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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. 
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*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. 



L R X  29 

D I S C H A R G E  
*--.1*%EI.--- 

I N T R A G W A V E L  

SEP OCS N O V  DEC JAN FEES MAR APR M A Y  JUN 
1982 1983 

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  



DRAFT 
WINTER REPORT 
10/20/83 

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 



Ffgure  3-7 .  Incubat ion and emergence s tudy  s i t e s  a t  Slough 20 



F i g u r e  3-8- I n c u b a t i o n  and er~~ergence s tudy  s i t e  a t  Slough  21 (RM 142.0 



compare intragravel water qua1 i t y  conditiolls among s tudy  sloughs and 

between l e f t  and r f g h t  banks w i t h l ' n  study sloughs. Because the o r i g i n  

s f  the water banks o f  sloughs is presently 

unknown,  standpipes were placed i l l  narrow .O feet td3cir:; 

the banks o f  each s l o u g h  t o  test f o r  water quality differences between 

the respective banks, Differences i n  water quality between banks was 

assutned t o  represent di f fe rences i n  water sources. Placement o f  

standpipes i n  this manner allowed da ta  collected t o  be used t o  describe 

fish spawning h a b i t a t  and t o  test f a r  differences i n  water qua l i ty  

between banks, A o f  these sloughs are located on the r i g h t  bank 

(facing upstrearn of the rilajnztem Sus i tna  River. Th is  presents the\ {?q 
1 f -4- 

\ 
possit i l  i t y  o f  slough l e f t  bank ground water sources originating f rom 

the river and r i g h t  bank ground water o r i g ina t i ng  f rom the mountains. 1 
--..----- j 

3 * -  .,* I,. ;**2! f 's  ! " *4&.%+.4-#3, -_ "> 
:. =**a- a 2 . 4  - ,-- a 

--b 5 
" ".-."+, ,c* 

J'.. ,A __ 
I n  March of 1983, 10 standpipes were placed in each of the tr.0 sampling ,:, 

t ," ** **"*%& 

one sampling location an each bank i n  sloughs 8A, 9, 11, and 

Figures 3-2, 3-3, 3-4, and 3-5, respectively Additional 

standpipes were l a t e r  placed in slsughs I1 3nd 9B. For purposes o f  

th is  study, Slough 98 i s  considered t o  be a p a r t  o f  Slough 9 

sampling s i t e  was a rectangula- area 50 t o  108 feet i n  l e n g t h  (measured 

along the slough bank and five feet i n  w i d t h  (measured from the water's 

edge a t  time o f  sampling Pipes were installed ~"irandoai locations 

w i t h i n  each designated sampling s i t e ,  provided t h a t  the water  dep th  was 

w i t h i n  the range o f  0.2 - 3.8 F t .  The c r i t e r ia  used t o  se1ec"each 

sampling location w i t h i n  a slough included the above c r i t e r i a ,  w i t h  the 

fatlowing add i t i ons :  a t  least one sampling !ocation per s lough was 

located i n  a pool habitat where fish had spa\.ined d u r i n g  the f a i l  o f  
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1982, and where upwell i n g  groundwater bas known t o  occur. Generally, 

these areas were t o t a t  ly  free of ice o r  contained localized patches of 

open water (Pla te  3-11. I f  uphe1 l i n g  groundwater occurred along both 

banks of a slough a t  s siirgle spalgning area, a sampling location was 

est4~blished along each bank. I f  upwelling groundwater d i d  not occur 

along bo th  banks o f  a slough ax a single spawning area, but: was only 

present along one bank (as in Slough 9, s i te  B), a sampling location was 

established i n  the nearest suitable location on the opposite bank where 

upwel l i ng occurred, 

Con t i nuous i ntragravel  at2d surface wz t e r  temperatures were recarded i n 

the slsughs f rom August, 1982 ti~sougi: May, 1983. Locations o f  the 

recording instruments aab methods are described i n  Sect ion 2.0. 

Standpipes were used to sample the intragravel  envi ronment du r ing  two 

sampling periods; the f irst  period was Api-i1 15-18, and t h o  second 

period was April 29 - May 2 ,  



-- - - - - & a n ; a ~  t%wg Pla te  3-1. Upwelling area  i n  ~!r?~:h. C p ~ ~ i f c ~  i r l  -ice cover ~ndacates higher berllpclabul, w s  

upwe l l i ng water. 
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Measurements o f  dissolved oxygen, temperature, spec i f i c  conducta~ce and 

pH were made inss'de and outs ide of plast ic  polyvinyl chloride 

standpipes tha t  were driven in to  the streambeds (Plate 3-2 Standpipes 

were driven i n t o  the substrate t o  a uniform depth o f  ten *inci~es us ing  a 

d r i v i n g  rod and sledge hamer  The design s f  the d r i v i n g  

rod and s t a n d p i p e  were modjfied from previr~us designs Gangmark and 

Sakkala 1959; McNeil 1962). The standpipes had the advantages of be ing  

relatively inexpensive and easy t o  instal 1 Figures 3-9 and 3--10 

inside diameter of each standpipe was 1.5 inches and contained 

1/8-inch-diameter; 0.3 cm t h a t  were evenly spaced i n  four  

bands (12 holes per band The four ba tds were spaced one inch 

a p a r t  w i t h  the lowest band be ing  placed tnree inches (7.6 cm 

bottom o f  the standpipe. 

Each standpipe was pounded i n t o  the substrate t o  a maximum d e p t h  of 14.5 

inches (36.8 cm centering t he  hales ten inches (25.4 cmj 

i n t o  the substrate. T h i s  d e p t h  was selected because ten  :inches (25 cm) 

i s  the estimated mean dep th  .;t whlch  chum (Kogl 1965; FIerritt and 

Rayfilond 1982; Kent Roth pers. corn.) and sockeye salmon (Cooper 1965; 

Ol sefi 1968) place t h e i r  eggs. 

A f t e r  the standpipes were properly installed, a cork/weighSt assembly \gas 

placed inside each s tandpipe  t o  a i d  i n  rfemoval o f  ice p lugs  formed 

d u r i r ~ g  Freezing weather conditions (Figul-e 3-10). ' r h i s  assembly 

consisted o f  a weight and cork -that was attached by a nylon cord t o  a 



P l a t e  3 - ~ *  Standpipe wi th  48 one-eighth inch holes used for  Lori ng ntragravel water t y  
and driver used for i n s t a l  l a t i o n .  



Plate 3-3. In s t a l  I s t i o n  of starldpi pes for monitoring of intragravel 
water qua l i t y  i n  Slough 11. 

is si 
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STEEL D R I V E R  
-- 

SHAFT: 

PVC STAN DPfPE: 

STEEL - D R I V E R  -- 
T i p :  

Bears imoact d u r i n g  
instal iat ion sf sfandpipe.  

t a. 2.0"d iamete: . 

b. 0 .5" th ick  
2a. t .5" diameter 

b. 3 * 0 ' ' t h i c k  

Being driven into 
substrate. 
1.5" inside d iometer 
38.0''' l eng th  

Bears impact du r ing  
Ensta19atisn of standpipe. 
1.5 '' ci iameler 
3.0" length 

Figure 3-9. Scaled drawing of the steel driver used t o  i n s t a l  1 poly- 
v iny l  chloride standpipes i n t o  gravel substrates, 



pp PVC C A P :  Prevents debris gild 
anor# from en$@rtng 
pips*  

W A T E R  

,CORK / WE1GHT 
ASSEMBLY: 

Aids i n  removal  
of i ce  plugs and 
red veas the  surface 
area at  t ks air! 
w a t g r  interface. 

Estimated mean depf h 
of chum and sackeys 
salmon m b r y o s  

AWHows inftsw craf 
introgravel water. 

2.Faar rings (12 hot@$ 
e~cP.1 of holes s ~ o c a d  
1 aeaat. 

EXTENTION: - A l l ~ w s  for se%$&ra?g 
i f firoe mgaferials 
a f e  present. 

Figure 3-10. Diagram of a polyvinyl chloride (PVC) standpipe installed 
i n  substrate. 
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cap which covered the exposed end of the p i p e .  The cork f l oa t ed  a t  the 

ajt-/water fnterface and reduced the amount of surface area ava i la  

oxygen transfer, i t  a lso  served t o  s t a t i on  the weight i n  a position 

i t  t o  be frozen i n  the i c e  plug.  Ice p lugs  were removed by 

gently heat ing the exterior of the PVC p ipe  a t  the water surface w i t h  

propane torch wh?le exerting upward pressure on tire pipe cap. After a \ '  $f'~2*'p - 
p"' 

few rninu+qs o f  heating the cork/weight assembly and at tached ice p l u g  \nhj 

was easily withdrawn. 

Following the i n i t i a l  installation o f  standpipes, sampling was delayed 
rRt%A 

* 

For a minimum o f  24 hours. T h i s  allowed substrate materials t o  j j '  f 1 
! s 

i 
i s  ! %,f-- $ resettle. Following the resettl i n g  period, sampl i n g  a t  each standpipe i3,t+p p,J 

was conducted af ter  the interior o f  the  standpipe was pumped o u t  using a ? 

hand-diaphragm pump (nranufactured by PAK o f  JABSCO; S p r i n g f i e l d ,  Oh io  

45501 ; mot* 5800-000 %Q remove f i n e  sediments t h a t  settled inside the 

standpipe. T h i s  procedure ensured t h a t  the  wate6 t h a t  refilled the 

standpipes was from a fresh source and t h a t  the wate r  samples could be 

obtained a t  the desired-depth i n  a l l  s tandpipes.  

A f t e r  water refilled the standpipes and a minimum o f  one hour had 

elapsed, measurements of temperature, dissolved c><ycygen f DO 

conductance and pH were obtained w i t h i n  each standpipe. In addi t ion,  

corresponding measurements were obtained approximately ha1 fwajr between 

the substrate and water surface beside each standpipe. Tile minimal 

elapse time one hour af ter  pumping standpipes was lowed *to ensure 
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t h a t  a71 stanripipes refilled t o  their o r ig ina l  level. Preliminary t es t s  

i nu icated t h a t  there were no differences between concesltrations of Do 

col lected inside standpipes before pumping and af ter  one, two, and four  

hours af ter  pumping. 

The fol  lowing procedures were used t o  obtain measurements cf water 

temperature, DO, specific conductance, and pH. 

Temperature measurements i n  standpipes were obtained w i t h  the 

Ye1 lowsprings Instrument nlodel 57 d i  ssol ved oxygen/temperaticre 

meter according t o  procedures presented i n  the manufacturer' s operations 

f88nuzkl . 

Dissolved oxygen measurements were obtained u s i n g  a YSI model 57 

d i s s o i  ved oryg@n/temperature meter. The meter rvas ca i  i b r a ted  f o i  lowing 

the proceau re described f r: the procedures manual AOF&G 1383e). 

Prelininary data  indicated t h a t  calibration of the Y S I  meter was only 

accuraVte t o  i 0.5 mg/l. T h i s  level of accuracy applies t o  comparisons 

o f  d a t a  obtained a t  different sampling locations wi th in  a given sampling 

period aitd between d a t a  s e t s  obtained a t  the sarae location d u r i n g  

d i f f e r e n t  sampling periods. f o r  8 given sampling location and a givet: 
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sampling period, the ertScr i s  estimated t o  be t 0.1 mg/l. _-- Results 1 ' 
should be interpreted a 

q tvg!$ 8 
A f t e r  the meter was car ibrated, ineasurements were col lected by lowering #-*fi 

the probe i ns ide  the standpipe t o  the desired dep th  1KQ inches 

After lawering t o  the proper depth the probe was gently ag i ta ted  t o  

ensure circulation o f  water over the membrane and nieasurements were 

recorded when the meter i nd ica tor  stabil $zed. 

The meter and a l l  chemicals were kept  inside an i c e  chest lquipped i j8:th 

handwarmers t o  prevent them from Freerfng. IF movement o f  thie meter was 

required t o  sample s t andp ipes  a t  anather location, the meteir was hand 

carried by f o o t  o r  i n  a i~eI icopt@r .  If t ranspor t  was rkequired by 

snomachine, the instruwnt was recalibrated upon ar r iva l  a t  the next 

sampi 'ng location. 

Saeci f i c  conductance - 

\& 

Specific conductance yere measured w i t h  a YSI model 33 S-C-T meter 

ac to rd i  ag t o  procedures presented i n  the manufacturer's operations 

manual. Because fac tory  calibration o f  this ineter war not  always 

reliable o~ psssl'ble pr io r  t o  f i e ld  use, a calibration curkve was de- 

veloped objer the f u l l  range a f  values expected t o  be encountered du r ing  

measurement. T5e cal r'bra"lion curve was davel oped by ~ornp8~ri ng specific 

conductance values ob-tained w i t h  the YSI meter t o  those obta ined  w i t h  a 

calibrated Hydrolap m ~ t e r ,  made1 4041. 411 values ~easured ? n  t h e  f i e ld  
\--.--- d,<*.--fl't 

were la ter  adjubted on the bas i s  a"te calibration curve. 
'i 1 " * 

I 4 
" u- 

b ?  
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Because readings obtained w i t h  the Y S I  meter are not temperature- 

compensated t o  2S0C, a1 1 read1 nqs were temperature-campensated t o  25°C 

us ing  procedurps presented i n  Standard Methods APHA 19F - . 

Speciflc conductance data were used t o  compare water  quality between 

sloughs 2nd betheen le f t  and r i g h t  banks w i t h i n  sloughs. Specific 

condilciance was selected f a r  this  purpose because i t  i s  genera! l y  

regarded as an index do to t a l  concentration o f  dissolved ionic matter, 

which i n  turn is related t o  water Fereility (Lifid 1974 . Therefore, i t  

i s  rlseful t o  detect water o r i g i n a t i n g  From different sources. In 

a d d i t i o n ,  this  variable had a much larger range i n  variatSon t h a n  other 

var iables  measured and therefore was expected t o  be more sensitive t o  

differences i n  water quality between locations. A two way analysis o f  

war: performed on spec i f i c  conductance data us ing  a 

sta"cistica1 program provided by the Statistical Package f o r  Social 

Sciences (SPSS Nie e t  a l .  1475; Hull and Nie 1981 Data cs7 IecteP a t  

differerit siinpling sites w i t h i n  a given slough were illerged. Only d a t a  

obtained from intragr;jiel water was used because the p 'mary interest 

\@as to evaluate water sources. Only data  from the second sampling 

April 29 - May 2 was used because i t  was the most complete. 

Neasuremen-ts o f  pH \$ere obtained at t; substrate deplth of 16,0 rnches 

wi th  a Y S !  model 5985-40 pH meterA. S t a ~ ~ d a r d  procedures presen.ted i n  the 

mantliacturers operstiarls manual were used. The meter tuas c a i  ibrated 

pr ior  to use using b u f f e r  standards a f  pH 4.0 and 7,0. 
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Egg sampling was conducted once a month, from September, 1982, through 

May, 1983. A Hornelite gas-powered water pump was modi f ied  i n t o  an egg 

pump f o r  sampling the redd s i t e s .  A two-foot h i g h  by two-foot diameter 

circular  screen, open on bo th  ends w i t h  an attached $-inch mesh catch 

sack ,  was used t e  'Iect the  eggs and alevins d u r i n g  t i le  pumping 

Plate 3-41. A shovel was used i n  addition t o  the egg pump t o  

collect samples a t  s o w  s i t e s .  Samples were preserved i n  f i v e  percent 

formalin For l a te r  visual determination o f  developmental stages t h r o u g h  

use o f  a dissecting scope. 

Zntragp-vel and surface water temper*atures were a1 so measured a t  salmon 

redds, beginning i n  December, using a Y S I  400 series semi-solid 

i nsertion probe 3.0 f e e t  i n  l eng th )  at tached t o  a hand-held Digi-Sense 

thermometer which enables a temperature measurement a t  the precise 

l o ca t i on  o f  tile tip o f  the probe, Each intragrave'l temperature was 

abstained by inserting the probe tip approximately s i x  inches jn to  the 

substrate (st the p o i n t  where embryos were sampled) and not ing  the 

displayed temperature. Three t o  five readings were taken and the mean 

reading recorded. 



Plate 3-4. Egg pumping for chum aad sockeye salmon eggs during the 
\$inter s t u d i e s  a t  Slough 21 (RM 142.3 

49 
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3 Results 

3,3,1 er h a b i t a t  data  

Continuous sur face  and i nlragravel temperature da ta  from the Datapod 

recorders were presented i n  Section 2 .  

Prel iminary scatter p lo t s  were made t o  a l  low prel iminary comparison of 

d a t a  obtained w i  t h - i n  standpipes t o  data  obtained from corresponding 

surface water samples. Comparisons were made f o r  each var iable  by 

slough and sampling period. These p lo t s  were used t o  determine i f  a 

relationship e x i s t e d  between the two water sources. Although a clear 

relationship could no t  be demonstrated i n  every p l o t ,  i n  several 
\ k  

ti 
/<$ .l.h" 

instances there appeared t o  be a direct relationship between t he  two tl @d4- 

water sources. These plo t s  have not been presented i n  this document du 

t o  their preliminary nature, b u t  are availzble upcn request from 

ADF&G Su Hydro O f f i c e ,  Anchorage, AK, 

The  strength o f  the various relationships are undoubtedly influenced by 

the magnitude o f  water exchange between the surface and intragravel 

d environments. T h i s  i n  t u r n  is influenced by the relative amount of 

downwelling or upwelling a t  the specific sampling s i tes .  For the 

purposes of t h j s  report, i t  i s  sufficient t o  note t h a t  the two hater 

1 sources are related t o  varying degrees, and t h a t  the placement o f  
i 

' i ,  *'.* , standpipes i n  f u tu re  studies should take this i n t o  account. 
-1% _ 
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I n  each o f  the four sloughs, mean intragravel temperatures collected i n  

standpipes dur ing  a given sampl i n g  period, were consistently lower t h a n  

means o f  surface water. Considering a l l  sloughs for bo th  sampling 

f i rs t  sampling period was Apr i l  15-18 and second sampling 

period was April 29 - May 2 (Appendix Table B-4 mean values f o r  

intragravel waters ranged from a law o f  2.0°C ( f i r s t  period; Slough 8W 

t o  a h igh  of 4.3"C (second period; Slough 11 Correspondf n9 surface 

water temperatures were higher, rang ing  f rom a low o f  3.0°C 

period; Slough 8A td a high of 8.2'C second period; Slough 11). This 

relationship i s  inverse t o  the general winter trend o f  intragravel water 

temperatures be ing  h igher  t h a n  surface water temperatures. Thi s i s  

because these da t a  were collected d u r i n g  l a te  April and early May when 

sur+l,ce waber temperatures were beginning t o  increase, see Figures 2 - 2  

t h r o u g h  2-14 f o r  graphic illustrations o f  t h i s .  

Relatively large differences between ear ly  and l a te  sampl i n g  periods f o r  

both  surface and intragravel  water are undoubtedly related t o  the var i -  

a b l e  environmental conditions a t  the time these da ta  were collected. 

S p r i n g  thaw condili~ns were beginning durirrg the f i r s t  per iod and were 

well advanced d u r i n g  the second sampling period. The ranges o f  

intraoravel temperatures are rnuct.~ greater t h a n  "Lhe ranges of surface 

v~atei- temperatures as  we17 as be ing  lower as seen i n  Figures 3-11 and 

3-12, ]-his indicates t h a t  water inside the s tandpipes  contained a 

mixture o f  ground water and sg~rface water. 



WATER TEMPERATURE 

Slough 8A Slough 9 Sisugh I! SIarrugh 21 
(S~TE 8) (SITES w 8 B )  (SOTE 81 (SITE A )  

F i g u r e  3-11. Summary (mean and range; n = l O )  o f  i n t r ag rave l  and 
corresponding surface water tenlperature d a t a  
collected along l e f t  r i g h t  ( R )  banks 
(looking upstrea 
Sus'tna River, ill 



WATER TEMPERATURE 
APRl k 29 - MAY, 1983 

Figure 3-12. Summary mean and range)  of in t ragrav ,e l  and  coyre- 
ce water temperature d i l t a  collected 
L) and r i g h t  ( R )  banks 

a sloughs 8A, 9, 11 and 2 2 ,  
i v e r ,  Alaska, sp r ing  A p r i l  29- Miay 2 
.i-10 f o r  each mein e 

bank ,  where n-91, 
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Sumar ies  o f  the mean water temperature da ta  for  the two sampling 

periods are presented i n  Figures 3-11 and 3-12. There appears -to be no 

consistent relationship between the mean temperatures abtairled a t  l e f t  

bank s i t e s  compared t o  r i g h t  bank s i t e s .  In some instances means fo r  

r i g h t  bank s i t e s  were higher e.g. Figure 3-12; Slough 2 1  and i n  other 

sloughs the reverse was true e,g. F igure  3-12; Slough 8A , However, 

w i t h  the except ion o f  Slough 11 dur ing  the second sampling per iod 

Figure 3-12 the relative positions h ighe r  o r  lower 

temperatures for  b o t h  banks w i t h i n  a given slough remained t i le  same f o r  

both in t ragravel  and surface waters and between sampling periods. 

