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juvenbi1e chinook salmon food availabi 1 i t y  study conducted d u r i n g  the 

1984 open water May - October f i e "  seasan, 
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ABSTRACT 
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7 % ~  a I y af invertebrate food resources i n  rnai~lster~ a f f e c t e d  

stde channel and st'de slough h a b i t a t s  and the overall rearing 

capabilities of these habitats for j u v e n i l e  ci-rinoek salmon was assessed 

by "r-tre Alaska Department o f  Flsh and Garcc; S u s i t n a  Aquat ic  Stud ies  

Program froni May through October 1984 *to evaluate  the qidant j ty  o f  

available food sources and their  relation t o  mainstern river dischnr*ge 
I 

;no' to uvaluat i i  the ym-in and loss o f  ben'thic Dnvertcbra-te h a b i t a t  

~ c s i i !  t i n g  frolo ciriar~rjes i n  f l o w  i n  these h a b i t a t s .  Four side zhanne'l avid 

s Icie slough s t  tes v4ev.o sanip'led a t  /lead arid micl-section locateions f o r  

tile amoiin t c;=f i :rve~~t:ebra t e  drwieft arid a t  m i  d - s e c t i  on 1 ocat" i  ons only  f o r  

tjen-tllo~, us-i;ig i f  i ~ e t ~  aild n;od.iFmied lies3 type sa:1:p'lcrs. J ~ ~ ~ i t ~ ~ ~ j I ~ ~  

c i i i o n ~ k  t;t!'lmcrr werSe ' I  sampled at t h e  mid- .scc5i t~n ~ a c : ~ t ; - i t ~ i ~ ~  uc;-ii~g 

(J t 3  1 ,. ',lyl.. fi 4 %  r i i r i c j  i.$:cijfi"jq{ues t[; (;oire'{ai:c tfjtz avci*j I<\[)'\($ ?a& ~ ~ ~ ~ ~ ~ ~ t ~ t - ~ ~ ~  ,r \ a  , 4 V d i  i 11 

E 
1 f 1 i 2 *t \:j :-$ i fl t j  f: i ! ; la f- f j 



A tost1 of " f~vep"cb t*a te  eaxa were fdentffjed i n  d r i f t  and benthic 

samples, w i t h  c h i  ronomidae being the d ~ m d ~ a n t  taxa,  The p ropo r t i ons  o f  

invertebra"ies 'island i n  the stomachs OF juvenile chinook salints~! was 

close1 y c a ~ r e l  ated w f  tk the p r ~ p s r t i o n s  o f  i ravertebrates a v a i  1 ab4 e l'n 

the dt-i fie. Drift sampl es col 1 ecmte$ binder breached ctsndi t i  ons 9 ndi eated 

t h a t  i n ve r teb ra tes  were being t r ansps~ ted  from the  mainstem i n t o  the 

s ide channels and s ide  sloughs, Drift i n  s ide  channels and side sloughs 

urrder unbreached condi t i a n s  was negl i g? b4 e compared t a  the d r j  f t  under 

br3eached candt tfsns when t o t a l  d r i f t  was cansfdered, 

Categorizing invertebrates which were caman t o  d r i f t ,  benthos, and the  

d i e t  of j u v e n i l e  chinook salmon by bbeaavioral type ( e burrower,  

6 swim~jei-, cl jnger, and sprawler proved t o  he a valuable means isr 

project< ng weighted usab le  a rea  o f  benthic invertebrate k a b i  t a t  when the  

der~si ty  nP specr'ec was l o w  as occurred i n  t h i s  study,  Pile d e n s i t j e s  o f  

each of t he  behavioral groups were found t o  bz generally we71 correlated 

t o  water ve lac i t~ i  and substrate type ,  wkeveas depth o f  w a t e r  d i d  no t  

appear to be an importarlt f ac to r  influencing the d e c s i t y  05 organisins. 

Water v e l o c i t i e s  less t h a n  0.4 Pt/sec arid substrates comprised i3.f $ 3 1  t s  

and sands generally slapparted the highest inean densfties cMF burrowers 

wkfch were aiaiie u p  prfmari l y  o f  Chi  r-orsomidae, RuGbl e slebstu.a.tes w i t h  

cornponerits of Idrye (travel or3 cobb le  and  water velocit-i; .~ bet:weeai 1,Ji 

f-tJsec and 2,6 i;t/r,er; general l y  suppor ted  the hisjhest metin densi- l : ics o f  

2nd clfnnnri;. *, L* Spraii~l@rs d i d  not appear 50 p r e f ~ ? i - e n t i a l i y  

" " $ "  " " "  " 
t2 .. I i I ze ayry pa r t i  cul a r  ~ i i b s t i * a  te or water v e l  o c i  ty, 
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Projec"cd dqe-ighted usable area f o r  each o f  t h e  behavilara'l groups was 

c lea r ly  a f u n c t i e n  of mafns'cen discharge. The  mlnirnum control  1 i n g  

mainstent dl'scharge for  each a f  t h e  study si"ces generally prudueed the 

greatest arrroiant rsf baarrower h a b i t a t  weighted usable area, The maxinium 

amount of'  weighted usable  area for swimmer, clinger, and sprawler 

h a b i t a t  a t  s tudy s i t e s  was reached a t  a matnstem discharge above 25,000 

c f s  , 

l n  csacl usion, natural  l y  f l  uc tua t i ng  f l  oavs above 19,000 c f s  appear  to 

riat,iittain a dfbrerse benthic fauna arid appear t o  provide d r i f t i n g  food 

organisms t o  mainstem a f f e e " c d  s i de  channels and s i d e  sloughs thereby 

cont r ibu t ing  t o  the rearing capzbil i t i e s  aP these h a b i t a t s  fo r  j u l ~ c n i  l e  

chinook s31mone 
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Instreaan h a k i t a t  vinrfabl6-s such as cover, r i p a r i a n  vegetiatiorr , water 

d e p t h  and ve iec f t y ,  and faad supply have a1 1 been detlermined t o  be 

important variables in f l l reneing the overall slaitab4 4 it)! o f  instream 

h a b i t a t s  For rearing juven-i l e  salmon Stalnaker and firnette 1946 

Although  there i s  ns: definite evidence t h a t  any s f  these variables i s  

the ultl'nrate fae ta r  1 im i t i ng  the carry-ying capaci ty  a f  it p a r t i c u l a r  

