
scotr w. JohnsonandJohn F. Thedinga, Auke Bay Laboratofy A aska F sher es sc ence center Natona l ,4ar ne
FsheresServce Natona Occanrc and Atmospherc Adm nstraton 1 1305 G ac er H ghl/ay Junea! AaskaggBO] 8626

ano

A. Scott Feldhausen, Bureau of Land l ,4anagement. P.O Box,l3O Samon. daho 83467

Juvenile Salmonid Densities and Habitat Use in the Main-stem Situk River,
Alaska, and Potential Effects of Glaciat Flooding

Abstract

\ I r r t o S e p t t . l r h r . r r n i l o l c t n r \ o r c m b e r l 9 I ] 9 ' | . . ) | l n o s t s p . . i ( ' s - l r \ l r g e ( l n l ) { 1 ) l l i ] n

s | l c r e o s p a r r ( a g l ' > l l d l n ! r r t | \ ( l ! s n e 1 r o c c u p n l l s i ] o $ e d g e s a | r ] l I . t ] d s p o o l s ' \ \ i r l l i n r h e s c n i e u

n l i | . h l b n l t s i t l l l l r l p p e r u n d 1 l ) I . | r t e | . i ! e r .
: t e c l h r ' a r ] . r l d I 1 i x k ( ' \ | . \ ' h e r e a i r a k I ) t r r | e n s n i e s i l . r c 2 i ] L c o h o - 8 2 s | . | ] l ] e o d .

nr rn rgers . ! , r

i s  e rpec ted  to  a rhance ar
r l to ing  f i : |  r 'a r ing  hah i ta t .

Introduction

! ishel ies of thc -situk Rivcr in SouLhcast Alaska
ti l l  hc altelecl lhen thc Hubhard Glacier adranccs
arrcl dams Russl ' l l  ! ' iord. hecuusc overf lol  h-om
the result ing " l tussel l  T,akc" t ' i l l f lood rhc r iver ( l ' ig-
Lrrc l)  (Cl:rrk and l 'austian | 989). Clo-"urc of Rus
sel l  Fiorcl bv Hubliarcl Glacier is prob:rble b_,- rhc
vcar 20Ot) (Trabant et al.  \99)\. l )amming of Rus
-rell Fiord and iloodirrg of the Situk Rivr:r occurred
nrosl rccenlh irr thc rr id- lu00s (dc l-appna et ol.
I96,1). The -sitLrk River (.Lrfr( 'nth. suppofrs conr
mercial.  sport.  and sLrbsistcnce l isherics for Paci l i t .
sdrnonids ralucd at S2-jJ mil l ion annuallr .  Knoll
edge ol tho l i i i  historl  and habirar usc of jureni lc
- . r l n  ̂ n r i l -  i r  t l r e  mo i r r - - t ,  n  S i t r r l  R i r c r  i .  u , - e r r
t ial  lo plcdict effccts oi l loocl ing on rearirrg
salrntrr ids.

Li 'ni lcd 1i1;,hislorv inlbrm:rLion is ar aihble on
jrncnile rthrr srrlmon i( hunrl t,tnt:|ru.s lii st u t:l L). sock
ere salmon 10. nerkal.  stcelhearJ (0. m-r*iss|.  ancl
Doll ,v \rardcn (Salrcl iau malnrz) i l  thc -Situk
Rirc'r-.  Dornstreanr rnigr.anls harr: bcen enuntcr.-
atcd l iom Old Situl Ri\er. a nrajor lr iburarr ofthe
Situl Ri\cr (t ' igur.e l)  ( lhedinga et ul.  1991).
Xl igrat ion t iming. sizc. ancl sal ini t l  toler-:rnce of

juleni le sockcve in the Situk Rirer estuarv \ lere
. r . r n r i n - J  h r  H , i l t t /  . t  a t .  r l , r S q r .  E r r e r r - l r ,  l i t e
hisbrv information on jrl.cnile chincxrk salmon (0.
lslLult\7scha) in Lhc -situk Rirer has lrcen des<rribccl
bl Johnsrrrr et tLL. l l992l.

Our objcct ives *erc lo cxamine dcnsit ies and
habitat use of juvcni le coho and -.ockeve salmon.
steelhcatl .  and Dollv !arden in rhr- 'Situk River.and
to pledir.L somc ofthe lx) lort;al ef lecrs off looding
on fish populAtions ancJ r.e:rring habitat. This basc-
l ine inf irrrnation t ' i l l  enablc f isheries manugers to
irJerrt i f i  str ' :r legies to restore f ish and habiLat that
coLrld latcr be irrpactcd bv fboding.

