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1. Recommendations

The following recommendations are presented on the basis of
exlsting information concerning the productivity of the Fraser
River estuary, its utilization by Pacific salmon, and marine.
specles, the commercial, recreational and preservation values of
these resources, and the extent to which past developments have
reduced the estuarine zone. They are presented also in full
‘recognition of the critical limitations in our knowledge of the
physical and biological factors and interactions which must be
clarified before 1t will be possible to accurately quantify the
impact of presently proposed developments ori these renewable
resources. However, it should be recognized that a loss of
~estuarine productivity will result from any development in the
estuary and that because present knowledge does not permit the
replacement of same by compensatory techniques, the losses are
irreversible. Accordingly, the following recommendations are
~dedicated to minimizing the loss or degradation of estuarine

habltat. .

1.1. Vancouver International Ainport Expénsion

Iteis strongly recomﬁended that no development which
eliminates or significantly degrades a portion of the inter-
tidal estuarine environment of Sturgeon Bank be permitted.

Further:

1.1.1. The utilization of Sturgeon Bank for the
purpose of enlarging or improving the existing
Vancouver International Alrport facility be con-
fined to the placing of pilings or similar struc-
tures to facilitate navigation. The timing and
methods of such construction to be subject to
conditions prescribed by the Fisheries and Marine
Service in concert with other appropriate resource
agencles.

1.1.2, That part of Sturgeon Bank located between
the mean high water mark and the existing dyke
shall remain undeveloped.

1.1.3. In the event that social, economic or other
environmental constraints unacceptable to the
people of the Lower Mainland Brltish Columbia,
and Canada prescribe the construction of an addi-
tional runway or ancillary facility, a portion of
whilch occuples the intertidal area of Sturgeon
. Bank, such construction shall result in the elim-
ination or degradation of not more than 70 acres
(M.0.T. Vancouver International Airport Expansion
- Concept 1).

Further:



1.

1.1.3.1. The construction of this.runway, and any
ancillary facilitles within or adjacent to the
estuary shall be subject to conditions prescribed
by the Fisheries and Marine Service in concert
with other appropriate resource agencies.

1.1.3.2, The material required for landfill on estuarine

or upland areas shall not originate from any portion

 of Sturgeon Bank or from the lower Middle Arm of the
Fraser River. The location, volume, timing and-
method of removal of material from any other loca-
tion in the lower Fraser River and estuary shall be
subject to conditions prescribed by the Fisheries
and Marine Service in concert with other appropriate
resource agencles.

'1.1.3.3. An assessment of the influence of the proposed

intertidal landfill on the dispersal of the present
and projected effluent volume originating from the
Iona sewerage treatment facility and the probable
impact of same on the aquatic productivity of
Sturgeon Bank must be undertaken and mitigative

- measures identified and applied if necessary.

Ferry Terminal Location

That location of Ferry terminals on Sturgeon Bank
be limited to the seaward extremity of the Iona or North
Arm jetties. The timing, locatlon of borrow areas, and
method of constructicn shall be subject to conditions
prescribed by the Fisherles and Marine Service in concert
with other appropriate resource agenciles.

Port Expansion -

Provided that the findings of a comprehensive
"Pacific Coast Port Requirements Study" identifies ex-
panded port capacity at Roberts Bank as an urgent obli-
gatory component, such expansion shall be limited to not
more than 200 acres of land fill. The accreted area
shall be placed adjacent to the north-westerly face of
the existing bulk loading site, include no separate cause-

- way construction, and a minimum increase in the width of

the existing causeway. Details of the confirmation of fill
and berth sites must be based on detalled studies of the
immediate area. The proposed B.C. Rallway barge terminal,
involving approximately U45 acres of dredge and fill, should
also be located northerly of the existing development.

Further:



1.3.1. The material required for land fill shall be
obtailned from the area immedliately adjacent, north-
ward and seaward of the :iccreted areas. The timing
and method of constructicn shall be subject to
conditions prescribed by the Fisheries and Marine
Service 1n concert with other resource agencies.

In the event that the volume of material resul-
ting from the dredging required to accommodate berths
and access channels exceeds that necessary to provide
the proposed land fill areas, the excess dredgeate
shall be disposed at a marine or landfill site
approved by the Fisherles and Marine Service in
concert with other appropriate resource agenciles.

1.3.2. Pollutlon abatement facililitiles and operational
procedures shall be such that the activities assoc-
lated with the expanded Roberts Bank port complex
shall prevent the introduction of deleterious sub-
stances into the agquatic environment.

1.4, Future Developments

No further development on or adjacent to the estuary
should be undertaken until further intensive studies
clarify the impaet of existing and current developments

+~ and demonstrate the feasibillity of providing compensation
for losses of estuarine habitat.
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1. Introduction

Development in the British Columbia coastal zone including
estuaries has, in the past been relatively unrestricted. Recent
scientific and public concern for the biological, recreational,
aesthetic and other associated values of these areas has initiated
increasing controversy with respect to shoreline developments which
border or infringe upon these unique habitats. Biological impact
assessment studies of large scale port development proposals in
the estuaries of the Squamish, Nanaimo and Cowichan River estuaries
and a marina proposal in the Campbell River estuary have shown that
these areas are important rearing and feeding areas for juvenile
chinook, chum and coho salmon. These studies indicated that a
large proportion of the food utilized by juvenile salmon during
their occupation of the estuarine zone was comprised of benthic
organisms which inhabit the vegetated and mud-flat portions of
the estuary.

This report presents the data obtained from a sampling pro-
gram carried out during the spring and summer of 1973 and the
spring of 1974. It constitutes the Fisheries component of an
ecological impact assessment undertaken by the Department of
Environment in response to a proposal by the Ministry of Transport
to expand the Vancouver International 2Airport onto the Fraser
River estuary. The program was designed to determine the relative
distribution of juvenile fishes, the timing and duration of resi-
dency and their utilization of various food sources in the Fraser
River estuary including Sturgeon and Roberts Bank and the North,
South and Middle Arms of the river. Data with respect to species
other than juvenile salmon and herring are limited to a species
list. This information in combination with data from studies of
the intertidal benthic communities (Section III, this volume) has
formed the basis of recommendations pertaining to proposed expan-
sion of the Vancouver International Airport. The scope of these
studies has also permitted the development of recommendations
respecting proposals for expansion of port facilities at Roberts
Bank and construction of a ferry terminal at the seaward extremity
of the Iona, North Arm or Steveston Jetties. It is anticipated
that the data base will also be useful in assessing the impact of
other developments in the estuary on the fishery resource. There
have been many incursions on the estuary of the Fraser River over
time however, very little baseline data that would place the river
and estuary resources in perspective and before/after data with
respect to impacts of these incursions that could serve as a model
for predicting impacts of proposed development are lacking.

A review of pertinent literature and an identification of
knowledge gaps with respect to fish utilization of the estuary
are also provided.



Description of the Watershed and Delta

Rising on the western slopes of the Pocky Mountains
the Fraser River drains a 90,000 square mile basin which
- occupies a major portion of the southern half of British
- Columbia (Figure 1). From its origin, the river flows
northwesterly through the Rocky Mountain Trench, skirts
the northern tip of the Columbia Mountains and cuts
southward across the Interior Plateau before turning
westward past the southern end of the Coast Mountains to
enter the Strait of Georgia near Vancouver. The following
watershed description is taken from a report by the Fraser
River Board (1963) except as otherwise referenced.

2.1. Drainage

From the east, the Quesnel and Thompson Rivers,
two of the major tributaries, drain the Columbia
Mountains to join the Fraser River at central and
southern points in the Interior Plateau. The Coast
Mountains contribute runoff by way of the Nechako
River system in the northwest, the Chilcotin River
midway in the Fraser River basin, and through the
Harrison .and Pitt Rivers at the southern end of the
range. In the north, the Stuart River, which forms
part of the Nechako River system drains the northern
portion of the Interior Plateau, while the McGregor
River, flowing from the western slopes of the Rocky
Mountains, supplements the Fraser River east of
Prince George.

The Fraser River system has numerous lakes. The
largest of thes= are the Stuart, Takla, Trembleur,
Nechako Reservoir, Francois, Quesnel, Chilko, Shuswap,
Adams, and the Harrison which range in surface area
from 45 square miles (Trembleur) to 325 square miles
(Nechako Reservoir). The total lake surface area in
the Fraser River system of lakes greater than 3
square miles is 1,558 square miles.

From Hope to the mouth, the natural river channel
has an average width of 2,000 feet. During freshet,
‘the river channel width expands to more than 3 miles
in some areas. Over the 90-mile distance between
Hope and the Strait of Georgia, the river falls
approximately 125 feet, of which 100 feet occur in
the first 43 miles.
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Weather

The extremes of temperatures in the basin, resul-
ting from hot and cold continental air masses which
move into the region, are moderated by the maritime
air which crosses the Coast Mountains from the Pacific
Ocean. Precipitation from this source averages 65 per-
cent rain and 35 percent snow. At higher elevations,
however, snow predominates, and it is this snowpack
which, under the action of rising temperatures, forms
the major source of the annual flood runoff.

