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She;3her.d, B.G, 1984, Predicted impacts o f  a l te red  water temperature regine on 
Glendale Creek pink (Onchorhynchus gorbuscha) f r y e  Can MS Rep, F i s h ,  Aqi la t .  

p r n x - p  --- 
S c i .  1782: v *i. 55 p. 

As p z r t  o f  t h e  f e a s i b i i i E y  s t u d i e s  assoefated rarith t h e  development o f  a n  
enhcincsment p rogra l  for t i l e  Knight  I n l e t  region o f  B r i t i s h .  Coltmbia,  t h e  
potencia1 problem 0% premature emigration o f  pink f r y  frcm a plroposed spawning 
chanrtc1 was ~ d d r e s s e d ,  T h i s  problem was i rentat ivefy  evaiuat12d using ansize 
ter~pevature and f r y  migra- boa data collected over  t h e  1982-83 incubation and 
eiilergc?nce per iod ,  Water tmpera ture  monitoring s t u d i e s  conifimed t h a t  Tom 
Bsrob~ne Creek surface water was c - o n s i s t e n ~ i y  warmer by up t o  4.5' t han  Glendale  
Creek water.  S ~ b ~ r a v e l  water ternperatares were f cund' t o  t r ack  s u r f a c e  water 
temperatares i.n a b u f f e r e d  f a sh ion ,  with a d i u r n a l  la;: or' 2-4 hr .  Subgravel  
t empt ra t i~ res  could be as much as 4°C differexit than surface "Li2mperatures, b u t  
f:e!lera!?.y were 0,5 - 2 ,O"C  co lde r  May khcougl.1 September and 0.5 - I.O"C warmer 
~bove:u ber chraugh Pebraary , J u v e n i l e  t r a p p i n g  in t h e  spring of' 1983 i n d i c a t e d  
t h a ~  pink and  ::lia~ f r y  emigraeed from t h e  To@ Browne s e c t i o n  2-3 wk e a r l i e r  ~ h a n  
f rim ~ l l e  Clefidale section; no s i g n i f  is,a~zt d i f f  ereaees o r  t r ends  ir, f r y  .l.ength, 
w e i g h t ,  o r  condition were no ted  between systems o r  over t i m e ,  Other species o f  
salmon capturi!d artd s z ~ q p l e d  i nc luded  coho f r y  and smcllts and sockeye snlol ta ,  
T l ie rc  were L C  i n c i d e n t a l  catches o f  juven i l i :  and resident cutthroat and 
r s i i l b o w / s c ~ e i l l e a d  t r o u t ,  Do l ly  Varden f r y ,  sticklebacks, eo~tids, and l m p r e y  

pp, i.aivac: ;ind a d u l r . ~ ,  ,\-japarison of h e  subgrave l  tempera-ture da ta  and t h e  f r y  
i f i i g r k l t i o ~  data i r rd ica ted  t h a t  pink f r y  incubated i n  Torn ~Bsowne wacer c o u l d  
elnii;r;ite 3-- 7 i , ~  r7 -  i n  advance o f  p i n k  f r y  i r~cubated  in Glendale waeer, A review a f  

-. I R ; ~ v a l - ~ ~ ~ ~ ~ :  I . i . te racurs  i.nd$ cated that r!lis degree o f  advance~..nent: should  have a 
0 '  l?k]. or p e r h a p s  even benefiezai e f f e c t  on s u r v i v a l ,  'PiLs concPusiuiz i s  t~mpered 

b:; a call f o r  dckaisled s tud ies  t b  fill d a ~ a  gaps* 



Sllepberd , 3 ,G, 1984,  Predicted impacts of altered wstes temperature regime on - 
Glendaie Creek pink ( gorbuveha) f r y .  Can 14s Rep, F i s h ,  &4quat. 
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;;@ic, 1782. *. v 4- '55 

Dans le cadre d % ~ u d e s  die faigabPlit6 lie@@ au d&vpeloppement d 'un 
p-rograme de a l s e  e n  va leur ,  dans la r6gian de BP in l e t  Rxight (Colombke- 
Britannique) , on s'cst pench6 s u r  l e  problsme de la migrat ion prgmaturge 
d b a l v i n s  de salxmon rose dBpsar prajee de fraysres ~st if iciePBes,  Ee probl2we a 
3t% Etudli& dDune fa~ora  esglmative 3 lPaide de l a  texnpgratuze slur place et des 
donages coalceE~~azmt la ,&+gratf on des  alevins , gecuef Llf es peaidant l a  p&riode 
di i n c u b a t i s r e  et dB&abergence en 1982-1983, Dee Gtudee de  contr8le de fa 
.G ~-kGmp&~cature %+ . de  13eau an t  eonfirnno8 que les rsux supe~ficiellcs du rulss:zau Tore 

'rowrte Etaient uniforrn6nezit plus ehaudes (juse/sa83 4.5'C) que celles dcn. ruisseau 
';Tendale, SOUS le ~ C ~ L V % $ T ~  la temggrature de lP eau su i va i t  eal.le de l a  surface 
de fason p & r l p b & r i q u e ,  avac un dgcalage $iurae de 2 9 4 b, La p~emiGre pouvait 
t i i f f g r e r  p a r  jusqu'a 4'C de  l a  seconde, quoiqu'en g&n&raE e%le G&al t  de 0,5 3 
2,O"C p L t ~ s  f r o i d e  de li121 B septembrk e t  de 0.5@C 3 E .O"C plus charade d e  ncsvembrc 
-. "- #" 

:i r ~ v t i e r ,  %,a capture de juvgniles su p s i n e e ~ ~ ~ ~ s  9983 a r&v81& que les alevine 
iic, sa,,aoas rose et k&te ont  6migr6 du i;eeteur Toaii Brawn@ de 2 2 3 semaines avant 
tleirx du secteur Gle?rdaf;e; aueune iezadance x d f f f & r ~ n e e  a ign i f  icatfva; de Ira 
Y - ~i~I-tk;ueur, du poida ou de %a co~dition des aEevSns n P a  6t& not6e entre Les 
:~::1:21nes ou Les pgr iodes ,  Des a a o v i ~ ~  et saungoaeaux de saumon et des 
;;;3ljnlon@ca4 rfie s a ~ ~ ~ ~ ~ . n  roug5 ~ n e  auss i  captur&s ct echant$Ilann&is, Pami  les 
ji ri-scls accessurieci, %1 y avaZ% dea krui tee fard$es j~avgniles  et iron ~ d g g a e ~ i e e a ,  
4 erai .e~.i ;  apc-~a-ei.e]. ansdrume, des  alev$as de Dolly  xjarden, bes Gpinoches, 

L ?- v < 

i t ;  c c t ~ : i # j & c  itlasir qkie dzc i a r v e ~  ee dcs ;lc%liltes dc lg~praie, La ~ o m p a r a i s ~ a  
& ii?.:~; t e r g ~ e r n t u r e s  de LQeau sous 9e gravder et des deangee s u r  l a  xafgration des 

9 "X * :1ie.;i,ns a r5ve.Le que les alevins de saaacn osa incubgg dans les ealxx du 
:.lri.s:~{?au 'fa3 B r c ~ r a l c  pouvaiefie m&grer de 3 8 7 aemaknes ;.,.Jan% ceux d~ CL@ndsL@. 

recherclae daas Jwes oaaj.rages p u b P i E ~  srkr le s u j c t  -a~ca&rg que ee deer& 
$5 I ~ r a ~ ~ ~ c n ~ ~ ~ ~ l t :  de vra.i.c a o ~ : f  s u3.G tn-ldeug;:? z:rar~ile au p ~ u ~ - & e ~ : ~  lugme axjafi;;ckgeus$ 

1 :  ; v  Cectt: conclrrgksn a. g2epeudcgnr nwFms tie .i~$rge C ~ L I  fad t  qupfl f ~ ~ u i l # r ~ ~ t :  
i" - -" Y 

[.- J * ~  2. -l j*~ s 6*2 ),+ ta5 i$ 4L 2- t i( 1 si IjJ g f-J & ea ;A ,, ! 3 l% L . ~ ~ ~  $5 --+ p o ~ y  ~b~k: jn l r  I , f z ~  d ~ a i % g e ~  laanquautes, 



Knight  I n l e t  has been selected as a prime candida te  f o r  the construction o f  

j r  er~hariceme~xt f a c i l i t i e s  early i n  the proposed SEP Conitfnuation plan. 

