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This r e p a e  represents a vol 

Relationships Stuay technical repart series psepamrcsdi f o r  the 
S u s f  tna Mydroelectric Broj act. The primam puwose o f  the 

X w s t ~ e m  Flaw Relationships ReporL and i t s  associated 

tecbbcal repart series i s  to present technical infomat ion  
and data m a t  reflect the  relative importanca o f  me varia~as 
fnte~actions mong V l a  prha ry  physical and biological 

esmpsnents of aquatic hnlsitats within Uae Talkeatrsa-toeDevil 
Canyon reach of  akne Susitna R i v s s .  The t a m  Flow 
Relatianships Piepozrt and its associated technical report series 
gar@ not intended to be an impacl: assessment. However, Ynese 

reports present a variety af nakural and wieh-projeet 
relationships that provide a quantitative basis to compare 

alte~native s L r a a f l o w  regimes, .conduct impact an2;lyses, and 
prepare mitigation plans. 

The technical report series is based on the  data and 

fix3dingla presented in a variety cf baseline data seeporsts 

prepared by the AlLaeka Dapa*:ment sf Fish and Came [WBF&G) 

Su Hprdro Awatic Study Team, R&H Consultants, E. Woody 
Trihay andl Associates (EWT&A) and the wetic Enviro 
%nf o m ~ t i o n  and Data Center (AEIDC) . The fnstream Flow 

Releatianships Report and its associated tcchical  raper$ 

series provide Lhe methodology and appropriate technical 

infomation for use by those deciding how best te operate! 
the  proposed Susitna Hydroelectric Proj  ect for  the bensf it 
sf both power produckion aria downstre= fish resources. The. . 

technical repse series is described below. 

This reporPs, prepared by Entr ix ,  Inc., 

censabidates fnfom,atisn on the  fish rasQurcos and habitats  

in the  Talkeetna-to-Devil Canyon reach o f  the  Susitna River 



irgraiPeilale t h ~ o ~ g h  Januaq  1985 t ha t  i s  currently dispersed 
araughauk 

repax%, being prepared by Harza-Ebasco an5 R&M Consultants, 
&@scribes such pftysical processes as: leesewair sedimentation, 
ekamel stability and groundwater upwelling. 

This repofi, being prepared by Harza-Ebasco, cansolidates 
@xisting infamation on water quality in %ha Susitna Basin 
and provides technical discussions s f  b91a potential for  
wim-pro3 act bieac lcltion of marcuq, lbnfPuencas an 
nitrogen gas eupsrsaturation, changes in dswnstrcsam 
nutrients, and changes in turbidity and suspended sediments. 
A draft  rapo* based principally on data and information 
that ware avail&lo through June 1984 was prepared in 
Nov@&sr 1984, 

prepared by AEIDC, canafsts o f  three principal components: 

(1) instream temperature modeling; ( 2 )  development of 

treqerature criteria For Susitna River fish stocks by 

species and life stage; and (3) evaluation of the infliuenees 
cof wieh-project stream teqeratures - on existing fish 

h-itats and natural  ice processes. A final report 
describing downstream teraperatures associated w i t h  various 
resewair operating scenarios and an evaluation of %has@ 
stream temperatures cn fish was prepared in October 1984. w 
draft reperl: addressing the  influence of anticipated 

with-project stream temperatures OPI natural i c e  processes 

was prepared i n  Noveeer 1984. 

8, Thi@ 

repoaPt, being prepared by Em&A, describes the availability 



~f v~arious &me@ e f  apa%ic: klabf $a% in the  

Talkesetna-ta-Devil Canyon r ive r  reach as a function a f  

aainstea discharge. 2L preXimina%y draf t  r ~ f  this repart i s  

sehaduled for  Harch a985 with a draft: f i n a l  r c p s ~  prepared 
in FII86. 

T h i s  repssPP: 

being prepared by BEIDC, Harza-Ebasco, and RhM Consultants 

w911 describe naturally oceunring i c e  processes i n  the 

naiddle river, anticipated eha~lges i n  those processes due tc 
project constmction and aperation, and d.iacuss me affects 

~f na%urally occurring and with.-project i c e  conditions on 

fish habitat. 
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arizes the wailable in famat ion  an fishesry 

r@naeuaPe@s and habitats sf  the Susitna River, w i t h  gz~ph: o%ta, $ 3 ~  

the river reach between Talkeatna and Dtavil Ciraycsn. E% i*s 

based primarily sw existing reps~s and analyses generater9 by 
Wkc3 feasibi l i ty  and Pieensing studies o f  the Sus:Ltna. 
Eydroelestrie Praj eet , wiVl a lesser dependlance en additional 
g e e i n a n t  infanmati on f a  me literature. The objective of  tine 

repol4 is Lc synthesize and s arf ae infomation to deseribe 
7 &iae B i c l s r ~ y ,  raliative abundance and seasswal habitat 
u%ilization o f  hpor-tant fishem resources. &a a pa* of the 

%sbpi%rea Flow Relationships (XFR)  report s e r i e ~ ,  i n foma t i sn  
rhxcjd liere w i l l  assist in defining ma relat ionships 

between physical processes and fishery habitat in susibtna 
River basin, 

Since a e  report series provides important infomat ian  relaskive 
ta eke decision -king process, - is r"apoe fccuses en f%abitaets 
and species mast lijraly to he affected by the proposed project. 

Hast o f  ehe report: e~phasizes the Talkeetna-to-Devil Canyon 

reach [river m i l e  (RM] 98.6-1521 of +he Susitna River. 'This 

river reach exten4s fro= the proposed Devil Canyon dam s i t e  
atre= to ma eanfluencs of the Susitna and Chuhit9a 

river@ [ 98.6) .  Effects on habitats d 

prepssed project are eqectedl to be greatest within this reach. 
Downstream from Talkeetna, the inflow from m e  Talkeetna and 

~hulftna rivers i s  ewected tc reduce the  magnitude of changes 

in physical precesses under with-project canditions. 

This repart mphasi~es saalslon and important resident species, 
and their habitat utilization. Section 2.0 csntains a brief 
description of the project and project area and a slla+maphr of 

m e  studies that have been csnducted to date on the fish 

re.esourcas. In Section 3.0 the specie@ of the Susitna Rfvex are 

intraduced and their eoaranercialh, recreational and ;%&sisternee 



ueilization and impafiarnca are discussed. Ssctisn 4,8 

iearizes inforntation on the species bfc9.agy of the fish in 
%hc Gusitma River. H a i t a t  utilization by species/life stages 

ariaa,dl in Section 5.0. Sectisn 6.0 dissusses soma 
fackste that may affect fish production i n  freshwater a d  the  

Bu~itwa River drainage. 



The Sugldtna R i v e r  flows apprsximately 318 mixas ( 5 3 0  Ian) and 
2 drains about 19,600 sqIuare m i l e s  (50,900 kan ) frcn t h e  terninus 

o f  h e  Susitna Glacier in the Alaska, Hsrantain Range to Caok 

Eabrt (Figure 1). The study area for  the Sueitna Plydroelestric 

Bre J ect  includes the Susitna River mainstem, side channels, 

sloughs, and tributaries. A diagram and description of  habitat  
categories o f  the Susitna R i v e r  is presented in Piguse 2 .  

The Alaaka Power Authority (ASA) has proposed construction of 
t w o  dams on the Susftna River: Watana Dan (RM 184) and Devil 

Canyon Dam (RM 152). The project  would reduce streamflows 
during the s er and increase thea~ during the wintar.  
Suspended sediment levels, turbidity and water temperatures are 
ewected to follow similar pat terns  (reduced levels i n  summer 
and increased levels in winter). Details of dam construction, 

operation and expected changes to awatic habitats and fish 

resources are presented by Acres American (1983a,b). 

Fish and aquatic habitat investigatioas have been conducted on 
the  Susitna River for eleven years to evaluate the  proposed 

hydroelectric proj ect . Beginning in 1974, studies were 

conducted to describe and quantify fish resources, aquatic 

habitats aria habitat utilfaatian, In 1980 the Susitna 

~ydroelectric Project Aquatic Studies Program was initiated. 

Baseline data collection on fish and aquatic habitat  resources 

was divided i n to  three groups: Adult Madrolnous Fish Studies 

(a), Juvenile Madromnous and Resident Fish Studies (RJ) , and 
~qt la t i c  Habitat and Instream Flow Studies ( M ) .  

The objectives sf  the  three groups of this continuing program 

are z 

(1) BA - deternine the seasonal distribution and 
relative abundance of adult anadromous fish 







gepu%ations produced within  the Susitnta R i v e r  

drainage ; 

(2) W - delemine the seasonal distribution and 
relative abundance? o f  selected resident and 
jwenile anadrsmaus fish populatisns wikhin the 

Susitna Rivcr drainage; and 

(3) Iw - characterize the  seasonal habitat 

rewirements of selected anadromous and resident 
F i s h  species within the Susitwa River drainage. 

ary  of the s i p i f i c a n t  accomplishments to date by the 

three sections of ADFbrGBs Su Hydro Croup is outlined below. 

a. Documented migrational timing o f  salmon m n s  in the 
Susitna Rivere 

b. Estimated population s i z e  and relative abundance of 
salmon in sub-basins of the Susitna River. 

c. Estimated t o t a l  slough escapements f o r  salmon in 
sloughs upstream of RM 98.6. 

d. Estinetsd relative abundance of spawning salmon in 
tributaries upstream of RM 98.6. 

a. QuaPltibieel selected biological characteristics fo r  

salmon stocks in the  Susitna River (i.e. sex ratis, 

f ecundbty , age and length) a 

a. Estimated population s i z e  far A r c t i c  grayling 

gopulatierms i n  the proposed impoundment areas. 



be Xdentlfisd impartant @pawing areas far  selectea 
resident-. species. 

c. E s t i m a t e d  the  relative utilization a f  maerohabltat 
tmes for juvenile salmon and sehected resident 
species, 

d, Deva~oped habitat suitability criteria f o r  juvenile 
salmon* 

e. Estimated population s i z e  and suwival fa r  juvenile 
and sockeye. 

e. Defined outmigration t iming for  juvenile salmsn. 

a. Collected physical and chemical water quality data 

aescribing macrohabitat tmes. 

b. Identified aquatic macrohabitat types within the middle 

reach of the Susftna R i v e r  (RM. 98.6 - 152). 

ee Defined seasonal timing and utilization of adult salmon 

in macarshabitat types. 

6, Developed site-specific habitat responses to mainstem 

disct~arge. 

ee Developed habitat  criteria for  adult and juvenile 
salrrion, eulachon, Bering cisco, and selected resident 

species. 



f, Evaluated the passage of adult salmon into selected 

$. Canffmed the impsxtance of ground water upwelling f o r  

spaxming salmon in sloughs. 

Far a list of ABFhrC Susitna Eydrcs references, see Appendix A. 



3 , 0  XNmODUCTIQN TO FISH m S O m C E S  

3.P OmRV%E% OF XHPORTWT SPECIES 

P l s h e x ~  resources in the Susitna River coraprise a major por t ion 
o f  C 8 6 k  e ercial salmon hamest and provide fishing 
opp~rtunities for sport  anglers. Anadromous species that form 
t he  base o f  these fisheries include five species of Pacific 

salmon: chinook, eoho, chum, sockeye and pink. O t P k e r  

anadremaus species present in the Susitna River inelude 

eulackon and Bering cisco. 

The Susitna River is a migratianal corridor, sp ing area and 
juvenile rearing area for the f i v e  species of salmon from i t s  

point o f  discharge into Cook I n l e t  (RPI 0) to Devil Canyon (RM 
1521, where salmon are usually prevented from moving upstream 
by a high velocity barrier. Sloughs and tributaries provide 
most of the sparming habitat far salmon, while the wainstem, 
sloughs, and tributary mouths are impartant habi ta ts  f a r  
juvenile salmon rearing and overwintering (ADFfG 1984 a,b) .  

bmporlaat re~ident species found in %he Susitna R i v e r  basin 

include Arctic grayling, rainbow t rout ,  lake t r ou t ,  burbot, 
DoZ.ly Varden and round whitefish. Scientific and c 

of all fish species obserred in the Susitna River basin are 

listed in Tabbe 1, 

3.2 CONTRIBUTION TO @ RCIAXS FISHERY 

With the exception of sockeye and chinook salmon, the  majority 
af the upper Cook Inlet c ercial catch of salmon originates 

in the Susitna Basin (ADF&G 1984a). The upper Cook Irnlef: area 
is tha% portion of Cook I n l e t  north of Anchor Poi~nt and 

Chinitna Bay. The long-te average annual catch of 3.6 

naillion fish is worth approximately $17.9 million in 1984 

dollars tc the comercial fishery (X. Florey, ADFhrG, pears. 





2-984) . In recent years co 
ers of a a l m c l w  in the upper C~ak I n l e t  Eishery 

( F i p r e  3); over 6.7 million salmon were caught in 9983 and 

vver 6.2 &illion f i sh  in 1984. The Susitna River i s  the  most 
i~psrtant salmon-prcaducing aystem in -par Cask Inlet (ADFQIG 

1982a, 1984a, 1985) ; however, the  wanti ta t ive contribution o f  

the SusiQna Rives te the eomnercial. f isherly can only be 

apparaximated because of: 

o the  high numer o f  intramdrainage sp 
roaring areas; 

Q the lack of data cn other known and suspected 
salmon-producing systems in upper Cook I n l e t ;  

o the lack of stock separation programs (except f o r  

sockeye salmon) ; and 

8 overlap in the migration timing of mixed stocks 
and species in the Cook Inlet harvest areas. 

Tharsef ore, the estimates of contributions of Susitna R i v e r  

galman to the upper Cook I n l e t  fishery should be viewed as 

approximations. 

3.2.1 Sockeye Salmon 

The most important species in the upper Cook Inlet co 

fiehargr is sockeye salmon. In 1984, the total sockeye hawest 
sf 2.1 million fi.sh was valued at $13.5 million ( K .  Florey, 

BLDF&G, pers. com~. 1984). The commercial sockeye hawest has 
averaged 1.3' million fish annually in upper Cook Inlet fo r  the 
l a s t  3 0  years (Ta.:ble 2 ) .  The estimated contribution of Susitna 
R i v e r  sackeye to the cs ercial fishery is between 10 .to 3 0  

percent (ADF&G 1984a). This represents an estimated annual 

comescia1 havrves~t of between 134,000 to 402,000 Susitna River 



1 dso 

YEAR 

COMMERCIAL CATCH OF UPPER COOK fNhET SALMON, 8954-1985. 





s~ckeya ovst the last 3 0  years. In 1983, the  upper CsoR Inlet 
sockeye catch was the highest in the 30 years o f  record (Figure 

4 ; Susitna River sockeye contributed approximately 500,001) 

fAsh te the total catch cf 5 millian (Table 3). 

Churn ~alrnan and coho salmon are about equal in importance i n  
t h e  upper Cook I n l e t  co ercial fishery and rank seconcl and 
t h i r d  i n  value after sockeye (K. Florey, ADF&G, pers. co 

1984). The upper C ~ o k  I n l e t  ch salmon catch has averaged 

659,000 fish annually sine. 1954 (Table 2 )  . The contribution 
o f  Susitna River c to the uppar Cook I n l e t  fishesy is about 
85 percent (ADF&G 1984a). This contribution represents an 
estimated annual ch h a n e s t  of 560,006 Susitna River fish in 

the commercial h a r ~ e s t  over the l a s t  30 years. In 1982, the 

Susitna River contributed approximately 1.21 million fish 

(Table 3 )  of the record harvest of 1.43 million chw salmon 

t&Xen in the upper Cook I n l e t  f i s h e q  (Table 2 ; Figure 5 )  . In 

1984, the t o t a l  c salmon harvest of 684,000 fish in t kLe  

ercial fishepy was valued at $2.0 million (K. Florey, 

ADFfG, pers, co 

3,2*3 Coho Salmon 

Since 1954, the upper Cook i n l e t  coho salmon c 
has a~leraged 264,000 fish annually (Table 2 ) .  Approximate!.y 50 

percent: of the co ercial coho harvest in upper Cook Inlet is 

from the  Susitna River (ADF&G 1984~) . This contribution 

represents an average annual Susitna River coho hawest o f  

132,090 fish in the comereial fishery over the l a s t  30 years. 
Pn  1982, the Susitna R i v e r  contributed an estimated 388,500  

fish (Table 3) to a record haroest of 777,000 coho taken by the 
upper Cook I n l e t  fishery (Figure  6). In 1984, the t o t a l  coho 

salmon harvest of 443,000 fish i n  upper Cook I n l e t  had a worth 

of $1.8 million (R.  Florey, ADFGG, pers. comm. 1984). 



GOMMERCtP L CATCH OF UPPER COOK INLET SOCKEVE, 11 954-11 983, 





COMMERCIAL CATCH OF UPPER COOK INLET CHUM, $954-1983. 



COMMERCIAL CATCH OF UPPER COOK. INLET COHO, 1954- 1983. 



Pin!% salmon ia the least ~ ~ a l u e d  of the comtterclal species in 

upper Coak Tnlet. The upper Cook Tnlet average annual odd-year 
haxvest o f  pink salmon since 1954 is about 120,000 fish, w i t h  a 
range o f  12,500 ta 544,000 fish. The average annual even-year 
kamest is approximately 1.58 million pink salmon with a range 
sf  0.48 to 3.23 million fish (Table 2 ;  Figtlre 7). The 

estimated ~ontributian of Susitna River pink salmon to t he  

upper Cock lnlct pink fishery i s  85 percent (ADF&G 1984a) . 
This represents an avorage annual Susitna ~ i v e r  contributian of 
0.10 million odd-year and 1.34 million even-year pink salmon to 

the upper Cook I n l e t  fishew over the  last 30 years. In 1984, 

t he  t o t a l  pink salman harvest of  523,000 fish in upper Cook 

I n l e t  was worth an estimated $0.5 million (X. Florey, ADF&G, 

3 , 2 , 5  Chinaok Salmon 

ercial chinook harvest has averaged 19,200 fish 

annually in the upper Cook Inlet fishery over the l a s t  30 years 

( T a b l e  2 ;  Figure 8). Since 1964, the opening data of the 
ercial f i sheq  has been June 25. The Susitna R i v e r  chinsok 

pun begins in late May and peaks in mid-June. Thus, by June 25 
the majority of chinook have already passed through the area 

subject to co ercial fishing. Catches o f  chinook salmon have 
averaged 11,600 fish annually for the 20 year period of 

1964-1983. Approximately, 10 percent of the total chinook 

hawest in upper Cook I n l e t  are Susitna River fish (ADF&G 

1984a). This represents an average annual. contribution of 

1,960 chinook to the  upper Cook I n l e t  fishery f o r  the l a s t  30 

years, or 1,160 fish f o r  1964-1983. In 1984, the  8 , 8 0 0  chinook 

caught in the upper Cook Inlet fishery were valued at $0.3 

million (K. Florey, ADF&G, pers. co 



GOMMERClAt CATCH OF UPPER COOK INLET PINK, 4954-1983. 



YEAR 

COMMERCIAL C A T C ~ ~  OF UPPER COOK lldhET CHINOOK, 3954-1983. 



1 3.3 SPORT PHSRXgG 

Increases in papulation and tourism in Alaska have resulted in 
a growing demand fo r  recreational fishing. Recreational 
fishing i s  now eonsidered a dignilicant factor in t o t a l  
fisheries management, particularly in Cook Inlet where 

ercial and mon-csanmerciaf user conflicts have developed 

(Mills 1980) . The ~ l z s i t n a  River and i t s  major salmon aljd 

resident fish-producing tributary streams provide a 

anarlti-species sport  f i s h e q .  Since 1978, the drainage has 

accounted f o r  an average o f  127,100 angler days o f  sport 

fishing effort, which is approximately 9 percent sf  the 
1977-1983 average of :L. 4 million total angler days for Alaska 
and 13 percent o f  t h e  1977-1983 average of 1.0 million total 

angler days for t he  Southcentral region (Mills 1979, 1980, 

1981, 1982, 1983, 1984) . 
The sport  fish harvests fo r  1978 through I983 from the Susitna 

Basin, based on nrsail surveys to a sample o f  license holders, 

are ~h in Table 4 (Mills 1979, 1980, 1981, 1982, 1983 and 
b984) . The estimates represent the spor t  fishing laanrests 

thrcughaut the Susitna Basin and include an area that is larger 
than that  which could be affected by the proposed project (see 

F i ~ r e s  9 and LO fo r  locations of most of the major tributaries 
listed in Table 4 ) .  

~ 3.3.1 Arctic Grayling 

The annual A r c t i c  grayling sport harvest has averaged 18,200 

fish i n  "the Susitne Basin and 141,500 fish in Southcentral 

Alaska aver t he  l a s t  s ix  years (Table 5 ) .  The largest sport  

harvest of Arctic gray91ing on record in the Susitna Basin 
occurred in 1980 when an estimated 22,100 fish were caught. 