Study Area
' l  

hc Siruk Rircr. 1tJ km southeasl of Yakutal.
{ laska (Figure L). is a clear' .  lburth-order. coasral
slrcam thlrt  qrnlair ls stocks of f ive Pacif ic salmon
\(hrnrhmchtLs s1t1t.\. stcclhead. <,utthr.oat trout (0.
clarAr') .  arrd Dollv Varden. The main stcm is 35
krrr long from the outlct o1 Situk T,ake (315 ha) to
lhc ocean. Avcruge sumrncr f lol  is approrimatelr
6 mj/s (Clalk and Paustian I9{t9). ' l ides rwicc
dailv inl luence thc loler 11..5 krn ofthe SitLrk Rivcr
bclbre i t  enters thc estualv. At high t ide thc lower
porl ion of the r irer. rclrrred to as rower rr\er.
dcepens. *alcl  velocitv subsides. ancl sal ini tv in-
, r - r r s , -  h r r t  r 'm r i r r .  l u r '  ' n ' - r r n  l , u t t om - r , l i n i t t

Rcl r rnce  to  oar l .  n rn , rs  does  ro t  i , f t , l \  dn lo r "eh  nL  b \  t l re
\ l t i , , f r  l l l r i re  l i s l , c r i cs  -ser r i cc .  \O\ \ .
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< 5.0"riJ (Hciiitz et aL. I9t\9). The lernainder of
the mdn sLern is nol affcr lcd bv t idcs ancl is con-
- i , l - r - , 1  t h ,  r r t , r r ' r  r i \ ,  f .  l h n  r  r . r  I  j , -  t $ , ,  I n h j , , f
thi l t l -orclcr tr ibuta es: Old -situl River is 20 krn
long. of igiDates:l t  a smrrl l  l rontJ. ancl hrs rn arc}
ai le sunrncf f lor,;  of 1.5 m3,is ( lhedinga et al.
l 99 l ) :  and  \ \  es t  Fo rk  S i t r r k  R i , ' c r  i s  l 0  k rn  l ong .
f lo*s out of l tct l f ielcl  LaLe (200 ha). and has al
irveral le summcr f lot of about I  rn3rs.

Methods

\ ic samplcd hro sites in the loler r iver and tro
si les in Lhe rrplrer r iver (Figulc 1) bitccklv l iom
l0 \ '1a1'to 22 September l9B9 Lo estirnatc f ish
densitv anrl  habitat usc. Thcsc sites lele -.arnplecl
again on 30 No,;ernber 191j9 l i r  relat ivr:  abLrn-
dante end laLt fal l  r l istr ibution. but le did not es
t irrratr ' f ish r lcnsitv. Sites rrere seleded based on
sirni lar i tr .  of habitats ( i .e..  l ike habiLars exisrcrl
ernong al l  si tes) and cas('oI lcccssibi l i t r .  Ericept
in \ovcmber'.  l re -sanrpled three pr ' incipal habitat
t \ l )es al each si lc: thrcc channcl edges ( lnain-
, 1 , , r ' , r F  c d g c  s i t l  l ' t t l ' , , r  r r , ,  o u r l r . r r r i i r r !  r ,  ! ,  l . r -
t ionlr onc l i l lorr cclgc {nrain-ch.rnnel edge t i th
dcnsc olc ranging t i l low (Sa1rr sp.) or other rege-
tat ion and subnrefged r(rots); and onc rJcbris pool
(1nol tnntaining largc rvoodv clcbris pieces
210 crn di:rrnetel ancl I  rn long). Othc'r habitat
in Lhe main slcm rras nrosth' rnain channel thal-
weg. prohabh l i t t le ut i l ized br rr:al ing salmonicls
(Nfurlrhv et a1. l9B!l ] .  ln Novcmber rre -rrmpled
onll  l i l lorr ed:ies and clebris lrools.

Fish wcrc caught in thc di l lerent habitaLs nith
cithcr seines ol minno{ traps. Fish in r,hannd
eciges uere raught l i th a polc scine (5..1 rn long.
1 .5  m  deep .  and  6 'mm mesh )  pL r1 le r l  aga ins t  l hc
cLrrlent paral lcl  to shorc lbr 20 rn (area seined :

?.1 rn').  Seines could noL be used in wi1]or,;  cdgcs
or debris pools bccausc thcv snagged on -(ub
rrrr:rgccl toots and largc n'oodv debris (L[.D). In
r,; i l lol  edges an.l  . lebris lrools. f ish lcrc caughl
* i th rninnorr '  traps (spaccd 3 nl apart]  baited l i th
sahnorr roe: 7 lr 'aps u'ere set in a 2l -rn sctJion of
t i l lol  cdgc ancl up to 15 haps rere set in debl is
pools (afea uI pools las lalgc'r '  than r,; i l lol  cclgcs
arrr l  rerlLrirccl nrolc trxps to srturate avdlable hab-
itat).  Al l  traps were set during the da;-.