. i irren t proposed ezrhaneement p l ans  f o r  t h e  area inc lude  a hatchery (initially 
r~;.inirq-scaie) on rhe Devererx Creek t r i b u t a r y  o f  t h e  RLinikLici River,  f o r  

: l i n i . k i l n b  m d  Ahx~uhati chinooks and Glendale coho; a chum anti p o s s i b l y  pfnk 

:i,aw:ling channel on t he  Alxahnuhaei River; and a pink spaming  channel cn the 
t?ndaLe R i ~ e r G  The Glendale channe-l %~ou ld  have a gravity water supply  from Torn 

ilrowne Lake. Alternatively, the  Glendale  s i t e  could a lso support a cent ra l  
c r y  f u r  c:iinook, coho, and chila s tocks  from K-night I n l e t ,  Loughborough 

.; l i .ct ,  or Thompson Soand. 

i r ?  support of this plan, a number of biological reconnaissance and 
2 6 b s  . ,* p i 1 :  s t u d i e s  have been i ~ i p l e a t k n t e d  by t h e  SEP New Pro jec t s   unit, An 

+ i i i ; L t  biop1~jrsica.l  survey was done For Knight i n l e t  streams by Aquat ic  Resources 
. :~ io i i t i :d  i n  1 9 8 1 ,  and was r c p < > r t e d  by F i e l d e n  and Slaney (MS 19821, kt2uatic 

r :  ~ L S Q  examined Lhe llilrnoiagy o f  Tom Erownc-: Lakc En 1981, tn orde r  t c ~  

... vai-; late i t s  sni:abili,t:y as a w2ter s u p p l y  f o r  salmon cul. ture fl3lack and Birch, 
' C 1 3  + 8 )  A second year of adl i l t  su rveys  was undertaken by EE,V,S, Consultacts 

f c?, i,i i a - i e d  I n  the fa11 of 1983 (WB2elen and l+oz*gan, MS I.3o-ij. 

-fl " 1.n 1;ebrufiry of 1933, Hew Ppajects Unit s t a f f  re~~ieaired the  ava i lab le  water 
r T : ~ ~ ~ n ~ g ; ~ C ( j ~ e  &it%, ?&;id g j g o j e c t e d  &%rat use of t h s  wam-ter ko113 Brownr water fur 

ii;cr?lzat:fm~n o f  i;!.<?ndale picrk sali~ori k~ouLd result i n  fry eEicrgerrce some 70 days  
S T *  

P -  . ;:ornial. rni.s eoriid resuLt i.n high s~a,rj.j:itz 1110rtal.ity o f  pink f r y  
c - - *  leula k i i c  cpilwni r:g t;,harineL t h s o u g i ~  s t a r v a t i o n ,  i f  t he  xnor~~~al  f r y  mrFgration i s  in 

*- h,:~ikciico;jy w-jch t h e  $ -t-3 S:i.no~ns of f aejd organismi Fnr  i i i s t a i ~ i : @ ,  ai!atorn and 

i!c,f-,in;; (19731 c;or-;~!.;ldg?d t k i a k  2:go weeks was; t he  a:aximum perjwod of starvation t:h;lt: 

- ;$abi;ie i ;ackey~ f r y  could  wi;hscafid w i t h o u t  s u f f e r i n g  - sign hfi.cant- 

\.lor i: ; l i : j  r y $* 



( 3 )  Lncnhiitlng; f r y  are exposed to subgravel  water temperatures which ,  

similar t c  ground water,  may be b u f f e r e d  i n  comparison ta surfare 
water te iapzratures ,  

(4) Significant r i ~ ~ m b e r s  o f  pinks  s p a w ~  i n  t he  areas w i t h i n  0,s km below 
t h e  Tom Browne corifEuence and below Glendale E a k .  Drle t o  upwelling 

\yarer a t  the lake o u t l e t ,  Tom Erakine eggs may be eixposeii t o  higher  

w i n t e r  water temperatures than those i n  t h e  lower portions o f  Glendale 

Creek, ~qhj-cE.1 are up  k-o 7 km downstream o f  the  lakr-s i t  i s  unknown 
whicli o f  t h e  reaches i s  most productive o f  a d u l t  r e tu rns ,  

Item ( 1 )  s h o u l d  have a r e l a t i v e l y  minor e f f ~ c t  of no more than a few 

weeks, Item ( 4 )  would require a large and c o s t l y  f r y  marking and a d u l t  recovery 
program to assess p r o p e r l y .  

? 'h i s  r epor t  summarizes p r e v i o u s l y  unreported temperature da ta  f o r  t h e  

GLendnie  systez over the pe r i od  1971-1983, and a contracted f r y  migration s t u d y  

done in t hc  s p r i n g  a f  1983, As well, some relevant marine s t u d i e s  are 

reviewed, These data  are a p p l i e d  tn the hypotheses  of' Ptens ( 2 )  and (3) in the 
p r e v i o u s  s e c t i o n ,  and some conclusions regardirlg the severity qf the  p re raa tu re  

f r y  emigration prahLem a r e  drawn. 

!-j i-; Sc 3- pr 1 CJkC OB 'pis{ S2y[%-Dy a@dz& 

*-<  he G l e n d a l e  Creek  watershed 1s s i c u a t e d  48 km south o f  the head o f  Knight 

- 1  200 kin n o r t h  of Vancouver ( F i g ,  I ) ,  The {>leritlaie system i l ~ c l u d & s  t w o  

I ;  '!;om Biror~ne Lake ( 7  !:a long and 491) ha) and Glendale  JJake ( 2  knl lamg and. 

! 25 ; Turn Hrowne Isake is d r a i i ~ e d  i3-y Ton Drowrte Creek (1,5 kin long)  wi l i cE l  

t-!i:ipi-i*i.!; i n t o  (;lilnd:?l.c Cove, G l e n d a l e  Lake i s  drained b y  G!.endale Creek ( 1 , s  kin 

l,i-i~p-) -~ ;d i l i ~h  flogs -iitto "' Lorn Erovne Crcck 1 km f rom i t s  mouth (Fig, 21, 







The Glenda le  system has a s t rong  even yeer scd smaller add year r u u  a f  pink 

. :  agd 5 d e c l i n i n g  r e t u r n  of chum. to irregular suev~eying,  coho artd 

<~!-+keye niimburs arft s p ~ ~ s d i c ,  Chinook, rufchroat and seeelhead have been iloteid 

; : : c z s i o n a l i y  (Ta bLe I ) ,  





T_CI February  o f  1981, a Peabody-Ryan t h r e e m o n ~ h  slnbrnersible theb-mclgrapk w a s  

: ~ : s c ~ i . l c ? d  at t h e  proposed intake s i t e  aZ: the oue ie t  of Tom Browne Lake ( F i g  3 ) .  

