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PREFACE 

T h i s  report was prepared by the Alaska Department 05 F i s h  and Game 

(ADF&G) for  the A laska  Power Autf~or i ty  anld i t s  principal con- 

t rac tor ,  Warma-Ebasco Sus i tna  Joint, Venture. I t  i s  a product o f  the 

f i v e  year  study plan initiated by ADF&G i n  November, 1980 t o  assess the 

f e a s i b i l i t - y  o f  the  proposed two d a g  Susi tna Wydri~~lectr ic  project. 

Basic goals  o f  t h e  f ive  year p l a n  Acres 1980) are as 1 ows: 

1) describe the fishery and aquat ic  habitat resources o f  the 

Suci tna  River;  

2) assess the impacts of  development and operat ion o f  the Su- 

Hydro project on these resources; and 

propose mitigation measures t o  m in im ize  adverse impacts. 

Item I i s  ent i re ly  the respons;biIity o f  the ADF&G aquatic s tud ies  

program l ~ h i l e  items 2 and 3 are primarily the responsibilities of other 

investigators w i t h  ADF&G providing most o f  the f i e l d  diata t o  address 

these items. To provide  d a t a  t h a t  t.gill a s s i s t  i n  meeting each o f  the 

abosie goa l s ,  research responsibi 1 i t i e s  were subdivided i n t o  three m a j c r  ' 

elements: A d u l t  Anadramsus Fish Studies AA); Residen-t and  Juvenile 

Ai~..adt-c~rnou~ F h Stud"i es RJ) and Aquatic H a b i t a t  and Instream Flo\y 

ci-udies (AH). 'he primary objective f o r  each section i s  as follows. ..d bd 
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I j Adirl t Anadromeus - determine the seasonal d i s t r i b u t i o n  and 

re1 a t i v e  abundance of a d u l t  anadromous f$sh  populations 

produced w i t h i n  the stuciy area; 

Resident/Juveni l e  - determine the seasonal d i  sbribution and 

re1 a t i v e  abundance o f  selected resident and juvenile 

anadromous fish populations w i t h i n  the study alaea; and 

Aquat ic H a b i t a t  - characterize th- .  seasonal h a b i t a t  require- 

ments o f  selected anahtrdmovs and resident f ish species w i t h i n  

the study area and the relationship between the availability 

of these h a b i t a t  conditions and the mainstem discharge of the 

Susi tna River, 

T h i s  report contains four  different types of data  collected d u r i n g  the 

1982 -83 i ce-covered season September t h rough  May The four da ta  s e t s  

ii2cluded are: 

Continuous surface and i ntragravel  temperature monitoring. 

Salmon incubation and emergence studies. 

Tiniing and h a b i t a t  conditions of b u r b o t  spawning i n  the lower 

river, 

4) Winter progress report OC r a d i o  telenretry i n ves - t i ga t i ons  of 

resident species. 
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These da ta ,  as weil as d a t a  from other ADF&G r e p o r t s  and sources are j\ 
$4. L.sz :q, 

expected t o  be sam 
i 

---a~d--&nafym.ed by the Arctic Environmental j 
a" 

F 
f Information and Data Center t o  evaluate post-project conditions. it 

$ 
P 
/ 
jF 

Any quest ions concerning t h i s  report should be directed t o :  

l+ 

Thomas W, Trent 

Alaska Department o f  F i s h  and Game 

Su Hydro Aquat ic  Studies Program 

2207 Spenard Road 

Anchorage, Al aska 99503 
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1,Q ENTWODUCTION 

The  winter investigations o f  1982-1983 include four  separate studies: 

surf ace and i ntragravei water temperatures, 2 incubation and 

emergence o f  juvenile salmon and incubation h a b i t a t ,  3 burbot  spawning, 

radio telemetry investigatiens o f  resident fish. 

The surface and intragravel water  temperature study provided support for 

the incubation and emergence studies i n  addition t o  providing winter 

water temperatures For  the -#*+el- temperature and i c e  modelling 

stud ies  conducted by other investjgators. 

The salmon incuba t i on  and emergence s tud ies  were conducted t o  determine 

the t im ing  o f  embryonic development and emergence o f  chum and sockeye 

salmon1 under natural  cond-ltions i n  the Susitna Rivele a ~ a d  t o  determnne 

the physical and chemical conditions o f  the surface and  intragravel 
Q *  * * - L .  -- I . 

waters i n  w h i c h  they develop. I n  a d d i t i o n ,  relationships o f  surface a n d  

intragravel water conditions and importance o f  upwelling water  were 

considered, 

Because b u r b o t  are t h o u g h t  t c  spawn i n  areas af fec ted by mainstem flovis 

and tc?mperatures, a sCeS4y  of"  "Lheir spawning h a b i t a t  and t im ing  was 

i n i t i a t e d  i n  areas ~jhere .is species concentrates i n  the Sl rs i tna  R iver  

drainage dur ing  the w i n t e r  months. Prior t o  this  siudly, little was 

known a b o u t  where or %hen b u r b o t  spawn i n  the Susitna R i v e r  o r  the 

h a b i t a t  condi- t ions ~ n d e r  w h i c h  spawni ng takes  p? ace. 