S e rrserl  thr: rcmoval mcthod (Zippin 195fi)
to cst imate l ish populat ions *i thin habitat tvpcs.
Three passcs \\ , i th a scinr rrere usuallv made per
channel edge: i l  no f ish wcrc caLrght in thc l i rst

pass- no lurlhcr scining tus done. ln wil lot edges
ancl debris lools. traps rere sct for ,10 min.
reLrieved. errpt icd of l lsh. rcbaited. and set again
in Lhc samc location ibr,10 min. Tra|s were seL
at ledst thlee t imes. I l  the catch on lhc lhird s{-t
was not substantial lv reduccd from thc second set.
addit ional scts r lere made unti l  cl lLch u,as reducccl
i-orn the previous sr:t .  Fish caught in each seine
or trap set \ !ere kel) l  in separalc conlaincls. lm-
migral ion and origrat ion lrre assurned Lo be
ncgligiblc during sampling. We placecl the f irst
minnor{ trap:} m upstrearn from thc lor,cr bouncl-
arv ol r i lbr l  crJgcs and r lcbris pools to l imit al-
t lact ing i ish l iom dolnstrearn arees. Tolal catch
uas Lrsed in lher analvsis instcatl  ol the estimated
\ i l  the estimated probabil iLr of catch Q rvas
< 0-20. Fish dcnsit l  in cach habitat type $,as c(rm-
putcd bl dividing the populat ion esl imate bv lhc
r r . , ,  . " i r ' " , 1  , , r  t r c l ' 1 , ' , 1 .  Tn  \ , , r - r nh ,  r .  r n i nnos
lraps u'ere seL oncc in I i l low cdges and debri-"
pools und ret eved ai ier 21 h.

Amount of avai lable habitat Ias rncusl lr .ccl at
cach habitat tvpe at each site during lxr, l lou' and
in the irrer | i rer at lorr t idc. T. incar transccts per
perrrJir,ular to strcamflo$, l fere establ ished at iJ-rn
intcrals in each habit:r l  l ,vfe. Total area of t  i l lol
edges and of debris lxlr ls rtas csl imatcd bv mul-
t ipl , ' ing ncan r l idth {measuled at hanse.ts) br to-
tal length of habitat.  For t i l lnr cdgcs, arca was
bastd on the distance willot' vegetalion protrLrdcd
oler the r i \er: lor debris Jrools. arcd lr .{s baserl
on thc lcngth and t idth ofthe palt of the pool trrn-
taining L\{ D. Vater depLh \fas measured at onc-
quarler. one-half.  an{l  lhfcc-qua crs of the dis
la ce iicross cach transrct of each habitat L1' pe-
\{ ater r,elocitr *as mcasurrd al onc-quartcr, one-
half.  and three-cluarters ofthe distance across thc
lo*er' .  rniddle. and Lrppcr Lranscct ofcach habitat
typc. Total pieces of LV D were courrted in rach
habitat type. In the lo*er r i , 'er,  water tcmpclature
ta-q mersurecl r:rcrv 2 h r l i lh u crnt inuous record,
ing Enclcco@ thcrmograph l iom Jurre through
Nor,embel 1989. In the upper r- ivcr-.  \ \ ,atel tem-
pcriltulc 1\'as mcrsllled with a Datapodo at a U.S.
Ceological Surve'y gauging stat ion about I  km
dot'nstream lrom the confluence with West Fork
Situk Ri\er. A more dctai lcr l  rJcscript ion of habi-
Lat draradcrist ics has bcen provided bv Jc,hnson
et ul.  (1992).

Erch sampling period. al l  sockele, steelhcacl.
and Do1l,v VarcJcn. ancl a subsample of coho (mini-
mum 100 l ish) caughl at each si lc rrcrc mcasured
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fol  icrr l  length ( lL), ancl scalc samples lere takcn
l lorn up to 25 f ish of each spccies to deLernrinc
age. c\ccpt Dollr  Varclcn. rrhich havc scales too
srnall anrl rlifficult lo renro1.c. ln this rr:port. liv
arc f ish that had lculcd les-q than a vear in fresh
$der (ag('0). rrhereas Jran had rearerJ onc or rnore
veals irr lrcsh t'ater (age l1). Because usscssrnent
oi re:r l ing f ish and habitat las the pr- imar-v objec
l irc. snlol ls tcrc ornit ted frorn analvses.