. : I  P L L ~  o f  1981, i e  was replaced with a six--month thermograph, and a second 
ix-month thermograph was installed i n  the channel o f  Glentiale Creek j u s t  

a I .!,pa,ream -., c-. T o f  the conf luence with Tom Brome F a l l s .  Because o f  reduced f l o w  in 

: h e  the Glendale thermograp'n was ritoved by a cansultanit i n  l ~ t e  August 

.i 198 1 dowr~.strearn of t h e  canfiaence, t o  the Fisher ies  Research Branch (PRB) 

:,.fii.r s i t e  (Black and Birch, MS 1982), This machine jamed upon installation a: 

:ne FRB s i t e  and was no t  apevat ioqai  u n t i l  Novem'ber o f  1981. It should be noted 

. ;:c; t , judgiilg from temperature cross--section surveys by SEP s:af f done in 

: '2hruary o f  1983, the  PRB Pocatiun wroulcf have been sampling l a r g e l y  Ton Srowne 

:atere Both machines were removed by t he  consuPkant inr l a te  January  o f  1952. 

I-% L( uur lng  a cold-weather p e r i o d  in February  o"981, SEP s ~ a f f  carried our. 

. ire detailed ternperrature su rveys  us ing  a calibrated chermis~ar and a heavy 

- ~ e e L  p i p e  ( 3  mm wa13., 25 mm I.D., 123 cm in l e n g t h ) ,  with a pointed ~ i p  and 
+;i. t h  24 2 mm perforations i n  the  lower 12 em. The p i p e  was d r i v e n  by s ledge  

i : :?mmer  to a d e p t h  of 36 em ( t h e  presumed malciuatm p ink  r e d d  d e p t h ) ,  and t h e  

::t-ighted therriliseor cable i.owere$ to rhn, bottcre of the pipe, i n i t i a l  testing 
5 r1di~3-i.1- ,a,ed t i l e  probe ilemperattlre moved tak~ards  equiiibraticn with t h e  temperature 

o f  t h e  sur face  wa-cer over a period of  several a i n u t e s  (presumably transmitted by 

tile :net31 pipe). Thereafter, temperature readings were taken as r a p i d l y  as 
t>o:;s-jbles ~ i ~ e  ccass-=m- b3tx%$ons were selected 54ithfn the reac5 from tile PRB s i t e  

11.1 just rrpstream of the new J.oggbalg bridge near the  proposed spawning eha~ ine l  
, *-f * 3) .  Qne to f i v e  s a m p l i n g s  were done a t  Peast three paces apar t  

.~;r.i?in ezch cross-section. Also for each sanpil.ng, water depti2 was measured 
:;;-i;!i a cape, sxirface waeer t-emperakure x61cia~ measiared wieh the thermistor, 

:r:lti ~ l r r f & e e  1.l;~ter vel.oci.,ty w,r: es t  $.mated by the Floating--chip ~ietholl .  
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'Two Peahod y-Ryan three-nonth thermographs were placed  in from bra-me Creek 

i lposi te  t h e  FIB3 s i t e  in February,  1983, Both krere weighted; 0 x 1 ~  was placed on 

b t l t j  bot'zom i n  a pro t ec t ed  baclcwater, and che sther was bur i ed  3-4 m abTay ir! 30 

:? uf  grave l ,  These machines were mafntained through October, 1983 by A~qua t i c  

y ' : ~ s o ~ i r c e s  Lie2Lted, who d i d  %he Pry  migra t ion  s tudy ,  and by EVS Consultants E t d ,  

.?o ~ o r ; d i ~ c t e d  an a d u l t  b iubasel ine study of b i g h t  Zn1ek stre,sms fo r  t h e  New 
l ; - ~ ~ . j e c t s  hit, The ~hermograpils were removed i n  the s p r t n g  of 1984 by A q u a t i c  

idsources Limited, d u r i n g  the second f r y  migration studye 

Ti ie  Department o f  Fisheries also monitored water temperatures in the 

# l enda le  and Tom Bro$~ne systems 3871-1945, The avai lab le  chartts were ana lyzed  
1' 

:,.: ~\<ew Projects Unit s t a f f  and are inc luded  i n  th$s review, 

- : \ q ~ a e i c  Kesourcos L imi t ed  was contracted by the New Projsc ts  Unit  to 

: ~ [ - ~ e r f a k e  a dn%mstri.?am f r y  t r app ing  s t u d y  i n  the Tom Brow~e and Glendale systems 
3- * - ' F  

. - L  t h e  sprffig of l983& Xidpping began March 30 and ended May 16 ,  

One 2 ~ 3  i-nclilied plane a ( I P T )  of the International Pacif ic  Salmon 
W 

:-jigmission s t y l e  w.os hung of f  the new Logging br idge over Glendale  Creek, A 

- t .cond In was set frorn a' cable 0x1 the rigl.i"Laank o f  Tom 3rowr.e Creek jest below 

- 2 .  i s  c7-1endaf.e ccnf lnence;  t h e  t rap loca t ion  was unaffected by Glendalc? . a h 

7 ' y a r e r ,  The t raps were f i shed  c u r ~ t l n u o u s l y  except f u r  freshet per iods  d u r i n g  t he  
.;iys of lyiar.cii 31, Apr - i i  2, May 27 and May 14,  and the night: of  A p r i l  2 (Glenda3.r 

: :.ap c;nSy): Apr$.i 9 ,  X ~ L J  wa~er  had i m p a i r e d  cstcl:es i.n the " L ~ I Q  Erowrke r rap 

.:-id r h c  t r a p  was drzg in; on Apr.i,:l 4 and I!, the  Glenda l e  trap had t o  be rtloved 
P I  ;:!-r , j~rc$gs$v~:1~y rspstra<am ( 7 n ~  maximuin) r o  deeper loca t ions  a d  rihe .km Brc~me t r a p  

,..;r! &< fj;rthcr i:renc1,ecI on A l r r i l  12. 



i f x i  catches  of salmon were i d e n e f f i e d  t o  species and coun~ced i n d i v i d u a l l y ,  

e x c e p t  i-iigil;r catches of Glendale  pinks f rorn April 9-24 anti n i g h t  catches o f  Tom 

B r o r n i e ~  chums on A p r i l  16, 18 G 19, ~hhich  xgere volumetric e ~ t i m ~ s t e s  due to l a rge  

n i ~ m h e r s .  Samples a f  up to 30 f i s h  per species were measured f o r  fork lengths 
a n d  u e i g h t s  a t  each  s i t e  each day,  

mS@LTS 

A1.2 knnwn surface water t emper i i tu re  records and estimated monthly means are 

sur!~maslzed f o r  Ton Brez~~ne Creek i n  Tab]-e 2 and Glendale  Creek In Table 3, In 
Tab1 c 4, t he  recorded temperature differences between t h e  two system are 
conipiled and b e s t  estimates are made which consider  general observations of' 

-- 
system v a r i , a b l c s ,  k'or example, i t  has beer1 otserveei t ha t  Glenda le  Lake freezes 

more often aiid more extznsiveiy during the w i n t e r  %hiin ','sw Brom3e take (p robab ly  
+ "d 8-9 'ut ira:~si i r  .is Less ::iian a quar te r  the s i z e  o f  to: * .me); this, p l u s  the  face 

r;ii;ii: Glendale Creek is soar. 7 km l o n g e r ,  ixlfers t h a t  cold-weather per iods  ~:?oxonld 