With the possible exception of' t he  mean tempecature for the  r i g h t  bank 

s i t e  i n  Slough 8A d u r i n g  the f i r s t  sampling period (Figure 3-11 " 
f 4  ;\, -.<+ 
L,t .*" 

remaining iemperature values are w i t h o i n  acceptable ranges for  salmonid L$b.ed '& 
-- - . *- B 

p.i&!*d # 

i n c ~ b a t i o n , ~  I _ __ _ . __ The atypical temperatures a t  the Slough 84 s i t e  were fi,/hJet;*+f 
4" 

probably due t o  the influence o f  melting i ce .  Standpipes i n  S lough 8A 

were located along the edge o f  a thick 12-18 inches i c e  sheet t h a t  was 

t h a w i n g  a t  the time of  sampling. 

In each o f  the four  sloughs, mean concentrations o f  intragravel d is -  

solved oxygen collected w i t h i n  a g iven  sampling period were 

consistently lower t h a n  mean concentrations f o r  surface watzr (Appendix 

Table  8 - 4 ) .  Considering a l l  sloughs f o r  b a t h  sampling periods,  DO 

cancentratfans in surface waters i n  each s lough ranged frcm a low o f  9.2 

ng/l  (April 15-18 period; Slough 21) La a h i s h  of 1 1 2  mg/l ~prj‘i 29 - 
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May 2 period;  Slough @A).  Means for intragravel measurements ranged 

from a low sf 4.6 mg/l ( f i r s t  and second periods; Slough 8A) t o  a h i g h  

o f  8.5 mg/l first  period; Slough 11 In each case, the difference i n  

mean DO concentrations between the f i r s t  and second periods was much 

less t h a n  the diffel-ence beween means f a r  intragravel and surface 

waters, These trends are summarized i n  Figures 3-13 and 3-14 f o r  the 

P i  rst and second sampl ing  periods, respective1 y e  

In Figures 3-13 and 3-14, DO levels are shown f a r  l e f t  and r i g h t  banks  

w i t h i n  each slough. k i t h  the exception o f  Slough 9 refer t o  Figt!re 

mean values for i n t r a g r a  .el water cal lected along the r i g h t  bank, 

were consistently higher t h a n  those collected along the l e f t  bank,  

Mean concentrations o f  DO fo r  surface w,ter were nearly the same between 

a11 sloughs sod between sampling perjods (Figures 3-lL3 and 3-14). In 

contrast ,  mea I i ntragrave'i water DO concentrations were var iabl  r between 

sloughs, being lowest i n  Slough 8A and hishest i n  Slough 11, 

Intragrave'r DO carlcentrations were a1 so more var iable  a t  a g iven  

location t h a n  those of the corrzsponding surface nater. Intragravel DO 

levels i n  S ~ O U ~ ~ S  9 l e f t  bank) and 21 appear  t o  be adequate f o r  

successful incubation of salmonids according t o  the threshold of 6.0 

mg/l recomiir~nded by McNeil and Bailey 1975)  f o r  a r t i f i c i a l  incubaticn 

conditions, However, DO concentrations i n  Slough aA and a t  the r i g h t  

bank s i t e  i n  S lough 9 are befokv this recorrollended level. 



DISSOLVED OXYGEN 

Stough8A Slsbsgh 9 Slough II Slough 2f 
(SITE ia) ( s t r ~ s  a 8 8 )  ( S I T E  E ) )  (SITE A) 

Figure 3-13, Sun;nai-y Rean and range; n=! 
ccrresponding surf ace vi- 
collected along l e f t  
(iookirrg upsttmeaw) of sloughs 84, 9, 11. and 21, 
Susi t n a  Rii~er, Alaska,  s p r l n g  (Apri  1 15-18), 2983, 



F igu re  3-14. Summary (moan and ~ a ~ g e )  o f  i n t r ag rave l  and carre- 
sponding surqace water dissof ved oxygen d a t a  
collected along left ( 1  and r i g h t  ( R j  banks 

"; 4 ( l o o k i n g  upstreawl of sloughs 8A, 9, ii  an6 21, 
Susi t n a  River, Alaska, spr ing April 29- May 2 - *'""a 
8 [n=!O for e ~ c h  mean except f o r  Slough 21, 
l e f t  bank ,  where n=9). 
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Mean pH values for a i l  s l i ~ s  ranged w i t h i n  one pH u n i t ,  From 

approximately 6.5 t o  7.5 Appendix B n e s e  values are w i t h i n  
4 

- $' 

tGtkdG 
Q 

acceptable I jmits fo r  successful salmorlid incubation.- I 

Due t o  meter malfunction, complete da ta  sets  f o r  the two sampling 

periods were not passible. However, frorn the available da ta  base fo r  

three sloughs, the Tollowing patterns emerged. Mean values o f  specific 
1 

conductance for  sloughs Appendix fab le  8-41 ranged from a low o f  160 

umhos/cm (April 15-:8 period; Slough 9 t o  a h i g h  o f  270 umhosicm ( A p r i l  , *  

29 - May 2 period; Slough II  T h e r e  did not  appear t o  be a consistent 

re1 a t i o n s h i  p between mean va-I ues o f  intragravel  and surface water 

samples. For both sampling periods i n  sloughs 8A and 9 and the f i r s t  

sample period i n  Slough I!, means f o r  specific cunductance were lower 

for surface water samples than f o r  intragravel samples, However, the 

reverse was true for the second sample period i n  Slough !I and f o r  both 

per iods i n  Sloughs 21. There was a consistent pattern bet~~een means o f  

l e f t  and r i g h t  banks  Figure 3-15 w i t h  r i g h t  bank  means being 

consistently lower t h a n  l e f t  bank means. This was true f o r  both  surface 

and intragravel samples. 

Specific conductance da ta  were used to compare water qualfty between 

sloughs sad between left and r i g h t  banks w i t h i n  slauyhs. Spec i f i c  

conductance rqas selected for thr's purpose becadse 1 t is .  generally 



SPECIFIC CONDUCTANCE 

U .- 
el- 

I A P R I L  2 9 - M A Y  2,19831 * 

L R L W  L R L R 

Slough 8A Slough 9 SlaugR ~ ~ * ~ l o u ~ h  21 

@ bdfrrv no$ csvaafabta for Sr5e 8 ra  Slough I t  

Figure 3-45. Summary mean and raqge) of i n t r ag rave l  and 
correspandi ng surface spec i f i c  conductance d a t a  
collected along l e f t  (t) and r i g h t j R )  banks 
(looking upstream) o-F slaughs 8&, 9, 11 and 21 ,  
Susibna River, Alaska, s p r i n g  (April 29 - 14ay 2 ) ,  
1,983. (n=IO For each mean except f o r  Slough 21 ,  
l e f t  b a n k ,  where n=9). 
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regarded as rtn index t o  t o t a l  concentration o f  dissolved ionic matter, 
- - --p -aw.- 2, 

w h i c h  i n  turn i s  related t o  water -- - " fertility \ ( l i n d  1974). Therefore, i t  

i s  useful l o  detect water o r i g i n a t i n g  f rom different sources. In 

a d d i t i o n ,  this variable had a much larger range i n  var ia t ion  t h a n  other 

variables measured and therefore was expected t o  be morBe sensitive t o  

differences i n  water qua1 i t y  bettqeen locations.  Specifically, the 

f %  rollowing hypotheses were tested. 

1. H,: Specific conductance values are the same i n  sloughs 8A, 9, 11 

and 21; while controlling fo r  bank e f f e c t s .  

Ha: Not equal. 

2 .  Ho: Spec i f i c  conductance values are the same a t  l e f t  and r i g h t  

bank si tes o f  sloughs; white controlling fo r  slough effects. 

Ha:  Mot equal 

Table 3-1 -Is a summary of  a two way analysis o f  variance (ANOVA) testirrg 

the above hypotheses. There were significant difference . a t  the p <  0.001 

level f o r  main e f f e c t s ,  bank, slough and interaction e f f e c t s .  There- 

fore, the n u l l  hypotheses of equality are rejected. This suggests t h a t  
--.-. 

there was mare than one source of wawe rcontr*ibuting t o  intragravel 
*-*-------ma 

.~-.---#"-..------ 

water i n  slou~hs.~~-~Aowever, the s ignif icant  d i f fe rence  f o r  the inter- 
/*#=+*----J8 

'--.."--",-. 

ac t ion  e f fec t  indicates t h a t  the individual effects o f  s l o u g h  and bank 

are n u t  independent. These differences a r e  shown i n  Table 3-2. The 

magnitude of the  bank e f fec t  depends upon which slough i s  
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Table 3-1, Sumfnary 0% tbvo-way a n a l y s i s  sf var iance  (ANOVA) on spec i f i c  conductance da t a  obtained Ows%de standpipes located along left  
and s ight  b a n k s  o f  s loughs  8A, 9, 11 and  21, S u s i t n a  g ive r  Alaska, April  29 - l4ay 2, 9983, 

Sourcs sf VasSat4an Sum o f  Squares Oegrees o f  Freedom Mean Square F Sf gnS C f  cance o f  F 
- .- - 

Hodel 

f4ain E f f e c t s  

Bank 

I nterac l ians  
Bank X Slough 
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Tabie 3-2, Summary sf mean speef f i e  conductance values  obtained ins ide  standp4pes i n  s loughs 88, 9, 9 1 and 29, Sus l t na  River  
Alas!ca, Aprl l 29 - May 2 ,  9983, 

Means f o r  specif lc  eonductancs Qumkos/ln) 

223 
[N=13) 

( S i t e  8 end 6 %  

156 
{ W = l O )  

( S i t e  A) 

191 
N-4) 

( S i t e  C )  

Le f t  + R i g h t  
Mean 
Qfi.'fsransa 
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considered. For example, the difference betkgeen mean speci F i  c 

conductance values i n  Slough 8A are very s l i g h t  compared t o  those i n  

Slough 9. Also, t he  var ia t ion  between mean s p e c i f i c  conductance values 

for l e f t  bank o f  sloughs i s  much lass than for  rigllt banks. This  

pattern would be expected i f  water entering the lef t  bank o f  sloughs i s  

o r i g i n a t i n g  from a common source 1. e. , the Susi tna River Therefore ?# 

i t  i s  no t  possible t o  make simple statements regarding the ef fects  of 

either f a c t o r  slough o r  bank wi t k o u t  considering the effects of the 

other. I t  i s  noteworthy t h a t  means for  specific conductar~ce are 

consistently higher a t  l e f t  bank s i t e s  i n  each slough t h a n  a t  r i g h t  bank 

s i tes ,  (Table 3-2 . T h i s  suggests t h a t  the c o n t r i b u t i o n  o f  water i n t o  

sloughs by the d i f f e r e n t  sources fo l  lows a consistent l e f t  b a n k / r i g h t  

bank trend. T h i s  pattern i s  likely t o  be related t o  different hydraulic 

relationships governing the drainage pat terns  o f  water i n t o  the l e f t  

(Susi tna R i v e r  s i d e )  and r i g h t  (mountainous s ide )  s ide  o f  sloughs. 

Peak s p a ~ n i n g  fo r  dhum and sockeye salmon occurred i n  l a t e  August and 

ear ly  September o f  1982 ADF&G B983a The  embryoni c devel opmental 

s tages fo l  lowing t h i s  spawning per iod  consists o f  three phases: cleav- 

age, gastrul  a a t i o n ,  and organogenesis. The cleavage phase begins af ter  

fertilization and ends w i t h  the proliferation o f  cel l s .  In  the 

gastrklation phase, the ce l l s  develop i n t o  t i s s u e s  t o  produce the basic 

structure of the embryo. Organogenesis i s  c k s -  & r  aclierized by the  

appearance o f  F ins  and fornat ion  of the internal organs and c i rcu la tory  

systeln, The eyed stage devetckps dur ing  the early portion of the 
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crganogenesis phase. Hatching occurs about  two weeks a t te r  

arganoyenesis i s  completed. These phases are described i n  delatl by 

1980). In this report. post-hatching stages of embryonic 

development are evaluated in terms o f  percent yolk sac absorption and 

time of emergence. P l a t e  3-5 shows several stages o f  salmon development 

from the beginning o f  fertilization t o  just before  emevgence. 

.,r__--~-" I- - - -~*s.%m-*- -&* - - -_ "& "- . _ -.--m. --" -- ---" --- a 
--I- ---_--*_ 

A, -- _ *.".* Y " * - -- --- --- .-- --.\ 
-I- -T . ''Temperatures recorded w i t h i n  the redds by the i atragravel  probes are \ 

3,3,2,% Chum salmon 

Table 3-4 contains the development and emergence da ta  f o r  chum salmon on 

the  Sus; i tna  R-B"ver between the Chulitna River casnf7uencle and D e d i f  

Cawon. The d a t a  f o r  three o f  the sloughs are a l s o  presented 

graphical  ly  i n  Figure 3-16, Chum salmon egg fertil i z a t i o n  occurred i n  

l a te  k g u s t  and ear ly  September a t  a71 sampling s i t e s .  Chum embryos 

were developing from the cleavage phase i n t o  the ear ly  gastrulation 

stage t h r o u g h  September. By November, eggs collected a t  a l l  sites 

except Slough 20 were well i n t o  organogenesis and had reached the eyed 

stage. The embryos i n  Slough 20 a t  this time were just beginning e a r l y  

organogenesis. Eyes were not  noticeable i n  chum salmon embryos a t  

Slough 20 u n t i l  mfd December. 

The f i r s t  hatching observed a t  the study s i t e s  occurred a t  S loughs  11 

and 21  d u r i n g  l a t e  January. I n  February, alerins 1.r i th u p  t o  25 percent  

y g i k  sac a b s ~ r p t i o n  were present a t  a l l  the s i t e s  sampled; unhatched 



(1) Ferdilizetd egg 

( 2 )  B ~ ~ y e d ' P  ert3 

(3)  Newly haditched a1 ewjn 
83% yo1 8c :sac absorpt% on 

(4) A'BevSn 
90% yolk sac absorption 

(5) Buttowed up a l ev in  
400% yo1 !< sac absorpt ion 

Plate 3-5. Stages of salmon egg and alevin development fl-om b e g i n n i n g  
o f  f e r t i  l i z a t i on  to jusi: l > e f ~ ~ e  emergence. 
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Table  3 - 3 ,  Temperatures ('C) seaswdsd ni th i in  churn and sockeye aalsnsn rt.edds by V S I  fntrragravel probe snd  Dig.?:-Sense khsrsumom@tsr frsm 
December 1982, tkrougk Apr i l ,  9983, 

Date 
v 

Decentber 16-21 
January 26 
Fsbruery 22-23 
84arrai-a 24 
Apri l  293-21 

Dsc~mber f 6-  18 
Janua ry  26 
Februery 22-23 
!4arch 24 
A p r j l  50-29 



Tabla  3-4*  Development and enicrqence d a t a  f o r  chum ~alrnort on t h e  S u s i t n a  Rivcr  bstwecn t h e  Chulitna River confluence an2 Devil Canyon, 
August 9982 $0 Apr%i 3983, 

S l  ough S'f asugh % " l & t ~ g h  S% deck~es-rnal S i  dackannel Slough Sl  @ugh 
5 ~ r ~ p I  i wa Date2 
,,w*---d&."----.uaar 

8A 
--.A- 

9 ---- v 
4 8 

-_II.- 

A B ao 2 I 
--.A- -- 

Ads~l t a  A d u l t s  4duI t s  
Spawn$ mg Spar~ni  ng Spawo f ng 

September 5- 7, Adul t!5 hdul  ts Adu"Bs N 3 N . 5 5  N = 5  N = 10 
1982 S p e ~ n j  r ~ g  Spawn 1 ng Spar48 i ng 106% end o f  !OOb s g r l y  100% WOOS snd of  

cl cavage ~ ~ s % ~ " B s I  8 h t 0  on g a 5 t r t ~ I  8t4 on cl ~ a v s g s  

Navaabes f 7 - 2 8 ,  M vg 33 N 12  fi 9 
1982 100% 1 00% 106% 

Organagenesf s Brgansgen~si  3 Organogane91 s 
Eyed Eyad Eyed 

January  26-30, 
"dB3 

a" W 3s 4 N ~5 3 
160% 100% 

Fina l  Stage Organogsncs! c 
Organogenesf s Eyed 

b4 = 35 N = 3114 N = 10 
94% a t  259 100% a t  25% 1009b at. 

Yolk Sac Yslk Sac  10% "s'lk Sac 
Absorptf on Ab5arpE;S on Absorptfarr 

Gqh Late 
Urganaqenes% s 

.4m H = 37 
2296 st+ 

25% Yolk Sec 
A b s a r ~ t f  on 
788 3% 30% 
Ya3k Sac 

Ak~ory tP  on 



Tab le  3 - k  (Continued) 

s%am SD da Channel s 
s -P 

March 22-35, 
m983 

A p r i l  20-23 ,  
I983 

$1 ough 51 ougtr S"Bss8gh Sr" dechanrael 5% dschannel Slough a augh 
@A 9 1 1  A B 20 9 P -- M W P  --- w- 

b l 

N = 26 &j = 25 N = 12  
5096 Zero 52% a t  903 "BO% a t  
Yolk Sac Yolk Sac 56% V s P  k Sac 

Abssspti  elin Bbsorpb"3n Absospt5 an 
50% bate  48% a t  50% 

Qrgansgenesi s Yolk Sag: 
hbsorp"r, on 

N -- 31 M = 43 % = 339 a4 = 2 H = 25 
180% hatched 35-90% 57% f vse 1 08% 75-90% 

52% a t  50% Yolk Sac SwSf~inmij ng Free SwOrfimSng Yolk S B C  
VoNt Sac Abssrgt l  on 43% a t  62% Abs~rpt4 on 

Absorption Volt% " Beg{ nnS ng 
48% a t  259 AbsaP ,t.t Emergence 
Volk Sac 

Absorptl on 

+a N = 35 
49 a t  759 
Yolk Sac 

Absorptian 
513 a t  5 B  

h o ' k  k~aa"; 
Absarpki on 

N = 65 
53% f f r e  
Swj~jrnS ng 

47% a t  85% 
V s t k  Sac 

Absorpti on 



STAGE PEWCENTOF 
OF INDIVIDUALS 

E V  EN$ SAMPLED 
P. --- 

C H U M  S A L M O N  

Figure 3-16, Embryonic development, i la tch ing,  yolk sac absorpt ion,  and emergence d a t a  fo r  
chum salmon a t  t h ree  sloughs, w in te r ,  1982-1983. Numbers i n  parentheses are 
the  percentages o f  individuals sampled which were a t  the ind ica ted  stage. 
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embryos were a1 so present. Sampling i n  Plarch revealed a wide range i n  

development. Slough 8A had individuals ranging i n  developmental stages 

Prom la te  organogenesis t o  newly hatched alevins, while samples 

collected From sloughs 9, 11, and 2 1  showed alevins ranging from 50 t o  

90 percent yolk sac absorption. Emergence f o r  chum salmon began in 

early April and continued through the end o f  May. 

Development and emergence da ta  for sockeye salmon on the  Sus i tna  River 

between the  Chul  i t n a  River confluence and Devil Canyon are presented i n  

Table 3-5. Data from three o f  the sloughs are presented graphically in 

Figure 3-17. Egg fertilization occurred for  sockeye salmon i n  l a te  

F,ugust and ea r ly  September. By l a t e  October, collected embryos were 

a1 ready devel op i  ny From I a te  gas t ru l  a t f  ~n t o  early organogenesis. The 

F i r s h e y e d  embry~s were found i n  November a t  Slough 11. By December, 

a71 s i t e s  sampled had eyed embryos wh ich  were well i n t o  organngenesis. 

Hatching sockeye salmon ellibryos were f i r s t  observed a t  Slough 11 in l a te  

February. Sampling in March showed a wide range of embryo development 

from organogenesis a t  Slough 8A t o  100 percent hatched and 25 percent 

yolk sac absorpt ion  a t  Slough 21 ,  Emergence fo r  sockeye salmon began i n  

e a r l y  A~bril and cont inued th raugh  the  end o f  May. 

324 ---wwM Discuss ion  

From the c~nset of incubation t c  the time o f  emergence, there are several 

major fac tors  affect4 ng develapinent rates. These envi  ronmental vari - 
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T j b i n  3-5. Development and emergence d a t a  f o r  sockeye salmon un t h e  S u s i t n a  River  between the Chulitna River confluence and Devll Canyon, 
August 1982 t o  Apr i l  7983, 

Slough 
28 

September 6-7 ,  
1982 

N =. 56 
9 00% 

F i n a l  Stage 
Cas t ru l  atian 

M = 4 
100% E a r l y  

Brganogenesi s 

N = 4 
100% 8.t 

BrgansgenesO 5 

hlS Eyed 

Organogenesd s 
Eyed 
Eggs 

N = 5  
100% 

Organsgenesi s 
A l l  Eyed 

8\8 = 3 
100% 

Organogenesi s 
A l l  Eyed 

January 26-30, 
W83 

M = 61 
18% a t  nara % 

Yolk Sac 
Absorption 

82% L ~ t e  
Orgaaogenssi s 

M = 47 
4): ea @-,A L k t U  

6rganogenes3 5 
A l l  Near 
Hakchi ng 

February 21 -23, 
1983 

- n o  d a t a ,  
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Ha sch 2 2 - 2 5 ,  
983 

gig - 74  
38% Free 
Swa" mi irog 

62% a t  90% 
Yolk Sac 

Absorption 

N = 12 
100% Matched 
25% %I k Sac 
Absorp"c%on 

k! - 332 
1068% Free 
Swl  m9 ng 

- no d a t a  



STAGE PERCEM W 
OF D N D I V O D W S  

EVENT SAMPLED 

SOCKEYE SALMON 

Figure 3-17. Embryoni c development , hatching, yo1 k sac absorpt ion,  and emergence d a t a  fo r  
sockeye salmon a t  t h r e e  sloughs,  win te r ,  1982-1983. Numbers i n  parentheses 
are the  percentages o f  individuals sarnpled which were a t  the indicated stage. 



ables include: temperature, dissolved oxygen, water velocity, and 

slftatisn Reiser and Bjornn 1979; S t i k i n i  1979 
GL!!  

