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by Paul M. Suchanek, Karl J. Kuntz, and John P. McDonel]

Alaska Department of Fish and Game
Susitna Aquatic Studies
6520 East 10th Avenue, Suite 302
Anchorage, Alaska 99501

ABSTRACT
Juvenile salmon abundance and distribution were studied e 1o
5 modelled ah 20 si

Tower
Susitna ?iver and Jjuvenile salmon habitat wa ites
within the ftﬁaﬁ Chinook, ﬁﬂ&m and sockeye salmon gzveﬁ iles made use
of side channe 3 nowever, high tgﬁgzdzhy Timited use of side channels
Tocated in iﬁe hulitna Q?%@g plume. Coho saimon dave&%% 25 were found
primarily in ty ébuaa%y mouths; sockeye, chinook, and chum salmon also
used these areas. Sloughs were limited in occurrence and were not used
heavily by any of the salmon species.
Both tributary mouths and S%ée channel/stough sites we ée§?ed using
gne of twoe habitat models. At t??hgia ry mouths, 3?5?@&5 in weig%fed

1
w0
w3
49

4 L

usable area with incre in mainstem discharge were due ts the forma-
tion of backwaters which Ted to Tower velocities and increases in cover
and area. At side chaﬁﬂe?g, chinook weighted Htabie area increased
after overtopping due to increases in cover suitability (turbidity),

n -

Qﬂ.‘)

velocity, and area. The weight @é usable area response to changes in
mainstem discharge for sockeye éﬁ chum salmon juveniles at side chan-
ﬁﬁﬁﬂ was also u%géa?v positive. Habitat indices at s?a@ channels for
hinock, thﬁ and hafkey@ saﬁﬁﬁ? s at ﬂﬂ?ﬂgﬁ m discharges and side
a? el flows above the cvertopping discharge dku?ff ed as velocities
;@ ame uns w@*ﬂb?} high, Weighted usable area for these species some-
times 1ﬁ @@ d@@?%ﬁ@ at high discharoes, however, because the total
cite was 2 . . _

area of the
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.1 Chinook Salmon
.2 Coho Salmon
.3 Chum Saimon

Appendix A Lower Susitna River Juvenile Salmon
Rearing Suitability Criteria
Appendix B Modelled Site Turbidities,
Juvenile Salmon Catches, Areas,
Weighted Usable Areas, and
Habitat Indices
Appendix C b@ﬁﬁ&fiﬁ% 1 of the IFIM and RJHAB
: Technigues at Two Selectad
Appendix D Hydw* Tic Models for Use in Assessing
the Rearing Habitat of Juvenile
Salmon in Jix Side Channels of the
Lower Susitna River
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The 1983 studies suggested that juvenile chinook salmon made heavy use
¥ mainstem cid hannele and used the turbid water in thes s5roae A
TOMgInstem 5748 Ccnanngels and used Thag TUrDIg warlegy In these greas as

cover. Juvenile coho, chum, and sockeye salmon tended to occupy areas

%

In the Susitna River below the Chulitna River confluence {Tower river),

the braided nature of the river and lower gradient provides large

amounts of potenti

o]

1 side channel habitat for juvenile salmon. A study
plan was formulated, therefore, to examine juvenile salmon distribution

and the habitat availability of different morphological components of

=

the lower Susitna River for juvenile salmon during the 1984 open-water
season. The results of these studies, which include the responses of

rearing juvenile salmon and their habitat within these morphological
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in mainstem discharge, are detailed in this
be integrated with responses of side channel
and slough complex wetted surface areas to variations in mainstem

discharge in order to estimate the response aof juvenile salmon habitat

in the Tower river to flow regl

1

g 8 el PRGNS RN S 2 K U R . R T, Y « SN |

area with variations in mainstem discharge is currently being performed
§ A DT oy e T Fra, & i N O S & Ao oo Sy e ~ g g e

by R & M Consultants, Inc. and E. Woody Trihey and Associates in asso-

e e g e A b fo by o o oy g b D ey e [ S By gun e e ey e € S e “ s L
ciation with these studies. Habitat types identified in the
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tributaries, tributary mouths, upland sloughs, side sloughs,

s e o - - & . 2 [ . PRIV T : o e
primary side channels, secondary side channels, and turbid backwatzsrs.

