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assessed in a one-year s t u d y  o f  improved groundwater-fed spawning areas in 
sou the rn  B r i t i s h  Columbia. Su rv iva l  from p o t e n t i a l  egg d e p o s i t i o n  to f ry  
emigrarian ranged f ron~  I% to 33.5% and averaged 16.3%, a p p r o x i i ~ a t e l y  twice 
t h e  average recorded at n a t u r a l  spawning areas in t h e  p rov ince .  r2I.rh~ugh 
n2ximu1n f r y  p roduc t i on  p e r  u n i t  u f  spawning area ( 5 1 7 / n 1 2 )  was achieved with 
t h e  higtbestc spawning d e n s i t y  (2 .5  females/m2), f r y  o u t p u t  per area d i d  not  

2 increase a p p r e c i a b l y  when density exceeded 0.5 female/m . The advantages 
of a gratled gralisef spawraighg su"sstrate, which had been added ts 5 of the  7 
s i t e s ,  were wat appa ren t  from t h e  su rv iva l  d a t a ,  However, differences be- 
tween sites in. oche r  phJJsieah k a t u r e s  and i n  spawner d e n s i t y  may k~ave QB- 
scured  t h e  i n f l u e n c e  o f  s u b s t r a t e  q u a l i t y .  Additional information is pre- 
sented  on charac ter i s t ics  of chum salmon spawrjng popu la t ions  and f r y  n ig ra -  
t i o n a ,  ac  well as incidental d a t a  on u r i l i z a t i o n  o f  t h e  improved sp3wning 
areas by s t h e r  s a l m n i d  species, 
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Le l r a i  du saumon kgta, la survie d e p u i s  la ponte jusqu'au stade 
d'alevin et la production d'alevin a n t  gte' e'valugs dans le eours Cl'une 
gtude d ' un  an s u r  les fraybres amdlior4es et alimentges par de l'eau de 
nappe phr&at ique ,  au sud de la Colombie-Britannique. Le taux de survie 
mayeme d e  16,3X/, ssoit pres clu double  de la moyenne relevke pour  les f r a y g r e s  
n a t u r e l l e s  de la province. La product ion maximale d'alevins par u n i t 4  d e  
f r a y h e  ((517/n2) a 6t& obtenue avec la densite '  de r ep roduc teu r s  la p l u s  
6levge (2,s femelles/m2), = i s  la product ion  par unit6 de surface n'a pas 
augmen~e '  sensiblement au-del'B de 0,s  feraelle/n2. Les donnkes s u r  3.a surv ie  
nkont pa s  m i s  en &videnee l es  avantages d'un substrat de gravier ni.vel4 g u i  
avai t  &t& place '% cinq des s c p t  frayeres. T o u t e f ~ i s ,  il se p e u t  que les 
effe ts  de la q u a l i t 4  du s u b s t r a t  nc so i en t  pas ressortis en raison des d i f -  
i k e n c e s  de caract&is t iques  r: de dens i t e '  de reproducteurs  d 'un  erkdroit 2i 
l 'autre. Nous prgsentons das renseignements supp161eentaires sur iss 
carailt6ristiques des  popuia t ions  d c  reproducteurs  et de la migration du frai 
d e  saumon kgta, a i n s i  que des  donnges accessoires s u r  l'utilisation des 
f r a y g r e s  amgliore'es par d'autres e s p k c e s  de salmonid&. 

MOTS C L ~ S :  saumcn kgca, s u r v i e  depu i s  la pcrnte jusqu'au seade d'alevil i ,  
** producr ion  d'alevins, dens i t&* de reproducteurs, age, t a i l l e ,  

momenr de La migration, am6l i c ra t ion  de la f r a y h e .  



(:hum s a i m o n  ( O ~ ? c ( ? r h v i ~ ~ i ~ u s  -- k e r n )  populations i n  scurhrrn British Columbia 
commonly spawn i n  g r o t ~ n d w a r e r - f e d  s i d e  channels of t h e  l a r g e r  r i v e r s .  
Thcse  relatively stable environments a f f o r d  p r o t e c t i o n  from t h e  extreme 
freshets which adversc3 ly  affect salmon survival in main-river spawning 
a r e a s .  The  salmon prL3delceion p o c e n t  i a l  of s i d e  channe l s  is  of t c n  'n i m i e e d ,  
k,o;:cve:-, by l o w  v o l u m e  and d e p t h  o f  flow w h i c h  nlay r e s t r i c t  spawner 
a c c r s s  o r  cause desiccation of r c d d s  during incubation a n d  f r y  emergence. 

S i n c e  1q?7 t h e  Department af Fisheries a n d  Oceans has undertaken a program 
to develop new spawning a r f a s  a n d  t o  improve existing a r e a s  i n  groundwater- 
f e d  s i d e  channels, primarily to increase chum sa lmon production. The 
program h a s  u t i l i z e d  f o r m e r l y  a c t i v e  f l o o d  c h a n n e l s  wh ich  a r e  c u t  o f f  from 
c h e  main r i v e r  a n d  a r e  f e d  by groundwater. Techniques t o  e n h a n c e  t h e s e  
spawning a r e a s  h a v e  included t h e  removal of  obstructions t o  migration, 
excavaeisn t o  i n c r z a s e  groundwater flow a n d  d e p t h  a s  w e l l  a s  t h e  a r e e  
avpilable f o r  spawning, installation of weirs t o  increase water  d e p t h  a n d  
c o n t r o l  g r a d i e n t ,  a n d  t h e  a d d i t i o n  of  g r a d e d  g r a v e l  :o improve spawning 
b e d  quality, 

T h i s  r e p o r t  presents ~ h e  results o f  a study to assess  chum salmon spawning, 
coo-to-fry L- 9 survival and f r y  production a t  seven s i d e  channel improvement 
projects, chosen  ~ r r  r e p r e s e n t  various site c o n d i r i o n s  a n d  inpsobrement  
trchniques e m p l o y e d  i n  t h e  program, Additional d a t a  w e r e  c o l l e c t e d  on 
characteristics of r h e  chum s a lmon  populations, s u c h  as spawning timing 
<3nd d i s t r i b u t i o n ,  spawner age a n d  s i z e  composition, a n d  f r y  s i z e  a n d  
i r ~ i g r a r i o n  timing, as w c l l  a s  incidental information o n  utilization by 
o c h e r  salmonid s p e c i e s .  T h e  study was conducted a t  t h ree  ?ices i n  t h e  
Squamish River system and  f o u r  s i t e s  i n  t h e  lower F r a s e r  Valley near  Mission 
a n d  Chiliiwack ( F i g . 1 ) .  Data from one location, B i l l y  Harr is  Slough on t h e  
!owr H a r r i s o n  R ive r ,  were collected by  he ChehaEis Indian Bandl as  p a r t  
o f  a n o t h e r  invesiigatlon c o n t r a c t e d  by the Bep2rtnent of Fisheries a n d  
G c e a ~ s ,  

DESCRIPTION OF THE STUDY AREAS 

J U D D  SLOUGH 

J u d d  Slough, one of t h e  major chum salmon producing s i d e  channels of t h e  
Squsmish River, i s  l o c a t e d  a p p r o x i m a ~ e l y  3 krn n o r t h  of Squamish near  t h e  
c ~ m i ~ ~ i i n i t y  o f  B r a c k e n d a l e  ( F i g s .  1 and  2 ) .  The slough h a s  become basically 

groundwater-fed s t r e a m ,  w i t h  l o c a l  s u r f a c e  d r a i n a g e  contributing a 

-inor portion o f  t h e  flow. This situation developed i n  1967 when t h e  
I c p a r t r e n i  o f  Fisheries constructed a s p u r  dyke  at the upstream end to 
F r o i e c t  t h e  slough from flooding. T h i s  d y k e  was replaced i n  1975 by a 





FIG. 2. Map of t h e  Squamish a r e a  showing l o c a L i o n s  of  s t u d y  sires a t  
Judd Slough a n d  Lower Paradise Channel. 



r : i t : cY  con: r o i  d y k e  constructed b y  
. ;cc*2i  communiciese P r o v i ~ i o n  w a  
jquamish ~ i v e r  through a n  i n t a k e  v a i  

, 3 T t 5 h  ~ i v e r  w a t e r  i s  normally i n t r o d u  
chr e a r l y  s t a g e s  o f  chum sa lmon rnigra 
r u a r y ,  1980 showed t h a t  f l o w  volume 3 i 

u p p e r  reaches  above Pond 1 (0.08 m / 
n l y  d u e  t o  groundwater i n p u t .  

t h e  provincial 
s made f o r  c o n t  
ve a n d  c u l v e r t  
ceb  f a r  a s h o r t  
i i o n .  Flow mea 
n c r c a s c s  almost 
s c c )  a n d  t h e  b r  

gave rnfne2 
rolled j, 

i n  t h e  d 
period 

surement 
8-fold 

i d g e  ( 0 .  

n t  t o  
n f  l o w  from 
y k e  ( F i g . ? ) .  
i n  t h e  f a l l  
s i n  
b e t  een Y 
6 m 

T h e  m a i n  s t u d y  site included t h e  u p p e r  1500 rn of slough, exLending from 
:he intake t o  t h e  lower d r o p  s c r u c i u r e  ( F i g .  3 ) .  T h e  o r h e r  s t u d y  s i t e  
,as pond 2, one o f  t w o  p o n d s  a n d  ~ w o  small t r i b u t a r y  c h a n n e l s  improved 
i n  c h i s  u p p e r  s e c t i o n  of  s!ouph ( ~ i g .  4 ) .  

Improvement of t h e  r n ~ i i r i  s l o u g h  a n d  s i d e  c h a n n e l s  was c a r r i e d  our  i n  1978 
a n d  1979. The  t w o  pond-type spawning a r c a s  were c r e a t e d  in 1978 by excav- 
a t i o n  a d j a c e n t  t o  ~ h e  main c h a n n e l .  G r a d e d  g r a v e l  w a s  a d d e d  t o  Pond 2. 
I n  the m a i n  c h a n n e l   he stream bed  profile was a l t e r e d  tro p roduce  a m o r e  
even  g r a d i e n t :  o v e r a l l .  Coarse material was excavated from t h e  s t a - e m  bed  
and  p l a c e d  o n  t h e  banks  t o  i n c r e a s e  t h e i r  stability. Low wood d r o p  s t r u c c -  
u res  were i n s t a l l e d  to i nc rease  w a t e r  d e p t h  i n  shallow a r e a s  a n d  t o  control 
g r a d i e n t .  The a r e a  o f  main c h a n n e l  improvement  e x t e n d e d  f rom 100 m below 
the intake to the lower weir, 100 rn upstream of Tributary Channel 2 ( F i g .  3 ) .  

The improved s e c c i o n  of m a i n  c h a n n e l  i s  1470 rn long and averages 8 rn w i d e ,  
providins 11,600 rn2 of  potencia1 spawning a r e a .  Ponds  1 (510 m2) and 
2 ( 5 0 5  rn ) measure 15 m wide  and  110 - 1 2 0  m long.  Tribuiary channels 
1 (645 m2) and 2 ( 3 2 8 0  m2)  are 135 a n d  480 m long respectively and  average  
7 rn in w i d t h .  Potencia1 spawning a r e a  in J u d d  Slough and  ~ r i b u t a r i e s  t o t a l s  

2 16,600 rn 

During salmon spawning water temperatures i n  t h e  s l o u g h  and  Pond 2 averaged  
respectively 2 . 3 O  C and 3.1° C warmer t h a n  t h e  Sc drnish River  ( F i g .  6). 
Spawning substrate i n  t h e  main c h a n n e l  consisted of g r a v e l  u n d e r  3 in. 
( 7 6  mm) diameter a n d  s a n d s ,  w i t h  approximately 30% by weight u n d e r  1/2 i n .  
(13 mm) diarnzter  ( F i g .  5 and  Appendix H). The g raded  g r a v e l  p l a c e d  i n  
Pond 2 ranged f r o m  4 i n .  ( 1 0 2  m)  tu 3 / 8  i n .  (10 wn) in diameter and con- 
t a i n e d  no sands or s i l ~ s  ( F i g .  5). 

Judd  Slough i s  u s e d  extensively f o r  spawning by chum salmon and t c  a l e s se r  
extent by  coho salmon ( k i s u t c h ) .  I n  t h e  1970°s  a n n u a l  
escapements were estima ange s f  4,Omts 10,080 chums and less  
t h a n  50 coho (Marshall and  Brown, MS 1 9 7 7 ) .  The s l o u g h  a l s o  serves as 
a rearing area f o r  coho salmon and  t r o u t  (Saimo sp.). --- 



-- DROP STRUCTURE 

FIG, 3. S k e t c h  map o f  t h e  .!rttic! S I c ~ l s h  seu t ly  s i t e ,  tributary to t h e  
Squamish Hlvcr ,  



FIG. 4 .  -A Ta jor spa1~:ning a r e a  iz: J u d d  Slough ( u p p e r )  and  
t h e  Pond 2 s t u d y  site adjacent to the slough 

1 0 T.%- e r * 
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F I G .  5. Conparati \ ic s i z e  c o l x p o s i t i n n  of spawning beds a c  t h e  s t u d y  s i c e s .  





Lower Para6 i sc .  Zhannfl i s  2 flood ch.3nnci o f  t12e Chcakamus R i v e r  v h i c h  
receives o c c a s i ~ ) n a l  i n f i o f ~  from t h e  m a i n  r i v e r  d u r i n g  extreme E r c s h e c s .  
I t  is s i t u L + c e d  npproximatrly S krn n c r t h  of  Squamish (Fig. 2). The  s t u d y  
s i t e  i s  a small groundwater-fed triSucary of L o w c r  Parsdisc S i d e  C h a n n e l .  
Prior to development i t  d l d  n o t  s u p p o r t  salmon spawning, d u e  t o  l ~ w  flows. 
T h e  f l o ~  i n  t h e  d e v e l o p e d  c i ~ a n n f  l i s  at n l  l t-irnt.5 comprised main!y of 

T1 ~ r o u n d w a t c r ~  r l u r  i u a r  ions i r i  r i i scharge  o f  t l ~ c  C h e n k  amus Ri1:r.r cause 
similar fluctuaricns i n  g r o u n d w . j c ~ > -  flow i n  r h e  developed channel a n d  :he 
main Lower Paradise C h a n n e l .  U n d e r  c x t  rcme h i g h  discharge condi: ions 
outflow from t h c  devrloped channel may be restricted d u e  r o  b a c i < w a t e r i n g ,  
thus increasing w a t c r  d e p t h  in :he inwer scccinn. 

Development of t h e  L o w e r  F C l r a d i s e  t r i b u i a r p  w a s  carried o u t  in the sumaer 
of 1979. The  s t u d y  s i t e  was deepened  2nd w i d e n e d ,  a n d  a short dyke or 
p l u g  was c o n s t r u c t e d  a t  the hew3 of  he c h a n n e l  f o r  flood protection 
f T- - r 7 F i v e  laminated wood d r o p  structures, a o p r n x i . n a ~ e l y  3 0  crn h i g h ,  
were installed i n  t h e  c h a n n e l  t o  p r o d u c e  a spawning d e p t h  of 29-30 crn and 
to control g r a d i e n t .  The  d e v e l o p e d  c h a n n e l  i s  320 n l ong ,  averages 
approximately 6 n w i d e ,  and contains I940 m2 of new spawning a r e a .  

Thc n a t i v e  material i n  t h e  c h a n n e l  bed was retain~d as s p a t ~ n i n g  substrate. 
l i  is comprised of g r a v e l  l e s s  t h a n  & i n .  diamerer w i t : ]  a relarively high 
clrcentage of sand (Fig. 5). Minimal amounts of fine silt a n d  o r g a n i c  
material were p r e s e n t  d u r i n g  sampling. 