h a b f t a t  fo r  rearing by juvenile salrnoplids, i t  *is clear  t h a t  the 

availabil 3 t y  o f  s u i t a b l e  food i s  o f  considerable importance, 

Fond sourcas utilized by Juven i le  salmon have general 7y been faur;d t o  

c o n s i s t  04 aqua t i c  invertebrates w h i c h  inhabit the var ious  niches o f  the 

i nstream environment. Many researchers have examined t he  i nstream 

hydraul i c  cendi tions vdkich influence t h e  distribution and abundance o f  

"cese fnvertebrate food srganisi~~s and  have concluded t h a t  water depe th ,  

water  velaci ty ,  and substrate t ype  are three af 'the most irnpor"can"c 

cantrul 1 i ng factors Kimble and kdescke 1975, Cummins 2975 There .TI"% 

some c o n t ~ r o v e ~ s y  hawever as t o  w h i c h  o f  these fat-tors exerts the 

yrea-esl csrrtrol. It i s  1 i i t e ' i y ,  hovdcver, t h a t  i n v e r t e b r a e t e  spec-ies 

$eject their  h a b i b t s  sn the b a s i s  of csnbinal ' ior is of the above fdcLc~rs 

rbather "Lilan on the  basis o f  the ~ f a s t o r s  i n d i v i d u a ' l i y  Ul Fst rand 1967). 

U'i P s t r b a n d  based this  cgnc4 usion on tire a b i l  i t y  o f  clicf'erenaC: ccmbina-tions 

o-F depl:kl, veluc:ii:y ariti subsi:r'ate to entrap de i~ r i s  w i i i c i ~  cau i d  be 1~9c;ed 

as Fuoii by 4 r;vcu.i,:ebrnter;, 
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Addi"Li3nal studGles have a1 so suggested , t ha t  optfmum 7invert:ebi.ate h a b i t a t  

eou 1 d be ldentif i e d  according t o  combinations of avai 7 a b l e  d e p t h ,  

v e l u e 1 ' ~ ,  and substrate type, Pearson e t  a l ,  (suggested t h a t  

optinrcswr h a b i t a t  eowditlians for invertebrate organi'sms wera reached when 

slreamf Tows resu1 d e d  9'as t he  greatest amount o f  r i f f l e - T  i ke h a b i t a t  

havfng w a b e  velocf t i e s  o f  approximately 2.0 f e e t  per second (P ' t / sec ) ,  

Banks e t  a l ,  made optimum strearnff ow reeomu~enda"cions for  

i nvertebriate h a b i t a t  by assurnlng t h a t  the  most preferred streamf l sw 

would be t h a t  which would provide t he  maximum surface acreage w i t h  water 

velacitfes s f  1,s-3,49 f t / s e e  and depths o f  0.50-2.!39 f e e t .  The 

Californfa Department o f  F i s h  and Game (1475 based streamflaw 

~*ecoamendatlonr for  invertebale h a b i t a t  sn habi%at cu rves w i  t h  

streamfl ew as  +the independent v a r i a b i  e genera*ted from weighted d e p t h ,  

and subs t ra te  measurements col lected a long  transects. Fiucve4 1 

(1476) used linear regression analysis w i t h  ~ " t r a n l f l o w  as "Lhe 

independent v a r i a b l e  t o  predict  macroinvertebrate densities a t  different  

flow fin the Yellowstane R i v e r ,  Montana, One o f  the mast recent 

p~edictive model I i ng  procedures Pap. describing benthic invertebrate 

h a b i t a t  has been developed by the U,S. F i s h  and W i l d l j f e  Service 

Instream Flow Group Judy and Gore 1999 The TFG used rnrany n f  

.+ rite sar!!e model l i ng te::i:y:iques vdhi ch were developed f o r  eval u a t i  rly 

i nstrearrr f i si i  i ~ a b i  t a t  f o p  the assessnrenl o f  t i l e  i ristreanr flow 

isqqrri rer~ents uP benthei r ,  i n v e r t e b r a t e  pupul at-ions Bovee a , ~ t I  Cochsiiiuerd 

.* * !977, Rovee and  Plil hous 1978, Bovee et a1 . 1979 and Sovce 1973), 1 h~:sc 

, * m ~ r i @ l  i nij tpci.luritltia.s u1:*1 1 4 2e I ~ I I ~ ~ Q F *  deyt l r  , vc l ocj  1:y , arid :~j!)s ::I*;A t , t :  

1 -  
2:; i:/jr. d:lnr*i n;jri-i hyi/;.au'l i: e: vdpmi a k l  ~s *iWi:j qijcr~ t j  f'v t l ~ ~  i*k:srjt~r~s;-::; c ~ f  i , j l u i  !*; 

*r -7 

- +  ; [ 3 ii-1 :;.iqi.'.,%.iiii! ,,,, , , r r 4 5 ~  , 



t %I F#-- $-*rpr , , , g d : , l r j c ,  GL- * fiw @ ~ ~ r ! c ~ p n i n g  A kf!@ i. c ] C ~ j ~ 5 f  c;nd nu;nber of dff"rrect k i n d s  oi 

L i *  - *a -* i,,$c-. P3 ?i f #-a *la ~ l c ~ r ~ t ~  *-- foods a v a l  ie to year j f l y  jujten.j'le 5aIii;ofi ar?d the habf - t a t  

;yq-y *d a i r p f i i ~ Y i ~ s  of 2 n;d<* i ~ C N ~  2 4 g i v e r ? . ~ b y : 2 t ~  - * #  orglar:jsifis 45 naz kvell krjown I.'G~-+ 

2, 8,;). : 5i is i tna  gjver as  only  q 1 +nmiced a sl;i;dies of ~ n ~ ~ e ~ ~ e b ~ a t e  orgaa i  5m.r ,d 

S"- $-@ *- coaductt+d -;a d a t e  ( 1977, ],Yie a ~ d  ~~~~~ s t ~ ~ ~ ; j f ~ s  

X* - c o ~ r ~ . t - " - ~  2 "0 L ~ J  da$-e _-.*,& heen 'iim*;ted ";, ddescrjbing fkle d f e t  0% L+ i i ~ v e n i  !e 