This represents about 32 percent of %he total Southcentral 

Arctic grayling harvest in 1980 (Mills 1981). 
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SUSlfNA RlVER AND MAJOR TWIBLlPAWlES FROM 
MOUTH "l$ SHEEP CREEK* 
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Ttke Susitna Baain and SsuthcsntraX Alaska an~~ iua l  raimow trout 

sport  hawests have averaged 16,000 and 132,900 fish 
resgeckively since 1978 (Table 5) En 1979, about 18,350 

rainbsw trout were hapvested by anglers in the Susitna Basin, 
which represents approximately 14 percent o f  the Southcentral 

region rainbow t r o u t  sport  catch in 1979 (Mills 1980). 

3 . 3 . 3  Pink Salmon 

The  annual even-year pink salman sport  harvest has averaged 

42,950 fish in the Susitna Basin and 134,400 fish in 
Solathcentral Alaska since 1998 (Table 5) . The annual odd-year 

pink salmon spor t  catch has averaged 8,600 fish in t he  Susitna 

Basin and 58,300 fish in Southcentral Alaska since 1979 (Table 
5 ) .  The  largest spor t  harvest o f  pink salmon on record in t h e  

Susigna Basin occurred in 1980 when an estimated 56,600 fish 
were caught (Mills 1981). In 1981, the estimated odd-year pink 

salmon sport  harvest of 8,700 fish represented about 6.8 

percent of the estimated Susitna escapement of 127,000 pink 

salmon (Table 3)  . 

Since 1978, the Susitna Basin and Southcentral Alaska annual 

coho salmon sport  harvests have averaged 13,200 and 103,800 

fish respectively (Table 5 ) .  In 1982, about 16,564 coho were 

landed by anglers in t h e  Susitna Basin ( M i l l s  19831, which i s  

the largest annual catch on record. In 1983, almost one of 

every five coho entering the basin was caught by spor t  anglers 

(Table 3 )  . 

The annual chinook salmon sport  hawest has averaged 37 ,300  

fish in Southcentsal Alaska and 7,950 fish in the Susitna Basin 



since 1978 (Table 5 ) .  T h i s  represents an annual Susitna Basin  

contribution of 21 percent to the Southcentral chinook sport 
harvest over the six year peiiod. The largest Susitna Basin  

s p ~ r t  harvest o f  chinook salmon on record occurred in 1983, 

when 12,420 fish were caught by fishermen (Mills L984), 

3 . 3 . 6  Chum Salmon 

T h e  Susitna Basin and Southcentral Alaska annual chum salmon 

sport harvests have averaged 6,800 and 12,150 fish respectively 

since 1978 (Table 5 ) .  The largest spor t  catch of chum salmon 

on record in the Susitna Basin occurred in 1978 when 15,700 

fish were landed (Mills 1.979). For the  years 1981 to 1983, 

chum salmon spor t  hawests have averaged between 1,4 and 1.8 

percent o f  t h e  estimated Susitna Basin chum salmon escapement 
(Tab le  3 ) .  

3 . 3 . 7  Sockeye Salmon 

The annual sockeye salmon spor t  harvest has averaged 112,900 

fish in Southcentral Alaska and 2,100 fish in the Susitna Basin 
f o r  the years 1978 through 1983 (Table 5 )  . In 1983 over 5 , 5 0 0  

sockeye salmon were caught by fishermen in the Susitna Basin,  

which is the largest annual catch on recard (Mills 1984) . The 
s p o r t  catch of sockeye from 1981 through 1983 has averaged 3 

percent or less of the estimated Susitna Basin sockeye 

escapement (Table 3 )  . 
3 , 4  SUBSISTENCE FISHING 

The only subsistence fishery on Susitna River fish stocks t h a t  

i s  officially recognized and monitored by the Alaska Department 
of Fish and G a m e  is near the village of Tyonek, approximately 

30 m i l e s  ( 5 0  km) southwest of the ~usitna River mouth. The 

Tyonek subsistence fishery was reopened in 1980 a f t e r  being 

closed f o r  sixteen years. From 1980 through 2983, the annual 

Tyonek subsistence harvest averaged 2,000 chinook, 250  sockeye 

and 80  coho salmon (ADF&G 1984~). 



4.1.1 Soekeye Salmon 

Sockeye salmon enter the Susitna River in t w o  distinct runs 
(ADF&G P984a, 1985). The first pun of fish enters the  r iver  in 
Late May to early June and passas Sunshine Sta t ion  (M 8 0 )  

between the first and third weeks o f  June (ADFhG 1984a, 19135). 

The escapement c f  first-run sackeye at Sunshine Station w a s  
about 5,800 fish in 1982, 3,300 fish in 1983 and 4,800 fish in 
1984 [RhDFbrG 1984a, 1985) . First-run sockeye spawn upstream o f  

R 88 in "the Papa Bear lake systelln i n  the Talkaetna R i v e r  
drainage (m 97.1) (ADF&G 1982a, 1984a). Peak spa~rming 
activity i n  the Papa Bear Lake i n l e t  stream was between the 

third week o f  3uly and t h e  first week crf august i n  1982 and 
betwsen the second and four th  weeks of July i n  1983 and 1984 
(ADFfkG 1982a, 1984a, 1985) . Because f i r s t - run  sockeye salmon 

aapstream of RM 80 exclusively in the Talkeetna River 
drainage, which w i l l  not be influenced by the  project, they are 
not discussed in fur ther  detail. 

Second-run sockeye e n t e r  the Susitna ~ i v e r  about t h e  l a s t  o f  

June. In 1981 through 1984 fish passed Sunshine S t a t i o n  
between the third week o f  July and the second week of Angust 

(ADF&G 1984a, 1985) . These fish are abundant i~ the mainstam 

of the Talkeetna-toeDevil Canyon reach (RM 98.6-152) from about 

t h e  third week o f  Ju ly  to the  fourth week of August (ADFGG 

1984a, 1985). A summary of ~ecand-ru,n sockeye migration t i n ing  
in t he  Susitna R i v e r  basin for 1981, 1982 and 1983 is presented 
in Figure 11. 





Secand-mn sockeye salmon migration timing is likely inf luenced 
by rher discharge. In 1981 r i ve r  discharge was declining Eram 
aver 150,000 c fs  when most second-run scskeye passed Sunshine 
Station, (Figure 12) . In 1982 a discharge spike above 80,000  

c fs  coincided with reduced ADF&G fl.shwhec~?l catches (Figure 1 2 ) .  

Zln 1983 r iver  discharge was below 80,000  c fs  a S u ~ s h i n e  
Station during most af the second-run soekeye migration and the  

sun passed Sunshine Station i n  one majar peak (Figure 1 2 )  * 

Based on this analysis,  it appears that spikes in discharge 
Epprer 100,000 C ~ S  at Sunshine Sta t ion  can delay sackeye salm~n 
nigrat  ion t irning . 

Tha t o t a l  annual minimum escapement o f  secsnd-run saekeye 
salmon in the Susitna River averaged 248,000 fish fo r  1981 
through 1984 ( T a b l e  6). This estimate i s  based on the  

ation af escapements at Sunshine and Yentna statians and 
doe, not include escapements downstream of RM 80, excluding the 
Yontna River (REI 2 8 ) .  In 1984, approximately 605,800 

second-rmn sockeye reached Flathorn Sta t ion  (RM 22)  (ADF&G 
1995). This estimate is based on data from the first year of 

monitoring at this location and does not include escapements 
stream of RM 22 (ADF&G 1985). Nost second-run sockeye 

salmon spawn in the  Yentna (RM 281, Talkeetna (fPe3 97.1) and 
~hulitna (RM 98.6) drainages (ABF&G 1984a, 1985) . 
FOP 1981 through 1984, second-run sockeye escapements averaged 

6,300 fish annually at Talkeetna s t a t i o n  (RM 103) (Tabla 6) , 
w i t h  a range of 3,100 to 13,100 (ADF&G 1984a, 1985). These 

encagements are overestimates of  the number of  fish that spawn 
upstream af RM 103 because a significant number of fish re turn  

stream of  Talkeetna Station (ADF&G 1984a, 1985). In 1984, 

about 83 percent of t h e  sockeye escapement at Talkeetna S t a t i o n  

returned downstream to spawn (ADFLG 1985). If the 1984 

escapement (13,100 fish) ta Talkeetna Sta t ion  is reduced to 







account f o r  this millieg camponent o f  the run, spa%~ning sackeye 
saxman in the ~alkeetna-to-DeviP Canyon reach accountee EOP 

about 0.5 percent of %he 1984 second-man sockeye escapement to 

Flathsrn S t a t i o n  (ADFLG 1985). 

Tagged, second-run sockeye salmon lnigrated the 23  miles between 
Sunshine Staticn (m 80) and TaPkeetna Sta t ion  (Pa 103) at an 
aq?erage rate af travel o f  4.6 m i l e s  per day (mpd) in 1981, 2.7 

:apd iw 1982, 2.4 mpd in 1983 and 5.8 mpd in 1984 (ADF&G 1984a, 
1.985) . The average rate of travel f o r  tagged, second-mn 
ssckeye between Talkeetna Sta t ion  and Curry Station (M 120) 

was: 3.5 mpd in 198L, 2 . 4  mpd in 1982, 3.0 mpd in 1983 and 8.5 

mpd i n  3984 (ADF&G 1981a, 1982a, 1984a, 1985). 

Almost all sockeye salmon in the Talkeetna-tomDevil Canyon 

reach (RM 98.6-152) spawn in slough habi ta t  (ADF6rG 1984a, 

1985). Relatively few sockeye spawn in the mainstem and 

tributaries. One main channel spawning s i t e  was identified 

during the  L983 survey and seven sites were located in 1984 
(ADF&G 1984a, 1985) . The 1983 mainstem site (RM 138.6-138.9) 

was used by eleven spawning sockeye an September 15, Hainstem 

spawning sites were located between RM 131 and 142 in 1984. 
The peak count for a2.l seven sites was 33  fish (ADF&G 1985) . 
about 50 percent of these fish were spawning i n  Side Channel 11 

(RM 134.5-135.3) (ADF&G 1985) . s i x  sockeye were observed in 

"streams during the 1981 through 1984 surveys. However, all s i x  

were considering ~iliing fish t ha t  did not spawn in strea~ns 
(ADF&G 1981a, 1982a, 1984a). Pn 1984, 13 sockeye were observed 

in ctreams (ADF&G 1985) . 

During slough spawning surveys in 198; through 1984, sockeye 

were absewed in 23 slo~ghs upstream of RM 98.6 (Table 7). 





Three sloughs coneained most: of the fish in all faup years. 
Sloughs 8 A ,  11 and 21 accounted fo r  89 percent oaf the peak 

counts i n  1981, 95 percent i n  1982, 92 percent in 1983 and 88 

percent i n  1984 (Table 7 )  . 
The peak o f  the  sockeye spawning a c t i v i t y  in sloughs uccuafred 
bwkwaen the last week o f  Augus t  and the end o f  September in all 
four  years (ADFhG 1981a, 1982a, 1984a, 1985) A portion (24-44 

parcent) o f  the sackeye salmon moniiored in sloughs i n  1983 and 
1984 did net sp in the slough of first recorded e n t r y  (ADF4E 
1984a, 1985). These fish suffered mortality from either bear 
predation cr stranding, or departed the slough and pres 

spa%*-@& elsewhere (ADF&G 1984a) . 

To ta l  SPQU* escapement of sockeye salmon upstream of RlvI 98.6 

was @stinatad by calculating the total fish days in slough 
habitat  and then dividing by the average slough l i fe  (ADF6rG 

1984a, 1985). The t o t a l  slough escapement was about 2,200 fish 
in 1981, 1,500 fish in 1982, b,100 fish in 1983 and 2 , 2 0 0  fish 

i n  1984 (Table 8). 

( ~ 9  Access 

The upstream passage of salmon into sloughs and side channels 

i s  aependent primarily on water depth and length o f  the passage 

reaches that are restrictive to the  upstream movement of fish 

(AI)F&G 1984d) . fiydraulic velocity barriers do not exist in the 
Talkeetna-to-Devil Canyon reach (W 98.6-152) (Trihey 1982). 

The mainstent discharge level di rec t ly  influences passage into 
sloughs because of its influence on backwater at t h e  mouths of 
sloughs and breaching at the  upstream (head) ends of them. 

Under low mainstem discharge canditions (unbreached), the 

backwater at the mouths of sloughs and side channels may not be 
of sufficient d e p t h  to allow silccessful passage. As mainstem 

discharge increases, the bachater  area generally increases in 
depth and extends its length upstream, which increases t he  





depths wi th in  thcse reaches affected by t he  bachater.  The 

eEiminatisn of passage restrictions within  a reach by backksatar 

iaundaticn continues i n  t he  upstream direction w i t h  increasing 

mainstem discharge. When breaching occurs, depths became 
adewate for  pasrage at all passage reaches i n  most slsughs and 
s ide  channels (ADF&~ 19844) . 
Mainstem discharge levels in t he  Susitna River at 6 ~ 1 d  Creek 

(m 136*7 )  c ~ m m ~ n l y  range between 30,000 and 39,000 c fs  during 
June, July and August when adult salmon are migrating upstream 

and 15,000 tc 20,000 c fs  during peak sl~awning periods ( 2 0  

August to 20 September) (ADF&G 1984d). Passage into sloughs 
varies considerably at a mainstem discharge level because o f  

the diversity i n  the morphology o f  individual sbcughs. 

Breaching of most sloughs in the Talkeetna-to-Devil Canyon 
reach (RP% 98.6-152) occurs at relat ively high mainstam 

discharges (19,000 to 42,000 cfs) (ABFbrG 1984d). During the 

peak spawning period, mainstem discharge at Gold Creek eparals 
or exceeds 15,000 cfs 50 percent of the  Lime (WDFbrC 1984d). 

Therefore, passage into sloughs and side channels is of tan  
controlled by the backwater at the slough moufh and the local 

flow from groundwater and runoff sources. 

Sloughs 8A, 11 and 21 have accounted for  over 90 percent o f  the 

sockeye salmon total peak counts in slough habitat (Tabla 3) .  

At Slough 8A, successful passage conditions 0 6 6 ~ ~  fo r  all 

passage reaches when the northeast channel is overtopped a", 

33,000 c f  s (ADF&G 1984d) . Wken the northwest channel breaches 
(27,000 sf s) , the three lowermost reaches have successful 

p.\ssage conditions (ADFLG 1984d) . A lower mainstem 

discharges, Passage Reaches a: and 11 hwe successful passage 

ccnditians due to bachater  effects at mainstem discharges af 
10,600 and 15,600 efs, respect.ively (ADF&G 1984d) . Slough 11 

is overtopped at a higher ehan nonaal mainstem discharge o f  

42,000 cfs (ADF&G 3.984d). Below breaching flows, the first 

three passage reaches have successfull passage conditions at 



%6,200, 3 3 , 2 0 0  and 39,600 cEs, respectively (ADF6iG 1984d) . 
Nones o f  the passage reaches i n  Slough 21 as@ influenced by 
bac3mater below the breaching dis~harge of the  l e f t  fork 

(25 ,000  22s) (ADF6rG 1984d). The local flows required %or 

successful passage cordit ions at specific passage reaches have 
no% been detsmined. Analyses are currently being dona to 

deternine these values in sloughs 8A, 9 ,  9A, II and 2 1 .  

'%kt@ mean fecundity fo r  Susitna River second-run sockeye is 
3,350 eggs per female (ADF&G 1984a) .  his estimated fecundity 
i s  derived from the regression analysis a f  fecundity as a 

function ~f length and from the mean length o f  sockeye salmon 

measured at Sunshine Sta t ion  (#DF&G 1984a). 

The average egg retention from a sample sf  56 sockeye salmon 

was about 250 eggs per female in 1983 (ADF&G 1984a). Almost 80 

percent o f  the carcasses had retained 25 or fewer eggs, while 
only seven percent of the  fish sifmpled had retained more than 
1,000 eggs each. In 1984, the average egg retention was 64 

eggs per female (ADF&G 1985). Most fish examined (67 of 76 

females) had csmpletely sp ed (ADF&G 1985). 

The sax ratio (male to female) of second-run sockeye salmon in 

the Susitna River was 0 :  in 1981, 1.2:1 in 1982, 1.2:1 in 
1983 and 1.0:1 in 1984 (ADF&G 1981a, 1982a, 1984a, 1985). Sex 

rat ios  varied considerably between some locations and years 

(Table 9). Sex ratios of sockeye salmon by age were reported 
by ADF&G (1981a, 1982a, 1984a, 1385). Some males matured at an 

earlier age than females. Most returning adult sockeye were 
four or five year fish that had gone ta sea after one year in 
freshwater (ADF&G 1984a, 1985) . 





4 , % . 2  Chum Salmon 

Churn sallnon en te r  the Susitna River i n  late June to earby J u l y  
and are erous in the lowar river at Yentna S t a t i o n  (m 28, 

'%m 0 4 )  by the  third week o f  July (ADF&G 1984a, 1985). Tha 

ehw migration lasts about one month frm the  lower r ivs r ,  with 
rasps% fish passing Yentna Station by the third week o f  A~xg~xa t  

(ADFLG 1984a, 1985). The migration passes Sunshine Sta t ion  (RH 
8 0 )  fro@ %he end o f  Ju ly  to early Sep%e&er. n the 
Talkeetna-tomDevil Canyon reach (RM[ 98.6-152), the  migsatlen 

begins about Ule and af July and ccntinues until the ent? of 
A u p s t .  A sumary of chura migraeion ti.ming in the Susitna 

River far  1981, 1982 and 1983 is presented in Figure 13. 

Churn salmcrn migration timing is likely influenced by r iver  
discharge (ADF&G 1984a). Peak r iver  -discharge levels sf 

100,OQO cfs or greater at sunshine Station in 1981 and 1983 

coincided w i t h  reduced fishwheel ca t~hes  at Sunshine Sta t iaa  

and apparently delayed upstream movement (Figure 14). 

Fcr the last four years, the sal~lon minimum escapement in 
the Susitna River has averaged 452,200 fish (Table 6 )  . T h i s  

sstiaiate f s  based on t he  s ation of escapements at Sunshine 

axid Yentna stations and does not include escapements downstream 

of RM 80, excluding the Yentna River (RM 28) . In 1984, about 
812,700 chum salmon reached Flathorn Station (RM 22) (ADF&G 

1985). This estimate can be considered the total Susitna River 
escapement because spa ing downstream of RM 22 is minimal 

(ADF6rG 1985) . Rest chum salmon sp in the Tahkeetna R i v e r  

drainage (RM 97.1) (ADFGrG 1985) . 

The annual chm salmon escapement for 3981 through 1984 

averaged 54,600 fish at Talkeetna Station (m 103) (Table 6 )  , 







w i t h  a range of 20 ,800  to 98,200 (ADF&G 1984a, 1985) . These 

escapements overestimate the n u a e r  of  fish that spa%$a upstream 
sf  E Y  104 because a significant portion o f  the  escapement 

stream of Talkeetna Station (ADF6rG 1984a, 1 9 8 5 ) .  

En 1984, about 75  percent of the chum escapement to Talkeetna 
Station returned downstream to spam (ADF&C 1985). If t h e  1984 

escapement (95,200 fish) to Talkeetna Station is reduced to 

account fo r  t he  milling factor, t he  Talkeetna-to-Devil Canyon 
reach accaunted f o r  about 3 gercefit o f  t l h e  1984 total Susitna 

escapement a f  812,700 fish (ADF&G 1985). 

Tagged c salmon migrated between Sunshine Station ( 8 0 )  

and! TaPkeetna Station (RM 103) at an average rate o f  travel o f  

4.1 miles per day (aapd) in 1981, 4.9 mpd in 3.982, 3.8 mpd in 
1983 and 5.8 mpd in 1984 (ADF&G 1984a, 1985) . Chumn salmon 
migrated between Talkeetna Station and Curry Sta t ion  (RP% 120) 

at the following rates: 4.5 mpd ir, A981, 7.7 mpd i n  1982, 6.3 
mpd i n  1983 and 8.5 mpd in 1984 (ADF&C 1984a, 1985). 

Hast c salmon sp ing in the Talkeetna-to-Devil Canyon 

reach occurs in either slough or tributary stream habitats. In 

1983 peak index counts in stream and slough habitats  were about 

aq\nal, while in 1981, 1982 and 1984 counts were higher in 
sfoughs (Table 10). 

6 salmon peak index counts in sloughs upstream sf RM 98.6 
were: 2,596 fish in 1981, 2,244 fish in 1982, 1,467 fish in 
1983 and 7,556 fish in 1984 (Table 11) . Ten sloums were 
sccupied by spawning chum salmon in all four  years (Table XI), 
Five of t h e  t en  (sloughs 21, 11, 8A, 9A and 9) accounted f o r  

over 70 percent of the ch salmon counted ( T a b l e  11) . 





