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This roport is one of a series of reports prepared for the Alaska Power
Ruthority (APA) by the Alaska Department of Fish and Game (ADF&G) to
provide information €o be used in evaluating the Feasibility of the

proposed Susitna Hydroelectric Project. The ADF&G Susitna Hydso Aquatic
Studies program was initiated in November 1980, The five year study
program was divided into three study sections: Adult Anadromous Fish
Studies (AR}, Resident and Juvenile Anadromous Studies (RJ), and Aquatic
Habitat and Instream Flow Studies (AW). Reports prepared by the ADFAG

prior to 1983 on this subject are available from the APA,

Beginning with the 1983 reports, all reports were sequentially numbered

¥

as part of the Alaska Department of Fish and Game 3usitna Hydro Agquatic

Studies Report Series,

TITLES IN THE ADFIG REPORT SERIES
Publication
$&W$%¢ , , Titlae ‘ Date
i Adult Anadromous Fish Investigations: April 1984
May - Urtobsr 1983

b4 July 1984
3 Sept. 1984
4 Lept, 1984
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B

This report provides vesults of the 1983-1984 winter studies conducted

-
Rl
T

by the ADF&E to evaluate and compare existing chum salmon incubation
conditions in selected slough, side channel, tributary, and mainstem
habitats of the Susitna River betwsen Talkeetna and Devil Canyon (River

Miles 98.152), The types of data presented in this report include

&%

development and survival dats for chum salmon embryos, surface and
intragravel water quality data (pH, conductivity, temperature and

disseived oxygen), and substrate composition data.
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*%@%ﬂ in the mainstem decreases significantly after ¥ish
ting in dewatering of mouth areas. Although thare were no
%%ﬁaé@@%%s@@ between ﬁwféﬁﬁﬁ suryival and any other
%@ Tower Vimit of survival was apparent for percant of fine
.08 ﬁw; and for dissolved cxygen. The @@?ﬁ&ﬁg survival of
wﬁfwﬂ to zers when the %Qﬁfgﬁﬁ of fines (< 0.08 in) was
aﬁ 18%, Similariy, percent survival of wmﬁ?yﬁ% was zery at
axygen levels below 3.0 mg/l.

Intragravel water temperature directly controls the pattern of develop-
ment of embryos. There was & high ﬁé@ﬁ%& af wm%séﬁié%%y in the intra-
@ra? el water temperatures withyn and betwsen habitat cygﬁsﬁ In ﬁ@ﬁ%waé

sloy exhibit relatively wavmer {&Qﬁ?ﬁﬁ%%@%% y 2.0-4,0°C) and stable

"zvfﬁ",w%% temperatures because of the stabilizing influence of . Eﬁ
ontrast, intragravel water temperatures 1in tributary and mainstem
reflect the large seasonal variations im syrface water
tures, Temperature conditions in side channels do not conform to
1" pattern. It is hypothesized that the garlier arrival of
spawning in tributaries, compared to sloughs, is related to

in their thermal regimes,

&




AL

VOLUME 1

&g% Q%fgﬁﬁ%ﬁﬁ%&%@ﬁseﬁmﬁaﬁ%&@@ﬂﬂﬁé#

CAAFT

P
TABLE OF CONTENTS. . eueueuonrnanonsnencusncarnocenonsnsuonesnns i11
LIST OF FIGURES.«eseeeacnsnenvaoncasncencnnsasnvosnsenaasnss vi
LIST OF APPENDIX FIBURES...csovevsvncornresennoosnsncnsnsanses  Xifi
LIST OF TABLES. v euvneeononceneraceroossesnsnonssnnnsasnnaens  X¥i1
LIST OF APPENDIX TABLES....ueurevnvurnessasesnoesnsnsnenineens  XViii
LIST OF PLATES..euvenereucsensnernensesncennsasssnesasnanses xix
1.0 INTROBUCTION. . veuenenennnancnsnrnvacacuencasaonsnrassnss 1

7
gﬁﬁ%gwﬂﬁgéeq@a&ma#@g&eﬁaéwqﬁgﬁuaaﬂnﬁabawwq#@
éj@}%f’ggy&gﬁwaéwﬁéu%ﬁv%?}ﬁﬁ@‘?ﬂﬁi#a&%%}’égé#‘?‘ﬁé&&%#ﬁﬂ’lﬁ'ﬂ‘

IR R EE NN N

S e

1.1
1.2

2.0 METHODS
ECNE N T EEEE R EEE ¥ A I I A

foa]

- N A
gﬁi g@?@ﬁﬁi@ﬁ ﬁ% g%ﬁﬁy gé%ﬁ%w@%&&%#&&&&é&&ﬁa&w%ﬁﬁ@é@ﬁﬁ@ﬁ?#é

7.2 Procedures for Evaluating Physical and Chemical

& 3
5%&?&2&%%}@%1&%@ﬁﬁ@%ﬁvi‘%ﬁ@@@ﬁ&ﬁ@*}*iﬁiéa&ﬁﬁé!%ﬂﬁ&egﬂﬁsb@%%36‘8’%&;%@@3v

2.2.1 Zﬁé?ig%*@%i CEandDIDRS .« v snerssvesovsssnarisusioas ié
# 2 o i o wmd 3 = >
gﬂéag ?%ﬁ?%ﬁ%% faat éﬁ%mu@aa&waﬁawaa%¢m&ﬁ&%ﬁﬁ@a&ﬁ%%ﬁ@&w& z/

P9 L5 ) ¢ iy
2%2&3@& @@i@w T%ﬁﬁﬁwﬁfﬁFw&3nﬁﬂ@éﬁ@ﬁ&ﬁ%éwuw&ﬁ%ﬁa&&ﬁ&ﬁ*ﬁw %f
# % & ;.
gﬁgﬂgﬁg g%@;i?ﬁ%% ﬁ“@ﬁ%%?%%%aéa%auﬁya%«e&w»aw@u#$$o¢4w 1?

g g #4 B 85 0 g kg1
gﬁgugaéﬁi ﬁ@ﬁ@gg g@@?i&?@&#%@&ﬁﬁﬁwﬂﬁ%ﬁ@ﬁMﬁu%%b$$$w&mﬁ iﬁ
2 &% # Ll 4 e e 20
é?é&Zﬁgég %%%ﬁ%@ﬁ%wgééﬁwﬁ gﬁﬁ m&ﬁﬁ?mwcwﬁﬂwgfﬁmﬁﬁwﬁﬂﬁh ﬁ@

