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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 
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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. 
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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 
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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 .  
































































































































































