Ta.ble 11, mm k corn- in s l o w  ups of  EY 98,6, 
1981-84, 

Source: F93F&G 198la, 1982a, 1984a, 1985 



Total sZougb escapements af  ch salmon i n  sloughs i~pstream o f  

Pd4 9E.6 were estimated by dividing t t&e t o t a l  :fish days in 
sleutgh habitat  by the average slough life a f  chu~i salman (ADF&G 

1984a, 1985). The t o t a l  slough escspemermt wae about 4,500 fish 

iw 1981, 5,100 fish i n  1982, 2,950 fish in 39B3 and 14,650 fish 
iw 1984 (Table 12). 

salmon peak index counts in streams upstrealm sf  98.6 

were: 241 fish i n  a98l, 1,737 fish in 1982, 1,500 fish in 2983 

an& 3,814 fish i n  1984 (Table 13). In 1989, indian River, 

Faurth af July Creek and Lane Creek accounted for 85 percent o f  

salmon counted during peak surveys (Table 13). In 
1982, 1983 and 1984 aver 35 percent o f  the ch salmon counted 

in streams were observed in ltndian River, Fcurtl., o f  July Creek 
and Portage Creek. 

L e s s  than 18 percent of t he  peak survey counts o f  ch 

use& mainstera spawning areas in 1981 through 1984 (Table 19) . 
Peak counts at mainstem spawning sites were: 16 fish i n  1981, 
550 fish in 1982, 219 fish in 1983 dnd 1,266 fish in 1984 

(Table 10). Buring 1981 through 1984, 38 mainstem spawing 
sites were identified. Most of tnrae wera sites located during 
1984. Three sites wera used in three or more of the four years 
(Table 14). 

Generally, the peak sp ing act ivi ty  of chum salmon occurred 
during the last week of August in streams and the first t w o  

weeks of Sefiember in sloughs and mainstera spa ing sites in 
1981 through 1984 (ADF&G 1981a, 1982a, 1984a, 1985) , 

Access and passage of salmon in to  tributaries is controlled by 
conditions at stream mouths. As the -stage in t he  mainskern 

decreases, the tributary mouths may become perched above %he 

river.  That is, steep deltas may %om. E f  these steep deltas 









were te remain under law mainstem conditions, the upstrean 
passage s f  fish inta tributaries could be inhibi ted.  Based on 
%he analyses by R&M Consultants (1982) and Trihey (1983) , mast 
tributaries in the Tahkeetna-to-Devil Canysn reach have 
sufficient erierw to downcut the perched deltas to establish a 

channel at a new gradient. However, tributaries that slappart 

ing  that may remain perched under low mainstem flows 
are Jack Long Creek, Sheman Creek, Fifth o f  July Creek (N 

123.9), and L i t t l e  ParLage Creek (R&H Consultants 1982). These 
skseaona collectively accounted for  1 percent of the tributary 
counts of spawning chrua salmon in 1981 through 1984 (Table 13). 

Tributaries tha t  have not been evaluated far passage conditions 

a83 their mouths are Chase Creek and Lower MeKenzie Creek. 

Neither of these streams were impartant sb spawning 

tributaries during 1981 through 1984 (Table 13). 

Access and passage conditions into selected sloughs for  chum 
salmcn are similar to the conditions described for  soekeye 

salmon in Sectisn 4.1.l,v. Sloughs 8A, 9, 9A, 11 and 21 have 
accounted for over two-thirds of the t o t a l  peak counts o f  chuan 
salmon in slough habitats during 1981 through 1984 (Table 311). 
Breaching and backwater effects at sloughs 8A, 11 and 21 have 
been mentioned previously (Section 4.1.1). At Slough 9, 

breaching occurs at 19,000 cfe (ADF&C 1984H). Below the 

breaching discharge, Passage Reach I has successful passage 

cccditions at a discharge less than 12,000 cf s (ADFhG 1984d) . 
The breaching and backwater effects on passage conditions have 

not been evaluated at Slough 9A (ADF&G 1984d). 

The mean fecundity for  Susitna River chum salmon is 2,850 eggs 

per female (ADF&G 1984a) . This estimated fecundity is derived 
from the regression analysis of faeulldity as a gunction of 

length and from the mean length of females sampled at Sunshine 
~tatisn (ADF&G L984a). 



The egg retention of ch saxman was @skimated in 1983 gram 
sampling 229 female carcassas in 12 slaugks and ane main 
channel sp ing s i t e  between river m i l e s  98.6 and 161 (ABF6rG 

LL984a). The median retention was about 114 eggs per female 
(ADF&G 1984a). Almost 75 percent o f  the carcasses had retained 
25 sr fewer eggs, while less than four percent of  the fish 

sampled had retained more than 1,000 eggs each (ADF&G 1984a) . 
%R 1984, the average egg re ten t ion  fo r  215 fish was 463 aggs 
per female (ADF&C 1385). Over 75 percent o f  the  fish sampled 
had completed spawning (ADF&G 1985). 

The sex ratio (male to female) o f  chum salmon in the Susitrra 
River was 1.0:1 in 198P, X.I:1 in 1982, 1.2:1 in a983 and 1.2:1 
in 1984 (ADFLG 1981a, 1982a, 1984a, 1985). Sex ratiss varied 

between locatians and years (Table 15). Sex ratios by age are 
reported by ADFBtG (1981a, 1982a, 1984a, 1985) . Host returning 
adult chum were four or fkge year old fish that had gone to sea 

during their first s er of Iffe, 

Coho salmon enter  the  Susitna River about mid-July and are 

abundant in the lower river at Yentna Stat ion (N 2 8 ,  T M  04) 

from the third week of July until the third week o f  Augusat 

(ADFbrG 1984a, 1985) . Coha salmon are arous in the mainstem 

of the Tslkaetna-toeDevil Canyon reach (RM 98.6-152) from the 

last week of July to the first week of September (ADFGG 1984a, 

1985). A B ary of coho migration timing in t h e  Susitna River 

f o r  1981, 1982 and 1983 is presented in Figure 15. 

Coho salmon migration timing may be influenced by river 
discharge (ADF&G 1984a). In 1981 and 1983 discharge levels of 

P00,000 cfs or greater at Sunshine Sta t ion  coincided w i t h  







r@dus;?e& fishwheel c a t c h ~ s  at Sunshine S t a t i s n  and apparersfy 
delayed the  upstream migration o f  coho salmon (Figure 161, 

(ii) 

The ratininrum coho salmon total escapement in the Susitna River 

basin has averaged 63,400 fish for  1981 through 2984 (Table 6). 

This estimate is based on the s 
Sunshine and Yentna s t a t i ons  and does not include escapements 

streaa o f  RM 80, excluding the  Uentrta R i v e s  (RM 2 8 )  . Ira 
1984, about 190,100 coho salmon reached Flathorn S t a t i e n  (BM[ 

22)  (ADF&G 1985). This estimate is based on data from the  

f i r s t  year o f  monitoring at this location and does not include 
erscapennen%s dokrastream of RM 22 (ADFQG 1985). Most coho salmon 
in the Susitna R i v e r  spawn in tributaries downstream o f  M 80  

(ADF&G 1985). 

The annual coho salmon escapement folr 1981 +through 1984 

averaged 5 , 7 0 0  fish at Talkeetna Station (RM 103) (Table 6 )  , 
with a rangf3 of 2,400 to 11,800 (ADF&G 1984a, 1985) . These 

escapements overestimate the er of fish t h a t  spa uos t r ea  
of M 103 because a significant ey 0% fish return 

stream below Talkeetna Station (ADF&G 1984a, 1985). In 

1984, approximately 75 percent of the coho escapement to 

Talkestna Station returned a stream to spa (ADF&G 1985) . 
If the  1984 escapement (11,800 fish) ta Talkeetna Sta t ion  is 
seduced to account for the milling component of the pun, the  

~alkeetna-toeDevil Canyon reach accounted fo r  less than 2 

percent of the 1984 coho escapeaent to Flathorn Sta t ion  (ADF&G 

1985) s 

Tagged coho salmon traveled from Sunshine S t a t i o n  (M 80) to 

Talkeetna Station1 (M 103) at average rates of 4, Q m i l e s  per 

day (mpd) i n  1981, 5 . 3  mpd in 1982, L.4 mpd i n  1983 ctnd 2 . 9  mpd 





in 5984 (ABF&G 1984a, 1985). Coho salmon migraeed beeween 
TaBkeetna Station and Curry Station (BM 120) at an average rate 
sf: 11.3 mpd in 1981, 10.0 mpd i n  1982, 5.7 mpb in 1983 and 2.8 

mpd in 1984 (ADF&G 1984a, 1985). 

A l ~ o s t  all coho salmon in t he  Talkeetna-to-Devil CaPlysn reach 
98.6-152) spawn in tributaries (ADP&G 1984a, 2985). Only 

seven coho salmon have been obsewed spawning in mainstem and 
@laugh habitats. In 1981, ane fish was captured in the 

mainstem at RM 129.2, i n  1983 t w o  coho salmon wera obsesved 
spawning in the mainstem at RM 131.1 and ir 1984 two fish were 
absemed i n  the mainstem at RM 131.5. Two fish were obse<med 

ing i n  Slough 8A (RM 125,1) on October 2, 3982 (ADF6IG 

1982a). 

Coho salmon peak index counts in tributary streams upstrem of 
BM 98,6 wera: 458 fish in 1981, 633 fish in 1982, 240 fish i n  
1983 and 1,434 fish in 1984 (ADF&G 1984a, 1985). Twelve 
t r i b u t a q  straans upstream of RM 98.6 contained coho salmon 

during index surveys in 1981 through 1984. Peak index cousts 

greater than 10 fish in all four years wera recor9.ad in: 
Whiskers Creek, Chase Creek, Gash Creek, L o w e r  McKenzie Creek, 
Indian R i v e r  and Portage Creek (Table 16). The t w o  most 
important t r ibu ta ry  streams for coho spawing were: Gash Creek 

and Indian River in 1981, Whiskers Creek and Lower McKenzie 
Creek in 1982, Whiskers Creek and Indian River in 1983 and 

~ndfan River and miskers Creek in 1984, 

Coho spawning in tributary streams upstream of REa 98.5 usually 
accilrred beitween the  last week of August and the  first week sf 

October in 1981, 1982, 1983 and 1984 (ADFGG 1981% 198221, 

1984n, 1985) . 



Table 16, k ES UPS af mf 98.6, 



fv) Access 

Pas~acgs? conditions into tributaries f o r  caho salman are similar 
to the  s~ndJtisns described for  sh salmon (see Saction 

4 X. 2 ,v) . One t r i b u t a q  mat mzly remainn perched under low 
mainskern flaws i s  Jack Long Creek (R&M Co~~su l t an t s  2982). Only 
eight coho salmon were obsepved in this t r ibutaw during 
sumey@ in 1981 through 1984 (ADF&G 1984a, 1985) . T r i b u t a r i f r ~  

tha t  have not been evaluated for  passage conditions at theis 
meuths include the following streams: Chase Creek, Slash Creek 

and Lawer HcRenzie Creek. O f  t h e  three, Chase Creek and Lower 
McKsnzia Creek support higher srs of coho s a l ~ ~ n  slash 
Creek and are among the five most important coho spawning 

tributaries upstream o f  BM 98.6, based on four-year index count 

averages (Table 16) . 

%he mean fecundity o f  coho salmon in t he  Susitna River is 2 ,800  

eggs pea: fenale (ADF&G 1985). This estimated fecundity is 
derived from %ha regression analysis of fecundity as a function 
of length aPld from the  mean length o f  coho salmon fenaales 
sanpled at Sunshine Stat ion (ADF'&G 1985). 

The sex ratio (male to female) of coho salmon in the Susitna 
R i v e r  was 0.9:1 in 1981, 1.4:1 in 1982, 2.3~1 in 1983 and 1.2:1 
I w  1984 (ADF6rG 1981a, L982a, 1984a, 1985). The sex ratios 

varied between years and sites (Table 17). Sex ratios of coho 

simlmsn by age are reported by ADF&G (1981% 1982a, 1984a, 

1985). Most returning adult coho were three or four year old 

fish that had gone to sea after one or t ~ ~ o  years in freshka-ter 

(ADFtG 1981a, 1982a, 1984a, 1985). 





Pink salmon enter the ~ u s d t n a  River i n  l a t e  June to early July 
and are present in the lower river at Yentna Station QlRB9 2 8 ,  

m H  04) between the second week of July and the third week of 
A u ~ s t  (ADF&G 19848, LSD851 . %n the Tabkeetna-to-~BeviP Canyon 

s a - b a s i n  (PZM: 98.6-152), the pink salmc~ migratisn i n  the 
mainstem l a s t s  about 4 weeks from the fourth week sf July to 

the third week of August (ADFQIG 1984a, 1985). A s 

pink migration timing in the Susitna River for  1981, 1982 and 
P383 is presented in Figure 17. 

Upstream movements of pink salmon are likely influenced by paak 

discharge levels. River discharge levels of P00,000 ePs or 
greater a% Sunshine Stat ion coincided with reduced fishwheel 
catches at Sunshine Station in 1981 and 3983 and apparently 

dela;[ed the migrations (Figure 18) . 

Pink salmon have a two-year l i f e  cycle t ha t  rest15-,s in t w o  
genetically distinct stocks occurring in each stream. In the 

Susitna Basin, the even-year runs are numerically dominant 

(ADF&G 1984a, 1985) . The odd-year pink salmon minimum 

escapement in the Susitna River averaged 93,400 fish for  1981 

and 1983, while the even-year mini escapement averaged 
1,138,400 fish for  1982 and 1984 (Table 6) . These estimates 

are based the s ation o f  escapements at Yentna and 

Sunshine Sta t ions  and do not include escapements d stream of 

IRM 80, excluding the Uentna River (RM 28). In 1984, about 
3,629,900 pink salm~n reached Flathorn Station (RM 2 2 )  (AMbrG 

1985). T h i s  estimate is based on data from the  first yeax: of 

monitoring at this location and does not include escapements 

donstream of IWM 22 (ADFQIG 1985). Most pink salmon i n  the 







donstream from $he ChuPitna River 

confluence (RM 98.6) (ADFbrG 1984a, 1985) . 

The 1981. and. 1983 odd-year pink salmon escapements averaged 
5,900 fish annually at Talkaetna Sta t ion  (RM 103) (Table 61, 

with a range of 2,300 to 9,500 fish (ADF6tG 1984a, 1985). The 

even-year escapement at Talkeetna Sta t ion  was 177,900 fish i n  
1982 and 7 3 , 0 0 0  fish in 1984 (ADF&G 1984a, 1985). The 

ascapemants at Talkeetna Station overestimate the  number of 
fish that spawn upstre,am o f  RM 103 because a significant n u a e r  
sf  fish re turn  downstream below Talkeetna Station (ADF&G 1984%, 
1985). In 1984, about: 85 percent o f  t h e  pink escapement to 

Talkeetna Station returned downstream to spawn (ADFQIG 1985). 

If the 1984 escapemnent (177,900 fish) to Talkeetna Station i s  

reduesd to account for  the  milling factor, t he  

Talkestna-to-Devil Canyon reach accounted for  less than 1 
percent sf the P984 pink escapement to Flathorn Station (ADF&G 

1985). 

'Fagged pink salmon migrated fram Sunshine Station (RM 80) to 

Talkeetna Station (RM 103) at average rates of speed of 2.6 

miles per: day (mpd) in 1981, 7.4 mpd in 1982, 5.9 mpd i n  1983 
and 5.9 mpd in 1984 (ADF&G 1984a, 1985). The average sates sf 

travel increased between Talkeetna Station and Curry Station 

(RM 120): 6 . 0  ~npd in 1981, 10.0 mpb in 1982, 7.1 mpd in 1983 

and 9.4 mpd in 1984 (ADFtG 1984a, 1985). 

The majority of pink salraoa i n  the Talkeetna-to-Devil Canyon 
reach (m 98.6-152) spawn in tributaries (ADF&G 1984a, 1985) . 
Beak index counts for  streams upstream of RM 98.6 w e r e  378 fish 

i n  1981, 2,855 fish in 1982, 1,329 fish in 1983 and and 17,505 

fish in 1984 (Table 18) , I n  1981, Lane Creek, Chase Creek and 
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Fou,r%'xl off July Creek accounted fo r  almost 9% pascent 02 %a%@ 

t a t a h  peak counts o f  378 fish. In 1982, when the pink salmon 
escapelaent in the Susitna R i v e r  was at an even-year high, eight 

streams accsunted for  almost 33 percent o f  the  total count o f  

2,855 f i ~ h  (Tabbe 18) . Indian River, Portage Creek and Fourth 

sf July Creek were the  mast important pink saSman @pawning 
@$reams in 1983: the  three streams callectivefy had a peak 
index taunt ef 1,249 fish, or about 94 percent o f  the total 

peak cc of 1,329 fish. In 1984, 85 percent o f  the  total 

peak couatt in streams was observed i n  Indian River, Portage 
Creek, F o u ~ h  o f  Suly Creek, and Lower McRenzie Creek (ADFGG 

X985) . Spaming act ivi ty  in streams occurred primarily during 
the  first three weeks o f  Augus t  in all four years (ABFfG 1981a, 
1982a, 1984a, 1985) . 
Pink salmon were observed spawning in slough habitat  in 1981, 
1982 and 1984. Total slough escapement upstream of REg 98.6 in 
1981 w a s  38 fish in Slough 8 (Table 19). In 1982, total slcugll 
escapement upstrciun of RM 98.6 was 297 fish i n  seven hiloughs 

( T a l e  19). Two of the  seven sloughs (I1 and 2 0 )  accounted f o r  
aver 80 percent o f  the escapement. No pink salmon were 
observed sp ing in sloughs in 1983; fish counted in slough 
habitat during sp ing surveys were considered milling gish 
(ADF&G 1984a). In 1984, the total  pink salmon escapemen.& 

o f  RM 98.6 was 647 f isE (Tabla 19) . The three most 

impoeant sloughs were: BA, 11 and 2 0 .  In 1981 the seak of 

ing activity in sloughs occurred about the  last week of 

Aumat, in 1982 it occurred during the first three weeks of 
August and in 1984 it ranged from the second week of August to 
the first week o f  September (ADF6rG 1981a, 1982%, 1985). 

Passage condikiens of salmon into sloughs and tributaries in 

the Talkeetna-to-Devil Canyon reach have been discussed 

previously (see Sections 4.1.1,~ and 4.1.2,~). Tributaries 
ax@ that may %@main perched uMer isw maifistern flows include Little 





Portage Creek, Fifth c r f  Ju ly  Creek (m 121.9) , Sheman Creek 

a M  Jack Long Creek (R&# Consultants 1982).  Chase Creek arid 

%causer McKenzie Creak are pink salmon spamiwg tributaries t ha t  
have not been evaluated for  streanibsd stability or passaga 
caraditions at their mouths. A l l  sf these streams appear to be 
ef moderate to low importance for  pink salmon spawwing (Table 
18). 

S%sughs 88, 11 and 2 0  appear to be important pink salraon 
spawning areas (Table 19). Breaching and backwater ef fec ts  at 

Slsu#s 8A and 11 have been discussed previously (see Section 
4.1. I, ,v) .. The upstream passage of  salmon into Slough 20  i s  

apparently provided fo r  by the local flow from Waterfall Creek 

(ADF&C 19846). Most pink salmon slpawning occur@ below 
Waterfall Creek (ADF&G 198Qd, 1985). 

The predicted fecundity for  Susitna River pink salmaw i s  about 
1,350 eggs per female, which i s  based on the regression 

analysis o f  fecundity as 3 function of length and the mean 

length of all female pink salmon measured at Sunshine S t a t i o n  
in 1983 (ADFbrG 1984a). 

The sax ratio (male to female) of all pink salmon sampled in 
the  Susitna River was: 0.8:1 in 1981, 1.4:1 in 1982, 0.9:1 in 

1983 and 1.3:1 in 1984 (ADF&G 1981a, 1982a, 1984a, 1985) . Sex 

ra t ios  at sampling locations in the Susitna River fo r  1981 

through 1984 are presented in Table 2 0 .  All pink salmon 
returning to the Susitna River are two year old fish that went 
to sea in their first s 

1984a, 1985) . 





Chinook salmon enter the Susit3a River i n  late May to early 
Jmr. In tha lower rPver, nost chinook (over 98 percent) have 
migrated past Susitraa Station (m 26) by July 1 (ADF&G 1972) . 
Tha shinoak salmon migration at Sunshine Statios, (N 80) lasts 
Ecr abouk sne month between early S u e  and early July (ADFhtG 

%984a, 1985). In the  Talkeetna-to-Devil Canyon reach (W 

98.6-152), the  shinoak migration i n  the mainstern lasts %or 

about one manth from mid-June to midJuly .  A s 

chinoak migration timing in the Susitna River fo r  1981, 1982 
and P983 i s  presented i n  Figure 19. 