# e # . G ou, & s 2, E 7
2.2.2.2.3 Additional Substrate Evaluation Methods.... 22

T B £ s s N “3
g”“'“*ﬁ i ﬁﬁ% ?@;%& g&wéwﬂﬁv&ﬂﬁdwwaagﬂwwaﬁﬁﬁ ix
? z ? 7 ; ??
G G B 4 i B e P AN NN I % B G v B BB B Y BB N RS SR s fdt
SR P e 5t s % e Y
gaggﬁ %%Q%%Q%E J?¢%gﬁ?w%mﬁu&a&a@@@&@agmaqeww&ﬁﬁ«&aéﬂ&@ﬁ&m ok

s
i - . N
iyﬁu%é‘@)@&#’é@%ﬁf)%%ﬁ‘%#%ﬁﬁél??&&ﬁ&'ﬁ,!‘a’ﬁi&\ﬁ@%&’&

%08 B B B P B ¥ L Y e E B P DU B EE FE D YRS S SRR s 0 E SR

G v ow B @ F B F P K R P % B E B RB R RS R SR RE RS




5

3.1 Compay
of St
3.1.1

1.1,
3,1

Ed

-

%

v“’,‘a
e

o

# ki
K

R
L
%4 )
”y
L
g

almon Incu

Artifi
instal
Removal

ad

4]
s

1 @@i@w

Eﬂi

‘w«&

o
i

T

Continued)

g’e&% géﬁ?a%}‘%@ﬁ%oaﬁ#a*éea@&gv«sm»s&aav:)a@»wﬁﬁwms&aaas

o
sy, ol 3
@%i@ﬁtﬁ‘%%@M@wa#&@‘@@@@%ﬂlbéﬁééﬂﬁQﬁﬁé}amﬂéﬁ

ial
atie
of

snipe

Fe
f
Wh

of Physical and
tes and Habitat TyPeS.s . crsvesonssvcoscasns

Proceduras to Install and Remowve Whitlock-
ﬁ?’%&%%t 8‘3% %&%@ma&u&mwﬁaﬁawwﬁﬁs@saésgnﬁua%e#@sw&

rtilization Procedure.....co00ae0
ﬁf %?@%@Eﬁﬁ%«“%?i?@?% %’@ﬁ»%@g BH G S YRS
?iﬁ@&wk' ij?iﬁ@?’”@ %ﬁ}ﬁ%gaqwe‘@&&wgeﬁwam

%@ 3%&5%#&@6&“@%@#&&0#@6Gﬁ”*@vaﬁﬁ%ﬁ%@ﬁ&&ﬁ&*%@@b%

ggﬁ*}?&y@ggﬁﬁ gﬁéy&iﬁﬁ%ﬁiwﬁaﬂ&ﬁ%»uﬁéﬁﬁ@@&awﬂ%»&%wsﬂ
gﬁ%ﬁ}i@%fﬁ géj ;y%wﬁaﬂﬁﬁﬁwﬂﬁ%ﬁ#nﬁ@&ﬂﬂ@?;*ﬁ#ﬁﬁﬁﬁ*ﬁ*%@
Embryo Survival Control.....veoiinovinanconoans

Chemical Characteristics

g’}%g {:@‘g {:%ﬁyqiggz@f Qi;{: N T E R EE TR R TR TR NN .

&g%é% ig?‘%dﬁ6&&@%%4}6%@%%6}&4@!@&‘@%6@%1"é@i@?»;

Instantaneous Intragravel Hateyr

.fgfgé}} ?%%%?%Qﬁﬂeaw%ﬁ&Q‘Y@%&?ﬁ&ﬁaﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ#k

fpoes¥

1.1.2
1.1.3

£

¥ #
1.2
Bo
2 Subs

ERY

Substrate Compogit

.1 Comparison of

Comparicon of Instantansous Surface and
fﬁi?@@?&@@ | Water Ter ﬁg%watarﬁww&$aweq,ﬁwwa
Continuous Intragravel Water Temperatures..

=
5 G
?ldz@@&@ﬁﬁwﬂféﬂ%’&@ﬁ%%%t6?1:‘2&3@&!}@’&

Melell and Whitlock-Yibert

&

4

L4

Analysis of Development and Survival of Embryos....

&

L

@

#

L

s
ﬁ b%gﬁg@?&w vv»aﬂiaﬁ&@%bww@éwvﬁémﬁ IR R K

bst

J

@ oH % o% B W B @ R % R B & B R Ed e B E S e s

ryn Survival at

(AR -

oo W B G R OB B R R R WY B R R E AR W R

BB oW P B B S OE&L W G L e BN S E S o
wg,ﬁg i e B o7 ok
b ¥ Sites and

M“Qy%wézé Habitat

i Sk & X atal
wh € g*,; ] {&%?{%
IR 2L A 2B ] woe ®

& & & % & ¢

R N IO O B R A

EE N

e
St

Lia g =3

oAy
&

o

i
Fow :
L5 ug

Bl

R
e

e
£

,,
b
N
agngit

£



CRAFT

%

{Continued)

«f
e
pray
o
F3
Gk
i
%
T
s

&
7
S
-
5%

Page

39&«1 4’2?33}@;@%% g&?ﬁgaﬁ&gﬂﬁa.wﬁﬁ.s'aﬁ:‘&ﬁa@%&ﬁwoz”ﬁubaea%iasﬂgbex’as@ g“%’
ﬁﬁ&:%ﬁzzf gﬁﬁ%?ﬂ%g g%??@ﬁ‘?%gaﬁéﬁaﬂﬁéawﬁé@E%%‘W%@bﬁ&?@iﬂé@eﬁasﬁﬁ g}%
3‘.&335 g’%ﬁ @%ﬁ?gg? gﬁ?%%§3%$Q%V$ﬁﬁﬁﬂﬂ$%6&&’sh’éﬂf&ﬁ‘él!‘ﬁ!ﬂ%é%@ﬂ%@& ;{}6{2
3.3.3.1 Development of Chum Salmon Embryos...eooeeueecss 104
%%E%g&)z gjég ‘éﬁi §‘gﬁ%%(«ﬁéﬁ‘ff&;%ﬁa%%?éﬁﬁﬂ%bﬁ%&ﬁ&%%%%a&%%mwwaisﬂi;i 1‘»}

ééﬁ gggggggiﬁ%ﬁﬁ%@@%3%&&@&#&%%&&aﬁ#«ﬂ&hﬁ%@@#6@&%@@0@%%&&@5@5% 1@/

- Cham %g@% and Biological Variables
”%§% Satmon Incubation Habitats...

&
£
3
-
@&
o
<
~4

@
&

ﬁ%@é@?’g%jﬁﬁgw@@%éeﬁéé’i!&ﬁﬁ*‘évrééi}ﬁ@vﬁ&%&@ﬁ&ﬁt@&ﬁfs‘&@w&ﬁkﬁréﬁ 1{}?
Dewatering and Freezing....coeevesscsssonscsoncancas 109

4,1.1

4,1.2

@&1@3 é@%@%@&t@»ww;wwaooaﬁﬁﬁaque@@aaqa@»ﬁus»e»@aaﬁgaanuam 1&3
4,1.4 Water TemperatiurB...voersvesvonvosnsessvsanssnevose 117
4,15 Disgolved O)g8N.cveocosevsassssosnacsonsassssassss 123
%giwﬁ ﬁﬁﬁﬁywaﬂﬂwﬁﬂéﬁeéhﬂﬁﬁﬂﬁ$69%&ﬂ%%ﬁ@bw%&ﬁ%w&w%&@@éﬂﬁw»w ig%
4,1.7 Conductivity...ooescanvosvsossvsaososssvcosssnssssn 131
%»3;% ?ﬁ?%iﬁ%%&v@wﬂﬁawﬁ@»ﬂﬁaﬁséééaﬁ?&wﬁﬂaaﬁﬁwﬁa#éw&ﬁ@ao&ﬁ 333
faé«: ,?§§@%@?&%ﬁ§@ﬁﬁué%ﬁwawaaaﬁwm%#&&gﬁﬁﬁﬁbﬁwééﬁﬂaaaaaﬁmu 13@

4.2 Conclusions/Roecommendations..coeomsonvsnsssccscsvsssnss 134

ﬁg&gwéﬁw&aé%»wwﬁama%ékﬁ?@ﬁ#ﬁﬂﬂ@aw##y%a@@m@ 1W

ﬂa.