DWfT 
WINTER REPORT 
10/20/83 

*fh@ rad io  telemetry s tud ies  o f  ra5nbow t r o u t ,  burba t ,  and A r c t i c  

gray1 i n g  provided in fomat ian  on t he  tocation and h a b i t a t  condit ions of 

overw'intering areas, t i m i n g  o f  fa !  l r e d i s t r i b u t i o n  i n t o  the over- 

wintering h a b i t a t ,  and the location and h a b i t a t  o f  spawnicg areas. 

In general, these s tud ies  provide new information on aspects of the 

br'ology of anadromous f i s h  and on the important resident species no t  

previously defined i n  ear l ier  win te r  reports. These da t a  provide an 

i n s i g h t  as t o  possible constraints o f  the w in te r  h a b i t a t  conditions on 

the species investigated. 



Continuous monitoring o f  sureface and intragravel wate r  temperatut-e was 

initiated dur ing  the winter o f  1981-82. These s tud ies  were con'iinued 

d u r i n g  the win te r  of 1982-83 t o  address the following ob jec t ives .  

2 , 1  Objectives 

Continuous surface and ifitragravel water temperature d a t a  were col l ected 

a t  thirteen s i t e s  w i t h i n  the Talkeetna t o  Devil Canyon reach of  the  

SI~S? t na  Rjhjer These d a t a  were collected t o  accomplish 

three puincipa? objectives: 

- - -  - - 

I f Obtain !,asel i ne surface and j*kegral,-&ater temperature d a t a  i n  
/-'- 

*L./-~ 
slough and mainstem Susitna R~uer h a b i t a t s  d u r i n g  

the  ice-covered season, 

TQ cornpar& surface and  in t r ag rave l  water tc~mperatures i n  

slough areas used by spawning chum salmon t o  those not used 
@.IIC- -- 

Fo r  spawning, and t o  provide d a t a  f o r  calcu'ia"iing thetmal -- . *- -- 
L- 

u n i t s  required i n  the incubation and em erg^-ce studies. 

To prov ide  a d a t a  base f o r  calibration and evaluation o f  

inainstem temperature modeling studies, 



i I gure 2-1. Location OF Oa tapod temperature recorders and 
Ryan thermographs i n  the S u s i t n a  Rivt.r, 
Chulitna River canfiuence t o  Devil Canyon 
reach, d u r i n g  the ice-covered season I!382-83. 
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% , 2 , 1  S i t e  sefecti~n 

- I=' \; 5 . ': - -- I" 
<- L, 

i I 

f,* 

i 

Thermographs ,were placed w i t h i n  a s;oagh t o  o b t a i n  temperature d a t a  from 
\ 

a%a area spawning and non-spawning areas representi ng typical  

condi t i  ions substrate, water depth, and velocity) for  the study si te.  

Thermographs were a l so  placed along the margin o f  the mainstem i n  areas 
d --1_\ % 

rc-%<.l - ' - " F 

be1 i eved t o  provf de * representative temperature data .  : r' I-P; CR- 
LSh7 \ -7 - ,.C) -9 -i \ 

&A* - 
y - - - - * *  L.-f--...- --- 4: '> ,\. -' ' \*? .--. , 

One set o f  sdrface and in t ragravel  datapod temperature probes were 
\-. ...- 

p laced direc t ly  i n  a chum salmon re84 observed i n  each slough du r ing  the  

fa77 ad 1982, 

The datapod was installed i n  the middle Slough 8A s i t e  i n  a documented 

chum salmon spanning area on April 23, 1983 t o  replace the instrument a t  
i \ 

I, Z '  % % 

tkle mouth i.rkich ,lost its ptaobe,due to i c e  shearing. 
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Datapcd temperature probes were i nsla'i led i n  the appiBoximate area ~f 

~ chum salmon redds observed i n  1981. In 1982, salmon had no access t o  

1 these rea@hes and ns redds were sbserwd, 

Slough 19 i s  the only Upland Slough ADF&6 19833 i n  w h i c h  continuaus 

~ intragravel  temperatures were obtained -- sloughs 8A, 9 ,  11, 16B, and 2 1  

~ are Side Sloughs. 