Chinook migration timing may be influenced by r iver  discharge 
P&G L982a). During 1981 and 1982 river discharge peaks 

c~iplcided with reduced fishwheel catches at Sunshine S ta t ion  
(Figure 2 0 ) .  Howaver, in 1983 reduced fishwheel catches dur i r . j  
the  chineok migration did not coincide with the peak r iver  
digchargee. The relationship of river discharge (abcWde 100,050 

c E s )  w i t h  reduced fishwheel catches at Sunshine ?Lat ion is not 
as clear for  chinook salmon as it is for sc-,lcaye, c 

and pink salmon. 

The minilaurn chinook salmon es2apement in the Susitna River in 
1983 was app~o~imately 125,500 fish. This estimate 1s based on 
1983 ehinesk stream sur-sys (Table 21) (ADF&G 1984a) and t he  

relationship that a raak chinook supvey count represents at 
most 52 percent o f  Ule total escapement (Neilsen and Geen 

1981). The tota3 escapement derived by this method should be 
viewed as an arproximation because: (1) the 1983 sumeys did 

chinook spa ing streams in the Susitna 

Basin (ADFG; P984a) ; (2) counts may glst represent peak wuwers 
as soEe  creams were surveyed only once; and (3 )  the rebation- 











sh ip  t h a t  a peak survey count represents at most 52 percent o f  

$he total escapemant may rnst apply to Susitna R i v e r  chinook. 

In 1984, the  chinook salmon total escapeanent in t he  Susitna 

River was & O U ~  250,000 fish (ADFbrG 1985). This estimate is 
based cn t h e  estimated escapement to Sunshine Sta t ion  (m 8 0 )  

o f  121,700 fish and stream suweya (ADF&G 1985). 

The annual chinook salmon escapements at Talkeetna Statian (RM 
1 0 3 )  far  b982 through 1984 averaged 16,700 fish (Table 61, with 
a range of 10,900 to 24,800 (ADF&G 1984a, 1985). These 

escapements overestimate the number of fish that spawn upstream 
o f  =I 103 because a significant part of the escapement returns 

stream below Talk:eetna Station (ADF&G 1984a, 1985) . In 

1984, about 45 percent o f  the chinook escapement to Talkeetna 
s t a t i o n  (M 103) returned d stream to spa (ADFGG 1985). If 

the B984 escapement (24,800) te Talkeetna Station i s  reduced ta 

account f o r  the milling factor, the Talkeetna-tomDevil Canyon 
reach accounted f o r  about 5 percent of the 1984 Susitna River 
chinook escapement (ADF&G 1985). 

Tagged chinook salmon migrated between Sunshine Station (RM 80) 
and Talkeetna Station (RM 103) at an average rate of travel of 
2.1 m i l e s  per day (mpd) in 1982, 1.8 mpd in 1983 and 3.3 mpd in 

1984 (ADF&G 1984a, 1985). The  average rate of travel between 
Talkeetna Sta t ion  and Curry Station (RM 120) was 2 . 2  mpd in 
1982, 2 . 7  mpd in 1983 and 4.3 mpd in 1984 (ADFLG 1984a, 1985). 

Chinoak ralmcn spawn exclusively in tributaries in the 

Talkeetna-to-Devil Canyon reach (RM 98.6-152) (ADF&G 1984a, 

1985) . Peak index counts in streams upstream o f  E7M 98.6 were: 

1,121 fish in P981, 2,474 fish in 1982, 4,432 fish i n  1983 and 

7,180 fish in 1984 (Table 22) . 





Thc Getal chinook salmon escapement to streams upstream of  

98.6 was estimated by %he relationship that a lnaxiaausil suwey 
count represents at most 52 parcent o f  the  total escap@ment> 

(Nielson and Geen 1981). Based on this method, the  totah 

escapement ts streams upstream o f  M 98.6 was about 2,150 fish 
in X98L, 4,750 fish i n  1982, 8,500 fish i n  1983 and 14,800 fish 
in 1984. These escapements should be viewed as approximations 

because: (I) in 1981 not all chinook salmon sp Ing streams 
were ~ u w e y e d  ~pstream of RM 98.6; and ( 2 )  more importantly, 

%ha relationship that a peak count represents at most 52 

percent o f  the total escapement may not be valid for  Susitna 
River ehinsok saPnsn, 

Portage Creek and Pndian R i v e r  are the  two most important 

tributary streams f o r  chinook salmon spawning i n  the Susitna 
River upstream o f  RM 98.6 (ADF&G 1984a) . The t w o  streams 
accounted for  over 90 percent o f  the peak index counts in 1981 
through 1984 (Table 2 2 ) .  

The peak o f  the spawning activity in tributaries upstrean of 
98.6 was between the last week of July and the first week of 

August in 1981, 1982 and 1983 (ADF&G 1981a, 1982a, 1984a). 

(v) Access 

Salmon are usually prevented fram migrating upstream of Devil 
Canyon (RM 152) because of the high water velocity. Low flows 

in 1982, 1983 and 1984 allowed a few chinook salmon to pass 
Lhrough Devil Canyon. In 1982, 21 chinook salmon ware cbsenved 

in two tributaries in upper Devil Canyon (ADF&G 1982a). In 

1983, 34 chinook salmon were obsenred in three tributaries in 
upper Devil Canyon (Table 2 2 )  . In 1984, 46 fish were observed 
in three tributaries in upper Devil Canyon ( T a b l e  2 2 ) .  

Trihey (1983) exzmined the hydraulic conditions supporting fish 

passage into Pndian River and Partage Creek, which &re the two 



mast h~porkant streams fo r  chinook spawoxing in 'lac 

TaPkeetna-to-Devil Canyon sub-basin. TriheyPe analysis 

inaicated mat passage of salraon in to  these - two  tributaries i s  

not likely to bs impeded at Paw mainstem discharge. 

R&M Consultants (1982) examined the streambed stability at most 
a f  t he  tributary mouths upstream of t h e  Chulitna River 

G O R ~ ~ U @ ~ C ~ ~  Tributaries that may have restricted aecese 
(perched deltas) under low mainstem flows are Jack Long Care21c 

and Sheman Craek (R&M Consultants 1982). B o t h  o f  these creeks 
support low numbers of sp ing chinook salmon (Table 2 2 ) .  

The fecundity o f  chinook salmon has not been estimated in the  

Susikna R i v e r ,  but is expected to be i n  the range o f  4,200 to 
13,600 eggs per female, as reported by Xorrgiw (1988). 

The sex ratio (male to female) o f  chinook salmon in t h e  Svsitna 

River was 2.8:1 in 1981, 1.4:1 in 1982, 1.5:1 in 1983 alld l.l:l 

in 1984 (#DF&G 1981a, 1982a, 1984a, 1985). Sax ratios; at 

sampling locations in the Susitna River fox: 1981 through 1984 

are presented in Table 23. Sex ratios by age are reported by 
ADF&G (1981a, 1982a, 1984a, 1985). Most returning adult 
chincok salmon w e r e  five, six, or seven year old fish t ha t  had 

gone to sea after one year in freshwater (AD&FG 1981a, 1982a, 
1984a, 1985) . 

Salmn egg incubation in the middle reach (BM 98.6-152) of the  

Susitna River begins in July w i t h  chinook spa ing almost 

exclusively in the  tributaries. This is followed by pink 

salmon in m i d -  to late August and chum and sockeye in late 

~ugust to early Septeder. c incubation begins about one 

week earlier in the tributaries than i n  the sloughs. 





Xnsubation a f  sockeye i n  sloughs begins at about the same tine 
iacm?l%iorm. The l a s t  species to spawrn are coho salmsn, 

%~F~ich  spa alntast exclusively in tributaries in Sep'e@&am: 

(ADF&G 1981a, 1982a, 1984a, 1985). 

Successful fnsul~at ion and emergence is dependent an numerous 
biolagical, chemical, and physical 2actars. These factors 
include dissclved oxygen, water temperature, surface water 

discharge, and intragravel permeability (Reiser and Bjornn 
5.973) . Droughts, floods , freezing temperatures, 
suparimposbtion of redds, and predators can also affect 

~iucc@ssf ul i n c a a t i a n  (McNeil 1969) . The f olloy~ing sectionas 
discuss these factors. 'Ehe infopmation i s  derived from studies 

on the Susitna River and sther Iseations, 

4.2.1 Di&sslv@d Oxygen 

Dissolved ovgen  is needed during incubation to facilitate 
metabolic reactions, A literature review by Reiser and Bjornn 
( f 9 7 9 ) ,  concluded mat: 

(I) Sac fry incubated in low and intermediate olrygen 

concentrations were smaller and weaker than sac f q  

reared at higher concentrations; 

(2) 
Low oxygen concentrations in the early stages of 

development may delay hatching, increase the 

incidence of anomalies, or both; and 

(3) Low oxygen concentrations during the  latter stages of 

development may stimulate premature hatching. 

Brannon (1965) found apparent diffsrences in characteristics of 
alevins that had been incubated at oxygen concentrations 

ranging frcn 3.0 to 11.9 m g / l .  Slowed development was evident 

at low concentrations, but these fish even%ualfy attained a 



vciight similar to those raised in higher concen%rations by the 

kima they reached the  f r y  stage. 

Th&.- int~agravel flow of water i e  important i n  assuring t ha t  
&isskil.ved oxygen is made available to the  inceEbatizng eggs andl 
that metabolic wastes are removed. Reisar and Bjsrnn (1979) 

recamend that the apparent velocity through the gravel should 

be more than 20 cm/hour, while Bell (1980) raco ends a rat@ sf 

%10 cm/heur. Specifis studies on intragravc43. flow have nat 
been perfamed in the Susitna River. 

Xn studies on four sloughs (8A, 9, 11, and 21) in the ~ l i ~ d d l e  

river in April and May of 1983, ADFhrG (1983a) found t h a t  mean 

eoncentrations of intragravel dissolved oxygen were 
consistently lower than mean concentrations for overlying 

surfase waters. Means for  intragravel concentrations ranged 
from 4.6 to 8.5 mgil, whereas the surface waters ranged from 
9.1 to 11,2 mg/l. The lowest intragraval concentrations 

occurred ii; Slough 8A and the  highest in Slough XI. The low 
cansentrations in Slough 8A may have caused some delay in ch 
isand sockeye development. Diversion of cold mainstem water 

through this slough as a result of an ice jam may also have 

contributed to delayed developent. Development at the other 

Ulree sloughs (9, 11 and 21) for: embryos and alevins was 

generally uniform. 

HeNeil and Bailey (1975) rec 
of at least 6 . 0  m g / l  f o r  incubation, while Reiser and Bjornn 

(1979) recommendi concentrations at or near satura2ion w i t h  

telaporary reductions to 5 . 6  m g / l .  In general, fo r  the Susitraa 

Rives sloughs studied thus far ,  these reco 

usually met. The exception is the lower values found in 
Slough 8A and some concentrations in Slough 9 (ADF&G 1983a). 

Biochemical oxygen demand (BOD), resulting from excessive 

amounts of organis material in the  stream, can reduse dissolved 



carycgan levels (Raises andl B j  ornn 1979) . BOD levaP8 have not 

been measured in the  Susitna River. Under existing csndikions, 
ai~satltved oxygen LevePs remain at cr greater than saturation i n  
tlls mainstem. Therefore, it i s  suspected t h a t  BOB i s  8% 10x9 

levels. Habitats adjacent to the mainstem reay have higher BQB 

1et~elr; due to the high organic content o f  waters (e.g., upland 
sloughs) , concentrations o f  dead gost-spawned salmon (e, g. , in 
side sloughs) or movement of water through the  grouncarJistear 
sybt~nn, 

Temperature and salmon embryo developraezlt are strnngly 

interrelated, with higher temperatures resulting in more rapid 
dlevelapment. Development is also related to species, time o f  

egg deposition, sand the temperature regime over the period o f  

i n c a a t i s n .  In general, the lower and upper limits f o r  
succevsful i n i t i a l  incubation of salmon ewryos are 4.5 and 
14.5~6 (AEIDC 1984). Inemation can aceur at lower 
temperatures if the i n i t i a l  temperature is greater than 

appr~ximately 4 . OOC. This i n i t i a l  sensitivity to l sw 
temperatures is apparently related to embryo developnental 

phases because once the blastopore is closed on the develcplng 

embaryo, the sensitivity is reduced (Combs and B u r r o w s  1957). 

For most species in the Susitna River, the t iming of egg 

depasftion is sufficiently early in the season to avoid low 

initial temperatures. The relatianship between temperature and 

e a r y o  development is frequently measured in temperature u n i t s  

(Ws). These are defined as t he  difference between the average 
'temperature and OOC over 24 hours. For example, if eggs were 

incwated at ~ O C  for  5 days, the accumulated TU" wwouldl be? 35. 
Pf an elabryo has accurmulatad 140 temperature units (the 

approximate develapanernta1 stage needed to achieve closing af 

the blastopore), then it probably has gassed t h e  

temperature-sensitive stage (C0B113s and Burrows 1957). Tl2@ peak 



spa%ming activity for nost salmon i n n  the  "raXkeeelaa-ta-B~e~i3~ 

Canyon reach (m 98.6-152) occurs pr ior  ta S e p t  

i s  the case for  chinook and pink salraon (ADFhrG 198rBa). Ch 

asekeye sahmon overlap this period. However, they utiLiz4a 
areas o f  groundwater upwelling in the mainstem and sloughs thak 
have teraperatures throqhorat the winter that v a q  between 2 t o  

4Oe. Coho salmon spawn late in the seasan. If they do n a t  
s p m  in upwelling areas (this i s  not kn at the prese~ t  
tirsae), embryos theoretically do not accumulate suff ic ier . t  
teaperature units during this sensitive stage for  propP:r 

dlevelapmcnt. Additional studies weuld be needed to ful3.y 

~r~iaerstand if this species has different: init iaL temperatm-a 
re~irenaents for  successful incubation. 

Studlies by Wangaard and Burger (1983) have shorn that the "cjte 

to emrgence (complete yolk absorption) can vaary ccnsiderab:.y 

at ddifferant temperatures. In laboratory tests at izvera! fe 

temperatures between 2.1 and 4. oOc, these authsrs  found thi i t  

lower temperature would extend t h e  time to complete yo;.k 

absorgticn far Susitna River chunr anti sockeye eggs from 3 0  1:o 

60 clays, There are sox= weak cornpeneatow mechanisms tha t  ter.d 
$0 caunkeract but not eliminate these diQferences, PC r 
exaple,  Dong (1981) suggested that the  ac latfon of one 
temperature unit at low temperatures results in a. greaeer 

t of development; than the aec Iaticn sf one temperaturs 

unit at him temperature. However, this does not necessari l :~ 
nrovide enough compensation so t h a t  eggs incubated undej: a. 

different regimes hateh at t he  same time. This was evident: 
from the 30  to 60 day difference in complete yolk absorption 

in the studies of Wangaard and Burger (1983). Embryos 

incwated in colder water hatched at shorter lengths and 

required fewer TUes far  hatching. However, mean alevfn lengVl 

at complete yolk absorption did not reveal the corresponding 
df fferences. Pn s aw, alevinr at yolk absowtion m a y  be of 
similar size between two temreratllre lranges (in the  O to ~ O C  

range), but a l ~ w i n s  i n  the colder regime would taka longer to 



reach tha t  stag@ while requiring fewer temperature units, 
Temperature compensation was noted f a r  growth a% a function a% 
accum,ulsa*co4 temperature units (particularly below ~ O C )  . 
Tl%e temperature/time of emergence relationship has been stgxdied 

an t h e  Skagit River in Washington (Graybill et al. 1979). T h i s  

river has been affected by hydropower develspment fo r  at least 
60*years. Present year-round water temperatures are generally 
wamcr by several degrees than pre-project tempr;raturos (no 

aetuiil pre-project temperatures have been recorded, however 

modeling has established a likely gre-project scenario) . For 

ehinook salmon, the timing far spawning has not been noticeably 
altered, at least through record; that date back ta 1948. 

However, it appears that emergence timing af S k a g i t  River 

chinook has advansad by about one month. Fink salmon emergence 
has advanced by about 4 to 11 weeks and chum salmon by O to 5 

weeks. The implications o f  this advance~ent in tht? skagit 

River are no$ clear, 

Numerous authors have speculated that an advancement o f  

emergence in any r iver  system would not be specifically 

patterned to natural peak abundances in food organisms and 

therefore would not be advantageous to sumival .  Wangaard and 

Burger's (1983) finding of a 30 to 60 day delay in c 
emergence could mean . % h c t  embrjos incubated at the lower 

temperatures would r e s u l t  in fish that are out of phase w i t h  

kbe nomal parar-smolt transformation (this transfornation i s  

th% salmonid ij.fe phase when they undergo a phl~siological 

change so tha t  they can adapt to a saltwater environment) and 

therefore, fish would not be viable. However, Eangaard and 

Burger state t h a t  the  effect of early emergence on sockeye 
salmon was unclear beca~tse sockeye rear f o r  one te t w o  years i n  
frasksater before they outmigrate. 

To simplify the predictions fo r  chuan salmon i~cubation from 

fertilization to emergence, AEXDC (1984) has de~~eloped a 



nomograph wieh the vsriables cf dake o l  fertilization, average 
incubation temperature, and date o f  emergence. If the  date of 
spabmking were krm and an average incubation temperature 
assued, the data at FJhi~h emergence would sccur eeuld be 

predicted. This nomograph i s  useful  fcr examining and 
estimating potent ial  charmses in cfium salmon incubation periods 

under a wide range o f  temperature regimes in the Susitna River. 

Salaton requira certain substrate characteristies for  successfui 

spzrwning and incubation. The stlbstrate must be capable sf  

allowing sufficient flow to deli.ver dissolved o%ygen to the 

@ & ~ o s  and carry away metabolic wastes. It also =st not 

con%ain a high percentage o f  fine sediments which could cut o f f  

the flow or prwent  emergence o f  fw. As a general guideline, 
Reiser a~ld Bjornn (1979) recommend t ha t  t h e  substrate used fo r  
incubation should contain less than 25 percens by vapolurna? of 
fines e <6,4 

Substrate also cannot be excessively large because adult salmon 
generally are unable to excavate large rocks cr sobid 

substrate. Instead, they require intermediateesized gravels. 

The substrate s i z e  used depends to some extent sn the s i z e  and 
speciea of fish and the substrate t ha t  is available tc *khe  

fish. Based on extensive f i e ld  studies on the Susitna R i v e r  by 

ADFLG (1984e) , chum salmon in sloughs generally utilize 

substrates between 1 in. and 10 in, in diameter. Sockeye in 
sloughs also utilize a similar s i z e  range of substrates. S i l t  

is not used nar is sand. Chinook salmon spawn in tributaries 
and mcrt often utilize rubble (3-5 in. diameter) and cobble 

(5-10 i n . ) .  Based on literature review and extrapolation from 

other r iver s y s t e m s ,  AD&FG j1984e) indicates t h a t  pink salmon 
utilize sulastrates fr7n small gravel ( L / 8 - 1  in. i n  diameter) to 

r a b i e  (3-5 in. ) w i t h  large gravel 3 in being preferred. 

Using a similar method o f  analysis, ADF&G (1984~) found that 



ciaha would ~,-.,inlly use small (118 to I in. ) to large (1-3 iarie ) 

gravel. 

ISuring periods of high streamflow, McUeil (1969) found that 
disagpaa,rance o f  embrycs due to streambed scouring c f t c n  
ex~eedad 50 perce& for  c and pink salmon eggs and alevins 

i n  a t h a t  he studied in southeast Alaska, Qn ona 

occasion, MeNeil recorded a loss t ha t  exceeded 90 percent. 
High flaws can also cause deposition of fine sedimant an the 
aredds, which can reduce pe~meability or entrap emerging fry 

(Hale 1981). 

W clear definition of the flows t ha t  r e s u l t  bw lass is 

ill-defined bacausa moderately high flows may be beneficial in 
assuring adequate interchange o f  Pntragravel and surface waters 
and improving the oxygen supply to embwos (Reiser and Bjernm 
1949)  and, depending rsn conditions, may remove fine sediments. 
In general, velocities should be less than Ulose ithat displace 

ing bed materials (Reiser and Bjornn 1979). 

I n  the  Susitna River an6 i t s  tributaries, high streamflows and 

bed material movement predominantly occur during the  open water 

season eithzr due to high discharge from r a i n  events or 

ice/snow melting. Increases in streamflow in side channels and 
slough babitats esn aiso occur during the ice covered period, 
when ice jams and staging cause overflows from the mainstem 

(Wangaard and Burger 1983). The mainstem appears to be 

re la t ively  stable compared to side channels and sloughs, This 

is due to large bed materials. 