Spo t  temperacures taken during t h e  spawning season i n d i c a ~ e d  a c l o s e  
relationship b e t ~ ~ e e n  ~ h r  developed c h a n n e l  and t h e  a d j a c e n t  Cheakamus River  
( F i g .  6 ) .  Temperature i n  bot i i  streams remained f a i r l y  constant d u r i n g  
t h i s  p e r i o d ,  b u t  t h e  developed channel was ~ O C  warmer on t h e  average .  

tdORTM CREEK 

Worth Creek is a small groundwager-fed tributary and former flood channel 
of Narrish ( S u i c i d e )  Creek located approximately 13 km east of Mission 
(Fig. 8). P r i o r  to improvement work sa lmon  spawning w a s  generally 
r e s t r i c t e d  t o  t h e  lower reaches of  t h e  stream because  of obstructions. 
D u r i n g  t h e  1969-1978 p e r i o d  a n  estimated 25-1500 chum and u~ to 25 coho - -  - 

salmon spawned in Worth C r e e k  e a c h  year  (Brown a n d  Musgrave, 1979). 

-h 1979 t h e  Department o f  Fisheries and Oceans wi2ened and deepened  t h e  
u p p e r  150 m section of stream (Figs. 9 a n d  10). A 45 cm layer of g raded  
g r a v e l ,  from 2 i n .  t o  i n ,  i n  diameter, W ~ S  added  to t h e  channel ( F i g .  5). 
*v Lo provide adequate d e p t h  t o r  spawning, a wood d r o p  struccurc was installed. 
Large boulders were p l a c e d  along t h e  b a n k s  to prevenr erosion by spawners. 



DROP STRUCTLIBlE 

APPROX SCALE 

FRY TRAP S1TE 

FENCE SITE 

FIG. 7. Sketch map o f  :he Lower P a r a d i s e  Channel s ~ u d y  s i t e ,  c r i b l i t a 1 - y  
t i 2   he Cheakamus R i v e r ,  



FICA 8. Map showing t h e  locations of t h e  Worth Creek a n d  R d i l r o a d  Creek  s t u t f y  s i t e s  n e a r  D c i ~ d r ~ e y .  



APPF143X. SCALE 

FIG.  9. Skctch map o f  t h e  Worth Creek s t u d y  s i t e .  



FIG. 10. Vorth Creck b e l o r e  ( u p p e r )  and a f t e r  ( l o : ~ e r )  spawn- 
ing a r e a  improvement. 



The i r ; .groved c h a  !2 n e l  is  abou t  1 5 0  m long 0 . d  5-6 rn w i d e ,  p r o v i d i n g  a n  
'2ddicional 848 rn o f  spawning a rea .  

n j c h o u g h  I J C J ~ E ~  C r e e k  h a s  a rcintivrly stables groundwater s o u r c e ,  back-  
l d c i t c r i n g  c a n  o c c u r  wijcn d j  s c h i j r g ~  i n  N o r r i s l ~  Creek  i s  exceptionally h i g h .  

December 1 L  1979, f l o o d  waters inundated t h e  a r ea  immediately below 
t h e  scudy s i t e .  T h i s  backwatered t h e  c h a n n e l  a n d  f l o o d e d  t h e  a d u l t  f ence .  

0 
S p o t  temperacure mcssuremcnrs show t h a t  Worth Creek ave raged  n e a r l y  6 C 
warmer t h a n  Norrish Creek during t h e  sa lmon spawning period ( F i g .  6). 

R A I L R O A D  CREEK 

Railroad Creek  i s  a groundwater-fed tributary of Nicomen Slough a n d  former  
flood c h a n n e l  o f  N ~ r r i s h  C r e e k  situated approximately 1 krn e n s t  of Worth  
C r e r k  ( F i g s .  8 a n d  11) .  Though t h e  creek i s  p r i m a r i l y  g r o u n d w a t e r - f e d ,  
s u r f a c e  r u n o f f  f r o m  above t h e  Canad i an  P a c i f i c  Railway t r a c k  makes a 
significant contribution during p e r i o d s  of h i g h  rainfall. Railroad Creek 
is a l s o  subject t o  frequent backwatering from Nicomen Slough, because  of  
t h e  channel's l o w  elevation relative t o  t h e  slough. 

Improvement work i n  1979 consisted o f  deepening and  w i d e n i n g  c h e  c reek  with 
excavating equipment ( F i g .  1 2 1 ,  a n d  a d d i n g  a 45-90 cm d e p t h  of 3 i n .  t o  
114 i n .  d iameter  g raded  g r a v e l  ( F i g .  5 ) .  Large rocks  were p l a c e d  aiong 
t h e  b a n k s  t o  m i n i m i z e  e r o s i o n  by spawners  a n d  one  d r o p  s t r u c t u r e  w a s  i n s t a l l e  
near  t h e  d o w n s t r e a m  e n d .  T h e c h a n n e l  i s  approximately 135 m long  a n d  averages  

2 5 rn w i d e ,  providing a t o t a l  of 7 7 0  rn of new spawning a r e a .  

Wate r  tenperatures r ecorded  duringspawning showed a s i m i l a r  g r a d u a l  decline 
in b o ~ h  Railroad Creek  a n d  s u r f a c e - f e d  Norrish C r e e k ,  w i t h  Railroad Creek 

0 a v e r a g i n g  4 C warmer ( F i g .  6 ) .  

P r i o r  tc* improvement t h e  lower r each  of Railroad Creek supported a n  a n n u a l  
escaperneral;. estirnatred at 50-100 chum s a l m o n .  

Mopedale S l o u g h  i s  a n  o l d  flood c h a n n e l  o f  t h e  Vedder  R iver  located 
approximately 2 km northeast of Yarrow(Fig. 13) .  I t  parallels t h e  
Vedder  R ive r  f o r  almost  2 km, entering i t  nc3ar t h e  B.C.  Hydro railway 
bridge. T h e  slough i s  now c u t  o f f  f r o m  t h e  V e d d e r  R i v e r  by a d y k e  w h i c h  
crosses i t s  former p o i n t  o f  d e p a r t u r e  f r a m  t h e  r i v e r  ( F i g .  1 4 ) .  The s t u d y  
s i t e ,  Pond  1 ,  i s  part of a l a r g e r  improvement project involving the m a i n  
slough a n d  o t h e r  seepage a r e a s ,  it i s  t h e  f u r t h e s t  upstream i n  a s e r i e s  
o f  f i v e  p o n 6 s .  Pond 1 ,  known as  George's F o n d ,  was excavated and  a 45 cm 



FENCE 
APPROX. SCALE 

0 28 40  m 

F I G .  11. Sketch nap of t h e  R f 2 i l r o a d  C r e e k  s i u d y  s i t e .  



- aTG. 1 2 .  T h e  Railroad Creek spawning a r e a  u n d e r  low w a t e r  

condi~ions (uppe:) a n d  a V-fence f o r  carcass r e t e n t -  
ion at rhe d o w n s ~ r e a r n  end of  t h e  s p a w n i n g  2rea ( l o w e r > ,  



FIG.  13. Map o f  aopfdnlc S l o u g h ,  tributary t o  t h e  Veddcr  Killer. 



FIG.  14. Sketch x a p  of :he Hopedaie S l o u g h  Pond 1 s t u d y  s i t e ,  



~ ~ ~ ~ n d w a t e r  s e e p ~ 3 g e  provides c j  s r a b l c  f low t~ Pond 1 .  T h e  f iow volume 
was measured  ac 0.05 - .Oo mi/'sec i n  F e b r u , , r y ,  1980. During periods o f  
h i g h  discharge i n  t h e  V e d d e r  R i v e r  b a c k ~ ~ a t e r i n g  o f  Pond 1 c a n  c c c u r .  

Samples o f  sp ; i tgn ing  s u b s t r c ; t c  were o b t . i i n c d  i ram the a r e a  of highest 
spawning d e n s i t y  near t h e  d y k e .  T h c  s u b s t  r a r r3  c o n s i s ~ e d  of g r a v e l  less 
chan 4 i n .  d i ~ m e t e r  a n d  s a n d s  ( F i g .  5 ) .  A r c l a ~ i v e l y  l a rge  a m o u n t  of 
s l i t  was evident d u r i n b :  sampling b u t  c o u l d  nc,c be retained i n  t h e  samplc. 

~ h c  o v e r a l  l s i i l m o n  cscnpement i 0 v a r i o u s  spawning a r e a s  i n  i iopedn le  S l o u g h  
d u r i n g  1 9 7 7  ~o 1979 h a s  been ~st i m a t e d  s t  5 0  - 1000 chum and 200 - 250 
C - J ~ Q  sa lmon (Marshal1 c t  i l l ,  l 980 ) ,  

B i l l y  H a r r i s  S l o u g h  i s  located on che Chehalis I n d i a n  Reserve approximately 
35 krn e a s t  of Mission ( F i g .  1 ) .  It is one o l  s e v e r a l  groundwater-fed churn 
salrson. spacrning a r e a s  f l o t d i n g  into c h e  Harrison Rive r  o n  i t s ;  north bank 
( F i g .  15 ) .  T h e s e  blind sloughs a p p e a r  t o  be  o l d  channels oi t h e  Chehalis 
R i v e r ,  a major t r i b u t a r y  of t h e  Harrison R i v e r ,  

I n  early 1979 t h e  slsugh was cleared of a longstanding obstruction t o  
a d u l t  chum s a l m o n ,  excavated L O  e n l a r g e  a n d  d e e p e n  t h e  c h a n n e l ,  and d i v i d e d  
i n i o  t h r ee  sections by r o c k  g r o i n s  (Fig. 1 5 ) .  Native g r a v e l  was replaced 
~ : i r h  g raded  material. Wooden weirs were also constructed in t h e  c h a n n e l  
t o  promote interchange of water between s u r f a c e  a n d  incragravel f l o w .  
T h e  weirs do not e x t e n d  r h e  f u l l  channel w i d t h ,  b u t  alternate i n  a zig-zag 
n ~ ~ i e r n .  B i l l y  Harris S l o u g h m e a s u r e s  approximately 4 7 5  rn long a n d  has a 
~ c c a ;  a r e a  oE 87CO m2, of w h i c h  7459 m2 h a s  been deve loped  f o r  spawning. 

3 T h e  f l o w  i n  February, 1900 was m e a s u r e d  a t  0,3 m /set. 

a i l i y  H a r r i s  S l o u g h  is p a r t  of a l a r g e r  a r ea  designaced f o r  escapement 
t l r :umrrat ion as Harrison River Area 5 B.  Chum salmon escapements o f  up to 
51,000 f i s h  have been  r ?co rded  in t h i s  a r e a  ( P a l l n o r ,  1 9 7 2 ) .  

METHODS 

I h c  f i e i d  work f o r  t h e  s t u d y  was carried out i n  two p e r i o d s  co r respond ing  
2 1 t h  chum sa lmon  spawning ( N o ~ f s m b e r  2, :079 to J a n u a r y  19,1980) and f r y  
~igrdtion ( f l a r ch  8 t o  J u n e  1 7 ,  1980) .  The s c u d y  vias designed t o  gather 
necessary d a t a  on chum salmon p o p u l r ~ : i o n s ,  a n d  t o  o b t a i n  i n c i d e n t a l  i n f o r m n -  
f i c r  on other f i s h  s p e c i e s .  



GROIN 

T I G .  15. Skerchm:?p ol t h e  Billy H a r r i s  Slough s t u d y  s i t e .  
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FIG. 16. A d u l ~  chum salmon tagging i?n the spawning g r o u I ; d s s  



-The mpr)?od o f  c ~ t  i r n . 3 ~  jng mcl.in f i.i . i n d i t  \. of c h u r :  i . i l m ~ n  f c m a l c s  c i i  f iilrctf 

bI.ri;eci3 study s i ~ ~ s ,  i i cpend in ;  oii , i17. ; i ; ,3bil i ty of i b s i s , t i n g  d,l:o ,and whcrher 
, p p : a ~ r a i  c q u l d  b.? c b ~ ~ i i n r d  i o  . ; ~ c ; - i f  i c e  f i s h  i c r  c h i  i p u r p o s e .  FL3r  he 

Lower P a r a d i s e  a n d  B i l l y  Hc3rris Slough popuincions, icngth-fecundity 
*- % ,  *1 bcessions pf were tieve li3ped ! ram I-e.;pcc t ivc s:mp I P S  of 1 7  d i d  i 5 unspawncd 
females (Appendices K m d  O ) .  Hcgres%ioos w c r ~  c a l c t . '  q t e d  according ~o 

formula y = a + bs, w h c r e  y - number o f  e g g s ,  an5 x = l e n g t h  i n  cm. 
Lpngths of L o w e r  Paradise samples werc s ~ c o r d c d  as orbital-hypurni 
T,,,,rps, whe l -pas  t h e  sno r i t  to f o r k  iengtki w a s  u s e d  f o r  B i l l y  i l . l rr is  Slough 
sam~les. The  Icngth-tecundit y rcjiression formulae uere as Eol l o w s :  

~ o w e r  p a r a d i s e :  y = - I S 7 4  ; 713-7 54: 

silly Harris  
S l o u g h :  y = - 329 -+ 52.5 x 

Lower P a r a d i s e  Ie~isih-feet regression i s  sho:dn g r a p h  i c a l l y  i n  
7 The length-fecundicy rclntionship developed f o r  t h e  Lower 

p a r a d i s e  population was a l s o  assun~d r o  a p p l y  to t h e  n e a r b v  J u d d  Siough 
population, 

The nean  fecundities of spawning populations at t h e  t h r e e  S q u a m i s h  a r e s  
> : u d y  s i t e s  a n d  ~ 3 t  B i l l y  Ha r r i s  S l o u g h  w e r e  c . i i c u l a t c d  b y  insrrring t h e  
n p > n  l e n g t h  of females s t  e a c h  s i t e  i n t o   he applicable length-fecundity 
regression formula. 

! n  t h e  case  of the Worth Creek, Railroad Creek and Hopedale Slough 
;rc,pula:ions,  iecundi~y d a t a  frcm c h e  I n c h e s  C r e e k  population were assunled 
:o a p p l y .  I n c h e s  C r e e k  is a groundwa~er-fed c r i b u c a r y  o f  Norrish C r e e k  
l o c a t e d  1 :m west cf W o r ~ h  C r e e k .  F ~ d o r e n k o  d a d  B a i l e y  (1980) r e p o r t e d  
#-in a v c r a g t  -3pparent  fecundity of 2,877 for Inches Creek chum s b a l m o n  

~ . i s r d  2i-1 5 y e a r s  o f  d n r a  from hatchery spawning o p e r a t - i o n s .  However, 
:hey a l s o  e s ~ i m a ~ e d  a n  approximace egg l o s s  of 2% i n  t h e  spawping operation. 

f fie . have  c l le refore  assumed t h e  ac:ual qiean f e c u r t d i t y  of Inches Creek chums 
ro be  2,936 a f t e r  cnrrecricn ( 2 , 8 7 7  x 100!98) f o r  egg l o s s  in spawn-taking. 

> * &c attempted t o  obcdin l r n g r h  measurements a n d  scale samples from a t  least 
QO f i s h  o f  e d c h  s e x  pe r  ~ t u d y  s i , e  ~o d e t r r m i ~ i e  mean s i z e  a n d  age compcsition. 
li;i-,ples were t - ~ k e n  from spaw~:ing, g r j u n d  d e a d  I C  t h e  r a t e  of 10-20 f i s h  
9rr  v i s i t  throughout ~ h e  d i e - o f f  p e r i o d .  C r b  i tal-hypural l e n g ~ h  measures 
iposi~rior edge o f  cyi-  s o c k ~ t  i o  p o ; t e r i o r  ibdi:e of h y p u r a l  p l a t r )  were 
r e c o r d e d  to r h e  nearest 5.5 c.m. On scale w a s  taken Erom e, ich s i d e  of 
'he sampled fish in t h e  p r e f e r r e d  a r e a  bet we^:! t h e  vent a n d  the posterior 
: r iser t ion o f  c h e  dorsal f i n ,  either ahov t>  or !,elb:-? t.-te l a t e r a l  line. Scales 

jnterpreced h y  . [ a f t  a c  t i jc  V<~. ! cosve r  s c . i i e  l a b a r a t o r y  of :he  
of F i s h e r  i e.5 a n d  O c e a i ~ s .  