This  slough is  represenhative o f  those sloughs no t  used by spawning 

salmon. Temperature probes were installed midway down the slough,  i n  
% 

$-I 3, 

id what appeared t o  be suitable spawnins substrate and where in t ragravel  

k t  - 
@ flobq was evident a t  the time sf i n s t a l l a t i o n ,  

f f s  *8 rdainstem a t  LXX 29 and  Rainstem a t  Gold Creek 
P - 

~ Temperature da t a  from these s i t es  are the f i r s t  continuous intragravel  

1 wa te r  temperatures collected i n  the mainstem Sus i tna  Rive r .  Lowet- river 

~ cross section 23 i s  a s i t e  adjacent  t o  Slough 8A where continuous 

~ stirface water temperatures have been mon-ilored since t he  *fa1 1 o f  1981, 

The mai nstem cont<nuous surface and i ntragravel  water temperature s i t e  
--- - - 

rvas selected t o  o b t a i n  intragravef temperatures i'c t f l i s  s i t e  and t o  -- _ -- - 
#l -- 

supplement historical surface ~date$ temperature d a t a  col lected ~ ~ U S G S .  
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\ n i  
~/&(en selecting a s i t e ,  consideration was g i v e n  t o  the s a f e t y  of 
a d "  

*@-+' 

personnel and t he  somewhat Fragile nature o f  instv2ments. Areas 

characteristic of h f g h  water velocity,  debris, bank erosion, o r  

shore1 ine i c e  acl lon were avoided when possible. 

Thermographs were installed i n  sloughs 9 and 21  t o  ejctend the 

temperature i-eccrd available From ADF&G'S p i l o t  study d u r i n g  the winter 

0% 1981-~82, 

2,2,2 Instrumentation 

\ Two types o f  thermographs , Omnidata DP2323 and F{yan Mode] J ,  
*&- 

* ; were used t o  continuously monitor surface water temperature; only  

datapods were used t o  continuously monitor intiragravel temperatures. 

In t ragravel  datapod probes are i r . s ta i led one foo t  lander the substrate 

surface us ing  s lo t ted ,  ho l  low steel s p i  k5s w i t h i n  which the thermister 

i s  installed. Detailed procedures are rlisrirssed i n  the ADF8G Phase I 

and Phase II Procedures Manuals (ADF&G 1981d and 1983e), 

2 ,3  Results 

The rnean d a i  l y  intragravel and sur face water temperatures c a l l  ected a t  

the 13 s i b s  d u r i n g  the per iod  o f  l a t e  August, 1982 t h r o u g h  ea r ly  June, 

1983 are  presented i n  i i g ~ r e s  2-2 t h r o u g h  2-14. Appendix A of t h i s  

report tabulates daily a n d .  monthly mean, n ~ i n i m u m  and maximum 
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Qiechaaga data  roo9 auailebl@ after  Oo%ob@s /9. 

Dada g a p  d u @  tc chip Q!)@RQ@, 

E q u l p m e ~ f  m aIBunc0 low. 

@ Sur f@@@ ~ n d  lntragrovsl t rmg r raQura  auporimpored.  

@ l n ~ r o g r a v , . s l  probe  pi@\rrrod by les  movrmanf  alang b a l ~ k .  

F i g u r e  2-2 .  Mean dai  l y  in t ragravel  and  surface water temperatures, collected witl.! Datapod recorders, a t  
t h e  mouth of  Slough 8A from August 21, 1982 t h r o u g h  March 10, 1982 and provisional Susitna 
R i v e r  discharge d a t a  from the  USGS Gold Creek gage, 15292000 (USGS 1Y82). T i c k  marks along 
A"c-.# ~ i ; r  h i i r i zo r l t a l  a x i s  refers t o  the f i r s t  day i n  respective months. 
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Daka  

@ N e w  s i t e  instol led 4/28/83,!0 r ep l ace  Slough 8 A  mouth si le .S i fe  1s l ocofed  albovl 7 5  
yords upslreem of B A  mouth s i t e .  

Figure 2 - 3 .  M ~ a n  d a i  l y  inidragravel and s ~ r f a c e  wa te r  temperatures, col l  ected w i t h  Datapod recorders, a t  
the  m i d d l e  S lough  8A s s i t e  from April 29 t h r o u g h  June 2, 1983 and provisional Sus i tna  Rijter 
discharge a a t a  from t he  USGS Gold Creek gage,  15292000 T i c k  marks a l o n g  t h e  
h o r i z o n t a l  a x i s  r e f e r s  t o  the f i r 5 . t  day i n  respective months. 
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D a t e  

@ Ois rhorge  d o l a  not ava i lab le  o f l e r  O c t o b e r  19. 
l- - @ Probe  s e v e r e d  by i c e  movement a l o ~ g  bonk. 