’ 3 e 1

4 % ﬂ o, i k
wgw@ ﬁ%wﬁwﬁﬁg’ﬁ@%%?%@gaeesasw&;ee’m;aﬁaa‘aaﬁ:&;;ﬁaeew&ﬂ&@% S h B w e BB G A }s%ﬁg‘

am%
o

&

# e g 1, TR b2 F @
ﬁ% ﬂﬁ%?gzﬁg?ﬁﬁgﬁzﬁﬂ@ﬁ%a@a&a@g%a&ﬁﬁwé@&%ae&%&wa%ﬁ&éa&zw&@ﬁwwﬂ i@@

6.0 ACKNOWLEDGEMEWT

T

e
2 Wi
I R R R R T T R I I A 1%&

£
4

¥

?5% %E?%ﬁﬁ?ﬁﬁg gg?ggﬁﬂwﬁﬂﬂséﬁawaww%w&ﬁ@y%&#&&@mﬁ%ﬁﬁ@é%ﬁ&»Qﬁaﬁ 1@2
YOLUME 2
A R R ]

E T N "
%}{ i’%ﬁ %gg\si&@?ﬁ ?%« «,@ B OE BB RN R AT R BRS E SRR Y S k%
TV Elospaliy ddy Bayie B 4
33’5 5’%@ :;‘?%%ﬁif 5;3%%:‘}é%ﬁ%ﬁ’%ww;geﬁw%sz%;aﬁezﬁ@a«t%«%@ﬂ@évﬁ«s@dem ﬂm&
e # .y A o % sy Thuy e Y
Pos e S Wl V\%{j ¥ Wy w‘wv}; IR EEEEEEE R NI A I B s =
iz €. Watey (uality Data {al
oF a % ’”{i,v(wW i 2 b
13 1 i,}»,,a g%ﬁ %i;%;?;a%%ﬁ bﬁi : W B R R A G W %R W B jg‘*“'rl’.
5. o p PP T ) oo
e L. ittongl He eesaeivetentoiainuins ol
w%:'!%a P %ﬁ:%g! %’d‘ @éé;ﬁ%qg%g %}&gg’iw&&gﬂﬁ%ﬁﬁ Fed

Y



DRAFT 2/11/88

LIST OF FIGURES

ﬁwéfg%?;w

&
L.

Page
Map of the Susitna River Basin, with deline-
ations of the basin drainage arez and the
m%ﬁé%% yé;%;&@%@ ﬁ¢ ?” %%%&ﬁb?éﬁ@%@&@&ﬂ&aﬂ%wi%%ﬁw@{tﬁ?#&@%@%ﬁ% 2
Generalized Tlife cyele of a chum salmon
indigencus to the middlie Su-‘tna @%v%fg CYEEL T I 4
Locations of study sites within the wmiddle
reach of the Susitna River {RM 98-182) .. vvvrenerscacsoe g
Disgram of a polyvinyi chloride (PYC) standpipe
used to evaluate ?ﬁzyagwqygﬁ water conditions
in streambeds of salmon gga%ﬁiﬁ@ habitats in |
the middle Susitna River, Alaska.......c.vcveevvinnennn. 14
A moditied MeNeil substrate sampler used to
evaluate substrate conditions of  salmon
spawning habitats in the middle Susitna River,
Alaska., Sampler not drawn t0 808716, .. cveevrvonreonsses 19
%%ﬁﬁm?j of methods used to evaluate substrate
conditions obtained with a wmodified MeNeil
SUBSTrate Sampler...c.vsoroussssnsososssnsosavnosrcoasos 21
??g@\ﬁi%@?&% depicting the sequence of events
which occyrred during the artificial fertili-
zation of salmon egys and the subseguent
%%@@mgiak%@ﬁ of artificial incubation chambers |
{Whitlock - Vibert Boxes) in the streambed......oeovvses 27
Summary, by habitat type, of the intragravel
water temperature data (°C)  periodically
waksured within _standpipes during the 1983.-84
wintap g@%,ﬁﬁ in the middle Susitna River,
g’ﬁ"g@%gy%ﬁ%ﬁﬁﬁ@%ﬁé%ﬁ%iﬁﬁ#!}&%&fﬁW&‘k‘vﬁ{%ﬁﬂﬁ&ﬁ&é&ﬁi!&%é@ﬁﬁ%ﬁ»#%ﬁ9053 ﬁé’gﬁ
Summary, by study site, of the intragravel
water temperature data (°C) yg%wﬁ% ally
%@%%%??é within standpipes during the 1983-84
fnter perind in the wmiddle Susitne River,
FOROB W OR N EHRE E NG SN E S Y YRR SRR Y Y F YRR Y S BB R R BT RS T G S 51:%




e
o
w®

Bl
L
-

Foe
£5%
ks

Powd

Relationship betwsen f{ntragravel and surface
water temperatures (°C) measured at standpipes
within sTough habitat of the middle Susitna

?%%‘%?@5 @%2%&%&-#%@0@&%%@’3%6&6a$$$§t$%ﬁéaéﬁééeﬁ%@&ﬁ&ﬁﬁ§ﬁﬁké-ﬁ

Belacionship between intragravel and surface
water temperatures [°C) measured 2t standpipes
within side channel habitat of the middle
Susitna River, Alaska. coveeoovscovooosnsnsosoasssssonaa

Relationship betwsen intragravel and surface
water temperatuves (°C) measursd at standpipes
within tributary habitat of the widdle Susitna

§§¥‘g?a %”3&5%ﬁiﬁ&@ﬁ#ﬂa%&&@&wﬁwﬁlkébfi’i@fbﬂ@ﬁs}@ﬁiﬁ?ﬁﬁﬁ&@*‘?&’!%@
%

%%a%%%@ﬁ&%%ﬁ between intracravel @ﬁﬁ surface
ater tomperatuves (°C) m%@%@%%ﬁ at standpipes

w?ﬁ%f@ slough, gide chamnel, and tributary

habitats of the middle Susitna River, AlasKa....sses...

Mean daily intragrave! water temperatures (°C)

recorded during the 1983-84 winter period at

Slough 10 (RM 133.8), wmiddle Susitna River,

%3&2%&%”3%@&%?%ﬁ@ﬁﬂﬁ#&ﬁ%@@@%ﬂ@ﬁ@ﬁ#@ﬁ&ﬁ%g&ﬁi&ﬁ%ﬁﬁ&ﬁv%bﬂ&&

Maan dally intragravel water temperatures (°C)
recorded during the 1%83-84 winter @@??ﬁﬁ at
%%@ag% 11 (M 135.3), widdle Susitna River

%ziz ﬁ@”f

STl s 6 6B 5 6B 5P BB YL EHEE TR YEE N EEENT B YGE S B E DB S E R Y Y

2
5y

Wean daily intragravel water t temperatures (°C)
recorded §w¥§%§ L%% 1983-84 winter period at
Slough 21 (141.8), middle Susitna Wiver, Alaska........