Flow

Data on flood flows at Hope date back to 1912 and
include the disastrous flood of 1948, when a peak flow
of 536,000 c.f.s. occurred, the highest recorded at
that point on the river, Downstream at Mission,
records extending back to 1876 show the maximum stage
to have occurred in 1894, when a flood, now estimated
to have exceeded a peak of 600,000 c.f.s., inundated
the Lower Fraser Valley. The third highest flood
level at Mission was in 1950, at which time the peak
flow at Hope reached 440,000 c.f.s. The average
annual discharge at Hope is 95,000 c.f.s. Minimum
flow recorded on January 8, 1916 was 12,000 c.f.s.
During freshet periods, the river water has a high
turbidity and a high suspended solid load (up to 389
mg/1l) (Northcote 1974). At New Westminster, the Fraser
River trifurcates into the North Arm, Annacis Channel
and the South or Main Arm. (Figure 2). Annacis Channel,
which draws approximately 8% of incoming river flow, re-
enters the South Arm about 3 miles downstream at the
end of Annacis Island. The North Arm, which draws
approximately 12% of the incoming flow and enters the
Strait of Georgia at Point Grey has a branch, the Middle
Arm, which enters the Strait on Sturgeon Bank between
Sea and Lulu Islands. The Middle Arm draws off about
50% of the North Arm flow. The Main Arm, which draws
off approximately 80% of the flow at New Westminster,
enters the Strait of Georgia at Steveston. Part of
this flow, however, is diverted through Ladner Reach
which bifurcates into Sea Reach and Canoe Pass. Sea
Reach diverts approximately half of the Ladner Reach
flow back into the main channel. Canoe Pass, south
of Westham Island, serves at the southernmost exit
for Fraser River flow (approximately 5% of the total
river flows). Luternauer (1974) reports that approx-
imately 20,000,000 tons of sediment is annually dis-
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charged past Port Mann (about 3 miles upstream of
New Westminster).

Tidal Flats

Tidal intrusion of salt water is most pronounced
during low discharge periods with minor tidal effects
evident as far upstream as Chilliwack some 60 miles
upstream. The tidal flats, associated with the delta
of the Fraser River,extend from Point Grey south,
then southeast, and to Point Roberts to include
Sturgeon Bank and Roberts Bank. Together, these areas
comprise approximately 35,000 intertidal acres (Figure
3).

Sturgeon Bank, consisting of approximately 14,600
intertidal acres, is bounded on the south by the
Steveston Jetty (completed in 1932) and on the north
by the North Arm Jetty (1935). Between them are the
Tona Island Causeway and Sewage Outfall Channel (1961)
and the Airport Antennae Causeway (early 1960's). In
addition, McDonald Slough was closed at the time of the
construction of the Iona Island Sewage plant in 1961.
Structures on Roberts Bank (20,000 intertidal acres)
include the Tsawwassen causeway and ferry terminal
(1960) and the 55 acre Westshore Terminals site (1970)
at the end of a 3 mile long causeway. The Tsawwassen
ferry terminal, originally completed in 1960, consisted
of a fill area of 13.3 acres and concomitant dredging
of 450,000 cubic yards. Additions between 1969 and
1974 have resulted in the dredging of approximately
1.2 million cubic yards and a fill area (top area -
not including side slopes) of 37.9 acres. The effects
of these structures on the distribution of sediments
carried by the Fraser River is summarized by Luternauer
(1974). ‘

Alienation of Habitat Types

Dyking for flood control and land reclamation,
essentially completed in extent by the turn of the
century, has substantially altered the Fraser River
delta and estuary. Alienation of former saltmarsh,
tidal freshwater marsh and other flcoded habitats
contributing to productivity of the estuary have
been documented by Forrester and Squire (1974). 1In
terms of percentage of former acreage, 71% or 545
acres of saltmarsh, 29% or 1,552 acres of tidal
freshwater marsh, and 98.7% or 193 acres of other
flooded habitat has been lost. Presently, there
are about 43 miles of sea dykes and 29 miles of river



dyvkes protecting some 46,730 acres of land in the
municipalities of Delta and Richmond. (Fraser River
Joint Advisory Board, 1963). Harris and Taylor (1972)
have summarized the development of these dyking pro-
grams, which began after heavy flooding in 1894, as
well as agrarian developments in the delta of the
Fraser River. In addition to agrarian development
and dyking programs, the estuary of the Fraser River
has been subject to a variety of developments inclu-
ding dredging, dock construction and bank protection
associated with the transportation industry, processing
plants and log storage associated with the forest
industry,and increasing amounts of industrial and
domestic sewage.
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Development Proposals

3.1. Airport Development

Three expansion concepts have been proposed by
the Ministry of Transport to provide for the future
development of runways and taxiways as well as space
for provision of passenger terminal, cargo, airline
operations and related development on Sea Island.

The three concepts are shown on Ministry of Trans-
port Drawings Nos. MvMP-04, MVMP-05, and MVMP-06 as
concepts 1, 2 and 3 (Figures 4, 5 and 6). Each concept

" provides for the construction of a new parallel runway

11,000 feet in length, located 5,700 feet north of the
existing runway. Concept 1 shows the new runway con-
structed primarily on land while concepts 2 and 3 show
the runway approximately half on land and half on Stur-
geon Bank. While concepts 1 and 2 provide for recla-
mation on Sturgeon Bank for runway development only,
concept 3 provides for reclamation of a portion of the
Bank for development of passenger terminals, cargo
areas, etc. All development concepts involve the place-
ment of approach lights on pilings or causeway at the
end of the runway. Further, it is anticipated that fill
material will be required for terminal and other ancil-
lary developments on Sea Island.

3.1.1. Concept 1

This concept requires the reclamation of
an area approximately 1,800 feet long and 1,700
feet wide (70 acres). A total of approximately
2 million cubic yards of hydraulic fill will be
required for the reclamation and the runway con-
struction on land.

In this concept all future passenger ter-
minal, cargo, airline operations and related
development would have to be accommodated with-
in the present boundaries of Sea Island.

3.1.2. Concept 2

To provide for the construction of the new
runway will require the reclamation of an area
approximately 6,000 feet long and 1,700 feet
wide (235 acres). Approximately 4 million cubic
yards of hydraulic fill will be reqguired in the
reclamation and runway construction. As with
Concept 1, all future related development would
be accommodated within the confines of Sea Island.
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3.1.3. Concept 3

This concept requires the reclamation of
an area up to about 6,000 feet in length and
5,800 feet wide (755 acres). Approximately 15
million cubic yards of hydraulic fill would be
required for reclamation and runway construc-
tion. The land being reclaimed additional to
that of Concept 2 would be for future terminal,
cargo, related development.

However, the total area shown would not be
reclaimed immediately. Initially only an area
equivalent to Concept 2 would be reclaimed for
runway construction. The remaining area, if
reqguired, would not likely be reclaimed until
the 1990's at the earliest.

3.1.4. Potential Borrow Locations

Potential borrow locations for proposed
reclamation have been identified on Department
of Transport Drawing MVMP-014 (Figure 7) and are
located as follows:-

Phase I 740,000 yards3)

Phase III 1,200,000 yards>)

Phase VI 6,000,000 yards>) gogzg A;Tve
Phase VII 2,100,000 yards3) r r r
Phase VIII 700,000 vyards™)

"Phase IV 34,000,000 yards3 Sturgeon Bank
Phase V 1,500,000 yards> Middle Arm

Fraser River

Ferry Terminals

The Government of the Province of British Columbia
has proposed a new mainland terminal for the B.C.
Ferries Route which 1links central Vancouver Island to
the Lower Mainland. Initially development would in-
clude two berths and 30 acres of terminal area with
future expansion to 6 berths and addition of land
for a truck trailer holding compound. Alternate sites
are shown on Swan Wooster Drawing D2947-00-002 (Figure
8) and discussed in a Department of Highways Feasi-
bility Study (Swan Wooster Engineering Company 1973).
These sites include a North Arm site, an Iona site, a
Middle Arm site and a Steveston site. At all sites,
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the causeway would have a top width of 72 feet with
relatively flat sand slopes of 20 horizontal to 1
vertical in the lower intertidal zone. Development
of all sites including the causeway involves approxi-
mately 200 acres of fill.

3.2.1l. Steveston

The terminal would consist of a causeway
approximately 24,000 feet long and an initial 30
acre terminal site located at the delta front.
Construction would involve a causeway to a low
bridge spanning the "Hole in the Wall" and a
2,000 feet long trestle section located west
of the "Hole in the Wall" to allow a portion
of the flow of fresh water which overtops the
Steveston Jetty to circulate through the cause-
way and onto the Sturgeon Bank tidelands (Swan
Wooster Drawing No. D-2947-00-005) (Figure 9).
An estimated 6.9 million cubic yards of dredging
would be required for development at the Steveston
site.

