and 12). Four fish were found between RM's 135.0
and 140.0 (Figure 11), and two fish were found between RM's 97.0 and

100.0 (Figures 8 and 9).

Generally, most of the radio tagged rainbow trout monitored over the
winter of 1984-1985 moved their maximum distance between mid-September
and tate November 1984. A number of radio tagged fish also appeared to
move between late December and wmid-Jdanuary. In addition, the few
rainbow trout with radio tags still functioning in the spring dppeared

move in early Aprii.
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During ground surveys conducted in January and February, data were
collected at 29 fish relocations from 23 different radio tagged rainbow
trout which were determined or believed to be alive. During these
relocation surveys, all of the radio tagged rainbow trout were found in
the mainstem Susitna and generally in waters of low to moderate
velocities and of moderate depths. Most (26 of 29) rainbow trout
relocations were at areas of ice cover, however, ten relocations were
within 200 feet of open leads. Table 3 summarizes the habitat data
collected at the 29 fish relocations while specific measurements taken

at each fish relocation site are presented in Appendix Table A-7.

Often two or more radio tagged rainbow trout were found within 100 feet
of each other when ground surveyed. Sites where radic tagged fish were
found together were: RM's 135.4, 139.5, 146.4, 147.0, and 148.3. Also,
in one instance at RM 147.0, a radic tagged rainbow trout (613-1.0) was

found 50 feet from a radio tagged Arctic grayling (740-2.3).

During ice augering at the radio tagged rainbow trout relocalion sites,
movement was detected at 19 of 25 sites. Sampling was done at several
of the relocation sites. None of the radio tagged fish were captured,
however, several non-tagged fish were captured. Three burbot were
captured near rainbow trout 629-1.0 and one burbot was captured near a
rainbow trout believed dead (598-1.6) {Appendix Table B-1). One rainbow
trout was captured by hook and line at RM 146.4 and near rainbow trout

£67-1.4 and 707-2.3 1in early February.
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During ground surveys, habitat measurements were also taken at the
relocations of six radic tagged rainbow trout which were determined or
believed dead. These fish were found in little or no water (Appendix

Table A-7).

3.2.2 Arctic Grayling

Five Arctic grayling were radio tagged in the middle river on September
11 or September 26, 1984. Appendix Table A-3 presents the capture,

biological, and radio tagging data of these fish.

Winter movements of three of the radio tagged Arctic grayling (610-2.4,
629-2.2, 639-2.3) contrasted with the movements of the remaining two
fish (600-2.4 and 740-2.3) (Figure 13). The three fish moved rapidly
downriver (between 36.6 and 63.6 miles) in the mainstem Susitna River
immediately after their tagging and release at the mouth of Indian
River. The other two fish remained relatively stationary in the
mainstem Susitna River, just downriver from their tagging site at
the mouth of Portage Creek. One of the fish which wmoved rapidly
downriver {610-2.4) also became relatively stationary after moving 36.6

miles in 20 days.

Two of the Arctic grayling which moved rapidly downriver (629-2.2 and
638-2.3) provided little data because the batteries of their radio tags
were presumed to have prematurely expired. Biologists failed to dis-
cover these fish during intensified monitoring flights in the areas

where the two fish were last found.
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Movement of five radio tagged Arctic grayling in the
Susitna River, September 1984 to February 1985.
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During winter ground surveys beginning in mid-January, only two of the
five Arctic grayling's radic tags were functioning. In mid-January,
Arctic grayling 600-2.4 was found dead under solid dce, but Arctic
grayling 740-2.3 was found alive at RM 147.0 and 50 feet from rainbow
trout 613-1.0. During ice driiling, the Arctic grayling moved 35 feet.
Habitat measurements taken near Arctic grayling 740-2.3 on January 21

included: water depth = 2.3 ft, ice = 3.0 ft, slush = 0.0 ft, velocity

Y

(0.3 fps; substrate was 60% cobble and 40% gravel; water quality was pH

i

7.4, D0 = 14.5 mg/1, conductivity = 228 umhos/cm, water temperature =

=0.2°C.

No habitat data were collected ne:r Arctic grayling 740-2.3 during later
ground surveys, but on February 5 this fish was pinpointed at the same
location where it was in mid-Jdanuary (along the east shore of an
island). On February 28, it was found 0.4 miles upriver of the earlier
locations in the east channel of the Susitna River in a deep back eddy

and near open-water.
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4.0 DISCUSSION

Few practical and efficient methods have been found to sample resident
fish populations 1in the Susitna River during the winter. Baited
trotlines have been found to be effective for capturing burbot but hoop
nets were determined as too difficult to set and electrofishing is
impossible. Winter studies in other areas of Alaska have found gill
nets to be effective for samp:ing fish populations other than burbot
(Bendock 1981, 1982, 1983; Hallberg 1984). Although gill nets were set
in the Susitna River during the winter of 1984-85 to help determine the
abundance of resident fish at specific sites {radic tagged fish
relocations), these efforts failed. This fa.lure can be attributed to
several factors encountered in previous Susitna River winter studies
(winter of 1980-81). These factors included: 1) water too shallow, 2)
water velocity was too great, and 3) the presence of slush or frazil
ice. Winter gill netting in other rivers has probably succeeded because

those waters have deep pools without slush ice.

While winter resident fish abundance studies largely failed, winter
movement patterns of select resident fish in the Susitna River have been
petter understood through the use of radio telemetry. By using radio
telemetry, data have also been indirectly gathered on the abundance and
habitat conditions of select overwintering Susitna River resident fish.
While these data will be discussed later for each resident fish species
studied during the winter of 1984-85, several general conclusions can be
made after examining all the data collected during the falls and winters

from 1980-85,
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Overall resident fish boat electrofishing catches have decreased between
late September and October in 198z, 1983, and 1984 although
conductivities dincreased, thereby dincreasing the efficiency of osoat
electrofishing (ADFAG 1983b; Sundet and Wenger 1984; Sundet and Pechek
1985). Since more fish are moving out of tributaries into the mairstem
in the fall, it is believed each year that catches would increase
instead of decrease in October. However, water clarity increases sub-
stantially during this time and fish may move into deeper water for
cover. Habitat suitability studies show that some species of mainstem
Susitna River resident fish are found significantly more often in turbid
water that provides cover than clear water areas (Suchanek et al. 1984).
In 1984, turbidities appeared to be less during October than in other
years (1981-83). In October of 1984, even boat electrofishing in waters
six feet deep at normal productive areas such as the mouth of Pcrtage
Creek failed to catch many resident fish © any species comparced to

Septenber catches.

Other support for the assumption that fish move into deeper maiisten
waters as turbidities decrease are provided by radic tagged fisk and
hook and line data. Radio tagged rainbow trout and Arctic grayling were
pinpointed in October of 1983 and 1984 and in all cases, these fish were
found in water greater than six feet deep. Angling in October at the
mouths of productive middle river tributaries such as Portage Creek has
shown that vrainbow trout and Arctic grayling are captured more
freguently in deep water during the day. Angling catches are also
higher during dusk than during the day, indicating fish move out of

i

deeper waters and into the shoals. This diurnal-nocturnal type of

Fod
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movement has been documented by ovher studies with fish using darkness

as cover for feeding purposes (Campbell and Neuner 1985).

Previous ADF&G winter stucies have indicated that radio tagged fish may
seek specific overwintering areas. These areas are believed to have
upwelling since high conductivities were recorded (ADF&G 1983b, 1983c,
1983d; Surdet and Wenger 1984; Sundet and Pechek 1985). During the
winter of 1984-85, however, high conductivities were recorded at all the
radic tagged fish relocation sites in the mainstem Susitna including
those sites where fish were believed to be dead. In addition, control
mainstem sites at Gold Creek (RM 136.7) and at RM 133.8 were monitored
twice & month from December to Februarv. A1l conductivities taken at
these two sites were also high (in excess of 200 umhos/cm). Although
the radio tagged fish may have been in areas of upwelling, we only
sampled the upper layer of the water column. In future studies, a
different sampling method shculd be incorporated to examine the waters
immediately off or in the substrate. By sampling the upper water
column, any upwelling was probably diffused into the main body of water

thereby making it undetectable.

Atthough few vesident fish other than burbot have been captured by
winter sampling in the Susitna River iru . 1980-85, chese capture data
and especially radio tagged fTish data s.ggest cesident fish seek certain
areas to overwinter (ADF&G 1983b, 1983c., 1983d). (Often radio tagged
fish of cne species are found with fish of the same and other species.