discharges and therefore are transitory in nature. Turbid backwaters
are not addressed in this report but their habitat values are probably

gimilar to barely breached side channels,

The major emphasis of this report is the evaluation of Juvenile salmon
use and related habitat values of secondary side channels. Some of the

larger secondary side channels are considered primary side channels

[¥2]
£
P d

)

Tributary mouths and side sloughs were also evaluated., Due to their

3

iimited occurvence in the reach, upland s

sponse of juvenile salmon habitat to discharge variations.
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hree Juvenile Anadromous Habitat Study (JAHS) field crews, of two

s, tributary mouths, sloughs, and mainstem sites of
the Susitna River between the Yentna River confluence (RM 28.5) and
Chulitna River confluence (RM 98.5). JAHS sampling was conducted from
river boats during the open-water season, with helicopter support
enlisted as needed. The crews operated out of camps located on the
Susitna River at the Deshka River (RM 40.6), Sunshine Station

and Talkeetna (RM 97.5).

The JAHS field crews sampied three categories of sam
p

"3

ling sites. Most
of the sampling occurred at Resident Juvenile Habitat {RJHAB) model
sites where the response of the site to changes in mainstem discharge
was evaluated along with juvenile salmon use of the site. Crews also

sampled Instream Flow Incremental Methodology (IFIM) model sites for

fieh distribution and abundance at which hydraulic habitat models were

developed. The third category of sites, at which further data on fish
ictribution and habitat were gathered, were known as “opportunistich
sites. Further details on soecific sampling techniques and methods used

in the JAHS studies are given in ADF&G (1984a, 1984b).
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Figure 1. Location of study sites on the lower Susitna River
at which juvenile salmon habitat was wodelled, Junme
through October 1984,
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measuremenis within each

presented in Quane et al. {1985),

Up to four 6-by-50 foot rectangular sampling cells extending upstream
from every transect within each grid were characterized by habitat
measurements (Figure 2). If the top width of the wetted channel was
greater than ﬁZ fest, two of the four cells paraileled both edges of the
channel and the third and fourth ceils were located parallel to the

shoreline cells so as to split the channel into thirds. I[f the channel

P
foid

measured 30 to feet 1in width at the transect, there was a cell on

iy
o
{%.

he channel and one cell located approximately mi

ot
e

each shoreline of
channel., 1If the wetted edge was 18 to 29 feet in width, there was one
cell on each side of the channel parailel with the bank. If the channetl

was less than 18 feet in width, there was only one cell,

Transects wevre numbered consecutively beginning with the transact
urthest downstream within the site. Cells were also numbered consecu-
tively from right to ieft iocoking upriver. If there were

it the missing cells

cells within a transect, cells were numbered

o Mo 8

o
[5¢]




One or more staff gages were installed by Aguatic Habitat and Instream

stage at each site with ~hanges in mainstem discharge., These gages

stage and site flow relationships
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Habitat modelling data were collected over a broad range of mainstem
discharges. Emphasis was placed on data collection at mainstem dis-
charges of 30,000 to 60,000 cfs as measured at the Sunshine USGS gaging

2 3 S

station. When staff gage readings and observations indicated that the

“f

habitat at the site had not changed from a previous sampling occasion,

[#4]

no habitat data were taken,

Habitat data taken at each grid on a modelling occasion inciuded the

&
P
wmﬁ
,.ma
4,“
s

#ing. At each transect, the distance befween the left and right

aedge of water and the Teft bank transect marker was measured. [f the

temperature, conductivity, and dissolved oxygen was taken. A
turbidity sample was coliected in a 250 ml plastic bottle and stored in
a cool davk Tocation priov to anaiysis. If the water quality within the

rid appeared to vary because of mixed water sources, additional water

quality and turbidity measurements were taken as necessary to describe

,.Clz

or

hese within grid variations.
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If staff gage readings indicated the habitat at the si
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from a previous sampling period only limited habitat measurements were
taken. These included water chemistry data and a turbidity sample.