3.2,2. Middle Arm

Development consists ‘of a sand fill cause=-
way approximately 20,000 feet long with a top
width of 72 feet and an initial 30 acre sand fill
terminal site (8wan Wooster Drawing No. D-2947-
00-006) (Figure 10). An estimated 7.2 million
cubic yards of dredging would be required for
development at the Middle Arm site.

3.2.3. Iona

Development consists of widening the exist-
ing jetty on the north side to a top width of
72 feet and extending the causeway 2,700 feet
seaward. The causeway and terminal area would
consist of hydraulically dredged sand fill with
gravel and riprap protection. The proposed
terminal, breakwater and roadway are all similar
in layout to Steveston site (Swan Wooster Drawing
No. D-2947-00-007) (Figure 11). BAn estimated

- 4,15 million cubic yards of dredging would be

required for development at the Iona site.
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3.2.4., North Arm

Development consists of a 72 foot wide
causeway adjacent to the south side of the exist-
ing jetty and a terminal area near the offshore
end of the jetty. The causeway and the terminal
would be constructed of hydraulically dredged
sand fill with gravel and riprap protection
where required. The top elevation of the exist-
ing jetty and sand beaches along the south side
of the jetty is already near or above the high
water level, so the quantity of sand fill required
for other sites (Swan Wooster Drawing No. D-2947-
00-008) (Figure 12). An estimated 4.1 million
cubic yards of dredging would be required for
development at the North Arm site.

3.3. Port Facilities

The National Harbours Board has presented a proposal to
proceed with the second stage development at Roberts Bank.
This development, south and easterly of the existing site
would provide an additional 200 acres comprising four sites
of approximately 50 to 55 acres each, suitable for handling
coal, sulphur, potash, and any other bulk commodity which may
be exported in the future. A channel providing 65 feet depth
at low water with potential for a water depth of up to 90
feet, and a turning basin adequate for bulk carriers in the
150,000 DWT range would be dredged (approximately 400 acres).
In addition, an area of approximately 200 acres of foreshore
would be developed for an industrial park capable of handling
vessels of up to 75,000 DWT. The causeway would also be
widened to provide for rail and other services.

In addition to the expansion of port facilities, the
British Columbia Railway has proposed a rail barge terminal
(Figure 13) to be located on the south side of the existing
Roberts Bank causeway (Swan Wooster Drawing No. 11323-B15-14).
This proposal involves dredging a 2,000 foot diameter turning
basin and construction of a 2,400 foot long causeway.
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Fisheries Resource

4.1,

General

The fisheries resources of the Fraser River have
recently been reviewed by Northcote (1974). This
review lists 38 species that inhabit the lower Fraser
system (downstream from Hope), categorizes them as
migratory, semi-migratory, and non-migratory, and
summarizes some aspects of fish utilization of the

"lower Fraser., Commercial and recreational utilization

of Fraser River salmon and other species including
eulachon, surf smelt, cutthroat trout, steelhead trout,
white sturgeon, mountaln whitefish and dolly varden are
also summarlzed

Salmon

Detalls concerning the life histories, including
spawning distribution, spawning and rearing require-
ments, migration timing, as well as details on present
and potential escapements and commercial and recrea-
tional catch of Fraser River salmon are outlined by
the Department of the Environment, Fisheries Service
(1974). The following summary of the life cycle,
migration timing, spawning escapements and commercilal
catch is taken from this report.

In summary, the salmon resources of the Fraser
River are estimated to be 9,900,000 fish. Of this
total 2,500,000 spawners produce an annual commercial
catch of 7,100,000 salmon, a sport catch of 122,000
and an Indian food fishery catch of 170,000 salmon.

This salmon resource represents an annual commercial
catch valued at $73 million, and an annual commercial
"met" value of $37 million (1973 prices - Fisheries and
Marine Service - Economics Unit). In addition, the
salmon of the Fraser River have a total annual recrea-
tional value of $197 million and preservation value of
$106 million (Meyer 1974). Bennett (1973) has reported
on the cultural importance of Indian fishing 1n the
Fraser River system. The Department of the Environment,
Fisheries Service (1974) has estimated the potential
Fraser River salmon resource to be 24,500,000 fish
annually. This resource would be comprised of 4,000,000
spawners per year which would produce a catch of
19,800,000, a sport fishery catch of 360,000 and an
Indian food fishery catch of 320,000 salmon.
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4.2.1. Life Cycle

All five species of Pacific salmon are anad-
romous; that is, they emerge from eggs spawned in
fresh water, migrate as young fish to the sea and
upon maturity return to their natal fresh~-water
stream to spawn. All species follow a similar
basic life cycle. There are, however, essential
differences with respect to the timing of migra-
tion of both adults and young and their environ-
ments during variable periods of fresh water
residence (Figure 14).

Sockeye generally reach maturity in four
years, pink salmon in two years, coho salmon in
three to four years, chum salmon in four to five
yvears, and chinook salmon in three to seven years.
The adult salmon die soon after spawning.

The varying life cycles and differences in
survival rates of each race in any year results
in a 'fluctuation in the total abundance of fish
from year to year. Fraser River pink salmon runs
‘are confined almost entirely to the odd-numbered
years. Spawning migrations of chum, coho, chinook
and sockeye occur each year. The magnitude of
annual escapements to the spawning areas depends
on the levels of exploitation in commercial and
sport fisheries and on environmental influences
that have affected survival in fresh water and
marine environments. Sockeye exhibit a dominant
year cyclic phenomenon which results in large
returns every fourth year. Dominant runs occur
in the Adams River on the 1970-74 cycle, in the
Chilko River on the 1968-72 cycle, and in the
Stuart and Quesnel Rivers on the 1969-73 cycle.

The timing of the adult salmon migrations
varies with the species and with each race within
the species. It is related to the length of their
migration route and the environmental characteris-
tics of their spawning areas. With some excep-
tions, fish with the longest migration path are
the first to migrate. Spawning migrations commence
in the early spring, reach a peak in the summer and
fall, and conclude in the early winter.



Figure 14

Diagrammatic Life Cycles of Fraser River Pacific Salmon from
Department of the Environment, Fisheries Service (1974).
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In the Fraser River system, spawning runs
of chinook begin in late spring and peak in

early autumn. Pink salmon migration takes place

from August to October and chum occurs from
August to mid-January. The Shuswap, Stuart
and Chilko systems have both early (late July
and early August) and late (September and Oc-
tober) runs of sockeye. Coho migration begins
in September and ends in December.

Sockeye spawn from August to November;
pink, September to November; chum, October to
January; cocho, from September to December;
and chinook from August- to December. Their
eggs are usually deposited in the gravel of
the streams and in lake beach areas. The eggs
develop during the fall and winter months and
hatch within the gravel in the spring. After
hatching, the fish continue development and
emerge from the gravel as free-swimming fry
from March to June. Most sockeye fry migrate
into a lake where they reside for a year, or
rarely two years, before migrating to the

. ocean as smolts in April to June. Pink and

chum salmon fry migrate directly to the ocean.
Chinook migrate seaward as advanced fry (from
mid-April to late July) or remain in the stream
for a year and migrate as smolts. Coho gener-
ally remain in streams and lakes for one year
before migrating to the ocean.

Spawning Escapements and Catchl

The estimated average annual (1957 - 1972)
escapements of Fraser River salmon, in terms of
spawners which reach the spawning grounds are:
51,000 chinook; 1,250,000 sockeye; 63,000 coho;
810,000 pink and 340,000 chum.

Chinook and coho catch/escapement ratios
of 4.0:1 and 3.0:1, respectively, are based on
marked fish returns to hatcheries on the Colum-
bla River. ©No comparable data are available
for the Fraser River chinook and coho, but re-
cent research (Environment Canada, Fisheries
and Marine Service, 1974) substantiates the
use of these ratios. This catch includes both
commercial and salt-water sport catches.

The proportion of commercial catch to sport
catch was determined on the basis of Fraser
River chinook and coho residency (Environment
Canada, Fisheries and Marine Service, 1974),.

Seventy percent of Fraser chinook and 60 percent

References pertaining to historical stock levels
included at the end of the bibliography - see page

137



- 28 -

of Fraser coho migrate to the west and north
coasts of Vancouver Island and Juan de Fuca and
Johnstone Straits. They remain there until their
spawning migration to the Fraser. It is assumed
this portion of the total stock is not avallable
to the sport fishery and is entirely availlable

to the commercial fishery. The remaining popu-
lation (30 percent of Fraser chinook and 40 per-
cent of Fraser coho) reside in the Strait of
Georgia. Of this population, the proportion of
commercial troll to sport catch was estimated.
These assumptions provided a commercial catch of
90 percent of the available marine catch of Fraser
River chinook and 76 percent of the available
marine catch of Fraser River coho.

The catch-to-escapement ratio for sockeye
of 3.1:1 was determined from catch statistics
provided in the International Pacific Salmon
Fisheries Commission (IPSFC) Annual Reports for
the period 1961 to 1972. The pink salmon ratio
of 2.9:1 also was determined from IPSFC catch
statistics and was further substantiated by data
based on techniques Vernon, (1958) regarding
salmon interception. Both sockeye and pink ratios
reflect commercial catches only.