".w6 4; 
%b 
$L 
i Temperature i s  a cr i t ica l  component i n  embryo incubation. From fey- 

&@? 
i tilimation t o  the development o f  the eyed stage, salmon embryes require - 
Ti 

i 

:" a temperatures greater than four degrees centigrade 4.Pet 
1% 

) Temperawures below this point can cause h i g h  n 

Combs alnd Burrows 1957 Once the eyed stage o f  devitlopment i s  

reached, low temperature i s  not such a limiting factor ,  b u t  i t  will 

still slow down the development rate Velsen 1980 In contrast ,  h i g h  

temperatures can increase development rates and alter the order o f  

morphological events. This can result i n  smaller a levins be i -3  produced 

because differentiation and the  incl~eased metabolism a t  h i g h e r  

temperatures takes precedence over growth (Hayes 1949; Bams 1969 

upper temperature l imit  fo r  incubation o f  salmon embryos i s  around 14 

degrees centigrade Reiser and Bjornn 1979). 

Anothet- important factor  d u r i n g  the  enti re incuba t ion  per-iod i s  d i s -  

solved oxygen. Oxygen i s  most c r i t i c a l  c lur ing  ha t ch ing  and f a r  a short  

t ime  t h e ? r e a f t e ~  Cooper 19651, Low levels u f  dissolved oxygen can 

reduce growth a ~ : d  surljiva: rates; survivors could be reduced in size o r  

result i n  an abnormal alevins Siyvzr e t  a f  , 1963 Cptimum development 

dur ing  incubation occurs a t  concentrations o f  d i  sso'i ved oxygen near 

s a t u r a t i o n .  These may be temporary reductions, b u t  t o  a le\rel no lower 
e- e m - 4  -b-& 

t h a n  rates ser and Bjornn 1979 
- ,>- fi&v&w* 

this  s tudy,  measurements a f  d i  ssolic.-d oxygen concentratjons be1 ow this 

value w e r ~  ~ a d e  i n  b o t h  Slouch 8A and S'ouyh 21 Figures 3-13 and 3-14 
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The interchange o f  surface and intragravel water i s  important i n  con- 

d u c t i n g  dissolv~d oxygen t o  salmon embryos and alevins (Vaux 1962; 

Sheridan 1968; Reiser and Bjornn 1979 Fluctuat ion i n  f low may cause 

s i l t  and stream sediment t o  be deposited over reads, Sediment deposited 

over incubating salmon eggs i n h i b i t s  the exchange of oxygen-carrying 

surface water wi th  intragravel water and lowers suri~ival rates of 

embryos and alevins (Coopei- 1965; Reiser and Bjornn 1979 an fn~i-ease 

i n  water  t empe~a tu re  a l so  increases the amount of oxygen consumed. 

1Tkus, the f a c t o r s  affecting s u r v i v a l  o f  developing embryos and newly 

hatched alevins t o  time o f  emergence are often interrelated 

Time and temperature are d i rec t ly  related during salmon embryo 

incubation. The measure used when computing the length  o f  t ime f o r  each 

phase o f  embryonic development i s  the temperature unit (TU 

the number o f  days incubated multiplied by the mean daily temperature 

above OaC, Temperature u n i t s  for  the study s i t e s  were calculated f rom 

the continuous intragravel temperature d a t a  w h i c h  were presented i n  

Section 2,0, 

The theory on development rate has been t h a t  devel~pmeirlt o f  the salmon 

egg s h p s  a t  zero degrees centigrade. However, accolmding t s  Seymour 

1956, as c i ted by Raymond 1981 developmi.nt does not s top  a t  zero 

degrees centigrade, b u t  a t  some ather temperatiire, c. As the average 

temperature approaches c ,  development time becomes in f in i te .  The 

equation i s :  
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k 
t h  = where: th = time t o  50% hatching (days) 

1-9: 

T = mean temperature i n  degrees 

centigrade, 

c = temperature a t  which 

devel opment ct "AWS, 

T h i s  equat ion can be re-written a s :  

I I T  c - 
- 1 - D -  BB-- 

k k 

The  c o n s t a n t :  c and k can then be determined F r ~ r g ~  the da ta  th and T by 

l i near regression. Raymond 1381) obtained u ~ f u e s  of 6215.4 For k and 

-5.53 for  c us ing  d a t a  from nine d i f f e r e ,~ t  incubation s t ~ d i e s  ~f 

northern chum stocks. Using the same equation t c  predict the time t o  50 

percent emergence ( t, Raymona calculated a v a l u t  o f  683.8 f o r  k and 

-3.32 for  c. Raymond obtained a weaker ~ o r r e ' l a t i o r ~  betfiv.een te and T 

tha13 betwee81 t and T and suggested  t h a t  aleuins are exposed to ,  and h 

affected by, more variables w h i c h  are no t  accounted f o r  by the famula  

t h a n  are embryos, 
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The interchange of surface and intragravef water i s  important i n  con- 

ducting dissolved oxygen t c  salmon embryos and alevins (Vaux 1962; 

Sheridan 1968; Reiser and Bjornn 1979). Fluctuation in flaw may cause 

s i l t  and stream sediment t o  be deposited over redds, Sediment deposited 

over incubating salmon eggs inhibits the exchange o f  oxygen-carrying 

surface water wi th  intragravel water and lowers survival rates of 

embryos and alevins Cooper 1965; Reiser and Bjornn 1979). An increase 

in water temperature a l so  increases the amoont cf oxygen consumed. 

/ i Thus ,  the fac tors  affecting survival o f  developing embryos and newly 
S 

1 b 4-rf t hla,bjed alevics t o  t ime  o f  emergence are often interrelated 
1 

\ e t  a l .  1958 
J 

Time and temperature are direct ly r e l a h e  d u r i n g  s a 7 ~ 3 n  embryo 

incubation. The measure used when computing the length o f  t i m e  for  each 

phase o f  emb~yonic development i s  the temperature unit TU). T h i s  i s  

the number of days incubated mu1 tiplied by the mean daily temperature 

above OaC. Temperature u n i t s  for  the s t u d y  s i t e s  were calculated from 

the continuous i ntragrave'l temperature da ta  wh ich  #ere presented i n  

Seetjron 2,0, 

The theory on development rate has bzen t h a t  development o f  the salmon 

egg stops a t  zero degrees centigrade. Hor.iever, accordaing t o  Seymour 

1956, as c i t e d  by Raymond 1981), development does not s top  a t  zero 

degi -~es cen"iigsade, but  a t  some other temperature, c. As the average 

temperature approaches c , devei opsznt time becomes inf in i te .  The  

equatisn is: 
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L k 
t1 = -- 

~ h e r e :  t h  = time t o  50% ha t ch ing  (days) 

T-c 

k = a calculated constant, 

T = mean temperature i n  degrees 

centigrade, 

c = tezpsrature a t  w h i c h  

devel opmefi'c ceases. 

T h i s  equation can be re-written as: 

The canstants c arid k can then be detemined  fro^^ the data  t,h and T by 

linear regressian. Raymond (1981) obtained valuer  of 628.4 f o r  k and 

-1.53 for  E: u s i n g  da t a  from nine diiferent incub?tion studies o f  

northern chum stocks, Using the same equation t o  p ~ e d i c t  the time t o  50 

percent emergence f te Raymond calculated a value o f  683.8 f a r  k and 

-3,32 fo r  c, Raymond obtained a weaker corre1at'i:an betweer1 t and T e 
t h a n  between th and T and suggested t h a t  alekfins are exposed t o ,  and 

affected by, more variables w h i c h  are n c t  accounted f ~ r  by the fornula  

t h a n  are embryos, 



Two assumptions were made in this study when discussing devclop:nent 

rates o f  chum and sockeye salmon embry9s, The f i r s t  i s  t h a t  salmon 

embryos and alevins avere actual  l y  incbbated a t  the temperatures recorded 

by the Datapod recorders T h i s  i s  not a biad assunptirrn, as 

the limited temperature readings actually taken wi th in  the redds (Tab l e  

were f a i r l y  close t o  those intragravel  temperatures recorded by the 

Datapod recorders. The second assumption is  t h a t  the embryos began 

incubation on the f i r s t  of September. T h i s  da te  was chosen a f t e r  

reviewing the t i m i n g  o f  the 1982 spawning d a t a  ABF&G 19833 and actual 

observations o f  incubating embryos. 

Accuii;ulated thermal units der ived  frcm the  intragravel  Datapod 

temperdture recorders f o r  three o f  the s i t e s  (the sare s i t e s  p l o t t e d  f n 

Figures 3-16 and 3-11) are plot ted  i n  Figure 3-18. Slough 8A started t o  

accumulate tSlema7 units a t  a greater rate t h a n  the other two s i t e s  

until an i c e  jam occurring i n  ea r ly  Decenlber caused a large mainstem 

flow through Slough 88, The cold niainstem water depressed the 
--"---- - - - - - - -  _ ( - -  _ -_-_ ------ - - - - _  

temperature o f  the intragrauel water i n  t h i s  slough and there was I i t t je  
-_?_- 

, - .  - - - -  - - - -  - - -  - - - - - . , < * , --.I a --a- 
_--< ---- I-- - *---_I-_--- - -- - 

further accumulation of thermal u n i t s ,  The e f f e c t  of  this phenomenon on 
\\- ------- -,~-*@-"" -------- -- - -- --* .&-X1~~*-fl-------b* 

developing chum and sockeye embryos can be seen i n  Figure  3-15 and 

Figuiile 3-17, where salmon development and emergence i n  Slough 8A was 
-"-------c %%""x-,,--" me*OW"- ~~~*~-~~.ow"-ow"-UITUIT~-=~*~~-~~ "'=---.*b. - - --.' 

delayed i n  cornpartisan t o  the other two sloughs, 
UY --LGhudw*l_ qC a *I ba-r 2*3sr-r" a s -  * - - -mmw+s- -  

"_ _- "l"Fl *^" s7tr"- " T i C I  -I= -l*--i?*(x-l-i)n *.la .̂ -" 



Finure 3-18. Accumulated temperature un i t s  fo r  intragravel water a t  three sloughs, winter ,  
1982- 1983. For bath  Slough  8A and Slough 21, the values were interpolated us ing  
d a t a  f rorn two different Datapod recorders i n  these sloughs. Recause o f  equipment 
loss o r  ma'lfunction, a continuous record f o r  any one o f  these recorders was not  
s b l a  ii ned,  
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3,4,1 Chum salmon 

The development o f  chum salmon embryos and alevins was uniform a t  a l l  

sampling sites except for Slough 88. Embryo developmen-t a t  Slough 8A 

was retarded by low intragravel water temperatures wh ich  resul ted f ram 

the ice jam i n  the mainstem diverting cold Susitna water throcgh the 

head of Slough 88 .From mid-December t h rough  mid-Februar~f. I t  i s  a l so  

possible t h a t  same incubation delay was caused by law levels o f  

dissolved oxygen i n  the intragravel w a t e ~  o f  Slough 8A (see Figures 

3-93 and 3-14 However, DO was not  actual  l y  measured i n  the redds, so 

we do not know t h i s  t s  be the case, 

Table 3-6 presents a comparison of accumulated TU's needed t o  produce 50 

percent hatching o f  chum salmao embryos and 50 percent emergence o f  chum / 
i 

salmon alevins a d  selected s i t e s  on the Sus i tna  River w i t h  other areas : 
", 1 
i 

i n  Alaska. I t  appears t h a t  the TU's required by chum salmon on the 

Sus i tna  River are comparable t o  values required i n  the other areas. 

The times t o  50 percent ha tch ing  for  chum salmon from the three sloughs 

p l o t t e d  i n  Figure 3-18 (Slough 8A, Slough 9 ,  Slough 21 as 2: funct ion sf 

mean incubation temperature Fa1 7 s1 igh t ly  above the regression 1 i ne  

cal  cul a t ed  by Raymond Figure 3-19 b u t  are essentially 

coinparable t o  the other setocks used by Raymond i n  h i s  rt:gression, The 

dates f o r  50 percent h a t c h i n g  and 50 percent emergence were cic termined 

by ext l -apo la t ing  from one pe r iod  o f  observation to the next  period and 

t a k i n g  the mean a f  the two (see Tables 3-4 and 3-5), 
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Table 3-6. Cornparision o f  accumulated temperature units (TU' 5 )  and days 
needed t o  produce f i f t y  percent ha t ch ing  o f  chum salmon eggs and 
Fif ty  percent emergence o f  chum salmon alevins a t  selected s i t e s  
on the Susitna River w i t h  sther areas i n  Alaska, 

Temp. ("Cj 
m i  na-max Brood 

Year kocatf on 

Clear Hatchery 1 

Clear natcheryl 

E k l u t n a  Hatchery 2 

USFCJS ~ a b o r a t o r ~ '  
Anchorage 

USFWS Laboratory 3 

Anchorage 
*2 

USFWS Laboratory" 
Anchorage 

USFWS Laboratory 3 

Anchorage 

Susi tna River - 
Slough 8A 

Sus i tna  R i v e r  - 
Slough 21  Mouth 

L Loran Waldron, E k l i l t n a  Hatchery, personal communication 

3 Adapted f r o m  Waangard and  Burger (1983) 

4 Caiculated from the time of 50 percent ha tch ing  to the time o f  50 percent 
cine rgence - 

5 No emgrgerlce had occurred as of  April 20, 
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F igure  3-19, E f f e c t  05 mean i ncubat ion  temperature on time t o  50 percent hatching fo r  chum 
salmon. The regression l i n e  was calculated from seve 1 sources by Raymond 
and does no include the d a t a  p l o t t e d  on t h i s  f i g u r e  xcept f o r  the Pdqo Raymond, 
1981 points 
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As w i t h  chum salmon, a l l  s i t e s  where S O C ~ P ; Y ~  salmon embyyos and alevins 

were ccl 'lected showed uniform deve1opmen.t except Slough 8A. Development 

rates a t  Slough 8A were re"carded because af low ineragravel temperature. 

Up t o  hatching, sockeye salmon embryo dsvelopn,ent lagged behind chum 

salmon enibryo develop~ent. Th is  difference in maturatic?n rate i s  

s i m i l a r  t o  t h a t  found by other s t u d i e s  Vel sen 1980; Raymond 1981). 

The TU's  and t ime required f o r  50 percent hatching and 50 percent 

emergence o f  the Susi tna  River sockeye salmon and some olther stocks are 

shown i n  Table  3-7. The t imes  t o  50 percent ha tch ing  for  sockeye salmon 

as 3 f unc t lon  o f  mean incubation temperature in this  st.udy (Slough 1.1 

and S l o f ~ g h  21 and from other s tud ies  are p l o t t e d  i n  Figure 3-20. All 

of the d a t a  f a l l  close t o  the regression line r = 0.99), so there i s  

apparently no essential difference between the development o f  Susi tna 

River sockeye salmon and the development o f  sackeye salmon el sewhere. 

The value fsr k 649.4) i n  the equat ion on this figure Ss greater t h a n  

the k value  f o r  chum salmon (628.4) on Figure 3-19, w h i c h  i s  i n  

accordance w i t h  the l iteratore (Velson 1980; Raymond 1981) s t a t i n g  t h a t  

chum salmon development occurs a t  a g r e ~ t e r  rate than sockeye salmot? 
- _ _ -  - "  _ -- - *-- ---- -- _*-- - - *__ --.- ---* a -  - *.. - 

development. These equations suggest t h a t  sockeye devellopment ceases 

around O'C ( c  = -0.25), while chum development will occur dawn t o  m i n u s  
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Table  3-7. Comparision o f  accumulated temperature units ( T U ' s  
needed t o  produce f i f t y  percent hatching o f  sockeye salmon eggs 
and f i f t y  percent eniergence of  sockeye salmon alevias a t  selected 
s i t e s  on the  S u s i t n a  R i v e r  w i t h  other areas i n  Alazka and Canada. 

T1J ' s 
and (days) 
requ i red 

f o  r 
Brood 
Year 

B r i t i s h  ~olumbia' 

hake 11 i arnna 2 

USFWS Laboratory 3 

Anchorage 

USFMS L a t ~ r a o r y  3 

Anchorage 

Susi t n a  Ri ver 
Slough 11 

Sus i  tna A j  ver 
Slough 21 Mouth 

Adapted f ram pre'i iminary unpubl  i shed report, Waangard and Burger 1983) 

Calculatied from the t ime of 53 percent hatching t o  the time o f  50 percent 
erne rgence 
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The temperature un f t s  and times required f o r  50 percent h a t c h i n g  and 5C 

~ percent emergence for  chum and sockeye saln~on i n  the Slrsitna Rive!' 

~ appear t o  be basically the same 3s t h a t  required by other  stocks of 

~ these species, The da ta  provide a basis t o  ccmpare laboratory 

~ incubation s t u d i e s  w i t h  the ac tual  rates o f  development observed i n  the 

~ Field t h a t ,  together, can be u s e  to predict temperature ef  Tects c n  

~ The differences i n  developmental rates among different s i t e s  sugge:it 

~ t h a t  the temperature cfianges ~ h i c h  occurred i n  the systiem when tile 

~ mainstein i l  ow overtopped the head of Slough 8.4 produced ~ u b s t a n t i ~ t l  

~ changes i n  developmental rates i n  the churn embryos i n c u b a t i i i g  a t  t h  i s  

site. Observations o f  embryos collected i n  Slough 8Aa suggpqt t h a t  
?irrr 

increased inortal i t y  may have acccru-ed, a s  evidenced by l3rgttr numbers of 

h other  s i t e s  u h a t  were sampled. h'e do n c t  

~ have a sufficient sample s i z e  t o  ascertain i f  this observa t ion  re i lec ts  

The dominant e f f e c t s  of mainstem flows and temperature on development o-' 
PC 

&8 

incubating salmon embryos and a i e v i n s  i n  sloughs and siJechannels d u r i n ? ~  
> +' 

#% # > %J# b s" 
13 

"Lhe f a l l  and  winter occur when h i g h  w a t e r  productid by f'ioods o r  iee  b 

pr*acesses causes ;nainstem i\r2ter t o  Tiow over redds. Otherkqise, t he  

-intragi*&avel temperatures i n  the  redds a r e  nat  d i r e c t l y  influenced by 
-------am-mu" dm-*eW --*he. - - -  - 6 .  r ~ . r i e  -*T&- -ab R f ~ * ~ ) V l l l i l . l ~ s ~ i r r , a i ~ v ~ ~ i ~ c j ' L ~ i i  

6 
?c 

P \ mainste~ --- 1 f low, a - _ _ a -  but %--- -  * ratherm-baya,yyourid - ----A ,w$tg*rm qy_~pwe1: ,, ~~~~~~, - - r i n9  r .. -A%;C a water. . , Y-.* V 

I n  t h i s  
"; 

j case, the o n l y  e f f e c t  of ma~nstem water i s  h e a t  i n p t ; t  t ransferred by 
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4n analysis of impacts or' a l t n r e d  Flow o r  thema1 regimles should  con- 

sider these factors  as possible components t h a t  may a t  t e r  the natural  

T i m i n g  o f  the incubation and deieelopwent processes of juvenile sock@-ye 

and chum salmon from the sloughs and s i d ~  channels of the Susi tna River. 
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4*0 - BIURBOT SPAWRING IN THE SUSITNA RIVER BELQN DEVIL CANYON 

Burbot spawn i n  the winter i n  areas o f  the Sus i tna  River which inc lude 

locations i n f  1 uenced by mainsten flow and temperature. There has been 

1 i t t l e  'Infarmation available on the locat ions ,  t i m i n g ,  or h a b i t a t  

requirements of bu rba t  spawning. 