Fish distribution data were taken during each visit to the site, how-

—
oy
i

1’

gver. Each cell sampled for fish was al. characterized by a represen=

m

tative velocity, depth, and estimate of cover type and abundance.

2.1.2.2 Instream Fiow Incremental Methodology {IFIM) sites

=

In addition to the RJHAB model sites, there were also six sites modelled

a

for juvenile fish using the "instream flow incremental methodology”

(IFIM) {Bovee 1982). A summary of this methodology and specific data
collection and modelling techniques are presented in Appendix D of this
report. A1l habitat data used in the IFIM models were collected and

analyzed by Aguatic Habitat (AH) personnel. Two of the IFIM sites were

e

also modelled with RJHAE models u he same transects in order to

i’!?

;ing
compare output from the two modelling methods. At these two sites, RJ

s

personnel coliected the RJHAB and fish distribution data and AH person-

i

FIM data, so the twe models were independent,

L]

nel collected the
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£.2 Uata Anaiysis

A1l field data were recorded on the appropriate data forms and trans-
mitted to the office where the fish distribution data and much of the
nabitat data were entered intc a mainframe computer data base. Data
sorts, summary retrievails, and selected computer files were extracted
from this data base as needed. Other habitat data were entered directly

into basic programs or commercial software on a personal computer

AN

Overtopping flows at the study sites were observed or estimated from
staff gage measurements and flow cbservations. Data were grouped into

nine half-month sampling periods from early June (June 1 - June 1

[x]

V) to

early October (October 1 - October 15). Due to logistical constraints

3

the actual sampling periods did not always run from the lst to the 15th

An index to the amount and type of cover within the RJIHAB and IFIM model

[
~w§»,,

sites was calculated by totalling the linear feet of all the cover types

along the

x‘”i?

transects at a mainstem discharge within the range of 49,000

to 57,000 cfs. At Rolly Creek mouth, Caswell Creek mouth, and Beaver
%



e a2
e T

]
L0 Lao
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[}

fitting these points by hand using professional judgement, site areas at
3000 c¢fs increments were measured on the graphs with a digitizer. The
IFG HABTAT program calculated wetted areas at the six IFIM sites as a
function of side channel flow, and these were also plotted using a

mainstem discharge-side channel fiow velationship.

2.2.2 Abundance and distribution

o

The classification of macrohabitats used to examine differences in fish
distribution among the sites was that discussed in Dugan et al. (1984},
The sites were classified as tributary mouths, side sloughs, and side

channels. Tributary mouths are sites which are influenced only by

£

backwater effects from the mainstem as their heads do not overtop. Side

channels are channels whose heads are overtcopped by the mainstem while

C3

side sloughs are side channels whose heads are not currently overtopped.
Birch Creek slough was c¢lassified as a tributary mouth in 1984 because
road building activities in the upper part of the slough have closed the
nead off from the mainstem. Beaver Dam Slough was also classified as a
tributary mouth because it only overtops at discharges greater than

80,000 cfs and normally runs clear. Beaver Dam Slough is much more

£‘3

similar to Rolly Creek mouth than to any of the other side sloughs in

the Tower reach.
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3 =757

WUA = ( X A,

where: £§ . = the composite weighting factor (5@&@5 mes P@?E@é
e the joint preference factor) for cover, velocity,
and depth of the cell (i) for the species and life
3% ace {)
LayT y a2/

)

Each cell is a small section of the study channel which is bounded by
cther ceils or the shoreline and extends midway between transects. The

7 P RN N 4 Y 3 2, . -~ s I 2 e
WUA for the study site at a aiven discharge was calculated bv totallin
b ] . o

all the individual cell WUA's. The composite weighting factor was
calculated by multiplying the suitability indices for cover, velocity,

and depth of the cell together. WUA's at each study site were calculat-
ed at Ttlows which corresponded to 3,000 cfs increments of mainstem

o

discharge as measursd at Sunshine gaging station.