Winter work elsewhere in Alaska, especially on the North Slope, has
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found several fish species inhabiting the same wintering areas (Bendock
1981, 1982; Bendock and Burr 1984; Hallberg 1984). Bendock suggested
this “cohabitation" may occur because few suitable cverwintering areas
exist and, theretore, fish are concentrated in certain areas. Hallberg
(1984) has found several different species in the same area during the
winter, however, he did not find any large concentrations of resident
fish. These studies, however, ideniified several possible causes which
Timit areas where resident fish can overwinter. These are: 1) water
depths, 2) deteriorated water quality - low DO, and 3) frazil (slush)
ice. Anchor ice, cover, and water velocities are also believed to limit
overwinter areas (Maciolek and Needham 1952; Needham and Jones 1959;
Chapman and Bjornn 1969; Campbell and Neuner 1985). Principal factors
which probably affect the overwintering of mia- = Susitna River resident
fish are the presence of slush and anchor ice, high water velocities,
available cover, and the dewatering of side channels. Since there is
less anchor ice formation and a greater number of large side channels,
available cover and high water velocities are probably the critical
Timiting factors for overwintering in the lower river. Turbidity is
believed to be a less important factor in determining overwintering
habitat for resident fish. MWinter mainstem turbidities are generally
under 5 nephelometric units (NTU's) and resident fish are believed to

seek deeper areas or areas under ice for cover.

At times during the winters of 1983-84 and 1984-85, extensive formations
of anchor dice and slush ice has been observed in ‘he middle Susitna

River, especially aboe RM 120.0. Sitush ice his been reported to impair

g

P
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the functicaing of fish gills {(Tack 1938 in Armstrong 1982). Anchor ice
disrupts and decreases the areas of overwintering, and is suspected to
increase overwintering trout mortality (Cerven 1973; Needham and Jones

195

o

). Since anchor ice 1s not found under ice cover, in areas of
groundwater, or in water depths over 6.0 feet (Karl Schoch, pers. comm),
these are the types of areas where resident fish may prefer to

overwinter,

Although there 1is Tlittle field data, Susitna River resident fish
mortalities are prohably higher during the winter than the summer.
Maciclek and Needham (1952) found 50% of marked trout died during the
1950-51 winter at Convict Creek. They attributed most of these
mortalities to dewatering of side channels where most of the trout
overwintered. Needham and Jones (1959) also beljeved high winter
mortalities of fish were due to physical catastrophies such as floods,
entrapment under collapsed snow banks, and dewatering. Reimier (1957)
found that physica: catastrophies caused more trout mortalities than the

tack of food availability.

4,1 Lower Susitna River

4.1.1 Bzinbow Trout

Until 1884, the Tife history of lower Susitna River rainbow trout had
heen largely interpreted from 1981 and 1982 catch per unit effort (CPUE)
data, and monitoring data from several rainbow trout which were radio

4

tagged in the fall of 1981 and 1982. Although we planned were to radio
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tag a number of rainbow trout in 1984 to increase our knowledge of
rainbow trout populations on the lower river, few Tlarge fish were
captured. Eight rainbow trout were successfully radio tagged 1in the
fall of 1984, however, and their movements were monitored over the
winter. These data added considerably to our knowledge of lower river

rainbow trout overwintering habitat.

Rainbow trout in the lower Susitna River are suspected of moving out of
east side tributaries into the mainstem beginning in late August. This
movement is believed to be triggered by typical Tlate season floods
coupled with rapidly decreasing tributary discharges beginning shortly
after the flooding (Sundet and Pechek 1985). In 1984, a flood occurred
between August 20 and 30. Sampling in early September in the upper
reaches of several of the smaller east side tributaries such as Montana
Creek failed to capture many rainbow trout. Since water levels rapidly
decreased after the late August flood and a primary food source of
salmon eggs was no longer available because few adult salmon were left
in these tributaries after September 1, it is likely that a number of
rainbow trout outmigrated these tributaries to the nainstem Susitna
during late August to early September. It is probable this outmigration
occurs, however, from mid-August to mid=October. This theory is
supported by movement data of three radio tagged rainbow trout. These
three fish were radic tagged in the upper reaches of east side
tributaries in early September of 1984 and all three fish moved out of
the tributari:.s by early October (Figure 3). One of these fish he:

outmigrated as early as mid-September.
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During September, sport fishermen's vrainbow trout catches generally
increase at the mouths of east side tributaries. High catches of
rainbow trout have been observed or reported at the mouths of Kashwitna
River and Talkeetna River until mid-October when slush ice flows down
those rivers (Roy Bloomfield and Earle Foster, pers. comm.). In 1984,
fewer rainbow trout were captured at these tributary mouths than in past
yvears (Earle Foster, pers. comm.). One reason for this difference may
nave been the extremely high water during the Tlood in late August of
1984 which flushed most of the fish out earlier than a normal fall

flood.

Tag-and-recapture data also show some Talkeetna River rainbow trout
outmigrate from that tributary (Sundet and Wenger 1984). 1t is unknown
why these fish would move out of this tributary since several lakes such

as Mama and Papa Bear lakes are available for overwintering.

Few large rainbow trout are suspected of outmigrating the larger west
side tributaries such as the Deshka River in the fall (Sundet and Pechek
198%). Some smaller rainbow trout, however, are believed to outmigrate

the Deshka River in the fall.

After reaching the mainstem Susitna River in the fall, movement data of
radic tagged rainbow trout monitored over three winters show that two
different migrational behaviors of overwintering occur Tor lower river
rainbow trout. Approximately half of the radio tagged rainbow trout

overwintered 1in the mainstem near the Uributary where they were tagged
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(probably theiyv summer rearing and natal tributary) (ADF&G 1983b, 1983c;
Figures 2 and 3). The other half of the radio tagged fish generally

overwintered between 10 and 20 miles downriver of their tagging sites.

Lower river vrainbow trout appear to prefer to overwinter 1in side
charnels vrather than the mainstem Susitna. During the winter of
1981-82, the two living radic tagged rainbow trout pinpointed were in
side channels (ADF&G 1983b). In January and February of 1985, four of
eight radio tagged rainbow trout were pinpointed in side channels. One
of the eight fish in the mainstem pinpointed during winter of 1984-85
was believed dead. These side channels were 100-300 feet wide with
waters probably no greater than four feet deep. Measurements taken at
winter radio tagged fish relocations show rainbow trout are found mostly
in areas of low to moderate water velocities and depths (ADF&G 1983d;
Table 1). In two cases, however, radio tagged fish were pinpointed in
areas of deep water (Appendix Table A-5). fnly one of the nine radio
tagged rainbow trout pinpointed and believed alive ouring the winter
ground surveys has been in an arvea of open water (ADF&G 1983d; Appendix

Table A-5).

Elsewhere, few studies have determined the overwintering requirements of
rainbow trout. Studies have shown, however, that rainbow trout prefer
to overwinter in areas of fdce cover and suggest rainbow trout use
surface ice as a protective cover (Maciolek and Needham 1952; Needham
ana Jones 1959). Chapman and Bjornn (1969) found winter cover was

important in holding overwintering fish, especially substrate areas with
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large rocks. Since much of the substrate in the lower Susitna River is
composed of sand and gravel, areas of surface ice with low water
velocities are probably very important for the success of overwintering
rainbow trout in that reach. Other salmonid studies have found the mean
water velocity as the most critical parameter in the selection of an

overwintering site {Wichers 1978).

Between September and April, lower Susitna River rainbow trout show two
pronounced mainstem movements with one occurring near early October and
another near late December. Other than these time periods, rainbow
trout appear relatively sedentary in the winter. The early October
movement s during freeze-up and probably occurs because fish are
seeking an overwintering area. Studies conducted in the middle Susitna
River show a similar movement (ADF&G 1983c; Sundet and Pechek 1985).
Chapman and Bjornn (1969) alsc found that a downstream movement occurs
during the fall! for salmonids. Bjornn (1971) also indicated that a
downstream movement during or preceding winter did not occur if
sufficient winter cover was available. While it is unknown what extent
freeze-up has on lower river Susitna River rainbow trout populations, it
would appear that it has an effecl from observing the fall movements of
some of the radic tagged rainbow trout. During freeze-up on the lower
Susitna River, slush ice usually begins to flow in early October, an ice
bridge usually forms by late October and 0% of the lower river is

frozen over by late November (R&M 1981, 1982, 1983, 1984, 1985).

The other pronounced winter movement, in late December, of lower river

rainbow trout occurs when the river is nearly 100% frozen over and aiv

| QN



temperatures usually drop below -25°C for the first time in the winter.
Atthough it is unclear 1if air temperatures are responsible for this
increase in activity, Logan (1963) found trout moved more in December,
January, and February when temperatures were low and surface ice was
present. Stratten (1985) found that juvenile chinook salmon are more

active during warmer air temperatures (refer to part 1 of this report).