5 8  55 60 65 

LENGTH ( c m )  

F I G .  1 7 .  Length-fecundity relationship f o r  L o w e r  Paradise chum salmon. 

Each female chum sampled f o r  s i z e  and age w a s  also examined to de te rmine  
t h e  number of eggs r e t a i n e d .  A c t u a l  counts of eggs were obtained i n  c a se s  
where egg retention d i d  n o t  exceed 25%. Egg retention above t h i s  l e x ~ e l  
was s i m p l y  estimated as a percentage  of fecundity. 

Potential egg deposition was calculated f r o m  t h e  p o i n t  estimate of  females 
i n  c h e  spawning population a n d  t h e  e s t i m a t e d  mean fecundity. Net egg 
deposition was calculated by  subtracting t h e  mean percent  egg retention 
from t h e  p o ~ e n t i a l  egg deposition f ~ r  t h e  population. 
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. . i o n  

:he rype of t r a p  u s e d  d e p e n d e d  on s i t e  conditions. Where t h e  d r o p  was 

5ufficient, s u c h  as a t  L o w e r  P a r a d i s e  and  t h e  main J u d d  Slough s i t e ,  
;401f-cype inclined s c r e e n  t r a p s  were employed ( F i g .  18). A t  t h e  o t h e r  
s i t e s  t r a p s  w i t h  vertical sc reen  l e a d s  ( ~ r m s t r o n g  and A r g u e ,  1 9 7 7 )  were 
c s f d  ( F i g .  19). 

,he inclined screen t r a p s  were attached t o  t h e  lower weirs a t  Lower 
paradise and t h e  m a i n  Judd  Slough. A t  L o w e r  Paradise t w o  t r a p s  w i t h  
1 5 3  cm w i d e  screens were installed. T h e  J u d d  Slough trap arrangement 
c9nsisced of  t h r e e  120 c m  w i d e  screens  attached t o  separate live boxes ,  
x l t h  flexible hose  p i p e s  l e a d i n g  from t h e  cen t r e  l i v e  box into t w o  auxiliary 
l i v e  boxes  ( F i g e  18) .  The auxiliary l i v e  boxes were required t o  s h e l t e r  
f f s h  from excessive t u r b u l e n c e  i n  t h e  c e n t r e  box,  The i n c l i n e d  sc reens  
Z C T C ~  made o f  flattened, e x p a n d z d  metal ( 7  mm x 4 mm o p e n i n g )  which  w a s  
; ? i n r e d  and  attacked to a wood frame, 

; r j o s  installed a t  a l l  o t h e r  sites consisted of a 3 - 6 m l o n g  v e r t i c a l  
- ; r e e n  (8 meshes/in. galvanized) on a wood f r a m e ,  l e a d i n g  from e a c h  bank .. a central t r o u g h  a n d  l i v e  box.  The l i v e  box was r a i s e d  and  Lowered 
:c? accomm~date fluctuations i n  tailwater elevation. 

a l l  t r a p  installations sheet  p l a s t i c  was p laced  between t h e  screen bottom 
1-6 scream bed to e n s u r e  against f r y  leakage. 

Yrii? Operat  i on  
* 

A :  Squamish area s i t c s ,  downstream migrant  trapping s t a r t e d  during the 
% r c h  8 - 12 period a n d  was t e r m i n a t e d  during Fay 16 - 2 3 ,  depending  on 
.nc s i c e .  Trapping a t  F r a s e r  Valley s i t e s  commenced during March 11 - 22 
1 - I* was terminated a t  Hopedale Slough a n d  Worth Creek on J u n e  10 a n d  

i:tne 1 7  respectively. Backwz~ering from t h e  Harrison River flooded o u t  
; r ~ p s  a t  B i l l y  Ha r r i s  S lough ,  causing termination of trapping on April 19, 
; r i o r  t o  completioq o f  f r y  migration. The r i s i n g  l e v e l  of Nicomen Slough 
. r c a t e d  a similar problem a t  Railroad Creek, w i t h  t h e  result that trapping 
#I: that s i t e  was terminated on May 6 .  

Trlaps were o p e r a t e d  a t  B i l l y  1:arris S lough  continuously, i e .  7 days p e r  week, 
a t  o t h e r  s i t e s  the operation was generally e i t h e r  4 or 5 d a y s  p e r  week. 

' r i o r  t o  peak chum f r y  migration, w h i c h  s t a r t e d  during April 7 - 1 4 ,  
* r . ipp ing  a t  the o t h e r  s i t e s  was conducted on a 4 d a y s  p e r  week b a s i s .  
: . r i n g  the  peak  migration p e r i o d  trapping e f f o r t  was t h e n  i n c r e a s e d  t o  

kays  per week. T r a p s  were  taken o u t  o f  operat4on each  week s i m p i y  by 
: - t % ~ c h i n g  a removable s c r e e n  on t h e  downstream s i d e  o f  each  l i v e  box. 
l'.iing d a y s  and operatine p e r i o d s  az individual s i t e s  are shob~n  i n  

;; 3 c n d i x  S .  



FIG. 18. Inclined s e r c e n  downstream m i g r a n t  t r a p s  ac  L o w e r  
Paradise ( u p p e r )  a n d  Judd Slough (lower). 



z - 7 -  . ~ i . .  19.  The d o ' ~ n s t r e a m  migrant trap a t  !$orrh C r e e k  viewed 
fro3 u p s c r e a n ,  ( u p p e r )  and dormsrrea in  (Iswer). 



-. 
i ~ u r  i ng e a c h  p e r i o d ,  c r a p s  w e r e  fished c o n t i n u o u s l y ,  commenting 
,3c ~SL-JO - i 9 0 0  h r  on t h e  first evening a n d  terminating a t  0900 - 1200 h r  

rhc3 l c l s g  morning. The exception t o  this p r o c e d u r e  w a s  at t h e  main  J u d d  

Slqugh s i t e  where s e v e r e  fouling by filamentous a l g a e  necessitated 
i,)r,! i n u a l  b r u s h i n g  of s c r e e n s  a n d  l i v e  boxes  t o  p r e v e n t  Q v e r f  lowing  and 

t n u s  maintain fishing capability. T h e  J u d d  S l o u g h  t r a p s  were cleaned n i g h t l y  
2000 h r  to 0600 h r .  A s  i t  was n o t  f e a s i b l e  t o  maintain t h e  t r a p  cleaning 

t2pcrnt inq on a 24 h r  b a s i s ,  a n y  daytime f r y  migration a t  J u d d  Slough may 
have befa  underestimated because l i v e  boxes t e n d e d  to overflow d u e  to a l g a l  
ioulinge ~ h o u g h  t h r e e  t r a p s  were i n s t a l l e d  a t  Judd S l o u g h ,  d u r i n g  peak 
mlgrati~n o n l y  one o r  t w o  o f  t h e s e  t r a p s  were actually fished. For most 

t h i s  p e r i o d  t h e  t r a p  intercepting t h e  m a i n  f l o w ,  T r a p  1 on t h e  right 
b a n k ,  could n o t  be o p e r a t e d  because  of t h e  p r a c t i c a l  d i f f i c u l t y  posed by 
a l g a l  fouling. T r a p  3 on c h e  l e f t  bank w a s  fished continuously throughout 
r h e  program and  T r a p  2 was fished a f t e r  A p r i l  16,  when auxiliary l i v e  boxes 
were operating, 

F i s h  Enumeration -- --- 

when cacihes were l a r g e  e n o u g h  t o  make individual enumeration impractical 
f r y  c a t c h e s  were e n l i m e r a t e d  by  w e i g h i n g .  T h i s  p r o c e d u r e  entailed s e p a r a -  
tion of salmonid f r y ,  principally chum a n d  coho sa lmon,  from salmonid smelts, 
fingerlings and  o t h e r  f i s h  s p e c i e s .  Two 300 g samples of f r y  were t h e n  
d r a w n  randomly from t h e  catch i n  each t r a p .  Estimates of f r y  ca tch  by 
species were t h e n  made by  multiplying t h e  f r y  p e r  weight  r a t i o  f o r  a g i x ~ e n  
t r a p  by t h e  t o t a l  weigh t  o f  f r y  i n  c h a t  t r a p ,  

T r a p  Efficiency: Mark a n d  r e c a p t u r e  d a t a  were u s e d  t o  d e r i v e  estimates 
o f  f r y  migration at a l l  s i t e s  bu t  B i l l y  Harris Slough where  no re leases  
o f  marked f r y  were conducted. The  percent recovery of marked f r y  w a s  
assumed to indicate t r a p  efficiency. Chum f r y  marked by i m m e r s i o n  i n  
B i s rna rk  B r a w n  Y d y e ,  or N e u t r a l  Red dye  at Judd Pond 2, were h e l d  i n  live 
b o x e s  a t  t h e  r e l ease  s i t e  approximateij 30 m above t he  t r a p a n d r e l e a s e d  
a c  d a r k n e s s  ( 2 1 0 0  - 2200hr) o n  t h e  n;ght following c a p t u r e .  A t  f o u r  of 
the  s i t e s  where traps covered t h e  e n t i r e  stream w i d t h  gea r  efficiency was 
measure11  i n  t h e  range of 86 - 96% (~ppendix L ) .  

Non-fishing D a y s :  Estimates o f  chum f r y  migration on d a y s  when traps 
were n o t  fishing were d e r i v e d  by interpolation. Trend-line analysis was 
u s e d  eo  extrapolare t h e  m i g r a t i o n  f o r  s h o r t  p e r i o d s  immediatley b e f o r e  
a n d  a f t e r  the trapping season.  

Railroad Creek :  At t h i s  site t h e  marked f r y  recoliery r a t e  averaged 
only 31%. F r y  were r e l u c t a n t  t o  e n t e r  t h e  Railroad Creek  t r a . p ,  apparently 
because t h e r e  was n o  s i g n i f i c a n t  direc~ional c u r r e n t  into t h e  trap. This 
conrlusicn was supported by observations of f r y ,  b o t h  marked and unmarked,  
accumulating above t h e  t r a p .  Of 147 marked f r y  r e l ea sed  abovz  t h e  c r a p  in 
the e v e n i n g  of  nprii 2 2 ,  only 2 1  h a d  moved into t h e  t r a p  by t h e  morning of 
April 24. Beach seining above t h e  trap ov April 24 subsequently y i e l d e d  



74  marked f r y ,  5W0 o f  C!II: n u - n b c r  r h t . o r c t i c , i l l y  a v 3 i  l a b l e  t o r  recovery. 
On t h e  same d a t e  .in e s t  i rnated G O , h O O  ciiurn f r y  h a d  accumulated above the  t r a p  
(Appendix 5 ) .  

F r y  accumulation ,-3hove t h e  Railroad G r c e k  t r a p  was f i r s t  n o ~ e d  during t h e  
week o f  A p r i l  14 - 18. On April 23 - 2 4 ,  May 5 - 6 ,  May 13 a n d  May 2 2  
bec1ch s e i n i n g  was c a r r i e d  o u t  i n  c o n j u c ~ i o n  w i c h  releases of dye-marked 
f r y  o n  each d a t c  r o  cstjm:jtc t h e  p o p u l r j t i o n  of chum f r y  abovc tllc t r a p  
~ j n d  t o  t r a n s f e r  f r y  below t h e  c r n p  s i t e .  Estimates o f  t h e  residual 
f r y  p o p u l a t i o n  a n d  f r y  c n i g r a t i o n  a t  Railroad C r r c k  a r e  presen~ed i n  
.4ppendix  S .  I n  c s ~ i r n n t i n g  t r y  emigration w e  h a v e  assumed that t r a p  efficiency 
was 1 1 1 ~  s a m e a s  t hcjt mc,-a,sured a s  ' do r th  Creek (86"1,), 

Our estimate of c h u m  f r y  emcrgencc from t h e  Rdilroad Creek  spawning a r e a  
to ?fay 6 ,  w h e n  t h e  t r a p  was  flooded o u t ,  was t h e  sum of ( i )  t h e  estimated 
emigration co Flay 5 ,  ( i i )  t h e  number of f r y  removed from above t h e  t r a p  
on . q . p r i i  23 ,  A p r i l  24 a n d  May 5, a n d  ( i i i )  t h e  estimated number of fry re- 
maini1:g in the creek on Play 6 .  Chum f r y  enlergence a f t e r  May b was e s t  i n a t f d  
o n  t h e  b a s i s  of r h e  f o i l o w i n g  assumptions: 

- no n a t u r a l  mortality o c c u r r e d  i n  t h e  rpsidual f r y  population above t h e  t r a p ;  
- d a i l y  f r y  emergence during %ay 7 - 13 continued a t  the average  a p p a r e n t  

r a t e  ( 1 0 , 3 5 0  p e r  d a y )  measured over t h e  April 2 5  - May 6 p e r i o d ;  
- the decline i n  standing population between May 13 (19 ,900)  a n d  May 2 2  

(2,500) r e f l e c t e d  a proporrionate decline i n  d a i l y  f r y  emergence rate;and 
- f r y  emergence a f t e r  May 22 continued t o  decline a t  t h e  rate observed 

during May 13 - 22 a n d  r e a c h e d  z e r o  by J u n e  1 .  

J u d d  S l o u g h :  Gear e f f i c i e n c y  a t  t h i s  s i t e  v a r i e d  a c c o r d i n g  t o  t h e  number 
of traps fishing (Appendix L ) .  During p e r i o d s  when a l l  t h r ~ e  t r a p s  were 
fished, ie. Releases 1 ,  8 a q d  9, markedzunmarked r a t i o s  differed between 
t r a p s ,  w i t h  marked f r y  distributing more e v e n l y  across the stream than 
unmarked fry. A c h i - - s q u a r e  t e s t  f o r  independent sam,ies ( S i e g e l ,  1956) 
indicated that t h e  d i s t r i b u t i o n  of marked Ery tecween t r a p s  was significantly 
d i f f e r e n t  from unmarked f r y  ( ~ 2  = 53.04; df  = 4 ;  P = <.001). Accordingly, 
t h e  numbers of m a r k s  r ecovered  w i t h  o n l y  T r a p s  2 a n d  3 fishing were adjusted 
u p w a r d  t o  reflect a random distribution of marks. 

As n o e e d  in the T r a p  Operation secrion, t h e  Judd Slough c r a p s  were n o t  
cleaned to control a l g a l  fouling during daytime i lours.  F r y  in igrac ion  during 
this period may t h e r e f o r e  have been underestimated. However, :he e r ro r  may 
not have  been  large, a s  observations of chum f r y  migration n e a r  the spawning 
g r o u n d s  have indicsted daytime migration t o  be generally l e s s  t h a n  2% of 
i h e  24-hr t o t a l  ( L i s t e r  e t  a l .  1979) .  



The intake from the Squnmish R i v e r  t h o u g h  closed during f r y  migration, ' 3  
dctually l e a k e d  a f l o w  of .O? -.03a /set i n t o  J u d d  Slough. To e s t z t l i s h  
whether a significant number of chum f r y  h a d  e n t e r e d  f r o m  t h e  Squamish 

R i v e r ,  a t r a p  was installed at t h e  iniake to sc reen  t h e  e n t i r e  f l o w  a s  i t  
p a s s e d  from t h e  c u l v e r t  t o  t h e  slough. I n  1 4  fishing d a y s  from Play 2 t o  
May 23 t h i s  Erap  c a u g h t  58 coho srnclts, 1 trout f r y  a n d  several s c u l p i n s ,  
stickleback a n d  l a m p r e y .  A s  no c h u m  f r y  were caugh t  w e  c o n c l u d e d  that-  f r y  
i n p u t  from spawning nreas  f u r t h e r  upstream was n o t  n source  o f  e r r o r  i n  
t h f  s study. 