Past studies i r ~ d i c a t e  t h a t  b u r b o t  spawn i n  t r ibutaries  and sloughs of 

the Susi tna River below Devil Canyon between kovember and February 

ADF&G i983b).  Accord t o  residents a t  Alexander Creek (RM 10.1 - -  * - *=-wAW " E  L 
-wr - -- - r I.--- -*- nr--m"3-3w-- - " ~ - - - i 7 ? h s m . ~ a r  ---- 

-em-@ 

the CIeskka River b u r b o t  migrate enmasse i n t o  these 
- --- - --- -- - *- -* ----&- -- --* - =--**.m--Wmv." *"'~bma-.*--* 

- i u m  r rn b r u  r .irr n* - ru* .%% -- u.r .- r p  - C x w ,  *' 2.r(c.%.B .--ewsww"**** * r X t * - * r i ~ ~ r r " ~  

t r ibutaries  d u r i n g  l a t e  November and e a r l y  December. Cat~ches o f  burbot  
--- --.- ---- .._L-e-__. *#-,- 

---w+- ---w--*-wd-* a --m---------m-d 

by the residents of these areas have reportedly been h i g h  duc ing  

Decenrber and January b u t  decrease substantially af te r  January,  

$2 - Object ives  

The  s p e c i f i c  objecti\ies o f  the  b u r b o t  ( Lo ta  p --- I o t a )  spawning ;tudies 

d u r i n g  the  1982-1983 winter sampl i n g  season wtre: 
:La 

1 Determine t i m i n g  o f  b u r b o t  spawning; 

2 )  Describe b u r b o t  spawning h a b i t a t .  
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1 Gocumentation o f  the exac t  spawning loca t ion  and t i m i n g  o f  b u r b o t  i s  

1 d i f f i c u l t  because they are reported t o  spawn nocturnally under the ice 

1 Morrow 11980 Therefore,  data  collected i n  this study could only be 

1 from areas suspected o f  having b u r b o t  spawning, Specimens were 

collected a t  these areas d u r i n g  one two-day sampling trip per  m o n t h  from 

~ December t o  February so t h a t  the t ime o f  spawning (incidence o f  p o s t -  

~ spawning individuals could be determined, 

4,2,1 S t u d y  s i t e  Iseations 

k . * 
B " ""' i l l s  

i";i'.- The  Deshka 
1 9  - on_IRM 4(3.6). Two samp! i ng 

8 :  1 
1 sites gn the river were established, one a t  the mouth  (YRM 0.0 

other a t  a s i t e  two miles upstream F j g h ' e s  4-1 and  4-2 $he39 la-. 

ca t ions  had been sampled i n  previous winters and were chosen for their  

Pf\ 

I ?' 
accessibi l i t y  and h igh c ~ n c e n t r a t i o n s  o f  b u r b o t  dur ing  the win te r .  

( :; 
s 'a ".o, 
"?: L 

> 

4, 
** 
b> 

Dur ing  the winter o f  1982-83, a few b u r b o t  were a l s o  captured a t  other 
' (\ 

s i t e c  on the S u s i t n a  R i v e r  between the Deshka River* and Devil Canyon 
?i 

(Appendix Table C - 1 ) .  The relati94e maturity of a l l  bul-boi captured i n  

this  reach a f  river w2re examined i n  order t o  determine the t i m i n g  and  

locations o f  b u r b o t  spawning. 



Fiqure 4-1.  Suspected burbat  spawning area a t  the nlovth [TRFI 0.0) of the 
Deshka River 



Figure 4-2. Suspected burbo t  spawning area a t  TRM 2.0 o f  the Deshka River 
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Trot1 ines and burbot  sets ,  baited w i t h  f ish,  were used t o  capture a t  a1 1 

si tes according t o  the FY 1982 procedures manual 

sampling gear was set th rough  the i ce ;  i c e  d r i l l  i n g  was accomplished by 

use o f  a two man power auger. 

A1 l sampl i n g  mortal i t i e s  d u r i n g  each sampl i n g  trip were necropsied t o  

observe the development o f  gonads. Live fish were sacrificed t o  o b t a i n  

a sample s i z e  o f  a t  least ten  fish i f  there were not  enough mortalities. 

Otol i ths were removed for  age determination. Sexual maturity o r  

immaturity was determined by the s i z e  o f  the eggs o r  sperm sacs i n  

comparison t o  gonads o f  o the r  f i s h  o f  similar length. Past  d a t a  

indicated t h a t  the majority o f  a d u l t  f i s h  spawn each year and t h a t  the  

gonads noticeably begin t o  enlarge i n  August ADF&G 1983b 

Ripe gonads were examined and  then preserved for  somparison w i t h  gonads 

col lected d u r i n g  l a t e r  surveys ( P l a t e  4-1 External charaeteri  s t i  cs o f  

gonads suck as size, co lo r  and texture o f  egg and sperm sacs were 

documented. Internal c h a r a c t e r i s t i c s ,  including the size and presence 

a r  absence of  eggs i n  the  egg sacs, were a l s o  recorded, 

4,2,3 H a b i t a t  measurements 

The Deshka River s i t e s  ( R M  40.6) were sampled once per lnontl? t o  deter- 

mine phy~ical and chemical characteristics o f  hab i t a t s  ilti 1 i z e d  by 



P l a t e  4 - 1 .  blecropsyinq a burbot  t o  detern~ine sex  and relative m a t u r i t y  a t  the Deshka R i v e r  
m i d - J a n u a r y ,  1983. 
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b u r b o t  f o r  spawning. H a b i t a t  parameters meash-ed included i c e  

thickness, water d e p t h ,  under-ice water velocity, dissolved oxysen, 

specific conductance, pH, and water temperature. Specific (data cof - 
lection methodology and Sield experimental designs used i n  the col- 

lection o f  the above da t a  are summarized i n  the FY 82 procedures manual 

(ADF&G 1982 

The ssmpl i ng s i t e s  were a1 so mapped Figures 4-1 and 4-2 

4,3 ,1  H a b i t a t  da ta  

Hab i t a t  da ta  collected a t  the above s i t e s  are listed i n  Tables 4-1 and 

Water d e p t h s  i n  ;he study areas ranged from 2.2 t o  9.8 f e e t  ( x  = 6.2 

f e e L  n = 221 w i i h  under-ic2 water velocities r a n g i n g  from 0.3 t o  2.1 
- 
x = 0.8 f t / s e c . ,  n = 14 Water temperatures measured i n  the 

" -----, 
study area ranged f r y / - 0 . 3  t o  0.7°C I T  = O*I°C, n = 18). 

P 

Sexual l y  captured from 
-: +)it 2,P * 

ear ly  December, 1982 t o  fp - -rar- laar -"- \.. ,\-. ./ 
a >  P % I - -  

t "  mi 8- Dur ing  th i s  t ime  i *  v 
I."*" -*__*nu \ 5 7  

S :$ 

no spent b u r h o t  were captured.  Spsgned o u t  b u r b o t  were fl'rsi- captured \7:2_2 
' 

a! 

d u r i n g  a mid-February saiapling trip t o  t h n  Ceshka R i ve r .  A,ll b u r b o t  a 

<,% 
i 

$ * j  
C 

1 .  ' 

93 



Table 4-1, Piaysiea9 3 r d  chemical eharacteri sties tbf susbai;cted burboa; spawnajng kiabi t a t  a t  the mouth (TRM Q , O j  of t hg  De8bi.a R f  ver 
[RN -6,0,6). 

1 CE %ATE. R WATER D~SSOLVEB SPECIFEC WAVER F ~ O ~ B S  :: 
Tki D CKNESS DEPTH VELOCITY OXYGEN COMDUCTIVbPY TEMPERATURE Sexual e7ondi LJ on 

DATE s f  Burhot 
7- 

SAMPLE a --- -a. 
FPiSEG) QMC/L) 
d- -- P 

f ~JHMOS/GE% I__ - ----.- Q "c> 
-*-- - - m e  

A 1,9 4 11 "7 eddy - 83 S e B  0 , O  
B 1,9 2 -  2 2 , l  - 8b 5,s 0,8 
G 1,9 5,O - w 6 I 5,1 Q,Q 
0 7,9 4, '7 ,", - 79 4,8 Q. Q 

Pse-Spawning Burbot Mflling 

Post- tspawnC ng 
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TabS@ 4-2, Physical and cf-lrsrreical cka i racter i  s t f  cs sf suspected burbat sgdavtning i . ~ a b S t a t  a t  TRPf 2,0 of t h e  Dest~ka River (RM QOU6jb 

Fi CE 
TW I CMNE SS 

[F-f-) 
PP 

WATER 
DEPTH 
_(FT) 

WATER B I SSBLVED SPEC l F l C 
VELOCITY OXYGEN CONDUCTlltrBIVV 
[FT/SEC) ( # G / L ) -  -- P 

[%jHHOS/CSidg) 

WATER NsMs r 
TEMPERATURE Sexue l Cond% t % on 

(*c) of Burbst 

-P m ---- ---- 
- := F4sf: sampled 
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captured d u r i n g  this  sampling t r i p  an3 subsequent t r ips  were eixher  

post-spawners o r  sexually .immature (non-spawners i n  1982-1983). 

Sampling loca t ions  and  catch per u n i t  e f f o r t  a f  a i l  b u r b o t  captured 

du r ing  the w i n t e r  of 1982-1983 are listed i n  Appendix Table C-1. 

Monthly examinations c f  sexually ripe b u r b o i  gonads showed t h a t  t k  i i z e  

increased f rom early December t o  mid-January , then progressively de- 

creased i;r s i z e  through March. The color of the egS1 and sperm sacs 

accosdi~gly increased i n  instensity up t o  mid-January. The egg sacs 

changed froin a light yellow color  t o  a dark orange auld the sperm sacs 

changed from 5 cream t o  a golden coloraiii?n. S imi l a r  color  changes i n  

egg and spem sacs have been reported i n  sexually r ipe b u r b o t  captured 

elsewhere i n  s ~ u t h  central Alaska (Mike S t r a t t o n  pers. coim. 

Egg sacs were examined each month t o  determine i f  spawning occurred. 

Eggs igere found i n  a i l  erilarged sexual iy mature egg sacs examined 

d u r i n g  December and January. Only residual eggs %ere found i n  enlarged 

egg sacs o f  f i s h  necropsied i n  February and March, 

A~alysis or' the age campasitfan and t o t a ?  lengtlis o f  69 b u r b o t  caught 

d u r ? n g  the winter o f  1982-83 yie ldad t i l e  fo l  lowing r e s ~  i ts .  Ayes ranged 
2 ttom age I V  t o  age XI1 u i t h  ages V (21.7:;) and V i  (29.0:;) b u r b o t  

composing the two most frequentlqt sampled age classe- (Appendix Table 
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C-2). Figure 4-3 illustrates the average l e n g t h  and range o f  lengtbis 

f o r  each age class o f  Susi tna River b u r b o t  sampled from Dece~ber, 1982 

to March, i983. 

Fifty-nine o f  t he  69 b u r b c t  necrapsied were sexually i-ipe or showed 

signs o f  having spawned d u r i n g  the w i n t e r  o f  1982-1933. T h i r t - y - n i n e  of 

the pre- or post-spawners were Females, ranging i n  t o t a l  l eng th  rrom 

430-795 mm and encompassing age classes V t o  X l i .  The remaining 20 pre- 

o r  post-spawners were males, ranging i n  l e n g t h  from 424-780 m and 

encompassing age classes IV t o  XI. 

Ten sexually immature b u r b o t  were also examined. Sever: wei-e females 

rangfng i n  l e n g t h  f rom 395 mm t a  710 mm 3nd age from 1'4 t o  XI1 years. 

The three males ranged i n  l ength  from 425-585 mm and age from IV t c  1/11 

h i  years, - " J ; -' s" 
?"",is 24 

- * &* - - >  a"%aak*- b 

t 1 
L $ 

% * -  1 
**pa tb 
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xwf-' 

$* t-"" 
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4 0 h-'' 
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. i "1 

- a  \\, 
Studies conducted d u r i n g  the winter o f  1982-1983 found t h a t  b u r b a t  sDawn 

. f  , P a  i~.- 
t L 

', i n  the S ~ i s i t n a  R i v e r  be1oi.i Devil Canyon between mid-January and ea r ly  
~ - ~ v ~ ~ ~ ~ < - m e - ' - " U Y -  *=----t--m-w-= B-mr -B---4ayw(vn~m,jm. ..am n;Sm- m s , s s ~ a  

-2 hb 

spawn fn t h i s  reach 05 the river prior t o  February (ADF&G 1983b). 

Since b u r b o t  spawn nocturnal i y  under  the  i c e ,  exact 7ocat ions where 

burba t  spawn i n  t h e  S u s i t n a  and Deshka rivers have not  been determined. 



1- RANGE,  n . 6 9  
&.- $4 EAH 

A G E  

Figure 4 - 3 ,  Age-length relationship f a t  b v r b o t  cap tured  i n  the S u s i ~ n a  
River betvdeen Cook In le t  and Devil Canyon, December, 1982 
t h r o u g h  March, 1983. 
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Hoauever, by systematically sampling a t  a specific location over the 

Deshka River), sexually ripe and spent f i s h  were captured. 

Therefore, a1 though ac tua l  spawning was n o t  observed spawning probably 
'---, 

d i d  occur between the mouth and a t  least two iniles upriver from the 
w- 

m o u t h ,  

The s i t e s  on the Deshka River where spawning was suspected i s  charac- 

terized w i t h  having slow t o  moderate f l o w s  and medium water d e p t h s ,  2.2  

-. 9,g1 f e e t  Tables 4-1 and 4-2 . The Deshka R i v e r ' s  water i s  stained 

w i t h  tannins  reflecting the source from muskeg areas. P a s t  s t u d i e s  have 

determined the substrate base a t  the mouth t o  be predominantely gravel/ 

r u b b l e  which i s  often covered by several inches o f  s i l t  ADF%G 1981a). 

Although most data  collected t o  date  indicates t h a t  b u r b o t  spawn a t  

t r i bu t a ry  mouths such as the  Deshka River and Alexander Creek 

r a d i o  telenetry da ta  s u g g e s t s  t h a t  b u r b o t  may a l s o  =awn i n  the  
- ~ ~ . n - - ~ ~ - -  r- ---+=w-~ .- ~ a - ~ a ~ ~ w w ~ w p ~ A ~ ~  ---xmmw----- xi- ~ & Y I * ~ * @ ' ~ ~ ~ * ~ ~ * * ~ * ~ ~  Dlh------*-~?-ne- xmvwe-m-" 

mainstem. "-.w~-.~w~ ,=- Three of the f i v e  radio-tagged b l i rbo t  known t o  be alive 

d u r i n g  the monitoring o f  winter 1981-1982 movements remained i n  the 

mainstem from January t o  F e b r u a ~  (AI)F&G 19835 Data  c o i  lected d u r i n g  

the 1982-1983 winter r a d i o  telemetry study a l s o  shows t h aq t  burbot  reside 

i n  the mainstem d u r i n g  the  determined spawning period (see Sectian 5.0 

of  t h i s  report). 

MacCrimmon (1959 suggests that a post-spawning dispersal occurs 

for  feeding purposes. Substantial d~creases  i n  catch rates fo l  lowing 

spawning i n  l a t e  January indicate t h a t  ii post-spawning dispersal may 

a l s o  occur i n  the Sus i tna  R i v e r  drainage. 
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Although most o f  the burbot  captured d u r i n g  the winter 1982-1983 were a t  

s i r t es  below the C h u l  i tna  confluence, several sexual ly  ripe bur-bot  were 

a l so  caught  above the confluence (Appendix Table C-3). No spawning 

s i t e s  have been 'located above the Chu l  i t n a  confluence; however, da ta  

from 1982 suggests spawning occurs i n  s 
~~a------rn 

ADF&G 1983b 

sexual l y  ripe f ish captured i n  iginter 1382-1983 a t  mainstem s i t e s  

suggest t h a t  spawning may a l s o  occur i n  the mainstem. 
-*s--*--*>,~ ___ - ---*- ---- --- 

Al though  most o f  the b u r b o t  captured d u r i n g  t he  winter o f  1981-1982 and 

1982-1983 were sexual l y  mature, sevep-' sexual l y  immature a d u l t s  were 

a1 so captured ADF&G 1981b; 1983b These immature f i s h  were a % %  -wet- 

350 mir, i n  length, Data f rom 1981-1982, however, indicate t h a t  male 

b u r b o t  could attain sexual maturity when they reach 310 mm i n  l e n g t h  and 

~ mature  females were found t h a t  were 330 mm i n  l eng th .  Because the 

sexually immature f i s h  were over t he  determined minimum spawning 

lengths, i t  appears  t h a t  some b u r b o t  are nonconsecutive spawners i n  ' the 

Sus i tna  River. Since the majori ty of  the  f i s h  captured were sexually 

mature, i t  further appears t h a t  spawning o f  an individual1 fish probably 

occurs f o r  several consecutive years before a non-spawning year.  

Burbot have be3rl captured i n  the  Susitna River below Deviil Canyon up t o  

905 mm i n  l eng th  and aged t o  XV years since the f a l l  of 1981 

1983b, Appendix Table  C-4 By pooling the 1981 t o  1983 age-length d a t a  

t o  increase the sample s i z e ,  i t  appears t h a t  b u r b o t  below Devil Canyon 
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have a r a p i d  growth rate u p  t o  age I V .  After age I V ,  mean l eng th  d a t a  

shows t h a t  the growth slows t o  about 40 mm a year. 

Age-length d a t a  from 1982 suggests t h a t  b u r b o t  have a higher growth rate 

i n  the reach of river below the Chulitna confluence compared t o  the 

reach of r i v e r  between the confluence and Devil Canyon ABF&G 1983b 

For a g iven age, the average mean lengths of f i s h  below the confluence 

were consistently 10-15 m greater t h a n  for  fish above the confluence. 

Using pooled age-length d a t a ,  age-length r e l a t i o n s h i p s  can be determined 

bet~een male and female burbtat I Q  tlrae Susi tna  River,  S c o t t  and Crossman 

reported females become significantly longer t h a n  males a f t e r  age 

% V ,  hhis i s  no t  the case w i t h  f u s i t n a  River burbat,  For the reach s f  

river below the Chulitn? River confluence, females tend t o  be larger 

than males on ly  a t  ages IV and V, and then a f t e r  age X .  The same i s  

true for  the reach o f  river above the Chulitna River confluence, a t  

least  u p  t a  age IX; a f t e r  th i s  age, the sainple s i z e  was t o o  small t o  

make any comparisons. 

Age-length d a t a  f i nd ings  i n  t he  Susi tna R i v e r  concur w i t h  Morrow 

t h a t  Female btarbot t end  t o  l ive  longer. The three f ish aged i n  the 

Susitna River w h i c h  were over 800 m were female: and comprised the 

three oldest age classes f o u n d ,  ages XIII t o  XV.  

A7 t h o u g h  1981 f i n d i n g s  found t h a t  the sex compositiori was about 1:1 

males t o  females, s i n c e  then t he  r a t i o  has been decreasing (ADF&G 

19823. I n  1982, the r a t i o  decreased t o  !:1.5 males t o  females and, i n  
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the 1982-1983 winter work, the r a t i o  had decreased t o  a 1:2.0 r a t i o  

ADF&G 1983b, Appendix Table* C-3 

Al though  no reason can be determined for the yearly oi i f ferences i n  sex 

ra t ios  between 1981 and 1982, t h e  hlgher sex r a t i o  recorded du r ing  the 

winter of 1982-1383 could be related t o  seasonal sampling. Sampling was 

conducted monthly from January t o  October i n  1981 and 1982 and only from 

December t c  March i n  1982-1983, which i s  the period o f  spawning. 

Al though  Chen 1969, as c i t e d  by Morrow, 1950 %'.mdqicated t h a t  males 

arrive a t  the spawning grounds f i r s t ,  the 1982-1983 Susi tna R f v e r  d a t a  

s u g g e s t s  t h a t  females arrive f i r s t .  Sex ratios a t  the Deshka R i v e r  i n  

December were 1:5.0, i n  January 1:1.5 and by Feb~uary  were 1:1,2  males 

t o  females. Th i s  r a t i o  could  e x p l a i n  the  higher male t o  females r a t i o  

i n  comparison t o  1981 and 1982. 

The da t a  presented prov ide  information on the types of  h a b i t a t  con- 

d i t i o n s  associated w i t h  spawning and provide information on the t i m i n g  

o f  b u r b s t  spawning i n  t he  Sus i tna  drainage, Limited information on the 

b u r b o t  spawning i n  the reach of river above the Chul i tna  conl'luence 

suggests spawning may occur i n  areas d i rec t ly  affecteci by mainstem ilorv 
L 

, i c , i of the Susi tna River, Substantial changes i n  discharge caused by the 
'l" dy ' a  - -------- .--*-- "------a dm-.. .- --**-'r*s urrrrurxmm-*mvbndm -̂ '"U"rU<-III I. " - I  ------=-l-. - *-- * j li 

~ J * 
f- ; ;> *: proposed hydro-electric project coul d a f f e c t  substrate s t a b i  1 i t y  which 

I i ".. k 1 1- . * -aY"l.--- = --- x -,-~-r--- - oe.l--r̂ - -.cr̂ *.ur-or* ---"" -"*r", "* ------'--- 
: $  r # 

.-- am-aL ---. . - - *  -- *" *-- - ** " ---*i-* - X 

8 3 
* , d X  

-di" ## .- - could influence spawning success i n  this  reach of t he  river. Further 
\ - - - ---" - -  * -- - " -= " s a--- --x" -"- ..=* -.-* m- - --&%--- ,-----,* . "- 

-*-rT-+"m$ *, , 
I * P Y  

ir t : 
d a h  an t he  precise locations and substrate used for  spawning by t h i s  
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species, and an analysis o f  winter velocities and e f f e c t s  on substrate 

under  incremental winter flow condi t ions,  would p rov ide  the d a t a  needed i i 
I 

f o r  detemining t he  probable effects o f  flow regulation on b u r b o t  i i:,: 
' 3  * i 

I I 

{T :jG* fh 5k reproduction. a 4 e  
b- C 
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5,0 WIIVPEW R1982Q TELEMETRY INVESTIGATIONS OF RESIDENT FISH 

In  order t o  evaluate the  -impacts t h a t  may occur f r om the S u s i t n a  hydro- 

e lec t r ic  project and  ultimately t o  develop m i t i g a t i o n  strategies, 

information on the movements, spawning h a b i t a t ,  and overwintering 

h a b i t a t  o f  important resident fish species i s  required. Overwintering 

habitat could be important f a c t o r  a f f e c t i n g  resident f i s h  s u r v i v a l .  The 

following o b j e c t i v e s  a f  the r ad io  telemetry s tud ies  were se t  u p  t o  meet 

these requirements. 