Beginning in errly May, lower river rainbow trout begin to migrate from
the mainstem Susitna River into tributaries for summer rearing (ADF&G
1981b, 1983b; Sundet and Pechek 1985). Unfortunately, it 1is unknown
when the exact spring movement occurs from the mainstem since all of the
radio tags dispensed in 1981, 1982, and 1984 in lower river rainbow
trout ceased functioning before April of the following years.
Tag=and-recapture data, however, shows that rainbow trout continue to
migrate from the mainstem to tributaries through late May (ADF&G 1981b,
1982b). Some May and June tag recoveries have been made 30 miles
upriver of their tagging sites suggesting that some lower river rainbow

trout make extensive spring upriver migrations.
4.1.2 Burbot

Lower Susitna burbot have been commonly found during the summer in the
turbid mainstem and its adjacent sloughs and side channels (ADF&G 1981b,
1983b; Sundet and Pechek 1985). Burbot are also known to reside in the
turbid Yentna River {(RM 28.5) during the summer. Past studies have

shown that burbot are found in high numbers in clear-water tributaries
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such as Alexander Creek (RM 10.1) and Deshka River (RM 40.6) during the
spring, fall, and winter. Few adult burbot have been captured in
Alexander Creek or Deshka River in the summer and only then near their
mouths. Past summer catch data show that a definite correlation exists
between burbot numbers and turbidity in the Susitna River (Hale 1983,
Suchanek and Hale 1983). Tag-and-recapture data and studies elsewlere
show burbot are relatively sedentary during the summer (ADF&G 1983b;
Sundet and Wenger 1984; Morrow 1980).

After rearing in the mainstem Susitna and its side channels during the
summer, a pronounced migration of burbot occurs from these mainstem
areas into Alexander Creek and Deshka River in the fall (ADF&G 1981b,
1983b; Sundet and Pechek 1985). Data collected in 1981 shows this
movement begins at Alexander Creek in mid-August and at Deshka River in
late August. During these times, adult burbot were found up to TRM 4.0
of the Alexander Creek and TRM 4.5 of the Deshka River. Since burbot
spawn duvring the winter, this movement is probably associated with a

pre-~spawning migration.

Catch data from the Deshka River in 1984 suggests this movement beyan in
early September or earlier during that year (sampling was not done in
July or August of 1984) (Sundet and Pechek 1985). Sorckin {1971) found
burbot moved into Lake Baikal tributaries in the fall as water

temperatures approached 10 to 12°C.

in 1984, ‘intensive effort was employed at the Deshka River (TRM's

0.0-6.0) during the spring and fall to capture burbot. Catch data from

i,
5
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that year suggest that a number of sub-adults (between 200 and 390 mm
TL) move to the spawning areas with adult burbot. The classification
of sub-adults and adults was determined by their relative spawning
maturity. Since 1982, approximately 85% of burbot greater than 390 mm
TL have been found to be spawners (ADF&G 1983b, 1983c; Appendix Table
B-2). Although burbot 1in the Susitna River have been found to be
capable of spawning at 310 mm TL, a much lower percentaye of fish under
390 mm TL spawn than those above 390 mm. From early September to
mid-Cctober of 1984, burbot catches at the Deshka River were composed of
57 to 64% sub-adults. During these time periods in 1984, burtot catches
increased (50 in early September, 121 in lite September, and 103 in
early October) with approximately the same effort. The catch per unit
effort (CPUE), however, was the highest in early October. A similar
seasonal increase in catch and CPUE was found in 1981 (ADF&G 1981b).
Other studies have found a similar seasonal increase in burbot catches
during the open-water season. Hallberg (1984), sampling in the mainstem
Tanana River near the mouth of the Chena River from mid-Jdure to early
October, captured 50% of his seasonal burbot catch during early October.
He speculated his catches increased because of freeze-up, between late
September and early October, which forced burbot to relocate from some
Tanana River sloughs and side channels 1into the mainstem Tanana.

Thereby, making them more concentrated and susceptible for trapping.

The overall burbot sex composition over the years has shown female
burbot are more numerous than males in the Susitna River. Between 1981
and 1985, burbot sex ratics have fluctuated between 1:1 to 1:2.0 male to

female (ADF&G 1981b, 1983k, 1983c; Appendix Figure B-2).



Since burbot spawn under the ice, nu burbot have been observed spawning
in the Susitna River. By systematically sampling th. same area over
time and observing radio tagged burbot, however, several spawning sites
at the Deshka River have been documented. Spawning has occurred at
TRM's 0.0, 1.9, 2.0, and 24.5 (ADF&G 1983c). Until the winter of
1984-1985, burbot were believed to only spawn in the lower reaches of
the Deshka River. During the winter of 1984-1985, two radio tagged
burbot ascended the Deshka Ri?er and apparently spawned at TRM 24.5.
Trotlines set near the radio tagged burbot at TRM 24.5 in mid-January
captured several non-tagged burbot which were close to spawning. Figure
14 show a map of the area at TRM 24.5 of the Deshka River. Maps of the
other Deshka River sites where burbot have spawned are provided in ADF&G
(1583c). While not documented, burbot spawning probably occurs at other

areas on the Deshka River as well.

During the winter of 1982-1983 and 1984-1885, burbot were believed to
have spawned at the four sites in the Deshka River between mid-Jdanuary
and early February. These sites are characterized by low to moderate
water velocities (0.0-2.1 fps) and depths (0.2-9.0 ft) over a sand to
cobble substrate. The higher velocities and depths were recorded at the
interface of the Deshka River and the mainstem Susitna. Poini specific
data collected at radio tagged burbot relocations in mid-danuary 1985

suggest some burbot may spawn in upper veaches of the Deshka River in

s

[

depths as low as 0.2 feet. While past conductivity vreadings have
generally been disproven as documenting areas of upwelling (refer to
Section 4.0), data collected in 1985 at TRM 24.5 of the Deshka River

does suggest dpweiling may occur at that location. Elsewhere in the
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Figure 14. Suspected burbot spawning area at TRM 24.5 of the Deshka
River (&M 40.6).
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Deshka River, recorded winter conductivity readings have been lower
(between 58-68 umhos/cm compared to 101 umhos/cm at TRM 24.5) (ADF&G
1983c; Appendix Table A-=8). Some other winter Deshka River con-
ductivities have been higher (83 umhos/cm), but those were taken (winter
of 1982-83) at the interface of the Deshka River and the mainstem

Susitna (ADF&G 1983c).

Burbot are also believed to spawn in the mainstem Susitna River.
Support for this wnypoihesis is provided by radio tagged burbot. Since
approximately 85% cf burbot cver 390 mm TL are spawners for a given year
(ADF&G 1983c), and burbot radio tagged are all over 525 mm, it is likely
that several of the radio tagged fish monitored over the winters of
1981-82, 1982-83, and 1984-85 spawned in the mainstem Susitna River
(ADF&G 1983b, 1983c). Eleven successful.y radio tagged wurbot tagged in
1981 or 1982 vemained in the mainstem between RM's 19.0 and 89.6 from
January to February, while five successfully radio tagged burbot in 1984
remained in the mainstem between fM's 13.0 and 92.0 during this time
period. Several of the fish monitored in the winter of 1984-85 may have
migrated over 20 miles to the lower reaches of the Susitna River (RM
13.0) to spawn. One radio tagged burbot monitored over the winter of
1982-83 may have moved 113.0 miles to spawn ot RM 26.0 (1983c).
Comparison of radio tagged burbot monitoring date between years show
that extensive mainstem spawning may occur between RM's 74.0 - 92.0. In
all three winters of monitoring radio tagged burbot, some radio tagged
burbot have remained in this area. This area is characterized by large

bends in the river which provides many back eddies. Water depths are
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generally moderate to deep and water velocities ranging from 0.0 to an
estimated 8.0 fps. In these areas, point specific measurements taken at
radio tagged burbot relocations suggest spawning occurs in moderately
deep waters with little water velocity (ADF&G 1983b, 1983c¢, 1983d).
A number of burbot have also been found under slush ice where the amount

of available water is under two feet.

Although burbot spawning has been observed to occur elsewhere at areas
of open-water (Sorckin 1971), our observations suggest Susitna burbot
use spawning areas with ice cover. In January and February, the Tower

Susitna River and its tributaries are over 95% ice covered.

After spawning, vradio tagged Susitna River burbot show a definite
dispersal. Data from the winters of 1981-82 and 1982-83 show a slight
downstream movement (0.5=7.0 miles) (ADFAG 1983b, 1983c¢c). Meanwhile,
data from the winter of 1984-85 showed one burbot (659-1.0) ascended 20
miles and another (669-1.8) 6 miles of the Deshka River after apparently
spawning. Another fish (739-1.0), moved 2.0 miles downriver and into
the mainstem. Other studies have reported variable post-spawning
movements. MacCrimmon (1959) observed an upriver post-spawning run

while Sorokin (1971) observed a downriver post-spawning movement.

Burbot catches in the Deshka River are generally high from December to
February then decrease substantially after February (ADFAG 1983b,
1983c). Some burbot still remain in the Deshka River in May after

breakup occurs, however, burbot CPUE s Tow during May. Several burbot
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nave been observed captured by sportfishermen at the mouth of the Deshka
River in late May, but in most cases, these fishermen were fTishing near
the interface (Susitna and Deshka River waters). Since burbot are light
and temperature sensitive (Scott and Grossman 1973), it is Tikely most
burbot move out of clear water tributaries as ice cover decreases and

water temperatures increase.