\  r r l r ' - . . r l , i l i t r  t o  ,  J t , r , r n  i n  . e i r r - -  , , r  r r r i n r rus
lraps was assumed cc1ual1bl rnosL spccies:rnd l i fe-
historl  slagcs. Exceptions lcre Dollr '  Varclcn 1n
. rn , l  - " . 1 , " ' -  B , ,  r r r - e  t i r r  D , , l l '  \ . r r d . r r  t n  r , ,  r , .
, . r r r r l r r .  t hc r  s ' r - , , r n i t r ,  r l  l i n rn : r r r . r h - ' * .  . ' na l l  - i , , .
ol  fn ancl use of substrate interst iccs probabll
made Dollv Valden less \.ulner[b]e lo captule than
other-frv. Fcl,".  socleve fr\ .and no sockcvc plrr
lcrc caught in rvi l lot 'edges or rJcbris pools. prob-
ahl! bccause thev alc primari l ,v zooplankton
lceclers and lhus not al l factcd to the baiL (sulmon
roc) inside the nrinnolr tr :rps. For al l  other specics
ancl l i l i '  staples. hotcver, i l  rvas assurned lhat tc
*elc cffcctilelv r-enroving rnost lish in all thr.ee hab-
itat Lrpcs. regardless of rnethod of capture.

S i thin thc upper and loler r iver si tcs. di l ler-
cnces in rnean fish densities bv habitat tvpc r,;cre
eramincd b1 Friedman's tests (Zar 1974): sarn-
pJing periods sen'ed as blocks and hrbitat tvpes
rs t leatmerts. Dif lerences in rnean l ish dcnsit ies
bctr{cen the sarnc habitaL lypcs in the uJrper and
Ioucl r iver si tes ucre exarnincrl  bv Nlann-S'hitncv
Lests (Zar 19741; in l ikc habirars. mcan densir ies
lere c,ompared belr, iecn thc upper anrl  loter r iver
l ir '  Irv rnd pan- of eath specics. f) i l l i rencr- 's in
mean frrrk lcngth of each species arrd lilc stage be-
hreen the Lrppcl and Llrcr l i rer.si tes (a11 sampling
prriods and halr i tat tr ,pes r,ombined) $erc c\arn
inccl bv t-tesls ( l tL I9i7. l .

Results

Hab tat Character stics

S'atcl clepth. r 'elocitv, ud or, 'err di l lered arnong
habitat tvpes. A,,crage depth $'as greatest in dc-
bris pools (1.2 m) ancl lcast in channcl edges (0.3
nl).  A\crage $,atef r,clocitr rr* grratcst in t ' i l lo*
t-dges ( 1 5 cm/s) :rnd leasr in dcbris pools (10 crn/s).
Covcr rras scat,c in channel erJgrs but $as abun-
dant in rJcbris pools as T,\\ D (r'ange : 8-25 pieces)
ancl in r iJlol crJgcs as overhanging r.egeration trrrd
subnrclEiecl rooLs.

l lean dai l l  ratcr temperaturc at the upper and
lower r irer si tes rangcd betreerr 9 ancl 15'C from

earlv June to Seplcmbel and peakcd in mirJ-Julv.
Sunlmer \\ ,ater telnperalr l les rere consisteit l l \ ,
l - 2oC  r r , t l r n - r ' i r r  t l r ,  r r p fe r  l i u r  t l r . r r r  i n  t l ' .  1 , , * , l r
r ivcr ' .  probablv lrccause oI the larrning inl lur:ncc
oi Situk Lakc. \ \ iater Lcmperlture dropped to
I.0-2.0oC bv late Nor.cmber.

Llte H slory Stage

Frr dorr inated the catch durirrg most sampling
pcriods at both the upper r iver anrJ 1ot 'el r i ler si lcs
(l igure 2J. A11 socke,ve lcrc l iv. but ncarlv al l
l )ol l ' -  \ ial tJcn tere parr. Coho parr dorninated rhe
catch (600/o) onlv in debris pools in the lorer.r ivcr
in XIav. Al l  steelhead tcrc parr in trTav ancl June
and 5,1 990h frr therealier. as frv emergerl lr-orn
the gravcl beginning in Jul_-v. (lr.'ho lrv lcre c:rughr
from fr lav throrrgh \ovember. most sotleve fn-
l i om  \ l . r r  r h rou3h  Ju [ . . r n , l - r ee lhea , l  t r r  t r , , r n  h r '
Julv throLrgh Norember. Coho. srer: lhcad. ancl
I)ollv V:rrclen pan were c,arrght 1i.om N'lav to
\ovembrr.