Maan A%f%? %ﬁ%%@%?@w@% water ﬁwg seratures {(°C)
recorded during the 1983.84 ??@ﬁf pey % pd at

’E{%& Channel 10 (R4 133.8), middle Susitna
g

»a,rfa f 34“"
? # %%g ﬂg#umwéﬁ&@éaéaﬁaqsﬁ%ﬁéﬁﬁ%@wﬁséﬁaﬁsag@ﬁﬁawn«m

av

&mﬁ éaéfy ntragr

é’i‘:% %%

E2E S A A

¢ A Sy 2 s e
141.0%, widdle Susitna

EE A NI N - BB O B B B N N N R R

45

46

47

48

e
52

o

o
By oy



DRAFT 2/11/85

LIST OF FIGURES (Continued)
Figure Page
20. Mean daily intragravel water temperatures {(°C)
recorded during the 1983-84 winter period at
Fourth of July wf@@§ (M 131.1), middle Sugitna
Q?ygp &EﬁggéﬁﬁﬁﬂﬁJ’Q{&%“ﬁfﬂ}é}&@95‘@3@@&'9@6#6&&&@%’1#@0#$¥17¢6"9 g?
21, Mean daily intragravel water temperatures (°C)

recorded during the 1983-84 winter period at
Mainstem (AW 136.1) middle Susitna River,

%Eggkﬁz&@@#@%@w@@@@%ébk&é%#ﬂ@&@&@i)@@ﬂ'@%zébﬁbﬁﬁﬁéé’}@aﬁ‘&«ﬂ%et 5%

22, Comparison of the dry weights (g) of fine
substrate (€ 0.02 in. diameter) obtained from
paived samples collected with JoNeil and
%%?Eaﬁﬁi%@f ert %~x T 1 T 60

23. Comparison of percent dry weights of fine
substrate (< 0.08 in, diameter) obtained from
paired ﬁ&m@?%ﬁ collected with MeMeil and

yé%é”%% @{;km\g%b@?&@ %&ﬁ E%m@?g%?ﬁgﬁr%%ﬁ&#%ﬁ#@ﬁé@&&ﬁ@f&é@@@ﬁkﬂ@% ﬁi
24, Parcent size composition of Meleil substrate
camples collected at study sites in the middle }
g%%%%ﬁa g%%g%%g ﬁi%%%&.awo%ééaeu&v&t&ﬁ#ﬁé%@@g%t&a%aa&ﬁsa’xa&b# %;ﬁ
25, Percent size composition of MHoNell samples
collected in various habitat types in  the
%%ﬁ{%%% &: %%‘;ﬁ‘a Q‘%V%?ﬁg ﬁz&%%ﬁg&&ﬁaﬁﬁvﬁﬂ&m&ﬁv‘iﬁeﬁ%}ﬁ&a%@ﬂéﬁiﬁﬁ ﬁ‘?ﬁ
26. Percent size composition of fine substrate
(< 0.08 in. dismeter) in McNeil samples col-
lerted &t study sites in the middle Susitna
Q§¥§? ﬁ‘%@g@%ﬁﬁ@aw%@@ﬁ»w&ﬁ@s@&ﬁﬁ$%?&ﬁw@ﬁﬁg@ﬁﬁéauewwwa$ 55
al. Percent size composition of fTine substrate
gmaﬁ 08 in. diameter) of Mcleil %@Wﬁs@% ﬁ@?w
Tected %; various habitat types in the middle
2“»%3@“‘%@&3 @3‘?@%%&% ﬁzfgﬁsg{aé;@iﬁ@&@wa;&ﬁm&faﬁ:&%@é}\vww&v&si}mw%we%ﬂq %’5@
78, f@%@g“i%i@ﬁ of Mcleil substrate
cted at chum salmon redds during
the middle Susitna River, Alaska.......... &7
29. composition of Melell substrate
cted at chum salmon redds during
various habitats of the widdle |
& ﬁ%%é}%ﬁ;&ﬁﬁ\wamwaw@@&mwm%;&nmma‘@%aﬁww@-@aa%'ﬁuw(« é‘gi%

PR
58



mh
" b

[l
-

LIST OF FIGURES (Con

ww

30.

.

?%?ﬁ%%% size composition of fine substrate

(< 0.08 in, diameter) in McNell samples col-

?%ﬂﬁ%ﬁ at chum salmon redds during May 1984 in ‘
study sites of middl- Susitna River, Alaska....ocensces 69

Relationship between intragravel and surface
water dissoived oxygen concentrations (mg/1)
measured at standpipes within slough habitat of ~
the middie Susitna River, Alaska....covecovcscnsscncsos 72

Relationship between Intragrave! and surface
water dissolved oxygen concentrations (mg/1)
maasured at standpipes within gide channel
habitat of the widdle Susitna River, Alaska............ 73

Relationship between intragravel and surface
water dissolved oxygen concentrations {(mg/1)
measured ** standpipes within tributary habitat ,
of the midiie Susitna River, Alaska....covoeveoconssons 74

Retationship between intragravel and suvface
water dissolved oxygen concentrations (mg/1)
measured at standpives within slough, side
@%%ﬁﬁze§ and tributary habitats of the middle
Susitng River, AlaskE..coceosecoesvosvovevassncaosasnen 75

§@%mﬁ%y% by study site, of the intragravel
dissolved oxygen data (mg/1) pariodically
measured within standpipes during the 1583-84
winter period 1in the wmiddle Susitma River,

ﬁéa%%§$@%@W§§G$&&@ﬁaaﬁﬁGG@%%Q$@éﬁﬁ®&3@#@@%&&@6%&@“@ﬁ&ﬁw y?
Susmmary, by habitat type, of f%ﬁ intragravel
ﬁf»@aéwﬁﬁ oxygen data (mg/l) periodically

measured within standpipes ﬁ@??ﬁ% bh@ i%ﬁ@mgﬁ
w%%?aw pericd in the widdle Susitna River
%E%%W@ug#wwﬁﬁi%@6&&&5&@&&&&#3&&%&@%96%&@&&%@6@&5@##@@«ﬁ ?%

Q tationship between Intragravel and s
%@? pH Tevels measured within slough hab

5 the wmiddle Susitna Biver, ﬁ%&ﬁ%%&wgaQ@L,Wﬁﬁﬁmaw*@ﬁﬁﬁ 7

(e

E
|2



vw

DRAFT 2/11/85

IS8T OF FIGURES (Continued)

Flgure

o e

38. Relationship between Intragravel and surface
water pH levels measured within wide channel
%%%%i%ﬁ @% @%ﬁ m%éﬁ%@ Eggitﬂﬁ %%géfy ﬁgﬁgkamaéa@asgagea g@

39, &%i%%%ﬁ@gﬁiﬁ between f{ntragravel and surface
water pH Tevels measured within slough and side
channel habitats of the widdle Susitna River,

lg%g Jk&&%aﬁﬁwﬁ&&wﬁaana@aaé&&%awr&s%aa%a&eé&@aﬁ&eteaegaueﬁ %1

49 . Summary, by study site, of the intragravel pH
data periodically measured within standpipes
éﬁf?%@ the 1983-84 winter period in the middle

iﬁ%& ﬁ%?@?l ﬁgﬁgk&aewauaaaeee@naaaewsaaaw@aa@seaa»@@ 82

41, Summary , by habitat type, of the intragravel pH
data perdodically measured within standpipes
during the 1983-84 winter period In the middle
g@%ﬁﬁﬁ% g%?@%g ﬁ?@g%aéﬁamu@aaa@aew@a@s&au@aﬁ%@a@saeewww %3