Qnce exJ3pyos ha~re begun incubation, P ~ ~ U C ~ ~ Q R B  in CPischarge can 

Laad to dessication o f  emkryos, law oxygen levels, high 

temperatures, or during cold weather, freezing (Hale 198%) . 
McMeil (1969) found t ha t  freezing could be a cause of high 

mortality, but t h a t  its occurrence was erratic in streams $hat 

be studied i n  southeast Alaska, 

R@spnnsss of incubating embryos and behavioral characteristics 
a f  alevins to dewatering have been studied by Stober e% al. 

(1982) on t h e  Skagit River, Washington. Using chinook, sh 

cohs, and pink embryos, the authors found that various periods 

of daily dewatering ( w i t h  maintenance o f  humidity and 

temperature) f a r  up to 24 hrs  per day in several substrate. 
t ~ e s  resul ted in a high prehatching sumfival for all species 
and a decrease in post-hatching survival in direct relationship 

to %he length -of daily dewaterings. Also, tolerance to single 
dewatering events of various times decreased as development o f  

alegrins pragressed. Stober et ali. (1982) qualified those 

r e s u l t s  to sta te  that they should be used cautiausly during 

extrapolation to f i e ld  conditions. Such extrapolation would 

probably not be valid for  the severe conditions (pa~icularly 
cold) that occur an the Susitna R i v e r .  The Skagit River 

studies do point out, however, t ha t  alevins have some ability 

to avoid severe conditions by moving through the gravel. 

4.2.5 Superimposition 

Superim&jositien can occur if salmon excavate existing redds 

that were developed by previous spawners. In addition to 

mechanical in jury  t h a t  can occur, existing em3arqros can be 
relrncved from the redd, thus ewasing them to light: (which can 

kill incubating embryos) and predators. Superimposition 

becomes more prevalent when the density of spa ing adults 

increases, Wa specific studies have been undertaken to 

deternine effects of superimposition on t he  Susi tna  ltiver. 



However, because competition e x i s t s  bath w i th in  and between 

salmon species in certain limited areas sf spawning (e .g . ,  

sloughs), i t i s  suspected t h a t  superimposition does occur. 

4 , % . 6  Predators on Live E g g s  

PJumesous species o f  predators can consume live eggs. KcNeil 

(1969) suggests that scu lp ins  (Cottus sp.) and possibly ather 

fish predators may be involved. Apparently s c u l p i n s  are 

capable o f  digging i n t o  coarse gravel substrates and consuming 

embryos and alevins .  Other potential predators, such as 

rainbow t r o u t ,  are present in the  Susitna River, but no 

information is available on the e f f ec t s  o f  egg and embryo 

predation. 

4.3.1 Sockeye Salmon 

The emergence of sockeye salmon in the Talkeetna-to-Bevil 

Canyon reach (RM 98.6-152) occurs during the month of March 

(ADFbrG 1983b,c). In l a t e  April most sockeye juveniles o f  

age Oe have reached 3 3  in length. This obsenred 65:iergence 

timing is similar to t h e  April to June emergence reported f o r  

sockeye by Mo?:raw (1980) and S c o t t  and Crossman (1973) . 

(ii) 

In other  river systems, sockeye usually spend one to t v o  years 

in lakes before going to sea (Morrow 1980, Scott and Crossman 

1973) . However, in the Talkee?Bna-ts-~evil Canyon reach (RM 

98.6-152), suitable lakes are not available fo r  rearing 

sockeye. Therefore, juvenile sockeye either rea r  in sloughs or 

leave the Talkeetna-to-Dwil Canyon reach during their first 



year o f  l i f e  (ADF&G 198413) . It i s  unknown i f  the age 0-1- 

sockeye leaving this reach of river go directly aut "Lo sea, as 

smokts or move to rearing habitats  in orher sub-basins a E  t h e  

Susitna River. If they do go di rec t ly  ta t h e  ocean, their 

surv iva l  is low (ADF&G 1981a, 1982a, 1984a, 1985). 

For thase juveni le  sockeye that rear and overwinter in the 
Tabkeetna-to-Devil Cenyon reach, upland sloughs and s ide 

sloughs are used most frequentby. In 1982, over 90 percent  o f  

the 1325 juvenile sockeye callectad were in upland and s i d e  

slough hab i t a t s  (ADF&G 1963b). Similarly, in 1983 densities 

were highest in side slough and upland slough hab i ta t s  (ADF&G 

1984b). In 1983 rearing sockeye were about equally distributed 

between upland slough and side slough hab i t a t s  (Figure 21) . 
The mast important upland slough was Slough 6A, while Slough II 

was the most important  side slough. 

T h e  importance of Slough 11 f a r  rearing sockeye i s  likely due 

to two factors. First, Slough 11 is an important slough f a r  
sockeye spawning, accounti.ng f o r  over 75 percent of the  total 

slough eseepenent f o r  adult sockeye salmon in 1982 (ADF&G 

L984a). And secondly, Slough 11 is breached only at high 

discharges (over 42,000 cfs) (ADF&G 1984d) . This conditian 

provides more favorable rearing conditions than breached 

sloughs. There have been decreased catches in natal side 

sloughs af te r  breaching transforms the side slough to side 

channel habitat (ADF&G 1984b). 

During July and August 1983 there w a s  a redistribution of 

juvenile sockeye from n a t a l  side slough habi ta t  to upland 

slough habi ta t  (ADFGG 1984b). Slough 6A was t h e  most important 

upland slough fo r  juvenile sockeye in 1982 arid 1983 (ADF&G 

198333, 1984b). This slough has low water velocity, clear 

water, adequate depth and abundant cover and is q u i t s  different 
from the  majority af sloughs in t he  Talkeetna-tomDevil Canyon 

sub-basin (ABF&G 1984b). 





S ~ m e  juvenile, sockeye averwinter i n  khe ~alkeetna-tawDevil 
"".-- r*3hy $a = ,a, , ~n sub-hasin. This has been dsc ented by winter sampling 
and tkc dgem&ream outmigrant t rap  catches o, tge 1-b fish at 
RX 1103 (ADF&G 1983b, 1984b). However, catches a2 age I+ 

a~ckeye have been low [less than 1 percent of the  outmigrant 
t r a p  catches), which indicates t ha t  this reach o f  r iver  i s  not 
rased extensively fo r  ovearintering. A g e  1+ sockeye have been 
abse:mad in sloughs 9 and II (ADF&G 1984b). 

(nli) Food Habits 

Juvenile sockeye food habits were examirred i n  July and A u g u s t  

1982 at elojighs 8A and II (ADF&G 1983b). Fish were fotandl ta be. 

feeding pri~arily an chironoleid lanrae, pmpae and adults. 

Hawever, dominance of food items i s  based on 

bi~nass or volume. Since chironomids are small, their 
volucmetric contribution may be overeraphacr~zed by the numericall 
methad. Electkvity indices suggested a posit ive selection for 

chironornid larvae. Cladscerans and copepods were important 

foad items of juvenile sockeye in Slough 11 during A u ~ u s t .  A 

variety o f  aquatic and terrestrial i n sec t s  were also cons 

Mast juvenile sockeye salmcn leave the Talkeetna-to-Devil 

Canyon reach (BM 98.6-152) during their first year of l i fe .  

Over 39 percent (12,312) of the 12,395 juvenile sockeye caught 

i n  outmicrant t raps at RM 103 in 1933 were age 0+ fish, while 
only 8 3  fish were age 14- (ADF&G 198433) . If age 0+ sockeye go 

directly to the  ocean their survival is low, because less than 
one percent of returning adult sockeye at Curry S ta t ion  

(RM 120) outmigrated as age 0+ smelts (ADF&G 1982a) . 
The peak aukmigration of age D+ sockeye at RM 103 occurree 
during early July in 1982 and 1983 (ADFGG 1983b, 1984b) 

( F i p r e  22) .  The outmigsatian was monitored from mid-June to 



C H U M  S A L M O N  F R Y  OAfsLY CATCH PElR HOUR R E C O R D E D  AT THE 
DOWNSTREAM MlGRANT TRAPS. MAY 18 THROUGH AUGUST 20, 1983. 
QSOOQRCE: A O F ~ G  1984 b), 



m i . & - O c t a b e r  i=, 1982 and from mid-May to tba end o f  Augast  in 
19193 (ADP&C L983b, 1984bI . Catches o f  age a+ sockeye sceur2:ed 
kh:razgkouQ the @ampling season. The ~utmigration of age E+ 

soekeye occurred primarily during May and June and was over by 
the end of  July in 1382 and the end of June in 1983. 

Zn. correlation analysis was done to compare 1983 iuvenile 

oeckeye autmigration catch rates at 103 with mainstem 
discharge (ABF&G i984b. The coefficient o f  detaminat ion 

2 (r ) betwean mainstem discharge and outmigration rate was 0.12 

f a r  age O+ fish and 0.06 fo r  age i+ fish. Thus, 12 and 6 

pereent o f  the variation in the outmigration rates were 
accounted f o r  by ma~nstera discharge. 

The average s i z e  o f  outmigrating age Oa sockeye i n  1982 at 

W 103 xqas 42 in late June and increased to 72 by early 

October (ADFgG 1983b). Age 1+ sockeye in 1982 averaged 77 nun 
in early June and 87 in la te  July. In 1983 age 0+ and I+ 
fish were separated by length analysis. In early May age Q+ 

sockeye were less than 56 while age L+ fish were 56 

greater. In late June age 0+ sockeye were less than 
while age 1+ fish were 71 or greater (ADFLG 1984b) . 

In 1983 the  population s i z e  of age 0+ sockeye was estimated in 

the Talkeetna-to-Devil Canyon reach (RM 98.6-152). F q  were 

fin clipped and tagged w i t h  half-length coded wire tags at 

sloughs 8A, Xl and 21 and recaptured in downstream outmigrant 
traps at RM 103. The population s i z e  was an estimated 560,000 
fish using the Petarson mark/recapture estimator and 575,000 

fish using the Schaefer estimator (ADF&G 1984b). 



En 1983 suwiva l  estimates f a r  egg to f r y  were calculated by 
dividing the  fry population estimate by t he  total potential egg 

depasition. Sukvival from egg ta fry was  about 40.9 percent 

using the Peterson estfzate of population s i z e  and 42.0 percent 
using the Schaefer estimate of population s i ze  (ADP&G P984b). 

The high survival rate (41-42 percent) fo r  egg to oueaoigrant 
far  juvenile sockeye in the  TaEkeetna-to-Devil Canyon reach i s  

not comparable to aumival estimates fo r  egg to f q  in ather 
studies (ADFhG 1984b) . The study 3.n t h e  Susitna River covered 
a ~ h ~ r t e r  period o f  tine (egg to age 0+ sockeye), while other 
s6-udies (Russell 1972 and Meehan 1966, cited i n  ABF&G 198433) 
reported supviva1 estimates a f  0.6 'to 8.5 percent from egg to 

age 1+ or age 2+ sackeye smolts. 

salmon emergence in the Talkeetna-toeDevil Canyon reach 

(RP1 98.6-152) occurred during a982 in l a te  Febluary and March 

(ADFhrG 1983b, c) . By la te  April most juvenile churn w e r e  3 5  

in length. Thus, it appears t ha t  ch salmon aergence occurs 
in this reach of ehe Susitna River from February through A p r i l .  

(ii) Seasonal Movements 

A f t e r  emergence chum salmon may outmigrate to the e s t u a ~ y  in a 
single night if they are in systems close to t he  ocean (Scott 

and Crossman 19"9b However, in other  situations t he  chum 

cutraigration may last f o r  days or weeks (Norrcw 1980) . 

Most juvenile chum in the Talkeetna-to-Devil Canyon reach 

(RM 98.6-152) emerge by late April, while the peak outmigration 

(at 103) does nol-. occur until early June crr early July 

(ADF&G L983b,c; B984b). This i.ndicates that juvenile chum fron 



"chis reach of t he  Susitna R i v e r  may spend one to three mosrt>hs 

rearing in freshwater. All juvenile ch i n  the Sus%tna lXiv(3r 

suemigrate as age 0+ fish (ADF&G 1951a,b; 1982a, 1983b; 

L984a,b) . 
almost all jxlvenile chum (aver 90 percent) were distributed i n  
side slough and tributary habitats  in the  ~alkeetna-te-Devil 

Canycn reach during L983 (Figure 23 ) .  These side sloughs anti 
tributaries ware the same areas c f  adult chuaa spawaing in 1982 

(RDFQIC 1982a). Slough 21 supported the highest density o f  

juveniles in side sloughs i n  1983 while Indian River had the 
highest density o f  juvenilus in tributaries (ADF&G 1984b). 

Ira early Sune 1983 juvenile c densities droppea in s ide  

slough and tributary habitats and increased at side channels, 

upland sllaaghs and the d stream outmigrant t raps  s a t  M 103 

(ADF&G 3984b) . Most juvenile chum salanon leave the  

Talkeetna-te-Devil Canyon reach by mid-July [Figure 2 2 ) .  

Food Habits 

The food habits of juvenile chm have not been examined in t he  

Susitna River. However, jwenile chum spend one to three 

months rearing in the  Talkeetna-tomDevil Canyon reach 

(RM 98.6-152) before outmigrating and can gain up to 27 in ' 

length during this period (ADFGG 1983b). Morrow (1980) reports 

tha t  they may feed on chironomids and cladocerans. Food 

lxabitat studies of juvenile chinook, coho and sockeye in t h e  

Talkeetna-ko-Devil Canyon sub-basin indicate t h a t  chironomids 

ceatprised a significant portion of t he  diet f o r  these three 

species (ADF&G i983bj It is expected that juvenile chum also 

feed on chironomids in this reach 0% r iver .  Other food items 

may be important, 





&bP juvenile chum salman in the Susitna River outmigrate ts the 
ocean in their first year of life. The outmigration frpm the 

Talkeetna-to-Devil Canyon sub-basin was monitored by the  

Bornstream outmigrant t raps (RM 103) from mid-June to 
mill--O~tober in 2982 and mid-May to the and of August in 1983 
(ADPliC 1983b, 1984b). In 1982, t he  peak outlaigration sccurntecl 
sra Jpme 21, j u s t  three days after the t rap began f f shing. 
Therefare, it is possible tha t  the peak outmigration occurred 

befare June 28 in X982. By mid-July 1982 almost 90 percent o f  

the outmigrants (754 chum) had been caught. No juvenile chum 

w e r e  cilught ct the t rap after mid-August in a982 (ADF&G 198:Jb). 
In 1983 the outmigration peaked between early June and early 

July. By aid-August all juvenile c h u  had le f t  the 

Talkeetna-to-Davil Canyon reach (RM 98.6-152) (Figure 2 2 ) .  

P: carrelation analysis was done to compare 1983 juvenile chm 

outmigration catch rates with mainstem discharge (ADF&G 1984b). 
During mid-May to mid-July (this period accounted for  aver 98 

percent of the catch at the d stream migrant traps) almost 80 

percent of the variation in catch rates was accaunted f o r  by 
mainstem discharge. The coefficient o f  determi nation (r2) 
b e m e n  mainstem discharge and juvenile churn cutmigration rates 
was 0.79; r = 0.89 (ADPhrG 1984b). 

fv) S i z e  

Hast j ~ % ~ e n i l e s  had reached a length sf 35 by late April 1982 

(ADF&G 3983b). The mean s i z e  of juvenile chum in the 
Tafkeetna-towDevil Canyon reach (M 38.6-152) was 42 ~ t s a  (length 

range 29-55 m) during the first two weeks o f  July 1982 (ADF6tC 

1983b). Thus, some juvenile chtm grew considerably before 
sutmigrating while others exhikifced little growth. This could 

be ---~e to dffSarences in "timing of emergence and cutmigration 

for juveniie chum, or perhaps soae juvenile chum feed nore 

actively than sthere. 



The population s i z e  of juvenile chiua w a s  eskirnated i n  tla 

Talkeetraa-to-Devil Canyon reach (Wra 98.6-152) in X983. F w  

were fin clipped and tagged with half-length csdad wire tags at 
sloughs 8W, 9 ,  11 and 21 and at Indian River. Qu%migrating f r y  
were captured at downstream outmigrant t raps at 103 and 

examined for marks. The population s i z e  was an astimatad 
3,322 ,000  fish using the  Peterson mark/resapture estilaator and 
3,037,000 fish using the Schzkefer estimator (ADF&G P984b). 

Suwiva l  estimates f a r  egg to fry we>:@ calculated. by dividing 
the  population estimate by t he  total poteritial egg daposition. 
Sumivival from egg to f ry  was 14.1 percent using the Peterson 
astinate o f  population s i z e  and 12.9 percent using the Sehaafer 

estimate o f  population s i z e  (ADFhG 1984b) , The s u ~ i v a l  rate 
f 13-14 percent) for  egg to fry for  cshufn salmon in the 
Talkeetna-toeDevil Canyon reach is within t h e  raw@ (0.4-35,4 

percent) of those reported from other studies (ADF&G 1984b). 

Daily outmigration rates, population s i z e  and rscpuitment rates 
of juvenile chum were estimated at Slough 11 in 9 8 3  (ADF&G 
1984b). Fish were tagge!ed with half-length coded. wire tags and 
marked with Bisraark Brown dye so t ha t  fish marked over a three 
day period could be separated upon lacapture by the particular 

day they were marked. On day twa of the experiment, the 

juvenile chum population s i z e  in Slough 11 was an estimated 

2 , 0 6 8  fish, t he  daily emigration rate was 32.7 percent of the 

populatian, and the daily recmitment (emergence) rate was 1.84 

percent of the  populatisn (ADF&Q 1984b). 

A comparison of data from the east bank outmigrant t rap  a$ 

W 203 far 1982 and 1983 indicakes %hat in 1983 juvenile chum 
catch rates were 2.3 times higher than 1982 catch rates (.ADF&G 

X984b) . This relative abundance 0% juvenilifs chum correspcnds 

with the parent spawner relative ab~ndance. The 1982 churn 



tassapemant (29,400 fish) at Cur-T Skatian (RP4? 1 2 0 )  was 2 .;a 
timas higher than the 1981. escapeaent (13,100 fish) (ADPGlG 

B984n) , 

echs emergence likely occurs before May i n  the Talkeetna- 

ka-Devil Canyan reach (RM 98.6-152) as the donstream 
outmigrant t raps (RM 103) began catching age O+ juvenile coho 
 PA mid-May 1983 (ADF&G 1984b). However, the emergence likely 

extends over a considerable time period, basad upon the shorter 
Peny$ks o f  fish obsened in June and July 1981, 1982 and 1993 

(ABF&G 1981b, 398313, X984b). Scott and Crossmala (1973) also 
report that coho emergence can occur from early March to Late 
July, dependi~g upon time o f  spawning and incubating water 
temperatures. 

(il) Seasonal Movements 

There fs a pat tern of downstraara movement of juvenile coho 
throughout t he  s er i n  the Talkeetna-to-Devil Canyon r iver  
reach (RM 98.6-152) (F igure  2 4 ) .  Some juvenile coho of a l l  age 

groups (age O+, I+, 2+)  leave the  Talkeetna-tomDevil Canyon 

sub-basin (ADFLG 1983b, 1984b) . 
Most juvenile coho (96 percent) were distributed in t r i b u t a q ,  
upland slough and side slough habitats  in eha 
Talkeetna-to-Devil Canyon sub-basin during 1983 (Figure 25). 

Important tributaries for juvenile rearing in 1983 were 
spa-ming areas fa r  adult coho in 1982 (ADF&G 1982a) . y&isk.ers 

Creek, Chase Creak and Indian R i v e r  had the highest juvenile 

coho densities, based upon mean catch per cell, of the 

tributaries i n  1983 (ABFLG 1984b). 







SlsugPir 6W and 5 w e r e  important upland slaughs f a r  5uvernile 
coho re~%r lng ,  % . h i L e  Whiskers Creek Slough and SPaugh 8 were 

impa;-tant side sloughs in a983 (ADPhsG 198433) , The pr%sence of 
juveniles i n  these sloughs coupled w i t h  the infrequent catekes 

i n  side channel habi t s t  suggests that juvenile @aha alee found 
primarily in Pow-velocity, clear water areas, Upland and s ide 
slsugks may also  attract: juvenile eoho due to higher water 
tenpcratures (ADF&G 198413). 

Significant oveminterfng c f  juvenile caho in kh@ 

Talkeetna-toeDevil Canyon reach occurs in s ide slorrghs and 

upland sloughs (ADF&G 1984b). In 1.991 khrough h963, Wlaiskers 

Czeek Slough (side slough) and Slough 6A (upland slough) were 
used fo r  ewemintering by age a+ and 2+ cohs. Some coho may 
also use the mainstem and side channels far overwintering 

(ADFLS 1981b) . 
(iii) Food Habits 

Fsad habits were examined in A u p s t  and September 1982 in tphe 

Talkeetna-to-Devil Canyon reach (M 98.6-152). Chi~onomids 

were the dominant food item narmerically in samples collecked. 
Since chironomids are small, their volumetric coneribut.fon i s  

probably less than their 

3,ndices suggestsd a positive selection f sr ehirooomid larvae, 
Other dipterans, and mayfly and s tonef ly  n - ~ p h s  were 

sccstsionally eaten. Riis and Friese (ADF&G 1978) found t ha t  

juvenile coho in the Suaitna River fed on drifting aquatic 

insect lanrae in t h e  spring, while the adult stage of aquatic 

in~ects were major fosd items during the su 

Scott and Crossman (1983) report that jwemile pink, chum and 

sockeye can be intportant food items fo r  age I+ and older coho. 

