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ABSTRACT

Lister, D.B., D.E. Marshall and D.G. Hickey. 1980. Chum salmon survival
and productiou at seven improved groundwater-fed spawning areas.
Fish. Mar. Serv. MS Rep. 1595: 58 »p.

Chum salmon spawning, egg~to-fry survival and fry production were
assessed in a one-year study of improved groundwater-fed spawning areas in
southern British Columbia. Survival from potential egg deposition to fry
emigration ranged from 1% to 33.5% and averaged 16.3%, approximately twice
the average recorded at natural spawning areas in the pxovxnce Al though
maximum fry production per unit of spawnlng area (517/m2) was achieved with
the highest spawning density (2.5 females/m? ), fry output per area did not
increase appreciably when density exceeded 0.5 female/m“. The advantages
of a graded gravel spawning substrate, which had been added to 5 of the 7
sites, were not apparent from the survival data. However, differences be-
tween sites in other physical features and in spawner density may have ob-
scured the influence of substrate quality. Additional information is pre-
sented on characteristics of chum salmon spawning populations and fry migra-
tions, arf well as incidental data on utilization of the improved spawning
areas by other salmonid species.

KEY WORDS: chum salmon, egg-to-fry survival, fry production, spawning
density, age, size, migration timing, spawning area improvement.

P g
RESUME

Lister, D.B., D.E. Marshall and D.G. Hickey. 1980. Chum salmon survival
and production at seven improved groundwater-fed spawning areas,
Fish. Mar. Serv. MS Rep. 1595: 58 p.

Le frai du saumon kéta, la survie depuis la ponte jusqu'au stade
d'alevin et la production d'alevin ont &té €valués dans le cours d'une
étude d'un an sur les fraydres améliordes et alimentéfes par de 1'eau de
nappe phréatique, au sud de la Colombie-Britannique. Le taux de survie
moyenne de 16,3%, soit prés du double de la moyenne relevée pour les frayéres
naturelles de la province. La production maximale d‘'alevins par unité de
frayere (517/m?) a &té obtenue avec la densité de repreducteurs la plus
Elevée (2 5 femelles/m2), mais la production par unité de surface n'a pas
augmente sensiblement au-dela de 0,5 femelle/m?. Les donnfes sur la survie
n'ont pas mis en évidence les avantages d'un substrat de gravier niveld qui
avait &té€ plac€ 3 cing des sept fray®res. Toutefois, il se peut que les
effets de la qualite du substrat ne soient pas ressortis en raison des dif-
férences de caractéristiques et de densité de reproducteuro d'un endroit 3
l'autre. Nous présentons des renseignements supplémentaires sur les
aaracteristhues des populations de reproducteurs et de la migration du frai
de saumon kéta, ainsi que des donnfes accessoires sur 1'utilisation des )
frayéres am€liorées par d'autres espéces de salmonidés. b

g

MOTS CLES: saumon kétra, survie depuis la ponte jusqu'au stade dtaleviu,
production d'alevins, densité de reproducteurs, fge, taille,
moment de la migratien amélioration de la frayére,.




INTRODUCTION

Chum salmon (Oncorhynchus keta) populations in southern British Columbia
commonly spawn in groundwater-fed side channels of the larger rivers.
These relatively stable environments afford protection from the extreme
freshets which adversely affect salmon survival in main-river spawning
areas. The salmon production potential of side channels is often limited,
however, by low volume and depth of flow which may restrict spawner

access or cause desiccation of redds during incubation and fry emergence.

Since 1977 the Department of Fisheries and Oceans has undertaken a program
to develop new spawning areas and to improve existing areas in groundwater-—
fed side channels, primarily to increase chum salmon production. The
program has utilized formerly active flood channels which are cut off from
the main river and are fed by groundwater. Techniques to enhance these
spawning areas have included the removal of obstructions to migration,
excavation to increase groundwater flow and depth as well as the area
aveilable for spawning, installation of weirs to increase water depth and
control gradient, and the addition of graded gravel to improve spawning

bed quality.

This report presents the results of a study to assess chum salmon spawning,
egg-to~-fry survival and fry production at seven side channel improvement
projects, chosen to represent various site conditions and improvement
rechniques employed in the program. Additional data were collected on
characteristics of the chum salmon populations, such as spawning timing

and distribution, spawner age and size composition, and fry size and
migration timing, as well as incidental information on utilization by

other salmonid species. The study was conducted at three sites in the
Squamish River system and four sites in the lower Fraser Valley near Mission
and Chilliwack (Fig.1). Data from one location, Billy Harris Slough on the
lower Harrison River, were collected by the Chehalis Indian Band as part

of another invescigation contracted by the Department of Fisheries and
Oceans.

