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and recreaticnal angling. They did not, however, address instream

flow requirements of the fishery resources in these two svcotems.

*"The Incremental Methodology is based on the premise that the suita-
bility of a speci " habitat can be described by measuring selected
physical variables in the stream, making it possible to qrantify the
changes in habitat suitability by quantifying the changes in these
instream variables” (IFG 1980a).
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gure o). In adaition, adult sockeye salmon (0. n nerka; are

. P B T A R N R B A T [BJP o~ P L - P .
Known to mill at the mouth of Willow Creek. Resident fish species
PN BN Ty Unowedarn a1 d e = 5 I N SR [ <ol F e rden g
nciude Dolly Varden (Salvelinus malma), rainbow trout (Salme gairdneri),
o P . P ;o -1 . 7 o - s P
Arctic grayling (Thymallus arcticus) (Figure 27), and burbot \Lota lota)

Pink salmon are the most abundant salmon found in Willow and Deception

argest runs occurving during even years. 1 1978,
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nighest pink salmen sport Fishing harvest (19,000)
in Alaska (Mills 1980), and 2 pink salmon escapement astimated at 220,000

(Watsjold and Engel 1978). With the o pening of a

fishery in 1979 (chincok fishing had been pronibited since 1972), Willow
Mmoo - 4l £ 3 i E 5 oy Fim o T oo
LIMeEK Now provides one of the four roadside fisheries for this spaecies

in the Susitna Basin.



wwat

Y
S
a.
%
L

3
Ld
.
i

s,

foics

- P o

i i s

o g i

Bosed & E
o

5

o

&
@
o
o
@
4
4 i |
Grma &
& E
St 2
- g B
o, -
£ 3 & :
Snt msm
E
&
=

i

% B

SR TN RS am omw @

oy = www [
o = B B
= i i L od
L ENS aue o e
5 B ou = g &
od | 4
e -
=3 - ol
i
s = )
o & B

-

i

AY

1Y

i

o
i}

m
kit
!
¢l

i
-

st

8
koA
&
8
g
g
]

SR B

B G

R B RS ¥

Lid

ba

B
B

-

R

B EE

jen |

P—
e |

g T
RS

s

Lk

i

o

L

e

gg depos

from @

#
Includes perfod




2y

gence

!

mot

ot
T
)

s
—

e

gres g

g

&

£

'
e

W e

B

2
R T R e L S

e

fimw i

¥

pen

=

]

B

=it

5
R

e

e

g4

g

tinciudes period from egy

o
e

e
e

SR

e

2

57

2

o

g

-

PR

A

]
i

7R ]

o
it

o

i1

¥e

a4z
i

Vi

S

b

i

Eil s

T S

b
e

§‘~

i

g
G
o7
wh
e

oo
i g
[IN

) f""‘
-
w2

S

ﬁ»g»