, coho, afla sockeye salmon and the k inds  ~ 7 - f  i i j v e ~ t e b y a t r  foods 

h / avhflable t he r~ ,  ~30 h a h i t a t  model!ing eva]uatfons have been c o n d c c t ~ d  

B ir d e s r r i b i  ng the density 2nd f l ow  reyu i rements of invercf;ebrates i 

iX -3 

hzb i  i;a-& u t - j )  by j u v c n 3  ie salmon. 



a confirmatory study o f  fuuvenile chinook feeds'ng hab i t s .  The specl'fl'f: 

objectives o f  the t,trree p a r t  study were to: 

1 
I. Evaluate  t he  available food sources i n  mainstem a f f e c t e d  

s ide  eharrnel and s ide slough h a b i t a t s  and v e r i f y  their 

re1 a t l v e  Importance te  juveni  l e  chinook salmon; 

2, Evaluate the relative importance o f  the c o n t r i  b u t i a n  of 

mainstem invertebrate d r i f t  i n  mainstem a f f e c t e d  s i d e  channel 

and side slough hab f ta ts ;  

3, Estimate t he  response o f  selected groups s f  invertebrates o f  

mafnstem a f f e c t e d  side channel and s i d e  s4acrgh h a b i t a t s  t o  

various winter depths, velocities, and substrate types; and, 

Quant i fy tfjhe area of mainstem a f f e c t e d  s i d e  channel and  s i d e  

s lough kab i  "eats usable t o  selected .i n v e r t e b r a t e  groups a t  

d i f f e r e n t  mainstem discharges, 

- rn lhree s ide  channels and clue s i d e  s l o t ~ g h  viere selected f a r  s tudy betb\ieg?n 

Rfver  Pii"le 129 and WM 142 Frcyure I ) ,  These study s i t e s  were 

selected 'to u t i  1 , i z ~ :  ~~rev-itiarsly esttibl i shed XFI; macieI1 i ng t;rnnsla#-+e at Ik,R,,* * *a  

located i r: areas fo~traci to con"ca,i il si  g n i  f i  csqt nt~mbers of  , i~ jv i . r i  i i Q 

chlnuok skt linan, Data collected w i t h i n  the s tudy  sit^; ,, , i ~ i c : ' !  ~cietd:: 

bf>fitkjj c and d r i f t  j' ~ v e ~ - ~ ~ ~ h r a $ n  :a:rrp? e r  a n ( ] ,  poi r l t  q n e ~  pa L LV 4; 1 8 # -  L \b #:\ US t a w +  b C:p \ #G [J ~ h & - + a  c: t !I 9 

i f j [ $ id f j  ~ : [ j e ~ ~ j ! ~ { ;  tay:],k$yf* i/c!*!~(;*it*y> i ~ r i c l  S { J / ] S ~  aaci2 c[]fi!p~j~;-i*t<[jl!~ s[il[2s$2 t"lt3i,(-! \f$Je\f,b 
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conik;in~d :.sith extsting iiydrau1.i"~ sirnulatirsn model d a t a  t a  es t i i i l a te  the 

rerpanse of invertebrate h a b i t a t  t o  changes f n  discharge. I n  a d d i t i o n ,  

,jlefdenJle c h i i q ~ ~ k  ~allli;~;i W G P ~  csl lected for  stomach content analyses to 

verf f y  -Soad hab-r'"cals, 

Because o f  the ljrnitecl number of invertebrates per u n i t  area a t  each 

srawlpl i ng s i t e ,  a someeqhat d i f f e r e n t  appraach La groups" ng invertebrates 

was utilized i n  the  s tudy over t h a t  suggested by Judy and Gore 

Idhereas Judy and Gore constructed preference curves for species oaf 

benthic invertebrates representing di fFerend furtct ioaal  groups ,  curves 

fur this s-tudy VJpcere constructed curves f a r  groups o f  invertebrates 

representj ng beharioral  types which reflect  b a s i c  habi t a t  preference 

e ,g , ,  bur rowing  organisms might pre-Fer smal l e r  substrate s i z e  classes).  

The f i n d i ~ g s  o f  th is  stud;[ should  provfde resource managers w i t 1 3  the 

informatinn necessaipy *FOP a better t4nders"caddi ng of t he  ntai nstem 

d l  scharyes requi rped f a r  the maintenance o f  adequate production o f  f i sh 

P ~ o d  orgafiisms i n  juvenile thfnook i - ~ l m o n  rearing areas. 
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S f t e  Selection =-BiY 

Juvenile salmon d i  s l r l ' bu t ion  and abundance s tud ies  i n  t he  niiddle Susi t n a  

River have shown t h a t  juvenile chinook salmon utilize mainstem a f f e c t e d  

side channel and side o iough hab-r'ta"c fan  summer rearing WDF&G 1983b, 

S c h ~ n j d t  e a1 1984 Far th is  reason, Pour s i t e s  

~epresentirig a cross sect-ion crf the s ide channel and side slough 

h a b i t a t s  available tg rearimg julfenfle chirieek salmon i n  the  middle 

Susitna R i v e r  were chosen for  study. The s i t e s  selected Par study were: 

Side Slough 9 Side Channel 10 Upper Side Channel I1 

RM 946), and Side Channel Z i  upstream o f  over Plow channel A5 

upper Side Channel 21 

Each o f  these s i t e s  a r 2  3f fec ted by miains"cem deisckarqe t o  varying 

degrees and c o n t a i ~ r  existing t hvdrau t  I‘?. i c  s;mlalatlerti model s (lFG-4 

w h i c h  can be used for  *invertehr92te h a b r i t a t  analysis, I n  previous 

i j tud ies ,  s-i gjnif ici;.r.rt nalnbers o f  Juveni 1 e chdinocxk salniori have been 

capturec! a t  each ii-tcatiun (kiiF&l; 1983b, S c i ~ m i d t  e.l: a ' \ .  1984 

plekc physical oe5crj i i t ic jn gf' each study cc;n be found  i n  Quane e t  

a-1 . ( 19if4b a 8vis.i 1 a b l e  hyda-ogral~hs, r a t i n g  curves, arrti d i  scl3arge idi:-ta 