Much move detailed descriptions of the IFIM data analysis methods and
hydraulic simulation results are presented in Appendix D. Only selected
WUA results as a function of mainstem discharge are presented here. Al]

e

species and site combinations were run and arve available on reguest but
¥ H
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2.2.3.2 Resident Juvenile Habitat {(RJHAB) models
The original RJHAB model designed to caiculate weighted usable areas
for the habitat within a site without using hydraulic models {Marshall

sections, and calculated weighting factors for cover and velocity for
gach section which were then multiplied together with area to produce a

weighted usable area estimate at each of the discharges measured,

The original RJHAB model was greatly medified for the 1984 analyses.
These changes were wmade so that the RJHAB model calculates weighted
usablie areas similarly to the HABTAT program described by Milhous et al.
{1981) that 1is used in IFIM analysis. Alsoc the cover coding has been

so that observer variations in rating cover at

5y

f'd

£

=5

[
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L
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s s
j

».mg.,n

[w]

3

e

=
k]

[

[ d

different discharges do not lead to variations 1in cover estimates

unrelated to changes in wetted area.

The current RJHAB model is a spreadsheet developed on commercial soft-

£

ware. Though no hydraulic model is developed, it closely resembles the

sl

HABTAT model in iis procedures for calculating weighted usable areas
within a site. Instead of calculating weighting factors for cover and
velocity 1in shoreline and wmid-channel sections on a given sampling

-
(1)

o

RJHAR model, each site is partitioned into

b
£
]
e
o
wad
o
vy
o5
i
3.
weadl o
3
s o
)
[
s
[£n)
—)
w3

15" each with a unique area, cover type, cover percentage,
velocity, and depth. The site weighted usable area (WUA) is then the
sum of the "stream cell” WUA's which are calculated by multiplying the

v, cover, velocity, and depth suitabilities fﬁég};}? ney,
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their ogccurvence) to give an average cover suitability. For example, if
the stream cell was 15 ff in width and ten ft of the width was a cover

with a suitability of 1.0, the average cover suitabi

3.504(5 » 1.0)]/15 = 0.6

o
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fhe RJHAB spreadsheet then took the stream cell areas and cover suft-

[}
oy
ndt
el
sl

ities, and multiplied these with the depth and velocity suitabil-
ities which it assigned fo the sampling cell depth and velocity measure-
ments. The products of these calculations {stream cell WUA's) are then

site WUA's for each sampling occasion. Weighted

7%

totalied to caleulat

[£A]

usable areas for chinook saimen in turbid and clear water and chum,

ccho, and sockeye salmon were all calculated concurrently.

Weighted usable areas were plotted over the range of mainstem discharges
sampled. Since initial overtopping flows were estimated for each side
channel, WUA response was extrapolated in the range arocund breaching
using this information. Habitat indices were calculated by dividing the
WUA of the site at a given discharge by the site avea at the same
2o plotted. Onily selected site and species
other WUA calculations are avail-

combinations are presented here, al

able wupon request. Individual sampling cell measurements are also

i e e e e s am P e o 5 e 14 . 1 - P P
order to compave output from the RJHAB model with that o
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3.1 Seascnal, Spatial, and Discharge Related Variations in Habitat

.1 Macrohabitat type classifications of study sites

L2

A1l the study sites were classified into one of three macrohabitat

types: tIributary mouths, side channels, or side sloughs. Classifica-
tion ard habitat characteristics of the twenty modelled study sites are

given in Table 3. Initial overtopping discharges for the side channels
ranged from approximately 8,000 to 46,500 cfs with flows controlled by
the mainstem at least 50% of the time while the tributary mouth sites
were never overtopped at flows less than 53,000 cfs and site flows were
controiied by the mainstem less than 5% of the time. Backwater effects
were the only effects attributable to mainstem discharge at the tribu-
tary mouths on all sampling occasfons except at Beaver Dam Siough where
discharges greater than 75,000 c¢fs caused the head to overtop and flow

to increase through the site. Even at discharges greater than 75,000

s however, the major effect of ma

3

nstem discharge on Beaver Dam $Slough

was a backwater response.