These fasd items are more likely to occur in c ~ h o  diets between 

May and Aumst, when jmvenile pink, chum and sockeye are more 
ercus in the Tahkeetna-to-Devil Canyen sub-basin. 



Tkc; cukmigratisn of juvenile coho f ram t he  Talkae%ns-t:~-Dav81 

Canyon reach /m 98.6-152) pras manitored by dobmstream migrant 
trays (RM 103) during 1982 and 1983 (WDF&G 1983b, 1984b) a 

There was a dotqnstr~em movement sf  juvenile coho throughaut. t he  

er ( F i g u ~ e  24) . Age O+ f iah accounted fo r  over 90 percenk 
c s l  the t rap  catch o f  5,646 ccohc, while age l i  and 2+ fish 

comprised %ha remaining portion (ADPLG 1904b). 

F r ~ m  n'avewer lB8O to Xay 1981 age 2.f coho were captured in the 
Talkeetna-ta-Devil Cany~n reach (ADF&G 1981.k). A f t e r  Hay Pm 
.this reach of river and mid-June i n  t h e  C:osk Pnlat ts Talks~tna 

reach na age 2+ cohc were caught. Catches o f  age 2.4. coho were 
low at t he  outmigrant t raps  at RM 103, however it appears %,ha$ 

catches peaked in early June in 1982 and 1981 (ABF6rG 1988b, 

1984b). Analyses of scales in 1982 and %983 from re turning 
adult coho salmon at Curry Statiqn (N 120) indicate that most 

coho outmigrate fro% the Susitna River as age 1+ sr 29 srrcolt~ 
(XDPLG 1981a, 1982a, 1984a) . 
A eosrelatian analysis was done to compare juvenile coho 

outmigratian catch rates at RM 103 with mainstem discharge 
2 (ADF&G i984b) a The coefficient of determination (r ) bebuecw 

mainstem discharge and autmigration rates was 0.17 for age 09 
fish and 0 . 2 2  f o r  age 1+ fish. Thus, 17 and 22  percent o f  the 

variation in the  outmigration rates was accounted f o r  by 

mainstem discharge. 

(v) S i z e  

The average? s ize  a f  age 0+ coho in the Talkeetna-tomDevil 

Canyon sub-basin (M 98.6-152: was 56 wm in late June 1981 and 
41 in l a te  June 1982, The s i z e  increased to 63 in Bate 
September in 1981 and 65 in lace Sepkember 1982 (&DF&G 

1981b, 1983b). In 1983, age 0+ coho w e r e  separated from age 1+ 



older  eohe, i ~ y  length  f r eq~~eney  and scale analyses: sga O+ 

coho ware Pess &ban 4 6  i n  early Hay, less than 65 mm in Pate 
Zune, and Lass than  96 i n  late Bepteaos  (laDF&G 1384b). 

Piemg'et f r eqeney  and scale analyses caf cotao ealmclri eansaiat bs 
lase3 to separate age I+ and 2+ coha because sf overlapping 

lengths; (ADF&G P983b) . Therefore, age I+ and 2+ fish, %rere 

eoys*5ned as age 1+ and older i n  most analyses /ADF&G "1984k). 

Pspralation s i z e  and sumrival estimates of juvenile cahs have 
nat been done in the Susitna R i v e r .  Catches of juvenile: coho 

in 1582 suggest tha t  the river reach downstream sf 98.6 is 

used sore for  coho rearing than the reach upstream of RH 98.6. 

maut 80 percent o f  the  juvenile, coho r,a~aght in 1982 were 

captured downstream of RM 98.6 (ADFfG 1983b), 

W comparison of data from the east bank outmigrant %sap ad 

&W 163 for  1982 and 1983 indicates that in 1983 juveniie coho 
cateh rates were 2 , 8  tines higher than the  198% catch rates 
(ADF&G 1984b). This relative abundance of juvenile coho 

carresponds with the parent spawner relative abundance. The 

1982 coho escapement (2,400 fish) a% Curry S ta t ion  /RM 120) was 
2.2 times higher than the 1981 escapement (1,100 f i i ~ h )  (ADF&G 

1984a). 

The emergenee of pink salmon probably occurs in Narch and April 
in the Talkeetna-to-Devil Canyon reach (RM 98.6-152). L i m i t e d  

infomaeion obtained in 1981 indicak~d that fry appeared in 

Slough. 11 and Indian R i v e r  on Apri, 11 (ADF&G 298lb). 



( i k )  - Scasonnsl Movements 

Af ' ta r  emergence juvenile pink salmon xnoVfe almost i 
downstream ts ehe oeean (ADF&G 1981b, 1983b, 1984bf. A11 

yj4u9'eniXes in t h e  Susitna Wives outmigrate in their first suramer 

[age O+ fish) and little if any freshwater rearing occurs. 

Most juvenile pink salmon were captured in the downstream 

outmigrant t r a p s  (RE9 103) in Hay and June (Figure 2 6 )  . In 
L982, the dawnstream outmigrant t rap  caught only seven juvenile 

pink -ring ear ly  July (ADF6rG 3-983b). In 1983 the downstream 
c~uQtunicjxaEl$ t raps  caught f e w  juvenile pink af ter  July (ABPhtG 

1984b) . 

%t i s  uncertain if juvenile pink salmon feed i n  t h e  Sansitna 
River. They apparently spend little t i m e  in the Talkeetaa- 

ts-Devil Canyon reach (RM 98.6-152) a f t e r  emergence (APP&G 

LSB4b). Sco t t  and Crossman (1973) indicate t h a t  juvenile pink 

salman remain in freshwater %or such a short  time tha t  many do 

not feed at all. However, those that migrate longer distances 
the  eetuaw may eat n p p h a l  and larval insects. It is 

likely t h a t  juvenile pink salmon in the Talkeatna-to-Devil 

Canyon sa -bas in  may feed occasionally on chironssaid lamae and 
o'cner aquatie insects during their outmigration. 

A f t e r  emergence in W r i l  and May, - juvenile pink msva a1mer.'- 
ediately dtbwnstream tc t h e  estuary. In 1983 juvenile F . - 

catches were highest at the outmigrant traps (RP1I 103) dur., - 
l a te  Way and early June ( F i p r e  2 6 ) .  

A correlation analysis was done to cor&pare 1983 juvenile pink 

outmigration catch rates at R3 103 with mainstam discharge 

(ADF&G 1964b) . Dxxring mid-May to mid-July about 40 percent of 





the var ia t ion  in catch rates was ace,oun?~ed for  by mainsskSem 
* 2 %~xsckarge. The coefficient o f  de tsmina t i sn  (r ) betayeon 

wainstem discliarge and autmigratian rates was 0 . 3 0 ;  r = 0.55; 

(ADF&G 1984bj. 

The average size o f  juvenile pink, between BM 79 and 136, was 
36 (length range 29-43 ) during la te  May to Late July 1982 

(WBFQ1G 1983b). No increase in s i z e  was observed between fish 
mea~ured in May compared to those measured in July. Bowever, 
the sample s i z e  was small ( 28  fish) . It appears t h a t  juvenile 

pink grow little, if any, during their freshwater residence. 

No estimation of  the population s i z e  of juvenile pink salmon in 
the Talkeetna-tomDevil Canyon reach (RM 98.6-152) has been 

done. Catches have been law fo r  this species. Sn 1982, only 

six fish were ca~ght in the downstream migrant t rap (XM 103)  , 
while in 1983, 245 juveniles were captured (ADFLG 1983b, 

P984b). 

Adult runs of pink salman are nunerically dominant in even 

yea r s - in  the Susitna R i v e r ,  w i t h  even-year escapements about 10 

times greater thezl odd-year escapements (ADF&i3 1981a, 1982a, 

1984a, 1985). The progeny of even-year pink salmon emerge and 
outmigrata in the following odd year. Therefore, the  abundance 

of juvenile pink salmon i s  likely greater in odd years than i n  
even years, 

Most chinoak salmon emerge from the gravel i n  tributaries of 

the Tslkeetnamto-Bsivfl Canyc2.n reach (M 98.6-152) i n  March o r  



3kpk-iP (ADFEG 19836). Juvenile chinaok had emerged p r i s r  ts 
aid-April. i n  Indian R i v e r  in 1981  (ADF&G 1983~). 

( r k i )  Seasanal Movements 

Irm other rives systems juvenile chinoak usually spePlcl sple or. 
two years in Preslzwater residence before outmigrating to the. 

ocean (as age 1+ or 2+ smolts) ( S c o t t  and Crossman 1973, NDFPOW 

1980). Most juveniles in the Talkeetna-to-Devil Canysn 
sub-basin (RM 98.6-152) spend one year in freshwater before 
going to sea as age 1+ smolts (ADFLG 1981a,b; 1982a; 1984a,b). 

Once $0 two months after emergence there is a downstream 

msvemant of some juvenile chinook (age O+) from areas sf  high 

post-emergent densities (natal tributaries) to rearing and 
avsmintering areas (mainstem, side channels, side sloughs, 

upland sloughs and tributasy mouths) (ADF&G 1981b, 1983b, 

1984b). The downstream redistribution - o f  age 0+ juvenile 

shinoak has been obsenred in the Deshka River (RM 40.6) by 

Delaney elt al. (1981), in Montana Creek (RM 7 7 )  by Riis and 

Friese (ADF&C 1978) and in the  Little Susitna R i v e r  (eight 

miles east of the Susitna River mouth) by Delaney and Wadman 
(ADF&G L979). Some juveniles move d stream and leave t he  

Talkeetna-to-Dwil Canyon reach. The do stream outmigrant: 
$paps (RK 103) in 1983 captured age 0+ juvenile chinook 
throughout the season w i t h  a major peak catch occurring in 
A u p s t  (ABFGG 1984b). 

Important rearing habitats f o r  juvenile chinook are side 

sloughs, side channels, upland. sloughs and tributasy mouths 
(ADFLG 1981b, 1983b, 1984b). Apparently juveniles prefer areas 

of moderate water velocity and depth, and utilize turbidity fo r  
cover (ADF6rG 1984b). These conditions are of ten  present i n  
side chanriels. Consequently, densities of juvenile chinook 

were higher in side channels than in side ar upland slough 

habitats  (Figure 27) . 





Side sleughs, tributaries, the mainstem, and side cbannebs are 
used by jwenile chinook for  overwintering areas (ADFLG P981b, 

B9835, 31984b) . How~~ver, tributaries apparently becaze less 

i q o f l a n t  af ter  November when LOW winter  flows and icing occur 

(ADF&G 1981b). Side sloughs may at tract  overwintering juvenile 
chinook because of the wanaer water temperatures that are 

associated w i t h  groundwater upbwalling i n  sloughs (ADF&G 1984b). 

Hn B981 juvenile chinook were captured throughout the Susitrla 
Wher  from Alexander Creek (=I 10.1) upstream to Portage Creak 

(m% 248.8) (ADF&G 1981b) ; i n  1982 fish were sallected between 
Goose Creek (RM "4 3. 1) and Portage Creek (m 148.8) (ADF&G 

198333). Xn both years juvenile :hinook abundance was higher 

damstrtea~~ of the Chulitna R i v e r  (Rm 98.6) . 

Juvenile chinook food habits were examined in Auwst and 

Septeaaber 1982 a% sloughs 8A, 11, 20, 21 and at Indian River 
and Fourth o f  July Creek (ADF&G 1983b) . Fish were found to be 
feeding primarily sn chiranemid larvae, pupae and adults. 

Howevszc, dominance of food items was based on n u a e r s  and not 
b i ~ ~ a s s  ar v01-e~ Since ch i ron~n ids  are small, their 

etric importance may be overemphasized by the 

method. ~lectivity indices indicated that juvenile chinook had 

a positive selection for  chiranamid larrae. Terrestrial and 

other aquatic insects were also eaten (ADF&G 1983S). The 

results sf food habit studies done i n  1982 indicate that 

juvenile chinook aria coho diets are usually significantly 

different (PX0.05) (ADF&G 1983b) . 

stream movement of age 09 chinook throughout the 
ar (mid-May khrsugh August) w i t h  a major peak oceurring i n  

August (Fiwra 28).  These age 0.1- chinook either rediistaribute 





ta rearing and overwintering areas damstream of RM PO3 ax 

outmigrate as age 0+ amalts. If they do smolt as age 09 P ish ,  
ur C A & ~ % X  q m p  S U F V ~ V ~ ~  is low (ADFblG 1981a, 1982a, 1984a). 

Age %+ chinook leave the Talkeetna-to-Devil Canyea s a - b a s i n  
primarily in Nay and June (ADFtG 1983b). In 1983, t he  

asu%migratlon o f  age 1+ chinook at 163 was aver by mid-3uPy 

[Fiwra 2 8 ) .  Age 19 chinook apparently leave the Susitna River 
by Septeraber as no age I.+ juveniles were captured between eaak 
Bn3et and Talksetna Sta t ion  (m1 103) after the end a f  t8u~st 

(1981bj a 

A correlation analysis was done to compare 1983 juvenile 
chinook outmigration catch rates at 103 with mainstem 

2 discharge (ADF&G 1984b). The coefficient o f  determination ( s  ) 

between mainstem discharge and ou'cmigration rates was 0 . 2 5  (r 
0.50) f o r  age 1+ fish and 0.19 (r = 0.44) fo r  age 0+ fish. 
Thus 25 and 19 percent of the variation in autmigratisn rates 
was accounted f o r  by mainstem discharge. 

(v) S i z e  

Age I+ chinook averaged 90 in length during May and June in 
1981 and 1982 (ADFbrG 198323). This is when most age 1+ chinook 

leave the Talkeetna-to-Devil Canyon sub-basin (=., 9 8.6-152 ) . 
In this reach of the Susitna River, age 0+ and age 1+ chinook 

can be separated by length frequency analysis (ADF&G 198413). 

In early May age 0+ chinoak upstream of RM 103 are less than 
in early June they are less than 73. and in early 

July they are less than 81 A f t e r  August 1 a l l  chinook 
upstream of RM 103 are considered age B+ fish (BDF&G 1984b). 

stream of Talkeetna Sta t ion  (a 103), it is not possible to 
separate age 09 and age 1+  hin nook from length frequency data 

alone! because of overlapping lengkhs of the t w o  age groups. 



k i f t e ~  Swtt&er I a l l  juvenile chinook dawnatream o f  3103 are 
ccwsiaered to be age 0+ fish (ADF&C 1981b). 

kvh) on Estimate 

NQ estimate o f  population s i z e  for juvenile chinook has been 
done in the Susitna River. In 1982 juvenile chinook abundance 
in the Talkectna-to-Devil Canyon sub-basin was lower than in 
198% and 1983 (ADF&G 198413). Comparisons of the catches at the 
east bank damstream migrant trap (RM 103) between 1982 and 
L 9 8 3  indicate that juvenile chinook abundance was over four 
times greater in 1983 than fo r  the same t i m e  period in J982 

(mF&G 1984b). 

B e 4  RESIDENT SPEGfES 

4 , 4 , P  Rai&ow Trout 

Rsin$ow t r o u t  occur throughout: the  Susitna Basin below Devil 

Carayan (ADF6IG 19831a). Upstream from Talkeatna, they mainly use 

tributaries for sp ing and rearing, while overwintering 

occurs primarily in the mainstem (ADF&G 1984b). 

Upstream of t he  Chulitna River confluence (RM 98.61, rainbow 
%rout move into tributaries to sp in late May and early June 

(ABFLG 1984b) . miskers Creek (m 104.4), Lane Creek 

(m 113.6) and Fourth o f  July Creek (RM 131.1) are the major 
spawning areas i n  <this river aeach, whereas the larger 

tributaries (Indian River and Portage Creek) are of lesser 

izkportance (ADFGG 1984b) . B o t h  sexes mature by age 53 (ABFhG 

1984b) . 
There is a post-spa ing movement from sg ing areas to 

feeding area6 (ADF&G 1984b). These feeding areas may be 

located in the same tributaries in which spa ing occurred, or 

in other tributaries and at tributapy mouths (ADF&G 1983b, 



158433). During < & u ~ s t  and September r a l & c w  tram% can be found 
sloughs and at tributary mouths tha t  are occupied by adult 

sabmon (ADF&G 198333, i984b). X t  is suspected thwt sraihlbaw 

%raut fee& on salmon eggs at these s i tes  (ADFGG 1984b). 

Jwenile rainbow t r o u t  rear mainly in tributaries (ADF&G 1984b, 
%9@4b). Some juveniles also rear in the mainstem and sloughs, 
but the  use of these habitats appears to be limited (ADFgtG 

1983b, 1984b). Fourth of July Creek (RM 131.1) i s  an impostant 
rearing area far  juvenile rainbow t r o u t  (ADFGrG 1984b). 

In the fall, rainbow trout move out sf  tributaries i n t o  the 
mainstem Lo averwinker (ADF&G 19835, 1984b). By early Decewer 
in 1983, most radio-tagged rainbow t r o u t  were located i n  
.mainstem areas t ha t  were not influedeed by t r ibu ta ry  inflow 
(ADF&G 1984b) . 
Based on recaptures from three years of tagging (1981-1983), 

the population s i z e  of rainbow t rout  in the Talkeetna-toeDevil 
Canyen reach was estimated +a be abaut 4,000 fish (greater than 

150 in length) (ACF&G 1984b). This estimate should be 

viewed as an approximation because it does not account fo r  
annual recruitment, mortality or emigration (ADF&G 1984b). 

Arctic grayling are found throughout t he  Susitna Basin JADF&G 

198313) . fn the Talkeetna-to-Devil Canyon reach, Arctic 
grayling primarily use mainstem habitats fo r  ovemintering and 
tributaries for  sp ing and rearing (ADF&G 1983b, 1984b). 

Upstream of Talkeetna, Arctic grayling move into tributaries to 
in May and early June (ADF6rG 1983b, 1984b). H i g h  catches 

occurred in Whiskers Creek Slough (M 101.2), Lane Creek 

3 6 Fourth af July Creek (RM 131.1), Indian R i v e r  



(WX 138.6), 9ack Long Creek (REa 144,5) and Portage Creek 

(RH X48.8) in 1982 and 1983 (ABFbrG 3984b) . Although tkesie 
tributaries have nat been identified as spawling areas, they 
anre 1Pf;ely candidates. Spaming nay alse Qecur in the 

mainstem. In 1963, it was suspected that %paning  occurred a% 

ar near HUM 150.1 (ADP'&C 1984b). 

A f t e r  spawning, most adults and juveniles raatain in tributaries 
or move to Lsibutai?~ and slough mouths until early Segtemher 
(ADFgG 1983b, 198433) . Some juvenile fish rear in mainste~ra 
areas (AW&G 1383b, 1984b). These juveniles may be displaced 

fram t r 2 b u t a . q  habitat  by the territorial behavior o f  alder, 
larger fish (ADFLG 1983b, 1984b). 

During Septeaer, Arctic grayling move into the mainsten from 
tributaries (ADF&C 198313, 198423). It i s  suspected tha t  this 

mawenen$ to the mainstem is f o r  overwintering, hsrwever specific 
areas have not been idantif ied (ADF&G 1984b) . Some fish may 
use the  larger, deeper pools in Portage Creek for  ~ v e ~ v i n t e r i n g  
(WE)F&G P984b). 

Burbat occur throughsue the Susitpla Ri'lrer basin (ADF&G 1981d, 

1983b) . Burbot appear to be more abunaant d 
ChuIitna River conf luenca (RM 98.6) (ADF&G 1984b) . Burbot arc 

associated almost exclusively with the mainstern and 
mainstem-influenced areas. 

Busbot apparently move to spawning areas in the wirnter and then 
dispersc3 to feeding areas after sg ing is completed (ADF&G 

1983b, P984b). Other than t"nese migrations, burbot are 

generally sedentary (ADF6rG 198313). Burbo% spawning takes place. 
from mid-January to early Februaq in mainstem-influenced areas 
(ADF&G 1983a, 1984b). T r i b u t a ~ y  and slough mouehs are thought 



A. La be impcs-dant :area sf spawning, as are mainstex1 aroas wi t11  

~ ~ s j r o ~ ~ n d w a t a ~  upxgebling (ABF&G l983a, 1984b) . S p a x m i ~ l g  areas 

have not been located i n  Yhe Talkeetna-te-Devil Canyon reach 

stream a f  Talkeetna, the  mouth of tl%e 

D&acfhka River (aM 40.5) is a ham spamirag area (AH)F&G 1983a). 