4z, Relationship between intragravel ang surface
water conductivity levels (umhoe~‘em) measured
within slough habitat of the middle Susitna
River, Alaska....usceocosousnsnvosonsoncnssonassassenes 85

43, RBelationship between intragravel and surface
water conductivity Tevels (uwhos/cm) measured
within side channel habitat of the middle
Susitnag River, Alaski..ccccovsvavsconvsecosacsssoscosocs 86

44, Relaticnship between intragravel and surface
witer conductivity levels (umhos/cm) measuved
within tributary habitat of the widdle Susitna
River, Alaska...oovereoncasvssscssssorosensosasssasssss 87

48, @@?ﬁ%%@ﬁgﬁﬁg @@%@%&ﬁ intragy
water conductivity le

ﬁ%@ﬁ%? %@@M@% %%ﬁg ¢

habitats of the middle Sus’

aw&% and surface
whos/om)  measured

%m
£

a%ﬁ tributary
%ﬁgi’%w? @z%ﬁ%@éawa@aw:oqwu g%

46. Summary, by
conductivity 118
ma &gyaé w% @f%~53'“¢ i

%’s‘!%ﬂ‘@
UL B 3 I BT BT I 5,9%}}

e
e
-
N
f



EW,
froo
6%
g

| -

+

DRAFT

Figure

w o

Retationship %giﬁ@%ﬁ survival of saimon embryos
and intragravel pH Tevel measured at artificial
redds within selected habitats of the middle
Susitng Biver, Alaska....ceveovseosscrcosocasacesnssnoe

Relationship betwsen survival of salmon embryos
and zﬁ%?&g ravel conductivity Tevel (umhos/cm)
measured at artificial redds within selected
habitats of the wmiddle Susitna River, Alaska..ocovvene.

2/1

s
i,
faa
€%

Page

Bt
S
Ep% 3

103




DRAFT 2/11/88

APPENDIX B

Eiqure fass
Bol, Study site Tocation st Mainstem LRX 9 (RH

%{’3»‘&;%%&@é@@@&?'x&6%&%@1@&&@ﬂﬁ@%@@ﬁ@Bﬁ&ﬁ&’?ﬁ&&@ﬁ%%@#m’?@@@w& E'(?S

Study site location at Deadhorse Cresk (RM

£
120.3) B-4
k2 L yiﬁéﬁﬁﬁ&*%‘@%%ﬁQQQQ%‘&é#é‘«’iﬁ’@ﬁ@‘ﬂ@'%ﬁé@&w%?@@ﬁﬁﬁﬁﬂﬂwﬂﬁﬁ@ o

site Tocation &t Slough 84 (MM 1256.9) and
%@%5%%§ %gﬁ g% {% E§§ z}wé&&&w@wasaﬁe%@@&&w&@«&ﬁ«aa#« ﬁﬁg

Bed, Study site Tocation a STough 9 (AM 128.3) .. csenvsenncne B6

B-5, Study site Tocation at Fourth of July Creek (RM

&3131 69*&@9@&&0%w%%@v@wz&@%&@&#ﬁ“ﬁﬂﬂ@%%ﬁ%&qv@%ﬁ&@@q¥$% E@B

B-§, Study site Tocation at Slough 94 {%% 133. é,;;epﬁjﬁ;;g*q B8

B-7. study site ‘location at a%ﬁﬂ”% 10 and Side
ﬁ%@ﬁ%%@ i@ {Q% 13% %}w#ﬂwﬁﬁﬁv@3%#@@&%36»%&&&%&&63&1mv&e g”%

B-8. Study site gi Slough 11 {%% 135. 3;% Upper Side
Channel 11 (RM 136.1) and Mainstem (M 136.1).......... B-10

B-9, Study site location at Mainstem (RM 136.8).....000vene.  B=ll
B«10.  Study site location at Indlan River (BM 138.6)......... B-12

B-11.  Study site Tocation at Slough 17 (R¥ 138.9) and
Matnstem sites (RM 138.7 and MM 138.9) .. .rsneeennnsnees  Be13

B-12.  Btudy site Teca.ion at Side Chamnel 21 (WM
141.0), Stough 21 and Mainstem LRX 57 (RM
3%2%§}$Q%Q%§%9§§ﬁ§Gﬁ§§®¢ﬂﬁ@ﬁ@ﬁ%ﬁ*?&ﬁ%%#ﬂw&u&w#ﬂﬁm&&wﬁﬁ& §m1£



ODRAFT 2/11/858
APPENDIX €
Figure Page

(I Summary, by ﬁiﬁﬁy site, of the surface water
temperature data {°C) periodically measured at
standpipe locations during the 1983-84 winter
period in the middle Susitna River, Alaskaceccocuvrosss (=18
L2, Summary, by habitat type, of the surface water
temperature é&% (°C) pericdically measured at
standpipe locations ﬁﬁ??ﬁ the 1983-84 winter
period in the %é ddle Susitna River, Alaskdee,eoeeonese. (=19

Ca3. Summary, by study site, of the surface water
dissolved ocuygen data (mg/1) periodically
measured at standpipe 2%@&%3@%& during the
1983-84 winter peripd in the middle Susitna
gﬁg e %?%gkﬂiﬁﬁ%iﬁéwﬁﬁﬁva&ﬁﬁ&»&b%#ﬁﬁﬂuﬁﬁﬁaﬂéﬂuwmﬁﬁ¢e@w g”ZQ

Ledl, Summary, by habitat type, of the surface water
dissolved ﬁﬁj? n date (mg/1) periodically
measured at @d@%&& Tocations during the
2%%£w$%4 wﬁﬁ@@f period in the middle Susitra

J& Q“gi
@@f % &%éﬂ%#ﬁ&%$ﬁaﬁﬂﬁﬁyﬁaﬁﬁﬁvﬁgvahﬁﬁﬁﬁﬁﬁaw5$wﬁ§&u%é PR 4

g&ﬁ%@?? by study site, of the surface water

@f@%q@d axygen data {% saturation) @@ﬁ%@a?w
a&%fy mepasured at standpipe Tocations during
the 1983-84 ?iﬁﬁ%? period in the middie Susitna

River, A1 C-22
LN ﬁﬁ&%@aagu&#gs&ww@&@&m&&@m@maa&waéwﬁﬁ5@@@ww@ﬁm« w ™ Lo

T8
B
L%
i

summary, by habitat type, of the surface water
~~¢; ved oxygen data (% saturation) periodi-

F measured at f%a@ﬁg%m% locations during
@?3 B4 winter period in the middle Susitna

ﬁ%?ﬁé é‘%ﬁ%ﬁ&&9%@%&##&&39&&&&&.3#%@&31wﬁ&@ﬂa%ﬁau}ﬁwwt}wa %

i
T3
Lok

C-7.  Summary, by study site, of the surface ater pH
data peyiodically @@ﬁ%w@ﬁw at standpipe
?%@wﬁﬁﬁﬁﬁ during the 1983-86 winter %@wiﬁé in
the middle Susitna RIVer, Alaska.....vesveeesreeeessons  Co2

uw
@
w
s 4
oo
%»
e B
%5
%

£

4.