5 , % , 1  Wacii s tel  emetrv studies be1 ow Devi  1 Caneron 

The s p e c i f i c  objectives or' the r a i ~ b o w  t r o u t  (Salmo -* ? 

and bu r t ~ a t  r ad io  telemetry s tud ies  below Devil Canyon d u r i n g  

the  1982-83 winter sampling season were: 

3 )  Ident i fy  rainborr t r o u t  and b u r b c t  overwintering h a b i t a t ;  

2 )  Determine when rainbow t r o u t  return t o  the tributaries and 

i d e n t i f y  rainbow trout spawcing h a b i t a t ;  and 

2 
3 Determine bu rbo t  spawning h a b i t a t  and t i m i n g .  



. I j  

The s p e c i f i c  o b j e c t i v e s  o f  the Arctic grayling ( 

rad io  tel  emeetr;v s tud ies  above Devi l Canyon d u r i n g  the 1982--83 winter 

sampl i ng season were: 

1 Identi; fy the overwintering h a b i t a t  ~f Arc"cic gray1 irrg w i t h i n  

ti:e proposed impoundment areas; 

Determine Arctic grayl ins spa:.rning h a b i t a t  and t iming  w j  t h i n  

the proposed impoundment areas; 

3 Ident i f j !  the oven~intering h a b i t a t  o f  Arctic gray!ing i:; the 

Deadman Lake system; and 

Determine Arctic grayl i n g  spawnitcg h a b i t a t  and t i m i n g  i n  the 

Deadman Lake system. 

To our  knowledge, Arctic gray1 t ng hare ne:.er before been radici-tagged. 
I 

z 

5' ,J+ 
* 

#*$" ?* .- 

5,2 Methods 

5,2,$ Radio  Tass 

Radio teieme"cj4 equipment used i n  th is  stk!dy was developed by the Sl2i. ch 

Root Coi-poration i n  Vancouver, Washington. Equipment consisted o f  a law 

frequency (40 MHz) r a d i o  t r a c k i ~ g  receiver (Model FIF-II~J) a.nd scanner 



(Hodel SR-401, a loo,, anteona (Model LA-40) and 80 transmitters (Model 

P40-5OOL 3V). T h i s  equipment was a l s o  used i n  the study o f  a d u l t  

anadronous cpecies ADFSG 198hc 

The transmitters used were cylindrical , encapsulated i n  p l a s t i c ,  and had 

a 17-cm external antenna. The transmitters measured 5.23 cm i n  l eng th  

and were 1.5 cm i n  diameter. Each t a g  weighed approximately 13-gm drjl 

weight. The power source f o r  the transmitter was a three v o l t ,  lithiug 

b a t t e r y  w h i c h  has a l i f e  expectancy from 180 t o  324 days, depending on 

the pulse rate. Different frequencies, between 40.6CO a n d  40.750 MHz, 

and pulse rates, between 0,s and 3 per second, were used t o  

differectiate between the 80 r a d i o  tags.  The  r a d i o  t a g s  were immersed 

i n  water f o r  45 hours and then tested f a r  s i g n a l  strength and frequency 

before they were implanted i n  fish. 

F i s h  were collected by electroshocking, hook and 1 ine, t r o t 1  ines,  and 

hoop nets. No injured o r  lethargic f i s h  were rad io  tag!)ed. Each f i s h  

determined t o  be sui table  f o r  r ad io  t a g  implantation w'as placed i n  3 

h o l d i n g  box and anesthetized \ . j i t h  MS-222 t%i-icajne methane-su]fe;;nate 

After the f i sh  were anesthetized, their lengths were rr,easured t c  the 

nearest m i !  l jmeter ( f o r k  l e n g t h  fo r  rainbow t r o u t  and i\rct-ic gray1 s'ng 

a2d total l e n g t h  For  burbot  Scales were taken f r ~ m  .thl. rainbow .trout 

.a!-- i o r  agirlg purposes. All species were Lagged w i t h  Flay anchor t aas .  

Based on personal communications w i  t h  C;r7 Burger and experience 
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gathered from the 1981-82 rad io  telemedtry studies,  a minimum l eng th  f o r  

r a d i o - t a g g j n g  was selected f o r  each species. Minimum lengths of rainbow 

t rout ,  burbot  ar;d .4rctic grayling t o  be radio  tagged were J90m fork  

l e n g t h ,  525mm t o t a l  length and 370mm fo rk  length ,  respectively. I t  was 

fdt t h a t  f i s h  smaller t h a n  these rnina"mun3 s i z e s  wousld n2at be able t o  

tolerate  the radio  tags. 

A transmitter was surgical l y  implanted i n  the coelom using a procedure 

similar t o  t h a t  described by Ziebell She surgical 

procedure was similar fo r  a71 three species. A three t o  f i v e  cm 

incision was made on the midline o f  the ventral surface, slightly beh ind  

the pectoral fins and antibiotics (ampicillin and terramycin 

i n t o  "Lhe body c a v i t y t y .  The r ad io  tags were inserted w i t h  the antenna 

toward the posterior end o f  the rainbow t r o u t  and b u r b o t  and toward the 

anter iar  end of the Arctic grayling. Care was taken t o  make sure the 

antennae were Fully extended. Each incision was then closed w i t h  f i v e  

to eight individual sutures of comercia1 s i lk ,  monofilament nylon, o r  

monofilament f i s h i n g  1 ine, Burbot were implanted w i t h  6-month t a g s ,  

Arctic grayling w i t h  9-month tags and rainbow t r o u t  wit:h one o r  the 

other. Each fish was then placed i n t o  a 1 ive box and he ld  u p r i g h t  u n t i l  

i t  regained i t s  equilibrium. The f ish were h e l d  overn ight  f o r  

observat ion.  The sutures were then checked and the .implanted 

transmitter" signal  was tested. Each f i s h  was then released near where 

i t  had been captured. 



Plate 5-1. Surgical implantation of a r a d i o  transmitter i n t o  a b u r b o t  a t  
Mainstem SusiLna 

108 
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The f i s h  were then radio  tracked by boa t ,  a i r c r a f t  and snowmobile. Boat  

track! ng proved adequate u n t i  1 mid October, when the formation o f  slush 

i c e  i n  the river prevented further boat ing. Winter aerial t racking  was 

conducted f rom September 16, 1982 t a  A p r i l  30, 1983. Aerial t racking 

procedures were identical t o  the  methoris used and described by A d u l t  

Anadromous Investigations WDF&G 198lc Tracking was general l y  done 

t w i c e  per month  d u r i n g  the f a l l  and once per month dur ing the winter. 

Dependirlg on the weather, r ad io  tracking flights covered the  entire 

Susi tna River from i t s  m o u t h  upstream t o  the  confluence o f  the  Oshetna 

- Selectei tributaries were a1 so periodical l y  searched 

Appendix Tsbl  e D-1 )  . 

The f o l  lowing assumptions were made regarding radio-tagged fish w h i c h  

were suspected o f  h a v i n g  t a g  implantation injuries o r  a r ad io  t a g  

Failure. A r ad io  tagged f i s h  was presumed injured i f  i t  exihibited 

rapSd downstream movement shor t ly  a f t e r  tagging; or i n  t he  case of , -j- t%. 

I&" 
A r c t i c  gray1 i n g  i f  they passed over Detlda3n Creek F a l l s  o r  were 1,- 4 + 

J" 

, / 
located downstream of Devil Canyon A r ad io  t a g  fa i lure  i n  a 1:'' 

f i s h  was assumed i f  there was a sudden loss o f  the radio  slgtnal and no 

further recep t i on  was made thoughou t  the study area RM 0,Q - RM 233,4 

Snowmobile t r ack ing  was conducted i n  March t o  pinpoint the  exac t  

location o f  r a d i o  tagged f i s h ,  t o  determine the f a t e  o f  the F i s h ,  and t o  

f j n d  ou t  i f  t h e  areas where the r a d i o  tagged f ish were located i n  areas 
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where large concentrations o f  resident fish had gathered t o  overwinter 

( o r  i n  the case o f  burbot, t o  spawn). 

5 ,2 ,4  Habitat  da ta  callectisn 

Data recorded during aeri a1 r ad io  t r a c k 1  ng surveys i ncl uded the  d a t e ,  

"fcatisn o f  the fish t o  the  nearest 0,1 mile and general h a b i t a t  

characteri % t i c s  i.e., open lead,  r i f f l e ,  pool During subsequent 

ground surveys i n  March, fish were located t o  w i t h i n  30 square f e e t ,  

and add i t i ana l  habi i ta t  d a t a  was recorded. These d a t a  included ice 

thickness, presence o r  absence o f  slush i c e ,  water d e p t h ,  water 

velocity, substrate types, and general water qua1 i t y .  

Maps were drawn and photographs were taken o f  the area where each 

radio-tagged f i s h  was located. 
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Between September 8 and October 15, 1982, 18 rainbow trout were captured 

and radio-tagged i n  the Susitna River downstream o f  Devil Canyon. F i v e  

were captured a t  the mouth o f  I n d i a n  River one i n  Slough 15 - -- --------- _-- 
10 a t  the  mouth  o f  Four th o f  

* --".- ___-------- ~ , ~ - ~  

5 .  The fo rk  

lengths o f  the radio-tagged rainbow t r ou t  ranged from 410 t o  550 

Ten o f  "che  radio-tagged rainbow t roubt  were implanted irvith 9-month 

transmitters i n  order t o  ob ta in  information on pre-spawning behavior 

d u r i n g  the sp r ing  o f  1983. However, the  majori ty a f  the 9-month trans- 

mitters f a i l ed  t o  funct ion.  The s ignals  o f  seven 9-month tags terminat- 

ed i n  less than  two weeks and  the e i g h t h  stopped transmitting wi th in  

30 days,  

A summary a t  t r a c k i n g  d a t a  from the 10 remaining radio-tagged rainbow 

t r o u t  i n  the S u s i t n a  River between Cook In le t  and Devil Canyon from 

September, 1982 t o  A p r i l ,  1983 i s  presented i n  Appendix Table  D-3. 

Individual f i s h  mavenenis are p l o t t e d  i n  Figures 5-1 and 5-2, 

Throughol;"itheir r e c e p t i c ~  l i f e ,  f o u r  radio-tagged rainbow t r o u t  (num- 

bers 500--5, 600-1, 670-3 ,  680-1) exhibited minimal movements r a n g i n g  

i l l  



 FISH LOCATED I N  TRI8U"lfARV 
@ FISH LOCATED 3N MWIB$SfEPd SSCBSETMA R I V E R  

I I 
SEQT 1s 0%;~ 15 ~ o v  rq DEC. I S  JAN. 15 FEIQ. 15 MAR. 15 APR 15 

F-igure 5-1. Movement o f  f i v e  r .adio-tagged rainbow t r ou t  i n  t he  Susitna 
R i v e r  drainage below Devi 1 Canyon, September, 1982 through 
Apr i  1 , 1983. 



F igu re  5 -2 .  Movements cP f i v e  radio- tagged '  
Susitna River d r a i n a g e  below D 
1982 through March, 1983. 
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from 4.5 miles downstream t o  1.6 miles upstream f rom t h e i r  release s i t e s  

Rainbow trout 620-1 remained w i t h i n  3 miles o f  i t s  tagging s i t e  

o f  July Creek, RM 131.1 for 2.5 rilonths before migrating 20.1 m i l e s  

dobjnstream. A f t e r  spending over one month  i n  the v i c i n i t y  of Gash Creek 

i t  moved upstream t o  RM 131.5 where i t  was l a s t  located on 

March 6 ,  1983 

The remaining f i v e  radio-tagged rainbobu t r o u t  (600-3, 540-1, 560-1, 

660-.5, 710-1) migrated distances c f  14.0 t o  76.6 miles dcwnstream from 

their releaf2 s i t e s  Figure 5-1 and 5-2).  All but  one of  these f i s h  

640-1) ovepttintered i n  t he  mainstem Susi t n a  Rive r  a t  their furthest 

downstream l sca t i sn ,  

Rainbow t r o u t  640-1, loca ted  a t  the m o u t h  of  Ind ian  River* RM 138.6) on 

November 15, 1982, was not  re-located until February 4 ,  1983. This 

rainbow t r o u t  had migra ted  a minimum o f  41.5 miles downriver and gone up 

the Tal keetna R i v e r  t o  t r i b u t a r y  river mile (TRM) 1.5 .  

On March 4 and f rom March 9 t o  12, 1983, ground surveys were cond~icted 

t a  determine the status o f  f o u r  radio-tagged rainbow t r o u t  (600-1, 

600-3, 620-1, 660-.5 No movement of these radio-tagged f i s h  was 

rtetected d u r i n g  dril l i n g  w i t h  a n  i c e  auger i n  the v i c i n i t y  o f  the i r  

s ' -ange;t transmitter s igna l  ; thereiore, thei r  fate wa:j not  ce r t a in ,  

Howeve:-, rainbow t r o u t  600-1 and 520-1 w e r  located a t  RM 131.5 i n  4.5 

f e e t  of water w i t h  an estimated trelocity o f  I t o  2 f e e t  per second. It 
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i s  be1 ieved t h a t  rainbow trsut 620-1 was a7 i v s  a t  t h a t  tiale s ince it had 

recently moved upstream 20.1 miles. The other two rainbow 

t r o u t  (660-.5 and 600-3 kgere b o t h  located under i c e  and slush ice i n  4 

to 6 inches s f  water, 

Eleven b u r b o t  were captured and radio-tagged i t t  seven s i t e s  i n  the 

Susi tna River below Devil (#inyon betireen August 20 and  October 15, 1982. 

Seven b u r b o t  were captured, r ad io - t  7ed, and released a t  slough and 

mainstem s i t e s  betirleen RM 101.2 and RM 139,5, Three b u r b o t  w2re radio- 

tagged and released a t  Sunshine Slough The remaining b u r b o t  

was captured a t  Birch Creek Slough ; i t  was tagged and released 

a t  RM 84.1 due t o  unnavigable river condit ions caused by newly formed 

slush i c e  w h i c h  prevented return t o  Birch Creek Slough. Lengths o f  

radio-tagged b u r b o t  ranged from 535 t o  865 m i  1 l imeters. 

A surnu3at.y o f  tagging and Lrackaing da*ta f o r  a l l  radio-tagged hurbot are 

presented i n  Appendix Table D-3. 

idinter movements o f  s i x  radio-tagged b u r b o t  were monitored between 

Dxenher, 1982 5nd March, 1983, Limited da ta  \gas col iected on the 

remaining f ive b u r b o t  due  t o  taggdng injuries or r a d i o  t a g  failures, 

-2 

i r ~ o  o f  the  s i x  burbtat  t h a t  were tracked successfir1 1;. dl;raing the iqinter 

of 1982-83 (600-1, 670-1)  moved 'less t h a n  one mile from their r e l e a s e  



s i t e s .  The  o the r  fo i r r  bu rbo t  (710-3, 680-2, 640-2, 560-2) moved 

downriver 7.3, 11.4, 37.1, and :Ii3.6 miles, respectivelqp (F'igure 5-3). 

L 

During a sampling tr ip conducted between March 9 and March 12, 1933, i t  

was deternrined t h a t  b u r b o t  670-1, 710-3, and 690-2 i~fere alive. Ice 

augering i n  " t h e  v i c i n i t y  of these radio-tagged f i s h  a t  RM 82.5, 76.1, 

and 72.0 caused the radio-tagged burbo t  t o  move from 20 t o  50 f ee t .  

8urbbot 670-1 sad 680-2 were located i n  less t h a n  one f o o t  of kdater w i t h  

little o r  no velocity ( Y a b l ~ .  5-1).  Btirbot 710-3 was found i n  15 f e e t  o f  

water w i t h  moderate velocity, Trotlines set i n  the v i c in i t y  o f  these 

radio-tagged b u r b o t  failed t o  recover the radio-tagged f i s h ;  however, II 

untagged b u r b o t  were captured a t  these s i t e s .  

From l a t e  A u g u s t  th rough  esrly October, 1?82, thirty-seven Arctic 

grayling i n  the t r ibutaries  o f  the Susi tna River above Devil Canyon were 

implanted w i t h  radio trafismi t t e r s .  Eight  gray1 i n g  were radio- tagged i n  

Tsusena Creek (RM 98ie3j, 4 i n  Deadmail Creek (RM 1SS,7), 6 i n  Natana 

Creek ( R M  194.1 13 i n  K.osina Creek JRM 206,8 and Ei i n  the oshetna 

 rive^ (RM 233.4) .  Lengths of A r c t i c  gray1 ing  selected Fci- radio-tagging 

ranged from 370 t o  425 nillimeters. 

A siimma~-y of t r ack ing  d a t a  for 15 radio-tzgged A r c t i c  grayl i r ig  i n  the 

Susi tna Rive r  drainage above Deviw Canyon i s  presented i n  Appendix Tabla 

0-4. ind i i i idua!  fish movements are presented i n  Figijres 5-4 t o  5-6. 



F i g u r e  5 - 3 .  Flovements o f  s i x  r a d i o  tagged bu rbo t  i n  the Susi tna R i v e r  
below Devi.1 Canyon, September, 1982 through March, 1983. 



Fable 5 - i  P h y s i c a l  and chemical hab i ta t  c h a r a c t e r i s t i c s  measured in the v i c i n i t y  of radio-tagged bvrbot  i n  the S u s i t n a  River during 
March, 1983, 

1 ce Water Hater Disso lved  Spec i f j c  W a b r  
T & i  ckness b p t h  Ve loc i t y  Oxygen bnd ,  Temperature 

( o t )  ( f t I 5 & ~ )  ( f t )  -- -- E 

App pox, 
3 , s  1 ,$b No spec+ f i  c h a b i t a t  measurements 

taken due t o  t h ree  fee t  of s l u s h  
i c s  under the i ce ,  

Location of radf o-tagged 
burbat 680-2 

EscaQi on of radio-tagged 
b ~ r b o t  710-3 

Locat ion s f  radio-ta~ged 
busbot 670-2 



Figure 5-4.  Movement o f  s i x  rad io- tagged A r c t i c  grayling i n  the S u s i t n a  
R i v e r  d r a i n a g e ,  D e v i l  Canyon and above, Angust, 2982 through 
January  , 1983. 
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@ B 1 8 W  LOCATED IN MAIRSTEM 8bJS1TN9 R I V E R  

F igu re  5-5. Movements o f  F i v e  rad io- tagged A r c t i c  grayling i n  the Susi tna River 
dra inage,  B e v i  1 Canyon and above, August, 1982 through March, 1983. 



Figure 5 - 6 .  Movement o f  four  rad io- tagged  A r c t i c  grayling i n  the Sasftna R i v e r  
drainage, Devil Canyon and above, August, 1982 through A p r i l ,  1983. 
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Li t t ;c?  cr  i?o da ta  were obtained from the remaining 22 radio-tagged 

grayling due t o  an unexpected h i g h  rate of rad io- tag  failures (12)  and 

assumed mortal i t i e s  o f  radio-tagged fish (10:. 

Table 5-2 presents the t i m i n g  o f  the A r c t i c  grayling outmigration From 

tributaries above Devil Canyon i n t o  the mainstem Susitna. Based on the 

incidence o f  radio-tagged gray1 i n g  1 ocated i n  tributaries d u r i n g  weekly 

and b i  -monthly aerial  surveys, most radio-tagged A r c t i c  arayl i n g  entered 

the mainstem Susi tna River i n  l a t e  September and ear ly  October. 

However, two radio- tagged grayling remained i n  t he  lower 0.5 miles of 

t r lbutarjes  600-1 i n  Oshetna River and 710-,5 .m"n Koshna Creek 

Decemb~r 14,  1982 and February 4, 1983, respectively. 

After the radio-tagged gray1 i n g  dropped o u t  o f  the  tributaries i n t o  the 

mafnstem Susi tna ,  most migrated downstream and overwintered i n  the  

mainstem. Downstream migrat ions i n  the mainstem Susi tna  ranged from 2.1  

t o  50.8 miles, w i t h  an average movement o f  19.8 mi'les. Most f i s h  

reached t h e i r  overwintering areas w i t h i n  30 days and e ~ t h i b i  ted minimal 

motdements d u r i  ng the  winter months. However, three radio- tagged Arcti r. 

650-6, 710-1, and 720-1 d i d  move u~stream 1.0 t o  5.5  miles t o  

reach their  overyintering areas dur ing  the  ear ly  months o f  the winter. 

A ground survey \atas c ~ n d ~ c t e r l  between March 1 and March 4 ,  1983 t o  

determine the f a t e  of six rad io - tagged  A r c t i c  grayling whose s i g n a l s  

were s t i l l  b e i n g  received (Appendix 'zble 0-4). Five were located 

between RM 187.0 and RM 198.0 and the l a s t  was found i n  Devil Canyon a t  

RM 153,1. By ice augering in t h e  v ic in i ty  of the radioamtagged f i sh  avd 



D RAFT 
WINTER REPORT 
10/20/83 

Table 5-2 Timing o f  radio-tagged Arctic grayling outmigration from 
t l s i bu ta r f es  i n t o  the wra-i'nstem Susjtna River above Devil 
Canyon. 