1 1 3 ~ ~ :  ii preaiier coo l ing  e f f e c t  on i h e  G l snda l e  -.ystleul, Coriv~crsely, w a r m  weat:her 

sii:;nid have a g r e a t e r  heating e f f e c t  on the Torn Broc~ne system, d u e  t o  t h e  m ~ ~ ~ c t l  

larj:er surf-;ice area o f  i t 3  lake. 

f.1. y . d t ~ r  f ~ . n . i p e ~ i i ~ ~ ~ : e ~  and l e v e l s  measijred 31: i:he Glelldale and Tom Brownf; f r y  

3 ,  si.ter; dul:inj: A p r l l  anld Play o f  1983 are  su13marized i n  Figure  4 ax14 

1 in Append-ix 1, AE, m i g h ~  be exi;cci:c?d, ' r o ~ i  9r.oms water teniper.aCurk.ic; 

wc:iS.; ii;c:r-.ea:~ii!pi!l wa:-mer than  Glendale "i~roarfziioirr April-tbfay g je r lod .  4 r ~ t n j  

I$rowwi water leve 1.s f l  uc t i i a ted  i n  a similar bu t  less prailouncrd pat re rn  conipnrc:i 
r < -  f : % c + r s r j a  3 ~ )  C~ea ; : :k ,  



'::,BLE 2, g aaae%&y e @ragurea eB,5@G) far Taa Bx: 
xva~9esas eoarces, 1971 - 1983, $Z aaa~*dy recard $aeg~qPeee~ dates of 

pergod sa P ~ E O P ~  axe gfvea pBa palpeakthesee, 







A. SURFACE WATER f EFAPERATURES AT 





sctbgra:rel., P~es i ?meb ly ,  the subgravel  water tem~~peracure P E ;  biaf f ern-ed i n  a similar 

f a s h i o n  t o  groundwater, Such a bufferirrg ae t ion  has to be consid+?red wi-iene~er 

the dura t i on  of s u b ~ r a v e l  i ncuba t i on  i is gro jcc tod  from temperature data ,  Nore 
r i ga roas  fireasQzerner~4: o.E this phenomenon has been done f o r  the  Terror k k e  

h y d r o e l c c t r i e  developmeni-. p ro jec t  on Koiadiak I s l a n d  i n  ihiaskai, and f o r  t h e  

Carnatioll Creek iogging Finpact study on Vancouver Island, The T ~ E ~ O Z  Lake 

s t u d i e s  (Wilson ee a]., MS 1979; MS 1880; H.iS 1981) employed continuous recorders 

and multiple teal>el-a-cure probes to compare surface water t:emperatr?res ta 

subg;raveb temperatures ciwn to 50 ent in depeh, Probes were installed at a 

number o f  s i t e s ,  and conirianuous reeardings were made aver 24  i:r at. i n t e r v a l s  
throughout   he P;prib-A~g;lst period, ' R e  fa l lowing conclusions were d r a l ~ ~ ~  from 

(1 )  Tneragrar~ei.  ceaperatures ranged fron 0,O t o  4 , O " G  warmer o r  c o o l e r  

( u s t l a l l y  0 $5-1 ,O°C cooler)  than su r f  ace wzter  "Lmperatures, 

(2) Subgrrtk~eI temperature a& some s i t e s  showed little r e l a t i o n s h i p  t o  
0 * 

surface temperature, p s s s i b l y  due t a  t h e  i n f luenee  cf upwe~~ing 
grounkqater .  

(3) Differetrces beeween shallow (10 em) an$ deep (50 em) gubgra.y-eL 

temperatures were n e g l i g i b l e .  

(4) The largest tenrprratilre differences appeart3d t o  be due t o  d i u r n a l  

hearing o f  s;lrfac@ water; iatragrweb r;;atec t:e~aperature changes c o u l ~ i  
l ag  behirnd surface cha12-ges by several ~ O U P S ~  

( 5 )  aver gize s~ljnmer, both s u b e r a ~ ~ e l  b snd surface temperat:ares s i l cb~ed  a 

paraliei wanoj.ng t r end  atl most s i t e s ,  

i',t C;iril;it:ion C r e e k ,  subgravel. cr+rc~perar:u.ses bye re iile.asured usf  ilg a thermis!: ur 
# *.T a i - ~ t j  i .:fr) d.i.aril~cer plat i L c  1;i.pes see '".O cnl irai:o the gravel  us ing  a m.-;cal. ;ii:ivPab; 

j ~ : i i e  ijag;:s o"hu,iclreds o f  eoeasurerr;enilr; t 3 k - e ~  in t h e  Sepki imjer . -~~~~~arci . r  

p ~ r i o r i . ,  c l l i  ZoJlouing iiLsilr~ra!:r.oili: t+Ied:e matie (G, itcrrr~l~ail, pcz~:s C O ~ ~ ~ I I I ~ ) :  



2 )  S i m i l a r  Co ~ h e  Te-rrar Lake: ~ g a d ~  subgravel temperatcres were L6o~nd 

i c i  be up  to 4 'C  warmer i r ,  u i n t s r  oa. cqoler  i n  sumer  t.han the surface 

temperatures, Om. average, subgravel  temperaeures were cooler by I "C 
ne less in September a.ii.d October; t empera tu res  e q u i i i b ~ r a t e d  aboct the 

end of  October, and subgravzl  temperatures then blecarne I. .0--1.5"C 
war:iier than s2rface temperatures November through Fei3r~slpy; t h i s  had 

decreased to l e ss  than i!.SaC difference by the end of Parch, znd 
presumably equilibxated s h o r t l y  thereafter ,  

i m t h  coatii1aon.3~ recordi12g thernrographs acd pipe sampling were done a t  

i :nr iaLe { s e e  Sethodr Sec t ion ) ,  grid produced siaiiar data to t t i e  s tud ies  

. - q i  i.ewe.,tj above, 

iid:a f a  February  through November from the coritin.ilous record ing  

+.i;! .~craphs \ ;  + (Appendix 2 and 'Pable 6 )  c n n f i r m d  t h a t  subgravel  water temperature 

~ p p r o x f . m a t e i y  30 tin depilh could Tdrary as ~ u c h  as siDC from  he s u r f a c ~  
,,:T'""a-'-" .P , (eg, 14,9"C v e r s u s  19,8"C on Ju ly  29 ,  1983). *n general, t h e  

 gravel tennperature regime was bcf fe red  $ . x i  eoapariaon wi th  surface water. 
i ! : g r a ~ e l  minimums were warmar i r r  a l l  nonths except Jane, J u l y  and October;  

i b g r z v e l  maximums were cooler  i n  a l l  k~onehs. livepage d a i l y  subgrave l  

' : qlera tuxes were approximately D, 5'C warmer in February ,  eqtriibbrated in March 
: p i  0.5-2,O0C colder May ttru'cugh Septellltier, alid equ ibra ted  sgaLn i n  

+. - a k-jG As in Lhe Terror L a k ~  sri i i iyp diurnal lags o f  2-4 hs were common duri-ng 

' 9  r, . t i  warmer fponths i n  mn Broxme creek (Fig e 5 ) t ~  

* * Spot ~ampixng r~si .ng t h e  drivexi p i p e  technique ( s e e  Appendix 2 for 
' ri;ss--srct i o : ~  d a t a )  a1sd ga-x;e cornpa-- L-cb%e 1:esuf ts , p g in "bru ar y 