I 

Figure 2-4. Mean d a i l y  intragravel  and surface water temperatures, collected w i t h  Datapod recorders, a t  
L R X  217 frorn October 31, 1982 through April 2 7 ,  1983 and provisional Susitna River discharge 
from t h e  USGS Gold Creek gage,  15292000 (USGS 1982 T i c k  marks a long  t h e  hor izon ta l  ax i s  
re fe rs  t o  t h e  f i r s t  day i n  r e s p e c t i v e  months. 
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D a k ~  

CZj) - Discharge dolo no1 available a f f e r  October 19. 
@Probes severed by i c e  movemen! along bonk  edge.  

@ ~ e w  probes ins tol led approximoOely 3 0  y a r d s  upstream of old (Aug.-~ov.)si le,  

F i gu re  2-5. Mean d a i  l y  ineragravel  and surface water temperatures, collected w i t h  Datapod recorders, a t  
upper Slough 8A from August 21 ,  1982 t h r o u g h  April 27, 1983, and provisional Sus i tna  River 
d ischa rge  d a t a  from the  USGS Gold Creek gage, 15292000 Interrw~tion of temp- 
erature d a t a  due  t o  i c e  related damsge of temperature probe) .  T i c k  marks along the horizon- 
t a l  ax i s  refers  t o  t h e  f i r s t  day i n  respective months. 
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Date 

@ Discharge d o l o  no! available after October 19. 

@ Equipment  malfunctioned. 

@ ~ i o u ~ ! ,  b r i o c h e d  during breakup .  

Figure 2 -6 ,  Mean d a i  1 y intragravel  and surface water temperatures, col lect.eil kri t h  Datapod recorders, a t  
S lough  9 from August 22, 1982 through A p r i l  28, 1983, and p r ~ ~ ~ j - t s i o n a l  Susitna River  discharge 
d a t a  from the USGS Gold Creek gage, 15292000 (USGS 1982 T i c k  nlarks along the hor izonta l  
a x i s  refers t o  t he  f i r s t  day i n  r e s p e c t i v e  months. 
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D a l e  

@ Discharge da lo  not ovoilable a f t e r  O c t o b e r  19. 
I' 8 :*si;ye 

a 
@ D Q \ ~  gap d u e l o c h i p c h a n g e .  - is  , 5 4  [ J 7 *.NI(.NI(-- . I; 
@ Apr i l  29,1983 surface w a t e r  probe f o u n d  buried i n  ["of silt,when uncovered 

l empero lu re  r o s e  lo t rue  su r face  w a t e r  t e m p e r a l u r e .  

F ~ ~ I J Y Q  2-7. Mean d a i l y  in t ragravel  and sursface water temperatures, col lected w i t h  Datapod recorders, a t  
Slough I1 f r om August 2 1 ,  1982 t h r o u g h  April 28,  1983, and  provisional Susi tna R i ve r  discharge 
d a t a  from tne  USGS Gold Creek g a g e ,  15292000 Tick marks a long  the  horizontal 
a x i s  r e f e r s  t o  the f i r s t  day i n  respective months. 
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Bake 

4"4 - .  (9 Discharge d o t o  not avoi iabie a f te r  Ociober 19. 

@ Dara  chip (DSM) filled before f i e ld  crew removal. 

@ Probes severed from i ca  movement.  

Figure 2-8. Mean dasi l y  intragravel and surface water temperatures, col lected with Datapod recorders, a t  
Gold Creel: f r ~ m  October 18, 1982 through January 30, 1903, ant1 provisiana'l Susitna Rive r  
discharge d a t a  frorn the USGS Gold Creek gage ,  15292000 r i c k  marks along the 
h o r i z o n t a l  a x i s  refers t o  the  F i r s t  day i n  respective months. 

--* ~ ---a 



@ 2:qchcrc)e doilo no! avai lable  aft@; Oclober 19. 

@ O o l a  gap d u e  i o  c h i p  ehonqe.  

Figure ?-9.  Mean d a i l y  in t r ag rave l  and  sur fdce  water temperatures, collected wi th  0atapr.d recorders, a t  
Slough  16B from August 21, 1982 through Jar~uary 4, 1983, s n d  provisional Susi tna  R i v e r  
d j ~ c h a r g e  d a t a  f r o m  the USGS Gold Creek gage,  15292000 T i c k  marks along the 
horizontal a x i s  refers t o  t he  f l r s t  day i n  r e s p e c t i v e  months. 
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@ Discharge  da ta  nol available a f t e r  October  19. 