P r-rjr oacrt o-F t f i e  ';,tudy :-ft~t ~ ? - c  prernritr;d /\ppen<]i:: 
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& I , %  Invertebrate Drift 

' " p -  To eval uaQe d3 r f e re~ees  i n  the number o f  in\~er-lebria'ces sr i !g inat ing Sn 

mainsten h a b i t a t s  versus mainstem s.ffected s ide  channel and s i d e  s lough 

i-rabi6tatr;, invertebrate dr i f t  was sampled a t  two Iacat4sns b d j " b ~ i n  each o f  

the four  study sib;:es, One p a i r  a f  d ~ 4 ' f t  nets were located i i " c t e  head 

of each study s i t e  where the mainstem breaches into the  s i de  slough or 

side channel, and another p a j r  o f  nets were located ws'"T.hin the IFG 

fi~cdelling study area (F igures  2 th rough 5 

D r i f t  ne ts  were constructed o f  508 micron N i t e x  netting and measured 1 2  

x 18 x 39 inches Ffgure 61, The downstream end s f  each d r i f t  net 

cons-ir,ted BP ia detachable celltl-ctl'on bucket constructed s f  a 15 inch 

sec t ion  o f  p la s t i c  p l p e  w i t h  500 micron Nitex net whrindaws and'  base. 

While -in the water, each net was supported by twa one fnch dianreter 

steel rods t h a t  were peunded i n t o  She substrate. Four three inch chrome 

rings, a t tacked to the corners o f  each net frame, a1 lowed easy sett ing 

z r ~ d  rewioval o f  nets  frara the steel radss 

To ensure the greatest catch size ,  d r i f t  was satripled d u r i n g  the evening, 

wkic i i  i s  gei~era'l 'ly ~oilsislc?~-ed to be a period o f  increased irct-ivity fcrr 

ii?aili/ i jXc~ilat're: inverstebrate t a x a  Hynes 1970, Waters 1972 Each s i t e  was 

sarnp'!ed ti. rc-e tiriles ciuuair~g t he  ssrripl l ng  seasort were s6:g; 

appipux imatc-.ly f:wo hat~i.5 before c,urisi?u:'oi* ewer cansccu"c ve 6;;ys a t  ei:c/r 

f;vi{:i2. " ; di:r*atic,n fclr each r i ~ t  pa-il* ~ 3 5  r { t ~ ! - ~ e ~ ~ ~ ~ n ' i :  ij;: ~ * ~ i \ i s ~ i v  s % 

L *  CY 

i t  ** .7 1 P :  j j f 3 I , i.ii< 



~f~~~~ 2 F of S lough  9 shcwi~g 4nvertebrate and  
julrelaiie chiaook salmon sipmplii7g I ~ c a t i o a t s ,  
June t h r o u g h  August, 1984. 



F . rgure 3 Map of SSde Channel 10 showing invertebrate 
and juveslile chinook salnoo sazgling 
l o c a t i o n s ,  Juce t h r o u g h  August, 1984. 



Nap OF Wppet- Side Channel 11 showing 
invertebrate and juveni i e  chinook salmon 
sampl i ng  locations, June through August, 
1984, 



F j g u r e  5 Map a f  upper S ide  Channel 21 and Slough  2 1  
showing Enveiptebsate and  juvenile chinook 
salmon c,ampB i n g  locations, Jusle t h r o u g h  
September, 1984. 
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s i de  s ' ! o u ~ / ~  o r  sfde channel being sampled was n e t  breached, on ly  t h e  

IFG-4 d r l f t  sampl f ng lacatfan war sampled. 

Water velocity and d e p t h  were measured i n  t h e  center o f  each net opening  

a t  the beginning a n d  end o f  each sampling period using a Ma~sh/MeBirney 

el eictrs'csl current meter and wad.; ng rod using procedures tleserf bed i o 

19841, The two d e p t h  and velocity measurements f o r  each net were 

a v e ~ a g e d  and used t o  calculate  the t o t a l  volume a$ w a t e r  fi] t e ~ e b ,  

2 , 1 , 4  Benthi c Invertebrates 

Benthic sainples were coal lected a l o n g  existing IFG-4 model 9 img *transects 

a t  each sampling s i " c  twice d u r i n g  the open water season t o  determine 

i nverLebrate h a b i t a t  preferences The number o f  samples taken 

a t  each study s i t e  dur ing a sampl i n g  da t e  was determined by the var ie ty  

o f  fq icvohab i ta t  cand i t i ans  availabf e 1 e the var ie ty  05 d e p t h ,  

veloci ty ,  and  substrate combinations present j . 

Benthic samples were taken w i t h  a 25 inch h i g h  1.08 ft2 cy1iniiu*.ica9 

benth-ic sampler constructed o f  aluminum and  covered w i t h  500 micron 

Nitex n e t t l n g  Figure 6 ) .  The same de tachab le  col lectian bucket  used on 

the drGfft nets was used an t h e  ben th i c  sampler, 

BeilChkic sarnp'les were "Laiten by forcing the sampler i n t o  t k ~ e  stlbstr*ate t o  

i: depth of four  inches and a g i t a x i n g  rile enclosed snbstu.i!t-I. by 11dilt-l 

~ a i : i l  a l l  gusp t2nd~r J  i i ir;.terd.ia:!ls l.:we wactred downs-trearri jij-t(j t h ; ?  c o ? ' ~ ~ * c - ; i ~ ~ r l  
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bucket .  Mhen rampl-ing iarge subs t ra tes  such as baulder:;, the sampler 

was placed on the boulder surfice end the subs"erilte was scraped by hand 

t o  Pernave any inverteb~ates present. Sfmilar ly ,  the  uppermost l ayer  o f  

medium sired substrates eg, rubble, or cobble)  were d i s lodged  and a19 

surfaces were scraped to remove invertebrates, 

P o i n t  measurenewts o f  water depth and mean eolum water ve lac i ty  were 

recorded prior t o  t a k i n g  a benthlc sample u s i n g  a Marslr/iMeBirney elee- 

t r ieal  current meter and wading red using methods desertbed i n  ADF&G 

In addition, substvate type was visually detiermined while 

t a k i n g  each sample using a thirteen class r a n k i ~ g  system 

loca t i on  05 each sample was determined by reading a fiberglass measuring 

d3  ape stretched betweerr the headpins of the IFG-4 modelling transect 

be ing  sajnpled. 