B i l l y  Harr is  Slough: Chum f r y  trapping a t  t h i s  s i t e  was terminated on  
A p r i l  19 due t o  flooding, w e l l  b e f o r e  t h e  e n d  of migration. An estimate 
of  t h e  approximate t o t d l  emigration f rom t h e  slough w a s  d e r i v e d  by examin- 
ation of  t h e  s e a s o n a l  m i g r a t i o n  patrern a n d  comparison w i t h  ~ h a i  a t  o t h e r  
s i t e s .  Fry m i g r l l t i o n  d a t a  a n d  a d e t a i l e d  explanation of  t h e  method u s e d  
t o  estimate t o t a l  emigration a r e  p r e s e n t e d  i n  Appendix W, 

Random samples of LO chum f r y  were t a k e n  at each  s ~ u d y  s i t e  f o r  length a n d  
weight measurement t ; ~ i c e  weekly  during peak  migration a n d  once weekly in 
non-peak periods. Measurements obtained from live, anesthetized (MS 2 2 2 )  
f r y  were f o r k  Length t o  t h e  n e a r e s t  rnm a n d  b l o t t e d  w e i g h t  t o  t h e  nearesr 
6.01 g* 

OTHER FISH SPECIES 

Counts o f  other f i s h  spec i e s  observed  i n  the c o u r s e  0 2  t h e  chum salmon study 
were r eco rded .  Excep t  f o r  coho f r y m i g r a n t s ,  w h i c h  were abundan t  a t  several 
s i t e s  (Appendix U ) ,  n s  attempt h a s  been made t o  develoo  estimates of  abund-  
ance f o r  s p e c i e s  o t h e r  t h a n  chum salmon, 

During t h e  a d u l t  chum salmon s t u d y  spo t  measurements of water temperature 
were t a k e n  a t  each  study s i t e  and  at t h z  stream i n t o  w h i c h  che s t u d y  stream 
flowed (Appendices A and C ) .  On a l l  f i s h i n g  d a y s  during f r y  \migration 
temperacure records  were obtained a t  each site u s i n g  maximum-minimum thermo- 
merers. Short-term records  of temperature ranges  i n  a d j a c i ~ t  screams were 
a l s o  o b t a i n e d  f o r  conlparison (~ppendices B, D and E). 

T o  characterize spawning bed  quality at each s t u d y  site w e  o b t a i n e d  t h r e e  
gravel samples i n  J u n e  f r o m  t h e  more heavily utilizcd spawning a r e a s .  The 
t h r e e  samples p e r  s t u d y  s i t e  were t h e n  c o ~ i b i n e d  i n t o  one composite s a r ~ p l e  

f u r  s i e v e  analysis. Substrate samples were collected by  crowel and  h a n d  
w i t h i n  t h e  perimeter of a n  aluminum c o r e r  o r  cylinder 30 crn i n  diameter a n d  



45 crn high.  T h c  c o r c r  w a s  w o r k c d  into t h e  gravel to a d e p t h  off 15 c m .  
S , l i i?pl ts  were :~- , i r l sp~) r - tc .d  frcrn t h e  f i c l d  i n  p l a s t i c  buckets t o  3 Vancouver  
i c 2 b o r n r o r y  f o r  d r y i n g  a n d  s i ~ v e  analysis. 

RESULTS 

A s  c o u n t s  o f  l i v c  s p ~ l w n e r s  w e r t  qo t  c o n d u c ~ e d  o f )  a r e g u l a r  b a s i s  t h e  time 
3 1  spawning mu:;[ b c  i n f e r r e d  f r o m  seasonal die-off t i m i n g  (~ppendices M 
2.d M). A s s u m i n s  , in a v e r a g e  of 7 d a y s  a c t i v e  spawning p r i o r  t o  d e a s h  
( ~ i s i e -  a n d  l i n r ~ ~ c y ,  1 0 6 9 ) ,  t h e  die-off pattern probably r e f l e c t s  spawning 
intensity 5 - Id d a y s  p r ev io t r s .  

The  c a r c a s s  r e c o v e r y  patterns i n d i c ; ~ t e  t h a t  a t  most s t u d y  . i r e s  spawning 
o c c u r r e d  froin mid-Novembcr to early J a n u a r y  and p e a k e d  during e a r l y  ~o 
mid-December ( F i g s .  20 and 2 1 ) .  F i f t y  p e r c e n t  die-off occurred a r  t h e  
S q u a n i s h  s i t e s  a n d  V o r t h  Creek during t h e  December I 0  - 1 7  p e r i o d .  V i s u a l  
observations suggest t h a t    his was also t h e  case  a t  Railroad Creek where 
h i y h  w a t e r  levels p r e v e n t e d  c a r c a s s  r e c o v e r y  on December 1 7 ,  d e l a y i n g  t h e  
pe;.k recovery u n ~ i l  December 2 1  - 22 ( F i g .  21). 

T h e  Hopedale Slough population spawned o v e r  a longer  p e r i o d  t h a n  0 t h ~ ~  

p o p i ; i a t i o n s ,  S p w n i n g  a n d  die-off were :dell unde rway  a t  t h i s  site 02 

Zavember ? a n d  extended i n t o  mid-January. 

Chum spawning at Worth C r e e k  s t d r t e d  l a t e r  a n d  took  p i ace  o v e r  a s h o r t e r  
period ( 3 5  v e r s u s  55 d a y s )  t h a n  a: other study s i t e s  ( F i g .  2 1 L  it is 
I ~ k e i y  that spawners could n o t  r e a c h  the improved s e c ~ i o n  until flows in- 
r r c a s e d  sufficiently to p e r m i t  migration o v e r  shallow seceions of stream 
i n  t h e  Lower p a r t  of Worth C r e e k ,  

Carcass  recovery d a c a  f r o m  B i l l y  Harris Slough indicate r h a t  chum spawning 
a t  th&t s i t e  extended from l a t e  October t o  early J a n u a r y ,  w i c h  approximately 
80% taking p l a c e  between November 10 a n d  December 27. 

Spawner distribution at t h e  f o u r  s t r eax- - l ike  s t u d y  sites i s  compared in 
fig. 21, In Worth a n d  Railroad creeks  spawning w a s  d i s t r i b u t e d  q a i t e  
e v e n l y  ove r  t h e  entire length of  improved c h a n n e l ,  whereas i n  J u d d  Slough 
a n d  L o w e r  Paradise c h a n n e l  i t  w a s  concentraced i n  c e r t a i n  sections* I n  
J u d d  Slough spawning was concentrated in t h e  m i d d l e  third o f  the improved 
channel, w i ~ h  :?pprnximately 957n b e i n g  observed  i n  50Y3 of  he channel zrea .  



LOWER f3ARADtSE 

CHANNEL 

NOV NOV NOV NOV DEC DEC DEC DEC DEC DEC JAN J A N  
16 20 23-26 29 5-610-!!!La-15 19 24 28 3 f3 

SAMPLING DATES 

F I G .  20. T i m i n g  oi chum s l l rnun  c a r c x s  recoveries at S q u a ~ i s h  a r e a  study 
s i t t s *  



HOPEDALE SLOUGH 

POND E 

NOV NOV ldOV N O V  hOV 3EC BE@ DEC DEC DEC EgEC $AN 4 J A N  &AN 
2 9 ~ - - a - r  2s 28 3 7 22 na a 27 2 7 .S !T--~$I 

SAMPLING DATES 

n *  . F 2 iln:i;g of c h m  sal::.sn c a r c & s s  r e cove r i e s  at F r a s e r  Valley study 
sitez. 
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- - p " *, r ig .? .  L L .  Sp~wning distrkbu~ion af chon salmon a t  t h e  f a u r  stream-type 
' < f U Q r ; :  j I t t ' T  4 * 



*A; Loucr Paradise spawning wc2s henviest a t  t h e  u p p e r  and  lower e n d s ;  
69% aE t he  ckaannc l a rea  s u p p o r t e d  c ipprox iga r  c ly  9 5 X  of t h e  spawninjz.  

I n  Judd  Slough Pond 2 t h c  heaviest c s n c t n t r x i o n  of spawning occur red  i n  
t h e  northwest c o r n e r  o f  t h e  p o n d ,  a long  t h e  s i d c  adjacent t o  t h e  Squamish 
River.  N i n e t y - - c i g h t  percent of t h e  spawners ucre observed i n  approximately 
52% of t h e  pond a r e a .  Though  c h c  distribution s u r v e y  missed t h e  ma in  
spawning period a t  i lopednie Slough Pond 1 ,  cbservacions made i n  :he course  
o f  tagging a n d  dead  recoxpery s u r v e y s  i n d i c a t e d  t h a t  t h e  heaviest spawning 
occurred  a t  t h e  upstream e n d  of the p o n d ,  adjacent t o  t h e  dyke. 

I t  s h o u l d  a l s o  be noted t h a t  during t h e  mid-December h i g h  water period a t  
Railrcad Creek a portion of  t h e  chum salmon population m i g r a ~ e d  above che  
C a n a d i a n  Pacific Railway t r a c k s  t o  spawn i n  seasonal cre-ks  draining p a s t u r e  
l a n d ,  A r o t a l  of  399 chum ca r ca s se s ,  14.eL of t h e  Railrazd Creek t o t a l ,  
were recovered i n  t h i s  a r f a  upstream of the improved channel. 

Spawning escapements to a l l  study s i t e s  included age  g r o u p s  3 ,  4 and 5. 
~ g e  4 f i s h  ccmprised t h e  majority at each  s i t s  excepr  Worth  Creek,  where 
age 3 predominated ( T a b l e  1) .  Spawners were o l d e r  a n  t h e  average i n  t h e  
Squamish a r e a ,  where age 5 f i s h  comprised 1 L . 9  - 70.2% of samples compared 
to 1,6 - 10% i n  t h e  Fraser V a l l e y .  A C  a given age Squamish chum salmon 
TxTere also sligh~ly l a rger  t h a n  F r a s e i  Valley chums,  with t h e  difference i n  
!ength among age males and females averaging 1 . 1  cm. 

t;tima;es of spawning populations a n d  e g g  deposition are presented in 
T a b l e  2 .  Appendices J and  V show t h e  95% confidence limits f o r  e a c h  popul- 
ation estimafe, 

- tgg retenrion, w h i c h  ranged from 0.9% to 5.2% ac che  v a r i o u s  s i t e s ,  c o u l d  
not be considered excessive. T h e  h i g h e s t  egg retention occurred  at Railroad 
Creek where  population d e n s i t y  ( 2  * 5 females/m2) was a l s o  highest. 

Rzcoveries nf  fin-marked a d u l t  chum salmon ac Worth and Railroad creeks  
i n d i c a t e d  that some straying from nearby Inches Creek occurred  in 1979. 
S i x  and 7 marked f i s h  were recovered a t  Worth and Railroad creeks  respectively. 
These f i s h  a re  believed t o  have been r e t u r n s  from releases o f  fin-marked 
fry at I n c h e s  Creek hatchery i n  1 9 7 7  (Fedorenko and B a i l e y ,  1980). D e t a i l s  
of marked f i s h  recoveriec are  p r e s e n t e d  inAppendix  R. 



TmLE 1, Age camposition and mearl length a t  age o f  a d u l t  chum salmorl at six s t u d y  s i t e s  
in 1979* 

S i t e  3 4 5 Samplg: 3 4 5 Sample 
S i z e  S i z e  *- 

Judd Slough % 22.4  59.2 2 8 * 4  98 28 ,3  51.5 26322 99 
Nean 
Leng t h  ( en) 55 .4  62.8 6 4 6 %  5 4 * 3  59 .9  6 2 * 0  

% 2;'*9 54,9 I ? , %  922 25,6 59,s 14 ,9  221 
Mean 
Length (em) 55.8 60.7 62,s 54.6 59*6  6 2 , 3  

Worth Creek % 
Mean 
Lengrh(r-m) 

Railroad 
Greek 

Hopedale 
Slough 

Billy Harris 
~ l o u ~ h '  

Mean 
Length (em) 

Mean 
Length (ca) 

1 - 
Camparable lengrh data no t  avai lable.  



TN3LE 2 .  Estimated cllum salmon spawning popu la r ions  and egg deposition at. t h e  seven s t u d y  s i t e s .  

Sire Mean P o t e n t i a l  Egg Net Egg 
Fecund i ty  Egg Deposit ion Retention(%) Deposf t ion  

Judd Sloggh 1599 1536 3 1 3 5 ~  3234 4.945,~00~ 2 , 4  4 ,826 ,000  

Judd Slough 176 66 242 3337 2 2 0 s  000 
Pond 2 

Lower Paradise 878 

Worth Creek 665 

Railroad Creek 1558 

B i l l y  Harris 4107 2475 6582 
Slough 

8 Inc ludes  a l l  o f  Judd Slough and t r i bc t a r i e s  minus Pond 2, 

b ~ a s e d  on adjustment  i n  number of females ( - 7 )  t o  r e f l ec t  spawning b e l o l ~  f r y  t r a p  s i t e .  
C- r;gg rerencion measures no t  taken. 
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Migration T i m i n g  

The seasonal pattern o f  chum salmon f r y  m i g r a t i o n  a t  s i x  o f  t h e  seven 
s i r e s  i s  shown in Figs.  23 a n d  24. Data from B i l l y  Harris Slough have 
n o t  been g raphed  because  r r a p p i n g  w a s  terminated a t  t h a t  s i t e  well b e f o r t  
migration was complete. 

~t f i v e  o f  t h e  s e v c n  study s i t e s  50% o f  m i g r a t i o n  h a d  occur red  by m i d -  tc 
i a t e  ~ p r i l  (Table 3 ) .  A c  I\ iorth Creek  and  Hopedale Slough 50% m i g r n t i o r i  
a i d  not occur  until mid-  t o  l a t e  May. T h e  l a c e  migration t i m i n g  a t  Wort11 
Creek may have been due  t o  a relatively c o l d  t e m p e r a t u r e  ~ e g i m e  d u r l n g  
incubation a n d  emergence,  e g .  Worth Creek avcraged  1 . 2 ' ~  c o o l e r  t h a n  
n e a r b y  Railroad Creek i n  A p r i l ,  h o ~ ~ e v e r  t h e  l ack  of c o n t i r l u o u s  temperature 
records  over  t h e  incubation period precludes analysis. The relatively 
l a t e  e m i g r a t i ~ n  from Hopedale S lough  may h87.e r e s u l t e d  f r o m  t h e  t e n d e n c y  
f o r  f r y  t o  r e a r  i n  t h e  pond f o r  a period ( s e e  section on Migrant S i z e ) ,  
combined w i t h  l o w  population pressure. 

The estimated c h ~ m  salmon f r y  migration f rom each s t u d y  s i t e  i s  presented 
in Table  4.  Estimates ranged  from 6,000 f r y  a t  Hopedale Slough to 1.5 
million f r y  a t  Billy Harris Slough. I t  should be noted t h a t  t h e  Railroad 
Creek and Billy Hsrris S l o u g h  e s t ima te s  a r e  ba sed  on e x t r a p o l a t i o n s  from 
d a t a  which  were incomplete due  t o  flooding of t r a p s  p r i o r  t o  t h e  end  of  
f r y  migration, 

Migrant S i z e  

Length and weight measures were o b t a i n e d  from samples of chum f r y  migrants 
a t  a l l  s t u d y  s i t e s  except  B i l l y  Ha r r i s  Slough (Appendix Y). Seasonal  
t r e n d s  in mean w e i g h t  and sample variation in weigh t  a r e  shown f o r  each  
study s i t e  i n  Figs .  25 and  26 .  A t  a l l  Squamish s i t e s  mean f r y  we igh t  
t ended  to increase  a s  migration progressed, whereas n o  consistent seasonal  
t r e n d  i n  weight was e v i d e n t  a t  t h e  Fraser V a l l e y  s i t e s .  

Over t h e  migration p e r i o d  chum f r y  were l a r g e r  on the average at Squamish 
t h a n  a t  t h e  Fraser  Valley s i t e s  (Tab le  5 ) .  However, individual f r y  weight 
v a r i e d  more i n  t h e  Fraser  Valley, b e i n g  g r e a t e s t  a t  Railroad Creek and 
Hopedale Slough Pond 1. This relatively large variation was apparently 
due ~o f r y  i n  the  500 - 1200 mg s i z e  range which had achiejred considerable 
growth p r i o r  to emigration. The pond-like c o n d i t i o n s  a t  these two s i t e s  
may have i n f l u e n c e d  f r y  t o  t ake  up res idence  f o r  a p e r i o d .  