DESCRIFPTION OF THE STUDY AREAS

JUDD SLOUGH

Judd Slough, one of the major chum salmon producing side channels of the
Squamish River, is located approximately 3 km north of Squamish near the
community of Brackendale (Figs. 1 and 2). The slough has become basically
a groundwater-fed stream, with local surface drainage contributing a

minor portion of the flow. This situation developed in 1967 when the
Uepartment of Fisheries constructed a spur dyke at the upstream end to
protect the slough from flooding. This dyke was replaced in 1975 by a
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The main study site included the upper 1500 m of slough, extending from
‘he intake to the lower drop structure (Fig. 3). The other study site
was Pond 2, one of two ponds and two small tributary channels improved
in this upper section of slough (Fig. 4).

Improvement of the main slough and side channels was carried out in 1978

and 1979. The two pond-type spawning areas were created in 1978 by excav-
ation adjacent to the main channel. Graded gravel was added to Pond 2.

In the main channel the stream bed profile was altered to produce a more

even gradient overall. Coarse material was excavated from the stream bed

and placed on the banks to increase their stability. Low wood drop struct-
ures were installed to increase water depth in shallow areas and to control
gradient. The area of main channel improvement extended from 100 m below

the intake to the lower weir, 100 m upstream of Tributary Channel 2 (Fig. 3).

The improved section of main channel is 1470 m long and averages 8 m wide,
providing 11,600 m? of potential spawning area. Ponds 1 (510 mZ) and

2 (565 m ) measure 15 m wide and 110 - 120 m long. Tributary channels

1 (645 m?) and 2 (3280 m2) are 135 and 480 m long respectively and average

7 m in width. Potential spawning area in Judd Slough and tributaries totals

16,600 m2s

During salmon spawning water temperatures in the slough and Pond 2 averaged
respectively 2.3° C and 3.1° C warmer than the Sc amish River (Fig. 6).
Spawning substrate in the main channel consisted of gravel under 3 in.

(76 mm) diameter and sands, with approximately 30% by weight under 1/2 in.
(13 mm) diameter ({Fig. 5 and Appendix H). The graded gravel placed in
Pond 2 ranged from 4 in. (102 mm) tou 3/8 in. (10 rm) in diameter and con-
tained no sands or silets (Fig. 5).

Judd Slough is used extensively for spawning by chum salmon and to a lesser
extent by coho salmon (Oncorhynchus kisutch). 1In the 1970's annual
escapements were estimated in the range of 4,000 to 10,000 chums and less
than 50 coho (Marshall and Brown, MS 1977). The slough also serves as

a rearing area for coho salmon and trout (Salmo sp.).




DIKE

~-FENCE AND FRY
TRAP SITE

TRIB.
CHANNEL

TRIB.
CHANNEL 2

FRY
SITE

TRAPPING

we OROP STRUCTURE

¥ Y APPROX. SCALE
: N, 0 70 140 2i0m

FIG. 3. Sketch map of the Judd Slcugh study site, tributary to the

Squamish River.




A major
the Pond
{lower).

in

ad

J
a

udd Slough (upper) and
cent to the slough




PERCENT PASSING BY WEIGHT

o

G el
- e——e JUDD SLOUGH
L o—--—o JUDD SLOUGH POND 2
- s—a  LOWER PARADISE
50 ==
\ \n
30 == \
® o
o \a\m
\a\&
o] \a§a
a\
~ g:"\e
B L ——p e
30 =
- o----o  WORTH CREEK
7.0 v #-—# RAILROAD CREEK
o x——xX  HOPEDALE SLOUGH POND i
S0 e
30 e
—_
—
\
1 Q) e K’\\
*
S~
s [t
7 ¥ ] 7 ¥ T T ‘
a" fg" W4 B B W3p w50 WwigowR
SIZE
FIG. 5. Comparative size composition of spawning beds at the study si

+
w

e

5

.



*Bulumeds uowpes wnyd Bulinp swRILIS

pa3-2dejans jusoelpe pue sa3ts £pnis syl 1e sainieiadwol 121BM G *914
AHYNNYD HIZE8W3DIC HILWIAON
Ot o€ 08 ol 0¢ o2 O

H3AM ¥3C03A O — — -0
HONOTIS 3TWO3JOH &9

HIFHD HSIHMON O~ — — -0
M¥I3HO gvodiivy >
H3I3HO HIM¥OM o0

HIAAIE SNWVYMYIHD O = — -1
3TI0VHYd ¥3IM0T @

HIA HSIAVNOS
HONOTS 0ONF  @—— o
Z ONOd HONOTS aant  O— o

o-— — -0

— Ol

— Gl

— Of

— Gi

- Ol

FUNLVYIdWI L

{20)



LOWER PARADISE CHANNELL

Lower Paradise Channel is a flood channel of the Cheakamus River which
ives occasional inflow from the main river during extreme freshets.
is situated approximately 8 km north of Squamish (Fig. 2). The study
te is a small groundwater-fed tributary of Lower Paradise Side Channel.
ior to development it did not support salmon spawning, due to low flows.
e flow in the developed channel is at all times comprised mainly of
groundwater. Fluctuations iu discharge of the Cheaksmus River cause
similar fluctuations in groundwate~ flow in the developed channel and the
main Lower Paradise Channel. Under extreme high discharge conditions
outflow from the developed channel may be restricred due to backwatering,
thus increasing water depth in the lower section.