Additional benth ic  samples were col lected i n  April , May, September, and 

October - determining -invertebrate development us ing  m k.i clc scu*een 

simf l a r  t o  t t rat  rlesci-ibed i n  ADF&G 1983a, 'These samples, however, were 

nat used -in thc deve1upinen"caT i nvartebrate s u i  t a b i  l i ty cu'i t e ~ ~ l a .  

2 , 1 , 4  Juvenile Chiwooi3. Salmon 
*" ' .a.edwa.&e.~t"~ m*w% -- -- a-9. aw--- ~ * * d * S W d d . " h 4 & ~ ~ ~ F . . % x ~  

To compare the  d i e t  crf juvenile chinook sa l~ lon  wit11 t he  c o m p ~ s i t i u ~  0-f 

invur-tebrates i n  dr i . i - t  and  benthic sanrples, juvenile chinoni: sa inloil wei*e 

" 1 ca1~t:urwt.d *for s-tolnach content analysis a t  each side chant..ii?i ai l i i  I hit 

51 ough y s i  1.c:. lwh4i  t; .i n F ~ i " m t r t i  on i t t a ~  used t o  : ~ j p ~ i l  C V I I P ~ I ~ :  ~ I - C W  i .  



Table 2 ,  Substlaate cl a s s i f  i c a t l a n  scheme u l i l  i z e d  *to evaluate  
subs t ra te  csmpclsition ilt each ben"ikic i jampling p o i n t  
(Vincent-~ang e t  a l e  19841, 

PFG Code Substrate Category 

s f  St 
s i l t  - sand 
sapid 
sand - small grave4 
small gravel 
small gravel - large gravel 
large grave3 
large gravel - rubble 
rubble 
rubble  - cobble 
cabbl e 
cobble - bouf der 
boul der 

less t h a n  1/32 

1/32 - 1/8 
%/8 - z 

1 - 3  

3 - 5 

5 - 10 
greater t h a n  10 



otjsigr collectzd d a t a  on jraverll'le e h - i n ~ ~ l c  salmon d i e t  t'n the middle  

Susitna River  (ADFglG 1978, AUF&G 1983b 

Study s i t e s  were electpofished three times d u r i n g  the  f ie ld  season us ing  

~nadef no, BP1C backpack electrashocker Table I ) ,  From each 

catch, four to seven juveniles were collected far future stomach content 

analysis. A sma19 incision penetrating the body cav i ty  was made 

superjar t a  the  p e l v i c  girdle 4 . 3  the f i s h ' s  l e f t  s i d e  t o  ensure adequate 

preservatqon o f  i t s  stomach contents, The f i s h  were then stored i n t a c t  

i n  70% ethyl alcohol 

blater samples for t u r b i d i t y  measurement vrere taken d u r i n g  both d r i f t  and 

benthic sampling a t  each study s i t e .  A 7 1  samples were storTed i n  125 

nn~l471fte~"" Nalgerie b o t t l e s ,  kep t  cool i n  a darkened s ta rage  can- 

I- , d Cdiner, and a n a l y z ~ d  w i t h i n  72 hours o f  collection. Turb jc i i ty  was 

measured j n  Nephalornetric T u r b i d i t y  Units NTU) w i t h  an H.F, Instruments 

DRT-I58 Portabl  e Turbidinleater fa11 awS ny procedures o u t 1  ined i n  AOF&G 

19841, 

2.2.1 Sdii~pl e S t o r a g e  and  Haridl i nq 
* . - i ^---- "*, ux**-rruT.nUL"** * -**r.'h*r i.i"r iuxnr-9xii_-rr m-b. 



b ~ a l e s  f c r  easy so r t l ng .  Invertebrates were hand sorted from debris and 

Sdcowa . .o * 9-1 glass vials  cantaining 30% EPOW f o r  l a t e r  i d e l s t i f i c a t i s n  and 

a e en~~roe1~~.;7 on 

JuvenSle chinook salmsn preserved f o r  s t o ~ a e h  content analysis  were 

measured for tcta'i l eng th  and t h e i r  stomachs removed by making cuts a t  

the anterior  csopkagur and pylor ie  sphincter. A f t e r  removal, stomachs 

were stored $ 0  glass v i a l s  containing 70% ETOW f a r  latc?r invertebrate 

identification and enusnevation, 

2 ,2,2 Invertebrate - Ident i f f  c a t i o n  and Enumeration 

Invertebrates from benthic, d r i f t ,  and juvenile chinoak stomach samples 

were identffied t o  the family taxonomic level and ccsunt~!d.  Yf identi-  

f i c 5 t i a n  "c the famlly level k4as n o t  poss?lkle, invertebrates were 

fdentf fi ed t a  order, 

I n v ~ t e b r a t e r ,  f r o m  juveni  7e chinook stomachs were counted u s i n g  whole 

individuals when poss ib le  nr  body p a r t s  i f  items were p a r t i a l  l y  d i g e s * t ~ d  

or dismembered- Head capsules weye used "L ocgcint chiranomid larvae 

whereas the kfesd and ehrirax ~ f i g i ~ r ! ~  were used t o  count 

d l  smernbcred p l  ecopteran; stone f 9  i es and ephen~er~up Lerins 

0 d l  srri~mherecl i n l d e r t ~ b i - a  tes  i4#er::. cotaj~ted by p i  eel' rig i-ugef:hcr 

identeii . idtle body parts to estimate the kind a n d  number* a-i- indivitls,aals 

prec;erit. U r : i d e n ~ ; f - i < ~ b : c  p a r t s  ldere node cou~ te r l . ,  i<i;ys L ~ J  i l : [ ~ i j - [ , ~ i ? y  

; -  i j -  : Jrjha:lst.n ;firi rhrjln::clr\ (1534 j i  < t  FI{aj\inci:; 
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1976), Bauman e t  31, 1 9 9 9 9 ,  Wiggins (1977 Merrit and Cummfns 

P-* "*Pa I $ l n / ,  Pennak and Borror e t  a9 , (1981 

2 , 3  Bsta Analysis 

2.3, E invertebrate Drift 

In th is  s tudy ,  density L e e ,  number a f  individuals per u n i t  volume o f  

reported i n  English unjts e ,g. ,  cub is  f e e t  and cub ic  yards 

was used t o  describe the  abundance o f  d r i f t i n g  invertebrates i n  samples. 