Seasonal changes i n  t h e  length-weight r e l a t i o n s h i p  o f  m i g r a t i n g  f r y  were 
a l s o  appa ren t  a t  some s ~ u d y  s i t e s .  P l o t s  of t h e  weight-frequency 
distribution of f r y  in t h e  modal  length c l a s s  ( 3 8  mm) i n d i c a t e d  an ir*crease i n  
weight as migration progressed ,  particularly in t h e  Squamish area  ( F i g ,  2 7 ) .  
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F I G .  23. Downstream m i g r a t i o n  timing o f  chum salmon f r y  a t  Squamisb 
a r e a  s t u d y  s i t e s .  



FIG. 24. Downstream migration timing of chum salmon f r y  a t  Praser Valley 
s t u d y  s i t e s .  



TABLE 3 .  T i m i n g  of chum salmon f r y  migration a t  s t u d y  sires, as 
indicated b y  d ; i t e s  of lo%, 50% a n d  90% migratio~. 

S t u d y  S i t e  Srage of Migration 
10% 5 07, 

-8 

90% 

J u d d  Slough A p r i l  9 April 23 M3y 4 

Sudd S l o u g h  
Pond 2 

Lower P a r a d i s e  

Worth Ci-eek 

Railroad Creek  

Hopedale S l o u g h  
i30nd 1. 

A p r i l  15 A p r i l 3 0  May 10 

April 1 A p r i l 2 0  May 5 

A p r i l  3 G  May 1 2  May 29 

April 10 A p r i l  29 a -- 
A p r i l  18 May 20 J u n e  4 

Mal-ch 2 7  April 14 a - 

aTrapping d a t a  inccrnplete .  

TABLE 4 .  E s t i m a t e s  of c h u ~  salmon f r y  migration at s t u d y  s i t e s .  

S t u d y  S i t e  P o i n t  Estimate 95% Confidence L i m i t s  

J u d d  Slough 844,000 7 4 0 , 0 0 0  - 974,000 

J u d d  Slough 
Pond 2 

Lower Paradise 329,000 302,000 -- 355,000 

Worth Creek 378,000 363 ,000  - 39,2,000 

Railroad Creek  

Hopedale Slough 
Pond 1 

B i l l y  Har r i s  S l o u g h  1,543,000 

a 
At these  s i t e s  the lower confidence limit corresponds t o  f r y  
emergenceand migratio12 enurnerared be fo re  premature terminaeicn 
of t r a p p i n g .  
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CUMULATIVE % MIGRATION 

FIG. 25. Seasonal t r e n d  i n  mean weight o t  m i g r a n t  chum s a l m o n  f r y  a t  
Squdmish area  study s i t e s .  V r r t .  i c a l  l i n e s  represent  i l 
standard deviation, 



CUMUL ATOVE MIGRATION 

F I G .  25. S c a s o n s l  c r c n d  i n  mean weight  of m i g r a n t  chum salmon f r y  a t  
F r a s c r  Valley s t u d y  s i t e s .  V e r t i c a l  lines represeng 
s t a n d ~ i r d  d c v i a t  i o n o  





TABLE 5 .  Sllnr!a,iry t ) f  c f ~ t ~ n i  s a l m o n  f r -y  w e i g h t  f i c 3 t c 1  f r ~ n a  e ach  s ~ u d y  s i t e .  

Range in $lean 
Seasons l Ind iv id taa  k CoeiEf i t c i e n t  of 

a 
Eiran Weight (mg) Weighrsfmg) ~ a r  i n s i o n ( % )  

J u d d  Slough 
Pond 2 

L o w e r  Paradise 

3;"(ezrrh Creek 

Ra i % road Creek  333 120 - 7 2 0  2 7 , 4  

t iopedale  Slough 3 3 4  1 7 0  - 2200 26.0 

a 
Coefficient of variation is t h e  sample standard 8.  V .  .. 171: . . , ~ t - e s s e d  
a s  a percentage of  c h e  sample mean,  

.$c Judd Slouph and Lower  Paradise  he w e i g h t  fret; t~e.:cs is characterized 
by a unimodal distribution (principally 300 - 350 mg; ;* - r ing  t h e  early 
stages of migration, a bimodal distribution a t  peak m i g r a t i o n ,  and a s h i f , :  
tc a unimod~l distribution a t  l a r g e r  s i z e  ( 3 5 0  - 400 m g )  in t h e  Later 
stages. Weight-frequency distributions f o r  38 mm fry i n  tlhe Fraser  Valley 
showed more variation at a l l  s t a g e .  of migration and a sligh~ ~endency 
coward inc reased  weight a s  t h e  migration progressed .  

CHUM SALMON EGG-TO-FRY SURVI i jAE 

Egg-to-fry s u r v i v a l  r a t e s ,  calculated f rom b o t h  potential and  net egg 
deposition, a r e  presented f o r  a l l  s t u d y  s i t e s  in Table 6 .  A t  f i v e  of  
t h e  seven s i t e s  s u r v i v a l  r a t e s  from potential egg deposition were relatively 
h i g h ,  ranging from 17.1% t o  33.5::. L o ~ ~ ~ e r  s u r l ~ i v a l  r a t e s  %$ere measured 
a: Railroad Creek (7 .1%) and Hopedale S l o u g h  (1.0%). 

As noted earlier, t h e  estimates of f r y  emigration from b o t h  Railroad 
Creek and B i l l y  Har r i s  S lough  were based or! extrapolations frorn incomplete 
rrapping d a t a .  A lower l e v e l  of confidence therefore applies tc t h e  
s u r v i v a l  estimates f o r  t h e s e  s i t e s .  M i n i m u m  egg-to-fry survival r a t e s  
at Railroad Creek a n d  Billy Harris Slough, calcula~ed f ra rn  t h e  number o f  
f r y  ac~ually enumerated ( T a b l e  4 ) ,  would amount t o  5.2% and 11.3% 
respectively, 



PAELE 6 .  Chum sa lmon  egg deposition, fry emigration a n d  egp-ro--fr>* 
survival r a t e s  a t  t h e  seven s ~ u d y  s i t e s .  

Percent Survival --- 
From From 

F r y  P o t c .  i a l  h3et 
Study S i ~ e  Patent .  ii> 1 Nel; Emigration 9epos l t i o r i  Deposition 

J u d d  S l o u g h  220,000 218,000 3 7,600 197.1 
Pond 2 

E a w e r  P a r a d i s e  l,iS6,BOa 1,564,000 329,OW 2 0 1 7  

?ailroad Creek 4,78bt000  4 ,537 ,000  341,800 7 , f  

Hopedale S f c u g h  587,000 578,000 6,000 1 * O  L O  
Pond f 

Billy H a r r i s  8,722,OQO !,443,800 
Slough 

DENSITY OF SPAWNING AND FRY PRODUCTION 

Chum salmon spawning d e n s i t y  and f r y  production p e r  area a re  p r e sen t ed  f o r  
each study s i t e  in T a b l e  7 .  4s  a major p c r z i o n  of t h e  developed spawning 
area was not utilized at some s i t e s ,  density and  f r y  production w e r e  
expressed in relation to b o t h  t o g a l  a r e 3  and a r e a  actually used  f o r  s p a z ~ n i n g .  
O f   he s i x  s i t e s  where  spawner  distribution was documented, o n l y  at Worth 
and Railroad c reeks  d i d  utilization approach  100% of t h e  avajlable area .  

Density of churn spawning and fry production varie considerably between 
sites, ranging f r om 2.5 female2 and 517 f r y  pe r  m a t  Railroad Creek to 
0 .12  females and 3.6 f r y  p e r  m at Hopedale Slough. The r e l a t i o n s h i p  oE 
fry prodlzct icn to spawning density indicates that a d e n s i t y  g r e a t e r  t h a n  
0.5 females " p e r  m2 does n o t  appreciably increase f r y  production ( F i g .  2 s ) .  
Railroad Greek, wh ich  accommodated approximately 5 times as many female 
spawners p e r  a rea  as Edorth Creek, produced o ~ l y  l5S. more f r y  per a r e a  
( 5 1 7  vs 450/m2). 





2 
TABLE 7. Density of chum salmon spawning and  f r y  production pei rn 

o f  developed spawnfng a r e a .  

D ~ v e l n p e d  Utilized No. of Potential Egg F r y  
Study S i t e  Area ( m 2 )  Area ( m 2 l a  Females Deposition Brloduc?: i o n  

Judd S lough  I f  ,610 

J u d d  S lough  560 
Pond 2 

L o w e r  Paradise 2,048 

Worth Creek 540 

Railroad Creek 6 6 0  

Hopedale S l o u g h  1,670 
Powd 1 

B i l l y  Harr is  7,480 
Slough 

a 
Area utilized by 95% of spawning population. F i g u r e s  i n  brackets 
represen t  numbers p e r  a rea  actually utilized. 

5 
S p a m e r  distribution s u r v e y s  were not conducted at t h i s  s i t e .  

As no tagging was conducted t o  measure t h e  a c t u a l  recovery r a t e  of coho 
carcasses,  t h e  number of carcasses  recorded at each s i r e  should be 
considered o n l y  a minimum estimate of spawning population. Some spawning 
also took place a f t e r  o u r  carcass recovery surveys were terminated i n  
e a r l y  to mid-January. 

Recoveries of coho carcasses  started in l a t e  November and peaked d u r i n g  
t h e  December 24 - Sanuary 3 p e r i o d ,  depending on s i t e .  The peak o f  coho 
f r y  emigration occurred during April a t  Squamish s i t e s  and during l a t e  
April and May at Worth Creek. Coho smolt migration timing va r i ed  between 
locations, $caking i n  l a t e  March - e a r l y  April a t  Lower Paradise, in May 
at Judd  Slough and i n  l a t e  May a t  Hopedale Slough. 

Other Salmon Soecies 

Four  sockeye salmsn ( nerka)  carcasses were recovered f r o m  
Hopedale Slough Pond 1 during Late December. A t  Lower Paradise 4 chinook 
salmon ( 0 ,  - tshawytscha) f r y  were caught  in t h e  downstream migrant  t r a p s .  - 



Ti1BL.E 8. Cornparat i v e  a b u n d a n c e  of a d u l t  and j u v e n i  l e  coho sii lmon a t  
s t u d y  s i t e s ,  

S t u d y  S i t e  t l du l  t Dead Count  Esc i rna tcd  F r y  Toca8 
Male Female Total Erlaigrat: i o n  S m d t  Ca t ch  b 

J u d d  Slough 32  f 8 50 26,000 324 

J u d d  S lough  3 rt 3 1,500 
Pond 2 

L o w e r  P a r a d i s e  15 9 24 8 ,600  215 

Worth Creek 36 35 7 1 29,300 81 

Railroad Creek 4 0 4 I90  2 1. 

Hopedale Slough 4 7 8 
Parad 4 

a 
Estimate based  o n  assumption t h a t  t r a p  efficiency f o r  coho f r y  i s  t h e  
same as t h a t  measured  f o r  chum f r y .  

b 
Actual c a t c h  w i r h  no adjustment f o r  non-fishing days  o r  t r a p  efficiency. 

TABLE 9 .  T o t a l  ca tches  oE trout and non-salmonid f i s h  species  i n  
downstream m i g r a n t  t r a p s .  

S t u d y  S i t e  T r o u r  Three-spi r le  S e u l p i n  Lamprey 
Stickleback 

Judd Slough If 

Judd  Slough 
Pond 2 

L o w e r  Paradise 12 

Worth C r e e k  10 

Railroad Creek 10 



-4s no a d u l t  ch i l l ook  were obse rved  eo s p a w n  i n  the c h a n n e l  i t  seemslikely 

t h L 3 t  t h e s e  f r y  had  immigrated from t h c  Cheakamus R i v e r  b e f o r e  c r a p s  w e r e  
installed on March TO. 

T r o u t  fingerlings ( S n l m o  s p . ) ,  l i k e l y  yfarlings i n  most cases,  were taken 
i n  t h e  downstream m t g r a n t  t r a p s  a t  a l l  s i t e s  b u t  J u d d  Slough Pond 2 
( T a b l e  9). A s  t h e  n u m b e r s  o f  t r o u t  were relatively low a t  a l l  s i t e s ,  no 
d i f f e r e n ~ ~ i a t i o n  of s p e c i e s  was  d t ~ e m p r c d .  

Catches of non-salmonid f i s h  spec i e s  i n  downstream m i g r a n t  t r a p s  a r e  
p l e s e n t e d  i n  T a b l e  9, Non-sc~lmonicfs were  much rnore abundant a t  F r a s e r  
Valley s i t e s  t h a n  a t  Squarn ish .  R e l a t i v e l y  l a r g e  catches of s c u l p i n s  
(Cottus s p . )  were made a: !\'orth a n d  Railroad c r e e k s .  Significant numbers  
of t h r e e - - s p i n e  stickleback (Casterosteus a c u l e a t u s )  were o n l y  encountered ---. 
a t  Hopedale  S l o u g h .  L a m p r e y  were  no^ iden~ified as t o  spec ies .  



The  tollowing d i s c u s s i o n  c o n c v n r r n t c s  on t h e  more important findings 
pertaining t o  churn s a l m o n - ,  

SUK'aPFVAL RATE COMPkR3CSO'i\;] 

I n  this s t u d y  chum salmon egg-tu-fry survival averaged  16.3%, ~ i p p r o x i m a ~ e l y  
twice t h e  ave rage  ( 7 . 9 % )  dacumrnted a t  s i x  n a t u r a l  spawning areas  in 
B r i t i s h  Columbia ( T a b l e  10). S u r v i v a l  r a t e s  a t  Worth Creek ( 7 3 . 5 % )  and  
L o w e r  Paradise ( 2 0 . 7 2 )  cxccedcd egg-to-fry survivals previously r epc r t ed  
l o r  chum satmoil u n d c r  n a t u r a l  co i t d i t  i o n s ,  a n d  compared favourably with t h e  
average survival ( 2 7 % )  ach i eved  w i t h  controlled f l o w  a t  Big ;  Qualicum Rive r  
on Vancouver Island ( E .  A .  P e r r y ,  p e r s .  comm.). 

FtiCTBRS AFFECTING SURVIVAL 

High spawning dcnsity probably r e d u c e d  egg-to-fry survival of chums a t  
Railroad C r e e k ,  b u t  i t  was n o t  c l e a r l y  a f a c t o r  a t  o t h e r  s i t e s  ( F i g .  2 8 ) .  
Potencia1 e g g  d e p o s i t  i o n  a t  Rai  i r o a d  Creek (7300 eggs/m2) approximated 
3 times t h e  optimum ( 2 3 0 0  cggs.'rnL) indicated f o r  chum and  p i n k  (Oncorhynchus 
gorbuscha )  sa lmon in studies a t  S a s h i n  Creek,  Alaska (McNeiL, 1969). 
Thorsteinson (1065)  f o u n d  t h a t  w i t h  a potential egg deposition of 6,000 eggs 
p e r  m2, m o r t a l  i c y  of chum a n d  p i n k  salmon eggs a t  spawning amounted to 45%. 
Though excessive spawning density may have caused  t h e  low s u r v i v a l  ( 7 . 1 % )  
a t  Railroad Creek ,  i t  could n o t  be  implicated a t  Hopedale S l o u g h  where  
survival was 1% d e s p i t e  che  lowest spawning density of any s i t e .  