)
4]
@]

I

U e

T

e

e I

Development of the Lower Paradise tributary was carried out in the summer
of 1979. The study site was deepened and widened, and a short dyke or
plug was constructed at the head of the channel for flood protection
(Fig. 7). Five laminated wood drop structures, aoproximately 30 cm high,
were installed in the channel to produce a spawning depth of 20-30 cm and
to control gradient. The developed channel_is 320 m long, averages
approximately & m wide, and contains 1940 m“ of new spawning area.

The native material in the channel bed was retained as spawning substrate.
It is comprised of gravel less than 4 in. diamerer with a relatively high
percentage of sand (Fig. 5). Minimal amounts of fine silt and organic

material were present during sampling.

Spot temperatures taken during the spawning season indicated a close
relationship between the developed channel and the adjacent Cheakamus River
(Fig. 6). Temperature in both streams remained fairly constant during

this period, but the developed channel was 2°C warmer on the average.

WORTH CREEK

Worth Creek is a small groundwater-fed tributary and former flood channel
of Norrish (Suicide) Creek located approximately 13 km east of Mission
(Fig. 8). Prior to improvement work salmon spawning was generally
restricted to the lower reaches of the stream because of obstructions.

During the 1969-1978 period an estimated 25-1500 chum and up to 25 coho
salmon spawned in Worth Creek eacn year (Brown and Musgrave, 1979).

Tn 1979 the Department of Fisheries and Oceans wicdened and deepened the

upper 150 m section of stream (Figs. 9 and 10). A 45 cm laver of graded
gravel, from 2 in. to % in. in diameter, was added to the channel {(Fig. 3),.

To provide adequate depth for spawning, a wood drop structure was installed.
Large boulders were placed along the banks to prevent ercsion by spawners

®
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The improved chagnel is about 150 m long a .. 5-6 m wide, providing an
e H

additional 848 m~ of spawning area.

Although Worth Creck has a relatively staylv groundwater SGUfce, backT
watering can occur when discharge in Norrish Creek is exceptionally high.
On December 17, 1979, flood waters inundated the area immediately below
the study site. This backwatered the channel and flooded the adult fence.

o
Spot temperature measurements show that Worth Creek averaged nearly 6 C
warmer than Norrish Creek during the salmon spawning period (Fig. 6).

RATLROAD CREEK

Railroad Creek is a groundwater-fed tributary of Nicomen Slough and former
flood channel of Norrish Creek situated approximately 1 km east of Worth
Creek (Figs. 8 and 11). Though the creek is primarily groundwater-fed,
surface runoff from above the Canadian Pacific Railway track makes a
significant contribution during periods of high rainfall. Railroad Creek
is also subject to frequent backwatering from Nicomen Slough, because of
the channel's low elevation relative to the slough.

Improvement work in 1979 consisted of deepening and widening the creek with
excavating equipment (Fig. 12), and adding a 45-90 cm depth of 3 in. to

1/4 in. diameter graded gravel (Fig. 5). Large rocks were placed along

the banks to minimize erosion by spawners and one drop structure was installe
near the downstream end. Thechannel_is approximately 135 m long and averages
5 m wide, providing a total of 770 m  of new spawning area.

Water temperatures recorded during spawning showed a similar gradual decline
in both Raiéroad Creek and surface~fed Norrish Creek, with Railroad Creek
averaging 4 C warmer (Fig. 6).

Prior tec improvement the lower reach of Railroad Creek supported an annual
escapement estimated at 50-100 chum salmon.

HOPEDALE SLOUGH

Hopedale Slough is an old flood channel of the Vedder River located
approximately 2 km northeast of Yarrow(Fig. 13). 1t parallels the

Vedder River for almost 2 km, entering it near the B.C. Hydro railway
bridge. The slough is now cut off from the Vedder River by a dyke which
crosses its former point of departure from the river (Fig. 14). The study
site, Pond 1, is part of a larger improvement project involving the main
slough and other seepage areas. It is the furthest upstream in a series
of five ponds. Pond 1, known as George's Pond, was excavated and a 45 cm



IMPROVED
SECTION

_-DROP STRUCTURE

\\ ﬁ/f (FRY TRAP SITE) -

FENCE SITE NN

k’gﬁ@ APPROX. SCALE
V=)
O 20 40m

FIG. 11. Sketch map of the Railroad Creck study site.
































































































































































































































































