Dens i t i e s  were s tandard ized  by d i v f d i n g  the number s f  individuals i n  a 

t a x a  or group  by the  volume o f  water filtered. The relac'%*- density o f  

an org3nism or group  a t  a p a r t i c u l a r  sarnpie s i t e  was determined by 

plac ing the  standardized mean de f i s i t y  of  t h a t  organism or g r o u p  i n t o  one 

o f  four elasses representing d i f f e r e n t  srdcrs o f  magn-i tude, The classes 

used &ere: Rare 0.001-0 .089/yd3 Sparse ( O . C l % ~ - O  .a99 j y d 3 ) ,  Comimsn 

0.180-Oe999/yd3 and  Abundant  1, Ot ?-9.999/yd3 

The d2 f f e r e n c e s  i n  d r i f t  densi'cy a"c~e i ld  and IFG-4 sampl .ing l ocat isv ls  

within study s1"~es was e v i l  ud t ed  by placing sorted and i d e n t i  f i l ed  

invertebrates i n t o  e i g h t  taxanomic groups,  The groups were: Collcmbola 

spring-tai .1 s Ep!ie:net+o yqteril rjjayfi i e s  j , P't ecoytei-2 stonefl i e s )  , 

T r j  chop tera cadd j  s f  fee & j ,  ' Cipv te ra  l a rva  D i ~ t e r a  a d u l t s ,  Cthnr 

1 i l ~ ~ k .  i P" A P ~ * S Y  L S  , i2'tiCt Other fr:ilcrtebrates, Mu1 t l p l  e reyrsssiou! ana l  ys-i s wii, -tiqcil 

u -;ed t o  !-he re 1 a t*i orr s h i p -* ciiat. #- t i e  qu3n-i -i ty o f  $ r - t ~ i ~  tba i --* 

Ll r" $ 5: J- pr'...~~~ t. at9  t l r jr id  s f  1 : ~ s  f i a ~  ::Q ti 33,; p r ~ r , e n  i: a t  I l-iak./\. - 1, 5 1 2 ~ 3 ~ ;  ' l ' j j p  



dependent va r i ab l e  J n  th i s  analysis was d r i f t  numbers a t  the IFG-4 s i t e  

and the  independent var'l'aisles were drs'f"cn;nbers a t  the head s f t e s ,  

volume o f  water f i f  tered through nets a t  head s i t e s ,  and voiu~ae o f  water 

filtered th rough nets a t  EFG-4 s i t e s ,  

~ The arigina: da t a  was =transferred us1 ng a 4 syaritkmic transPorma"cion 

t o  reduce var iance and skewness i .e.,  log, [x+l] where x equals 

number o f  I nb j v jdua ls  fa4 4owf ng procedures described i n  Steel and 

1960)- The general 1 inear model tested was: 

y = So+ B I X a  + B2 X Z  + B3 x 3  + E 

where: 

a, = intercept term; 

p i  = w ~ ~ s s i ~ m ~ e f f i c i e n t s  

x ,  = transfarmed (log, [x+l]) numbers o f  grouped 
I 

d r i f t  Snvertebrates collected a t  t ne  head s i t e ;  

x2 = trans*formcd l o g  ex ]?  volume o f  water filtered e 
f o r  d r f f t  sample collected a t  the bead s i t e ;  

x, - transformed ( f o g  r x ]  vol ua~e 0-8" watef* F i  I tereb 
w e 

f o r  d r i f t  sample collected a t  the IFG-4 s i t e ;  

Y .: transformed ( l o g  nunrbers o f  grouped 
e 

b r i  f-t ~ n v e r t e b r a t ~ : ;  ce9 lec ted a t  Gkre % FG-4. 

~ c,r'"i; and 
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The n u l l  Rypcitkeo-is l'n t h i s  evaluation was: Numbers o f  c l r i f t i n g  l n d i -  

v i d u a l s  i n  invertebrate groups a t  I F G - 4  s i t e s  was not dependent ( r e l a t -  

the numbers o f  d r i f t i n g  individuals i n  f n ve r t eb ra te  groups a t  head 

s j tes ,  volume o f  water f i l b e r d  a t  head s i tes ,  or volume o f  watei- f i l -  

tered a t  EFG-4 s i t e s ,  

4'0 l ~ l e r a i n e  i f  the observed vsnrfa"cians i n  the d r i f t  nunibers a t  IFG-4 

s i t e s  was due t o  any o f  the  independent variables and not due t o  chance 

a1 one, an anal ys? l; o f  va r iance  ( AiVBVA was performed. The hypothesis 

tested was: 

The & test  cri terion was defined 3 % :  

To deternijne: i f  the  p a r t i a l  regression ceefficients had true values 

greater t h a n  zero, the Studentis t tes t  was a p p l i e d  (Steel and Tarrie 

-P- 

 he hypotheses tested i n  t h i s  case k*iere: 
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The tes t  c r l t e r l a  are deftned as: 

h 

Bi estimaw e f  the  par"cg'al regression c o e f f i c i e n t s  - - 
z v- ----- - - - 

S" 
B1  canda dad error 0% the estimate 015 the par'r:ial 

reg~ession seef f  icfent 

The probabil i t y  level used i n  b o t h  the F tes t  a ~ d  the  Student's t t e s t  

a=0,05, 

To depict the  relationship between dr44 t  dens i ty  a t  4 s i t e s  and 

d r i f t  dens i t y  a t  head s i t e s ,  the  d r i f t  da ta  were p l o t t e d  on a 

two dtmensi~nal c s r t i s i a n  plane. The  counts were p l o t t e d  I n  three wajrs: 