Duo $a the  limited catch data, juvenile rearing areas are 

un1$?40\a'~. It i s  suspected that juvenile burbot . rear in the 
main~tem~ t r i b u t a q  and slough mcuths , and elearnatex shougl~s 

tag:F&e xssxa, 1983b). 

Xn 1983, 15 burbot were estimated to occur bet?ween 138.9 and 

140,l (ADF&G 1984b). This population estimate should be vieved 
as 9m apprsxilllation because few fish were saught during this 
seudy (ADF&G 1984b), However, it appears t h a t  the  burbot 

population s i z e  in the  middle Susitna River i s  Paw. 

4,s OTHER SPECIES 

Round whitefish occur throughout the Susitna River drainage 
(ADFBG 1981d). Damstream fram Devil Canyon, they appear to $a 
more abundant in the middle r i v e r  reach (ABP&G 1983b) . Within 

-is reach, rournd whitefish are most numerous between REiX 132.6 

and i 5 0 . 1  (ABF&G 1984b) . 
Reund whitefish were found in tributaries and sloughs more 
often than msinstea areas i n  1982 and 1383 (ADF&G 198413) . %he 

mainstem is used for  some spawing and juvenPXe rearing, and as 

a migrational corridor. 

During September, there is an ups%r@an migration of r ~ u l ~ d  

whitefish that i s  thought to be associated w i % h  spawning (ADF&G 
198315). !?his species spat%ms in the wainstem and at tributary 



mouths in October (ADF&G 198313, 198413). Buring 1981 khmroosgkk 

1963, nine sp i ng  areas were identified upstream o f  

Talkaetna. Mainstem sites wexe: W4 180.8, 102.0, 103,6, 

1EB,O, 642.O a ~ d  147.0 (ADFlkG 1984b). Raund wBoi%e$isb may a%sa 

spam in ticibutarfes, such as Sndirim River and Portage Creek 
[dhDFLG 1384b) . 
J ~ ~ v e n i l r  rsund whitefish rear mainly in the mainstem and 

sl.~dugIz~ (ADF&G 1983b, 198413) . Slaw v&lssi4ties and turbid water 
are apparently preferred (ADP&G 1984b), gvaminter ing areas o f  

round eJhitefish have not been identified (ADFLG 1983b). 

Langnose suckers occur throughout: t h e  Susitna Basin (ADFhrG 

1984b, 1984f). They appear ts be more abundant downstreram af 

the Chulitna River ccnf luense (IlM 98.6) (ADFGG 1984b) . Pxl t he  

Talksetna-te-Devil Canyon reach (RM 98.6-152), lcngnose suckers 

are primarily associated with tributary and slough msu*:lns, 
although the mainstern is also used throughout the open-wat-er 
seasan (ADFLG 1983b, 3984b) . Tba major averwintering and 
Jwcnile rearing areas of  this species are unknobm (ADFbtG 

1983b). The mouths af Trapper Creek (M 91.5) and Sunshine 
Creek an& side channel f h Y  85.7) are h o T m  SP ing areas 

(ADF&G 1383b) . 
~ 4.5.3 Bmpback Whitefish 

IIuqback whitefish are found damstream of Devil Canyon between 
M 10.1 and 150.1 (ADF&G 198433) . They appear to be more 

abundant daSmstream from the ChuPbtna River csnfl,uence 
(IIM 98,6) (ADFGG 1984b). Xn the Talkeetna-ts-Bevil Canyon 
reach, tributary and slough msuthe are used by a&alts mast 
Prewebltly, w i t h  t he  mainstem senring mainly as a migrational 

corridor (ADFGC; 1983b, 198433) . Due te law catches of humpback 

whitefish, b l t t l ( 2  is known sf theis overwintering, spawning and 



juvenf %e xessring areas (ADF&G P983b, h984b) . X t  is suspecke6 

*chat taey s p a n  In tributaries d~ring Oc%aber jADF&G l984b). 

4,5.4 Dally Varden 

DsSLXy Varden occur throughout the Susitrra Baein (ADF&G 12384b) . 
Xn the Talkeetna-%a-Devil Canyon reach, Dolby Varden are Seund 
grima~ily in the upper reaches of tributaries and a% tributasqr 

nnouths (ADF6cG 1983b, 1984b) . They apparently use the mainat@= 
far  sverwintsriag (ABF&G P984b). Spawning and juvenile rearing 
areas are rcuspeeted to be in tributaries (ABF&C 1983b) . *The 

gapulation s i z e  ef Dally Vasden in the Talkeetsra-to-Be~$~2~ 

Casryoa reach appears to be low and they are agparo,*Ly nore 
abundant domstxeam from the CFsllitna River conblue~lee 

(=%I 98.5) (ADFhG 198433) . 
4.5.9 Arctic Lamprey 

A r e t i c  lamprey i>ave been found in the Susitna River as f;$*:r 
upstream as Gash Creek 5 )  ho~?iever they are more 
abundant donstream of RM 50.5 (ADFSrG 1983b, 2984S). Most dish 
have been found in tributaries and t r ibutary  mauths (ABP&G 
1983b, 1984b) . 
4.5.6 Threespino Stickbeback 

Threespine stickleback have been caught in the Susi tna  3iver as 
far  ilpstream as RM 146.9, but they are more abmdant dcwnstraan 
af  the  Chulitna River confluence (W 98.6) (BDFGG 2984b, 

198433). Spam2ing and juvenile rearing apparently occur in 

tributary and slough mouths (ADF&G 1983b). Ovemintering areas 
o f  %lais speeies are unlvlawn (ADFbrG 1983%). 

4.5.7 Bering eiseo 

Bering cisco cccur mairrly downstream of tho C h l i t n a  R;3~el;  

eonfluenee (M 98.6)  i n  the Susikaa River (ABF&G a 1 a 



L98X and 2982, khe major spawning areas "er this species k a s s e  
@ 

i*i-d $he mainstem between 75 and 85 (WBF&G L ~ 8 4 a )  . X l i  1982, 

maat ~ p a % ~ i n g  fish r g e s e  age 5 that  had gone to 'the acean Eaz: 
;g a+m rearing in their first summer (ADF&G 1992a). 

Eulael%on occur in me Su~itna River a@ far upatream as W4 50.5,  
&!j 

bue are M o r e  abudan t  damstream a f  RPa 29 [BDF&G b98kiaf . 
Eulaellon eater m e  Susitna River in t w a  mns  (WE)F&G B984.a). 

@!I The f i g s t  mdn enters the r iver  during the f a s t  t w o  weeks of: 

M a y ,  while t h e  second ma folls3~s during the first t w o  tseelcs oi: 

@ Tuae (ADF&G 1983a) . Fish from bath pdns spawn in $:he wainstea\ 
(ADP&G 1984a). The first-run populatior, size i s  likc!y ae,vera3. 
hundred thousand fish, while the second run i s  psotably several 
rafflian fish (ADF&C 1984a). In 1982, most rekurraiag adul ts  
wu'eka age 3 that had gone to the acean for. rearing in theix' 

Slimy sculpin occur throughout the Susitna ~ i v a r  drainage 
(ADFhG 1981e, 1983b). They are mast abundant i n  tributaries 
alad tributary mouths, although *he mainstem i s  also used (ADF&G 
1983b), Sculpin in the Susftna R i v e r  are sedentaky with 

ing, juvenile rear ing  and a.ldlt movements confined ta a 

1irnitad area (ADF&G 1933b) . Xr! addition to slimy sculpin ,  
other species sf sculpin z&y aoccur in t he  lower Susitna ~ i v e r  

(ADFfG 198Sd). 

4,5,%a Lake Trout 

L8ke t r o u t  scsur throucgirout t t ~ e  Sus i t n a  Basin grimasil y in 
larger, dee~er  lakes. OccasianaPly tiley can be found in the 

irilat sr ou%Let streams of these lakes. Lake trout have not 



been -,captured in the mainstem-influenced areas of t h e  ~ u s i t n a ,  
R i v e r  below D e ~ r i l  Canyon (ADF6rG 1981a,b; P982a; E983b; 

1984a,b) . 

4 5  Nssthsm Pike 

Northern pike were apparently illegally transplanted into 
several lakes in the Yentna River drainage (RM 28) during the 

1950Pe (ADFGG 198181. Daring 1981 one northern pike was 

captured in the Susitna River at ICroto Slough (RM 40.1) (ADF&G 
&98%d) . 

Minespine stickleback are apparently rare in the Susitna River. 
T k l %  sgecrias has been captured in the vicinity c5 the  Beshka 

River (KM 40.5) (ADF&G Su Eydro, unpublished data). 



Eaiwstem habitat  is comprised o f  khose portions of the S-isitna 
River t h a t  nomally convey streamflow khroughout the year 
(Ficgure 2) .  Both single and mltiple  channels are included i n  

habitat category. Groundwater and t r i b u t a q  inflow appear 
t s  be inconsequential contributors to the overall 
characteristics of mainstem habitat  during the  su 

mainstem is e y ~ i c a l P y  characterized by high water velocities 
and amored a t r eaaeds  . Substrates generally csnsist o f  

boulder and cobble s i z e  materials with interstitial spaces 

filled with a grout-like mixture af small gravels and glacial 
sands;. Suspended sediment concentxations m d  turbidity are 

high during suixer  due to the influence of glacial melt-water. 
Streamflows recede in early f a l l  and the mainstem clears 

appreciably in October. An ice cover forms on the river i n  
l a t e  Novelaber or December and l a s t s  until late April or May 

(Trihey 1982, ADFf G 1983e) . 
Side channel habitat  consists o f  those portions of the Susitna 
River that normally convey streamflow during -the open-water 

season but becone appreciably dewatered during periods sf low 
* flow (Figare 2 )  . Side channel habitat may exist either in 
well-defined overflow channels, or in poorly defined 

watercourses flowing thraugh partially submerged gravel bars 

and islands along t h e  margins of t he  mainstem rj-ver. S i d e  

ehalanels aze characterize@ by shallower depths, lower 

velocities and sraaller streambed materials than the adjacent 

habitat a f  the nainstem r iver  (Trihey 1982, ADF&G 1983e). 

~ 5.$ ,P  Adult Salmon 

Five speckas sf Pacific salmon utilize the mainstem and side 

channels upstream of the Chulitna confluence (RM 98.63, 



g~fmarily as a migrational corr idor  and to a lesser exten$ as 
sparsning habitat  (ABF&(i5 1981a, 1982a, 19848, 1985). 

Xigratisnal periods f a r  a d u l t s  of each species are: 

Sockeye - July through mid-Eeptemer; 
Chm - mid-3uly thronm mid-September; 
Cok*s - mid-July through mid-September; 

Pink - mid-July through August;  and 

Chinook - June through July. 

Escapement estimates based on 1981 through 1384 data indicate 
that  the mainstem and side channels o f  the  Talkeetna-to-Devil 

Canyan reach (RM 98.6-152) s e n e  as a migrational carridor fo r  

less than 5 percent of the total Susitna River salman 
escapement (ADFtG 1981a, L982a, 1984a, 1985). 

Generally, tiie upstream migration of adult salmon eorrespolads 

w i t h  the sumer high-flow season. However, peak river 
discharge events apparently cause slowed upstream movements of 

ealmon until high flows subsside (Figures 12, 14, 16, 18, 2 0 )  . 
Slawea upstream migration was ~bsemed i n  t he  

Talkeatna-to-Devil Canyon reach at flows ~ b o v e  40,000 cfs a% 
Gold Creak (M 136.8) (AI)F&G 19846). 

Mainstem and side channel spawning upstream of RM 98.6 has been 

obsenrad fo r  sockeye, chum and coho salmon (ADF&G 1981a, 1982a, 

1981a, 1985). QI salmon awarently utilize the mainstem 

margins and side charnels for spawafng mare than csfio or 

sockeye do. Counts o f  chum salmon spa ing in mainstem and 

side channel habitats  were: 14 fish in 1981, 550 fish in 1982, 
219 fish in 1982 and 1,266 fish in 1984 (Table 14). Only f ive  

coho and 44 sockeye were obsenred spawning in mainstem and sidle 

channel habi ta ts  during 1983-1984. Most mainstem spawning has 

been observed i n  late Auwst  to wid-Septexber. The armored 
streamed material, high water velocities and infrewent 
upwellirag sites apparently limit spawning in mainstem habitat .  



In B984, abaut 5 percent of the 68,950 salmon spawning upstream 
of  Wa4 98.6 usea the mainstem for spawning (ABF&C 1985). 

Juve~l i l e  saxlaon 0% all f ive  species utilize t he  raalnstem and 
side channels upstream o f  98.6 as a migrational corridor. 

AdditfanaLPy, mainstera and side channels are important 
overwintering areas for chinook and coho, and rearing areas for  
chinook salmon. Periods of juvenile salmon mainstem and side 

chan12sP uas i n  the Talkeetna-to-Devil Canyan reach 

(m 98.6-152) are outlined below. 

Sockaye - Juvenile soekeye use tho m;instem and side 
channels mainly fo r  movements andl catmigration. During 

1982 and 1983 most juvenile sockeye moved out o f  %he 

Talkeetna-to-Bevfl Canyon re~ch during June and July 
(WDF&G 1903b, 1984b) (Figare 2 2 )  . Mainstem and side 

channel habitats are relatively unimportant rearing 
habitats fo r  this species (Figure 21). 

Chuaa - Juvenile ciluar leave natal tsibutaries and sloughs 
in J u e  and move into side channels and %:he mainstera 
(WDFbrG 1984b). During 1382 and 1983 m o s t  juveniles had 
migrated dovmstream sf BM 103 by mid-July (ADF&G 1983b, 

1984k) (Figure 2 2 ) .  Juvenile chum use mainstem and side 

channels fo r  rearing in Paw densities (ADF&G 1984b) 

(Biwre 23) . 
Coho - Relatively few Juvenile coho utiiliaed mainstem and 
side channel habi ta ts  for reari.ng in b983 (Figure 25) . 
They use these habitats prinarily as a migrational 
corridor and for  overwineezing. Qutmigratian of juvenile 
caho peaked during June in 1982 and in mas?, July and 
A l l g u s t  during 1983 (ADFLG P98Sb, 1984b) (Figure 2 4 ) .  



Pinlc - Zuvenile pink salmon us92 the mainstem and side 

channels mcstly ae rigratj-silaf eorridoss. Nast fish movadl 
downstream of 1.53 during May and Sune in 11984 

(Fimre 2 6 ) .  'L:inimal freshwater rearing and growth occurs 
for juvesile pink salmon because of their shor t  rgsiden~e 
tide (ACF&G 1984b). 

Cllinook - Mainstea and side ehannels are important rearing 

and ovemirltering habitats fo r  juvenile chinook (ADF&G 

198lb, 1983b, 1984b) (Figure 2 7 ) .  Additionally, these 
habitats are used as migrational corridors. Host age 1+ 
chinook moved downstream o f  RM 103 in May and June in 1981 
through 1983 (ADF&G 1981b, 1983b, 1984b), while age 0+ 

chincok moved downstream throughout t h e  open water season 
( F i ~ d r e  26). 

Correlation analyses were dons to compare 1983 juveni le  salmon 
outmigration rakes w i t h  mainstem discharge (ADF&G 198 4b) . The 

csrralation coefficient was highest f o r  juvenile churn (r = 
2 0.89; lt: = 0.79), indicating t 2 ~ a t  outmigration rates far  

juvenile cbw may be influenced by river discharge levels. 

~~rralation coefficients were moderate tc low f o r  the remaining 
2 juvenile salmon and ranged from r = 0.55 (r = 0.30) fo r  

juvenile pink to r = 0.24 (r2 = (3.06) for  age 1+ sockeye. 

5.1.3 Resident Species 

Mast resident species use the mainstem and side channels as 

migrational corridors. Some species, such as burbot and round 

whitefish, also spawn in these habitats  (ADF&G 1983%, 1984b). 

The mainstem 8.ppears Lo be an imiportant overwintering area f o r  

many resident fish. Rainbow trout, krctic grayling and burbot 

apparently use the mainstem extensively during the winter 
(ADF&G 1984b). O t h e r  species, such as Dolly Varderi, whiiteeish, 



and suekars, likely ovcrwint&r in the mainstem. Wswevar, 
aq~arcrwinteriag areas have not been identified fo r  these apeclen, 

Y w e w i X a  burbot, round whiteff sh and longnose su6;::9rs rear 

primarily in mainstem and side channel habitats  (ADFQG 1983b, 
1384b). Some Arctic grayling and rainbaw t r o u t  juveniles alsa 
use Cnese habitats (ADF&G 1984b). 

The clear water in sloughs originates from local surface mnoff  
an& g r o u n m t e r  upwelling. Groundwater erg 2 - 4 ° ~  upwells i n  
s ~ m e  slough channels throughout the year, thus keeping these 
areas relatively ice free i n  the winter. The shallow 

infiltsaticn froma the Susitna River i s  the primary source of 
the groundwater in many of t h e  sloucghs (APA 1984). Local 

runoff 6an be an important. source of water f o r  some sloughs i n  

Tha stage in the mainstem controls the water surface elzvatisn 
of ehe lower portion of the sloughs by forming a backwater tha t  

can extend some distance upstream into the slough. This 

bachater is divided i n t o  two parts--clear water from the 

slough and turbid water from the mainstem. The mainstem water 
creates a plug at the mouth cf the slough t ha t  Sacks up the  

clear water in the slough. As the stage in the mainstem drops, 

the s i z e  and character of the backwater chaplges, reducing the 

depth of water at the entrance to most sloughs. 

When high mainstem flows overtop the  upstream (head) end of t he  

sloughs, the flows f lush  out fine sediments t ha t  accumulate in 
4khe lower portion of the sloughs. As peak flows in the 

mainstem subside and the stage in the mainstem drops below the 

head of: t he  slough, discharge khrough the slough drops and t h e  

water begins to clear, with sand in suspension settling out .  



Because o f  the divers i ty  i n  the morphslagy o f  individaal 
s%aughs, the flows at which they are overtopped by the mainsterra 
vaxy eslasiderably. Most side sloughs ara avertopped at fXows  

beV~ean 19,000 to 25,000 cfs, alkaough same sloughs azs only 
overtopped at high discharge levels (e.g. Slough PX at 

42,800 cfs) .  

Xn general, sleugh water temperatures are wanaer than mainstem 
water *temperatures in the  winter ,  due to the strong inf luence 
o f  grsunawater upwelling in the sloughs. This may a t t rac t  
avemintering juvenile anadrom~us and resident fish to these 
areas (ADFLG 1984b) . 
Upland sloughs differ  from side sloughs in t h a t  the upstream 

(head) end of Ule slough is rarely connected with the wainstem 
Susitna River or i t s  side channels (Figure 2 ) .  Upland sloughs 

are characterized by near - zero velocities and an acemilat ion 
of' silt covering the substrate resulting from the absence o f  

mainstem scauring flows. Beaver activity i s  co 

sloughs. 

%,2,1 Adult Salmon 

Sockeye, coho, pink and c h u  salmon have been observed spa 
in slough habitat in the Talkeetna-to-Devil Canyon reach 

(M 98.6-152) (ADF&G 1981a, 1982a, 1984a, 1985). Results of 
escapements and spawning surveys in 1981 through 1984 indicate 

that c and sockeye are the mast numerous salmon in sloughs 
while pink and coho are less abundant. 

Total slough escapements upstream of RM 98.6 fox 1981 through 

1984 are s ariaad below: 



Spac%es 1981 1982 1983 P984 Average 

1n 12384, about 25 percent o f  all spawning salmnon (68,742 fish) 

up~trean of N 98.6 spamed in slough habitat  (ADF&G 1905). 

Most @laugh-spawning salmon upstream o f  RM 98.6 spawn in August  

and Gaptemlser (ADFbtG 1981a, 1982a, 1984a, 1985). During 3.981 
through 1984, spawning activity occurred mainly during the 

first three weeks of August for  pink salmon, the first week o f  

Septeaer for  chm salmon; and the first two weeks of Septe~belr 
far  sockeye (ADF&G 1981a, 1982a, 1984a, 1985). 

5 , % , 2  Juvenile Salmon 

Sloughs ere important habitats far juveni le  salmon in t k i e  

Talkeetna-to-Devfi Canyon reach (M 98.6-152) because they 
same aE rearing and overwintering areas. The use of slough 

- hab i t a t  by juvenile salmon is discussed below. 

Sockeye - Most sockeye rear in sloughs (Figure 21). Natal 

sloughs (8A, 11 ar.d 21) and upland sloughs &re used most 
frequently. Some sockeye also overwinter in slough 

habitat (ADF&G 1984b). 

Chm - Sloughs provide important rearing habitat  fox 
juvenile cir salmon (Figure 23). Chum salmon rear fo r  
ene to three months before they move downstream as smolts. 
Most ju%rernile c;hum leave the  Talkeetna-'to-Devil Canyon 

reach by mid-July (ADP&G 1984b) . 