8§

3

=20

i

e

§

o

S

[

e

o

oy
P

“Burbot dets unavallable

ok

w
iy

s

@
L

el

0y







jal ;
£ o
e 0
Ke] oo
(oY S
V31 R T
Qs 33 S S i
T 11 Ty i
oy e Sy 33 !
e (o] o a
R wh 3 O 3 2 =
Y (@ g e o Bt (a3
S [} S QO e o 5
o A b e S jo sy
fie [§¢] a T owr e .
ot e LD ey LI - oo G S .
Yo ow [ S QU 3] i ai < &
Gy £ e Kt S TCH [N b S = 3 3
== p 43} [ o e T AN 3] (] S S 2l
(&3] [0 o A4 Qb [ o1 7 I B = £ 18]
e W (5] 5] o (] e U G ] et A o fn
[ s = S = K L S N o = i [ e8]
[N [ a3 [ g L] - S o i = A3
3 e e R o o) o T o O e W o o - S
(¥ AT @] ak 4 42 i) o8 BN e = L =y < 1] =}
fa S L. o 7] Ea Ll =3 (SR o 43 fn'el () o 98}
o 4d G @
o o &= 1=
o~ S 8] (&1 .
- £ R— opm
= e = ]
W (o] s <y 37 (o}
e e Y {25 s e
] L oy -
o Lot tes o) P
o = e R jo
o 3 ) g - j
a o Somn [ T
e - R at [is) - [¥s]
& 5 o £ b 3] Tom
o Vv @ & r o 13 —_— 2]
O] o o Zl @ e T3
o] et 5 S = o= J
= = al e - -
L o S L @] T3 S [ o 43 [wi £
a3} g o (e < 1) 4 @ w o
by o] i S T o 2 pos - =
%] 3 - by L w j [
- a on : = = e o
e [ %] [ves < [ on juu)
o] e y -p- e [ e
%2} a 3 O e - =
oo 2 o e L S 153 j¢8/ - bt
ol @ @ o 4} d = o bt oo
> o pom b S i e e P
= a5 W [0 e lwa i [ 4 t 28
(a5 (e o ] = a3 £ W > 3] J o0y =
s H o ] g a4 Cr ! =8 ¥
o3 (AN} (S8 i [ Q) 4 o £ e o £ ]
o [ae} H L=4 = A? o] he’ o pon [ e
Lad o 4 3 oes Sem < el o ) N
N (= Yo aj 9] [ @ g O = - o QN
4t [ - f H v § [N
- [ L [ N jv i1f s3] L bt [ G [N §
- it =] [ [ o] @ 14 %) % i} e e %
. ek pvas [ Ca. +-¥ W A3 e - fan - ) ps
ai
e
o
5
Mr!l




METHODS



[
hoit
i
Il
5
[§¥]
[o3)
’..‘.E}
Ty
-
[
=
[
[
s
[
i

In this report, locations of features such as reaches, samp

1

(Figure 28). The first three characters identify the Township of the

sampling point; the next three, the Range; and, the next two, the

section number within the Township. Following these eight characters,
one to four letters are used to indicate the Tocation of the sampling
point within the 640-acre section.  Each letter progressively subdivides

the section intc fourths, designating them A, B,
clockwise direction. The first letter following the section number
therefore rapresents the locaticon of the site within the quarter section

(160-acre tract); the next, the quarter-quarter section (40-acre tract);
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the next, the guarter-quarter-quarter section (10- atc.

dien more Lhan one site is sampled within the same subsection, the number

of sites 13 added at the end of the code. For example, if two samples

were collected in Section 21, Township 9 torth, Range 20 West, the geo-

Ay

graphic code weuld be O9NZOWZ2IDAAZ.  The letters DAA indicate that the

in the U-acre ME cuarter-quarter-quarter section

PRGN SN e o o . . U T A L P g 5
of the 4l-acre b quarter-guarter section of the lod-acre SE quarter
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tuay reacnes were selected with the assistance of Larry Engel and Dave

frea Sport Fish Biologists. A number of factors

(%)

were considered in choosing these reaches, including: presence of

spawning activity, accessibility, permission from landowners, physical

s
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be encountered when surveying and/or obtainin
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acceptable flow measurements (based on the hydraulic characteristics a
the site), the proximity of USGS gaging stations, and the availability

of personnel, equipment, and time. As a result, reaches which
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selected during this study do not exactly match the

-

(Bovee and Milhous 1978) for "critical or representative reaches”. Thu
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they shouid not be used to represent other reaches within Willow and

Deception Creeks without additional investigation.

outlined in the Montana Department of Fish, Wildlife, and Parks publica-

tion: Guidelines for using the Water Surface Profi
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mine instream flow needs for aguatic 1ite (Spence 1975) and the IFG

publication: Hydraulic simulation in instream flow studies: theory and

techniques (Bovee and Milhous 1978).
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yserving the stream bottom and recording the
percentages of preduninant substrate grou

substrate recorded were adapted from the Modified Wentworth Scale and

i

grouped Into seven classes {Table 3).
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Water Qual
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ime discharges were measured, data on dissolved oxygen (D0),