' subgrave . i  ~ e f i i p e f ~ a i - \ * - ~ s  .h J L  wi.2 : 8 ? , S g ~  w;armer than surface; by ea;lf 

' i i i i - 1  l . t:iie s i t u e  t i o n  had reversed (Tab le  71, It i s  of in te res t  g o  Gate i.l:iik the 

: t i ;~ i ; rave l -gur .gac~  e q n i l i b r i u ~ !  pprjin",aoe sot appear  t o  be determined by the 
-,=* ~ [ I F Q .  gi:eatsf;t W ~ ~ C T  density (i,sJ"c), 2o.s exaraple, t h e  February  survey 

) r ; ~ w e - j  that: Glcnda!.co surf:*ee watt.r i;ias 3*5'6 and subgravel !+ 0'~; at the 
" ?O"."C 

. ;+ l ;n t ?  t : j ine9 Tom 1~1rowx103 ~zrr't:ace x*~acer ~ d a s  ,*' and che  subg j rave i  Kemperntuce wes 
, c " 4 

, .  ti, Prc>iia!ri- i  i:hiii +s becarise i l ydca~ ik ic  t~:rbul.errc:~ arrd i r ~ t r z ~ g r a u e l  ncrtc?~ f l . ~ b t  

FbS 
;:,:tiil-i;ii-;> itvei. de~1:;Li-y eff6i.i.:~ . @@rs, C )  i i l e  greatc..bi L ~ t i i ! ~ b ~ ? ~ '  

I,: 1 C: Ee ~; ;~~< .~ i~  ~ u ~ ~ g ~ : i j - ~ + ~ j ; ~ f i ~ ~  i s y r   fa^ t. O C C ~ J ~ T ~ ~  j (1 th<2 !1iid--Ap~*i $ :51i.C\'fi" *-* -7 ;3!' 

.r 0 r q  *-> 
" " - ~ , r j ~ ~ r e ~ : ~ ~ _ i : ~ * < ~ ~ ~  [)a1' !:-. l(p t_ a t J  t o  ~ ~ ~ n d ~ ~ f l e j ~  fclr :I.a;:g-* y~ 4-1 ::; 1- I * 1 I! :-: 

i ,- i:,pci r:.j:~i.,.. d ii f l:~i~~~l~~i: t ~ )  be :;asoc'iat.crd with ~lolr i - ! .  W:P$:OC, ~ ~ 3 : f a ~ i '  ;:'iii i-: 

i j ; j  * '-2- - , I.~ag~{ * 3 ~ ~ . ~ . + ~ : ; I L ~ : > ' * L ! ~  ii: 
+ \* 

" ; 0 7 ;  - r ( j h C [ )  # $ 4  1 "  a ; * * ,  \ b j  1 



e - * %  3 kk&IZ  6, Extrelue and avessge m-~t&alip tempeeagares f sabgra~re:8. a2d sxxrfac*~ 

vater i n  To% Brc33me Creek ag &Re F 2 ( r g g b ~  b n k )  in 1983, 
D ~ -  .% .J p oB % *c ie~e va 1 ue i ; .~d i rz tes geebgx*aveP $emperraEare i s  W a r n e r  tkmn 

surf  ace, 

Pfon t h  M I & p i U M  "c WXmUl.! (a@ MEAN "C 

SFC SUB DIFF SFC SUB DXFF SF@ SUB 5 2 3 ~ ~ ~  

(2ij)a 

MAR 3* 0 ? , 6  +O, 6 2 4,O *%,2 G , Q  4 +  3 -Oq 3 
(31 ;S 

APW 4@ 8 4 e 9  +Oe % B O s  1 O e l e  % 6 a  53 Q g  9 OS8 



f Hours 1 
FEB, S 

2 \- 

p -  0 ~ v L - A = a - w J  

12 i 2 IB 

i Hour%I t H Q U P S ~  
k t ~ y  17 MAY 153 MAY !9 

w- r i g u r e  4 .  E x c e r p t s  from ~ h e i : ~ ~ o g r a p h  t apes  se lec ted  t a  demonstrake 
c l i u r n a l  Bag and  k j u f f e r i n g  e f  feces  i n  t he  subgrave l ktlernia 1 

g.9 -. - regime iil' 'Torn 8rowne Creek (at the rgk3 weir) i n  1993.  



*r+m~g kve~s%,ae d8i:fel-gnceg &a sigbg~av&$ and r~argaee gapea:a&~ares ob~a%aed 
k*sgpv- -a-kxqz .s SFGE @ ~ P ~ ~ - ~ @  o f  Gleriedale aad TQB? BE e G r e e k  iin 1983, 

PosZt 2ve valane 2Hadacaees ssbgra-~eX trra~wera(;ure 1.8 wamer. than 
surface, 

--=---------a- P 

---.̂J- 

Sample Hean O G  

UaLe S i  ze Difference lia ng e 





Zn summary, Che subgravel-surface temperature behavior atr Glendale a p p e a r s  

ico bc s imi lar  to Cha'l o b t a i n e d  i n  the o t h e r  t w o  s t ud i es ,  d e s p i t e  the r i d e  

geograph ic  separation. Use of t h e  irlfarmation obta ined i n  a:L1 three studies 
aI.Iows conversion o f  Glendale and Torn Brawnat average monthly surface water 

teniperai-{ires i n t o  estimated subgravel water temperatures (Table 8 ) .  

Abundance and T i m i n g  
- - - - - - - P m - - - * - w P  

D a i l y  t r a p  ca,tches a re  p rov ided  f o r  reference i n  Appendix 4 For a i l  

species  o f  sal.:aon, catches d u r i n g  t h e  d a y  were very  rninor compared t o  n i g h t  

c;itcl!es (TaD3.e 91, -t should  also be recognized t h a t  t he  2x3 LPT i s  an 

i n e f  f i c i e u C  c a p t u r e  method f o r  largcr j uven i l e  salmon. 

P i n k  f r y  downstream migra t ions  were underway in borh systems when t h e  s t u d y  -.--- 
( F f g  hegai-I r)iei March 3i ? A ) ,  A t  t h e  begii:n:.ng o f  the st i ldy, ;;; f e w  o f  the p i n k  

Fry liad a s l i -g i l t  y o l k  s l i t ,  hut: most. were well buttoned-up, Judging  from thi? 

cztclii~.; ( s e e  - 3 . s ~  Table IO), i t  i s  c ju i te  possible that migration peaked in 
i!row;ic Creek p r i o r  ~o March 31; therefore,  i iV i lCLe confidence i s  placed i.n rh;! 
:- i n; f rig'; r f a t t ? ~  csnta$.ned -j-0 q'#-* 1 & b 3 ~  10 be ing  i n d i c a t i v e  of  that r u n s s  r.l,mlnga 

Cnrches i . r r  (;lendale Creek were much larger tll~iil il~ TCII B~QWIXCG and t h e  t i l n ing  

~ i8 t . a  gjravidcd 1.n 'Tshlc iCi are considered i n d i . c s t i u e  ef the t r u e  m i g r a t i o ~ ~ ,  

/ >P" r v* - 
Clri?rn Fry dcrw;isLrearit n~ ig ra t i un r ;  ~ ~ ' l g ,  T a b l e  10) i lad a 3 . s ~  started pri ior  