4.2 Middle Susitna River

4.2.1 Rainbow Trout

Most middie viver rainbow trout rear during the summer in clear-water
tributaries such as Fourth of July Creek (RM 131.1), Indian River (RM
138.6), and Portage Creek (RM 148.8) (Sundet and Wenger 1984; Sundet and
Pechek 1985). Beginning in early September, vrainbow trout start
outmigrating  tributaries to the mainstem Susitna River for
overwintering. By October 6 of both 1983 and 1984, all of the radio
tagged rainbow trout were found in the mainstem Susitna. The fall
outmigration from the tributaries appears to be correlated to a decrease
in tributary water discharge {Sundet and Pechek 1985). However, other
factors such as photoperiodism, and declining water temperatures and
food sources (few spawning salmon were found in middle river tributaries
after September 1), may contribute to this outmigration. OStudies done
in 1984 suggest the fall outmigration from tributaries 1is complete
before tributary water temperatures decline to 2°C (Sundet and Pechek

1985).



Monitoring data over three years show about half (24 of 46 successfully
radio tagged rainbow trout) middle river rainbow trout overwinter in the
mainstem Susitna River between 0.0 and 4.0 miles from their Susitna
River tagging site or the mouth of the tributary where they were tagged
(ADF&G 1983b; Sundet and Pechek 1985:; Figures 8 to 12). Only eight of
46 radio tagged fish successfully monitored over three years migrated

over 15.0 miles to an overwintering site.

Once vrainbow trout outmigrate tributaries in the fall, the general
movement 1S downriver. A small percentage of radio tagged rainbow trout
from 1981-85 (10.8%), however, have overwintered above or at the
tributary mouth where they were found in mid-September. Bjornn (1971)
suggested that a downstream movement preceding winter did not occur if

sufficient winter cover was locally available.

Most middlie river rainbow trout overwinter 1in the mainstem, however,
several radio tagged fish have been found to overwinter at the mouth of
Indian River or in side channels such as Gash Creek Side Channel (ADF&G
1983¢; Sundet and Pechek 1985). In contrast, lower river rainbow trout
overwinter more often in side channels than the mainstem Susitna.
However, 1in the lower river many more side channels are available for

overwintering than in the middle river.

Until the winter of 1984-85, little data have been avajlable on the
specific areas and nabitat conditions where overwintering middle river

“

rainbow trout ere found. The primary problem experienced during past
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winter ground surveys to pinpoint radic tagged fish and thereafter
collect habitat data has been a lack of ice cover in the areas where the
fish were located. Between November and mid-Jdanuary most of the middle
river has remained open water and that is where most of the radio tagged
fish have overwintered. For example, in mid-January 1984, 14 of 1/
radio tagged fish that were located were found .n open-water areas,
thereby preventing biologists from making precise habitat measurements.
When fish were found in open-water areas, only estimates or general
observations could be made on their overwintering habitat. These
general observations, however, found that rainbow trout are found 1in
areas with no anchor ice and in either pools or riffles. Also, during
past winter studies, after mid-January batteries of radio tags began
expiring from rainbow trout radio tagged during the previous open-water
period. Therefore, fewer fish were available to collect point specific

data during mid-winter ground surveys when most of the river is frozen.

Between slush ice (in early October) and freeze-up (mid-January), most
middle river rainbow trout probably use water depth over a substrate
with rock as their primary cover. Lewis (1967 cited in Chapman and
Bjornn 1969) also found that with the onset of winter adult rainbow

trout moved into deeper water.

During mid-winter when most of the river is frozen, data Trom Januarh
and February of 1985 suggest middle river rainbow trout prefer to
overwinter at areas under surface ice with Tow to moderate water

velocities (0.0 to 2.5 fps) and moderate water depths (3.0 - 6.0 ft)
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(ADF&G 1983c; Sundet and Pechek 1985; Table 3). In areas of higher
water velocities ( 1.0 fps), rubble or cobble predominated the
substrate indicating rainbow trout may use the larger substrate as a
means of cover. Chapman and Bjornn (1969) found substrate areas with
large rocks important for overwintering t:sh. Lewis (1969) reported
that cover is important to trout in terms of security and photonegative

response.

While substrate and water depths act as mid-winter cover for rainbow
trout, it appears that surface ice is the most important. During the
mid-winters of three years, most radio tagged middle river rainbow trout
have been found under surface ice (ADF&G 1983c; Sundet and Pechek 1985).
Other support for this hypothesis is provided by radio tagged fish
monitored in January and February of 1985. During these time periods,
it was found that often the radio tagged rainbow trout were Tlocated
within 100 feet of an open lead, suggesting rainbow trout prefer to use
surface ice if present as cover. Winter studies elsewhere report depth
and substrate are important in selection of rainbow trout overwintering
habitat, but only as they relate to cover and velocity (Campbell and

Neuner 1985).

Atthough surface ice does appear to be an important factor in mid-winter
cover, several vradio tagged fish have shown there 1is suitable
overwintering habitat in deep ( 6.0 ft) open-water areas of the middle

Susitna River as well (ADF&G 1983c; Appendix Table A-7).
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Over three winters, radio tagged vrainbow trout have generally
overwintered in certain sections of the middle river. These sections
are: RMs 95-101, 110-115, 128-140, and 144-151. In all cases, a major
tributary 1is located within these sections. The upper three sections
are characterized by deep pools off bedrock banks, although some gently
sioping shores are present in these areas. The lower section is
composed of several miles of both the lower and middle river. Between
M 98.5 and RM 101.0, there are several channels between islands, and
below RM 98.%5 there are more channels but the water depth is greater
than the area above RM 98.5. Since several Whiskers Creek rainbow trout
have overwintered in the area just below the Chulitna River confluence
(RM 98.5), this area would appear to be an overwintering area for

rainbow trout stocks of that tributary.

During the winter of 1984-85, & number of radio tagged rainbow trout
were found within 100 feet of each other. This suggests that middle

river rainbow trout congregate (school) during the winter.

Although slush ice and anchor ice is common in the middle river in the
winter, no radio tagged rainbow trout has been found over anchor ice and

few under slush ice during winter surveys.

As with lower river rainbow trout, two pronounced winter movements occur
for middle river trout. In addition, middle river radio telemetry data

shows the spring migration from the mainstem to the tributaries.




DRAFT

Most middle river radio tagged rainbow trout show some movement between
mid-September and mid- October and again between mid-December and
mid=January. The former movement is during the beginning of freeze-up
(usually early October, R&M 1985), and probably occurs because fish are
moving to suitabie overwintering habitat. While freeze~up begins in the
middle river in early Octcber when slush ice flows, the majority of the
miagdle river is not frozen over with surface ice until late December
(R&M 1981, 1982, 1983, 1984). During mid-December, air temperatures
usually drop below -30°C for the first time 1in the winter. This
decrease in temperature progresses ice formation and may be the cause of
the increase in rainbow trout activity in December (refer to section

4.1.1 for further details).

Spring movements of radio tagged fish show most rainbow trout begin an
upriver migration from the mainstem Susitna to ciear-water tributaries
in early May. This movement 1s during or Jjust preceding breakup.
However, some radio tagged rainbow trout appear to begin migrating as
early as Marcn {ADF&G 1983c; Sundet and Pechek 1985). Several fish
monitored in May of 1984 moved 10 miles upriver in a few days (Sundet
and Pechek 1985). This strong upriver movement in May 1is probably a
spawning run. One of the fish which moved rapidly upriver in May of
1984 was recaptured and found to be a pre-spawning female (rainbow trout

670-1.4).
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4.2.2 Arctic Grayling

Until the winter of 1984-85, Tittle data had been collected on overwin-
tering middle Susitna River Arctic grayling. Insights to the factors
governing the overwintering distribution and habitat of these stocks of
arctic grayling were largely interpreted from catch per unit effort
(CPUE) and tag-and-recapture data gathered during the 1981-84 open-water
periods. These data suggested most middle vriver Arctic grayling
overwinter near their summer reariny tributaries with the most important
of these tributaries being Indian River (RM 138.6) and Portage Creek (RM
148.8) (ADF&G 1981b, 1983b; Sundet and Wenger 1984; Sundet and Pechek
1985). These data as well as data from one radio tagged Arctic
grayling, alsoc suggested Arctic grayling begin outmigrating from the
upper reaches of tributaries to the mainstem Susitna in late August and
all are in the mainstem by mid-October. Schallock (1966) speculated the
outmigration of Arctic grayling in the Uhatanika River slowly begins in
mid=July. Meanwhile, Tack (1980) found the Arctic grayling outmigration
from the upper to the lower reaches of the Chena River is later, and
spread over a relatively large time period (September through December).
Tack hypothesized that Arctic grayling moved cut of bog streams because
water depths greatly decrease and out of spring-fed streams because of
frazil (slush) dce ({Tack 1in Armstrong 1982). After reaching the
mainstem Susitna, most Portage Creek fTish were believed to overwinter
between RM 147.0 and RM 151.0, and most Indian River fish were believed
to  overwinter  near  that  tributary. However, some 1983-84

tag-and~recapture data suggested that a long downstream migration to

S
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overwintering areas may occur for some Indian River and Portage Creek
fish (Sundet and Pechek 1985). SeJeral of chese fish were recaptured
guite a distance downriver suggesting one overwintering area in tne

middle river may be near Slough 6A (RM 112.3).