=cific conductance, pH, and temperature were collected to determine

:

4 following the procedures established by the respective manufacturers

and the USGS (1979).

gach reach were continuously monitored by
ich were enclosed within minnow traps to protect them
from damage. The ftraps were weighted with stones and attached to stat’

gages with wire. The thermographs were in
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remand
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weekiy basis. Calibration data (time, date, and temperature) were
recorded on thermograph charts. Charts were changed every 30 days. New
charts were rewound prior to installation to prevent jamming. The "Q"
ring seai of Lpne thermograph casing was cleaned and greased with a thin

icone grease before resealing to prevent leakage.
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Willow Creek Tlows ranged from 1163 cubic feet per second {cf
10, 1979 to 205 cfs on September 14, 1979 1in the lower vreach, frem 931
cfs on ooly V1, 1979 to 175 cfs on September 14, 1979 in the middie

reacn, and from 917 cfs on July 11, 1979 to 174
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1979 in the upper reach (Table 6). Flows were 5 percent higher in the
middle reach than in the upper reach and 10 percent higher in the lower

reacn than in the middie reach. The difference in f.ow beitween the

o
D
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Q
O
o
Q
o
&
=
o
=t
o

upper and middle reaches because of Deception

Lreek, Deception Creek flows ranged from 57 cfs on July 12, 1979 to 20
cfs on September 13, 1979. Discnarge information recorded at nearby

USGS gaging stations is listed in Appendix B.
- i

Oaily stage data collected in Willow Creek indicate that the stage had

VI
i

iyoat

i

peaked at all Willow Creek sites in mid-du ey which 1€ gradually

decliined untii it increased abruptly in mid-September before falling

: J R S S [ T [ VPR o ] o b " " 3.
agatn CAppendix L, rigures l-0). Deception Creek stage began to decline
fnofane July and peaxed in mid-September before dro oAng adgain {APppenaI X

_ .
o, Figure 7
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Predominant substrate classes ranged from Classes I[I to VILD in Willow

Creek and from Classes 11 to IV in Deception Creek (Tablie 7)
Table 7. Range of predominant substrate classes observed in the |
Daception Creeks Study reaches, 1979.
STUDY REACH SUBSTRATE CLASS RANGE

g
[
§
il
g

Lower Willow (resk

o
e
ey
§
<
femi
[

Middle Willow Creek

Upper Willow Creek IT - VI
Deception (Creek - 1v

Willow and Deception Creek water temperatures, measured on an inst

ous basis, ranged from 9.0° to 12.0°C, DO from 8.3 parts per

(cpm) to 11.5 ppm, pH from 7.0 to 7.6, and specific conductance

ilio

ane

i

from

to 90 pmhos/cm (Table 8). Continuously monitored water temperatures
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ranged from 2.8° tao 15.6°C in Willow Crec

ific Spawning Habitat Data

Ve TCL T TreausnTiy nensurad

-.3°C

in

30



[ ] [ YRR U . Lo T dowmem
Willow/Deception Creeks [nstream

Pl oy w . & i
Site bate Temp. 0.0.7 Pt Cond.”
ot MNTT P I3 3 118 e -3 A s wd
LOWER WILLOW Q//i&/?g 0.0 RV I 7.4 24

UPPER WILLOW 07/11/79 12.0 10.5 7.6 31
08/08/79 .- = - .-
09/14/79 10.0 1.5 7.1 50

DECEPTION 07/12/79 12.0

wmoned
fon
™~
~d
i3
O
o

08/09/79 1.5

¥
pese—)
[
e
~d
[}
e
foe]

09/13/73 10.0 1.2 7.2 95

femp. = temperature in °C

D.0. = dissolved oxygen in mq/?
g Cond. = specific conductance in umhos/cm
o = ecuipment ma:function