The chum salmon catch/escapement ratio of
1.5:1 is taken from Palmer (1972) and reflects
only the commercial fishery.

These ratios provide an average annual Fraser
River commercial catch of 183,000 chinook; 3,900,000
sockeye; 143,000 cohoj; 2,300,000 pinks; and 510,000
chum salmon.

.2.3. Juvenile Downstream Migrations

Bailey and Fraser (1975) have estimated the
average annual number of chum, pink and chinook
fry migrating in the Fraser River from 1965 to
1974 as follows: chum 75.7 million; pink 193.5
million (even years only); chinook 16.8 million.
In that the sampling procedures on which this
enumeration is based sample only fry, and because
many chinooks migrate after some period of fresh-
water rearing, and are not sampled, the above
referenced authors state that "the total number
of chinook juveniles migrating downstream is
fhought to be considerably larger than the 16.8
million fry". 1In his review of the biology of
.the lower Fraser River, Northcote (1974) has
reported the total number of juvenile coho and
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sockeye migrants to be 2.1 million and 45
million respectively. These figures represent
a total of 343.1 million juvenile salmon in even
years and 139.6 million in odd years. Northcote
(1974) has summarized the timing of these migra-
tions and Bailey and Fraser (1975) have reported
.on the annual variability in the timing of chum,
pink and chinook downstream migrations.

4,3, Herring

The Pacific herring spawn in late winter through
early spring with the peak spawning period occurring
in March. Adhesive eggs are spawned, mainly within
the intertidal zone from 12 feet above to a few feet
below the 0 tide level. Eel grass and other vegetation
provides the primary substrate for the deposition of
spawn; however, occasionally spawning takes place on
pilings and rocks. Spawn mortality is usually heavy,
with major causes being predation, and the degree of
exposure to wave action and air. Hatching normally
takes place within 12 to 20 days depending on water
temperature. The larval stage extends from hatching
when they are approximately 1/4 inch in length for a
period of 6 to 10 weeks, at which time they can be
readily recognized as being young herring and reach
a length of approximately 1 1/2 inches. '

Herring stocks are estimated by
area of spawn and then converting to
ing adults. In the southern Gulf of
tical areas 1T7A, 17B, 18, 28 and 29)
ranged from 11,684 to L0O,480 tons bet

measuring the
tonnage of spawn-
Georgia (Statis-
this tonnage has
ween 1967 and

1973, with an average of 26,036 tons per year for this
period. Boundary Bay has contributed between 1% (1973)
and 57.4% (1967) of the above tonnage (Webb, 1974). 1In
1973, 4,599 tons of herring were caught by the commer-
cial fishery in the southern Gulf of Georgia, repre-
senting a landed value of $818,622.

b, L, Crabs

Dungeness crab resources associated with the Fraser
River estuary represent a significant portion of total
British Columbia stocks. In 1973, 529,000 pounds of
crab were harvested from the Fraser River estuary by
commercial fishermen (Department of the Environment
1973). This harvest represents $281,000 paid to
fishermen and 20.5% of the B.C. catch.



5. Methods

Various types of nets and traps are used to capture juvenile
fish. The efficiencies of any given technique are not only depen-
dent upon the type of gear but to a large extent on the size and
species of fish, the general nature of the habitat, tidal fluc-
tuations, light intensity and weather conditions. The techniques
chosen for sampling during the present study were conditioned by
the large expanse, shallowness and tidal fluctuations of the
inshore portions of Sturgeon and Roberts Banks. Adequate sampling
of the variety of habitat types both in the lower river and banks
necessitated the use of several techniques. Sampling was conduc-
ted from April through August of 1973, and from April through June
in 1974, These time periods encompass the downstream migration
of juvenile salmon in the Fraser River. The 1974 program was con-
ducted primarily to obtain information on juvenile pink salmon
distribution and abundance on the banks. In addition, 6 stations
in the vicinity of Steveston Island in the South Arm were sampled
during 1974.

5.1. Sampling Techniques

5.1.1. Beach Seine

Beach seining was conducted at shoreline stations
using a net 27 m in length x 2.4 m in depth with a
bridle and tcwing rope at each end. Mesh size was 6
mm in the bunt and 12 mm at either end. The net was
set from a 6 m water jet powered dorv and recovered
by hand from both ends onto the beach. Approximately
the same length of shoreline was sanpled with each
set, however, the volume of water sampled with each
set is a function of water velocity, beach slope and
the time required to complete the set. At many
sample stations, particularly at low tide, large
amounts of substrate were retained by the net as
it was retrieved. Since part of the catch was
often buried in and mixed throughout this material
enumerations were conservative.

5.1.2. Tow Net

Tow netting was conducted using a modified
otter trawl designed to sample mid-river surface
water. The net opening formed a 3.3 m x .75 m
rectangle and was braced open at each side with
wooden supports. The 6.4 m net was composed of
three sections; 3.4 m of 28 mm mesh, 2 m of
11l mm mesh, and 1 m of % mm mesh at the cod end.
The floats were aluminum balls and styrofoam gill-
net corks and the lead line was 5/8 inch chain
with 8 ounce lead weights. The net was towed on
46 meter nylon lines between two water jet-powered
boats running parallel 15 m apart.



At the end of each tow, one boat stopped while the
other continued until ‘the net was abreast of the
stationary boat. As well as expediating net retrie-
val, this practice ensured that the net closed on
the catch. Tows were 15 minutes in duration at

- 2,000 r.p.m. which corresponds to a relative net

speed of approximately 2.4 m/sec. Under these

- conditions, each tow net sampled a water volume of

approximately 5,400 m3. The duration of tows at
stations 3, 12 and 16 in the river were limited to
10, 5 and 5 minutes respectively because of the
length of the sloughs. Tow netting on Sturgeon

and Roberts Banks was conducted during flooding and
high slack tides.

Pole Net

Pole netting was conducted during ebbing tides
in the tidal sloughs on Duck, Barber and Woodward
Islands. Pole nets are hand-held trappring devices
constructed from a piece of fine mesh (# 281)
margquesette, stretched between two wooden poles.
The bottom edge of the net was fashioned with a
lead-line (3 kg/m) which held the net firmly on
the substrate. The net was stretched across the
full width of the intertidal channels while fish
were chased toward it from an upstream position.

Purse Seine

Purse seining was conducted using a 10.06 meter
motor ‘vessel equipped with a hydraulic purse winch
and drum. A 182 m, x 12.8 m, fine mesh purse seine
was used to sample fish along the "drop off" (5
fathom contour) adjacent to the tide flats. Mesh
sizes ranged from 2.54 cm. on the lead to 0.64 cm.
stretch mesh on the bunt end. The bunt end effici-
ently retained fish less than 1 cm. in length. The

‘net was fished on the starboard side and the bunt

end retrieved last. The last 10 meters of the bunt
end was formed into a "holding pen". This could
then be "dried up" by gathering the extra bunt onto
the boat by hand. In this manner the fish in the
net could be counted, identified and subk-sampled

for laboratory analysis. The unpursed volume fished
by the purse seine is approximately 33,700 cubic
meters. Fishing by this technigque was conducted on
each of a flooding and ebbing tide every two weeks.

Takble Seine
Table seining is essentially fishing with a

‘purse seine retrieved with the aid of an hydraulic
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power block rather than a drum. A 8.19 meter
research vessel was used to set a purse net

91.4 meters in length by 5.5.meters in depth.
Stretch mesh size ranged from 2.5 cm. on the

lead to 1.3 cm. on the bunt. The net, set in

the normal circular pattern has an unpursed
volume of approximately 3,600 cubic meters. Fish-
ing at table seine stations on the banks was
conducted during the two hours either side of
high tide.

Fraser River

Sampling in the Fraser River from New Westminster
to the mouth was conducted during daylight hours at 35
beach seine, 15 tow net and 6 pole net stations (Figs.
l5a - d), at two-week intervals from April 24 to August
21, 1973. Beach seining was conducted from New
Westminster to Mission at 8 stations on May 3 and June
13, 1973 (Figure 1l5e). Sampling in the river in 1974 ‘
was limited to 8 beach seine stations on Steveston Island
(Figure 15f) which were sampled on April 8, May 1, May 16
and June 12, 1974.°

5.2.1. South Arm Tow Net Stations (Location)

T™™ 1 - Adjacent to Steveston Island from Buoy 519,

TN 2 - Parallel to Rose Island from Buoy FIR.

TN 3 - Deas Slough - from the freeway bridge to
top end.

TN 4 - South shore of river parallel to Deas Island.

TN 5 - From north side of Buoy 532 (garbage dump).

™ 6 - Omitted.

TN 7 - Lower end cof Annacis Channel from the up-
stream end of Don Island.

™ 8 - From the Gulf Station in City Reach.

TN 9 - From Buoy Qk FIG at the top of the sheet

piling, HNew Westminster.
TN 10 - Queensbhorough - Annacis causeway.
TN 16 - Green slough (entering Deas Slough).