F-ry Densit es and Habitat Use

frlean densiLy (fish/100 rn') ofcoho liT diffcrcd sig
nif icantl ,v {P ( 0.05) among habirat tvpes at rhe
lor,cr-r iver si les bLrt r,".as similar.(P ) 0.05) arrong
habitat-q at thc upper r- irer si tcs ( l ' igur.e 3). Loter.
r ivcr mean densi l ics t 'ere grealef in lr i l lor, !  edgcs
(range : 0-,171) ancl clcbris pools (0-382J than
i r r  , l r . r r r r r e l  e ' l J : ' .  r 0 -82 t .  I n  r l r -  r f p . r  r i \ - f -  r , , . r n
clensit ies ranged lrorn 2 lo over'1,100 coho in al l
hal l i lat t ,vpes. Frv dcnsitv peaked earl icr (\ ' lav anrl
Junc) in channel cclges than in wil lor,".edges or dc-
bris pools (July). , \ fLer July, coho frv dcn-sirv
clecl ined steadi lv at both the uppcr.and Jo*er. r ir .cr
sites.

-\ ' lean densitv of-. teelhead fn did nor di l icr.sig-
ni l icanLly (P ) 0.05) Lrrnong habiLar tvpcs al ei-
ther Lhc upper or Lhc lorrer r ir ,er-sitr :s: honerer.
nost sockele lry rrere taught in channel edgcs.
Sockeye (clata not shorln) and steelheacl ( l igure
3) \  densit ies pcaked in larc l lar and larc Jul1.
respedivclv. irr  r :hanncl eclges ar both the upper
and the lolr- ' r  r iver si les.

S, ' i thin the s:rme habitat tvpes. nrean densit ies
(f ish/ l00 m'z) of rroho and steelhe'ad frr,  t 'ere sig-
nif icantlv (P ( 0.10) grearer. l t  the upl)ef thrn
at the lolcr r iver si te,.  {Figure 3). whcrcas sock-
evc l iv densit ies (data nol sho\rn) tere sirni lar (1,
) 0.10). l 'eal lrv clcnsit ies werc 2,331 coho"
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I55 stcclhe.rcl.  arrr l  l3 sockcve in the ul)p{rr r i lcr
:rncl , ' [7] coho, l7 steelheld. and l . l  sockere in
the louer l i rcr.  ln \ovember. coho and steelhead
fr l  also rere rnorc abuncl lnt . l t  the uppcr thln at
thc lolcr l iver si tes (Tablc 11.

Parr  Denstes and Habi tat  Use

( loho. steelIcad. ancl Dollr ' \ , 'ardt n par.r t lensit ies
(f ish/100 rnz) t l i i l i red signif icantlv ( l '  < 0.05)
among habilat t_ypcs at hoth lh( '  uppcr. and lhe
lrnrcl ler si tes. Parr dcnsit ies lere .onsislcnlh

grealef in l t i l low edges anrl dcbris pools than in
chanrrt l  cclgcs (Figure 4). Tn thc upper r irer. pcak
dcnsit ies ol coho (2{:t l .  June). steelhcad (82. Au
gLrst).  and l)olh Vardcn (,14, June) *erc in t ' i l lot '
crJgcs. ln the lo*er r i lcr.  peal densit ies of coho
(36. Julr) and Dollv \rardcn (35. July) wcrc in de-
bl is pools. t 'hereas pcak stcclhead densi l)  (4,1.

Julv) ls in l i l lol  edges.

Within thc same habitaL lvpes. mcan densitv
ol r:oho arrd I)ol lv Varden parr was usually signif i-
canl lr  (P ( 0. l0) greater at the upper than al rhr
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F sh Length

Length of fn ol dl -"pecies gcncrallv increaserl from
N{av to Scptern}rer. brrt  r las sirni lal  in laLe Scptcm-
bel ancl \overnber. l \ lonthlv mean irrrk length oi
l r r  t : r l l  l r . r h i t , r t  t ' 1 , . -  i r r  1 , , r , ,  .  r r r J  . r 1 , 1 , . r . i ' ,  r  ' , , n
bined) incrcased lnrrn 136 to tr,1 nrm ibr rrolro (Nlay-
Novr:rrbcr).32 to 1i]  mnr for sockeve (\ ' lav-Julr).
rnd 32 lo 61 nrm f(x strelhe:rd (Julv-Norcmber.).
Fx ol:r i l  spccrics (al l  habitat tvpcs and -.arnpl ing

1x'r ir ;r ls combined) wr:rc signif icantlv (P ( 0.001)
lalger aL the lrrvcr than :rt the uppcr rivcr sites (Ta-
b l c  2 ) .