The addition of data from five radio tagged fish monitored over the
winter of 1984-85 provided support to both beliefs that some middle
river Arctic grayling stocks overwinter near their summer rearing
tributary while some stocks move far downstream to overwinter. Support
for both theories are provided by past Arctic grayling studies

(Armstrong 1982; Tack 1972, 1980; kolland Holmes, pers. comm.).

Two of the 1984 radio tagged Arctic grayling overwintered near their
tagging sites (Portage Creek) while the other three fish (tagged in
Indian River) moved over 30 miles downriver to overwinter near or below
Talkeetna. Although one of the fish tagged at Portage Creek was found
dead during the winter, these two fish apparently selected to overwinter
in the mainstem Susitna between RM 147.0 and RM 148.0. This area 1is
characterized by having a large island (referred by locals as Fat Canoce
Island) in the center of the streambed with shallow shorelines, steep
bedrock banks along the east and west banks of the mainstem, and deep
pools along the east and west banks in the mainstem. Because the shoals
of the istand are suspected of having upwelling and because of the deep
pools in the mainstem, this area was previously thought to be capable of
harboring a sizeable population of overwintering fish (Sundet and Wenger

1984 Sundet and Pechek 1985). Since a number of rainbow trout which
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were radio tagged in 1984 also overwintered in this area, this hypothe-

sis appears to be true.

Although no Arctic grayling point specific data have been collected at
other middle river areas during the winter, it is probable other Arctic
grayling stocks overwinter in other sections of the middle river with

habitat similar to that found between RM 147.0 and RM 148.0.

While it appears many middie river Arctic grayling overwinter near their
summer rearing tributaries, several Susitna River recaptured and radio
tegged Arctic grayling have been found far downriver of their tagging
sites. Two hypotheses exist for this phenomenon. Either the fish were
injured during capture or tagging, thereby causing them to drift
downriver, or a natural fall outmigration over large distances occurs in
a short time period during September or Octeber. Unfortunately, it is
difficult to prove if either or both of these hypotheses are true. In
past studies, we have found that during radio tagging efforts in the
spring, fish are naturally wmoving upriver and any sudden and leong
movement downriver of their tagging sites indicates these fish were
injured. Injuries are most often detected within 14 days of tagging.
It is unlikely, however, that all three of the fish radio tagged in the
fall of 1984 were injured so there may be an extensive downstream
migration occurring for middle river Arctic grayling in the fall. Other
Alaska studies have shown Arctic grayling can move large distances rela-
tively quickly to overwintering areas (Wesu and Wiswar 1985; Rolland

Holmes, pers. comm). Studies have shown these large movements typically
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occur from small muskeg streams (such as Whiskers Creek) cr small gravel
and mountain streams (such as Indian River) to suitable larger river
overwintering areas (such as the Susitna River). Past studies (1981-84)
may have failed to determine long distance movements of Arctic grayling
because the fall downriver migration appears to occur very quickly, and
the soring upriver migration occurs under the ice or during breakup
cornon efficient open-water sampling occurs. [t is unknown, however,
wh wizdle river stocks from Indian River or elsewhere would migrate so
f~r downstream when "apparent” good overwintering habitat exists in
areas near RM's 147.0, 136.0, 133.6, and 125.0. These areas are
characterized by deep waters with areas of slow to moderate water
velocity. Such areas provide middle river rainbow trout with apparent

by suitable overwintering habitat (refer to Section 4.2.1).
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Appendix Table A-1.

Suamary of
Chulitna R

Lenoing date for radic tagged rainbow trout captured on the Susitns River between Cook lnlet and the
iver ¢ afluence, September and October 1284,

Hadio
Freguency Floy Location

Fork Tag Method Captured River Date Date
Lengths {mm) Number Ag Captured and Released Mie Captured Heleased
599-1.2/7398 5482 & H. L. Montana Creek TRM 5.0 8/6 9/6
602-2.0/385 18329 E.F. Little Willow Creek {lower mouth} 49,5 9/30 ~irg
£09-1,37392 5488 6 H.L, Sheep Cresk TRM 5.0 9/7 w7
60%-2.0/458 18953 & E.F. Mainstem - East Channel 53.0 2730 9730
820-1.2/436 SLES 7 H.L. Montana Creek TRM 5.0 9/6 8/¢
630-1,0/525 18952 g E.F. Mainstem ~ East Channel 53.0 9/30 /30
840-%,2/395 §71% 6 E.F. Montana Creek 77.0 /15 9/15
8L0-1,3/425 8954 7 EF. Mainstem - East Channel 53.0 9430 a/30
550-1.0/523 S116 - E.F. Meinstem ~ East Channel 96.0 10/12 10712
739-2.3/457 18968 7 E.F. Littie Wiliow Creek {upper mouth) 50.1% /30 9730

-= = Hot Aged

EF = Electoofishing

ML = Heok and Line

TRM =  Tributary River HMile



Appendix Table A-Z. Summary of tegging date for radic tagged rainbow trout captured on the Susitne River between the Chulitme River
confluence end Devil Canyon, September and October 1984,

€*@%u§n§y5
Fork Floy Location
tengths Tag Age, Method Captured : River Date Date
{mm} Number Sex Captured and Released Mile Captured Released

§18-2.%/468 18329 /- EF indian River 138.6 9/12 9713
640-6.0/420 18679 &/~ HL indian River 138.6 9727 a9/28
£37-1.87877% 18148 8/~ EF Portage Creek 148.8 9413 9/13
B4 8-6.1/400 17676 6/~ EF indian River 138.6 9/17 8/12
£a8-1 . 6/600 18348 wf= EF Whiskers Creek Slouyh i01.2 8/14 9414
654-1.8/411 17675 7/ EF tndian River 138.6 9/17 9/12
? 667157455 17608 -f = HL Portage Creek 148.8 9726 9/2¢
707-2.3/410 19208 6/~ EF Mainstem 144.2 10/9 10/9
718-1.0/410 18445 6/~ EF Mainstem 150.0 9/26 9/26
7487, 1475 2823 a/- EF Stough 20 140.1 85/29 9/29
759-1.7/8%2 18480 5/- HL indian River 138.6 8/27 9/29
770117436 19207 &/~ EF Mainstem 14%.2 16/9 10/9
7651, 8/657 184881 TiW HL fndian River 138.6 9/27 9/28

== = not sexed or not aged

£F = Electorfishing
HL = Hook and iine



Appendix Table A-3, Summary of tagging data for radio teaged Arctic grayling captured on the Susitee River between the Chulitna River
contlusnce and Devil Canyon, September 1284,

Radio
Freguency/ Filoy tLecation

Fork Tag Method Captured River Date Date
Lengths {mm) Mumbes Age Captured and Released Mile Captured Released
GO0-2. 47350 14455 2 H.L, Portege Cresk 148.8 89726 L6

{recap}

£10~2.6/350 - 8 E.F. tndien River 138.6 9/ o/12
629-2.2/330 17914 -- E.F. Mainstem 137.7 9/11 9/12
£39-2.3/408 17915 e E.F. Indian River 138.¢6 9/11 9/12
760-2.3/409 18448 g E.F. Mainstem 150.0 9/i6 9/26

-- = Not Aged

F o= Electrefishing
=’ Hook and Line
= Hoop HNet




fppencix Table A4, Summary of tagging date for radio tagged burbot captured on the Susitne River between Cook inlet and the
Chulitne River confluence, September and October 1984,