[N
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was 1.4 Teel, with a rangs of 0.95 to 3.00 feet, most frequently meas-

substrate was Class [1I, with a range of II to IV {Table 9).
Because of insufficient resources to collect additional point specific

spawning habitat data, point specific chinook end pink salmon spawning

measured average water column velocity was 3.16 ft/sec, with & range of
1.57 to 4.75 ft/sec; and most frequently measured substrate was Class IV
with a range of III to VI. Pink salmon spawning depth most frecuently

measured was 1.35 feet, with a range of 0.6 to 2.4 feet; average water

column velocity most frequently measured was 2.4 ft/sec, with a range of

1,01 to 4.01 fit/sec; and substrate most freguently measured was Class
111, with a range of I to IV.

Suitability Curves
Point specific spawning habitat data outlined above are presented as

suitability curves (Figures 29-37).%*

*Habitat suitability curves are deveioped to represent the ra of
depth, velocity, and substrate types ceommonly oct J;?&d by a utar
e ' i tage The chinook and pink salmon curves ted

5 ' P 3y : a4 to
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One-hundred-six individual benthic invertebrates collected from the
Willow/Deception Creeks Study reaches were classified to taxonomic order

(Table 12). Eleven percent were identified as Trichoptera, 20 percent
as Plecoptera, 56 percent as Diptera, 7 percent as Ephemeroptera, and 1

percent as representative of other orders.

Computer Analysis

Financial and time limitaticns restricted computer analysis of hydrauiic

-

data to one reacnh. The middle Willow Creek reach was selected because

it contained both i habitat

“(J

ink and chinook szlmon spawning

fe

Discharge and substrate data werse coded and computer analyzed with the

§
[FG-2 and IFG-4 programs® stored on the Boeing Computer Services Systen.
osing the IFG-2 model, encoded data were calibrated to the highest
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) following the procedures outlined by tne IFG (1980D)

and Trihey (1980).* [FG-2 computer output data for the middie reach of
Willow Creek are presented in Appendix E. Unstable channel gecmetry and
inahility to obtain assistance of a hydraulic engineer prevented analysi
by the [FG-4 prouram which would have required further hydraulic analysi

Once calibrated, thz hydraulic model was integrated with six different

sets of poinc specific habitat suitability criteria for chinook and pink

salmon to calc oredicted hypothetical Weighted Usable Area (WUA).**

following 1FG (1980b) methods:

1. standard Calculation - "This is the calculation of the nabita

(@]

area with the Joint Preference Factor (JPF) equal to fa x b x

preference variables for velocity,

here a, b, and ¢, egua

depth, and substrate. This technique implies synergistic

jat)

ction; optimum habitat only exists if all variables are

optimum®.
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&, Standard Calculation Witn Three Matric

standard Calculation in which depth/velocity, velocity/
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inoa matrix”
¢ Gegmetric Mean - "This is the calculation of the habitat area
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Lowest Limiting Parameter - "This 1is the calculation of the

habitat area with the JPF equal to the variable having the
lowest preference factor at a given discharge., In other
words, the gptimum habitat will be based on the most Timiting

variable for a given discharge. Tnis implies a limiting

oy

factor concept, or that the habitat is no better than its

teast suitable factor”.

The six sources of habitet suitability criteria used in the dencnstra-

cion WUA analysis are listed below:

A, 1380 depth, velocity, and substrate preiiminary data on pink

s -

Hydroelectric feasibilily
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saimon nabitat Trom the Terro

teal

tudy, Kodiak Island (AEIDC 1980);