@ D o t o  gap  d u e  l o  ch i p  change. 

@ E q u i p m e n t  m a l f u n c t i o n .  

F igu re  2-10. Mean d a i  l y  i n t r a g  %avttl  and  sur face water temperatures, col lected w i t h  Datapod recorders, a t  
Slough  19 f r o n ~  Auyi rs t  21, 1982 t h r o u g h  August 2 7 ,  1983, and  provisional Susitna River 
discharge daLa fr'oin t he  USGS Gold Creek gage ,  15292000 (USGS 198': l i ck  marks a long  the 
horizontal a ~ i s  refers t o  t h e  f i r s t  day i n  Lhe r e s p e c t i v e  months. 
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1982 1983 

D a t e  

@ D i s c h a r g e  d o l o  no! a v o i l o b l e  of rep  O c t o b e r  19, 

@ Data  g a p  d u e  l o  c h i p  change.  

@ S l o u g h  b r e a c h e d  i n  Sep tember .  

Mean da i  l y  i n t r a g r a v e l  and surface w a t e r  temperatures, col lected with Data recorders, a t  the 
mouth o f  Slough 21 from September. 17, 1982 t h r o u g h  April 2 7 ,  1983, and provisional S u s i t n a  
R i v e r  d ischarge d a t a  f r om t h e  USGS Gold Creek gage, 15292000 T i c k  marks  a l o n g  
the horizontal a x i s  refers t o  the f i r s t  day i n  respective months. 



(~3 ~ i ~ ~ b  a r g e  6 - a -  - - b  - - a -  ?#' - .L#** a d & - #  f i * & f i & a M  Iuru 13ue uvts:suvlr; ur ssr wta t W w G 1  19. 

@ Slough  breached i n  September 1962. 

@ Dato g a p  d u e  l o  chip change .  

@ Slough breackted d u r i n g  b r e a k u p .  

Figure 2-12. fiean da4ly  intragriivel and surface water ten~pcratures, col lected w l  t h  Datapod recorders, a t  
upper S l o u g h  21 from August 21, 1982 through Ap r i l  27, 1983, and provisional Susitna River 
discharge d a t a  f rom the USGS Gold Creek gage, 15292000 * T.iick marks a long  
hor jzon ta .1  a x i s  refers t o  the f i r s t  day i n  r ~ s p e c t l v e  months. 

--- -a- 



SLOUGH 9 

C I t 

SEP OGT NQV DEC JAN FER MAR APR MAY JUN 
1982 8 9e3 

D a l e  

@ Discharge  data not  ova i i ab le  a f t e r  Octobe r  19. 

@ Equipment malfunction. 

Figure 2-1;. Mean d a i l y  surface water temperatures, collected w i t h  Ryan tkermograph, i n  Slough 9 .From 
October 30, 1982 th rough  April 28, 1983, and provisional Sersitna R i v e r  discharge d a t a  from t he  
USGS Gold Creek gage ,  15292000 T i c k  marks alorlg t he  hor'zontal a x i s  refers t o  
the f j r s t  day i n  respective months. 



DISCHARGE -- .s-- - - - U%_ 

SEP OCT NOV DEC JAN FEB M A R  APR M A Y  JUN 
1982 t 983 

Gate 

@ Discharge d o t o  not available o f l e r  October 19. 

@ S i t e  estobi ished April 3,1903. 

F j g ~ r e  2-14. Hean dai : ly  surface water temperatures, collected w i t h  Ryan thermograph, i n  S l o u g h 2 1  from 
April 3 t h r o u g l ~  May 7 ,  1983, and  provisional Susitna diver discharge d a t a  f r o m  the USGS Gold 
Creek gage, 15292000 (USGS 1982 . T i c k  marks a long  the horfz~ntal a x i s  r e f e r s  t o  the f i r s t  
day i n  respective months. 
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temperatures for  surf ace and i ntragravel  water temperatures recorded 

w i t h  datapods, The thermograph data  presented i n  Appendix W include 

mean, minimum and maximum temperatures fo r  three interval s; six-hour, 

da i ly  and monthly. 