W . " " " ~ * ~ ~ * *  

1 r i r i s r ; ~ i ! a i i n n  o r  M a  31, bu t  pruba!lTy t c l  ;i IESSPP. dei;ree. I n  tfk1i.s 

cast -- 9 i-!!e re l .a t ively  large number cE f r y  caugl:t +- in 'Tor11 fSrato.ne Creek giv;?s s o ~ e  
"" - 

~ n !  I :  t i t a t  cntciar:; arc  Lntli.ci?r:i.ve o f  t h e  iai.graCi.on pe r iod .  Cons idcrab  i : ,  

f k r 1 g ill t h e  [;lendale trap, Due the l a t e r  adul t .  migcat.i.on 

ti.;n%iri: (:',u;:itsi:--Oc;:obcr f~, ld.;tks versus $$epte!nbr:r-i":ouen:be~: f u r  chunls) fet4c.i 



Tota l  

No. Caught 
Day Catch As Night G a ~ c h  As 
X of T o t a l  X o f  T o t a l  

i l&$$E i gj-Jg !:*$"k* d,m3w~y af t zdag  ~f eagekes ~f da~msereaa &$reasat% %a Glex~dale and 
PA* Brwae Pa r983, (Traps &~sra l ]e$  Ph-reh 3 31. and rema~~eld F&y 

$ 6 )  s 

T o t a l  EsE, Ux 50X Peak 90% --q k i k3&@ -., a!= 

z,,,~, %- -+. ; ~2 s S y a f  em Ma. Caught Start Catch Catch Catch Catch End 





j eocaa%. t r a p  catches of C O ~ U  f r y  were considerably higher than  f o r  T o a  

. I  This r e s u l t ,  together  with the  f a c t  chat  no coho slnoits were caught i n  

. . I  iom Browne trap, indlca~es t h a t  coho make Li t t le  use of the Tom Browne 

..!ern." C o h ~  smolts were captuped l o  Pow numbers i n  Glendale from mid-April t o  

. ~ - ~ ~ i ; i y  \ l~eak ing  i n  t h e  f irsr; veek of May), 

;;cic!.-~e (Tab le  10) were captured i n  small numbers mainly 3.n the  Glanda le  " 2 -  

;:!I (148 smolts and presaolts versus a t o t a l  of three frcrn Tom B.rowae) from t h e  

. ir-! k~iiek o f  A p r i l  t o  the end o f  the program, w i t h  peak ca tche :~  i n  the f i rs t  

f;ti;,-r SJE.C~F- ,S caughe: throughout the  trapping period included: --L"iL ---- 

.- " Sree thead (Kelt) 
Z 

I ,  L z* t-j r, g 0 

D o l l y  Varden f r y  
S Lj., gl I - t . "1 -~1 ; j8~k :~  

i:tsc t i d s  

;.,amp rey  - Larviiz 
-. adt~I,$s 

Tom B r s q ~ ~ e  
C L - ? a . % e P - r  



e cieigiic, and condition data (Appendix 5) are summarized in T a b l e  I I ,  

P ink  f r y  had a mean Fcrk l e n g t h  e f  34 mm, a mean m & h t  of  0,,2 g and a mear, 
*- m- --- 

o f  1,74, There were rio s i g n i f i c a n ~  differences between t h e  two systems, 
aikkd :here wcr%z no% crez~ds ns t%@eab$~ aver ttme, 

Churn f r y  had a Dean f o r k  1.ength of 38 ma, a. mean weight of 0,,3 g and a nean 
--<- 

1? 0 .  

hi; o f  I s R 2 *  No s i g n t f i c a n ~  difference o r  t r e n d s  between sysee~ i s  or over  
was n o t i c e d ,  

Coho f r y  averaged 37 ms: i n  fo rk  l e n g t h ,  0,4 g in weigh:, and 0.79 KD. 
--a- 

? 

1 s j - d ~  from a tendency f o r  L I L ~  smallest f i s h  co come from the Tom Browne s y s t e m ,  

no ocller differe~eeu were noted.  Glendale  s m c ; l %  saveraged 75 rm i n  fork l e n g t h ,  

5 , i  g iil weight, and 1,06 i n  K, No d e f i n i t e  t r e n d s  w i t h  time wetre noticed, No 

cc11-m smelts were captured froa Tom Browne Creek, 

Sockeye  s m o i t s  fcnrn Glendale  averaged 80 mm i n  fork length, 4 , 5  g i n  ----. --me-- 

* s pre,kgric, ;-?n,i 0,90 i t +  K, No trends uver  t i m e  were noted. 

Z i i  ocrier eo predict s>yeiag, hatching, and emergence dares For the  xjurposcs 

oi! t a c j  I. i c y  des ign ,  we norinally use the A c c t l m u I ~ r ~ d  l22ermal liuit; ( A T l i j  
1 3  spi,cr~cn[:lr, ibis a rcasonabl.i mdthod of p r e d - i e t i . ~ ~  where the isatcic i.,:itlperaeare 

c-int:;~ ii';ed ci:irretspcndj. t o  that which the f i s h  wFlL exl3erience i.n i t : ;  $,nc;ibnt.i.cn 

t z r p v  r O ~ ~ B ~ I E I - ~  c . h e f t  iu.ork,trp relatirag sur face  water texal~eriik~nres t o  

k-:~3-[.k; y,-;: f *  ~ C J Q  o f  s~ck.eyc: ry f aa0iu tire Ga b i u e  spawrri.i~g cha~.rrtel_s sugges tec! t hat  

j a.2 - . ric~ur';eci 3 2  1 KtUs (315 3~14 i.G50..485@ PiT1jp 

g - c , : ; t c , . : c i v k ~ y )  2 t i i a i i  clle i k t e r a r ~ r e  r,~i,ip:li;ced feg, :'oerster, 5:,8, fount? ~ i ~ \ s k  

c;?,p{;c:-*:~ (3 j:accilce;: h a t c h e d  <ir. hg[ i  :T!J) , S t g d i e ~  o f  ~ijbgravt-:  i Ci?~'JpEri\t i i f .~)::>s t-it Y 
. .. 

' ~ ' # z L . ~ I J ~  [I:lL~~2 i : a ~ f i ; l t j . ~ ~ f i  (:~(L.c!:,  ?:LI(~ i<:ti.g;il: ,.- ?rii.ei: (dq?t:?Il~i ci-f each :!rt-: jir*cs;?nta,i [ . ~ i  

.d * i. H X C 

i t  3 4 5  ;;:2cg-~.ofi] c:oaij-riji !.hbt ~ n e  3 1 c?nui:riiiintb.i.ii $ 2 .  

i j t : j  { f q - $ ~ 4 :  <:&][\:j#;j{'i$";t>!l i:t> $5\]L*4:;3,cc: tJ;-j*i:k$i: Lkri~>erat:t31*t2?;* 



* :"Ea::Lg j j Smgwa~y QE g q  q~ag f  gy ?.sea 1983 xm e a ~ c b g  a8: GX~m3ale  (GD~ 
and Tom B g ~ w a e  (TB] Cgee3m, 

--- - -- ---- - & - - w P - a w - - -  ' -----*--*----- 

Erean For Length t$ean Wet Gjeight He an 

:cc.xes Sy sten: 2x1 ma (brtgej  in g (Ratarnge) 1 (Ra~ge> 
_ _I ---- --_Y__--j_ " - - < =  p - r . 1 1 1  - m m w P . - - - - M P P -  

f ' ~ l c  f r y  CD 34 (28-38) 0 2  ( O e 1 - O e 4 )  a,71k (1,70-1,89) 