LengLh of parr oi all species gencrallv increased
in most habitat tvpes from \1ul to August uncl
derl inr:d there:rf ter. From \ '1av to Augusr. rronthh.
rn ,  r I r  l ; ' r l  l . l | F rh  { . r l l  l , , r h i r a t  r r  t , , -  i n  l u r re r  ; r r d
rrpper r ivcr cornbinecl) inclcascd l ion 60 to 86
mm 1or coh{). 63 to 105 mm for stcclhe:rd. anrl
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69 to 100 nnr 1fr lar-Julv) fbr Doll l  VarrJen. In Scp-
tember. monlhlv rnean fork lcngth las Bi l  mrn ibr
coho. 79 rnnr lbr stcclheacl. and t l  L rnrn for Dollv
\ iardcn. l 'ar l  ol  al l  species (a11 lrabitat tvpcs ancl
sarnpling periods comb;ncd) $'crc signilicnntlv (P
( 0.001) largcr at thc lo$'el th:rn aL Lhe Lrppr:r '
l i rcl  si tes ( ' [able 2).

TABLL 2 .  ForL  L . rg th  r i l j , , \ , .n i l f  o l r !  dn i l  - .ockere  sa ln r , , , .
steellrrarl. alrl Dol r \ arrlo ull sanplnrg pern,d:

ard habltat trprs r onhirr!ll in the uplrer anil lo(er
S i tu l  R i re r .  . {a 'La .  \ la r ' \o r . ,nh f ,  1989.  Dr ra  r re
' '  . ,  ' -  |  .  '  " 1 . . r ' l p r  " .  . ' , I ' l  -  / .  .  , , J  , ,

out spending a $inter- in lrcsh Iatcr (oce:rn lvpe).
Tuo scparatc crnigrat ions ol sockevc frv crist in
the Situk Rirer: an earlv cmigration of netlr
emerged fr\ '  inlo lhc cstuu-! in Nl:rrch ancl Apri l
anrJ a lalo-cmigrution o1 l :rrger-sockerc to lhc c-<-
tLrarr irr  Mal rnd June (Thcrl inga et al.  19931.
N'lost ocrean-lvpc sockt 've plobablv originaLr: f lorn
Olt l  Situk Riler; scale analvsis shorts that 9,10i ol
Lhc sockcvc cscapement to Olcl Situk Rivcr (about
i3.000 -sockele) hare no frcsht'atcr annulus (l\laska
Del)artmenl of Fish and ( iame 1990). Nrrnrbcls
ol occan-tvpe sockeve pe:rk in Llrr '  -SitLrk cstuarr in
frlav and June. ancl mosL fish lcavc lhr cstuarv Llnd
go to scx by latc lulv (Heili:tz et al. Ig89l.

Thc grcater den-sit ies of most spccics antl  l i i i
hislorv slagcs in lhc Uppcr than in the lo$er r irr :r
coulcl bc due to dif felences in habitat or lood
resol lrces. Srarmer t lalcr ancl abund tt  seston in
oLrtf l(r \ \  frorJr SitLik Lrke could contr ihutc to nrolr:
sLri l i lblc habitat and a more prodLrct;ve fcrragc base
'n  

l l r -  u l ' , , - r  n r r i l |  . 1 ,  r .  l h ,  f . L \  l ' f ^n ro l i r s  g rF r l - r
r lcnsit ics of some species -ruch as coho ancl DoIh
\  r r , l -  ' .  : r . ,  l l r ,  ; r ,  |  1 ' . r r r  d r r r - i n  .  hos  e r  - r -  r .  r .  -  i r n i
lal  in thc upper and lo\\er lrort ions of thc r iver ' .
indicating that habiLal and food lesollrces that pos-
siLlv prornotc glr:atcr dcnsit ies of coho ancl Dollv
Valdcn parl rrere not a-q imllortanl for stcclheacl.
Alaihhi l i tv ofsesLon in thc lake outlet dri l i  could
also bcncfi t  some species lnore Lhan olhcls. !ol
e)iample. in thc lotcr Taku l l i r .er ' .  Al:rsk:r.  at a , . i tc
inf lucnccd bv lale ouLleL f lor\.  stonrach contenls
of juleni le sockcvc contained an abunclanc,c of
cruslaccan zooplankton from Lhe lake. whcrcas chi-
nook nnd coho -slomat hs conLaincrl  t  clat ivelv i i l
r B r ^ \ \ n l e -  l q q l t  l ' |  r , l , l i r i , , r ' .  r n o - r  e n l r n , r n r l  - r - - l -

hcacl sparrning is in the upper taLcrshcd (Thctlinga
et ol. I99J); as thcv emerge anrl disperse. morc
l i1 miglrt  occupv habitat closc to lhr spalming
ateas in thc uppcr-r iver than l i r ther r lnlrrstrcarr.
This could explain. fc,r erarnple. thv pcak coho
lry densitv r{as aL leasl lhrcc t imes f(reltef rt  Lhe
ul)per Lhan at thc lo$cr r ivel si les.