[y

in

Rt

T EEEEEE. wwgm



Fioure

i WMWM

g“i%w

P o
Gt j« 52 5

APPENDIX C (Continyed)

Summary, by study %é?i@ of the surface water
@vﬁﬁﬁﬁi@wﬁ by data %ﬁ%@%fﬁ%} pariodically
measured at standpipe Tlocations during the

198384 winter period in the widdle Susitna

River, Alaska...ovoavoccrvscssasnssvesvassssnsonsovonse

umery, by habitat type, of the &gﬁ%&ﬁﬁ water
fﬁﬁﬁ%ﬁﬁf@??g data ggm%@%/w@} periodically
meagured at standpipe locations during the
1983-84 winter period in the middle Susitna.
%%%@?3 ﬁ ﬁ%%%aw¢¢ﬂ&me»s&@agéa@waa@agsﬁwnsnaa@aﬁakag@%os

3

Relationship between percent saturation of
intragrevel and surface water dissolved oxygen
measured within slough habitat of the widdle
ﬁﬁgé?ﬁ% %ﬁy%?% %3@%%&&&6»@&&@@g&&yﬁﬁgt&@aﬁﬁwgéwa&¢$ﬁﬁa»

Relationship between percent satuvation of
intragravel and surface water dissolved oxygen
measured within side chanel habitat of the
middle Susitna River, Alaska..oevsovcaosnscnsononssnnss

Aelationship betwsen pereent saturation of
intragravel and surface water dissolved oxygen
$§§%fﬁﬁ within tributary habitat of the middle
i&ﬁi%%@ ?f¥%? ﬁ%%ﬁkﬁ@aeaaagwnﬁheeva&amﬁm@@¢amaéws¢y§wa

tionship between ﬁ%?ﬁ@ﬁﬁ saturation of
BOPEYE el and surface water dissolved ox ?%@%
gww@ within slough, side channel, and
spbary hebitats of the middle Susitna River,

g’%ggﬁaww«sseéxa»axaéw@év@ﬁv&@&&ﬁk%*@%%ﬂ%@aﬁﬁ&u-@w@aﬂﬁa%ﬁﬁaw%

By TNF
gﬁ? %5"““

on
N

LoE AR
ga?;g«&m

i

o

s
55

%

o Eﬁ“&f*ﬁ e

e W
e S
B e

#

Swgmary, by study site, of the intragravel
dissotved oxygen (% sat g@@%**%} data periodi-
cally measured within standpipes during the
19683-84 wintey W@w%&ﬁ in the @@&ﬁéy Sugitna

1

RN

xy

Page

€26

C-27

£-29

im

‘W‘gﬁ



Fi Gure

x-wmw

U-1.

gl 6

D4,

D=5,

g}m? »

DRAFT

Sy
-

APPENDIX D

Comparison of dry weights (g) of fine substrate
(0.08-0.02 in. diameter) obtained from paired

samples collected with MeNeil apd Whitiock-

y%%%?@ %@% g&%ﬁ%%?gﬁwwﬁﬂwﬁgﬁgéﬁQﬂﬁé@@%ﬁé%?ﬂﬁﬁﬁ&é»ﬁ%ﬁ%s&

Comparison of dry weights (g) of fine substrate
(0.02-0.002 in. ﬁéa@&%gv} obtained from paired
samoles collected with MeNeil and Whitlocke
ViBart BOX SEMDPIEFS..avesenssvoseonnvsnoosnsssanscnsans

Comparison of dry welghts (g) of fine substrate
{ 0,002 in. diameter) obtained from paived
samples %@??@ﬁt@ﬁ with HMcNeil and Whitlock~
%@%@%ﬁ BoX 2D er S, . usoesrsossascssvsonsossosnvesassos

Percent Qﬁ%”$%?f§§ﬁ§ by size class, of Whitlock-
Yibert Box samples collected at study sites in
&%@ %ﬁém % gﬁ%???ﬁ %§¥@$9 ggéﬁﬁawﬁﬁﬁ@aéw&&&é#@ébwwa&*ﬁﬁ

Percent composition, by size class, of fine
substrate (éiaﬂﬁ% in, diameter) in it ock-
Yibert Box samples collected at study sites in
the middie ﬁ@%?ﬁﬁ@ Biver, Alaske,..ococsoosoacnsnsonsse

by size %agﬁg of Whitlocks
Tlected in varioug habitat
usitng River, Alaska,..coeuvesenss

%m%a@w% composition,
Yibart Box %ﬁ%ﬁ%@% Co
types in the middlie §

Percant composition, by size class, of fine
substrate (<0.08 1

B in. diameter) in Whitlock-
Vibert Box samples collected in various habitat
‘%;ygé%z%% “zﬁ ﬁ%@%‘;’ ?ﬁ@{g{i?%& %ﬁ%%%ﬁ& Q%V@?ﬁg ﬁ«%ﬁg%ﬁ&& LR S A NS R

s

2/

B

1/85

Page

e

D5

D-8

D-9



¥ TABLES

Referance lis
tive site pr
type of data

t of ztgﬁv sites providing rela-
riority, river mé?@ Tocation and
coliag %ﬁ at ench 8188, ... 0vuvovavncrconss
Stages of embryonic development for chum saTlmon
identified for use in this study. Stages
&wﬁf&aﬁﬁﬁé to information ?@@@%ﬁ%@ for sockeye
ﬁ?ﬁéﬁ %y gﬂg%@% {zggﬁgaﬁwﬁéﬁﬁﬁw%ﬁﬁ@&ﬁ&ﬂ»ﬁﬁbé&@&%%ﬁmd#%

Condition of dead embrvos at time of vemoval
??@% ﬁ%@gﬁ?%@%@3$$iﬁ@&é%@%%%ﬁﬁQﬁﬁbﬁvw&&éﬁﬁ@ﬂ@?%%«ﬁﬁa&u%

Documented effects of sediment and substrate
size on salmonids, based on a review of ;
g@?% é@i ?gﬁg*&%%g?wu%&uwﬁwa?)avw'#?xia&é#wﬁsw&ﬁ@vﬁfaakbgbﬁww@»

Dbserved temperature ranges for %%%ﬁyﬁ/ alavin
Tife-phases of Pacific salmon [table derived
3?§3§§§ %zﬁf iz%ﬁﬁjﬁmwawﬁwsv S % B GNP E R GGG SR EEEHE LS DR G Y

Documented effects of Tow dissolved oxvgen {D0)
levels on incubating salmonids, based on a
raview of selected ?%“@?&@ﬁwmggﬁgna@ﬁﬂgga@@g@@ﬁ&ﬁ&@gmg@




—
e

Page
List of study sites used to evaluate the
incubation life-phase of chum salmon in the
%éﬁgﬁz% 3%%%'@%@ ?%q%y@?ﬁ@ﬁéﬁvé&ﬁ&#t'}@@lwﬂ@wﬁﬁbaﬁﬂ%&ﬁwﬁﬂﬁaaké@ %%2

Surface water quality data collected from
August 1983 to May 1984, Susitna River, Alaska......... C~2

Intragravel and surface water quality data
collected at Sstandpipes from September to -
ﬁﬁﬁ%@%ﬁf 1983, Susitna River, Alaskd...ooevecscsscssces Lt

APPENDIX D
Substrate composition of samples collected with

& modified McNeil substrate sampler in spring |
1984, Susitna River, Alaska..iecvevscsssscnnsenssossane Do