A E  5 of the 7 s t u d y  s i t e s  native g r a v e l  was r e p l a c e d  with a r t i f i c i a l  g rades  
of spawning g r a v e l  (cobbles a n d  f i n e  material removed) co improve conditions 
f o r  egg incubation. Based on experiments r e l a t i n g  chux  s a l m o n  egg-LO-fry 
s u r v i v a l  to t h e  proportion of fine material i n  spawning g r a v e l  (Kosk i ,  1971)  
w e  would have c x p e c t e d  t h e  use of graded  gravel to improve s u r v i v a l  r a t e s .  
However, the advantages of a g r a d e d  g r ave l  s u b s t r a t e  w e r e  not clear from 
t h e  survival d a t a  ( T a b l e  6 ) .  The h i g h e s t  (33.5%) and l owes t  (1%) survivals 
occurred at Worth Creek a n d  Hopedale S lough  w h e r e  artLficial g r a d e s  o f  grave l  
were added. The s i t e s  w i t h  the n a t i v e  spawning bed material, L o w e r  Paradise 
and Judd Slough, produced relatively h i g h  s u r v i v a l s  of 20.7% a n d  17.1% 
respectively. Any benefits of graded  spawning g rave l  may well have been 
obscured  i n  t h i s  s t u d y  by o t h e r  f a c t o r s  which c o u l d  have a f f e c t e d  survival, 
s u c h  a s  spawning densicy and  differences i n  physical characteristics of the 
various s i t e s ,  e g .  g r a d i e n t ,  groundwater f l o w  and quality, e x t e n t  o f  back- 
watering, 

FRY PRODUCTION PER AREA 

The highest production o f  chum salmon f r y  p e r  a r e a  occur red  at Railroad 
2 2 (517 f ry /m  ) a n d  Wor th  (450  f r y / m  f creeks,  the sites w h i c h  experienced 

t h e  highest spawning densities. Though t h e s e  v a l u e s  a re  sigvificantly 



TABLE 10. Comparison o f  chum s a l m o n  s u r v i v a l  ( f r o m  potential egg 
deposition t o  f r y  emigration) i n  t h e  p r e s e n t  s t u d y  with survival 
r a t e s  recorded  a t  n a t u r a l  spawning areas  i n  B r i t i s h  Columbia, 

S t u d y  S i t e  S u r v i v a l  R a t e  
Mean Range 

Noc of Tnvestigntor(s) 
Observat i o n s  

Groundwater-fed 
s i d e  channels 

M i l e  Creek 

Hooknose Creek 

Big Qualicum 
fiiver 

Harrison River  
tributaries 

i n c h e s  Creek 

Barnes  Creek 12*3% 4,6-18,8% 

7 P r e s e n t  s t u d y  

H u n t e r ,  3959 

L i s t e r  & 
Walker ,  1966 

Fedorenko & 
Bailey, 1980 

4 Fedorenko & 
Bailey, 1980 

2 
be low t h e  1600 f r y  p e r  rn achievable in an a r t i f i c i a l  spawning channel f o r  
chum salmon (Fisheries & Environment Canada, 1978), t h e y  do compare w i r h  
maxima observed a t  n a t u r a l  spawning a reas  supporting mixed populations of 
chum and  p i n k  salmon. McNeil (1969) reported up to 463 f r y  pe r  rn2 m i g r a t i n g  
from S a s h i n  Creek ,  and Hunter ( 1 9 5 9 )  es~imated t h e  uppe r  limit of f r y  

2 
production at Hooknose Creek,  British Columbia, to approximate 330 per m . 

F r y  per  a rea  d i d  n o t  increase  a p p r e c i a b l y  when spawning density 
exceeded 0.5 females/mZ. Though Railroad Creek accommodated 5 t i m e s  as 

2 many female spawners p e r  a r e a  as Worth Creek ( 2 . 5 / m 2  versus 0.5im ) it 
produced o n l y  15% more f r y  p e r  area .  



I n  F e b r u a r y ,  1980, Department of Fisheries a n d  Oceans p e r s o n n e l  conducted 
I lyr i r-aui ic  sampling of chwn s ; i lmon r r d d s  to compare survival at. t h c  s t u d y  
sires a n d  rt) r4r.r crminc.  w h ~ ~ t i i c ~ r  hydraul i c  s c f m p l i n g  results, i c .  t h e  r a t i o  
o f  l i v e  to d c a d  embryos,  c o u l d  be  u sed  as  a n  i n d e x  of survival from 
potential e g g  deposition t o  f r y  migration (Comfort, MS 1980). Nost chum 
salmon embryos h a d  cithcr hntc::ed o r  r eached  t h e  advanced e y e d  stage a t  
t h e  t i m e  o f  sampling. The overnll percentages of l i v e  embryos a t  each 
s i r e  a re  shown i n  t h e  following t a b l e :  

Jxibd J u d d  Lower Worth R a i l r o a d  Hopeda le  B i l l y  
S lough  S l o u g h  Parad i se  Creek Creek  Slough Harris 

_U_- 

Pond 2 - 

Fig. 29 r e l a c e s  t h e  percentage of  l i v e  embryos in sampled r e d d s  t o  egg- 
t o - f r y  s u r v i v a l  a t  a g i v e n  site. Where graded spawning g rave l  had been 
added ,  s u r v i v a l  w a s  significantly c o r r e l a t e d  ( r =  .97;  P =<:.01) w i t h  
t h e  percentage of l i v e  embryos i n  redc;. However, s u r v i v a l  in native 
spawning bed material at J u d d  Slough and  L o w e r  P a r a d i s e  d i d  n o t  reflect 
t h e  h i g h  proportion of l i v e  embryos  found in r edd  sampling, Two possible 
explanations f a r  t h i s  anomaly a re :  ( i )  a h i g h e r  percentage of  eggs 
deposited i n  t h e  n a c u r s l  bed  material w a s  dislodged during spawning a n d  
t h e r e f o r e  d i d  n o t  a p p e a r  as d e a d  eggs i n  t h e  Feb rua ry  r e d d  sampling ( u n d e r  
similar circumstances t h e  g r e a t e r  v o i d  area i n  t h e  a r t i f i c i a l l y  graded  
g r a v e l  may s e r v e  to r e t a i n  eggs that would  otherwise be dislodged by l a t e r -  
spawning waves of s a lmon) ;  or (ii) post-hatching mortality was h i g h e r  i n  
t h e  n a t u r a l  spawning bed macerial t h a n  i n  t h e  g r a d e d  g r ave l .  I n  case 
(i) mortality due  :o s u p e r i m p o s i t i o n  and  d i s l o d g i n g  of eggs i s  n o t  f u l l y  
accounted f o r  in t h e  redd  sampling. 

FRY NEGWMT S I Z E  

Post-emergent strewn r e a r i n g  of chum salmon f r y  b e f o r e  seaward migration 
h a s  been obse rv2d  i n  several previous British Columbia s t u d i e s  (Sparrow, 
1968; Fraser  e t  a l ,  1978) .  I n  t h e  p r e s e n t  s t u d y ,  chum f r y  migrants with 
obvious post-emergence growth were most common a t  Fraser Valley si:es, 
particularly at Railroad Creek a n d  Hopedale Slough. The pond-like 
conditions at these  sites may have r e i n f o r c e d  t h e  t e n d e n c y  of some f r y  
t o  rear  f o r  a p e r i o d  h e f o r e  emigrating. 



% LIVE EMBRYOS IN WEQBS 
- - 

FIG. 29. R e l a t i o n s h i p  between t h e  percentage of Live chum salmon 
embryos determined from r e d d  sampling a n d  survival from 
potential egg deposition t o  f r y  emigration at s t u d y  s i t e s .  
Open c i r c l e s  denote s i r e s  where g raded  g r ave l  substrate 
was a d d e d ;  s o l i d  c i r c l e s  denote sites w i t h  t h e  n a t i v e  
spawning bed material. Regression line i s  f i t t e d  to t h e  
open c i r c l e s .  

A t  t h e  Squamish a r e a  s t u d y  s i t e s  chum f r y  of a given l e n g t h  c l a s s  were 
shown to i n c r ea se  i n  weight  as t h e  migration progressed. The bimodality 
we observed i n  weight  f r e q u e n c y  distribution during peak m i g r a t i o n  h a s  not, 
t o  o u r  knowledge, been previously reported. Barns ( 1 9 7 4 )  u s e d  t h e  l eng th -  
weight relationship of p i n k  salmon f r y  m i g r a n t s  to demonstrate t h e i r  
stage of embryonic development, with g r e a t e r  weight a t  a g i v e n  l e n g t h  
indicating h i g h e r  yo lk  conrent and t h u s  a n  earlier stage of development. 
He r e p o r t e d  t h a t  among n a ~ u r a l l y  produced f r y  weight a t  a g i v e n  length 
declined as migration progressed, opposite t o  t h e  t r e n d  we observed in 
chum f r y  a t  S q u a m i s h .  We can o n l y  s p ~ c u l . 2 t e  t h a t  c h e  seasona l  c h a n g e s  
in t h e  length-ueighc relaticnship noted i n  this s t u d y  may have  been due  
to d i f f e r e n c e s  i n  t h e  e x t e n t  of feeding among chum f r y  migrants, e i t h e r  
within or above t h e  g r a v e l ,  a t  different s t a g e s  of migration. 



Chum f r y  migrants a t  Squamish st u d y  sires were l a r g e r  over  t h e  season  t h a n  
f r y  a t  t h e  F r a s c r  Vnllcy s i t e s  (mean w e i g h t  of 344 mg v e r s u s  327 ng). 
T h i s  difference i n  f r y  s i z e  may have been  r e l a t e d  to t h e  g r e a t e r  age and  
s i z e  of female churn salmon a t  Squnmish, p e r l ~ a p s  through l a r g e r  egg s i z e .  
Koski (1966)  obse rved  n positive correlniion btz tween t h e  s i z e  of coho  salmon 
f r y  a t  emergence nnd s i z e  o f  p a r e n t  females. 

I .  A study was c o l ~ d u c t e d  during November, 1979 t o  J u n e ,  1980 t o  a s s e s s  chum 
salmon s p a r ~ n i n g ,  incubation s u r * ~ i v a l  a n d  f r y  production i n  groundwater- 
f e d  spawning a r c a s  w h i c h  had  been developed or  improved t n  e n h a n c e  salmon 
p r o d u c t i o n .  T h c  s even  s t u d y  s i t e s  were s i t u a t e d  on t h e  lower mainland 
of southern B r i t i s h  Columbia, t h r ee  near  Squamish and  f a u r  in t h e  Frase r  
R i v e r  valley. 

2. A t  each s i t e  t h e  chum sa lmon  spawning population w a s  estimated by tag-  
and- recovery  a n d  chum f r y  emigration was determined by t o t a l  enumeration. 
Information was a l s o  obtained on chum spawning t i m e  and  distribution, 
spawner  age a n d  s i z e ,  f r y  s i z e  a n d  m i g r a t i o n  t i m i n g ,  and u t i l i z a t i o n  of 
t h e  a r e a s  by o t h e r  ftsh spec ies .  

3 .  Chum s p a w n i n g  rook p l a c e  between l a t e  Oc tobe r  and mid-January ,  and peaked 
a t  most s t u d y  s i t e s  d u r i n g  December 1 - 15. Age g r o u p s  3, 4 and 5 w e r e  
p r e s e n t  in a l l  escapements; age 4 f i s h  comprised t h e  majority a t  a l l  b u t  
one s i t e .  Chum spawners a t  Squamish a rea  s i t e s  w e r e  o l d e r  and  la rger  
f o r  a g iven age t h a n  spawners a t  F rase r  Valley s i tes .  

4 .  The estimated escapement of chum salmon to individual study s i t e s  ranged 
from 479 t o  6572 f i s h .  Seasonal spawning density was  0.5 females/m2 or 
less  a t  a l l  b u t  one s i t e ,  where it was estimated at 2 . 5  females/m2. 

5 Chum salmon f r y  emigrated f rom t h e  s t u d y  a reas  between e a r l y  March and 
i d -  A t  5 of t h e  7 s t u d y  s i t e s  t h e  da te  of 50% migration occurred  
during t h e  A p r i l  24-30 period. 

6. The estimated migration of chum f r y  from individual s t u d y  s i t e s  ranged 
from 6,000 t o  1,543,000. Maximum f r y  production per  u n i t  of  spawning 

2 area  w a s  estimated at 5171m . The relationship between spawner  d e n s i t y  
and f r y  produc~ion i n d i c a t e d  t h a t  f r y  output p e r  area d i d  not increase  

2 appreciably a t  spawning densities exceeding  0.5  females/m . 
7 .  Over t h e  migration p e r i o d  chum f r y  were l a rge r  on t h e  average a t  Squamish 

t h a n  i n  t h e  F r a s e r  Valley, prssibly t he  r e s u l t  of t h e  la rger  s i z e  o f  
female spawners a t  Squamish. Individual f r y  weight v a r i e d  more a t  F r a se r  
Valley s i t e s  d u e  to t h e  p re sence  of f r y  which had  achieved considerable 
growth  be fo re  seaward migration. 



8. Chum s a l m c n  survival f r o m  potential e g g  deposition t o  f r y  migration 
ranged  f r o m  1% to 33.5% a t  individual s t u d y  s i t e s .  Thc average 
survival (16.3%) a t  ? h e  s e v e n  sites w a s  approximately twice t h a t  
recorded  f o r  chum salmon a t  n a t u r a l  spawning a r e a s  i n  B r i t i s h  Columbia. 

9. Examination of fac:ors potentially aEfec5ing survival i n d i c a t e d  t h a t -  
excessive spawner d e ~ i s i t y  ( 2 . 5  fcmales/m ) p r o b a b l y  reduced egg-to- 
f r y  s u r v i v a l  a t  one  s i t e .  Thc  advancages of a graded  g r a v e l  spawning 
substrate, w h i c h  h a d  h r e n  ixided r s  5 o f  c!le 7 s i t e s ,  were n o t  a p p a r e n c  
from r h e  s u r v i v a l  d a r a .  However, between-site differences in spawner 
density a n d  o t k e r  physical characteristics may have o b s c u r e d  t h e  
cffcat of substrate character. 

10. Coho salmon u s e d  a l l  study s i t e s  f o r  spawning a n d  rearing. Small 
numbers  o f  juvenile t r o u t  were c a p r u r e d  a t  a l l  b u t  one  s i t e ,  a s  were 
stickleback, s c u l p i n  a n d  lamprey. 

We a r e  g r a t e f u l  t o  a number of i n d i v i d u a l s  f o r  assistance i n  carrying o u t  
t h i s  project. Cy Walsh f a b r i c a t e d  and  installed t h e  a d u l t  salmon fences  
and  dnwnstreaa migrant  t r a p s  a t  a l l  s ~ u d y  s i t e s .  Dennis Demontier r eco rdzd  
a d u l t  salmon spax%~ning distribution and p rov ided  measurements of t h e  study 
s i t e s ,  Data from :he B i l l y  Harr is  Slough p r o j e c t  were p r o v i d e d  by Wilfred 
Leon o f  the Chehalis I n d i a n  Band and Linda  Patterson, t h e  p r o j e c t  coordinatcr. 
Gera ld  Harris of  D.B. L i s ~ e r  & Associa~es L t d .  organized a n d  participated 
i n  t h e  a d u l t  salmon study. We a l s o  app rec i a t e  the  assistance o f   he f i e l d  
crew, particularly Dave Moore, Edgar  S ~ o w a r d s ~  Jan i ce  Howie and A l l e n  L e w i s .  
Kerr Wood L e i d a l  Associa tes  L t d . ,  consulting engineers, d r a f t e d  f i g u r e s  
f o r  t h e  r e p o r t ,  
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APPENDICES 



:%PPENDIX a spopr TEMPEI;~~TURE:S (OC) TMEN I N  .IUDD SLOUGH AND SQU~Q~ISH  RIVE^, 
]\i:OVE?BER, 1979 TO JANUARY, 4980. 