TB 34 (30-41) 0.2 (Ce1-B,S) 1 ,75  (1,64-1.99) 



a c t u n l  dowfis t r ran~ migration data. f o r  Glendale and Tom Browne salmon f r y  in 
?:W&--81. For  pi-nk f r y ,  chere i s  .some u n c e r t a i n t y  a s  r;o whrm peak spawning 

-7 occurred i n  1382, P D T  the  purposes o f  the a n a l y s i , ~ ,  i t  2,s presumed that 

spawniag  uould have peaked bcit%?eerr Sepeember 15 and 30 ,  It: is obvicuis from 
P 7  % P' I . a b k  12 tliat s p a ~ m i a g  on September 15 cou ld  r e s u l t  i n  f r y  migration being 

em* advanced by n i n e  ~ ~ e e k s  in Ton B-rowne water and b y  three weeks i n  Glendale.  i n i s  

L:; b e c a u 3 ~  $he "- , ~ ~ p t e m b e t -  mean eemperhCure - incorporates the summer iow-f l o w  

maximums. Sta f f  from the Pacific B i o l o g i c e l  Seatfort &hat  were involved i n  pink 

salmor: eggtakes in Che 19608s observed thze the  pinks tended t o  hold near the 
mouth o f  Tom Browne Creek u n t i l  the fall frestlets (and cooler water) oc:curred. 
Thus  the  Sepgeoiber 30 prcrjectkons arz considered mre rc?ali.stic ( t h e  freshet  may 

cceiax: esrl.ier,  bu t  i t  i s  advised t o  use October temperatures i n ,  calculating t h e  

ATUS)", The Glendale d , a ~ a t i o n  data from Table  1.0 matches -very well with Che 

p r o j e c t i o n s  made in Table  12: 

Actual  Peak Pro jec ted  Peak 

of Migra-tion 
- = - - z - -  

o f  Migration ---- 

A p r i l  13-160 Apr 21 (cozld be 

IJsing t h e  p r e d i c t i o n  frcm T t b i e  12 would sugges t  t h a t  pink f r y  incubated  i n  Tom 

HrQbJne water w ~ u i b  emerge 4.7 d a y s  earlier than i f  incubated  irk Glendale iretar, 

second cheek of t h e  accuracy u f  this prediction method can be made using 
chiin f r y ,  i r  i s  preauu;ed ti;a=hu~5: spawned cJ.ceobrr 10 f n  borh systems i.n 

1982" and c h a t  i t  requires 1000 ATU f o r  emergence, the  following pro j ec t i ons  and 

eo i~pa r i son  are made f o r  chum f r y :  

P ro jec ted  Peak 

o f  Migration 
FM-nl*+m+*t+. lpYU-L.  -T*<-u*<BL4raEn 

Apr 28 
!&.j,plt 10 
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T h e  ~ c t i i i ~ l .  chxm migra~l;ion data aatch thg! p r o j e c t i c ~ x  f o r  Glendale: and Tom Srcwf ie  

exerenely w e l l ,  

In 1 9 8 4 ,  t i l e  Tcrn Brorme pink f r y  migration peaked only ni:ne days earlier 

r h a n  G l e u d a l e .  and rhe Tom Browne chum peak was two days  la ter  ttian the Glendale  
peak (Sianey, pers, comm,), There could be a numkjer of reasans f o r  t h i s  result, 

B - 
~ U T  t h e  es,enzxal. po ia t  t o  be aade is thar ,  f o r  p i n k  f r y ,  the  4i'-dgy difference 

" 3 
3 ~ l g i l q  bd oe c~ns - i~de~ :ed  as ehe maxhm, 

As s a i i ~ ~ n  fry can experience significant mortality w i t h  j u ! s r .  two weeks o f  
-% s Carvacion ( see  ~n~r roduc tEon )  , l~ l ig ra iL i~n  ~ c c l i r r i n g  tli.ree t o  seven weeks 

prematurely remains a d e f i n i g e  concern, The nex$ facts%-c t o  eevabuake i s  t h e  

t i m ~ n e  ti c t f  Gfie biouui o f  aarine food organisms in rebation to tbie tirning of  f r y  
outnigra~ions, F o r t u i t o u s l y ,  Knight 1nI .e~  ca lano id  copepod seasonal p o p u l a t i o n s  

have beell s t i x i i ~ ? r i  by Stone (l%S 1!977), 'This g roup  a f  zooplankton has beell foirnd 

f- ,%> rk be o f  major importance t o  the d i e t  a f  pink f r y  i n  several s tud ies  throughout 
+- ~i2e - *- i a ~ i f i ~  W ~ r t h w e ~  t ( e g ,  LeSrasserrr, 1.966; l-b.;anzf;r, 1969; Parker ,  1963; S f b e r t  

arid Parker ,  1472; Parker and LrBrasseur, pers, coniia."; Feller ,  p e r s .  commaa; 
a s 

L .A. Len, pc? us , c o i u ~ ,  a 1 * 

Stone's sesri:efi are sunuariz~d ill Figure  8, &7ighc T,nle% i s  ciasskiiied as 
a & ~ , e l - - b e j i n  g lacia.1 run-oig -..A f i o r d )  with Glen3aTe Cove locarei near the 

LI 

mid-point of t h e  inner basiin. The doninant  features o f  ch i s  systerr  are a sumn:e; 
peal: surface cu"El.cu GP: Low-salinit:y turbl.d fre.shwatsr, arid the replacement of 

deep waters by ' i l i ~ h - s a l i n i ~ y  .%..-. intrusion associated wi.tir! s p r i n g  and suarrier 
- 

, I  along t:he cuter r a c 4 i c  Coast;  in cnmbi~ation wieh uplif~ing and 
Elushifig at2irions v i a  cn",r.9~.nrui.a% wZ.th the sur face cui-.fZoxi~, The -1a r ;~e r~  ~Ftiii-or~gh 

cjisi.atic.ri, 3L5-50 l e ~ g e r l ~  tlZ'5: i.wpa::ts of t'-* i t %  ", L ces11~gai:er run--off as one ino%~es down 
rg.. tile i i . , i c ? t  (eg !lig;her sa l l .n i ry ,  lower t i  i i.12 tiii; \iicinir.y- of Gleridale 

" - Cove2 chc seasonal p r c , f i i e  or i l l l e t  surfact? ~ a s g s ~  ( F i g $ .  8) wzs ~ ~ f ~ y s i ~ ~ : ~ ~ , ~ ; ~  

cha_cgrrccize& j-n 1 97Lr-d75 ~ J T ;  





( 3 )  Lncreasi.ng turbidity a f t e r  May t o  peaks of 5 m g / 1  i n  July aild October 
(ic should be noted chat  t h i s  i s  considered a Low Level and would have 

o n l y  minor  impacts on plankton produs t i an ) ,  and returning t o  2 mg/d by  
geces~kjer, 

4 A sharp decll.ae i n  xiitrate levels between March and i i p r i l ,  w i t h  only 

ncinor reeoveriev through October, 

(5) /a inverse  reLationt;'nLp o f  ~ h l o r o p h y Z l  'a' with nierate, save that 
chioxt3piiyl.i ka' peaked Fa Ju ly .  

P T  3 ine ealanoid copepod and eladoceran plankton populations i n  t he  upper 10 m af 

t h e  water column began eo increase af ter  February and reached a sp r ing  peak in 
c %. 