B2

Substrate composition inside Whitlock-Vibert
Boxes placed in, and retrisved from artificial
redds, August 1983 to May 1984, Susitma River,

é‘%&gg‘iéﬁ&%%&ﬁ?@()éﬁaﬂﬁ%#ﬂ‘@@ﬂﬁ*ﬁﬁtﬁ%ﬁG%@aawi%bﬁ%é%@##&ﬁ@ﬂé,@w@ {}w:%
BPPENDIX E

Substrate clasgification coda used previously
to assess substrate conditions in chum and

sockeye sal imon spawning habitats (Vingent-Lang
ﬁ% &%@ ?§%%j@éww6@&%%&%&%4»@@#3%4@6&&iﬁﬂ@ﬁg?é*ﬁ&%ww%a»& g“i

Criteria used to assign @ rank for the relative o
iﬁﬁgg&* ﬁ"g’: &ﬁ%ﬁﬁﬁ%ﬁ%@%% ﬁ?‘ ﬁ%ﬁﬁ% {v%@%?‘ﬁ%m G @ F E P E G h BB B E R YRS S %i”"g
Physical data collected at g&%m:ﬁy and $8C07- “

dary sites in the middle Susitna River, Alaska......... £od

APPERDIA F

AR wm»au:m? st

oment  of ]

Y’*fﬁﬁ?ﬁ? i 28

; oy
&&@@ﬁiﬁu»””?%%544mﬁ\mﬁq&ﬁﬁui@ﬁé%@mﬁ f”d




LATES
Method for installing gﬁéwvfﬁy? chloride
standpipes in the streambed using & sledge-

%%%%%? a%d g? @ﬁﬁg ?Jﬁ & T H B B B LB S BB U H SR SRS YL B EF RS EE BB a8

Ice plug removed from a standpipe in Fourth of

34 ¥ s e B
gﬁ?y g?@%ﬁﬁ&%ﬁée@%%ﬁ%%ﬁr%ﬁ@ﬁﬁﬁ%ﬂﬁ@wa@'e&%ﬂﬁﬁa@@ﬁﬂau@%ﬁ&

Whitlock<¥Yibart Box compacted with accumulated
%%2% &%é g%ﬁﬁ%asé@%&@&n&@%@é&&aaaﬁma@%@@é%ﬂ&m@amawaaéaa

Whitlock-Yibert Boxes each contalning sorted
graveis and 50 chum salwmon embryos, wrapped
with a nylon cord. The nylon cords were Tater
used to remove boxes from the substrate....ovecvoncocos

Various stages of embryonic development of chum
salmon from fertilization to complete yolkesac
@%%@?ﬁ@iﬁﬁw@bﬁwodéw*&ﬁ%@%%w#ﬁmﬁﬁﬁm&%&@umé&#ﬁ%éwaa@»wa%&
Chum salmon embryo late in the cleavage stage......ee..
Chum saimon embryo at late gastrulation . covrcosassonse

{ead (A) and body (B) of a chum salmon embryo
% igﬁ@ g?gﬁﬁﬁ%%ﬁ%%%gmﬁqﬁ&m$g@¢¢aa»@@eaa@&gwgmga&@aé&me

.y

35
36
36



1.0 INTRODUCTION

‘}1 & :i ;%ﬁ%ﬁ ?G’ﬁﬁﬁ

The primary purpose of this report is to compare development and

survival of incubating chum salmon (Oncorhvnchus keta) embryos within

elacted slough, side channel, tributary, and mainstem habitats of the

an

middie reach of the Susitna River between Talkeetna and Devil Canyon (RM

sy

98-182y Figure 1). The report is based on the results of fleld studies

conducted during the 1983-1984 jce-covered season (October - May).

The middlie reach of the Susitna River was selected for study because the
most obyious changes in existing physical characteristics of Fish
habitats are expected to occur within this reach (Acres 1982). Within
this reach of river, slough and side channel habitats were selected as

the primary focus of study because they (primarily sloughs) are
extensively used by chum salmon for spawning and are likely to be
divectly influenced by project construction and operaticn. Chum salimon
were selscted as the target species for study for two reasons. First,
they are the numerically dominant species of salmon which utilize slough
snd side channel habitats for spawning and incubation in this reach of

the Susitna River. Secondly, they are considered a good indicator

s o 4”‘ #% o . i B 21
species of pupected changes which may affect sockeye salmon, the other
ey % " -4 it e kT s ﬂ & 4 o
satmon species of significance which #iso utilize these habitats for
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There ave four basic V1ife-phases in the 1ife cycle of chum salmon:
passage, spawning, incubation, and rearing. The freshwater period of
the 1ife cycle includes all four life-phases, whereas the saltwater
period includes only vortions of the rearing and passage life phases.
In general, chum salmon spend approximately Z20% of thair total life in

freshwater and approximately 80% in saltwater (Figure 2).

In the middle reach of the Susitna River system, upstream pé@ﬁ%@% of
adult chum salmon generally peaks during the last two weeks of August
and ﬁ%@'f%?%ﬁ two weeaks of September (ADF&G 1983b: Appendix B; Sautner
gt al. 1984}, “§§?§%§ this time, adult chum salmon migrate into a
variety of aquatic habitat types (mainstem, sTough, side channel,
tributary, and tributary mouth) within this reach of the river to spawn,

with majer concentrations occurring in slough and tributary habitats.

Ones on the spawning grounds, female chum salmon select a suitable
spawning site, often in aveas of upwelling (ADFLG 1983b: Appendix B;
Vincent-Lang et al. 1984). The female normally excavates a depression
in the streambed [1.e., redd) by turning on its side and ravidiy flexing
her body, cresting strong water curvrents with the caudal fin. Once a

«

depression is completed, ¢

3

he Temale and one or wmove attending males

retense egas and milt, respectively, into the depression.

pning 3 new

e

. F- P A e N o 0 9 4
The eggs are then fartiiized thus beg
i o pnae g [ - PP . B I JFTU W S o 42 w X i £ snsmrn s o & m o e b na [ R s e
samon,  After fertilization, the female swims immediately upstream of
b, P DR N v v % D g G R P A ) T P S [ T .
the vedd to begin excavation of another depression. In this way, the

2 B By on N E ssa T a o Ao de o g o ot od § e oy sk gn £ 9 5 5% 1y g wm
in the previcusly attended depression are
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covered with substrate materials that are excavated from the new de-
pression.  This process 1s successively repeated until the female has
reteased a1l her egys. After spawning, both sexes usually die within a
few days {Morrow 1980),

a

he fertilized eggs (ewbryos) remain in the substrate and incubate for

e |

saveral months. The Tength of this period is highly variable depending
upen  environmental conditions, particularly water temperature.