Redio
Freguency/ Brand Fioy tocation

Total of Tag Method Captured River Date Date
tengths (mm} Tag Rumber Captured and Released Mile Captured Released
&10~0.5/685 Smith-Root 14740 HoNo Deshka River £0.6 10774 10/17
610-3.0/753 Smi th~Root 18346 E.F. Mainstem 93.2 9/15 8/15
519-2,2/576 Smivh-Root 18991 H.N. Deshka River TRM 1.0 1671 10/1
529-3.0/575 Smith-Root 14995 HoN. Deshka River TRM 1.0 Sr1k 9/17
639-3.0/667 Smith-Root 18833 E.F. Mainstem 80,0 8/i7 9/17
£689-1,0/735 Smith-Root 19158 E.F. Mainstem 83.9 10415 10/15

g 550-3.0/535 Smith-Root 13934 HoN. Deshka River TRM 0.5 9/16 0417
o 659-1.0/637 Smi th-Root 18911 E.F. Mainstem 40.8 9/29 9/29
3 569-1,8/635 ATS 14739 H.N. Deshka River 0.6 10/16 1017
730-1.0/578 Smith-Root 18501 H.N, Mainstem 0.4 /18 9/18
T39-1.0/678 Smith-Root 13994 HoN. Deshke River TRM 1.0 9/28 8/29
749-0.7/568 Smith-Root 19152 E.F. Matnstem 78.0 10415 10/15
760-1,3/635 ATS 14992 H.N. Deshka River 40.6 10/15 16717
TI0-2.8/709 ATS 16749 H.H. Deshka River 40.6 10415 10/17

EF = Electreofishing

HN = Hoop Net

TRY = Tributary River Mile

ATS = Advanced Telemetry System



“

fsppenciz Yable A-3. Radio tagged lower river rainbow troul habitet measurements taken at their relocations 1n January and February 1880, Fish were tegoed s 1%8%. A} but
raiobow trout 739-2.3 were believes alive at the time habitat readings were taken.

ice Open
{o}
Radie Site Covered Movement Depths {fu} Velocity Water Quality
Froguency Date Deseription /TR {c} {in ft} Weter fce Stush {(fps) Substrate Temp™( DO mg. I wusmhos/om [ Gensral Comments
538-1.2 17158 Meinstom 56.3 @ - 1W0.0r 0.2 0.0 3.5% - - - - - in cpen water so no specific
measurements could bs Laksn.
Fish fate was unkonown.
807-2.0 1/15 Stde Channegl w5 B < +30.0 1.5 1.5 0.9 G.8% sand -0.3 - 160.0 &.8
approximately
200" wide
80%-1.3 2715 Side Channal 6.9 ¢ ~50,8 0.% 2.0 8.0 0.0 siltfgrave! G.0 10.9 188.0 6.9
approximately
3 ! 200 wide
6838-1.90 1716 Side Channel 48,8 e +206.0G 1.2 2.8 @.0 0.1% 511t 0.2 - 202.0 7.2
approximately
03 wide
£40-1.% /15 Side Channel 56,0 < -150.0 1.8 1.3 8.0 ¢.3% sand/gravel -0.3 - 171.0 6.8
approximately
200° wide
650-1,3 Tith tainstem T8 ,3 ¢ £100.0 8.5 2.9 0.0 3.9 sand ~D.2 - 195.0 6.7 20D.0 ft from an open lead
&60-1.0 2721 Mzinsten 77.% < 0.0 1.5 3.0 G.0 0.4  gravel/cobble -0.2 10.2 190,08 7.3
739-2.3° EFAL Mainstem 2.8 ¢ 6.0 1.0 2.5 0.0 g.0 sand 0.0 - 278.0 7.2  believed dead

* = fstimated measuraments because meter did not work.
- Ho movement of no measuraments feken.
Fish believed dead.

(OIS
#



DRAFT/PACE 1
B/14785, B/30/8%
PART2/ sppendix Table §

oed burbot habitst messurewsats taken st their relocetions from Decesber 198% to February 19885, Fish were tegged ia the lower Susitne Biver in 1984

Redio tag
snd all fish were believed alive at the time hebitat roadings were taeken,
feo Upen
fo}
Redie Site Covered Movement Dapths (€1} Yelocity Water Quality
Fraguancy Dats Description RESTRM (€3] {fn ft} “Hater lee  Sltush {fps} Substrats tempUC L0 mgft uwehosicw o General Cosmants
§16-0.5 /16 Hainsten (>N & -150.0 7.8 3.0 3.3 0.1 gravelfcebbls 0.0 - 272.0 7ot
E48-1 .0 /2% Helinsiam §8.0 [ 6.0 G.d 1.5 8.3 @.0 cobbie - - - - 100.9° from an open lead
£50-3,0 1412 Doshks River 40.6/1.9 ¢ ¢.0 .0 2.8 @.0 0.4 gravel/sand - - - -
-3 .0 203 Dashks River 80.6/1.9 c ©.0 S 2.9 @.0 8.2 sandfgravel B.G 10.8 74.6 £.9
£59-1.86 12/%8 Dushis River §0.6/2.0 [ 0.0 2.0 2.6, 2.8 ¢.5 gravelfcobbie 0.2 8.4 73.0 Gols
£55-1.0 1Az Dushka River 40.6/2.0 [ 0.0 2.0 2.0 0.8 8.1 send/gravel -0.1 - 87.0 .0 located on the opposite side
of the river from 12716
£89-% .0 2/% Hoose Creel, £0,6/0.7 @ =350 @.2 2.5 8.0 [ gravel /sand 0.9 9.0 58.0 6.9  75.0° from sn open lesd
& tributary
¢f the Deshka
iver at TRY 28.5
1715 Deshka River 503.6/26.5 4 w200 8.1 2.2 GG 8.0 gravel .2 - 57.0 6.8 on 1/16 found ot TRM 25.%
2.8 Hoose Creek, &0.6/0.7 < =40.0 0.2 2.% 0.9 0.5 gravel /sand 0.1 2.0 58.0 6.9 located 100.0° from burboi
& tributary of 652-2 .0 and 75.0' from an
¢ Deshke River st open lead
TRE 22.5
Fig-1.8 1792 Deshke River 58,.6/2.0 € =306.0 1.6 2.7 8.8 Q.3 sandfgravel =0, 1 - 92.0 7.0 located 1008.0° below burbot
859-1.0
FIe-t.0 47 Mainsten &G, 7 € 0.0 1.3 2.5 0.8 4.0 gravel/cobble -8,2 1.2 74.0 7.3
PEO-0.7 ik Meinsten 5.5 < ~200.0 4.0 2.0 0.1 0.1 gravel /sand G.0 12.9 168.0 7.3
FED-1.8 1738 Deshke River &0.6/2%.5 © +20.0 0.2 2.5 &.0 8.0 gravel 0,2 - 101.0 7ol
FED-T.D /s Seshka River 50.6/28.5 2.0° - - - - = - - - - - Jocated 200.0° balow the 1715
: of Jocation
overfios

F70-3.G 12716 Deshka River 40.54%.% e =600.06 3.0 .5 8.0 8.6 sand/gravel =0.2 8.6 67.0 6.8 captured on /1 at TRY 0.3




Tabie A~7, Redic tegged (RY) middie river rainbow trout habital meesurements taken at their relucations {a January ang February 1984, Fish were tagged in T983.

fce Open

fo}
Stce wovered Movement Depths (fL) Velocity Bater Quality
Date Description Rt/ TR fe} {in fr} Water lee  Stush ({fps) Substrate temp™C U0 mgfi  umhos/cm pH General Comments
569-y 1 /22 #atnstem 28,3 [ ~100.0 &b 2.8 8.0 1.5 cobblefgravel ~0.2 18.5 250 7.6 100 ft. from RT reinbow
A 630-1.7 and 718-1.0

598-1.1 2/30 Mainstem 148.3 [+ ~100.0 .7 3.8 0.0 f.8  rubble/cobble ~G.2 1.8 231 - 100 ft from RY rainbow
F18~1.0

£33-1.0 /2 Hainsten 1%27.0 © +25.0 1.5 3.1 0.8 0.3 cohblefgravel 0.2 .6 25& 6.0 50 ft from RY grayling
TRO-2.3

£13-1.0 2723 Hainsten 87,2 ¢ =250.¢ 5.3 2.2 8.0 0.5  aubblefcobble 0.3 T2.7 306 7.7 50 Tt from RY rainbow
667-1.4 was 75 ft from an
open lead

608-1.9 1723 Hainstem 13z.0 ¢ +50.0 0.9 2.7 2.3 0.0 cobble ~0.% 12.% 238 7.1

5E0-1.2 1723 Mainstem T8Z.1 < +200.¢ 5.6 2.6 6.0 6.1 subblefcobble G 12.86 232 7.0 50 fr from an open lead

£28-1.8 172 Mainstem 121.2 < 225.0 3.5 1.5 0.0 2.3 sandfcobble +¢.3 12.¢ 187 7.0 50 ft from an open lead,
100 fu away on 1/22 from 1721
tocation.

530-1.7 1722 Mainstem 1853 3 -50.0 3.2 2.8 4.0 1.8 rubblefcobble ~0.2 15,7 246 7.2 100 Yt from R reinbow
599-1.1 and 718-1.0

1.0 /16 Hest Meinstem 5%.% < -150.0 4.5 3.3 Q.2 0.5 sand 2.0 - 183 7.0
Channel

637-1.8 1722 Mainsten 147,68 ¢ g.a 5.3 2.2 0.0 1.8 gravel +0.1 13,1 244 7.%  probably alive, moved upriver
28 ft next day.