Tracking 
da te  

Total  number 
d - 

Number i n  
tributaries 

Percent i n  
tributaries 
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observing h a b i t a t  cond i t ions ,  i t  was determined t h a t  two o f  the  s i x  fish 

were alive. Grayling 650m.6 was located a t  RM 153.1 ln approximately 

two feet  of water w i t h  an es t imated  ve1ocit.y a f  2 t o  4 f e e t  per second. 

The second l ive grayling was overwin ter ing a t  RM 187.13 i n  a pool s i x  

f e e t  deep w i t h  an est imated water ve loc i t y  o f  less t h a n  1 foot  per 

second. The remaining four gray1 i ng  were located i n  unfavorable 

habitats and presumed dead. 

5 ,4  Discussion 

5 , 4 - l  Rainbow t r o u t  below Devil Canyon 

Movements by 10 radio- tagged rainbow t r o u t  over the winter o f  1982-83, 

were v a r i a b l e ,  ranging from 20.1 m i l e s  upriver t o  76.6 nr-a'ies downriver. 

Locations of radio-tagged rainbow t r o u t  throughout the w i  c t e r  suggests 

t h a t  mainstem reaches influenced by tributaries may be important  

overwintering areas for  rainbow t r o u t ,  Tributaries where radio-tagged 

rainbow t r o u t  resided for  extended periods were Fourth o f  July  Creek 

Lane Creek ( R M  113.6 Gash Creek and Kashwjtara 

The loca t ion  o f  rainbow t r o u t  640-1 i n  t he  Talkeetna 

River indicates t h a t  overwintering may occur i n  the lar~ler  Susitna River 

t r ibutar ies  as we4 I .  

Movements by b o t h  radio-tagged rainbow t r o u t  and Fl  ay anchor t a g  1 ainbow 

recaptures d u r i n g  1981-1982, indicated t h a t  rainbow t r o u t  inbabi t re1 a- - 

t i v e l y  .- short reaches CI the Sus i  Rive r .  Loea 1 i zed m i  g r a t i  ens - -____ -"__ "-_ _--- _s ---- ---- --*" ---*--*- 
"arasl,, 

thrc~gkout  winter 1982-1983 by Four radio-tagged rainbow trout supports 
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1982 observat ions,  Movements o f  less t h a n  4,s miles Prom reliease s i tes  

by these f o u r  rainbow t r o u t  (three near F o u r t h  of duly Creek and one 

near Montana Creek, RM 77.0 suggests t h a t  these F i sh  tended t o  remain 

near the tributaries where they were o r ig ina l  l y  tagged,  Likewise, the 

radio-tagged rainbow t rou t  t h a t  returned t o  the mouth o f  F o u r t h  o f  Jt!ly 

Creek, from a distance o f  20.1 m i l e s  dorunriver, a l so  exhibi*.ed homing 

behavior. In cont ras t ,  the other f i v e  radio- tagged rainbow t r o u t  

migrated extensively downriver from t h e i r  release s i t e s .  These rainbow 

t r o u t  were most a c t i v e  between mid-November and mid-January. T h i s  t i m e  

period corresponds w i t h  the peak a c t i v i t y  per iod 3 f  three radio-tagged 

rainbow t r ou t  i n  winter 1481-1982. !.fLer these f i v e  radio- tagged 

rainbow t r o u t  reached their downriver locations, their movements were 

local  ized. Termination o f  r a d i o  s igna l  s i n  February and i.lai.ch prevented 

cietermi~$~g whether these fish retzrned up-river pricr t o  spawning. 

5,4,2 Burhot below Devi 1 Canvsn 

By monitoring ' r a d i o  tagged b u r b o t  over the  winters 1981-1982 and 

1982-1983, i t  has been found t h a t  b u r b a t  concentrate i n  s e r t a i n  areas 
*- 

and migrate l i t t l e  d u r i n g  the winter i n  the Susitna River. S i n ~ e  b u r b o t  
__slw* +*a - V , a r w x w ~ ~ ~ ~ w ~  *a ,,m-B t*=it"**m 

* b L * * i l m ~ . - . . ~ ~ * m l l . l l - * & ~ * I - ~ -  =-*Y* ur_.--'~ri"*~k--4~-----q*-~~p"*i*i**- 

- -- 

a r e  winter spawners, and !.!inter mon i to r ing  data  has a l s o  shown t h a t  
."a 

I 

b u r b o t  utilize the  mainstem Susitna more t h a n  was formzrly be1 i eveh - 
- - - - - - - - . . - - . - - - - - - a n m -  r ~ ~ - ~ ~ w ~ ~ m m - ~ . ~ - - -  - - a 

d u r i n g  the assumed spilwning period,  t may be assumed t h 3 t  b u r b o t  

probably spawn i n  the mainstem as well as tributaries and sloughs. 

A l t h o u g h  (Morrow 1980) indicates t h a t  b u r b o t  are general i y  sedentary, 

our i n o n i t c ~ ~ i n g  da t a  -from t he  p a s t  two winters i n d i c a t e  t h a t  b u r b n t  
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sometimes migrate t o  and from spawning grounds. Results from bu rbo t  
*I-*---- - - 

---- -. 

catch da ta  indicates similar f i n d i r ~ g  and tha t  the spanning movement i s  

t h o u g h t  t o  begin d u r i n g  Septembet- ; n  the Sirsi tna River (ADFgG:, 1983b 

Until this winter, the dvra t ian  o f  the 3iy;ation a r~d  the t im ing  of 

spawning was not  known. Monthly surveys conducted dur8ing  the win te r  o f  

1982-1983 however, have since determined t h a t  b u r b o t  spawn between 

mi d-January and ear ly  February. 

'! /bonitored radio-tagged b u r b o t  over wjnter has shown t h a t  the 
i . j pre-spawning migra t ion  apparently begins i n  mid-September and last :  t o  
L 

; mid-January. Movement , t h a t  may be a t t r i b u t e d  t o  post-spawn3 ng 

behavior, begins i n  ear ly  February and lasts  until mid-March. 

Three o f  the six radio-tagged burbot  i n  1982-1983 and a l l  four  o f  the 
I 

b u r b o t  i n  1981-i982 showed a post-spawning movement. A l t h o u g h  i n  b o t h  

years the movement was sligI2t (0.5 - 7.0 miles i n  a l l  cases b u t  one, 

the movement was downri ver, MacCrimmon (1959 reported t h a t  bu rbo t  i n  

% , ' Lake Sincoe, Ontario,  a f t e r  sapwning i n  the lake,  moved ~p into 

; tributaries. 

Ground surveys conducted a f t e r  the spawning period : l a d e  February t o  

found t h a t  b u r o o t  i n h a b i t  areas o f  different d e p t h s  and water 

velocities. I n  areas vihere t he  radio- tagged burbot were located,  water 

depths ranged f r ~ m  on];/ cine f o o t  to 15 fee t  and water i~eioci t i e s  were as  

h i g h  as  2,s f e e t  per second AUF&G 1 9 6 3 ~ ) .  A l t h o u g h  radio- tagged b u r b o t  

inhabited areas of different F lov~s  and depths, i t  dppeared t h a t  d u r i n g  
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I 

4 i 
bo th  years they were i n  areas o f  h i g h  conductivity. Since h i g h  \ 

---- I 
conductiv' i ' t ies o f t e n  indicatp areas of upwell i ng ,  i t  suggest; that: 1 - 

-‘-"----"-*+Y---*-.- - ~ * - U I - - - - - * U - - - - * ~ ~ ~ - ~ s - ~ " *  

..- a" 
* t  

burhct  prefer these areas. 
---& ---- ",III--"XUX ".- *~u* 'ha~* rcc i~ .~~ '~ -m-~=~ d-" 

The h i g h  cat,nes s f  incidental bur-bot i n  areas where radio-ta9q.d fish 

were aver  wintering, a1 so suggests t h a t  burbot  conceritrate i n  specific 
----*. 

- - --*- -------- --- - 
--,.----.""-- 

areas t o  sverwinter, 
- ".-#*--*----.=--+ 

Res-3 t s  obtained from radio-tagged Arctic grayl i ng wei e extreme1 y 

var iab le  due t o  the high incidence c f  radio-taa implantation injuries 

and rad io- tag  failures. Since no previous Arctic grayl i n g  r ad io  

telemetry studies were knobla t o  have been undertaken, i t  was decided 

t h a t  only the largest gray1 i ng  (greater t h a n  370 mm) would be selected 

f o r  r2dio-tagging. I t  appears t h a t  even w i t h  this size restr ict ion t h a t  

r ad io  i n ~ p l a n t a t i o n  \Gas t o o  stressful f o r  some Arctic grayling. I n  

future radio-tagc;ing programs o f  A r c t i c  graylicg, it i s  recomecded t h a t  

a smaller diameter t a g  (maximuei - ?2mm) be used For implantation. 

" The  h i g h  incidesce o' r ad io - t ag  fa;Iures (32 percent t h a t  sccutnreC 

withirr  15 days of tile da t a  t h a t  they ;$ere implanted ivas TIC*: a ~ t j c i p a t e d .  

F ie ld  tests i n  w!.iSch transmit let*^ \:.:re %"%@er..sed i n  ~ a t e i .  f a r  48 hours 

proved t o  be insufficient t o  determine bihether transi~ni t ters  w o ~ i  d 

pei-farn~ i n  t h e  fie1 d.  Decl-easi ng \.;s"Le temperatures i n  September frsm 

6°C "Ln O L C  appear  to be respansib:. for  radio- tag failures. Future 



D RB\ FY 
WINTER REPORT 
18/f 0/83 

t agg ing  programs shout d subject transrni t t~ l rs  t~ both  waxer ii~jnersi on and 

temperature tests. 

Infomat ion on A r c t i c  gray1 i t l g  movemeets and gvenuintei-in:! behavior were 

obtaS ned from 15 radi  o-taggec? A r c t i c  g~siyi  i ng . The  tirni ng of downstream 

movemetit from tributaries i n t o  everwi ntering areas o f  the ma4 nstem 

Susi  tna by radio-tagged A r c t i c  gray1 5ng 1 ate  September - early October) 

was slightly la ter  t h a n  the peak movement o f  the 4rc t ic  grzyling i n t o  

the Susitna, as indicated by a decline i n  hock and l ine catch per u n i t  

e f f o r t  i n  t r ibutar ies  d u r i a g  September Likewise, the 

i ~ a j o r i t y  o f  Arctic grayling i n  the Chena, Goodpaster and Chatanika River 

systems ~l igra te  from t r i b u t a r i e s  i n  September Amstrong !982)* Since 

12 o f  the 15 successfully radio-tagged grayling \.iere tagged i n  

mid-Sei~tember o r  later ,  i t  appears t h a t  these f i s h  represented the end 

of Arctic grayling mjgra t ion  from tributaries t o  the mainstem. 

Th,? f a i l  movement o f  a l l  b u t  two radio- tagged A r c t i c  grayling i n t o  the 

Sus i tna  River support  the findings of 1981 and 1982 grayling sampling 

w h i c h  showed a f a i l  outmigration from t r ibu ta r i e s  t o  the mainstem ( A D F & G  

I t  appears t h a t  most A r c t i c  grayliog o v e w i n t e r  i n  the mainstem 

Susi t i i a  River, downstream o f  t h e i  r respective tribwtarties. 'fnce reach- 

i ng the extent o f  thei r downsstream migrat ion,  rnovemen1.s by radic-tagged 

gr:kyl i n g  were minimal. Radio-tagged Arctic gray1 i n g  oventintered 

between rivermile 153.0 and 226.0 wi tkk  two apparent  areas o f  

concen~ratian~ one b e i n g  a 20 mile reach betweer! Deadman Creek (RM 

186,7) ar:d Kosiila Creek (RM 206.8) and the other between rivermiles 
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153.C and 156.0 i n  Devil Canyou. During 'row Plows i n  March, A r c t i c  

grayling were a l s o  l i t i l i z i i i g  areas w i t h i n  Devil Cany~n f o r  overwintering 

h a b i t a t .  I t  i s  questiailable whether the presence o f  a radio-tagged 

Arctic grayling i n  Kosina Creek and the Oshetna R i v e r  we17 i n t o  the 

winter indicates overwintering i n  -tributaries. These fish may have been 

dead o r  injured, Min te r  water levels  i n  these tributaries are low and 

p*.obably do not  provide suitable otrer?\rintering h a b i t a t .  Information 

concerning the over~linter1r.g h a b i t a t  o f  Arctic graying i n  the Deadman 

Lake system i s  lacking due t o  t a g  f3ilures and tagging injurles o f  the 

four  grayling radio-tagged i n  Deadman Creek. 
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Appendix A consists a f  continuous temperature d a t a  c o i  lected by ADF&G 

f o r  w i n t e r  s t u d i e s  f rom August 1982 t h r o u g h  May 1983. The da t a  was 

collected us ing  two different instruments, Omnidata DP212 recorders 

datapods) and Ryan model J-90 thermographs. Datapods record both 

surface and in t r ag rave l  temperatures whi l e  thermographs measure only 

surface water temperatures. Data from datapods are i n  Appendix tables 

A - l  t h r o u g h  A-ll Ryan thermograph da ta  are i n  Tables 8-12 and A-13. 
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-. FEBRULYY 1 9 s  - 

DATE 
M f M  BEM 

ern- a- a=- 



DATE 
INTMGMVEL SUBPACE %jATER 

-Brrr--=IBB, 

MIN WK 



Appendix Tab le  AemIO ( ~ o n t  inued)  , 

- aPwrL 1983 - 

DATE 



b p e n d i x  Table A - l l  Datapod intragrisvel and surface water 
temperature (C )  data su ry, at Slough 21 - 
Upper, Df $%2,0, Geocode SXM02@36CCC, 

- AUGUST 1882 - 
INTUGMVEL SURFACE WATER 

DATE 

T ,9 
7.6 
6 .$1 

7.6 
8,1 
8,3 
8,3; 
7 el. 
6 ,;? 
5 0:; 

6 ,7" 

MONTHLY G'kLm 4-6 3 e 9  8,:s 



Appendix Table  A-l l (Continued). 

MONTHLY PALm 3 3  4 2  7 ,5 2,s 4,7 8 , 2  



Appendix Table 8-11 (Continued). 

- OCTOBER 1982 - 

DATE 
PNTUGMVEL SURFACE WATER 

a - r a  

MIN mM M U  H I N  mM W E  



Appendix Table A - l l  (Continued). 

M I N  mhT &MC 



Bgperldix Tab b e  A-ll ( Continued) , 

INTUGWVEL SURFACE WATER 
DATE 



INTMGMmL SURFACE WATER 
DATE 

M I N  m M  MX MZN mM Pm 

em- 



Appendix Tabge A * = l l  (@ontinued), 

- FEBRUmP P9m -. 

INTUGMWE SURFACE 14ATEB 
DATE 

MPN m M  R mM $U 

MONTHLY V U U E  2 3,6 3 25 .8 1 .8 2.8 





Aypendxr ' ' . . ' - la A-ll (Continued), 

DATE 





Appendix Table A-12 Themograph data  s ry, winter surface wati?r tmpe ra tu r e  
( C ) ,  Slough 9 ,  W 128.7, Geocode ~ 3 0 ~ 0 3 ~ 0 9 i ) ~ ~ .  

- OCTOBER 9982 - 
DAYS P -. 8 DAYS 9 -.. 16 BKfS 25 - 31 

MZiM tam 

0001 - 8600 
8601 1200 
1201 - 1800 
1801 - 2M0 
DiiILY VALUE 

8001 *- 0600 
060% .-. 1280 
1201 - 1800 
1801 - 2M0 
DAILY \@bAUE 



Appendix Table Ji-B 2 (~ontiwueb) , 

000% - 0600 :2,3 2,3 2,4 2,P 2,1 2,2 1.9 123 2,O 1 ,3  1,7 1,8 
0601 - 1208 2,3 2,4 2,5 2,1 2,2 2 , 2  B,8 1.9 2,0 1,8 %,8 1,8 
1201-1800  :2.6 2.6 2,7 2,O 2.1 2 3  1 , 9  1,9 2.0 !..7 1.8 123 
1 8 0 1 - 2 4 0  :l.2 2 , 4  2 , s  1.7 1,8 1.9 B,8 B,8 1,8 1 , 7  %,9 2,Q 
DAILY VALUE 2.2 2,4 2,$  1,7 2,O 2,2 l , 8  1 3  2,0 1 , 7  1 ,8  2,O 

0801-8600  1,9 2,O 2,O 1.6 1 .7  1 ,8  1,8 1.8 1.8 1,8 1 3  6 , 9  
Q f O l  - 1200 IL ,8 f ,9 1,9 1.6 X,9 1 . 7  1$,8 1.9 2,O $,8 1.8 %,9 
1201 - 1800 2,0 2,1 2,2 1,8 2,0 2,H 2,O 2,O 2,8 %,8 1.9 1.9 
1 8 0 1 . y I . % 4 B  :1,0 2,1 2,2 2,O 2 e O  2,O 2e0 2 s O  2 e 1  1,8 Pe8 123 
DAILY VALUE 1,.8 2,0 2 , 2  %,ti 1,8 2,1 1.8 123 2,1 1,8 1,8 8,9 

000% - 0 6 0 0  1 , 9  B,9 X,$ 2,O 2,O 2,O 2 . 2  2,2 2,2 
0601 - 1200 B,9 i , 9  1,9 2,0 2.1 2,2 2 , 2  2 , 2  2,2 
1201 - 1800 l , 8  1,8 l , 9  2,8 2,1 2,% 2,2  2 2  2 , 2  
1801 - 2M0 %. .8 1.8 1.8 2 , l  2,1 2,P %,2 2,2  2 ,2  
DAILY VALUE 1 , 8  1.9 1.9 2.0 2,B 2,2  2,2 2 , 2  2 2  

am- 



1 Appelldix Table A-P 2 (Continued). 

- aEcmsEw I 982 -.. 

M%N MEaT 1UX MLN %EM MUV Ba3M &M 

060% - 8688 
0601 - 8208 
1281 - 1800 
1801 - 2M0 
DAILY V*&UE 

000% - 0600 
8601 - 1208 
120% - 1880 
6803. .-. 2 M O  
DAILY VALUE 



Appendix Table A-12 (6ontinued). 

..- J m U M Y  P 8 a  - 
-a-t% 

T H E  DAYS 1 - 8 DAYS 9 - 86 DAYS 17 - 24 DAYS 25  - 
K I N  

0001 - 0680 
0601 -.. 8200 
1201 - 1808 
1801 - 2400 
DAILY VALUE 



Appendix Table A-1 2 (Continued). 