The side siough macrohabitat type was not represeated by any of the

CL
iy
%
&2
o
-
a3l
Eme
I

sites when mainstem discharges were hi

!.:":3:

fiest during the period
June througn early August. Side slough habitat increased with decreases
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ble 4, Crassifications and habitat characteristics of study sites on the lower Susitna River at which Jjuvenile salmon habitat was
modeiled, June through October 1984,
Percent oy
Initial Time Flow
Overtopping Controlled Ly . Mon=mainstemn
Site River Mile Discharge {cfs) Mainstem in 10847 Water Sources
de Channels (head open}/
Stoughs {(head closed)

Honligan Stde Channel 35.2 22,000 80 Pools only

tagles Nest Side Chaunel 38.2 8,000 9 Unknown

Kroto Stough Head 36.3 33,500 &2 Minor upwelling
Zear Bate Side Channel 42.9 35,000 il Pocls only

.ast Chance Side Channel bbb 25,000 79 Pools Dniy

& tic ¥ilderncss Side Channel 59.5 2,000 86 Pools only

fstanc woide Channel 63.2 33,000 6h Major upweliing
Mains West Bank Thoh 20,000 86 Major upwelling
Goose ¢ Lide Channel 4,8 28,000 68 Minor upwelling
Circuls Side Channel 7E.3 35,000 6l Major upwelling
Sauna § de Channel 79.8 32,000 &2 Mirncr upwelling
Sucker ' de CZhanael B4.5 28,000 71 Minor upwelling
feaver Lem Side Channeld 86.3 46,500 50 Unnamed tributary
Sunset Side Channal 86.9 27,000 68 Major upwelling
Sunrise Side Lhannel 87.0 35,000 64 None

Trapper Cresk Side Channel 91,6 35,000 g7 Cache Creek
rioutary Mouths

fotiy Creek Mouth 35.0 > 100,000 0 Rolly -eek
Cazwell Creek Mouth 63.0 =>100,000 0 Caswell Crzek
fBeaver Dam Siough . 86.3 = 75,000 <5 Unnamed .oibutary
Birch Crsek Stough” 88.4 53,000 =5 Bir.h Creek

is overtopped.

the head of this

entages based on controlling breaching discharges presented in Quane et al,

ough is frequently biocked and therefoure
ffect of mainstem discharge on this site

5 51
The

{(1385) Tor the period from May

1ittle mainstem water flows
is minimal for this reason.

into the

15 to Getober

slough, even I the



centage of the site with the primary cover type, aguatic vegetation,
varied from 8.5% to 68.5% for the tributary mouths, while none of the
side channel/sToughs had any-aguatic vegetation. Substrate in the form
of large gravel (1-3" diameter) and rubble (3-5" diameter) was the
primary cover type tor an average of 62% of the area of side channeis,
while these two cover types only covered an average of 14% of the area
of tributary mouth sites. The density of cover at tributary mouths was
almost three times that of side channels also. Side sloughs, which by
definition are dewatered side channels, often were even more cover poor
than side channels.

Cover, in the form of turbidity was much more frequent within side

(447

channels than at tributary mouths. Turbidities were consistently much

higher in the side channels than in the tributary mouths during the

entire open-water season (Figure 3). A few turbidities of 100 to 150

NTU were recorded at Rolly Creek mouth and Beaver Dam Slough due to

rapid increases in mainstem discharge which caused mainstem backwaler to

]
[fa}

R 2} s

intrude into the sites, or in the case of Beaver Dam Slough, by a slight
cvertopping of the channel head by mainstem water. Turbidities within

the side slouyhs ranged from 1 to 19 NTU with a mean of 5.2 NTU.