§37-1.8 2/8 Hainstem 157,85 < ~50.2 - - - - - - - -

[ T 2/5% Hainstem 35,8 © =100.0 3.5 .5 0.0 1.8  rubble/cobbie 0.9 1.9 233 7.0 100 ft from RY reinbow
769-1.8

S8-1,1 1720 Hainstem 135.4 ¢ g.¢ 2.2 2.3 2.0 1.8 cobbie/gravel 8.0 IER 280 7.2 100 fr from RY rainbow
769-1.8 and 200 ft from an
opea lead

B, & /22 Mainstem 88,3 c -4(30.0 3.0 3.8 4.0 0.5 cobble +3. 2 15.9 225 7.0 50 ft from an open lead

655-1.8 /25 Mainstem 139.5 < +200.0 7.0 1.6 0.0 0.1 rubbiefcobble 0.0 13.6 58 7.2 1006 ¥¢ from an open lead and

50 Tt from RY raicbow 770-3.0




tee Open
fe! ;
Site Covered Movement Depths (fe) Yelocity Water Quality
Date Description H/ TR {c} {in f£} “Walsr oce Slush {(fps) Substrate Temp®C WU mgs ¥ umhos/cm [ General Comments

SE7-%5.% 978 Mainsten 145,86 © - 10.0% 0.0 a.0 2.5% cobble 8.7 - 195 Vol io an open lead and 50 fi
from RT raipbow 707-2.3,
probably alive,

S87-1.8 2723 HMainstem 7,2 € ~25.8 3.5 2.8 Q.0 ¢.&  rubblefcobble 8.1 1.8 293 7.7 50 £t from RY rsinbow 613-1.0
ang 325 f¢ from an open lead

FOB-1.7 1723 Hainstem 1336 o ~ 6.0% 0.0 0.0 7.5% gravel/cobble - - - - below Stough 18 in open lead,
probably alive,

PLTF-2.3 ¥ Mainstem T4RE.& Y - 16.0¢ 0.0 0.0 2.5% cobble 0.1 ~ 195 7.4  in an open lsad and 30 f¢ fro
RY rainbow &667-1.4, probably
alive,

TEB-1.0 1432 tizinsten 148.3 ¢ =100.6 3.8 2.8 0.0 1.8 rubblefcobble -0.2 5.7 WG 7.2 100 ft from RY rainbow 589-1.
and 630-1.7.

FVE-1.0 2730 Hainatenm 5.3 c ~%00.0 1.5 3.0 3.5 6.5 rubble/cobble ~He2 1%.8 231 - 100 fv from BT ralobow 599-1,

7d5%-1.8 2/5 Hainatem 137.6 € 0.0 4.0 2.8 6.0 G.% rubble/cobble =003 5.8 27¢ 7.8 fate was undetermined.

73e-1,5 1723 Mainstem 28.6 [ +$00.8 bz 2.6 0.0 0.2 silt +, 2 13.5 238 Toly 75 fr from an open lead,
785G 1 5§ 1732 Kainstem 4%.8 < - B.7 4,3 0.0 1.8 rubblefcobblie 8.1 13.% 255 7.3 strange signal.

7E7-1.9 1422 Hainsten ThE 2 c +20.0 4.0 1.8 8.0 9.3 cobbkiefrubble -G.% 0.2 170.0 7.2

758-%.7 142k Mainstem 73.7 z 2.0 1.0 2.8 3.7 0.2 rubble 0.0 3.4 120,90 6.6 belisved dead on 1/2% but lat
proved alive because It moved
upriver,

FIG-.E v/2% Hainstem 138.5 < ~800.0 5.2 1.8 0.0 0.2 rubblefcobble 8.0 4.6 249 7.8 300 ft from an open lead and
50 ft ¥rom BY rainbow 659-1.5

FAS-T. B 285 Hainstem 135, 8 [ 8.0 3.5 2.5 8.0 1.0 rubblefcobble =1 11.% 239 7.0 100 £t from RY ralnbow 648-1.

7£5-1.8 2720 HMafnsten 135.% s 0.0 4.3 2.2 8.0 1.3  cobble/grave!l +0.3 10.6 286 7.3 100 ft from RY rainbow 648-1.

and 200 ft from an open lead.




arpendin Table A-7 {Continued).

ice Open
{o}
Radio Site Covered Movement Depths () Yelooity Water Quality
Fregueacy Date Dascription R4/ TR {a} {in 1) “Weter leoe  oStush {fps) Substrate Temp L U0 mgft  wshosiom o General Comments
Racie tegoed rainbom trout believad dsad
528-%1.8& itk Stde Chanagl 3%.8 ¢ 2.0 1.0 t.6 G.0 0.4 sand ~0.2 - 183 6.8
GiB-E.% iirs Mainsten 1238 ¢ 0.0 1.9 3.8 0.0 0.4 cobble 0.¢ &1 36 &.6 on east hank pps. 3.0
718-1.48 275 Side Channe!l 36,4 < 8.6 a.0 2.0 8.0 0.0 cobble - - - -
below Slough 11
Bacic tagued rainbow trout determined dead
£70-1.2 /2% Mainstem 136.5 - e
- . aiz Plume of 136,32 © 8.2 ¢.8
Y indian River
758-3.1 1423 Mainsten 139.9 [ 8.0 3.0

* = Fstiamied measurements becsuse meter did not work.
= Mo movement of meesurements taken beceuse of open water or meters were not working.

& = Strange signal, therefore mes difficult te pinpoing. Messurements however were probably tokes within 20 f2 of ine fish.



APPENDIX B

BURBOT BIOLOGICAL CHARACTERISTICS AND RESIDENT FISH
CATCH DATA




DRAFT/PACE 1
8/31/8%
PARY2/Appendix Table ©

b ~ 2 ai
st oper wndt effort {CPUEY" ot selected sites on the Susitae River and tus tributeries botwees Cook inlet and Devil Canyon, Movember 198% to

Apponaix xe%z\&;f;:viu Res

BURBOT CATOH

Humbers of Nubmers of Bumbers of Totsl CPUE CPUE
Pra- Post- Nos- Bumber For For
Method Spawners Spawners Spewners Deher  Number  of LY Bther
Detel{s} of Laptured Captured Captured Spacies of Hours Burbot Species
Logation R TR Sampled Capture* ¥ F M F HF Cateh Gear Fished Capture Captured Comments
Sampling geer set te primerily captvre lower riwer burbot
Mainsten 35.6 TL i 3 72.0 0.3 0.0 near RY burbot 62%9-3.0
Mainsten 40,5 Ti 1 2 20.0 1.8
Deshke River 50.67/0.0 BS & & 19 160.0 0.8
1.6 BS 3 5 8¢.0 8.5
je.¢ BS 5 5 3 18 520.0 8.7
/1.2 T % 7 8 2 58.0 B8 near RY burbot 650-3.0
/1.8 Bs 1 1 25,0 1.0 near ®7 burbot 658-3.0
/1.9 L 3 1 3 72.0 1.3
2.0 BS 1 % 21.0 7.0 near RT burbot 659-1,.0 ang 739-1
f2.6G Te 5 g 2 42.0 1.5
iz T ] 3 & 96.0 8.5 AT burbot 660-1.0 snd 734-1.0 we
tocated near here on 1412
Jin. 5 T [ 3 72.0 2.7 near RT burbot 664-1.8 and 760-1
Honse Lresk
& of Deshke River
st TRM 235 B0, 6/0.7 276-5 BS 2 48.¢ 8.0 near RY burbot 659~1.0 and 66%9~1
276-% Tt P03 3 72.0 1.3
HMainstes 40.7 2778 85 9 3 £3.0 G.3 asar RY burbot 73%-1.0
2478 L 2 42,0 ¢.0
Mainstem L7 .1 /1617 Tt 3 Ti.0 0.0 near RBY burbet £10-0.3
Hainsten 5% 1/23-2% Ti % 1 3 72.0¢ 0.7 near RY burbot 740-0.7
zinstes B8.0 T/33-%% BS & 1550 G0 near RT burbot 649-3.0
Hainsten SL.C 242122 88 3 24 .0 0.0 near RYT burbot $59-1.0
9z.0 2/3-32 Th # 25.0 G.0

TOTAL CAICH = 5 23 H El h OB




ORAFT/PAGE 2
8731785
BARTZ  Appeadix Table 3

BURBOT CATCH

Numbers of Nubmers of Rumbers of Tatal CPUE CPRUE
Pra- Post- Non~ Rumber e For
HMethod Spawners Spawners Spawners Gther  Nusber of ALY Other
Datels} of Captured Captured Captured Species of Hours Burbot Species
Locetion BMTEM Sampled Capturg® M F WoF B F Cateh Gear Fished Copture Coptured Comments