B, 1978 depth, velocity, and substrate data on pink salmon habitatl

,,,,,

Willow Creek (Watsjold and Engel 1978);

tata on chinook sablmon
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fhe Willow/Deception Creeks Instream Flow Study constituted an initial

instream flow
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data for the ADFAG and cooperating agencies, foilowing Incremental

to perform this type of instream flow field data collection and analysis,

identify the limitations of the methodology, develop suggestions for its

improvement, and recommend a plan of study for determining instream flow

lection Limitations and Recommendations
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Of the six individuals reguired to ¢

o

oroject, only two were actually employed by the ADF&G to perform tne
study. To compensate, volunteers were recruitad from other ADF&G proj-
ects and from cooperating agencies. Scheduting necessary to accommodate

cranges in weather and to insure that cne set of data was collected
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vertical positicning and permit reinstaiiation in the event 1T

gnetic bearings should be recorded, and/or diagona

should be measured, hetween transects to facilitate scale

Stationing should begin downstream (i.e. the downstream-most

transect should be 0+00) to facilitate data reduction and

Styeambed elevations should be racorded from leftt bank to
right bank looking upstream %o facilitate data reduction and

coding in preparation for computer analysis with the IFG

Water surface elevation should be recorded before and after

alocities

5 o oy ey Ty A i vy 1 { 10 4
ave measured.  This measurement should be equal to (LBHP to
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tett edoe of water) + (L0p wi idth of stream) + (ROHP to rignt
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Level loops should be ciearly documented with station, backsignt,

height of instrument, foresignt, and elevations in separate

cotumns. There should be no question as to how each reading

ar calculation was obtained and the errovr of closure should be

no greater than (0.1 ft) x (JSquare miles);

Crew members should read Appendixes A and B of the IFG field

data collection procedures publication No. 5 (Bovee and

Milthous 1978) as part of their pre-field training;

When unusual measurements or readings are recorded, they
should be footnoted with an explanation of the c¢ircumstances

to insure the data will not be mistaken as being in error;

At teast one member of the field crew (praferably the leader)
should perform all the exercises in the manual: Field data

reduction and coding proceadures for use with the IFG-2

and IFG-4 hydraulic simulation models (Trihey 1980);

Field data should be reconciled and reduced in “he field

to identify and correct data gaps and/or errors;
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Point Specific Habitat Data Collection Limitations and Recommendations
Presently, limited information exists concerning the specific spawning,

rearing, incubation, and passage streamflow requivements of culturaily
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by collecting and analyzing comprehensive stream-

specific data in addition to reviewing a

cited for one area are not likely %o fully or accuratety represant an-

species in a speciiic gecgraphic location not be applied Lu another
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Point specific data collection for this study was Timited to the spawning

shase of chinook satmon.* Developing an understanding of other chinock
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CONCLUSIONS



or determining instream flow requirements when sufficient resources to

collect and analyze the recuired information are on

—
o
o

done a commendable job in developing this methodology, in light of their
present budgetary constraints and the large number of user groups requesting

-

their assistance. Alaska and other states will continue to berefit from
the-art instream flow technigues and as a central information source

for all instream flow related studies.

To insure that land-use activities are planned and implemented with
minimal degradation to the fish and wildlife resources within the study
area, the autnors recommend inat:

-
{
i

b, a follow-up comprehensive IFG Incremental Metvhodology instream

flow study be conducted over a Z2-year period to:

o
PN
7
ﬁ
o
f
%

define and/or identify seasonal 1ife history

habitat requirements of selected fish species ir

Willow and Deception Creeks; and
b recommend and filte for an instream flow 1 servation
to waintain the existing Tisnery values, and
altsymiacive 1In 1 Olie onoand anyivsis peonnicues
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madz at lew-{low partial-rvecord stalions during water year 1%27%--Lontinusd