5.2.2. North Arm Tow Net Stations (Location)

TN 11 - Poplar Island (New Westminster)

TN 12 - "Sturgeon Hole" slough - south bank, up-
stream of the bend between the Queenshorough
and swing bridges - log booming area.

TN 13 - From the log splitting operation upstream
of Boundary Road, Crown Zellerbach sawmill.

TN 14 - Mitchell Island - West Coast Streel. ’

TN 15 - MacDonald Slough - log storage area.
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5.2.3. South Arm Beach Seine Stations (Location)

1973

BS 9 - Upstream of Pattullo Bridge - south shore.

BS 10 - South shore of Annacis Channel upstream of
bridge.

BS 12 - Small bay downstream of Dow Chemical - scuth
shore.

BS 13 - South shore upstream of Tilbury dock.

BS 14 - Upper end of Deas Slough - south shore up-
stream of flood box for Crescent Slough.

BS 15 - Small bay at Woodward landing - B.C. Ferries
Repair Depot.

BS 16 - Lower end of Steveston Slough (Cannery

Channel) across from Gulf Station.

BS 17 - Lower end of Steveston Island - river side.
BS 30-36 Barber, Duck and Woodward Island
1974 .
BS 37-44 Steveston Island.
5.2.4. North Arm Beach Seine Stations (Location)
BS 1 - Downstream of the entrance to MacDonald
Slough.

BS
BS

2 - Upstream of the entrance to MacDonald Slough.

3 - Small bay used as boat launching ramp - south
shore.

BS 5 - Mitchell Slough - north shore downstream from
sawmill and chip barge loading site.

BS 6 - Mitchell Slough - upstream of Knight Street
bridge - north bank.
7 - At Mackenzie Barge site -~ 800 meters down-
g stream of CN Railway bridge - north shore.

BS

BS - South shore - under Queensborough Bridge -
downstream from sawmill and barge loading
site.

5.2.5. Middle Arm Beach Seine Stations

BS 21 - South shore below Dinsmore bridge.

BS 22 - South shore across from float plane dock.
5.2.6. Pole Net Stations

PN 1-PN 6-Duck, Barber, Woodward Island, Ladner
March.

Sturgeon and Roberts Banks

Sampling on Sturgeon and Roberts Banks was conducted
at 10 purse seine, 23 table seine and 15 tow net stations
(Figure 16) at two-week intervals from March 28 to
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6. Results

For comparative purposes sample sites have been grouped into
four major areas with sub-areas as follows:

Sample Area - Fraser River upstream of the Port Mann Bridge

Fraser River downstream of the Port Mann Bridge
sub-area 8 - North and Middle Arms (further refer-
L ©* . ence in test and tables to catches in
the North Arm include data from
, stations in the Middle Arm)
L o sub-area 9 - South Arm

Sample ‘Area

.Sturgeon Bank o :
sub-area 1 - from the North Arm Jetty to the Iona Jetty
sub-area 2 - from the Iona Jetty to the Middle Arm
sub-area 3 from the Middle Arm to the Steveston Jetty

Sample Area:

Sample Area .- Roberts Bank o ‘

R sub-area 4 from Steveston Jetty to Canoe Pass
sub—~area 5 ~ from Canoe Pass to the Roberts Bank

causeway '

from Roberts Bank Causeway to the

S : Tsawwassen Ferry Terminal

sub~area .7 - south of the Tsawwassen Ferry Terminal

sub-area 6

" The codes used to identify the major sample areas and each sub-
area are presented in Appendix 1 along with the codes used to identify
gear types, fish species and stomach contents. Appendix 2 lists the
-sample dates- and corresponding -sample periods with gear type and
stations sampled in each area of the Fraser River and estuary.

6.1, Catch Analysis

The total catch of each fish species taken in the Fraser
River and estuary during sampling between March 28 -
September 12 in 1973 is listed according to the sample areas
as outlined above in Appendix 2. In the Fraser River above
the Port Mann Bridge, threespine sticklebacld were the most
abundant species in catches followed by coho, chinook and pea-
mouth chub. Seventeen species were present in these catches.
Thirty-six species were caught in the Fraser River below the
Port Mann Bridge. Threespine stickleback, starry flounder,
chinook, coho, peamouth chub, prickly sculpin, chum and
sockeye were most numerous in these catches.

Of the 32 species present in the catches on Sturgeon
Bank, herring were the most numerous. These were followed
by chinook, sand lance, starry flounder, coho, longfin
smelt and surf smelt. On Roberts Bank, herring, chinook,
shiner perch, threespine stickleback, starry flounder,
sand lance, and surf smelt were the mpst abundant of
the 49 species present in catches. 8Species caught on
Roberts Bank which were not present in catches on
Sturgeon Bank including pile perch, tube snout, sand

1. The implications of this and similar findings with respect to
' other non salmon species have not been interpreted.
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fish, crescent gunnel, penpoint gunnel and others are
typically marine species.

Salmon and herring catch data were compiled accor-
ding to the number of each species caught by the different
gear types for each sample station and day and are listed
according to area and sub-area location. Analysis of
these data involved summing the individual station
catches for each sub-area and calculating the average
catch per set by gear type and date for each sub-area
(Appendix 3). In addition, the total catch and catch
per set of coho, chinook and herring were cglculated
separately for inshore (intermediate and high intertidal)
and offshore (low intertidal and subtidal) table seine
and tow net stations on Sturgeon Bank and table seine
stations on Roberts Bank. Alignment of tow net stations
on Roberts Bank did not permit similar separation of these
data. Sample sizes of other salmon species were not large
enough to warrant separation into inshore and offshore
stations.

The total catch and catch per set of juvenile salmon
and herring caught in the Fraser Rilver and on Sturgeon
and Roberts Banks during sampling in 1973 are presented
in Table 1. These data indicate that in terms of relative
abundance, the rank of salmon specles in river catches was
the same as for catches of the banks, namely chinook,
coho, chum and sockeye. However, the catch per set of
Juvenile chinook on Sturgeon and Roberts Banks was con=-
siderably higher than in the river. These data have been
calculated separately for the Upper Fraser, the North and
South Arms and for Sturgeon and Roberts Banks and are
presented in Table 2. Catch per set for chinook was
higher than for other salmon species 1n the South Arm and
on Sturgeon and Roberts Banks. Catch per set for coho
was higher than for other salmon specles in the North
Arm and the Fraser River above the Port Mann Bridge.
Catch per set for chum was highest in the South Arm and
higher than for sockeye in each area. The catch per set
for coho, chinook, chum, sockeye and herring was higher
on Sturgeon Bank than on Roberts Bank; however, sampling
on Sturgeon Bank was begun earlier in the spring than on
Roberts Bank.

6.1.1. Fraser River above Port Mann

A total of 373 juvenile salmon were caught
during sampling on May 3 and June 13 at beach seine
stations above the Port Mann Bridge. This catch
was comprised of 284 coho, 80 chinook, 8 chum and 1
sockeye. For all stations (except BS 7) sampled on
both dates, catches of coho were significantly lower
on June 13 than on May 3. Chlnook catches were high
only at beach seine stations 4 and 6 on May 3.



TABLE 1. TOTAL CATCH AND CATCH PER SET (ALL GEAR TYPES
COMBINED) OF JUVENILE SALMON AND HERRING CAUGHT IN
THE FRASER RIVER ESTUARY MARCH 28 - SEPTEMBER 12, 1973

FRASER RIVER

Total Cﬁtch No, of Sets ~ Catch/Set
Coho 1,583 359 4.4
Chinook 1,609 359 4.5
Chum 916 359 2.6
Sockeye 443 359 1.2

TOTAL SALMON 4,551 359 12.7

STURGEON AND ROBERTS BANKS

Coho 1,411 371 3.8
Chinook 3,724 371 '10.0
Chum 257 371 0.7
Sockeye 133 371 0.4
TOTAL SALMON 5,525 371 14.9

Herring 115,318 371 311.0



TABLE 2. TOTAL CATCH AND CATCH PER SET (ALL GEAR TYPES COMBINED) OF
JUVENILE SALMON AND HERRING IN EACH SAMPLE AREA OF THE FRASER RIVER

ESTUARY IN 1973

COHO CHINOOK CHUM SOCKEYE HERRING
| NO.OF ’
AREA SETS
UPPER FRASER RIVER Total catch 284 80 1
(aboye Port Mann Catch/Set 14 20.3 5.7 0.6 0.1
Bridge) % of salmon catch 76 21 0.3
LOWER FRASER RIVER Total catch 853 191 193 31
- North Arm Catch/Set 111 7.6 1.7 1.7 2
% of salmon catch 67 15 15
LOWER FRASER RIVER Total catch | BU6 1,338 715 411
- South Arm Catch/Set 234 1.9 5.7 3.0 1.7
% of salmon catch 15 b6 25 14
STURGEON BANK Total catch 1,1MO 2,367 235 ‘125_ 70,533
Catch/Set 199 5.7 11.9 1.2 0.6 354,
% of salmon catch 29 61 6
ROBERTS BANK Total catch- 271 1,357 22 uu,785
Catch/Set 172 1.6 7.9 0.1 <0.1 260.
% of salmon catch 16 82 ‘ 1. .5
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6.1.2. Fraser River below Port Mann

6.1.2.1. Coho

Juvenile coho were taken in beach seilnes
from April 24 to June 25, 1973 in both the
North, Middle and South Arms of the Fraser
River.! Over the period sampled, coho formed
70% of the salmon caught by beach seines in
the North Arm and only 15% in the South Arm.