Sr:asonal tlifferences in parf densill bchrccrl
the upper and loler si tcs ofthc Situk River prob-
airlv rcllcct immigr':rtions lnrrn u'inlcring arcas and
suhsequent ernigfat ion,c to the ocean. Coho anrl
Do11,'  Vardcn parr t 'ele rnosL abundant in thc up
pcr-r iver l iom late N{a_'- to lalc JLrnc as thev lefL
wintering areas (e.g.. ,SitLrk l .akc) and mored int0
the nain ston. Substantial numhers of crrho. slccl-
ht 'ad. :rnd Dolh Valdcn parr rcared in lhe loler
r ivcr from late Mav to late Julv. bLrt numbers had

Juvcni le Salnonid Densit ics anrl  Habitat I  se 291

"  \ t l  fork length,  rerc : i1; r i l i ,  anrh lP < 0.00 L.  esl - . r  larger
in o$er r i rer  th ln i r  Lr l r l l . r  r i rcr .

Discussion

f)ilii:rent habiLat tvpcs in thc main stern Situk River
proridc important rearing habitat for tliffcrcnt lile
histor\ '  sLagcs 1)f juvcni lc salmonici-s. ( lhannel erlgcs
alc irnportant nunen :rreas frrr ncllv cmcrged ln.
part icularl l  coho irr NTav. Junc" and Julv: soche)e
in \ ' lar arrr l  Junc; antl  steelhead in Julv anrl  Au-
gust. Coho. steelhead. and Ihl lv Vardcn parr
prirnal ih uscrJ t i l lol  cdges :rnd debris pools-
arcas lr i th abuirdant co\ef. Rrsults oftrrpping in
late \or '( 'nbcl.  suggest that coho ancl steelhcrrJ fr1
and l)ol lv Varden parr rear in l i l lorr cclges and
clebris lrools in latc ful l  ancl prob r ly in winter.

Fel sockcvc lry lere caught in the Sitrrk Rivcr
dtcr car' lv Julv. and lrresumablv nost ni:gated to
t l , F  - - t . r r f \ .  \ l . r r r '  - " ,  l ' . r e  l f \  i r ,  r l , c  ' , r r i ' ,  - l ,  m
probabll  migr 'aLe to sca lhcif  l i lst  surnmer *i th-



decl ined bl early August. as sonc parr probablv
transfrrrmc'r l  to snrolLs and emigrated to sea. Bv late
November anv remaining parr hacl probably mrxcd
upstream kr Nintel ing areas. Somc juvcni lc coho
in lrorcrrpine Clcek. . \ lasla. emigrate upstream
iiom thc cstuarr to ircshl'ato areas in fall (l\'lur-

ph r  e t  o l .  l 9 {1 ,1 ) .

The Iuger'  -" ize of juveni le salmonids in thc
lorrcr than in thc Lrpper SitLrk Rirer coulcl be
' - a t c J  I n  l o s * r  l l - l . , l . n - i t ' .  F u r  r n , ' . t  - p , .  i ,  - .

higher densiLies at the upler than at the lor{rr r ivcr
sitcs probablv prcrtntecl fasLer grolth. In l ;rbora
torr studies l i th low- and high-dr:nsit l  groups ol
, , ' r , ,  . r n , l  . t ' - l l r ' r r d  l l r .  r l r e  l o r ' - den - i t r  g ro r rp
dern(rnslraLed greatef gloi l th ([raser 1969). Tn ad-
dit ion. rccruitmcnt of r- 'nrcrgert f tv lo upfi !er -qiLes
LhroLlgh sLlmrner l)robnbh resulted in lor,;cr nrcan

Potent al mpacts of Flooding

Floocl ing irom RLrssel l  Lake could seveleLv implct
the Situk l t ivcr lrorn i ls conflucncr r l i th Old Situk
Rir cr dorrnsLream to the estuan ( l ' igr.r 'e l) .  Aver-
rrge cl isclurgr coLrld incrcasc'from (r rn' /s Lo about
220 rn'/s during l loodin;1. ancl crccccl I  .100 rnr/s
, l , r ' ' ,E  t ' -H l  f l os -  t \Ta ro  l ' ) l t f l r .  The  m i r i n  - l . n

could wiclcn fronr 25 rn lalcrage) rrp to 2.500 m.
and Lhe "ne1r" river rrill be cooler and tulbicl fronr
glaci.rl ilflucncc .rncl incrcascd strlinrent Lrads. The
olJ-grouth forest on the i loodpldn t ' i l l  probabll
be i loodcd. causing dcbris lr)rfenls.