Judd Slough S i t e s  -- Sctuamish Rm -2 

Jan ,  3 6 * 0  6 * 0  '7 8 L O  6.5 6.0 4.0 

Jan 13 7 - 0  7 a 0 8,Cb - - 7.5 2 , s  



MPENDlX fi DtiZLY TEWEbITUKE ('c) O F  JUDD SLOUGH, JUDD POND 2 AND 
SQUMIISH RIVER,  W R G i f  TO 1-fAY, 1988, 

Date Judd Slougfg 

Max, Min, Pleaxz 

Judd  Pond 2 SquamJLsh R ive r  

Max, Min. Mean khx. Min, Mean 

Mar. 13 - 
14 - 
17 9,O 
18 8 * 8  
28 8 * 0  
2 1  l0,O 
2% %OeO 
25 9 * 0  
27  9, f )  



APPENDIX C SPOT TEkPERATURES (OC) TAKEN I N  L O I a R  PARWISE 
CWWEI, &WD CHE US RIVER, NOVEMBER, 1974 TO 
JMUmY, 19801 

Bate Lower 
P a r a d i s e  

Cheakmus 
River 

Nov, I6 

Nov, 20 

Move 26 

NOV, 29 

Dec, 6 

Dec, 1.1 

Dec, 15 

Dec, 19 

Dec, 24 

Dee* 28  

Jaw, 3 

Jan,  13 



MPEKDIX D h3T'URE ( O C )  OF LOWER PARADISE NEL 

Dace Lower P a r a d i s e  Channel Cheakamus River 

Max. Plin, Mean Nnxg E n .  Meas1 

Apr. 2 
3 
8 
9 

10 
I I 
12 
13 
f 4 
15 
I6 
17 
18 
2 1 
22 
23  
24 
25 
28 
29 
30 

May 1 
2 
5 - 
6 



l p p E N D I X  E SPOT TE&pEpATUES ('c) TAKEN AT FMSER VALLEY !;TUN SITES, 
NOVEMBER, 1979 TO JANUARY, 1980. 

g s r t h  N a r r i s h  Railroad Nicomen Hopedale Vedder 

Date C r e e k  Cscek Creek Slough Slough River 

Ncsv, 

Dec, 

Bec, 

Dee. 

Dec, 

Dec, 

Deeo 

&3n. 

Jan, 

Jan,  

Jaw, 



Mar, 2 1 
24 
25 

D A I  fJY TE3PEKATU:aS OF HOPEDATd SLOUG3 AUD VEDDER 
RIVER,  ItIARCN TO PLIU, 1980. 

Max, Kin ,  Flean 

625 8.75 
5 * 0  8.00 
5.5 8 , 2 5  
G O O  9*00 
5.0 7 , 7 5  
6 .0  9.5  
6 3  9 % 2 5  
6 , O  9 s  
7 .0  9 2 5  
7 3  9.25 
7 0 8.25 
T s 5  10.25 
7.5 8,25 
6 , Q  7.75 
8 ,Q 9.0  
6 3 3  7 2 5  
8,O 10.8 
7 3  9.75 
7J.I 5.5 
7 * 0  925 

Max. Misl. Paean 



Date 

27 
29 
29 
30 

June  H 
2 
3 
4 
5 
8 
9 

10 

Max, Nine Mean 

Vedder River -- 

Max. Min. Mean 



DAf 'tV TE?PERII"ITtJES OF WORTH, disciJEROm AND NORRISH 
CREEKS, :iURCln" TO Pay, 1980* 

Date " i ~ o  r t t l  Creek R a i i r s a d  Creek Marrish @reek 
Max. Min, Pfeara Plax. Kin. $lean $lax, PIISlln. FYfean 

Mar, 12 12 6 9 
13 9 5 a 
14 9 5 7 
I7 8 5 6 2  
18 7 5 6 
20 9 5 7 
2 1 6 5 5.5 
23 
24 7 5 6 
25 6 5 5 3  
27 5,s  5 5 . 2 5  
28 7 4 3  5 , 7 5  
31 8 6 7 

Apr, I 7 5,s 6 2 5  
3 13 425 8,75 
4 7 4 5 Q 5  
a 13 9 X I  
$3 10 3 6 , 5  
9 10 5 4 * 5  

18 18*5 S,5  8 
E l  7 5 6 
14 12 5 8 , 5  
15 8 5,5 6 ,75  
16 7 5 6 
f 7 9 5 7 
18 9 5 7 
19 
20 
2 1 7 5 6 
22 $0 6 8 
2 3  If 6 8,5 
24 9 6 7 * 5  
25 11 4 5  J , 7 5  
28 95 -5 10 
38 12 7 9 . 5  

Ma.y I a 9 6 7.5 
2 18 6 82 
3 
6 16 6 11. 
7 13 6 9.5 
8 15 7 3 1  
9 PO 6 8 

12 12 a 9P5 
13 9 5,s 7 2 5  
14 10 5,s 7835 
15 7 6 6.5 
16 7 5 6 
19 14 7 10,s 



Date Worth Creek Railroad Creek iltiarriskl Clilteek 
Flaxl n Mean Max, Min. Mean Flax, M i w .  Mean 

May 20 
2 f. 
22 
2 3 
26 
2 7 
28 
29 
30 

June 2 
3 
4 
5 
6 
9 

10 
13 



ia2PENDIS M SZ>A\?XLNG BED COFiiJOSfTIOK AT STUDY SITES E P P S S S E D  AS PERCENT 
BY WEIGHT PASSIXG A G I V E N  SIEVE S I Z E ,  

Sieve Judd Judd  Slough Lower I'aradise tdorth Railroad Hopedale 
S i z e  Slough Pond 2 Ci~asrsnc l Creek Creek Slough Pond 1 



MPENDIX I SUf.IEIIIIiY OF AI)U14T CLIUkI SALMON :rlIGCXNG AND RECOVEIIY DATA FROM S I X  STllrlY SITES,  
NOWMUER, 1979 TO JANUARY, 1980. 

NGP * No, Recovered -"------ 

bf2le Fernale Male F'en~ale S t u d y  S i t e  Tagging Date 

Judd  Slough 
( i n c l u d i n g  t a g  
recoveries f rorn 
ponds 1 6: 2 )  

J ~ i d d  Slough 
P 0 1 d  2 

Worth Creek 

Railroad Creek 

Hopedale Slough 
Pond f 



t<?PEWD%X J SUMPAXtY OF SADiON $,4RC.GS R E C O a R Y  D A U  AlqB PDPUUTION ESTTWTES AT S I X  SZiUDT SITES, I.lOiiE$f.BER 1979 
TO JANUARY, 1380. 95% CONFTDENCE INTERVALS FOR POPULATION ESTIMATES AHE SkIOWN IN BRACKETS. 

Na, o f  C;lrca~ses Examine4 
4_-- -- 

Re cave mle Female T o t a l  
Po u%atPon Es t ima tm  2----- 

Hale Female T o t a l  

Judd Slough NOV, 16 - .Jana 13 112 523 k 70 976 66 24% 
Pond 2 (115 - 257)  ( 4 5  - 93) (160 - 350) 

h w e r  Paradise Nov. 16 - 30 146 79 225  2 2 4  132 356 
Channel (141. - 338) (83 - 199) $ 2 2 4  - 537) 

Dec, X - 11 150 104 264  195 10% 300 
(137 - 269)  (64  - 164)  (20% - 4 3 3 )  

Dec, 12 - Jan, 13 352 19% 544 45 1 25 1 762 
- ------ (163 - 369) (426  - 1091) a , ----------  .--- 
658 375 10143 870 488 1358 

( 5 4 2  - 11329) (320 - 4 3 2 )  (851 -- 2061) 

Railroad Creek Nov, 9 - Dec. 12 446 377  8 1 7b 469 403 872 
(3S l+  - 631) (277-  565) ( 6 3 %  - 1196) 

Pec. 13 - 2 7  755 739  1494 918 1610 1928 
( 6 5 8 -  1 2 4 5 )  ( 7 5 6 - 1 2 6 4 )  ( 1 4 1 4 - 2 5 0 9 )  

Dee, 28 - Jan ,  11 168 211 379 171. 217 388 

( 1 8 4 1  - 2206) (1182 - 2133) ( 2 3 2 3  - 4 2 3 3 )  

Hopedale S lough  Nov, 2 - 17 57 6 2  1 l g b  78 78 148 

Pond % (414 - 167) (48 - 128) (92  - 227) 
Nov, 18 - Dec* 12 86 53 139 87 5 4  141 

( $ 4  - 133) (33  - 81%) (87 - 216) 
Uec, 13 - 28 37 28 65 1137 37 144  

( $ 0  - 177) ( 2 4  - 5 4 )  ( 8 4  - 231) 
Dee, 29 - Jan ,  19 a4 30 4% 15 31 46 

a 
S t u d y  s i t e  i n c l u d e s  a l l  o f  Judd Slough,  t r i b u t a r i e s  and Ponds I and 2, 

Numbers a d j u s t e d  f o r  estimated l o s s  before  fence installation. 



APPENDIX K IJEE%"GTH AND 'EEGLWDPn DATA FROM A SMbPLE 
OF 23. FDCALE: CHUM SAE>ION, 
LOWER PAAUDISE CWNNEL, % 979 

Collection Orbital-hypural No. u f  eggs 
Date iengthtcm) - 

a 
Rejected from length-f ecundity regression sarnple 
because of suspected par t ia l  spakming p r i o r  1.0 

capture,  



RZPENDIX L RESVLTS OF P&RYI:'D QTi-lmd SiLYi3F; FRY RELEASES TO TEST TWJ' 
EFFI C I E N a  AT STUDY S I T E S ,  

S i t e  ke lease R e  lease No, 'No, Pt~rcerl t NO, of Traps 
No . Date Fl.3rkcd Recaprnred Kcrap tu re  / Ip tbr i2  t i n g  - --- - - 

Judd Slough 
(Ilain Trap) 1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

A p r i l  14 
2 1  
2 3 
2 8 
3 0 

May 5 
.-, 
I 

12 
15 
2 3  

Sudd Sisuglz f Apr i l  19 294 218 ? 4 . f g  I 
Pond 2 2 22 300 183 69 .08 I 

3 28 32 5 f 96 5 0 . 3 ~  P 
4 May 6 383 3 32 8 6 . 9  1 
5 13 3 1 %  299 94.8 1 

Lower  Paradise  1 April 10 298 280 94.0 2 
Charrae f 2 X 4 2'38 299 117.0hj 2 

3 2 1 399 1375 137 .  bi 2 
4 28 500 4 0 3  80ebi 2 
5 Mdy 6 7 3 9  510 70.9 2 

Worth Creek 1. A p r i l  12 49 31 63*  3 
2 21 97 86 88-7 
3 2 3  298 248 801 5 
4 May 6 998 9 99 99.1. 
s 1.3 499 537 10-a. sJ 
6 13 4 9 3  499 100. 23 
7 26 200 125 62.5 

Railroad Creek 3 April. 8 299 1 2 1  40.5 
2 14 284 25 8 * 5  
3 17 9& 28 29 + 8 
4 22 147 2 1  44.7 

a 
%ly regl~ve~'ies in Trap 3 used, to estabfislln efficiency d u r i n g  eaxly stages sf  migrasian 

when o n l y  T rap  3 was operated, 

Tes t  not used: f r y  released too close to craps f o r  p r o p e r  l a t e r a l  d i s ~ r i b u t i o n .  

Tes ts  used ro es t ab l i sh  e f f i c i e n c y  w i t h  Traps 2 and 3 operating, with adjustmlent .for 
d i f  fereace in la teral  b i s E r i b u r i o n  of m s k e d  Pry, 

T e s t  not used; f r y  released p r e m a t u r e l y ,  before peak migration. 

e 
Tesrs used to  e s t a b l i s h  e f f i c i ency  w i t h  a l l  3 traps o p e r a c i n g ,  w i t h  adjust men^: far  

difference i n  l a t e r a l  d i s t r i b u t i o n  of marked f r y ,  
F 

T e s t  no t  used; release lare in migra t ion  and f r y  d i d  noc rezurn. 

' Tescs not used; marked f r y  observed to t a k e  up residence in pond above trap. 

Tes t  not used; incorrect  mark enumeration. 

i 
Test not used; d-9"aa-i~ clogged t r a p ,  caus iz~g,  f ry  Boss= 

3 
* k c a p t u s e s  es t imeeb  from total veight  of f ry  and conversion samples providing nmber 

p e r  %;e kgh t . 



APPENDIX SEASONAL T I M I N G  OF (TtIW SALMON CARCASS RECOVERY AT SQZIAMISH 
A W A  STUDY SITES,  3979-$0* 

Lower  Paradise Channel 

S a q l i n g  No. X N o ,  X Ned , X 
Date re ravexed recovered recalvered 

Tota l s  2622 174 1C633 



I \PFE%DIX t-4 SEASONAL TIXIh'G OF CHUM SALPlON CARCASS R E C O a R Y  AT TLILISER VALLEY 
STUDY SITES,  1979 - 80. 

Worth C r e e k  Railroad Creek ilgh F m d  1 

Sampling P a 0  . 7i No , X No , I%: 
Dace re covered recovered recoveretll 

- 

T o t a l s  6 6 2  2690 368 

a .  
Fences f loaded and /o r  h i g h  water prevented t o t a l  carcass recovery. 



MPENDIX 0 LENGn3 AND FECIJNDIn DATA FROM A 
SMPLE 06: 95 FEmLE S A M O N ,  
BXLZh" MURIS SLOUGH, 1979& 

Nose te, Fork N o ,  of eggs 
length ( cm) 



I'I_F$ENDLX P LENGT"H FUQII'EECV DHSTZTBUTIOM OF C H W  
SAmON BY ACE GROW AT SQUhYISH A R M  
STUDY SITES IN 4979, 

Judd  SlougE~ Lower P a r a d i s e  Channea 
W '  - 

Lesrg$h Male Female M a l e  Femaf e 
(em) 3 4 5 3 4 5  345, 3 4 5  - 

Tota l s  22 58 18 28 51 20 34 67 21  31 72 18 



&WPEKDIX Q LENGTH F ~ Q U E N ~  Dnsr%;lirBvTIoEd OF ADULT GHLM SALYON BY 
AGE GRS)LP AT F ER VALLEY STUDY SITES I N  X979* 

Creek - .  

- 
Totals  5 1 3 3 - 5  7 4  31 3 37 83 2 38 88 4 29 52 9 36 44 G 



APPENDIX R KECOVERIES OF CHWf SALMON FIN-MARKED (Ad LV) 
ii"F 'TNmES C E E K  IN WORTH M B  WILWOISD GEEMS* 

Recovery Recovery Sex Length Age 
Location Date (1979-80) 1 

Dec. 17 

Dee, 27 

Jan, 95 

Jan, 2 

h -R = regenerate scale. 



Estimating Est imated 
Factor Ffigration T r a p  1 Trap  2 T r a p  3 Total  



Judd Slough 

Estimated 
F%grati.an 

Catch 
Date 

Trap 1 Trap 2 Trap 3 Total  

A p r i l  25 
26 
27  

a 
b 
Estimating fac tor  f o r  all 3 traps fishing (1.67). 
Estimating factor of f 1. l l  (recovery rate f ram Apr. li5 release), 
using Trap 3 c a ~ c h ,  
Estimating factor o f  2.71 from average recovery rate in Traps  2 
and 3 %ram 5 mark releases, 

d 
Trap  2 catch estimated from Trap 3 catch based or. airerape r a t i o  
0% 2,55 : 1, 

* Fnterpolated data. 



S3DU SLOUGZI POND 2 

E s t  i 3 ~ a t e d  
Migra t ion 

( C a t c h  x 1.06) 

Date 

April 2 1  

Estimated 
Migration 

(catch x 1.06) 

cv- 

1nterpt;Lated da t a .  



Cat cI1 - 
Trap I Trap 2 Total 

A p r i l  1 
2 2,715 
3 2,460 
4 
5 
6 
7 
8 

- 9 3,742 
f O  3,423 
11 2,325 
12 4,860 
14 3 ,524  
45 12,236" 
16 5,H75 
1 7  6,121 
18 6,628 
19 
20 

Estimated PEgr<ation 
(catch x 1.045) 



Lower Paradise C%jalranel 

Date Catch 

A p r i l  2 1  
T r a p  1 
4,439 
7 ,326 
7,204 
4,253  
1,989 

Trap 2 
2 ,297  
3,595 
4,855 
2 , 1 4 3  
1,443 

Estimated Migration 
(catch x 1.045) 

* Interpolated data. 