Catches were highest on May 14, although
good catches were also taken on April 24 and
June 4 in the North Arm. Stations in the North
Arm were not sampled prior to April 24, however,
no coho were taken at beach seine stations in
the South Arm between March 14 and April 11
(Table 3).

Cver half of the coho caught in the North
Arm sub-area were taken at stations 21 and 22
in the Middle Arm. Stations 5, 6 and 8 produced
the smallest catches.

In the South Arm, beach seine stations 16,
15 and 12 produced the highest catches of juvenile
coho. These statlons were in areas of reduced
flow with relatively fine substrate and vegetated
shores. No coho were taken at beach seine
stations 30 to 36 in Ladner Marsh, and Duck,
Barber and Woodward Islands during sampling in
1973. Similarly, juvenile coho were not taken
at beach seine statlons around Steveston Island
between April 8 and June 12 in 1974 (Table 4).

Juvenile coho were captured in tow nets
from the beginning of sampling on May 9 to June
25. Tow net catches were considerably smaller
than beach seine catches, averaging only 2 fish
per set over the period sampled in both the North
and South Arms. The highest catch per set occurrec
in the North Arm on May 9; however, good catches
were also made between May 24 and May 29 in both
the North and South Arms and on June 13 in the
South Arm (Table 3). Most tow net stations
tended to be equally productive, although station
7 in the South Arm and 11 and 14 in the North Arm
had lower than average catches while stations 4
and 5 in the South Arm and 12 and 15 in the North
Arm had slightly higher than average catch per
set. Coho comprised U4U% of the tow net salmon
catch in the North Arm but only 22% in the South
Arm.

Beach seine stations in the Middle Arm have
been combined with North Arm stations for the
present analysis.

1



TABLE 3. CATCH PER SET OF COHO BY SAMPLE DATE AND SUB AREA FOR EACH GEAR TYPE USED IN THE FRASER RIVER IN 1973

GEAR BEACH SEINE TOW NET POLE NET
LOWER FRASER UPPER FRASER LOWER FRASER LOWER FRASER
SUB AREA North Arm South Arm North Arm South Arm South Arm
(sub-area 8) (sub-area 9) (sub-area 8) (sub-area 9) (sub-area 9)
DATE
14 March 0 0
28 March 0 0
11 April 0 0
24 - 25 April 18 4 0
3 May 34
9 - 11 May 0 ' 12 0
14 - 15 May 43 20 2 : 1 |
24 - 29 May , | 5 - 6 | 9 v 0
4 June 14 ¥ | | ' 0
11 - 13 June ' 8 3 1 | 2 7
20 - 25 June | | <]' | <1 . | 0 : <1 0
4 July 0 . | | | 0
12 July 0o o 0 0 | 0
23 - 24 duly 0 o - 0 o |
2 August | e 0 i | - - o S 0
7 August N B : | | o 0
21 August o o0
- TOTAL CATCH 792 277 284 61 169 | 0
TOTAL SETS 74 123 14 37 71 40

CATCH/SET ' 11 2 20 2 2 0




TABLE 4 . CATCH PER SET OF JUVENILE SALMON TAKEN WITH BEACH SEINES
IN THE FRASER RIVER, (STEVESTON ISLAND) IN 1974

PINK COHO CHINOOK CHUM SOCKEYE CUT-

THROAT
DATE BEACH
SEINE
STATION
Apr 8 37 0 0 5 5 0 0
38 0 0 22 4 0 0
39 0 0 10 0 0 0
4o 0 0 0 0 0 0
May 1 37 0 0 19 0 0 0
38 0 0 18 0 0 0
39 0 0 16 0 0 0
4o 0 0 19 0 0 0
41 0 0 10 0 0 0
4o 0 0 20 0 0 0
43 0 0 43 0 0 0
Ly 1 0 62 5 0 0
May 16 37 0 0 21 0 0 0
38 0 0 35 0 0 0
39 0 0 22 0 0 0
40 0 0 31 0 0 0
41 0 0 9 0 0 0
4o 0 0 9 1 1 0
43 0 0 19 2 0 0
4 0 0 18 0 0 0
Jun 12 37 0 0 0 1 0 0
38 0 0 2 0 0 0
39 0 0 1 0 0 0
Lo 0 0 0 0 0 0
41 0 0 4 0 0 0
42 0 0 5 1 0 0
43 0 0 9 1 0 0
4y 0 0 13 0 0 1
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No coho were taken at pole net stations,
all of which were located on Duck, Barber and
Woodward Islands.

6.1l.2.2. Chinook

Juvenile chinook were caught in 1973 beach
seines from April 11 until July 24 in the South
Arm and from April 25 until August 27 in the
North Arm of the Fraser. The average catch per
set and total catch was much lower in the North
Arm than in the South Arm (Table 5). The highest
catch per set occurred on April 25 in the South
Arm but catches averaging 5 fish or more con-
tinued until the end of June (Table 5). In the
North Arm, catch per set at individual stations
was usually less than three fish except at beach
seine station 22 on June 1l when 7.0 chinook were
taken in one set. In the South Arm, 93% of the
beach seine chinook were taken at stations 30 to
36 on Ladner Marsh and Duck, Barber and Woodward
Islands (Appendix 3). Forty-six percent of the
chinook were taken at beach seine station 35 on
the edge of Ladner Marsh on April 25 (Appendix 3).
These stations were on shallow, vegetated marshes
which are flooded at high tide.

Catch per set of juvenile chinook salmon
at beach seine stations around Steveston Island
were highest on May 1 and May 16 durlng sampling
in 1974 (Table 4).

Chinook comprised 12% of the beach seine
caught salmon in the North Arm compared with 52%
in the South Arm.

Juvenile chinook were caught in tow nets
throughout the period sampled, except on August
21 in the North Arm. Again, the number of
chinook per set for tow net stations was con-
siderably lower than at beach seine stations in
the same sub-area (Table 5). Tow net catches
were generally similar at all stations sampled.

Chinook comprised 38% of the tow net caught
salmon in the North Arm and 25% in the South Arm.

The highest average pole net catch per sets
were made at the end of April and beginning of
May, when beach seine catches in the South Arm
were also high. Pole net stations 5 and 7 had
lower than average catches after the first week
in May.



TABLE 5. CATCH PER SET OF CHINOOK BY SAMFLE uATE AND SUB AREA FUR EACH GEAR TYPE USLD IN THE FRASER RIVER IN 1973

GEAR BEACH SEINE TOW NET POLE NET

LOWER FRASER UPPER FRASER LOWER FRASER LOWER FRASER
SUB AREA North Arm South Arm North Arm South Arm South Arm
(sub-area 8) (sub-area 9) (sub-area 8) (sub-area 9) (sub-area 9)

DATE

14 March 0 | 0

28 March 0 1

1 April 8 | 2

24 - 25 April < 52 | 15

3 May 9

9 - 11 May 17 8 15

14 - 15 May ] q | q o

24 - 29 May 7 <1 2 | 8

4 June <1 9 ]

11 - 13 June 16 <1 ’ 1 | 2 ]

20 - 25 June | 3 5 o 2 2 | 1

4 July 2 | | 1

12 July o] 1 - 1 : 2 0

23 - 24 July <1 <1 2 8

2 August | | 0 | - 0

7 _August <1 : 0 ’ 2 - 3

21 August 0 ' <1
TOTAL CATCH 138 945 80 53 188 205
TOTAL SETS | 74 123 14 37 71 40
CATCH/SET 2 £ 6 1 3 5




- 53 -

6.1.2.3. Chum

Most of the Juvenile chum salmon caught
in the Fraser River were taken by beach seine
in the South Arm (Table 6) between March 28
and August 2 with peak catches in mid and
late April and mid June. North Arm stations
were not sampled frequently prior to June when
catches in the South Arm were highest.

In the South Arm, highest catches were
made at stations 31 to 33 and 35 and 36 in March
and April; at station 16 in May and at stations
12 and 14 in June (Appendix 3). No juvenile
chum were taken at stations 9 and 17 and
catches were poor at stations 10, 13, 15 and
34. Generally, catches were higher in back-
water, slough areas, with soft substrate and
shoreline vegetation and lower in those areas
characterized by steep shore slopes, fast
currents and clean sand substrate.

In the North Arm, catches of juvenile chum
salmon were high at stations 3 and 21 during
April and May (Appendix 3). Station 3 was a
small bay with reduced flow, fine substrate
and vegetated shoreline. Station 21 was simil-
arly an area of reduced flow, with vegetated
shoreline, however the substrate material was
somewhat coarser,.