Re:rring lubitat and ibocl production tiJl prob-
ablv bc alLr:rt 'd lrr  f looding. S' i l lon edges and de-
bris pools coulcJ bc scourcrl .  f i l led in. or rashecl
nrar. Init ial l l .  l iocl producl iorr wi l l  probabLv bc
depresscd. Inlcrtcbratc popLrlat ions in a Wiscon-
sin strcam rcrnained lorr for I  veal al ier -revere
i looding ( l l lnood and Wrtcrs 1969). Habitats r i l l
probablv be unstAble lor several veals as the l i \ .cl
channcl acJ.justs lo irrcreaserl f lo* and Lo ch:rnges
in sediment antl clcbris loacl-..

Evcntualh the Situk River ui l l  stabi l ize as i t
hrrrns a nerr channel. \el l,;illol -edge ancl clcblis-
pool habit:r ts rr i l l  f{) fm in l i rn{r.  Loss ol some nrain-
stem rearing hrhitat could [r p.rltiallv offsct bv cr-
prndcrJ lcaring habitat in secondarl f loodplain
channels and sloughs (Clark and Paustiarr 19U91.
The future Situk Rivel coukl rcscmblc thc glacial
Taku Rircr near Juneau. Alaska. Peak l low oi the
Taku River in surnrner ()700 m'ts; \ ' lurphr ct
al.  1989) is about lhc sarnc as the predi.ted l)eal

f lo* ol the i i rLrrre Situk River. Although thc main
channel of thc Taku Rilcr is trxr swift  (J rr/s) lor

. juleni le salrnon. i ts channel edges. sloughs, back-
r ' . r l ' r ' - .  r ' ' , i  r ' ' t l . r r l l -  1 , " " r i , 1 -  im l ' o r l , r r l  f Fc f i ng
habitat lbr juvcni lc chinook. sockere. and coho

{\Iurphv et al.  1989). Morc rcaring habitat coLrlt l
bcconrc a, 'ai lable l  i th lhe creal ion of Russel l  Lake.
FLroding could also redistr ibute l ish into ncuby
rivers (Figurc 1).

' l  
he coolcr, tulbicl  l lxrdtatcrs oi RLrssel l  Lake

tould:rI l i r t  the distr ibution and glo\rth ol sornc
fish species in the Situl River. -\ tudies of the €i la
cial laku Rilcl  shor' '  lhal sockcrc rcar su(cess-
ful l , ,  in rurbid i larers (( 350 NTt,).  r \ ,heleas coho
and steelhead avoid thc turbid r ivcr and fcar in
clean',aler tr ibLrtaries or off-ch:rnnel beaver fonds
(Thedinga er al.  1988. -\ ' lurphl er o1. l9l l9l .  Coho.
howerer. rear suctesslul lv in the less turbid (( 100
\Ttl)  Kenai River. Alasla (Bendock and Bingham
1988). ! ish grolth l i lJ probablv bc slou'cr aftcr.
f looding because ol lovier ternperatules. reduced
lblage. and increased turbiditv. Tn thc lowcr TakLr
Rirer. coho fr1 arerage 50 mrn FL in September
(Nlurph,v et al. l9B9J comparccl to ncarlr' 65 rnrr
FL in Lhe Lrrer -si tul Rirer.

The ocean tJpe liie historn str[tcgI of sockcvc
in the SiLrrk Rirer could disappe;rr al ier l looding.
Because ofcooler later and slorrcr gr-ol'lh. occan-
trpc sockcrc thal no$ rear in the l lood zone (main

stem and Olcl Situk lliver) for 3-4 months could
rcnrain in f lrsh $aler for a vear or more before
srnoltin€i. Longer ficshrnatcr lc,.idcncc crrLrLl rcsult
in incr-ea-sed mortal i tr .  ( lonlelselv. ocran-tvpc
sockr:vc coLrld surr ire and even l lourish al ier the
rirer stabi l izcs. ln thc glacid Tahu River, ocean-
Irpc sockcvc rr- 'ar sLrccessful lr  in side sloughs and
beavel ponds ( l 'hedinga er a1. l9B8).

Flroding of the Situk River \rill be a Datural
crtastr 'ophc that $i l l  at ierL habitat and Lhe distr i-
bution and gro$th of somc f ish spccics frrr rnanv
rears. Howevef. r,!ith inlblmation liom this stucl,v.
l isheries managcrs clur jdcnl i fv sl falcgrcs t{r reslore
jLrveni le f ish and habit: l t  that mav be lost i iom the
l1ooding. Thedinga et al.  i1993) prcdicts that 2.8
rrr i l l ion jureni le coho. 5t j6.(X)0 Doll ,v Varden.
85.000 sockcJc. and 62.000 steelhrad coulcl be
lost due to llooding. Sorne potentid rcsloration
slralegies in the Yakulat Area mav include o11:
channcl dcvclopmcnl of grouncluatcr spawrrrrrg
charrnels. rearing ponds. and egg-incuhation lb-
ci l i t ies.

292 Johnsur. Thecl inga. and ! clclhauscn
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