A p r i l ,  dec l ined  2.n Hay, recovered s l i g h t l y  i n  July, arid peaked s t r o n g l y  aga in  i n  
Ailgust, k t  i s  worth. rruting tha t  &fie abundance and cofaposition of zooplankton 

m change2 dok~x! the in!.et, sa r  exaraple, Sta t iora  XN 5 had tvro rc f o u r  times the 

]#lay-September abuadanee o f  Sraeiohi Kle-,' 7, despite 234 5 being orrly 20 kn~ fu r the r  

down t h e  i n k t  (Fig, 8 ) .  Zrz addition, the doninant spesles d u r i n g  the A p x % i l  and 
August l'ea1:s @Ere d i f  f e r e ~ r t  f o r  each s t a t i o n :  

Sp r imig 5 Pseudoca$anus eJ,oeipptlus -3 - ?+i,kg 8; * -- .* 
----=---=em-- ---**mw* 

dtn L 

( $ A p ~ i l .  j 7 C a l a g ~ u ~  nazrg$aal,f ee Fyos - "0"- U-- I*" I -- ' n -ar rx, h", - r e r  b r a  *- ri 
Mig~cant 

F ' 1  
4- 

!-ilk? p ~ ~ ~ j ~ ; j i ~ ~ [ : , ~ y j ,  p:~;ik 
A. . fry raj.p,-*at?.ur; ,,,B - C* noqk #r c.~ %.'. From --. C].endale t ; r e ~ l c  wc;ul.tl gapf)ear go 

6.i. ju3-c: after ekie oeajg b of ghc. p ,  p J . a n i c i : ~ ~  blac~m, The p ; \~ - l j& r  .-~, .* 

2, - , . ;: r - -1  3 f Om 1 i i  c u -r P i ,  9 12 i 11 ''I.- T- " 
f P 
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: : : i i i~ fon~,  S i b e c h  and Parker (1472) have suggesred t h a t  a ~wo-wei~k Ehead star:' 

p i n k  f ~ y  over coho smolts theoretically could  have a significant and r & 

cncf i c i a l  e f f e c t  through redaction of predation, 

An a d d i t i o ~ ~ a l  argument %a suppor t  o f  thts conclusion i s  ",he case o f  the 

. ' ~ ; i ~ a n o  River. Ln 1954% the Rllsminur~i Company of Canada completed the Kernan0 I 
7dgoeLect r ic  project ,  which diverted water from a depgh o f  approximately 6 m in 

.,- 71 + :s:ii!tsa i,akc, into the Keruano Wver  16 kn above U-te estuary. The d i v e r s i o n  f l o w  
' '2 C" .,., g r a d u a l l y  increased unti l .  naxixnura capacity f o r  power generatian was reached 

;979* 
. . I  Th4.s has t r i p l e d  the  n~ean annual  Elow in, ghe Eawer Kemano River 

. i:nlrircjnoran i,cil, bfS 1931), Zt also  has r e su l t ed  i n  warrcor water temperatures 

1 1  t f a - 1  (averagiag 2 c 4 0 C  higher i n  October of  1980, f o r  example) and 
- .-.=f> v . , ks;imabl.y through ruosr; 6.f the  w i n t e r ;  however u n l i k e  the Tom Brokirne-Cleridal~ 

f 

..ituation, ~ a i i r a c e  rgtreer was 2'C roaler than t b e  uppe r  Kenrana Iliver by Apr i l .  
r? * 
!.i~:.! roecn L K ~ ,  MS 1981). I f  emergence project i ;ns sre made f o r  Kernano pink arid 

+iiutn s~cocbs Pn the %$ante f a sh ion  as was done for Glel~daTe s tocks ,  Kernan3 pink 
-,r i imci i-~ ore o n l y  advlaced by f ive weeks. toaking at the  eseapemerze: recards 
: 1-!aiizon axtd MsrshalL, 240?), ba th  p ink  and chiam salmon sgocks in t h e  Kemaao have 
? :. *. ~ r ( ~ ~ & 3 : ~ : g ~ ~  : 

- * . f r r s m  orher F;l;reams fiea.-by, e-.heee increases are not part a gi.nel:a: 

I -  3 ,  : 9 A13 .sc p a r t  of these upwltsd r;rirnd~; 

; : ~ ~ i j i j ,  i2e due C(J Fneaesged wet ted  ilab:!.lrat a x ~ r i  nmr-2 sl:a!r!,e f lo :~s  duri-rtg inc~~bnt f - ! ; t~  
I : .  !.,cd, HS 1981); the $ 4  to made here i s  thee 'prc+mat:v.a*t:' 

, ; i i i .gi;r~cic;~i ~p f i v  :st:e!ta F J Q G ~ ~  appear Cn haye ~iti.l{+..r xfr3. l  or bei iei ' ic l iq l  

i;fipzgE y\2r)gt3 
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A number o f  data  gaps remain, which do n o t  allow conclusioas to be made in 

complete conf idence ,  Nevertheless it i s  felt &hat ,  despite t he  possibility t h a t  
i '1 prnK f r y  c o u l d  emerge 3-4 wk earlier from  be proposed Glendale  spawning channel 

thaii from Glendale Creek, i t  i s  unlikely t h a t  this will have a major negative 

impact 01% s u r v i v a l ,  

Tile EoLlowing therefore was recommended: 

( i )  Fu r the r  f e a s f b i l i t p  s tud ies  s h ~ u i d  proceed. 

( 2 )  The b i o l o g i c a l  s tud ies  shorr1.d inelude. observations o f  marine 
I 

zoogjl.ank~or~ as  well as 0 5  ~i i i r fne  migra t ion rtnd d i e t  of p ink  frye 

AZso, a mare d e t a i l e d  eedd emergenee g i n v e s t i g a i i o ~ ,  i n  T Q ~  

Browne and Glendale  i n f l u e n c e d  woter s h o u l d  be added to t he  arogram, 

(3) In t h e  ever%& that the above kjtadies indicate t h a t .  esrZFer migration 

woxi3.d resillt in Lower s u r v i v a l ,  gome thought  nust be given t o  the 

acceptability of se lec t ing  the Later portion of t h e  pink spawriing r u n  

as cha~lliel brocldst:ock, This ral'.sers soate rnajor questions w i t h  respect 
to genetic i n t e g f i t y  snd possibee separation of t h e  run  i n y o  chanriel 
- v r 3 natiijral. stocks, bnkh i n  the fishery axid e ! ~ a  escape~neznt, 1 he 
"> I. ixeg~ona l  -- Pla;~riiirg and Ecorlolnlcs Gcorrli has been asked to p r o v i d e  an 

o v e r x ~ i e w  0.i: E ~ I P B S  general  ~ o n ~ t ? i - t n ~  a~ !:be re la te  to the Ki2ighc: Zn:jmi+i: 

s L ~ u u t i s n ,  lf such an approach i s  not deemzi.: acceptable, 

cos~cir2erati!,n mi.ghi: have to bc g i v z n  to coa l ing  channel  water  f o r  at 

I.ear;:t a !,or. t ken o f  j,ricuhat icirr, This %:is t: likely woui c'a rerjmirt: pitrnp-iii~~ 

[ruin C L e r ~ d a l e  I '  1 V ; < O I I X ~  'be b a t h  IntJre torrrpIex ilntf 
r ; ~ j ) p : l ; ; i  k. . 'JCJ rjnr! m l i ' j d  ::eqtii: rqi& xAcb- evi.  lkracf of reject: qriah~$~ L - f i y  












