1) ifead counts versus IFG-4 counts f o r  a l l  samples col lec"cdd, 2) head 

counts versus YFG-4 counts f o r  each sampling mcnth, and 3 head counts 

veoesus IFG-4 counts f o r  each sampling loeat?'arr. For these p l o t s ,  t h e  

number of invertebrates l'r! each g roup  were standardized and mu1 t i p 1  i e d  

by 2,000 "L cP;sfmate "eke rzr~mber o f  arganl'snn caught  per 1,000 cub ic  .Feet 

o f  water filtered t h r o u g h  each net. S t a n d a r d i z e d  d a t a  were transformed 

u s i n g  the na tura l  loqari thm trans.forma"cion ( 1  og [ x + l ]  e 

2,3,2 Benthic Invertebrates 
- - * - - m ~ , = . - & . . , ~ - - a &  

~ - %,3,2.1_ wd~~~mm~.T.- Sta i ld ins  Crop I a*aw Y r ~ ~ w ~ X C Y * i ~ A - ~ ~ l t - + - a ~ m d X ,  Es t imation 
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( i  , e ,  , averaqe number o f  individuals per u n i t  area reported i n  English 

e.g., square f e e t  and squ;di-e yards ) ,  were used t o  descr ibe  the 

abundance a f  individuals. Benthjc inver"cb8rates were f i rs t  i d e n t i f i e d  

3rd counted f o r  each sample. These counts represented t h e  number o f  

nrgarlfsms or groups s:eurriog t n  an area 1,08 f o o t  square! 

average number o f  srganisrns or groups per u n i t  area was i:alculated by 

d i v f d f  ny the  t o t a l  number a f  an organism or g roup  i n  a1 9 samples by the 

number st samples, The relative densl'ty af an organism alp group  a t  a 

pa r t i cu la r  study s i t e  was thew determined by p lac ing  the calculated mean 

dens i t y  of" t h a t  organism o r  g roup  i n t o  one 0% four  classes representing 

dffferent orders o f  magnitude. The classes used tn~ere: Rare 

0,9/ydZ), Sparse 1.0 - 9,9/yd" 10.0 - 99,9/7dZ and Abundant 

100,O - 999,9lydZ). 

The diversfty and evenerjs o f  t he  ben th ic  fn\ier%ebr*ate eammunity i n  

r i f f l e y  run, and pool hab i t a t s  i~ the sdde channels and s ide  sloughs was 

cal cul a t ed  u s i n g  the Shannon-Weaver d i v e r s i t y  index  Pool e 19741, Both 

i n s e c t  . taxa and non-insect t a x a  \$ere ~lsed *in t h e  calculati~n 0-f the 

index.  The r'omulae f o r  the Sllannon-ldeaver divzrsi ty i n d e x  and  t h e  

eveness index are shown i n  Appendix D. 

. * %!e-r ghxed irabiqtat c r l ' t e r - i a  represer1t.i ng ii p a r t i  clxl a r  speci cs/'li f e  phiase 

pre-fer~:nce for 2 pz1r.t-l c u l a r  hab-i-tat v a r i a b l e  were deve'l oped f a r  bt::rltlvi c: 

?COOL; r) l*r( ; i l : i~ff i : ,  f ( j f a  *inl~tji: j o + t ~  g lj;ibi-?:;j-t $ j f i i$~~I t i t* i t~ t i  ~ ~ S W I  t t j  

, " a "9- i h 

~ ~ ~ * [ ~ + ~  b w ~ ~ ~ * ! p  a d  i 1 a ~ j ~ q ~ j ~ ~ j - ~ ~ ~  ~ ~ ~ \ ~ ~ ~ ~ * * ~ ~ ~ ~ ~ \ ~ ~ ~ j [ ~ ~  h a [ j . i & - i ~  a y ~ ~ ~ $ ~  (ll]f*: t:ly i e ~ i p  y ~ ~ ~ l ~ ~ [  



o f  many a f  the ben'thic "iod d a a  sampled and problems asscjeiated w i t h  

,interpreting numerous weighted h a b i t a t  c r i te r ia  for  eack ta.xa, weighted 

hab i "c t  c ~ i  t e r i  a were an1 y devel oped For  f DUP bekavi o r a l  {groupi ngs  o f  

b e n t h i  s &food srgcrni sms : burrowers, sprawlor% , swfmmers , and cl i ngers 

: ~4~ 7.T. . , - i L t  and Cuinm"ins 1978). Table 4 I i s t s  each behavioral g roup ,  i t s  

general description, and the invertebrate t a x a  belonging t o  each 

category. 

bleighted h a b i t a t  eri"errla are typically expressed i n  the form o f  habi"ca% 

curves which describe the  relatlve usability o f  dif ferent  levels o f  a 

pai-tietrlar h a b i t a t  va r l ab l e  fo r  a partictalar s p e c i e s / l  i f e  phase, w i t h  

the peaic indjcating g rea tes t  usabi l  i t y  and the "cai P s t a p e r i n g  towards 

less usab'ie values. Curves are  'eypically developed f a r  each h a b i t a t  

var iab le  considered t o  influence the !  selection o f  h a b i t a t  f o r  the 
- 

species/Iife phase o f  interest ,  [kree types o f  h a b i t a t  curves are  

t yp i ca l  l y  constructed: u"i1 ination, preference,  and/or  su: t a b i  I i t y .  A 

detailed description o f  eack curve type and  4ts usage i n  habitat 

simulation models i s  presented i n  Vincent-Lang e t  a l .  

I n  this report, utilization curves were modified us ing  p e r t i n e n t  l i t e ra -  

ture arid professional judgerfient t o  de f i ne  weigk~ted h a b i t a t  csui.tabl ' l i ty 

6r.f.teria 'For selected behaviuueal g roupings  of  ben th i c  invertebrates. 