Pink - The exteP1'C of ~iaugh utiliaatisn by juvoniLe pink 
limitad because they spend liktle time in freshwater 

(ADP&C 1983b, 1981b). Pink salm~n natal sloughs are 
listed in Tabbe 18, 

C&6 -- Same juvenile coho move from natal trlbutarle~ ts 
upland and. side 81a~ghs for  learing (Figure 25). Juvenile 

coho apparently prefer clear water and lowex velacities 
(ADFbrG 3b984b) . These conditions usually. occur in u:pland 

sloucqhs mare f r a q e n t l y  t h a ~  i n  s ide  sloughs. 

juvenile coho use sloughs f o r  overwintering. 

Chlnaak - JIuvenile chinook used s i d l e  sloughs and upland 

isP~uglhs f o r  rearing in relatively l o w  densities i n  1983 

(Figure 2 7 ) .  H~wever, sloughs apparently provide 
important feeding areas for 55veniLe chinook during "hhe 

fall, salmon-spawning period. During the  period, juvenile 
chinoak move i n t o  sloughs to feed on salmon eggs (ALF(4G 

X984b). $laughs may be important overwintering habitat 
for juvenile chinoak. 

5.2.3 Resident Species 

Sloughs are rearing areas f o r  some resident fish, Some rainbow 
%rout, Arctic grayling and round mitefish use sloughs and 

slough mauths for  searing, while some burbot rear in slough 

mouths (ADFGG 1984b). These fish apparently feed sn salmon 

eggs in sloughs during t h e  salman-spawning period. Spawning in 
sloughs by res ident  fish appears tc be limited. Eiurbot and 

longnose sucker m a y  spawn i n  slough mouths (ADF&G L983-a, 

1984b). The extent of overwintering in sloughs by resident 

fish is unknsm* 

Tribatarg' streanflow, sediment, and tkermaP regimes reflect t he  

integration sf  the  h;rdrofogy, geologly, and climate o f  the 

13 8 



t r i b u @ a q  drainage ( F i ~ r e  21 . Hence the phgisieraL awk-,$rib3~atais 

o f  t r i bu t a ry  habi ta ts  are not dependent an ruainskenn condi%i~ns. 

T r i b u t a - ~  aaouth habitat extends from the uppernost point t ha t  

ttke t r i b u i a q  is influenced by either the mainstem or thc 
@lazagla backwater to the downstream extent sf t he  eributaxy 
gPme (ADF&C 1981~). The tributary plume is cleamater which 
extends damstream i n  the nainstem, side channel or e~1681@ 

before mixing w i t h  the more t u rb id  water. The extent  o f  khe 

pleme f s  influenced by bath mainstem and tributary flows. &k 

hi(ilker mainstem flows, the plme i s  usually restricted. Depths 
and velocities in the plme are a fanckion o f  channel 

m r p ? h s l o ~  and mainstern stage. Physical characteristics and 

fish utilization o f  t r i b u t a q  mouths are also influenced by the  

type o f  confluences: tributaPy/slough, t r i bu taq \ s ide  channel 
or %ributary/mainstem (ADF&C 1934~) . Water temperature and 

water quality are those of the tributary. 

5,3,1 Adult Salmon 

Tributaries sene  as the primary spawning habi ta t  fo r  chinook, 
coho and pink salmon (ADF&G 1984a, 1985). About one-third sf 

the  c salmon escapement upstream of Talkeetna spawned in 
tributaries during 1984 (ADFgrG 1985) . Tributaries are rarely 
used by adult sockeye salmon (ADF&G 1984a, 1985). 

The peak counts in tributaries upstream o f  M 98.6 for 1981. 
t h r o w  1984 are s ar$zed belaw: 



Cbinsok 1,121 2,474 4,432 7,180 3,802 
Ghm 2 4 1  1,737 1,500 3,814 1,823 
Pink 378 2,855 1,329 37,505 Odd-year 854 

Even-year 10,38C 
Csl%a 458 633 240 1,434 691 
Sockeye b 4 h 13 5 

Sgt 1384, about 90 percent of all spakmfng salmon uprj;trsam of 
RM 98.6 (68,742 fish) sp in tributarjwes (WDF&G 1985) , 

All five salracn species spawned in tributzary mcruth habitaf in 
1988 (mFbrG 1985) . Sockeye salmon spawning i s  linitecl in this 
habitat  tme (ABF&G 198#5). Sn contrast, chinook, pink, chxm 
and csha salmon frequently spawned in tributary mouths in 1984 
(ADFHG 1985). Endex counts of spawning salmon i n  t r i bu t a ry  
nsarth habitats aase unavailable, as counts are ineluded l i ra  

tributary couats. It. appears that  more spaming occurs in 
tributaries than in t r i b u t a q  mouths (ADF&G 1985). Water d@p%h 

and velocity may l i m i t  spawning in tributary mouths (ADF&G 

1984g). 

The significance sf tributary and tributary mouth habitats fo r  
juvenile salmon in the Talkeetna-toanevil Canytan reach. 
(BM 98.6-152) is discussed below. 

Sockeye - Juvenile sockeye utilize t r i b u t a q  habi tat  

incidentally (ADF&C 1984b). In 1983, f e w  juvenile aacksye 
.were captured in tributary habitat  (Figure 2 9 ) .  

C - Tributaries likely provide rearing habitat  fo r  churn 
sa lmn fez about one to three months (ADFGG E984b). 



T r i b a t a r i ~ ? ~  upstream a9f RFf 98.6 t h a t  a r e  natal areas 3f:'ar 

j l ~ q ~ e a i l e  ohun are li -ted i n  Table 33. 

Coho - Tributaries serve as t he  pr imaq csho natal areas 
rrpsstream 0% RPI 98.6. Some juvenile caha use tributaxies 
far rearing thraughaut the s 

zedistributs, downstream from areas o f  mergence to o*khslrv 

rearing habitats,  incl~dix~cg t r i b w t a q  mouths (ADFGC: 

X984b). T h i s  redistr ibu-l ion eccurs throughnut the @um,man: 
9s fish became rrcsra mobile. Tribueary mouths appasemtl~r 

provide i~ lpor tan t  rearing areas fo r  age 0+ coho (ADF&;r(; 

L981b, 1983b). Some o f  t h e  larger t:ributaries may pravidtr 
ovardintering habitat for juvenile ccoho. 

Pink - ~ributaries upstream of 98.6 are t h e  p r h a q r  

natal areas for  pink salmon (ADFtG 1984a, 1985). Bowever* 
the extent of tributary utilization by juvenile pink i i i  

linrfted because they move do-mstream ta the  ocean short l!~ 

after emerg63nce (ADF&G 1984b) . 
C h i n ~ ~ k  - Tributaries are important rearing areas faxa 

chinoolc in the spring and early sumer  (ADF&G 1984b). The 

redistribution cf same juveniles from tsibuearies to othex 
rearing habitat, including t h e  mainstem, sloughs and 

tributam mouths, occurs througl%out the summer as fish 

become more mobile (ADF&G i984b. Tributary mouths 

apparently are important rearing areas f o r  juvenile 

chinook. Tr ibu ta r i e s  nay be utilized by juvenile chinook 

for  weminterlng. Ilowever, most fish apparently iaave 
tributaries before Novenber when low winter  flows and 

icing accur (ADFLG 1981b). 

In the Talkeetna-to-Devil Canyon reach, tributaries are the  

prlmalry spawning and rearing areas f o r  rainbow trout and Arctic 



9rayBing [lnDP&G 1984b) . The larger tributaries in this raach, 
such as Psrtage Creek, may provide ovarwintering habi ta t  fo r  
same rairbow trout and arc ti^ grayling /ADF&G 1984b). However, 

kt appears that overwintering in tributaries i s  limited (ABF&G 

198413). 

Round whitefishl humpback whitefish, D s l l l r  Varden and longaosa 
suckers likely spawn in tributapy or tributary mouth habitats 
(A9P8aG 198335, h984b). Juvenile Dolly Vardenn are thought to 

rear in the upper reaches o f  tributaries (ADF&G 1984b). 

Tribuea~y mouths are iapor*tant rearing and feeding areas f o r  

many resident species, such as rainbow t r o u t ,  Arctic grayling 
and whitefish (ADF&G 1381d, 19&3b, 1984b). 



G e O  F A C T O M  AFFECTING PRODUCTION 

Each l i f e  stage of fish has lactors that may limit produstiow. 
Some sf these faceors are complex and .the mechanisms are  not  

easily understood (e.g., the relationships amang food 

a t~a i l ab i l i t y ,  growth, and suwival)  . In contrast, other 

factors are readily definod, such as freezing o f  redds causing 

direct mortalityo Althaugh bi~logical organisms h a v ~  the. 

ability ta adjust  and adapt to various environmental 

eowditians;, averall they may not be highly alaccassful. For 

example, wurvivah of salmon eggs from deposition to f q  

energence Bay be 5 percent or loss under natural conditions. 
Tn ecsnkrast, survival. rates o f  95 percent r greater occur 
frawently under artificially controlled conditions (e.g. 

hatchery or laboratory conditions) that exclude sany o f  t h e  

limiting factsrs. FalLm?ing i s  a summary of the major l i m i t i n g  
factors that may affect -the freshwater phasss o f  araadromoua 

salmonids i n  the Susitna River. Although specific studies may 
n0-5: have identified some of these as factors in t he  Susita;ra 
kiver, %hey have been described in other similar r iver  systems. 

The end result of exposure to limiting factors in any system i s  

the nurnBer of fish t h a t  are able to survive and reproduce. The, 

an-going studies to documen% the fish resources and habitats  of 

the S~ l s i t na  R i v e r  are designed to establish these numbers. If 
t E ajeet is b u i l t ,  with-project monitoring will be used to 

. ,.,Lna if the corrtposite of factors resuf ting Cram pro j ect 

operation and mitigation measures have increased o r  decreased 

production. 

6 , h  ADULT SAm0N 

When adult salmon e n t e r  t h e  Susitna R i v e r ,  several potential 

fiituatiozs can prevent them from successfully spawning. Thase 

f ncluds : 



Spore Fishing - sportfish hawests remove fish fram 
the system. The prima~y fishing e f f o r t  in t h e  

Susitna R i v e r  is fo r  chinook and coho saiiil~rn. The 

effect of spor t  fishing is most evi.dent on the coho 
salmon m n .  In 1983, almost one o f  every five coho 
entering the  Susitna River was caught by an angler 
(Table 3 ) .  The extent o f  hamest i s  governed by 

regulations, water conditions, access to fishing 

sites, ate. 

(ii) Predation - in areas where salmon are available, 
predaters can remove adults pr io r  ta spawning. 

Alaska Department o f  Fish and G a m e  personnel (1984a) 

have noted predation by bears, otter, weasels and 
eagles in the Gusitna River, but this removal o f  fish 

i e  unquantified. Predat ion by animals is probably 

less significant than the effects o f  sport  fishing. 

(iif) Access - barriers to wpstream migration sucta as Devil 
Canyon, impassable reaches in sloughs dur ing  law flow 
conditions and beaver dams can prevent fish from 

reaching spawning areas. It is unknown if this 

precludes successful spawning, Salmon strandings in 
passage reaches of sloughs, which can result in 

mortality, have been noted (ADF&G 1954a). 

Additional factors such as high or low temperature extremes, 

low dissolved oxygen, and turbid waters have been implicated as 
potential factors limiting upstream migration (Reiser and 
Bjornn 1979). However, these have not been shciwn to prevent 
successful migration in the Susitna River, probably because the 

adults are exposed to ranges of these factors that are within 

their range of tolerance. Other factors  such as high flows 

ha~fe been shown 'co result in cessation o f  upstream movement 

(ADFbtG 1984a, 1985) (Figures L2, 14, 16, 18, 201, but  movement 

does resume following these events and fish do suceessfullpr 



mave to %heir spawning sites. Therefore, mortality associaatsd 

e s i t h  high flaw events is likely not a significant factor. 

Each species within the Susitna Basin characteristically tends 
ta utilize specific areas f o r  spawning (see Section 4.1). The 

lack of a particular type o f  area can l i m i t  produ~ittiora f o r  a 
specific species. 

SpeciPie factors that can limit the availability of spawrnirlg 
axe : 

(i) Water Velocity Velocity rszquirements vary  among 
species. Areas w i t h  high velocities ( i n  excess o f  

sustained swimming speeds) will preclude spawning 

ac t iv i ty .  High velocity may Limit the present 
~ ~ t i l i z a t i o n  of mainstem *and side channel habitats i n  
the Susitna River, 

(ii) Water Depth - Depth is usually a factor only when it 
is too shallow. Salmon tend ta prefer certain depths 
which varies from species to species and stock to 
stock. Depth may be limiting in some side slough 
habitats under-low flaw conditions. 

Substrate - Lack of usable substrate within the range 

utilized by a species l i m i t s  t h e  amount of area 

available f o r  spawning and incubation. Substrates 

such as sand, silt, or large substrate and bedrock 
are not usable. Even though t h e  preferred range of 

gravel may be present,  t h e  substrate  may be cemented 
together by silts. This may be one of t he  reasons 

fa r  ths limited use of mainstem arm4 side channel 

habitats by salmon for  spawning in the Susitna R i v e r .  



Water Temperature - Various species seek areas tha t  

have favorable water temperatures fo r  spawning and 
incubation. I E  these temperatures as@ not wi th in  
their tolerance range, moreality can result. ]C,ow 

temperatures can delay spawning activity. 

Tanperature axso affects development rate. Cold 

water temperatures may l i m i t  use o f  mainstem and side 

channel habitats.  

(v) Upwelling Certain species, particularly chum 
salmon, seek areas of groundwater ugwelling fo r  

spawning and incubation (ADF&G 1984e, 1985). These 

areas offer potencia1 temperature and flow benefits. 

Because upwelling areas of t en  support major spawning, 
it i s  assumed that  axeas lacking upwelling would 

likely limit the spawning and incubation success o f  

species like chum salmon. 

(vi) Predation - Sculpins and other fish spccies have been 
implicated as taking significant numbers o f  salmon 
eggs. For example, Hunter (1959) found tha t ,  w i t h  

pink and chum f q ,  the mortality from predation could 
range from 23  to 86 percent. Predation on salmon 

eggs and embryos in the Susitna R i v e r  has not been 
quantified. 

LOW Streamflow - Low water can dewater spawning areas 
and expose incubating eggs and alevins  (MeNeil 1909). 
Reduced w i n t e r  flows may cause significant mortality, 

if adult fish spawned under high water conditions and 

redds were located along the margins. This may have 

occurred during 1982 spawning and 1982-1983 

incubation periods (ADF&G 198431) . The occurrence o f  

groundwater upwelling may reduce mortalities in areas 

sf upwelling when natural flows in the Susitaa R i v e r  

are lower during the winter. 



(vl.ii.) High Streamflow Extremely high flaws can seaur  
redds and destroy eggs and alevins.  iiigh scouring 

f lo~d8 are u n c ~  on in f a l l  and winter in the Susitna 
River, Thus, scouring i s  probably not, an important 

limiting factor.  

Freezing - Pf redds are frozen, mortalities will 

occur. AZevins may bc able to move through the 

gravel to avoid adverse conditions. Freezing of 

reads i s  associated with low streamflows and 

sub-freezing temperatures; these condi t ions  occur 

annually in the Susitna River. Howevex, mortality 

due to frozen redds is unquantified j-n the Susitna 

River. Dependence on upwelling areas by adult salmon 

may reduce e a r y o  losses due to freezing. 

Sedimentation - An i n f l u x  o f  f i n e  sediments can shut 

off  t t e  water flow through the substrate an? result 

in increased mortality. Sedimentation of spawning 

areas i n  sloughs and side channels by high mainstem 
discharge, ice processes and local flows occur in the 

Susitna River. During spring breakup in 1982, 

Slough 9 suffered a heavy influx of silts and sands, 

reducing t h e  amount sf usable spawning hab i t a t  (ADF&G 

1983a), 

Intrsspecific Competition - The number of eggs and 

r e s u l t i n g  fry can increase proportionally up to a 

cerqdain point .  Beyone this paint, competition f o r  

kedd si tes and superimposition of redds r e s u l t s  i n  
lower suwiva l .  Based on egg retention studies, 

ADF&G (1984a) concluded that the adult salmon density 

was nct excessive far chum salmon in slough habitats 
in $983, 

(xii) Interspecific competition - Adult salmon of two sr 

mare species may comp~te f o r  specific redd sites 



( e . g .  chum and sockeye may utilize similar spawning 
habi ta ts  i n  sloughs). This can cause problems 

similar ta those f o r  intraspecifis competition. 

(xiii) Dissolved Oxygen - If sufcicient elissalved oxygen is 

not present, growth of embryos can be retarded and 
mortality may occur. Dissolved oxygen it; strongly 
t ied to permeability of gravels and intragravel flaw. 
Density o f  salmon eggs can also be a significant 

factor. If only a few eggs are present ,  a giver1 

level of dissolved oxygen, intragravel flow, and 
substrate peraeability may be sufficient, A t  higher 

egg dens i t i e s ,  this level might be insufficient and 
would cause poorly developed fry or, in severe cases, 

mortality. Studies by ADF&G (1983a) have indicated 

t ha t  dissolved oxygen Levels i n  the Susitna River are 

generally not a problem for  incubating embryos. 

(xiv)  Ice Processes - In certain instances, s taging due to 

ice cover can raise t h e  level o f  t h e  river d i v e r t i n g  

cold mainstem water (0'~) i n t o  sloughs t h a t  are 

predominantly supplied by w a r m e r  upwelling water 

( e . g .  Slough 8A in 1982-1983; ADF&G 1983a). 

Factors t h a t  limit the  rearing phase of salmonids are complex 

and vary w i t h  species, s i z e ,  and time of year.  These fac tors  

may affect species f o r  only a short  period of t i m e  (e. g . , pink 
salmon f r y  may only be in freshwater for a few days before they 

outmigrate) or fo r  more than a year (e .g .  chinook, coho or 
sackeye juveniles). Following i s  a brief su 

factors t h a t  affect rearing fish: 

(i) Primary and secondary production - t h e  amount: af 

available food at specific times o f  the year can be 



(ii) 

cr i t f ca i  to assuring the growth and survival  o f  

rearing fish, In the  Stxsitna River, the highly 

turbid water in the ice-free season reduces light 

penetration and primary production; primary and 

secondary production i n  the winte r  may be severely 

restricted by t h e  i c e  cover a ~ d  low levels o f  light. 

These, i n  t u r n ,  can severely reduce secondary 
production and potential sources o f  fish food from 

within the system (autochthon~us production). The 

extent of either autochthonous or allockthcrnous ( food 

sources from outs ide the system such as i n s e c t s  that 

fall into the water) food production in the Susitna 
River i s  presen t ly  unknown, alekkough a study i s  

currently underway to deternine primary productivity 

relationships. Nutrients that support: primary 

production may not be limiting in the Susitna River: 
ex~erlsive blooms af benthic algae have been noted 

during brief clear-water periods that occur p r i o r  to 

freeze-up. 

Water Velocity - This factor is important both f o r  

allowing produetion of food organisms and f cr 
optimization of energy expenditures by fish. For 

example, fish will seek areas in which they do not 
have to needlessly expend energy. Low to moderate 

stream gradients and water velocities generally are 
considered productive juvenile rearing habi ta t  

(Canada Fisheries and Oceans 1980). Peak f l o w  events  

t h a t  affect mainstem rearing areas may cause a 

downstream displacement of juvenile chinook (ADF&G 

1984b). 

( i k i )  Water Depth - Small fish appear to utilize shallower 

areas w i t h  greater frequency. Unless too shallow to 

allow free moveraant, depth does not usually cause 

mortality in the Susitna River. 



Substrate - The nu&er s f  benthic invertebrates 

generally decreases in the progressian oE rubble ta 

bedrock to gravel to sand (Reiser and Bjornn 1979)  . 
T h i s  affects fish food production. Subs t ra te  also 

provides colfer Zar juveni les  and areas o f  decreased 

velocity. cementing of in te rs t ia&ia l  spaces i n  
mainstem and side channel substrates likely reduces 

their utility to rearing juveniles. 

Water Quality - Temperature, dissolved oxygen, 
turbidity, pH and other water guality parameters can 
all limit production if they are no t  w i t h i n  a 

specific range. Even with this range, an optimum may 
not be available under natural condi t ions  (e.g. an 
optimum temperatuse f o r  growth of salrnsnids may be 

around P ~ ~ c ,  but temperaturas do no t  reach this level 

in the Susi tnaj  . 

Cover - Juvezlile salmonids rewire cover that 

provides protection from predators. Cover can 

include tu rb id  water, vegetation, subs t ra te  and 
depth. Large substrates and turbidity co 

provide cover in mainstem and side channel habitats. 

Vegetation and organic debris provide cover in upland 

and side slough habitats .  



The assistance of D. Beyer, Barza-Ebasco Susitna Joint Venture, 

in preparing t h e  sections on incubation and factors a f  f ecti.ng 

production i s  greatly appreciated, 
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