Orainage Peviod
area of Bischarge
Station dNa. Station name Logation (mif) record Dats (£2%/5)
South-central Alaska--lonoinue
o 15284008 Lat 61°41740%, long 1497467217, ip 8E% &, 8¢ 1678-78 10- 5-7%8 3.9
HWY sec. 35, T.1% ﬁ,s &‘3 W., Matanuska- T 3e7% 10
Susitna Bovough, 0.1 mi upsiream from T-25-79 16
mouth and 3.7 mi northeast of Houston.
e $15294G17 17467037, lonz 18509037487, in SWh 233 1572-79 11-14-78 ci03
sec,b, T.19 N., R.4 ¥ Matanuska- 12-21-7¢ Bi61
itna Borough, at brxag at Pavk i-22-79 b139
G.9 mi downstrean from Decep- 5-25-794 164
2k, and 1.7 mi northvest of 7-310-79 1,180
7.24-79 1,040
8- §-78 652
9-14-72 B85S
182940258 Mpose Creek neas Lat 62°19°00, long 150°767307, in NEY 52.3 2l972-7%, 5+ §.70 596
Talkeoing sec. 30, T.2& M., R.7 ¥W., Matanuska- 1978-7% - (=75 14
Susitnz Borough, at bridge on Peters-
ville Road and 10.5 mi west of
Talkeetna.
FEIL196554 wwew RI¥EY near Lat S7°21726", long 183°89741", in NWh A 1979 16-18-78 327
Latsen 3ay SE% see.31, T.32 8., R.79 %‘, on 13-17-78 &40
Kodiak Island, 600 £e upstrean fyom . 1-23-79 £3
iniet to Karlux Lake and 172.5% wmi south i-Z28-7% 33
¢f Larsen Bay. $-19-79 151
£-27-79 118
G- &-i8 31
9-18-79 14
Yukon Alaska
1E5311400 Hopper Creek naar Lat €4°537337, long 147°24°42", Fairbarks 2.25 1978-78 §-13-7% 8§, 0002
Fairbanks Noeyeh-Star Borough, in NEUNEY sec.3d,
.1 N., R.2 E., at downstream end of
culvevrt on Chens Hot Springs Road, 2.8
ml vpstreanm from mouth, and 9.5 mi

northease of Fairbanks.

15511500 Steele Creek near Lat 64753 #9712, in SEN 16,7 adigsi-74, §-13-78 bi.1
Fairbanks sec. 25, Fairbanks 1876-78
North-5 upstream from
culvert Chena Hot
Springs @i noveheast
of Fair )
15512500 Columbia Creek near Lat 64 long 1 7°32'39", in SW4 i3.90 1876-79 §-13-78 IV Y
Fairbanks KEUN 28, T.v M., R,1 E., Fair-
bank tar Bo.ough, at down-
2eTE culve~t zt mi 2.6 on
Chen Spring” Hoad, 1.0 mi up-
stre igwam Creek and 6.1 wi
ROYT Faivbanks. -
155140¢5 I{sapella Creek neav Lar 64% 16, long 137°407°30°, £4.3 157679 -10-78 b, L
Fairbanks NEUSEY sec.l6, T.L N., R.1 W, ! 8-14-79 bOL 12
banks Nevth-3tar B igh, at down
strea nd of at mi 1.0 on
Farme Loop foad, mi upstream
from mouth and 3.1 mi novth of
Fairbanks,
155814010 Jusilla Creek neav Lat 647537587 long 147%327597, 1.6 1876-7 §+10-79 b0 .0
Fairbanks MWLSE' cec.22, T.1 H., ROL WL, i g-14-79 b, 008
banks Hervth-Star Bovough, av down-
eam end of culvert at
Farmers Loop Road, 0.5 @
from {reamers Field and
af Fairbanks.
15514015 Crenac Creek near Lat 049537637, leng 1477453003 in SEY £1.3 at9ni-od, §-10-79 b, oS
Fastbanks NWLSEY sec. 2, T.1 0¥ R.b ow,, Pair- L976-79 d-14-7G ST
hanks Horth-star Bovough, at down-
stresm end of culvert at mi 4.6 on
Farmers Laop i.J
from Creamers Fleld and mi nerth
of Fairbanns.
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o
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09711 10.5 (9.8 09.0 10/05 5.8 5.7 5.5
0g/12 09.5 05.5 09.5 10/06 5.8 5.5 5.2
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gg/18 08.8 08.2 07.5 10/12 5.5 5.0 4.5
09/19 08.3 7.9 07.4
09/20 08.4 g7.4 06.5
0g9/21 G7.0 06.5 06.0
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