The da ta  indicate t h a t  the intragravel -..- t e  "1"61- res in the sloughs are 

warmer and more s t a b l e  during the ice-covered season than t:he surface _ -----a ----- -*----*-- '""*--- -lW*rr-- Vria;----**w "Maw V"b('XI'XI~'XI~ *"~hw-b--"%x rb *-Mira;i".m W-ts-aWJ ri Ub* rryrslfr-fnmavP ' X I ' X I - i ~ a D D ~  w-ri-ri-ri-ri 

*-l., 

water temperatures. - - * -  &...u-Mw c *- The plo ts  for  Slough 21 Figures 2-11 and 2-12) and 

show t h i s  phenomenon we1 1. Figure 2-7 shows t h a t  - 
t-1 

p " .  '8 

this stabilizing e f f e c t  i s  occurring ever] when only one inch o f  s i l t  i s  -. - b t5 Ltd'i 
;k t 3 -  

present. For example, when the  surface water probe wss ~ i i  lied i n ,  the 

sui*face and intragravel temperature are nearly the same, b u t  they 

changed as soon as the probe was uncovered. The temperature p lo ts  f o r  

the mainstem s i t e ,  LRX 29 and Susf tna  River a t  Gold Creek 

illustrate t h a t ,  a t  the  dep ths  measured, t h i s  warming and --------- 
s t a b i  1 i z i n g  e f f e c t  i s  very weak o r  absent i n  mains*.em intragravel water. 

__Î -- -- __- ___I_ -I ---- ---'-------- -X*----v=--htl-htl ----"-A*-* *I-*-----.-- - t  =m-r--m YIXXWb) l -vm- * --*_ l_l I -el nc & 

%-mu -"* =a r_r *- A *? *'- A- -. " -*** 

A1 though intragravel water temperatures were gener8'l l y  wamer i n  winter 

t h a n  were surface water temperatures, the re la t ionsh ip  between the two 
---I --""----__*----.-I --I-- 1- .----_I ---YI-II-I _ 

kvatei. sources varied between sloughs. Far example, a t  the m o u t h  o f  
_" I --I- 

_ "--* _* _ * _ -, qlU."l --" -ilXI1̂. l-.-e" x-- -- - i_i^ilx---.- - 

Slough 21 Figure 2-11] there was considerable va r i a t i on  i n  surface 

\rater temperatures b u t  relatively l i t t l e  v a r i a t i o n  i n  the i n t r a g r a v e l  

water temperatures. In  cenUt ras t  , there was a cl ose correspondence 

between b o t h  the temperature and the pattern o f  va r i a t i on  i n  surface and 

i rltragrravel water temperatures i n  S1 ough 8A Upper Figure 2-5) and 

Figure 2-10). Reasons for  differences i n  the relationship o f  

surface "c iintragravel water temperature i n  d ifferent sl  otighs niay be 
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related t o  the relative magnitude o f ,  and the  proximity o f  individual 

datapod probes t o  upwelling groundwater sources, Probes placed d i r e c t l y  

i n  a groundwater upwelling source would undoubtedly be less var iable  and 

show a weaker relat ionship t o  surface water temperatures than wou!d 

intragravel  temperatures obtained from a datapod located i n  an area w i t h  

l i t t l e  or  no upwelling groundwater present. 

2,4 Discussion 

e .  
6, ; 
I? 

;;' Temperatures monitored a t  spawning s i t e s  w i t h i n  the sloughs @ere found 
i \ 

\ -3. 
\ jYt' \ + ' #  

.. t o  have warmer i ntragra'rei tenrperatures t h a n  surf ace water temperatures 
e ij \yJ 

y $  

I>< Jj6 : lp --s 

8 d u r i n g  the winter .  This phenomenon allows more r a p i d  development of 
?, %;% ' * 

.3. ai aievins and eggs because of the additional available thermal u n i t s .  
-i 

( 

i? iilainstem in t ragrave l  temperatures more closely resembled the mai nstem 
\* 
h k surface tempera"cure swit hintragravel temperatures near zero d u r ? n g  most 

o f  the  winter. Th i s  difference may explain the  limited mainstem 
-.- -----LY-"'u*--;__ 

-"----"-*- 

- - *  spawning and the use o f  sloughs by chum and sockeye salmon although 777 ---- -*--.- 

i /-i other factors  such as substrate stsbibi 1 i t y ,  velocities, sediment 
/ f 

, X ! i  - * * .  deposition, etc .  ma; a l s o  be important factors.  dl tered post project  \ 
i P 

i %$> 

4 ,' B i/, temperatures need t o  be evaluated as tc~ their e f f e c t  on the sloughs / 
4 t -  

I J  1"/ 
$ b" ., \ &:$> 

I .:#* rs ( i n d i r e c t  e f f e c t s )  as well as determining their e f f e c t  on the  potential, 
) I  

i I for mainstem sp-$w~_i~.g-,~_of the slough s_p_awning species as well as the - - -- -~-  - * --* ma-"m ** * -Ma--" * ---".*a, *-**,w*zm 74**r--m ?- **-'-- 
\ t * '  % < 

t r i b u t a r y  spawners. Th i s  aaalysis will a i d  i n  detern~inirtg the extent o f  
i I 

the temperature related impacts on each salmon species, bo th  negat ive  

and positive. 
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3 The effect of surface water temperatures on intragravel temperatures I I 
i i 

dur ing overtopping events i s  an area t h a t  needs t o  be more rigorously 1 1 
quant i f ied.  I f  cold water from the mainstem Susitna R ive r  overtaps the / 