Samoling cear st to primarily capture Juwer river raiobow teout

Mainstem B.6 T8 B8S 2 &8.0 0.0 near RT reiabow trout 739-2.3
HMzinstem 8.3 178415 GR 2 &b, 0 0.0 aear RY rainbow trowt §50-1.3
Side Channel &&.0 /1518 Tt 2 5 2 48.0 3.6 ¢.0 near R reinbow trout &6480-1.5%
Sige {hanne! 26,8 141518 7L 2 58,0 8.0 near RY roinbow trout &02-2.0
Mainstenm TiE.& 24821-22 T 2 48.0 0.0 aear BT rainbow trout 660-1 O
TOTAL CATCH = 2 5
Samp®ing gear set to primarily capture middis river rainbow trout
Zige Chenna! 31.8 T/14~15 L 4 1 28,0 1.0 ¢.0 near RYT rainbow ¢rout 5%8-1.8
which was believed desd
Hainsten 56.8 2/21-32 i 1 26.0 0.8
84.8 272i-22 8% 1 25.0 0.0 neasr RYT rainbow trout 640-1.0
6.8 272122 Th k) 26,0 8.0
Hainstem 121.2 $433-22 55 b 1 25,0 1.0 ¢.0 aser RT rainbow trout 629-1.0
$2%.2 1£21-22 TL z 1 25,0 2.0 0.0
Hsinsten 132.0 1421-22 8% 4 25,0 0.0 near R rainbow trout 608-1.9
132,08 172122 T 1 28,0 ¢.0
Hainstem 133.% /8 i 2 .5 0.0
Hainstem 133.6 1/21-22 GH 3y 264.0 0.0 near RY raliabow Crout 709-%.2
$/21-22 L 1 25,0 0.0
/e Hi 2 1.2 0.0




DRAFT/PAGE 3
8731785
PART2/Appendix Table 9

Appen~’  LecieB-l{Tontinued}.
BURBOY CATCH
Numbers of Rubmers of Numbers of Yotal CPUE CPUE
Pre- Post~ Non- Number For for
Method Spawners Spewners Spawners Qther  Humber  of AEY Other
Datals} of Captured Captured Captured Species of Hours Burbot Species
Ltoeation RM/TRM Sampled Capture® ™M F woF M F Cateh Gear Fished Capture Captured Comments
Heinstam 135.% 2530-21 BS 1 25,0 G.0 near RT rainbow trouwt 6&8-1.1
135.% 2/20-2% L 2 L8, 0 2,0 and 769-1.8
Hatnsten 1484 172122 [ 1 5.0 0.0 near RV raiebow trout 667~1.%
1/2t-22 Tt 1 25,0 Q.0 and 707-2.3
276 HL 1 2 0.8 1.2
Z2/20-3% 8s 1 25,0 0.0
242021 TL 1 25.0 8.0
Mainsten 367.2 2/2%-22 G ] 26,0 a.0 aear RY rainbow trout 613-1.0
272122 8BS 1 25.0 0.0 and 667-1.4
/2122 H 1 25,0 0.0
Mainstem 147,86 T722-33 TL 2 8.0 0.0 near RT rainbow trout 637-1.8
Mainsten 148.3 278023 35 1 28,0 0.0 near RY rainbow trout 539-1.%
TRE 3 2720-21% H3 2 8.0 8.0 and 718-1.0
TOTAL CATCH = i 2 3
* = gill net
= burbot set
= trotiine

i

nock and 1ine



Appendix Table B-2. Relative sexual maturity of burbot captured on the Susitna River

betwean Cook Inlet and Devil Canyon, December 1984 to February 1985.

Total number

of females =

Condition of 3 Date Area of River/Tributary
Cionads Length Age  Captured Capture Mile/River Mils
Sex - Male
pre-spawn L05 6 1/16 Deshka River 40.6/24.5
non-spawn 410 5 1/16 Deshka River 40G.6/0.0
pre-spann &10 7 /16 Deshka River 40.6/24.5
AGN=$Ha 40 520 7 12/17 Deshka River 40.6/0.0
Non=Spawn 525 7 1716 Mainstem 46.0
pre=-spawn 533 8 12/16 Deshka River 40.6/0.0
pre=spawn 533 8 1/16 Deshka River 40.6/24.5
pre-spawn 565 7 t12/16 Deshka River 40.6/0.0
pre=spawn 590 10 1716 Deshika River 40.6/24.5
non=spawn 625 7 1/16 Mainstenm 46.0
[On=5pawn 665 8 1725 Mainstem 75.4
pre=spawn 740 11 12/16 Deshka River £0.6/0.0
post-spawn 530 ) 2/5 Moose Cresk of f Deshka R.  29.5/0.5
Total Wumber of Males = 1:
Sex - fFemale
o~ spawn 400 5 1/22 Mainstem 121.2
non=spawn 405 5 1/14 Deshka River 40.6/1.8
f1on-spawn 460 5 1/16 Mainstem 46,0
pre-spawn &85 g 1716 Deshka River k0.6/24.5
pre=snawn 485 8 /14 Deshka River 40.6/1.9
nON=Spawn 490 1 1/16 Mainstem 46.0
pre=spawn 490 7 1/16 Deshka River 40.6/24.5
pre=spawn 510 7 12/17 Mainstem 0.5
prec-spann 510 7 1/14 Deshka River 40.6/2.0
non-spawn 518 6 278 Deshka River 50.6/1.9
Aon=spawn 515 9 1715 Mainstem 31.8
pre=spa 520 7 1/16 Deshka River 40.6/26.5
pre=spawn 524 7 12/16 Deshka River 40.6/0.0
pre-spawn 530 & 12/17 Deshka River 40.6/0.0
prE=Spawn 530 10 1/16 Deshka River 40,6/24 .5
pre~spawn 530 11 /14 Deshka River 50.6/2.0
AGA-Spawn 540 7 2/8 Deshka River 40,6/2.0
RGO~ SDawn 565 8 1714 Deshka River 450.6/2.0
pre=spawn 575 4 /14 Deshka River L0.6/2.0
non~ Spaw 600 9 1/16 Mainstem 46,0
pre=spawn 605 10 irAL Deshika River 40.6/2.0
pre=spawn 615 11 1/ Deshika River 40.6/2.,0
non=spawn 645 8§ 1/16 Mainstem 6.0
LR Ry 660 El 1/17 Mainstem 35.6
pre=spawn 665 10 12717 Deshka River 40.6/0.0
non=spawn 690 12 1716 Mainstem 46,0
pre=spawn 695 9 /15 Deshka River 40.6/2.0
presspant 700 10 12717 Deshka River 40.6/0.0
nonespawn 705 11 1725 Mainstem 75,4
prE”span a0 11 1/22 Mainutem 121.2
pre=Spawn 780 12 1/22 Mainstem 1271.2
post=spawn 360 5 2/5 Moose Creek off Deshka R,  29.5/0.5
post-spawn 585 ) /8 Deshka River 40.6/1.9
post-spawn B45 6 2/5 Moose Creek off Deshka R.  29.5/0.5
poOst-spawn 50 o 2/5 » Moose Creek off Deshha R, 29.5/0.5
post~spann 470 5 248 Deshka River 4 ,6/1.9
pOSE = Spann 500 9 2/8 Deshka River 40.6/1.9
poOSL-spann 515 9 2/8 Deshka River 40.6/1.9
POSTSpawn 535 9 2/8 Deshka River 80.6/72.0
post-spawn 620 9 278 Mainstem 40,7

! Total

Tength 1o millimeters,




Appendix Table B8-3, Buyrbot ézgwﬁ@ngmﬁ

refationships by sex on the Susitas River between {ook inlet and Devil Canyon, December 198% teo February 1985,

Cook inlet e Chulites Conflusnce

Chulitae Confluence to Devil Canvon

Both Sexes:

Cook injet to Devil Canyon

Total Ne. Hgaa Range of Total Ho. Mean Range of Total No. Mean Range of
Ag of Tish tength Tength of fish Tength length of fish Percant tength Tength
{Years} Sex Samping {mm} {mm} Sampied {mm} {omm) Sampled Frequeacy {mm} {mm
5 B 1 430 - - - - & 9.3 &@3 360-460
F & 403 360-860 ] a0 -
& ¥ 2 418 505630 - - - & 5.1 467 405-530
it & 483 &E5~530 - - -
7 # 5 529 &10-635 - - - 1% 26.8 528 430-625
F & 516 &90-550 - -
g M 3 578 533-665 - - - 8 5.1 558 HE5~66S
£ 5 A&7 465-G45 - - -
9 ¥ 8 580 500-695 - - - 8 16.% 580 500-695
10, # 1 590 - - - - 5 Goh 18 530-700
€ K 625 530706 - - N
i1 B 3 74l - - - - 5 9.8 &74 530-780
F 3 617 534-705% 1 780 -
i # i 690 - 1 780 - b3 3.8 735 690~-780
TOTAL 39 538 360-705 3 653 §00-780 53 106.0 546 360-780

¢ 21 teagth, nose-tail