APPENDIX S (cant.) 

March 41 
12 
13 
14 
15 
16 
1 7  
18 
19 

2 7  
28 
29 
30 
3 1 

April 1 
2 
3 
4 
5 

Migrae i o n  
( C a t c h  x 1.16 

C a t c h  E s t  irnated 
Migration 

(Catch  x 1 J 6 )  



M3PENDIX S (con t  .) 

Worth Crelek 

E s t i m a t e d  Migration 
(catch x 1.16) 

T o t a l  

* Innteqcrslated data, 



Cat GSB 

Mar, 22 
23 
2 4 
,2 5 
2 6 
:2 7 
2 8 
2 9 
3 0 
31 

A p r i l  I 
2 
3 
4 
5 
6 
7 
8 
9 

1.0 
11 
1.2 
4.3 
1.4 
a. s 
16 
17 
98 
19 
20 
2. % 
22 
2 3  
24 
25 
26 
27 
2 8  
2 '9 
36 

E s f  imated E s f  imated 
Migration S tanding Popula t ion  
(catch ~ 1 . 1 6 )  Above Trap a 



Date Catch 
Estimated 
l f igrat ion 
(catch x 1.16) 

* In terpola ted  d a t a .  

a 95% confiGence limits shown in brackets. 

~ s t i m a t e d  
Standing P o p u l a t i o n  
Abolre  rap^ 



HQFEDALE SLOUGH POND 1 

Date 

A p r i l  1 
2 
3 
4 
5 
6 
7 
8 
9 

1.0 
11 

Estimated Date 
Migration 

( c a t c h  x 1 . 1 2 )  

May 7 
8 
9 

10 
1 a 
1 2  
13 
14 
1 5  
16 
1 7  
18 
19 
20 
2 1 

Total 

C a t c h  

329 
2 3 5  
112 

2 1 
1 
2 

2 5 
59 

2 1 
5r, 

133 
126 
1 1 2  

Est i .mated 
Migration 

( c a t c h  x 1 . 1 2 )  

* In~erpolated d a t a .  



~ ~ P E N B I Z X  'IT FKI' PI IGMTION TIMTNC AT STUDY SITES, EWmSSED AS 
Di4ILY W D  CLWeEaTILT PERCENTiIGE OF TOTAL tEGlUTION* 

SQUmlISH AREA Sf TES 

Judd  Slough ( t o t a l )  *Judd Pond 2 Lower P a r a d i s e  

Date 
(1980)  

March 8 
9 
10 
II 
1 2  
13 
14 
15 
If; 
1 7  
18 
19 
20 
>2 5. 
22 
23 
24 
25 
26 
:2 7 
28 
29 
30 
3 I 

Daily Cmu%.a t ive  D a i l y  Cumulative Daily Curnula t i v e  
X J  x x x 7i x 



Date 
gnsrso) 

Judd (total) 

Daily Cumulative 
7= 2 

Judd Pond 2 

Daily Cumulative 
*d 
JQ z 

Lower Paradise 

Daif y Cumulative 
x x 



idORTI4 CREEK AND ]{OPEDALE SLOUGH 

Date 
(19 80) 

A p r i l  .1 
2 
3 
4 
5 
6 

Worth Creek 

Dni Zy Cumulative 
x 2 

Hopedafe Slough Pond 1 



Date 
(1980) 

June f 
2 
3 
4 

5 
6 

\ ? s r t h  Creek Hopedale Slough Pond I 



&WPENDIX T (con t . ) 

Dai ly  Cumulative 
x % 



U P E N D Z X  %I COliO SALMON FRY ;?.IIGRATLON :DATA PROM A I L  STUm SITES IN 1980. 

Date Judd Slough ( t o t a l )  Judd Slough Pond 2 Lower ParadLse Chantme$ 
D a i l y  Expansion E s t i m a t e d  D a i l y  Emansion E s t i m a t e d  Da i ly  Exps;:~ ion  Estimated 
Caect~ Fac tor  Wigra t ion  Catch Factor ~ i g r ' a t i o n  Catch Factor wigration 

l , 6 7  
11, [El 

1 06 
(all 

dates) 

l 045 
( a l l  

dates) 



Date J u d d  S lough  ( t o t a l )  Judd Slough  Pond 2 Iaower Parad ise  CBlanneJ 
D a i l y  Expansion Estimated D a i l y  Expansion Estimated D a i l y  Expansion Estimated 
Catch Factor  Migra t ion  Catch Factor Migrati.on Catch Factor Migration 

A p r i l  19 
20 
2% 316 
22 267 
23 157 
2 4  
2155 33  
26 
27 
28 20 
29 398 
30 84 

May 9 55 
2 30 
3 
It 
5 
6 2 7  
7 8 
8 8 
9 3 

10 
t % 
12 1 
13  2 
14 1 
15 0 
16 2 
17 
I8 
19 
20 



A P P E N D I X  U ( c o n t  .) 

Date Judd Slough ( t o t a l )  Judd Slough Pond 2 Lower Paradf  se CE.larzczl 
Daily Expansion E s t i m a t e d  C a i l y  Expansion E s t i m a t e d  Daily Expansion Estimated 
Catch Fac tor  Migra t ion  Catch Fac to r  Wgraticara Catch Fac t s r  Migration 

Pfay 2 1  

Tota l s  2 ,911  

* I n t e r p o l a t e d  data, 



Date Worth Creek 
Dail-y Expansion Estimated 
Catch Factcr X i g r a t i ~ r ,  

mrch 8 o* 
9 5% 

10 f3*k 
1 3  3 1 
B 2 3 1. 
13 38 
f 4 7 3  
IS 5 3* 
I6 753" 
17 49  
18 102 
f 9 49;"c 
20 14 
2 1 29 
22 l6* 
23 $3& 
2 4  6 
25 4 
26 4k  
2 7  4 
28 0 
29 4k 
30 9* 
31 9 

A p r i l  1 $7 
2 I 
3 14 

1. 16 0 
(all 6 
dates) 15 

36 
36 
44 
85 
6 1 
87 
57 

1.18 
57 
16 
34 
19 
15 

7 
5 
5 
5 
0 
5 

10 
10 
20 
13 
5 

Railroad Creek 
Dadily 
Catch 

Hopedale Slough Pond 1 
D a i l y  Expansion Estimated 
Catch Fackcr Ndgration 

1ei.2 
( a l l  
dates) 





Date $.%orti2 Creek 
D a i l y  Expansion Estimated 
CatcI.1 F a c t o r  Migration 

Railroad Creek 
D a i l y  
Cat ckt 

Hopedale Slough Pond 1 
Dai l y  Expansion Estimated 
Catch Factor Migration 



APPENDIX U (eont . ) 
Date 

3k 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1. 1 
12 
1 3  
14 
15 
16 

I la i ly  
Catch 

58* 
5 3  

184 
32 
92 
5 3* 
48* 
5 4* 
36 
33 
4 %* 
4 3 k  
5 4  
125"; 
f 2* 
(1 2fc 

T o t a l s  25,076 

Mort12 Creek 
Emans ion  Estimated 
Factor Migrat ion 

Railroad Creek Hopedale Slough Pond I. 
Dai ly D a i l y  Expansion Estiamted 
Catch  Catch Factor Migration 

* I n t e r p o l a t e d  data  



Nov, 14 ,  1979 

Nov, 26, 1979 

Nave 29, 1979 

S u b t o t a l s  

Bee, 12, 1979 

Season Totals  

&le Female T o t a l  

66 33 99 38 3% 70 57@6 3 7 @ 0  T O ,  7 

% of -- Recovered 
P I P L  

e Female T o t a l  

No, o f  Carcasses Examined 

3ivlaLe Female Total --- 

Gsnf idence  In te rva l s  m- 

Male Fewle  Total - 
Lower P o i n t  Upper Lower P o i n t  Upper L o w  PcsLz~t; Upper 
Linxi t L i m i t  L i m i t  L i m i  t L i m i t  Limit 



METifODOLOCY FOR ESTIMATPNG CHUM SALMON F2Y E N I G R A T I ~ ~ ~  
FROPI BT LLY H t l R R  f S SI,OUCH I 

Date C a t c h  --- 

T o t a l  
a 
Interpolated 

On April 19 t h e  rising l e v e l  of t h e  Harrison River f looded  ou t  t h e  f r y  
t r a p  a t  B i l l y  Harris  Slough, a t  a time when significant chum fry migration 
w a s  s t i l l  underway.  

Gear Efficiency 

As n o  marked f i s h  re leases  were made a t  t h i s  s i t e  ~o t e s t  gear efficiency, 
i t  was assumed t h a t  t r a p s  were 100% efficient i n  capturing f r y .  It should  
be n o t e d  that the  trap arrangement w a s  similar to t h a t  u sed  at o the r  
Fraser  V a l l e y  s t u d y  s i t e s .  

The  approach to estimating t h e  c o r a l  migration frcm data covering o n l y  a 
porcion of that migration w a s  based on t h e  observation that: (i) between 
t h e  10% arid 90% p o i n t s  on t h e  cu rve  o f  cumulative migration t h e  number a f  
migrants increases a t  a reasonably constant or linear rate ( s e e  fo&lowing 
g r a p h ) ;  and ( i i )  t h e  period between 10% and 90% c f  t h e  migration averages 



2 0  30 20 i Q  2 0  38 3 0 
MARCH APRIL M A Y  JUNE 

Chum salmon f r y  s e a s o n a l  migration patterns a t  f o u r  s t t i d y  s i t e s  as  shown by curves  o f  cumulative m i g r a t i o n .  
The B i l l y  H a r r i s  Slough migration i s  plotted as  c u m u l . a ~ ~ v e  numbers; t h e  migration a t  o t h e r  s i t e s  i s  p l o t t e d  
a s  cumulative p e r c e n t .  



APPENDIX W ( c o n t , )  

33 days, based  on d a t a  from groundwx2ter - fed  spawning a reas  near B i l l y  
Ha,-ris Slough s u c h  .IS Worth C r e e k  ( p r e s e n t  study) and B a r n e s  arid 
I n c h e s  creeks  (Fedorenko a n 3  Bailey, 1930). T h r e e  y e a r s  of d a t a  were 
available frolm Bsrr-rcs and I n c h e s  crcc'les, 

Esrimating t h e  t o t a l  migration from p a r t i a l  da tn  required t h e  Following 
steps: 
- plotting t h e  cumulatlivc. d a i l y  catch o f  chum f r y  on graph  p a p e r ;  
- identifying t h e  10% p o i n t  of migration ( c h e  point where migration 

i l ~ c ~ . e a s e s  a t  a linear r a t e ) ,  jtzdgcd t o  be A p r i l  2 i n  t h e  case o f  
the B i l l y  Harris Slough datn: 
determining t h e  average d a i l y  r a t e  o f  migratlnn over t h e  f i r s t  1 2  days  
following t h e  10% migration p o i n t  ( i e .  the p e r i o d  April 3 - 1 4 )  and 
mulziplying by 30 co o b t a i n  t h e  t o t a l  migration between che  10% and  
90% p o i n t s ;  and  

- multiplying t h e  r s t i r n a ~ e  fo r  t h e  peak 80% of migration by 100i/SO to 
estimate total m i g r a t i o n .  

Accuracy o f  the Method 

The accuracy of t h e  method w a s  tcsced u s i n g  chum f r y  migration d a t a  Erom 
t h e  p r e s e n t  s t u d y  a n 3  published reports which p r e s e n t e d  estimates of both 
d a i l y  and t o t a l  chun migrations over t h e  seascn .  The following t a b l e  
cornparesmigrat ion estimailes d e r i v e d  from p a r t i a l  d a t a  (ie. 1 2  d a y s  o f  
peak m i g r a t i o n )  with the a c t u a l  migration e s t i m a t e d  from a t o t a l  season 
of trapping. 

Except f o r  the  1974 Big Qualicum migra~ion estimac~, t h e  estimates Erom 
p a r t i a l  d a t a  agree reasunabiy w e l l  with t h e  estimates from trapping 
throughout t h e  season. It shculd be no4:ed t h a t  d u r i n g  t h e  1970's  t h e  
Big Qualicum chun Ery  migration p e r i o d  way have been more contracted 
t h a n  u n d e r  n a t u r a l  condi~ions, d u e  t o  selection of particular r u n  segments 
f u r  Spavning Channel No. 2 and t h e  f a c t  c h a t  a major portion oE the total. 
fry output came from t h a t  c h a n n e l .  This would increase the  likelihood 
that duration of peak m i g r a t i o n  would be unusually s h c r t ,  eg. 2 1  days  in 
1974.  Under these circumstances t h e  methad outlined above (which  assumes 
a 30 day peak migra~ion p e r i o d )  would t e n d  :o overestimate the f r y  
mbgraf, ion, 



E to B i l l y  
Harris S l o u g h  Data)  w i t h  A c t u a l  Migrations a t  S e v e r a l  British Columbia Sites -- 
S i t e  Y e a r  No, o f  Days Estivated Actual Pi  

6 3 

Peak  Migration Di f fcrcnce 

Big 
Waf icurn 
R i v e r  

L i t t l e  
wakicurn 
River  

tower  
Paradise $985) 36 

Overall Totals 

a 
1974 Big Qualicum d a t a  were omitted from calculations i n  brackets. 

b 
Anon. 1961, 1962 

c 
Baine et a l .  1975 

d 
Sandercock & ? l inaker ,  1975 

e 
Miwaker ee aZ. 1979 

f 
Lis te r  c t  a l .  1979 



hPPENDZX X CI11LTM SALMON SPAWNING DISTUBUTION AT FOUR STUDY SITES DURING DECEmER 11 - 1 4 ,  1 9 7 9 .  " 
Judd Slough Lower Paradise Channel Worth Creek Railroad Creek 

Sec t ion  Spawners Observed Section Spawners Observed Sect ion Spawners Observed Sec t ion  S p a ~ m e r s  O b s e r ~ e d  

(m > No * 2 (m> No * x (m> No, % (m) No, 'z 

a 
Sections l i s t e d  from bottom t o  t o p  o f  each channcl. 



APPENDIX Y EXSTING OF amf SAU*lON FRY LENGXX hLXD $$EIGHT 
STATISTICS, 

Date S:fmp Se Length (mm) Weight (mg) 
S i z e  Mean Range SB Mean1 Range SD 

Judd  Slousl '  Pond 2 - 
Apr. 16 4 2  38.8 

23 4 1 3 8 2  
28 4 2  38.7 

May 7 42 38.6 
15 42 3% 8 

1,oxp~es Paradise Channel 
Mar, 18 39 37.9 

27 SO 
p"iipr. 2 SO 

E l  $ 0  
15 4 3  
18 38 
22 36 
24 43 
28 42 

h y  1 45 
6 4 l 
8 39 

13 4 1  
14jl)rth C.seek -- 

Mar, 28 2 7  
Apr,  8 40 

15 40 
2 1 25 
30 40 

May 2 40 
6 40 

13 40 
15 34 
20 40 
22 40 
27 40 
29 40 

Jaxne 4 40 
10 40 



@ate Sa23nple Length (rm) 
S i z e  Mean Range S D  

Railroad Creek 
Nar, 28 40 
A ~ B L  4 40 

14 42 
95 443 
2 f 4 8 
2 3  40 
29 40 

May 5 
a 6 

l 3 -  40 
22" 43 37.7 

Hopedale Slough Pond1 
Apr. 38 i 4  3 8 - 6  
Pfay 6 40 39.8 

35 22 3 7 e 5  
20 38,9 

20 40 37* 7 
27 40 3 a 8  4 

June 4 33 38.8 
10 10 3797 

Iqcigh t (mg)  
Fiean Range 3D 

a, aampies col lec ted  by se ining.  



C h u m  Sa m s n  Suuv 
Seven mproved Grounbwa 

Spawn ng Areas 

D.B. L er, D.E, 

es and Oceans - 

Vancouver, B.C, V6E 2P 