DAYS 9 - 16 
HIN  ME^ 1 4 ~ x  MIE mpv 1 ~ 3  B~;LN r n b ~  FVX 

600% - 0600 B,3 1,4 1,4 1,1 X,2 9,4 
Q*ijOl - 1200 1 2  $3 I,$% 11.4 1.7 2,O 
1206 - 1800 - 2,O 2,O 2,1 lZ.6 2 - 9  2,9 
1801 - 2 M 0  I,$ 1,7 l , 9  $I,S 1 , 9  2,3 
DAILY VALUE - i , 2  1.7 2,$ 41,$ %,9  2,9 



Appendix Table A-1.2 (~ontinued), 

.-. m a r L  I B ~  - 
TX&E IIAPS 1 - 8 DAYS 9 - 16 DAYS 17 =* 24 DA,YS 25 - 38 

PERIOD 14IN mAN Fm M%H H E M  

0001 - 0480 2,P 2,2 2 , 2  2.2 2,2 2,3 9 , 9  %,#8 4&0 
0601-1200 2,2 2,5 3,O 2,4 3.1 4,O 3 e 2  4@3 --rsmna-srsrm-rsu-dnar- 

1201 -1880 ,3.0 3,1 3,3 4,O 4,3 4,s  ,a 6 ,B9 4.4 --En- IraP-wrarr 

$881 - 2M8 2 , s  2,7 2.8 3.4 325 3 - 6  5,O 5,3 6,7 
DAILY V&UE 2.1  2 , 6  3 , 3  2,2 3 , 3  425 1 3  5.8 7.4 

0001 - 0600 2,0 2,B 2,3 2,4 2,7 3,0 3,Q 3 3  4.4 
O Q Q l - 1 2 0 0  2,2 2,7 3 ,2  2.9 3,3 3,7 3.3 4,2 5 * 1  
L208-$i800 ,3,5 3.8 4.0 4,0 4,b 4,3 
180% - 2 4 0  .3,0 3 ,2  3,5  2 ,9  3 - 3  3,6 5 , 2  5,6 6,O 
DAILY VALUE ,2,0 3,0 4,0 2,4 3,s 4,3 



Appendix Table k 1 3  Themograph d a t a  s r y ,  winter surface v t a ~ g e r a t u r e  
( C ) ,  Slough 2 1 ,  RM .9, Geocode ~ 3 1 ~ 0 2 ~ 6  a 

DAYS 9 - 8 DAYS 9 OSa 16 DAYS 25 - 31 
MPN MEM ?M M I N  &EN KLX 

OQQP - 0688 -,I =-el -,I .6 ,7 f .O 
0601 - 1200 -3 .P 23 .6 1.8 2,8  P , O  2,7 4,9 

1.4 2.3 2,9 2 @ 9  3.4 3,6 4,7 6 ,1  6 3  
-,6 -,3 .1 1 , 2  1.4 %,8 1.3 1 , 9  2.8 
-,Q .7 2,9 -,I 1.6 3 .b ,6 2.9 6.9 

0001 - 0660 ,3 ,4 .4 ,6 .7 23 .9 1.0 1.3 .8 .9 1 ,O 
0601 - 1280 ,4 6,7 2.5 %,I 2.2 3,4  1.6 2,6 3 ,2  P,3 3 ,2  5.4 
1201 - 1800 2 , 9  3 , 9  4,4 2,3 3 . 2  4,1 4.8 4 , 3  4.7 4 2  5,9 6 , 9  
$801 - 2MQ .S L 4  1 3  -01 3 A 1.9 2,3 2,8 .9 i , 6  2,4 
DAILY DMA$lJE e 3  Ie8  4 e 4  -=,I. l .6  4, l  23 2.6 4,7 .8 2.9 6,9 



Appendix Table A-13 (Ccntinued) , 

- MY 19a - 
T X m  DAYS L - 8 DAYS 9 - 16 DAYS If - 24 DAYS 25  - 31 

PERIOD MIN m M  8f& 

DAILY Tram .I.. 
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APPENDIX B 

Incubation H a b i t a t :  

Data col'ected w i t h i n  standpipes and 

a t  ad j acen t  sur face rvater locations. 
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Appendix B cansists o f  raw d a t a  Appendix Tables 6-5 B-8j and  

correspondf ng summary tables (Appendix Tables 6-1 t o  8-41. S u n ~ a j y  

tables preceed the raw dsta  tables i c  this Appendix for  ease of 

reference. These data  were collected by ADF&G persorlnel d u r i n g  tdo 

sampling periods A p r i l  15-18 and April 29-May 2 )  i n  s p r f f i g ,  1383. In 

the summary tables,  sainpl i n g  periods are referred t o  as "f i rs t"  2nd 

"second", respectively. 
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the le f t  bank o f  specific s i t e s  i n  s l n u n h s  

and  21 d u r i n g  early (April 15-18 
Apr i l  29-May 2 )  sawn1 ing  periods 

in s p r i n g ,  1983, .............................. R - i  

Appendi x Tab! e B-2 Summary o f  i n t ragrai~el  and corresponding 
surface water qua1 i t y  d a t a  col lected along 
the r i g h t  bank o f  specific s i t e s  Sn sloughs 

and 21 during A p r i l  25-18) 
Apr i l  29-May 2 ing  periods 

i n  spring, 1983 . e . e e ~ e . . a e e a a e e C e s 8 1 B a e 4 ~ ~ ' * ~ B ~  E-2 

Appendi x Tab1 e 8-3 Sumanary o f  i ntragravel  and  corresponciing 
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s i t e s  i n  sloughs 8A, 9, 11 and 22 dur ing 
e a r l y  ( A p r i l  15-18) and l a te  ( A p r i l  29- 

....... sampling periods i n  s p r i n g ,  1983 8-3 

Appendix Table  B-4 S u ~ m a r y  o f  in t ragrsvel  and correspantling 
surface water qua1 i ty da ta  col I ected 
i n  sloughs 8A, 9, 11 and 21  d u r i n g  

A p r i l  15-18 
sanp! i n g  pe 

Appendix t ab7  e B-5 Intragravel and  corresponding surface 
water qua7 i t y  measurements cal lected 
i n  Slough 8R RM 125.9,  Geographic Code 
S30N03WJOBCD) of the Susi t na  River d t i r i  ng 
two sampling periods ( A p r i l  15-18) and 
l a te  ( A p r i l  29-Mzy 2) sampf i n g  periods 
i n  s p r i n g ,  1983. .......,.....................I. E-6 

Appendix Tab1 e B-6 Intragravel and corresponding surface 
water qua1 i ty measurenentr calf ected 
f n  Slough 9 (Rb: 129.2, Geographic Code 
S3BN83M69DCB o f  the Sus i tna  River d u r i n g  

periods (April 15-18) and 
29-May 2) sampling periods 

................................ i n  spring, 1983 8-7 

Appendix Tab le  B-7 Intragravel and correspond; ng surf ace 
water quality measurements collected 
i n  S l e u g h  11 (RM 135.3, Geoqraphic Code 
S3it402U190DD) o f  the Susf  t n a  R i  ber d u r i n g  
two sampling perigds (April 25-18) and 
l a t e  (Arril 29-May 2 )  sampling periods 
in spring, IS83 ............... ( P 2 C $ i I k B S B S R ~ % P 1 D s D ( P O B A  B-8 
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Appendix Table  8-8 In t ragravel  and corresponding surface 
wate r  qdal i t y  measurements col lected 
i n  Slaugh 21 (RM 142.0, Geographic Code 
S31N02G102AAA) o f  the Susitna River d u r i n g  
two sampl ing periods A p r i l  15-18 

Apri  1 29-Play 2 j sampl i n g  peysi cds 
i n  sp r ing ,  1963.. . . . . . . . . . . . . . a iD B) a 8, = B-10 
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Appendix Table 8 - 1  Sumary  sf fn tsagrave l  and carrespsndfng surface water  quality da t a  csllsceed along the % e f t  bank of spaciffc s i t e s  
i~ s l o u g h s  8 8 ,  9, I d  and 21 durirtg e a r l y  ( A p r i l  15-58) end l a t e  (AprBl 29-!day 2 )  sampljwg parfoda .s"n spring, 1983, 

%amp1 J ng Slough 
Si ts  Per iod Bank - - -  V a r i a b l e  -- 

S l ~ u g h B A  A E a r l y  L e f t  D i  ~ s o ?  vad Oxygen 
k L a t e  h e f t  Di  ssol ved Oxygen 
A E a r l y  L e f t  Water fernpessture 
A  ate baf % Water Temperature 
A ba t e  bef t Spec i f i c Conductance 
A E a r l y  L e f t  
A Late Le F t 

pH 
PK 

Slough 9 B E a r l y  
B Late  
C L a t e  
B E a r l y  
B La te  
C Late 
S b a t e  
C Late 
B E a r l y  
8 Late  

L e f t  
&sf t 
L e f t  
Left 
! - e f t  
Lef t  
L e f t  
L@f t 
Left 
Left 

D i  sssl ved Oxygen 
D i  ssal ved Oxygen 
D i  ssol ved Oxygen 
Water Temperature 
Watss hemperature 
Pdater "renparature 

Spec"a"4 &: Conds~ctanca 
Speei P i  c Conductance 

p%"k 
pH 

E a r l y  
Late 
Early 
Late 
E a r l y  
La ts 
E a r l y  
La t e  
Las%,@ 
Early 
Early 

t e f  $ 
Left 
beP t 
L e f t  
L e f t  
L c f t  
Lef  % 
L e f t  
L e f t  
L e f t  
Le f  % 

D i  ssal ved Oxygen 
D l  sssl ved Oxygen 
D-i ssol ved Oxygen 
D i  ssol vad Oxygen 
Water Temperature 
Water Temper.a"re 
Water Tsmperaturs 
Water Temperature 

Spec4 f i c Conductance 
Speci f i c c~nduc%an@e 

~ f i  

S l o u g h 2 1  A Early  L e f t  O! sssl ved Oxygen 
A La te  1 . . E L  

L&rf k 
Ej  5as; ..@.j Gxyg5n 

A Ear ly  Left Water Temperature 
A Late L e f t  Water Temperature 
A bate  kef t Spec.2" f f 6: Gosrdhtctar2ce 
A E a r l y  L s f t  
A !-ate Left PH 
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Appendix T a b l e  8--2 Summary o f  i n t r e g r a v e l  2nd enrrgspanding surface water quality da t a  collected along the  r fgh t  bank oP s p e c % f k  
s i t e s  j~ sloughs 8A, 9$ 11 and 24 during e a r l y  (Aprf l 15-18] and l a t e  (April  29-!day 24 sampling periods i n  sp r ing ,  
1983, 

Sampf i ng Slough 
S i t e  Ps r i sd  Bank 
P P V  

S l s u g h  8R A E a r l y  Right  D i  ssol ved Oxygen 4,2 5 , O  9,2 Iu5 40 10,2 1 *i1,6 Q,4 10 
A La te  R i  g k t  Disss lved Oxygen 6 - 6  4,9 7,9 4 ,  M O  3 11,4 11 ,6  0,3 10 
A E a r l y  R i g h t  Viater Temperature 8,4 1,8 2,O 0,s 10 0 ,3  0,5 3,8 8,478 10 
A Late R i  g h t  Water Temperature 2,2 2,9 3,2 2,O 3 , 7 4,s 0,696 3Q 0,3 10 
A Late W l  gh& Speci f i c  Conductance 21 5 246 255 11 18 SQ4 I779 1 84 6 - - - - 10 
A E a r l y  Right ~ k - i  7 '@2 7 , 3  10 7,9 7,3 - w. -- 70 
A La te  R i g h t  PW Q,7 6,8 5 6 , 6  6 @  8 5 

Slough 9 A E a r l y  Right D i  ssal wed Oxygen 3,7 4,9 4,7 0,9 10 9 , 3  9,6 9,8 0,2 10 
A l a t e  Right Dissolved Oxygen 7,1 8,8 10,8 1 , s  10 98,9 4 1 , O  l1 ,8  0, -10 
A E a r l y  R i  ghd Watsr Te~nperatrsre 1%.  1 4,3 5,2 8,4 10 5,1 S e 3  5 ,3  0,070 98 
A La te  Rtght Hater Temperature 3,s  4,O 5,O 0,s 10 5,8 6,6) 6,2 0,333 I 0  
A [-ate R i  ght  Spec1 C i  c Conductance 128 156 186 19 10 146 153 156 3 10 
A E a r l y  Right ~ t . 1  6 , 8  7, "11 10 6 , 8  7 ,O  w, m - - 10 
A La te  Right pH Cis  2 Ge 6 5 6 ,  3 6,8 5 

$ lough11  B E a r l y  R f g h t  B i  ssof vsd Oxygen 
B Late  R i  gkt  D i  ssol ved Oxygen 
C E a r l y  Right Df ssol wed Oxygen 
C Late Ra" ght D i  sssl ved Oxygen 
B E a r l y  Right  Water Temperature 
B Late  R i  ght Matsr Temperature 
C E a r l y  R j y k t  Mates Temperatuse 
C La te  W.2 gR% Watsr Temperature 
8 E a r l y  Right Spec$ f i G Conductance 
G L a t e  R i  ght Spscf $ 3  e Conductance 
B Early Rig;?$ PH 
c E a r l y  RSght P F ~  

S l o u g h  2 %  M Early  Right D i  ssol ved Oxygen S,Q 7,6 8,8 '1.1 16) 9,s 9 ,8  %0,0 0,2 10 
% haate R.a" g h t  D i  %so% ved Oxygen 7 , 3  7f,7 8,4 0,4 10 10,3  40,s 10,6 0,1 10 
A E a r l y  Right Water Temperature 4,O %,4 5,O 0,3 10 5,2 5,2 5 , 2  0,000 169 
C"z La te  R i  ght Water Temperature 3,8 4,1 4,s 0 , 3  10 6,IP 7,1 7,s 0,207 % O  
A La te  R i  ght Speci f i c Conductance 114 201 29 6 16 10 248 2ib3 248 3 

em - "m 

10 
A E a r l y  Right PH 6,9 7,8 10 6,7 7,2 

m - 18 
A k-ate R4" ght pi4 6,8 6*  8 S 6 , s  6,9 5 
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Appendix fab le  8-3 Summary o f  indragsaval  and  corrsspowdi ng surface wate r  queljty d a t a  collects a& spec i f i c  s i t e s  i n  sloughs @ A ,  9, 
31 and 21 d u r j n g  e a r l y  ( A p r i l  19-38) and l a t e  ( A p r i l  29-May 2 )  sainpling perleads in sprfng,  1983, 

E a r l y  D i  ssel ved Oxygew 
Late D4 sssl ved Oxygen 
E a r !  Y Hater Tamperatuse 
Late  Water Temperature 
La te  Speci $I c Conductance 
E a r l y  P@ 
Late  PH 

E a r l y  
Late  
E a r l y  
L.a $ e 
h a t e  
E a r l y  
Late  
&a r 1 y 
L a t s  
La t a  
i - a te  
La te  
L a t s  
E a r l y  
Late  
Early 
Late 

E a r l y  
k8 t e  
Ear ly  
Late 
E s  r l y 
L a t e  
Early 
La te  
E a r l y  
l a t e  
E a r l y  
Late  
L a t e  
Early 
Late  
E a r l y  
Ear ly  
E a r l y  

D i  ssol ved Oxygen 
D i  ssol ved Oxygen 
Dissolved Oxygen 
D i  ssal ved Oxygen 
hi ssal veb Oxygen 
Wa tes Temperature 
Water Temperature 
PdaLer Temperature 
giater Temperature 
Water Terjaperature 

Speci f i  c Conductdnce 
Spec$ f f c &nductance 
Speci f i  c Conductance 

~ 1 - i  
PH 
ipH 
pH 

D i  ssol ved Oxygen 
D i s s ~ S v e d  Oxygen 
D i  s s ~ l  ved Oxygen 
D i  ssal ued Oxygen 
D i  sssl ved Oxygen 
DS ssol ved Oxygen 
Water Temperature 
Pfatei .  '""""+.".% " m e  

I e9ltptZ;I d t u v G 

Ba t a r  Temperature 
kda t e r  Tsrnpsrature 
Water Temperature 
Water Temperature 

Syeci f i c Conductaece 
Speci P ic  Conductance 
Speci f i c Conductance 

pH 
pl-3 

Surface Water 

11,5 
1LI 
1QwS 
16,9 
19,6 
10,6 
3,1 
7 = 8  
2 0 0 
5,9 
1 ,9 
Sea%, 

245 
ass 
239 
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Appendix Table 8-3 QCantfnued) 

E e r l y  D i  ssslved Oxygen 
La La D i  sssi ved Oxygen 
E a r l y  Water Temperature 
La%@ Water Temperature 
Late  Speci , f i  c Conductance 
E a r l y  
Late 

PH 
pH 
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Appendix Tab le  B-4 Summary o f  i n k r a g r a v e l  and csrrespondi ng surface wste r  qua9 i ty da t a  col l e c t e d  i n  sloughs B B ,  9, 11 and 23 during 
e a r l y  ( A p r i l  55-78) and l a t e  (AprS1 29-May 2 )  samplfiag per iods  ire sprlg-eg, 1983, 

Slough 8 A  E a r l y  
Late 
E a r l y  
Late 
l a t e  
E a r l y  
% a t e  

Slough 9 Ear% y 
Late 
Earl  - I  

L a t e  
Late 
E a r l y  
L a t e  

E d s l  y 
Late  
E a r l y  
Late  
Ear ly  
&a&@ 
E a r l y  

Slough 21 Early 
Late 
Ear ly  
hate  
La te  
E a r l y  
Late 

D i  sssl ved Oxygen 
D i  ssol ved Oxygen 
Water Temperature 
Water Tampsrature 

Spec$ f i c Conductance 
pH 
PH 

O i  ssolved Oxygen 
Dissolved Oxygen 
%aQer Temperature 
Water Temperaturs 

Speci Pic Conductance 
pH 
pH 

B i  ssolved Oxygen 
DS ssol ved Oxygen 
Water Temperature 
Water *fernpeea%ure 

Spec$ f S c Cmnductance 
Speci f i c Conductance 

PW 

D i  ssol ved Oxygen 
Dissolved B x y ~ e n  
Water Temperature 
Water Temperature 

Spsci f i c Conductance 
p g.4 
pH 

Surface Water 
P - 



A p p e n d i x  Table B-@ Intregrra~rel and corre~pawdiag ~ ~ u B B ~ c s ?  water qaaelity rageesurerrterate collected 
in  Slough 8A (RH B%S,9, Ceogrephic Code S38N83W301CDB a% t h e  Suebtna River  
dureisdg Ewo gampliog period8 ( A p r i l  15-18 and A p r i l  29-May 2)  in  e p r i n g ,  19@. 

PNTMCRAVEL SURFACE VATEO 
-----__11__.-8--- 

SMPLHNG SLOUGH WATER DD,* 8PEG ,COED, MA"$R D,O , SPEC .C$BtIiag, 
S9TE DATE D&4% pH % ~ 8 4 6 )  (mg /  1) ( U ~ ~ Q I / C I )  pH T a t B ( C )  kmg/ 1) gukmh~eicm) 

LEFT 9 , 3  a,@ 4*4 
LEFT 7,2 a , @  4,2 
EEPB 9 , 2  2,2. %,3 
LEFT 9 , 2  2-2 4,s 
EE FT 7,2 2,s 4,4 
LOFT 3,2 2 - 5  4,4 
LEPT 7,2 2.5 4,2 
LEFT 3 , a  2.3 6-3 
LEFT 7,2 2.5 4.3 
LL PT 3.2 2 5  4.8 
EIGHT ? , 2  .4 $,2 
RICg.d"%'*2 ! , I  4,s 
BIGHT 7 - 3  8 4 , 8  
WXGHT 1.2 2,8 4,4 
BICBtf 7,2 L,8 4,s 
BIGHT $,% 2,8 4 , 8  
RIGHT 2,2 1,s 
~acs;a~ 2.0 
RIGHT 7.2  2.8 6,4 
B1CBb% 7.2 2.Q 4-4 

b 4 5,fB 4 , 3  
LEPf 6.4 3 , 8  69,6 
LE PT Q,4 3 . 8  4 .3  
LE FT 6 , s  ' 2,2 4,3 
LEFT 6 ,6  3.2 ki,4 
LEFT -- 3,2 Q,4 
%*EFT -- 3,8 6.3 
LEFT -- 3 , 2  4*!i 
LEFT U1)m 3,,2 4.4 
LEFT -- 3,2 4,O 
OPGNB 6.1  2,2 7.9 
BZCNT Q,8 %,8 4,6 
PiGllf 6.7 2 e 8  4,fi 
WIGHT 6,8 2.8 k8.5  

RBCOtT 6,8 3.0 4,7 
RICliT -- 2,8 4,s 
RB CEHT -- 3.2 4 ,6  
WHGiiT --- 3.0 4,4 
R % G H 1  -- P a 2  4,6 
RIGIJT -- 3.0 4,.% 

am- 



A g p c n d l r  Tabla  I-B Paersgrevel and eorasapondiag cuafscc  water quality ~eeeurament@ cailected 
i a  SLough 9 6~ 329.2, Gasgrapkie Code S3QM83VB9DCB) ~f the  Susitna Bivar 
A,upirBg ~ y s ;  sampling pi.;rioda f A - - ; l l  \ s s r a a e  6 d - a ~  # % - P i 3  a i s w  - - A  ~ V S - L L  & - - A S  sa,w=.-. & b  I E ~ T  a \  kn ' I P K ~ O ~ ~  e 

-----* r-------------e-*m-----w-- 6- 

XHf U C I A V E L  SURFACE MASER 
--*-------------- iaQd, 

S a P L I E C  SLOOCH Yb%%&B U ,a, SPEC ,60WB, VATBR Q,8, SP66,6@%9, 
BXTZ DATE BAW9 pa TWpQG) i a g / I j  (urashoebsm) pW TMP(68 (mg/ 11 (usbgdcm3 

RHCMT 
WIGHT 
WIGHT 
IZGHP 
LIGHT 
BliG%tT 
BIGHT 
WIGHT 
RPCMT 
WIGHT 
81 3BlT 
RIGHT 
RH61%'%1 
RIGHT 
RICtiT 
RHGfrliT 
WBGNH 
IBC%iT 
WliCliT 
BlCkdP 
L,BPX 
LEFT 
LEFT 
LBPT 
LEFT 
LEsFT 
L e f l  
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
L E f  4" 
LEFT 

T h i e  a i g e  wee  arsoehky Hecakad i n  3 lough 9 b  (B,, Bigurq 3 1 ,  



A p p e d b O a g  T a b l e  B-9 ifntregrevel and ssrreerponding ~ 8 s ~ B s s a  vsgca qas l i ty  meeaurmeotg collected 
i n  Slough 1 8  ( W  !35,3, Caogroghic Csde SSLHQZWISBDB) af  the Saeigna l i v e r  
during aua sa_spl~nrg periods ( A p r i l  19-18 April 29-P?ay 2) i a  spring, 1933* 

-n----__I--6__j_)-ad-a_-- ~-~-~~-~--w---------*----w--------**-- 

IHT&%CMVEL SDRFACK MATE8 
---__)--a..L-----------w- 

SWHPLXNC SLOUGH WATER B,O, SPEC ,CQNB, HAT&& DaQ e SPEC *EQt3P* 
SBTE DATE IAN# pH %EMPIG) (mg/Bl fuanoolcert) gW T%Y?(C) (m8B B.1 e~mhee/sm) 

6 8304 LEFT 8 , 3  2,1 9,1 -- 
w 8~0413 LEFT 7,a 3 - 0  7,4 -- 7 , a  3 . 2  I l e a  me 

A b384PB &BET 7,%h 233 8.4 -- 7,1 3.2 11.4 - 
A 830687 LEFT 7 , 1  2,1 9 . 8  e- 3.1 3 a 2  k 1 e 3  - 
A 830417 LEFT 7,L 2 - 5  ?,a ssePPT %,1 3,2. 11e5 bl)- 