Generally, this period of time from fertilization of the egg until

2

&

active feeding by fry, is referred to as the incubation peried or V1ife-

P

hase {Mcleil and Bailey 197%).

o

While in the gravel, the embryos undergo a developmental process which
can be divided into three phases: c¢lesvage, gastrulation, and organo-

{Velsen 1380), During cleavage, the embryo underoges a period
of prolific cell division and ends as a flattened multicellular disc
blastodisc., During gastrulation, the cells formed during
cleavage develop into recognizable tissues which form the basic struce
ture of the ewbrye., This phase ends when the yolk becomes completely

enveloped by a thin sheet of cells, resulting in the closure of the

blastopore (external gg%%ém@ in the main cevity of an embryo during
gastrulation phase). During the orgenogenesis phase, fins and internal
organs are formed and the clroulatory system becomes developed, It s
during this phase thal embr become “eyed". The organogenssis phase

Py P s s A [T T e PR o dule s s g g i oy 8 g o NP TS T B
gnds when the ambryo hatches out of the protective egg shell,

Wan 478 L4

puint, @
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Newly hatched alevins {post hatching) remain in the gravel until sprinag.
During this time they are sustained by absorbing their large yolk sac.
When volk sac absorbtion is nearly compiete, the aleving emerge from the
gravel and begin to actively feed (their rearing life-phase). Upon
emargence from the gravels, they are referved to as fry. After spending
aaly 1.2 months rearing in freshwater the secaward migration and
smoltification process begins (Figure 2). Once at sea, they grow
rapidly, generally reaching adult size in three to five years, Upon
veaching this stage, they return to freshwater, cease feeding, and
migrate upstream to their place of origin to spawn and die, thus

completing theie Tife cycle.

During much of the incubation pericd, chum salmon embryos remain within
the streambed and arve unable o move actively to other areas. This
immobitity results in a close dependence of the incubaiing salmon
embryos to the multitude of envirommental (i.e., physical, chemical, and
biclogical) conditions in the immediate area. The close dependence of

the incybating salmon embryos on local environmental conditions causes

%
s
i
vt
mnﬁ
W

life-phase to be particularly vulnerable to changes in physica
chemical, and biological conditions which way result from the con-

struction and operation of the Susitne Hydroelectric Project,
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open water periods, increased flows in the winter (Acres 1982), and a

marked change in seasonal water temperatures and ice processes (AEIDC

In addition, seasenal reductions in  upwalling and

sloughs and side chamnels, could impact dincubating salmon embryos

(Hoodward-Clyde 1984}, Changes such as Tower or higher intragravel

sy,
g

water temperstures and changes in the concentration of dissolved gases
during the incubation Tife-phase could have secondary effects on the
@%wgzﬁﬁwéﬁ% and/or suryival vates of pre-smergent fry (Combs 1965:
Baxter and Glaude 1980 Velsen 1980; Heming 1982), as well as affecting

%

the emergence timing of frv (e.g., Koski 1966).
i f=

1.2 Objectives

Dug to the importance of the incubation 1ife-phase, & study was

initiated during the fall of 1983 to address twe objectives:

1)  fCompare selected physical and chemical conditions used for

chum salmon incubation in selected slough, side channel,

5
%

tributary, and mainstem habitats of the middie Susi

tna Hivers




2.0 METHODS

AR

2.1 Selection of Study Sites

A total of 16 sites were selected for study in slough, side channel,
tributary, and mainstem habitats within the middle reach of The Susitna
River {Figure 3, Table 1, Appendix Figures B-1 to B<12), Based on the
type and quantity of data collected, each study site was ﬁ%é%giffad as
either primary or secondary. In general, greater effort was expended

for data collection purposes at primary study sites,

Primary Sites

i

Primary study sites were selected to provide a comparison of the rate of
development and percent survival of chum salmon embryos between slough

%

and side channels. Information collected at primary study sitaes
included water quality, substrate, continuous water temperature, and
embrye survival and development data. OF the elght primary study sites

selected .even were used to evaluate ewbryo survival {Sloughs 10, 11,

and 21, Side Channels 10 and 21, Mainstem [RM 136.1}, and Fourth of July

Cresk) and five were used to evaluate ewbryo development [Slough 11,

T T gy N i« T R £ e s o e B - P o g, = W 2 4 .
Mainstem (EM 136.1), Fourth of July Cresek, Side Channel 21, and Upper
& F ) P
Side Channel 111,
The process usaed to select s1tes was influenced by a variety of
according
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i

to ensure that side slough, upland sltough, side channel,

mainstem and tributary (including mouth) habitats were repre-

sented;

fad
S

to be representative of & wide range in the smount of vpwelling; -
4)  in areas differing in patterns of seasonal intragravel water
temperatures (i.e. areas with and without upwell-

ing)s

to be representative of a wide range in the relative amount of

5)
fine substrate in the spawning gravels: and,
&) in Tocations that were previcusly used for the Instream Flow

Group 4 Hydraulic Model (IFG-4) (Vincent-Lang et al, 1984).

Secondary Sites

i sy ok d 2 g gy A s A . 5 i wf"f:’*ﬁ % i g o £ s i o g o ool v s e
mograture measurements were collected at secondary

o § g o A7 y 1 U o .y PR, S, O .
salection of these secondary sites, priority was

SDawning




sites used as water quality stations during the previous winter (as
repovrted in ADFAG 1983c). Secondary sites include Sloughs B84, 9, 9A,
and 17, three mainstem sites (RM 136.8, RM 138.7 and RM 138.9), and

2.2 Procedures Tor Evaluating Physical and Chemical Variables

Methods presented in the Following section are a summary of those

presented in the FYB4 ADFAG Procedures Manual (ADFEG 1984). As such,

o

hay are only intended to provide sufficient detail to allow for a
eritical review of the analyses presented., Specific details are only
provided in areas where methods used in the field differed slightly from

those presented in ADF&E (1984).

2.2.1 Intragravel Standpipes

The measursment of water quality variables (other than continuous
water temperature data) in the intragravel environment
cequired the use of polyvinyl chloride (PVC) standpipes installed into
the streambed. Standpipss designed for this study contained 40 perfo-

rations 0.3 mn {one eighth inch) in diameter, located within a 7.6 om

o

{4.0 inch) band at cne end of the standpipe. When the standpipe was

o g o B i vy I T O VRO N g gy 7% prgn pm By g e g B
to pass thr cugh ihe standpipe allowd ng watev €§§w ity measurements to be
The adopted designs for constructing the driving rod and

o gl S & gy A g T R SR P U P T v wegd Bl R
were modified from Bangmark and Bakkala (1958) and McNedil

)
L
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{1962} and had the advantages of being relatively inexpensive and easy

to fnstall (Fi

Standpipes were driven in the substrate using a driving rod and sledge
hammer (Plate 1). Each standpipe was pounded into the substrate to a
depth of approximately 37 cm (14.5 inches) centering the perforations at
g depth of approximately 25 cm {10 iInches) into the substrate, This
depth was g@%%@ﬁﬁd because 1t is the average depth at which chum saimon
place their eggs in some Alaskan and British Columbian stream systems

(Kogl 1965; Mervitt and Raymond 1982},

After & standpipe was properly finstalled, a corlk/weight assembly was
placed 1inside each standpipe to aid in removal of ice plugs formed
during freezing weather conditions. This aég@mﬁ%y was suspended ingide

gach standpipe from a nylon -ord attached to the standpipe cap (Figure

s

}.  Ice plugs were removed by gently heating a small metal heat shield
attached to the exterior of the @ﬁﬁﬁ&?f@% at the water ﬁ@ﬁ?aaéﬁ The
matal shield was heated with a propane torch while exerting upward
pressure on the pipe cap. After a few minutes of heating, the ice plug

partially melted and allowed the cork/weicht assembly with attached ice

9

plug to be withdrawn (Plate 2}, thereby allowing for intragravel water

guality messuremants Lo be obiained.
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