Juvenile chum salmon were caught at tow
net stations 11, 13, 14 and 15 in the North Arm
and all stations sampled in the South Arm except
tow net station 4 (Appendix 3).

Catches of juvenile chum salmon at pole net
stations were highest in April and early June as
with the beach seine stations.

6.1.2.4, Sockeye

In contrast to chinook, coho and chum, most
of the juvenile sockeye caught in the Fraser
River during sampling in 1973 were not caught
in beach seines (Table 7). Sockeye comprised
only 1% of the total beach seine salmon catch
in the North Arm and only 3% in the South Arm.
These catches were made between June 20 and
July 24 at all beach seine stations in the’
North Arm except station 1 and at stations 9,
12,and 13 to 17 in the South Arm. Juvenile
sockeye were not caught at stations 10 and
30 to 36 in the South Arm.



TABLE 6.

CATCH PER SET OF CHUM BY SAMPLE DATE AND SUB AREA FOR EACH GEAR TYPE USED IN THE FRASER RIVER IN 1973

GEAR BEACH SEINE TOW NET POLE NET
LOWER FRASER UPPER FRASER LOWER FRASER LOWER FRASER
SUB AREA North Arm South Arm North Arm | South Arm South Arm
(sub-area 8) (sub-area 9) (sub-area 8) (sub-area 9) (sub~area 9)
DATE
14 March 0 0
28 March 7 0
11 April 16 14
24 - 25 April 8 20 9
3 May 1
9 - 11 May 2 1 5
14 - 15 May 4 6 1 2
24 - 29 May 1 0. <1 1
4 June 1 2 1
11 - 13 June 1 14 < ] 1
20 - 25 June 3 1 0 1 <1
4 July <] o
2 July 0 < <1 <1 <]
23 - 24 July 0 <1 0 0
2 August - <] 0
7 August Q 0 0 0
21 August 0 0
TOTAL CATCH 183 556 8 10 40 119
TOTAL SETS 74 123 14 37 71 40
CATCH/SET 2 4 <1 <1 <1 3




TABLE 7. CATCH PER SET OF SOCKEYE BY SAMPLE DATE AND SUB AREA FOR EACH GEAR TYPE USED IN THE FRASER RIVER IN 1973

GEAR BEACH SEINE TOW NET POLE NET
LOWER FRASER UPPER FRASER LOWER FRASER LOWER FRASER
SUB AREA North Arm South Arm North Arm South Arm South Arm
(sub-area 8) (sub~area 9) (sub-area 8) (sub-area 9) (sub~area 9)
DATE
14 March 0 0
28 March 0 0
11 April 0 0
24 - 25 April 0 0 0
3 May <]
9 - 11 May 0. 0 0
14 - 15 May 0 0 Q 5
24 - 29 May 0 <T 22 0
4 June 0 0 0
11 - 13 June 0 0 0 <1 2
20 - 25 June <1 1 <1 1 0
4 July 0 0
12 July <t - 2 0 2 0
23 - 24 July 1 <] 1 6
2 August 0 0
7 August 0 0 1 <]
21 August 0 0
TOTAL CATCH 18 50 1 13 361 0
TOTAL SETS 74 123 14 37 71 40
CATCH/SET <1 <1 <1 <] 5 0
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Most of the sockeye taken in the Fraser
River were caught in tow nets in the South Arm
from mid May to early August (Table 7). The
highest catches were made on May 24 at statlons
1, 2, 3 and 8 and again on July 23 at statlon
4 in the South Arm (Appendix 3). In the North
Arm, catches of Juvenlle sockeye were highest
at station 15 (McDonald Slough) and station 12
(Sturgeon Hole Slough).

No juvenlle sockeye were caught at pole
net statlons.

6.1.3. Sturgeon and Roberts Banks

On Sturgeon Bank, herring, then chinook were
the most numerous in catches followed by Paciflilc
sand lance, starry flounder, and cocho. On Roberts
Bank, the order of abundance was herring, chinook,
shiner perch, threespine stickleback and starry
flounder.

A total of 5,525 juvenlle salmon and 115,318
herring were caught on Sturgeon and Roberts Banks
during sampling in 1973 in 371 sets 1nvolving the
previously described catch techniques (Table 1).
Chinook formed 67% of the total salmon catch, while
coho, chum and sockeye formed 25, 5 and 2% respec-
tively. On Sturgeon Bank, chinook and coho made
up 61% and 29% respectively of the salmon catch,
while on Roberts Bank, 82% of the salmon caught
were chinook and only 16% were coho (Table 2).
However, proportionate species compositlons and
total salmon catches on Roberts and Sturgeon Banks
are not directly comparable because the number of
sets using each gear type varled. Tow nets, table
seines and purse seines sample different areas,
depths and volumes of water and data on thelr com-
parative efficiencies 1is lacking. Thus, in order
to compare the relative abundance of species
between Sturgeon and Roberts Banks and between sub-
areas within each bank, catches per set for each
gear type should be compared separately. In addition,
sampling dates must be consldered because of the
timing of juvenile salmon migrations. Accordingly,
catches per set have been listed by gear type and
sample date for each sub-area of the banks for coho
(Table 8), chinook (Table 9), chum (Table 10),
sockeye (Table 11) and herring (Table 12).

6.1.3.1. Coho

Coho were caught by purse seine in 1973
at the edge of the banks from early May to



TABLE 8 . CATCH PER SET! OF COHO BY SAMPLE DATE AND SUB AREA FOR EACH GEAR TYPE USED IN THE FRASER RIVER ESTUARY IN 1973

GEAR PURSE SEINE TABLE SEINE TOW NET

AREA SB2 RB3 SB RB SB RB

SUB AREA 12 3 X 4 5 X 1 2 3 X 4 5 6 7 X 1 2 3 X 4 5 6 7 X
(see fig. 16)

DATE

28 - 29 March 0 0 0 0 0 0 0

10 - 11 April 0 0 0 0 0 0 0

25 - 26 April 0 0 0 O 0 0 0

7 - 9 May 1T 2 2 2 0 0 0 3 1 2

22 May 2 1 2 2 1T 1 1 12 85 26 47

1 June 0 3 7 0 2 1 33 48 40

4 - 7 June <1 <1 1 6 3 0 0 46 46 8 0 1
14 June o 0 0 - 0 0 O ' 3155 64

17 - 20 June 0 0 0 0 0 1 5 9 13 6 6 6 13 0 0 O
© 25 - 26 Jdune 0 0 <1 <I 7 14 7 8 0 0 0 0

3 - 4 July 0 2 1 : 0 2 0 0 1 0o 0 0 O

9 - 11 July 8 1 1 4 | 0- 0 0 O | 0 0 0 0

17 - 18 July 01 < | | 0 0 0 0 0 0 0 0 O
25 - 26 July <0 2 1 , 0 0 0 0 0 0 0 0

30 July - 1 Aug. 4o | 01 2 0 1 0 0 0 o

6 - 7 Aug. 0 0 Q0 0 0 0 0 0 0 0 1 <1 0 0 0 0 0

14 Aug. 0 <1 0 1 0 0 o0
21 - 22 Aug. 0 0 0 0 0 0 0 0

28 - 29 Aug. 14 5 4 4 2 50 18 <1 0 0 0 0 <1 <1 0 1 0 0 0 0
10 - 12 Sept. ' 0 0 3 1

TOTAL CATCH 74 32 22 9 72 23 29 4 2 32 56 13 , 131 329 459 86 0 0 1
CATCH/SET 2 2 1 2 <1 5 2 12 1 <11 2 2 8 14 27 16 3.0 0 «

1. Calculated from data in Appendix 3
2. Sturgeon Bank
3. Roberts Bank



TABLE @ . CATCH PER SET! OF CHINOOK BY SAMPLE DATE AND SUB AREA FOR EACH GEAR TYPE USED IN THE FRASER RIVER ESTUARY IN 1973

GEAR PURSE SEINE TABLE SEINE | TOW NET
AREA SB2 RB? ' SB RB SB RB
SUB AREA 1 2 3 X 4 5 X 1 2 3 X 4 5 6 7 X 1 2 3 X 4 5 6 7

(see fig. 16)

{><|

DATE
28)- 29 March 0 0 1 < 3 0 2
10 - 11 April 0 0 0 O ¢ 0 0
25 - 26 April 0 0 0 O 0 0 ¢
7 - 9 May 4 0 0 1 <10 <1 \ 1 68 34
22 May 514 1 6 1 2 |1 2 10 12 8
1 June 2 2 2 02 T 0 0 0
4 - 7 June 2 3 4 3 <] : < 24 24 20 87 22
14 June 36 8 22 - 8 0 3 99 185 134
17 - 20 June 58 - 58 <1 40 14 0 0 6 0 2 23 23 20 17 4 35
25 - 26 June 1072 7 30 6 1 2 3 .26 73 64 57
3 - 4 July , 412 6 - _ 213 11 18 10 2 2 0 6
9 - 11 July 5 6 4 5 : 510 5 6 2 6 4 5
17 - 18 duly 14 68 32 | 2 2 6 0 4 | 4 44 3 0
25 - 26 July 12 3 8 9 8 8 3 6 : m 1 7 6
30 July - 1 Aug. | 19 19 8 6 <1 10 5 6 3 0 0
6 - 7 Aug. 2 2 4 3 43 43 | 7 4 <1 3 0 0 2 4 6 4 9
1w Aug. | 2 1 0 2 | 111
21 - 22 Aug. 2 2 1 2 | 2 9 10 7
28 - 29 Aug. 7 3 1 4 32 50 38 4 2 3 3 3 <1 2 4 2 8 2 0 0
10 - 12 Sept. <1 <1 <1 1
TOTAL CATCH 361 268 60 172 213 97 62 77 50 98 105 32 5 188 609 645 261 354 8 64
CATCH/SET 1M 15 3 10 7 15 10 5 4 2 3 3 4 4 5 4 11 26 38 25 10 25 1 9