We-i ghtcd h a b i t a t  su i  t a b i l  -i t;t cri teris! \?ere dcvel opctd fo r  tlic? three 

i.labi;.tat v i i r i a b i  er; conr;Idered of gleeatest importance t o  benthic 

ivjverei:r?brates : dqyi-th, y e 1  o c j t y  , avid *;~bs-tra"i e. Due to  E.he 1 *irni tetl dLiSta 

J. * c ~ u - i d  be used - fo r  the di.~i. . iuf)~ncni.  of' wl.j~iii.eij i-iah<i:ai: 



Tab1 e 3, Invsr teb t -a te  t a x a  gt-auped by behavioral  t y p e  [MsrrStt and Curnrn"~, 1978), 

Behavioral Type Desc~i ptiow f nver tsbra te  l a x 8  

B u r r w g r ~  Onhebj t4 wg t h e  Pins ssdfmsnts sf streams (pool $1, T i  pul i date 
Same conseruct d j sc r s te  burrv&s % ~ h i c h  may have sand Chi ranom$ da+ 
g r a i n  tubs3 extendfog above thhe surface sf the Psyckodi dae 
substrate  o r  t h e  % a d i v i  dua l  s may i wgsst the4 e pgay 
through t h e  ssdfmsnls (sxampl es: D i  ptera, rags% 
Chi ssnsmi nee, Ch=i rasrami nS efl"b:ssd i v ~ r r a ~ ~  m i  d g e s ) ,  

C l  i wgers Representa%ives have behavfo~al Qe,g, ,  Fixed Ch1abr~per"I cia@ 
retreat  eanstruction) and morphalogieal [e ,g , ,  Ephemet*eV I i dae 
I ong, curved t a r s a l  cl sws, dorso-ventral f 9 attewi ng Heptageni i dae 
and ven t r a l  g i l l s  arranged as a sucker) adaptations Hydaspsyeh% dae 
For attachment t o  surfaces i n  stream r i  f f ? s s  P a r 4 ~ d i d a e  
Qexamph es:  Epherfiaaoptera, Hcptagen; i dae; Whyacophi 1 i dae 
Tri chaptaka, Hydsspsycki d a e )  , SdmuP i idaa 

Y~eniopterygi d a e  

Spra~levs Ini-sabi t i  ng %he surfnee o f  floatip.tg l e a v e s  sf Capwi idae 
vascular kydrsphytes a r  fine sediments, usually L i  mnephi 1 i das  
~ ~ i t h  modifications f a r  s tay ing  ow top  o f  &he Nsro-woaisra' dae  
s u b s t r a t e  and mai n t a i  n i  ng t h e  resp i  r a t o ~ y  surfaces 
f ree  a f  sS Y t (exa~ples: Ephemeaoptera, Caewidae), 

5wf  rrme5"~ Adapted f o r  g8"f.4"sk'FikaQ' swilimifig i n  l o t f e  o r  l e n t f c  8aetS dae  
PtabStats, tndividual s usua l  1 y G I  i ng t o  submerged Si ph% owuri dae  
objects, such a s  rocks ( l o t i e  r i f f l es ]  s~ vascular  
p l  anzs ( 1  ent i  e )  , between shor t  burs ts  o f  swimmi ng 
(exampl es: Ephemarapteaa i n  t h e  f am i  1 i es 
Si phl owuri dae ,  Leptspht ebi  S d a e )  , 
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suitr:b.il i ' ty c r i t e r i a ,  berrthic 1nf~er"cbrrtt da ta  awere pooled sfrein a1 I 

s i t e s  and bath benthic sampl l n g  perefads. 

The f i r s t  step i n  the development o f  wefghted kab i ta "&su i tab i I i t y  

cr.iterl'a involved the eanr;tructitsn of u t i l  i z a t f  on curves for d e p t h ,  

velocity, and substrate, Because d e p t h  and velocity were measured i n  

the  f ie ld  t o  the  nearest 6 ,1  ft and 0.1 f t / sec ,  respectively, t l ~ e  

l n l t i a l  uttlizatian plo ts  were constructed u s i n g  these intervals ,  

However, s ince  sample numberr were low w i t h i n  these measurement inter- 

vals and  variances were high, intervals were grouped together 

Grouping o f  inte~vi i ls  was done by bes t  visual f i t  o f  the d a t a  by con- 

siderfng the  relative number o f  samples rep resen t ing  each increment, the  

number a*F irregular f4 uc tua t io i i s  present between d i  Pferent  increment 

s i z e s ,  and the accuracy s f  the d e p t h  and veloci ty  d a t a  col9ected. 

Subsstrate was determi necl i n the f i  el d accordi ng t o  d i  rcrete substrate 

c8 a s s  i ncremenls e ,g . ,  s i l t ,  sand, grave l ,  e tc .  Since sample numbers 

were low w i t h i n  these subswrate increments and variances were h igh  

subswrat  iincreme~ts were grouped f a r  the c c r n s t ~ u c t i o n  o f  the i n i t i a l  

u t i l  i z a  t i  on p l o t s  As fcr  d e p t h  a r ~ d  ve loc i ty ,  g r a u p i n g  o f  

*intervals was done by b e s t  visual  -Fit of the d a t a  by considei-irlg t he  

re'l a t i v i t  number o f  samples represerst;i ng eacli increment , the  i3urnber n f  

*Irregular - f l u c tua t i ons  present b~ertweerr d i f f e r e n t  i ncrern-:n"isizes, and  

t he  accijracy o f  t h e  depsth arid veloc i ty  d a t a  col Iected* 
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a t i  ve ~ $ f  1 f z a l j  an f o r  each s f  these h a b f t a t  \~a r iab les  was then 

derjved by t ak ing  the t o t a l  number osF i n d = i v ' i d u a l s  o f  wi"iilin each intep- 

val a t  a par'eicui;ir d e p t h ,  velocity, or substrate lnerernent a17d d i v f d i n g  

by the ta"cal number e-f samples Raving t h a t  same d e p t h ,  ve loc i ty ,  o r  

substi-a& value. The resulting means mean number 05: group individu- 

a l  s/sample) were p l o t t e d  again5"etheir corresponding d e p t h ,  veloeit;~. 

and substrate groupings  t o  provide ut i l  i z a t i o n  curves 05 t he  three 

h a b i t a t  variables fop. I four behavjoral groups.  To calculate a 

u t i l i z a t . i on  index o f  0.0 t a  2,0 isr  the incremefits o f  each his togram, 

each increment mean was d i v i d e d  by the largest mean detewnl'rred on t h a t  

histogram. I n  add i t fan ,  ia 95% confidence interval for  the  mean was 

calculated f a r  the  increments s f  a7 1 kfstsgrams, 

Table 4.  Depth and v e l o e i  t y  incremen+ts ~ s e d  f c r  suitabil i t y  criteri:  
d e v d  opmenl 

Vel aci ty Depth 
f t ( f t / s e c  

I ncren~ent Number Encrement Range Increment Number Increment Range 








































































































































































































