A 830417 LEFT 7,2 3 - 0  7,s 7 , 1  3 ,% I% ,& - 
A 836417 LEFT 7,l 2,8 7,6 -- 7,2 a,@ t 1 , 4  
A 83041 7 LEFT 9 , 2  2.8 8 2  e- '9-2 3,8 L%,$ 
W 830417 LEFT 7 , 2  2,a &,2 7,2 3,O 8&,6  
a @04%5 LEFT 7,.t 3,O 7,s -dB- 7,2 3.6 ;41,6 - 
A 83Q410 LEFT - 4 , 8  6,3 26 8 - 7,8 2 44 
A 838430 LEFT -- 9,BB 7,4 26 2 --- 7 , s  % I , 2  246 
a 830430 LEFT -- 4,ca 6 , ~  26 4 - 7,5 i1,1 244 
A 839430 LEFT - 4 ,Q 7,0 ZQ S - 7,s I @ , 8  2% 
h 830439 LEFT -- 3,1 7,s 26 8 7,8 11,% 244 
A 838430 LEFT -- b . s s  7*3 26 3 - f , f i  11,H 2 47 
a 830440 L E U  4 , 8  P,2 2 53 _*I_. 8,6B B B , B  2% 
a 830430 LEFT --?=+va= c,& 7.3 2 57 -- ~9 ,o  u , a  2 63 
A 830430 LEFT -- 4,1 7,s 2 59 - 1.2 11,O 2 8.6 
W 830438 LEFT -- 7 , 2  & , % p  245 --- 8.2 ! t e i  2 48 
& 139415 LEFT -- . 2 , 2  9 3  L*OlO* -14 2-64 b0,8 II)LaaOl 

B 8304% 5 LEFT ,&mm z B o  9,s w.il*x - a,@ so,a 1 5% 
B 83041 5 !.EFT 6DtBB 2,O B,B 27 E __..!a 2,Q 80,@ 2 85 
s 83049 5 LEFT -- ago  gag 26 5 s*- 2.0 & Q , B ,  24 9 
I 83041 % LEFT -- 2.8 L,8 26 7 e- 2.0 9.8 28; 7 
1 83041 5 LEFT m- 2 , ~  9,3 27 4 -- a,o  i0 .2  26 9 
B 83848 1 LEFT -- 2-0 6 , 2  258 - 2.8 9,8  26 7 
B 83041 5 LKFT - ;?,3 9,s 23 11 wULII a,a I@,%. 26 3 
B 83001 5 LEFT --- 2.2 B@,S 26 B -l\l 2 ,Q %Qe6 25 9 
B 83841 5 !,EFT -mu- 2,2  9,s 96 9 81*1111111 2,8 ll,O 26: 
B 830415 RIGiiT 6 .8  2.9 9,b 28 7 6.3 2,o 9 , 8  26 3 
I 836415 IIGfiBT -- Z,Q 10,0 27 li -- 2,2 10,6 26 7 
B 830415 RICfO1F --- 2,2 9,s 26 9 --- 2,O OQ,2 26 2 
B 830485 RIGHT -- 2.3 9,4 26 1 -- 2-0 18,6 27 P 
8 830415 PECliT -- 8 * 8  I @ , @  27 1i w,- 1.8 80.4 26 9 
B 85941 5 RIGi1T -- 2.Q 10.f 27 3 BLl")ri.l 2.0 80.4 26 9 
B 83041 5 RIGMT --- 2.2 b O e l  276 mm- 2.0 50,5 27 1 
B 83Q415 RIGHT --- 2 - 2  9,6 276 -- 2 -0  I Q , 2  26 7 
B 830459 RBCliiT -- 2,% kOsk 27 8 2,Q 1Q,% at5 7 
IP, 830415 RICi1'H' -- 2 .2  %t,7 2 80 Be_ 2,o 10.2 27 9 
B 830423 RICllT -- 4.8 9.7 me. we 5 , 8  A0,3 --- 
B 830429 1IGkiT --- 4,5 9.6 -- -we 5 ,1  IriB,li 
1 838424 RIGHT --- 3 , 8  9.5  - -- 5,2 1@,8 We- 

B 830429 BEGMI -- l o , l  5 , s  10.9 -- 
8 830429 RIGHT -- 4.5 10,4 a- wee 5,2 I t l , O  



------*------------- 

SAMPLING SLOUGH %ATE& Q,O, SB%C,COHD, WATEP D,O, SPEC,@OIB, 
SITE DATO BAHX pH T D E P Q ~ )  1) (asmttoelcga) pH T W P t C )  f q / l )  (ur%llne@/c@) 

RIGHT 
PZGIIT 
RIGHT 
BIGHT 
BIGHT 
LE HT 
LEFT 
LEFT 
LEFT 
LEFT 
LEFT 
LBQT 
LEFT 
$.EFT 
LBHT 
RIG!$T 
RICH16 
g1ICHT 
RHCSiT 
WIGHT 
R%G!IT 
gnckia 
WIG!!% 

- 
eda- 

*- 

XIIfsbll 

v 

a,- -- -- 
a r m  -- 
m- 

*8_ -- 
e- 

--m - 
- . r e  

*- 

2 05 
23 4 

% 59  
166 

___. - 
BBb" --- 
ee.z-t 

e r n -  - 
e- -- 
--r_l 

WIIUg. 

,A%,'%- 

LAI- 

__d 

6 . 4  
6 e 3  

L *3  
Q "3 
me-  - 
(l- 



Appendix Tab le  8-8 Intragrava l  and eesreeponding s u r f a s s  wages quality meesuremenes sahlgceed 
i m w d d a t e l y  belaw the ~ljoueh of  Slough 11 dm 1 4 2 , @ ,  Geographic Code 

1 aP the Suoitwa River during &we eamgling periods ( ~ g r i %  15-18 
and A p x i %  29-Hay 1) i n  spriasg, 1983, 

I1TEtbfrGUglU* EUIHblCE VATEB 
----em--- --.Qo-lBrru 

~ M P L I W C  BLOUCI WATLI D , Q .  BPEC,CO~%D, WATER o,a. seee,csao, 
93TB DATE BANK pPi 4WPtC) (mgBlB 41aklahasics) pH TmP(C1 4wll) (uaazsbsBeahgt) 

LEFT 
LEFT 
LEFT 
EaEFT 
LEFT 
LeFt  
I,&FT 
&EFT 
LIP?  
LEFT 
WPCIlT 
I f  CHT 
MZClPT 
141G01T 
RXGIIiT 
RIGHT 
WliGilf 
LaYGtlT 
lX61it 
BPGW'F 
L&%T 
RLPT 
LEP4 
LEPT 

LEFT 
ZePT 
EEPT 
LEFT 
RXCHT 
BICiiT 
WPCI%T 
IECBB'E 
IP,lCllT 
RICllT 
LTB;BiT 
klGtlT 
I IGl iT 
RIGHT 

r-ll.IUuICIIP.-LWw- 

9 , 1  2,8 
9,Ls 2,s 
6 , 9  3,k% 
6 , 6  3,6 
6,7 3,1  
6,7 3,2 
6,7 3,O 
6,7 3,O 
6,8 3 , Q  
6,7 3 ,$  
7-1 4.0 
7,L 4 , o  
7,11 4,O 
7,1 4 ,5  
7.68 -4,s 
f * O  4*5 
7-0 4 - 5  
L,14 4,!? 
L,1 4,s 
be9  5-0 
6,7 2,s 
ai,B 2,8 
6 - 8  2,8 
Q,& 3*0 
6,7 2,s -- 2;. -- a , @  
DPI*'rn 3 ,a1 

4,O 
6,8 4 * 5  
6 , 8  4 , O  
6 , 8  3,8 
A * B  4.0 
6,1 I , Z  
"".*m#4 4,1 -- 4,O 
*.- 3 , 8  --- J,8 
em- 4 .@ 

UVltJm- % wril*-*-m* 

-M $ * ?  2*55 
rrrao 6 . d  2,s -- b,7 4 ,8  
em- 65.6 5*0 
YD"- 6 , 7  5 ,O - 45,1 4,$ -- 6,7 9,O 
me"%ea $ , 7  5,2 
Bl- 6 , 8  S e 2  
em-w 6 , 5  5 , s  
re- 7 - 2  5.2  
r*L- ? e l  5 ,Z  
ma- i n 1  5rr2 -- 9,1 5,2 
em 7 , 1  9,2 
C"*e I * t  $ 0 2  
_A- 7,Pi %,Z 

7,A 5.2 - b , 9  5,2 
ems* 5,7 5,Z 
2.31 9 6 , 6  2 , 5  
245 6 , 6  2 , 5  
549 &,b, 4,O 
241 & , a  3 , 2  
23 9 4,O 
248 --- 4 , 8  
2 46 --- 6,8 
2.43 me-  Q *@ 
236 _-_ B ,5 
216 6 , 8  1',5 
211 2 6 . 9  7 , 2  
2 8 3 6 - 3  7,0 
2 06 B , 9  7 ,Q 
2 81 0 Q , 7  7.2 
201 W m .  1 a 0  
E 74 m- a ,o 
; &b -- a ,&o 
i s *= 6 , 8  
7 .  , *- - 6 , 8  
"- " " * r S  -4ibU "(411. ** m Y. 9. 1XLXlL liZsr* d "4r-a 

- 
u- - 
ae- - 
mm- - 
Q- 

me- 

___) -- 
w e  

-- 
s- 

UIIUa 

245 
248 
2 $4 
251  
26 2 
2 5 5  
2t+5 
2 5l 
2 50 
%a 
23 8 
2 44 
23 9 
2 42 
2 44 
2 44 
244 
248 
248 

.iS-mr*Lli6-w-a*- 



APPENDIX C 

Barbst  ~qinler catch da t a  a ~ d  

age ,  l eng th ,  ar:c sex da ta .  
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Cook Ijvlet and Devil Canyon, December, 
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Appendix Table C-1. Burbot ca tch  per u n i t  effort (CPUE) a t  selected f i s h  
hab i "c t  ((SFH) s i t e s  i n  the Sus i tna  Rfver between Cook 
Inlet and Devil Canyon, December, 1982 t o  March, 1983. 

Deshka River 
Deshka R i v e r  
Deshka River 
Deshka R i v e r  

Deshka River 
Deshka River 

Deshka River 
Deshka R i v e r  

Indian R i v e r  
Mainstem 

Nethad o f  

Trot1 ine 
8urBst Set 
hrat"b .s"p~ee 

Burhot Set 

Trot1 Ine 
T r o t 1  i ne 

Y rot1 i ne 
Burbot Set 

T r o t %  i Re 
f rat1 ine 

Trot1  i n e  
Trot1 i n 8  

Numbers 
of F i s h  
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Appenoin Tab le  C - 2  Burbol: age - l eng td '  relationships on t h e  Susitna River between Cook i n l e t  and Dev i l  Canyon, December 1982 t o  
%arch 1983, 

Chulitna Cawfluencs Lo Devil C 

Range of 
lengths 

Total No, t4e a rn Range o f  
of f i s h  length lengths 

( n m )  (mm) -- 
"iTstal No, Maan Rsngs o f  
o f  f i sh  length lengths 

(mm) -- lam3 

Tota l  No, Maan 
of 64 sh Percent length 

w -  

I /  Tota l  leng th  -in rrtillimeters, - 
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Appendix Tab le  G - 3 .  Relative spawning matu r i t y  of b u r b o t  captumd i n  the 
Sus i tna  R i v e r  between Cook In le t  and D e v i l  Canyon, 
December, 1982 t o  March, 1983. . 

Condition o f  Date Area o f  R i v e r / T r i  butary 

Sex .-. Male 

r i p e  
r i p e  
*8" mmature 
ripe 
ripe 
r i p e  
ripe 
ri pe 
ripe 
ripe 
ripe 
immature 
ripe 
jmmatuire 
ripe 
spent 
spent 
spent 
spent 
spent 
spent 
spent 
spent 

T o t a l  number males, 23. 

Beshka R .  
Deshka W ,  
Mainstem 
Beshka R, 
Beshka R e  
Deshka R, 
Deshka R ,  
Deshka R ,  
Deshka R, 
Deshka R ,  
Deshka W e  
Mai nstem 
Deshka R ,  
Ind ian  R ,  
Deshka R e  
Deskka R ,  
Beshka R, 
Deshka R, 
Deskka R ,  
Deshka R, 
b!alnstem 
Mai nstem 
Ma-o"nstem 

Total  l e n g t h  i n  millimeters. 
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Appendix Table  C-3 (Continued). 

Csndftisn o f  Date Area o f  River/f ri butary 

Sex -- Female 

immature 
ripe 
r i p e  
ripe 
i mjna t u re 
ripe 
ripe 
~i pe 
~i pe 
ripe 
r i p e  
ripe 
r i p e  
1 mmatu re 
ripe 
immature 
inmature 
ripe 
ripe 
r1 pe 
ripe 
ripe 
r i p e  
ri pe 
ripe 
r i p e  
ripe 
r i p e  

Deshka R e  
Deshka 8, 
Beshka R, 
Deshka R, 
Deshka R, 
Deshka R, 
Deshka R ,  
Deshka R ,  
Mainstem 
Deshka R, 
Deshka R, 
Deshka R ,  
Deshka R ,  
Deshka R e  
Deshka R, 
Deshka R, 
Mainstem 
Deshka W ,  
Deshka W, 
Beshka R, 
Deshlea R ,  
Deshka R, 
Deshka R. 
Beshka R ,  
Deshka R, 
Deshka 8, 
Fteshka R ,  
Deshka R, 

T o t a l  l e n g t h  i n  m i  11 imetet-s. 
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Appendix Table C-3 (Continued 

Condition o f  Date Area o f  

Sex -. %emall e 

r i p e  
ri pe 
ripe 
ripe 
ripe 
r i p e  
i mmat~a re 
firnature 
ripe 
spent 
spent 
spent 
spent 
spent 
spent 
spent 
spent 
spent 

Deshka R ,  
Oeshka W ,  
Deshka R e  
Oeshka 8, 
Deshka R, 
Deshka R e  
Mainstem 
hfainstem 
Deshka R, 
Deskka R ,  
Deshka W, 
Deskka R ,  
Deshka R ,  
Deshka R ,  
Mainstem 
Deshka R e  
Mainstem 
Mainstem 

T o t a l  number o f  females, 45 
r 

I T o t a l  l e n g t h  i n  millimeters. 



Appendix Tab le  C-4 Burbot age- lengd '  relationships by sex on t h e  S u s i t n a  R i v e r  between Cook i n l e t  and Dev.Il Canyon, February 1981 t o  
Maseh 1983, 

Cook ! n '%e t  t o  Cl iu l i  t n a  
P 

!dean Range o f  
length length 

99 85-1 15 
"a9 168-205 
180 - 
355 295-408 
289 238-340 
464 303-450 
422 355-490 
49+8 370-590 
466 365.~535 
497 430-555 
496 430-580 
534 420-614 
51 7 4'18-680 
585 543-672 
563 456-660 
638 572-680 
61 5 556-710 
658 600-7 25 
659 555-795 
670 609-788 
696) 670-71 0 
697 654-740 
722 695-765 
900 - 
8% 5 e 

884 * 

Tota l  No, Mean Range OF Total No, Mean Range af 
s f  f i s h  length length o f  f i s h  length length 

(mmS - Q ~zn) - (mm) 

Total  No, Mean Range sf 
0.4" .$.a" ski Precent 1 ength Isngth 
%a rn - --- Qm) 

Age 

B = Smmatbre, sex not  i d e n t i f i e d  
M = Wale 
F -- Ferns1 e 
I /  T o t a l  l e n g t h  i n  millimeters, - 
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APPENDIX D 

Winter r ad io  telemetry d a t a  on b u r b o t ,  

r a i n b w  t r o u t ,  and A r c t i c  grayling. 
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. tagged rainbow t rou t  i n  the Sus i tna  
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Appendix Table  0-4 Summary o f  t agg ing  and t r a c k i n g  da t a  
f o r  radio-tagged A r c t i c  grayling i n  
the proposed impoundment area o f  t he  
Susi tna  River drainage above Devi 1 
Canyon, August, 1982, t o  A p ~ i l ,  1983 .......... 0-5 
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+*ppenciix Table D-1 L i s t  o i  t r i b u t a r i e s ,  s loughs  and lakes i n  the  Svs i tna  River  drainage that  werc a e r i a l  surveyed Fa t r ack  the 
movements of radio-tagged A r c t i c  gray1 i ng, rainbow t r o u t  and burbot. Surveys For the t r i  b o t a ~ * i e s  s t a r t  a t  the3  r 
mouths, 

Tr ib ,  a$ougk, l a k e  # Survsys/by 2 month f ntesvel s T r i Q ,  s lough,  l ake  B Survey s/by 2 month 4 ntesval 5 

surveyed ( b i  stance 
surve 
P 

Wow 9 E; Jan 
Uct - - - 

Yentna R%ver. ( 1 Q , O )  
Deshka W v s r  (6,0) 1 
Kro t s  51sugh (eamplete] 
Pd14 1st~ Channel (complete 
Kashwitna W i  ver [ 5 , 8 )  
Honzana Creek (3,O) 

Wabideux Creek f2 .5)  
Sunshfne Slough $eomp3e$e) 
B i  rch Creek Slough (cotriplate) 
T a l  ksetna  W4 vsr 420,6 

!,arson Leka ( coapb te )  
Sheep R iver  (5,Q) 
Clear  Creek (12,0) 
$i sh Creek (complete) 

Chul f t n a  Rives (20,O) 
Byer Lake {esmpl s t e )  

Gash Creek $ Lake &cst~pIste)  
Slough Ba (camplsteb 
Slough 9 $covaet@) 
F f ~ t ~ r t h  OP July  Crgek [ Z e O ]  3 
Unna~t4;tsd l a k e ,  drajns % pato Fsses~kh 

sf  ,luly Creek 4 mi ulpstream 
franr i t s  muth  (~axpfete) 

Indian River ( l $ , Q )  3 
Mf ami Lakg ( camp 1 e t ~  ) 

* 8 --- 
5 

Deadman Creek ( % 4 , 0 $  5 
Deadman Lake bcomplets) '1 

Watane Creek QE, Fork-8,0) %a 
Kas9na Creek (6,Q) 4 

Clarence Leks [complete) 
Oshetna Rivar  (4 ,6 )  4 





OPAFT 
WINTER REPORT 
10/20/@3 

Appendix Table  D - 3  Summary of tagging and t r ack ing  d a t a  f o r  rad%o-tagged burbot i n  t h e  Susitwa Wjver between Cook Onlet and Osvil 
Canyon, August 1982 t o  A p r i l  4983, 

Caature Data,  198% - 

Radf o 
Fre- Da &e Rjver- Date 

 ate - ____s_l-- M I  1 EI We1 eased 

2 ' ~ o t a l  l e n g t h  i n  millim~ters Note - P = Tracked by plane s r  helicopter 
B = Dsat survey 
S = Snstpamobile survey 
NC = Hot checked 
NS = No s f g n a l  
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Appendix Table 8-3 Conti nued 

: Date t racked,  Iscakjon and riv@rmils - - -- - 

- QCT -- MOV - BEG - MAR FEB -- APR -- 
Date River-  Date 4 15 30 15 2 14 19 30 4 & 3 2 39  ate -- M i l e  Released F) S 

w- 
P - P - P - P - P - P - P - P - S - P - 

61u-2 584 8/38 8/19 101,2 8/20 5,O NS NS - Presumed deaa, out to Cook I n l e t  - 
630-2 865 9/10 9/11 1 0 3 , ~  9/23 80,O 50,0 NS NS NS NS NS - Presummed dead, out ts Cook Inlet - 
6j+O-2 570 8/19 8/20 137,3 9/21 100,8 108,O NS 100,0 108,O 100,O NC 100,0 180,O NS NS MS 

660-2 715 9/19 9/20 139,s 9/21 136,Q 135,3 NS 26,O 26,0 26,0 NC 26-0 27,6 NS NC NC 

666-3 607 9/19 9/20 *635,7 9/21 135,7 135,3 135,3 "%35,3 '635,3 135,3 135,3 - Dead, located 5ks 2°8 o f  ~ a t e r -  

670-1 589 18/73 18/13 8 3 , 7  %Q/55 83,5 83,6 83 ,O 83 ,8  82,s NC 83,0 83,O 82,s 82,s NC 

680-2 535 18/53 16/13 83,7 10/15 83 ,0  77,s 77,s 77,s 77,0 M@ 76,0 75,8 72,Q 72,6 NC 

710-3 615 10/13 40/43 43,7 1G/15 83,2 80,0 80,0 NS m9,5 NC 79,O 76,0 I %6,1 NC 

740-3 667 9/14 9d20 129,2 9/29 128,0 NS NS NS Ed$ NS MS - Presumed t a g  %a$ lu re  - 

a/T,r,l : ,,,, i L  *9 - : I l*.C-.LXee 
"r, libBLC3l 1 6 ; € 1 g L l l  1 1 2  llUB 4 8 U i I : E t S Z 1  5 

B.l,e, $ = " l " ~  f i n t a r 8  & r l r  -1 11w I*= a r $;lkPawu W J  pa Qr h8Z C G F ~ ~ ?  
B = Boat survey 
S = Snostmsbi le  survey 
NG = Not checked 
NS = No s igna l  
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