I 
heads of sloughs and depresses the  temperature of the  intragravel water, 1 1 1 1  1 

t h i s  could lead t o  delayed hatching and emergence o f  alevins. I n  

Sloughs 9 and 21 (upper (Figures 2-6 and 2-12 the overtopping event i n  

May, 1983 resulted i n  lowered intragravel temperatures. However, the 

magnitude o f  the e f f e c t  i n  Slough 9 (Figure 2-6 

compared t o  t h a t  i n  Slough 21 (upper 
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3,0 -- SBLMOH INCUBATION AND EMERGENCE STUDIES 

When an a d u l t  salmon selects a s i t e  for spawning, i t  is selecting an 

environment defined by a composite o f  physical , chemical, and hydraul i c  

variables,  each of w h i c h  may i n f  luerrce the i ~ c u b a t i ~ o n  process 

ind2pendently or i n  combination w i t h  c th3r variables. Some primary 

physical variables known t o  influence incuba t ion  ioclude temperature and 

dissolved oxygen as well as s i z e  composit~on, permeability, and porosity 

of the  substrate Reiser and ' ~ j o r n n  1979). Additional fact~ors such as 

channel g r a d i e n t  and configuration wh ich a f f e c t .  wa te r  d e p t h  arid 
; ~ , l - , - . ~ v ~ ~ u - m  ~i hk *- c. f-J: c,Hk 

velocities rnay a l so  influence the incubatins environment, dep~ending upon 

*the degree o f  exchange be'tween surface water and ifi+,ragrmavel water  

(Reiser and Bjornn 1979). 

Because chum sszlmsn and sockeye salmon 
! 

generally deposit t he ' r  eggs less t h a n  one f o o t  deep i n  the substrate, 
1'. 

the incubation environment i s  influenced by bo th  extragravel and 

in t r ag rave l  conditions wi th  the relative influence o f  ei ther  s e t  o f  

variables being dependen t  upcln the degree of exchangt! of water between 

them. Factors w h i c h  control  the exchange o f  water include stream 

surface pl-ofile, gravel permeabi'l i t y ,  gravel bed d e p t h ,  and i r r egu l a r i t y  

s f  the streambed surface 

Because o f  the interrelationshf ps o f  niany physical and chemical 

var iab les ,  const ruct . ion of the S u s i t n a  hydroelectric dams may impract 

spawning, .incuba*tion, and ovemhiintering e n ~ i  ronments o f  f i s h  indigenous 

t o  the Suswitna R i v e r  draiiiage. Hydro1 agical changes w h i c h  are expected 
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;-. : 4 , i t o  result from the proposed project include decreased and stabilized 
C.! \ . ,,// , 

r i  
$ /.a' f lows d u r i n g  the open water periods, increased flows i n  the winter, and 

* -q" 
* 1%: $ \ %;*,\:)* a]; jd $-- 

a I .c5 

'< a marked change i n  seasonal water temperatures. These a1 terations could 
\ \" \--. ----- -- -" ---- "#- --*-.-- - - *=--- -*---m-----m--- --**-*-=-- ---- 

5: I 
1 fb< kvt iid a f f e c t  sand bar  formation, sedimentation layering i n  sloughs and side 

?\ $ 7  

channels, and water levels i n  existing sloughs. Such a1 terations could 

potential l y  destroy spawning s i t e s  and/or  incubating embryos (Cooper 

1955; Baxter and Glaude 1980). In addition, changes i n  micro-habitat 

such as lower o r  higher frf t ragravel  temperatures and changes i n  the 

*$/* tfg 

~ c . + - @  e 
concentration o f  dissolved gases d u r i n g  t h i s  incubation f i f e  s tage could 

- * * X (  " 

2 6 
d~ 

a f f e c t  development rates Com~s 1965; C h i  1 derhose arid Trim 1979; $axtel- 
,k " 

M~ .- - 
a 8 b Z  -k&1 I iiAy and Glaude 1980; Hemfog 1982 ' c  the amount of time required f o r  

a.4" ' 

g *[ T c~mpietios? of incubation of salmon embryos Velssffs 1980 and the t iming 
,a: C: s 

$3; i : ,",% * " -- . ? o f  emergeilce (Burgner 1958). Increases i n  post-project water 

temperatures d u r i n g  w i n t e r  could accelerate development and cause the 

emergence af salmon ft-jt b ~ f o r e  the environment i s  favorable for their 

survival .  Changes i n  stage caused by increased discharge a r  by i c e  

processes iiray a l s o  a l te r  temperatures i n  slough o r  side channel spawnins 

grounds by causing mainstem water t o  bra3ch slaugh heads. 