8792 476504 a4t 874 2ot [EY) |34 [ARA} 6°¢h (AR Lk WY 3 )
£°9 LI00t f] £2 g€t [13a4] Q' 4762 &g G0 g ag 00928 0eli 7 B ueneig
84 G001 9°0 LTE [ S 0°0 (U] 4] oaath] 6°6G 8’9 GoLLS g0/t £°98 ubnoig
a6t Lo0t L°G gL G @ [1051] [t 41 9Lt e £7G 62 BOYGY gi/e 279 Hinop yee
AT [ ¢} (R4 [ ¥4 070 [0 a0 &°9% A4 6"9 00LEs it 0768
SUARON AMBINGL 4L
000t §0 9% Q"6 570 S6L [ (1] £ 962 MYk .
LUO0HE g [ (1] 070 8785 L7568 [ Y] (I [N 00745 6L/8 3716 {auueyl eptg %8R9 Jadd
0004 G°0 [ GG 2°0 AL BLS 6ro (1] Gy G084gs L0/L 9748 LBUURND BPES RS 1
07001 £°0 5T0 L7 a°g L6 829 (] (Y] G764 Q08249 2L 5798 fsuueyl 2pig 3
6766 G 0 00 9@ G0 6°'s 3781 G0 6°0 665 00445 80/¢ £°98 PRULBYG epig weg 4
LIOGL a"Q [ 2 6°¢ (L] [V 9'9 G0 ¥ g 708 00HSY GOAL Sug pauuey] epty 4
LIGOL [ 87 £ % [ 384] 070 a0 (A Y] L) 00924 €Ll 3°6L jguueyy epig @
L7001 1] EA ] £ 8 0°g [ 4°9% [y [EY) 5°8Z 00595 %TAL £G4 fBUNBEYT 9P D
5766 i 5 Gt LTER @748 [ 14 [11] 6°0 0z Q0%ES GELL B°4L pauueyg 8Py 2
LTO0L 90 LA [ {1 £°6% L) G o ®°0 a1l pagwpodesyng G4 Hueg sReH W
1 9L %74 a g 1] $°4z (A [Vl (1] BG4 G0%LE G6LiL 2784 ppLURYD BRLE DUS
4001 s g0 8L 1] 0708 6°02 i} 00 00 00628 148 568 LSUNey] SPES BSRUMBRILR T
LTOGE Q"G g°0 [ A 00 070 £°89 11} GG G782 00LeS [A¥N3 @0y PEUNBYG PG ROURYD
a0t LA [ [ 1A Ga ata R"99 141} ] 0670 Q0TS gL/ &°Ey fouURy} epLE Bieg o
L Qo [tA8] 974 S EE Q0 [EN} 9°8 18] [ ?°9g 00969 Lift 2°9¢ pesy ytng
groot 0'0 370 S'8 ] G0 [N 0°G 00 B 00neEs qLAL £°6¢t peuvay) 3pig veljjooy
SR ] IEETeN SHu e sBap EIRLEr EYLT 1 Bpaaey L @A 4T “Gap *Hop ABAGT {e30} ageq EIRTY eufineio/sisunsyl 2038
SOA0T 3 urpaed iy alsey syaenby  auefoong o alieyosig FETST

I aTRETN)

BRI ABAGY AJBWESS UL L 9315 40 sbEluadigg

TadAl SBAGS UDED y iAW 138TULLD L0 UIPEM BYT UG Peseq 54t sohelusdiag

GE LW
TSRALL e

“B31% o Endr (@303 Ag ctacd ge3on BUipiaLp Ag DaRGIN3{E0 ¥SpUL JOARD

reeprobend 8dA1.4BA00 BUIL UL LM DIIVID0SSE SO31e LUl {1p0W QBILGRY 25a3s sBMO; j0 S28R3UEDISY -2 153}



ul
=
x o o
¥ o L ™
J—
Rl ooy
ket
- Y
W
I
N S
free
-
R
fie)
JENU— - @
¥ i ¥ T ¥ i ¥ § i
¢ (» [ () o < (] € o s 62
oy i ] ] [ < & ] < &
% i [ P ey e ko 23] &ef s

(AN}

ALiChEENd

ES ONLY)

{MODELLED s8I

& MEAN

;%&w@ﬁ

-

P

150

140 ~
130 ~

120 -

10 -

1030 -

80 -

80 ~
TO -
&0 -
30~
B3 -
EISIES
O

2¢
i

}w
[
-
o
&)
oz
o
fooo

o

4%}
&

©d
@

&b
@

00

o























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