Because o f  ihesz and other potential impacts on the survival o f  t h e  

ea r ly  l i f e  stages o f  t ho  upper Sus i tna  River salmon stccks, incubation 

conditions were s tud ied  a t  spawning s i tes  i n  selected sloughs and  s ide  

channels of the  Susitna River above the Chulitna R i v e r  canflueiicn 

for  spawning (ADF&G 1983a). Chum salmon are reported t o  a c t i v e l y  select 

upwelling areas For spawning (Kogl 1955; Bakkaia 1970 a , TI?e 1989-82 



Fiqure 3-1. The I c - a t i o n  o f  sever\ incuba"iion and  erne?-:ence s t u d y  s i t e s  on the 
ISusi t n a  RS4vey betwee!> t he  Chu: i cna Fii!e~ c ~ ~ f f  e;senc:e and Oevi 1 
Canyon, A u g u s ~  1982 through April 1983. 
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winter studies prov ided  preliminary data  on the emergence tinle of churn 

salmon and sockeye salmon. A more detailed c tudy  was implemented duricg 

the 1982-53 winter program t o  address the fol  l a + i n g  objectives. 

1) Measure levels of intragravel and surface wlater temperature, 

dissolved oxygen, pH, and s p e c i f i c  conductance a t  chum and 

sockeye salmon redds and i n  upwelling zreas o-F sloughs wilere 

chum salmon spawned i n  1982. 

2 )  Determrmine the timing a f  embryonic deve'l opment and emergence 

under natural  condi  ticns Far3 chum and sockeye salmon. 

In  conjunction w i t h  t h i s  project, the U,S. F i sh  and Wildlife Service 

(USFWS! conducted a related stuc?y i n  a Saboratory e n ~ i r o n n ~ k n t  t o  

document rates and stages of development o-f chum and sackeye salmon 

embryos a t  f o u r  different temperature regimes [Wanyaard and Burger 

The eggs used i n  the  USFWS l a b  study were collected from Slough  

11 (RN 135.3 

Certain errviranmental variables known t o  a f f e c t  sa'imorr incubation were 

morristored a t  several spawning si tes.  Salmon incubation and emergence 

studies were conducted a t  same, bidt ncit a l l ,  o f  these s i t e s .  Ana l~~s i s  
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o f  the h a b i t a t  acAta w i t h  regard t o  incubation rates was restricted t o  

%helPma8 e f f e c t s ,  

Sampl i n g  s i tes  for incubat ion and emergence s tud ies  were selected dur ing  

September, 1982, utilizing ,the following cri teria:  c J  se 

documented salmon spawning; 

2 )  s i t e  accessibility dur ing the winter survey period; 

3 )  waterdepth  shal lowenough for  g o o d v i s i b i i i t y a n d  f o r e a s e o f  

sample col l e c t i on ;  

4 )  areas where open water was present d u r i n g  past winters.  

Sites iocluded sloughs 8A ( R M  P25,3), 9 RBI 129.2), 11 (KM 135.3), 20 

(RM 146.1), and 21 (RM 142.0), and Mainstem s ide  channels A 

and B (RM 137.3 Figures 3-2 t o  3-8 Indian R.g"ver RM 138.6) was 

sampled ance d u r i n g  the fa1 I ,  but  i c e  format ion and re-channel i n g  

prevented further sampl ing. Four of these sloughs SA,  9, 11, and 21 

have been heavily u t i  l i z e d  by s ~ a r v n i n g  chum and sockeye !salmon d u r i n g  

the last two years. 

Standpipes were i n s t a l  led i n  these satrre four  sloughs t o  allow sampi i n g  

o f  the intragriivel environment. Standpipe  locations tprere selected t o  



- DATAPOD SITE - SALMON EQ8 COLLECTION SITE - STANDPIPE LQCga$gQNS 

Figure 3-2. I ncuba t ion  and emergence study s i t e  a t  S l o u g h  8A 



Figure 3-3, I n c u b a t i o n  and emergence srtudy s i t e  a t  Slougll 9 





Fjgure 3-5.  Incubb te ion  and emergence s tudy  s i t e  a t  Mainstem Side Channel A 



Figuer 3-6. Incuba t i on  and emer(3ence study s i t e  a t  Mainstem Side Channel B 












































































































































































































































































































































































































































