1. Calculated from data in Appendix 3
2. Sturgeon Bank
3. Roberts Bank



TABLE 10. CATCH PER SET' OF CHUM BY SAMPLE DATE AND SUB AREA FOR EACH GEAR TYPE USED IN THE FRASER RIVER ESTUARY IN 1973

GEAR PURSE SEINE , TABLE SEINE TOW NET

AREA SB2 ~ R8® SB RB SB RB

SUB AREA 1 2 3 X 4 5 X 1 2 3 X 4 5 6 7 X 1 2 3 X 4 5 6 7 X
(see fig. 16)

DATE

28 - 29 March 0 0 0 O 0 0 0

10 - 11 April 0 0 0 0 0 0 0

25 - 26 April - 52 60 30 49 1 0 1 .

7 - 9 May 0 1 1 1 0 0 0 , 0 0 0

22 May 0 0 0 0 0 0 0 0 0 0 0

1 June 0 2 1 -, ‘ 0 0 o0 0 <1 <l

4 - 7 June 0 0 0 2 <1 0 0 0 o 0 0 0 0
14 June 0 0 0 0 0 0 @ o 0 0

17 - 20 June 0 0 0 0 0 | 0 0 G 0 © 0 0 1 <1 0 0 1
25 - 26 June 2 0 0 < | | 0 0 < < 0 0 Q o0

3 - 4 Jduly 0 0 0 , c 0 0 0 0 <1 0 1 0 <1
9 - 1 July 1 0 0 <1 0 0 8 0 0 0 0 O

17 - 18 July 0 0 0 . 6 0 0 0 0 0 0 0 O
25 - 26 July 10 0 < - 0 0 0 0 "0 0 0 o

30 July - 1 Aug. ' 0 0 0 <1 <1 0 « 0O 0 0 O O
6 - 7 Aug. 0 <1 0 <l 0 0 0 0 <1 <t 3 <1 0 0 0 a 0 0
14 Aug. 0 0 0 O ¢ 0 0 O
21 - 22 Aug. : 0 <1 2 1 "0 0 0 0

28 - 29 Aug. 0 4 0 1 0 0 0 1T 0 1 1 0 0 <1 0 < 0 0 0 0 0
10 - 12 Sept. 0 0 0 0

TOTAL CATCH 112 66 37 2 3 3 115 1 1 7 0 a 0 1 6 1 1 0
CATCH/SET 3 4 2 3 0 <1 <1 <1 0 <1 <« 0 0 <1 o0 <1 | 0 0 0 0 <1 0 <1 0 <«

1. Calculated from data in Appendix 3
2. Sturgeon Bank
3. Roberts Bank



TABLE11. CATCH PER SET® OF SOCKEYE BY SAMPLE DATE AND SUB AREA

FOR EACH GEAR TYPE USED IN THE FRASER RIVER ESTUARY IN 1973

GEAR PURSE SEINE TOW NET

AREA SB? RB? SB RB

SUB AREA 1 2 3 X 4 5 X 1 2 3 X 4 5 6 X
(see fig. 16)

DATE

28 - 29 March 0 0 0 O 0 0 O

10 - 11 April 0 0 0 0 0 0 0

25 - 26 April 0 0 0 O 0 0 O

7 - 9 May 25 6 8 14 0 0 0 33 5 19

22 May 1 0 2 1 0 0 O 2 1 0 1

1 June 0 <1 <1 0 0 0

4 - 7 June <1 <1 1 0 <« 0 0 0 0 0
14 June 0 0 O 0 0 V 0

17 - 20 Jdune 0 0 0 0 0 0 0 0 <1 0 <1
25 - 26 June 0 0 0 0O 0 0o 0 0

3 - 4 July <t 0 <1 0 <1 0 <]
9 - 11 Jduly 0 0 o 0 0 0 0 O

17 - 18 Jduly 0 0 © <1 0 O <]
25 - 26 July ¢ ¢ 0 0 0 0o 0 O

3@ July - 1 Aug. 0 0 | 0 0 O 0
6 - 7 Aug. 0 0 0 0 0 0 0 0 0 0 0 0
14 Aug. 0 0 0
21 - 22 Aug. <1 0 0
28 - 29 Aug. 0 0 0 O 0 0 0 0 0 O 0
10 - 12 Sept.
TOTAL CATCH 5 6 20 4 0 37 2 b 2 2 0
CATCH/SET 2 <1 1 1 <1 0 < 2 <1 <1 1 0 <1 ¢ <1

1. Calculated from data in Appendix 3
2. Sturgeon Bank
3. Roberts Bank



0o

GEAR PURSE SEINE TABLE SEINE
AREA 5B2 © RB? S RB s "B
S(gBe:REAig. o 1 2 3 X 4 5 X 1 2 3 X 4 5 6 7 X 1 2 3 X 4 5 & 7 ¥
DATE
28 - 29 March o o0 0 0 0o 0 0
10 - 11 April 68 0 0 34 0o 0 0
25 - 26 April 0 50 0 12 0 2
7 - 9 May g8 0 <1 3 s 13 15 39
22 May 48 20 6 30 23 27 25 1000 67 4 318
1 June .64 106 85 <t 52 31 309 12 160
4 - 7 June 162 162 224 500 316 o 101 90 90 0 30 2007 295
14 June 282 132 188 200 9 73 3369 14 2027 |
17 - 20 June 4200 4200 325 350 138 - 9 128 1128 900 ‘1058 28 28 15 1513 260 16 420
25 - 26 June 114 512 333 320 189 196 147 169 | N4 127 57 103
3- 4 July 1308 404 1006 ) | 15 129 133 150 104 " N 3 30 s
9 - 11 Jduly 2376. 868 350 1492 1657 54 46 531 | 6 30 s 28 o
17 - 18 July | | 300 130 243 N 52 89 444 50 195 | 10 175 0 2 49
25 - 26 July 1350 250 200 788 100 186 >'65 - 98 | 76 12 10 29 5 <1 4
30 duly - 1 Aug. | 200 200 163 663 52 154 292 o o o
6- 7hug. 162 110 130 141 3000 3000 742 14 166 308 103 | 103 155 1 26 5 27 7
14 Aug. | 154 653 35 362 | 1 0 o0«
21 - 22 Mug. 178 7 60 84 | 0 3 0 1
28 - 29 Aug. 1250 250 1500 1062 300 60 220 406 12 105 177 104 26 1223 5 442 3 14 0 o 19
10 - 12 Sept. | - 165 755 125 08 |
TOTAL CATCH 33370 4183 3816 10469 2604 10113 1116 3119 1720 7647 14778 1234 2992 11471 353 365 3562 291 2055
CATCH/SET 081 232 201 583 403 186 327 82 74 89 202 90 283 568 216 326 176 499 21 260 14 256 48 294

16

1. Calculated from data in Appendix 3

2. Sturgeon Bank
- 3. Roberts Bank



early June, throughout July except between the
Steveston Jetty and Canoe Pass, and again at
the end of August (Table 8). Generally the
highest average catches were made late in
August, although relatively high catches were
made between the North Arm and Iona Jetties

in early July, and in the areas between the
Iona Jetty and the Middle Arm and between
Canoe Pass and the Roberts Bank Causeway in
early June. Catch per set was not consistently
high or low in any one area except between the
Steveston Jetty and Canoe Pass where catches
were consistently low. Highest catch per set
varied irregularly between sub-areas. Purse
seining was not conducted south of the Roberts
Bank Causeway. Coho represented 12% and 17%
of the purse seine caught salmon on Sturgeon
and Roberts Banks respectively. In 1974, as
in 1973, very few coho were caught at purse
seine stations on Sturgeon Bank during the
first week of April and May (Table 13).

Twenty-seven percent of the salmon caught
by table seines on both Sturgeon and Roberts
Banks in 1973 were juvenile coho. Most of
these were caught in the last two weeks of June
although a few were taken early in June and late
in August (Table 8). Sampling with table seines
was not conducted during the last two weeks in
May when tow net catches of coho on Sturgeon
Bank were high.

On Sturgeon Bank, the highest table seine
catches of coho were made inshore at stations
TS7 (between the North Arm and Iona Jetties)
and TS5 (between the Iona Jetty and the Middle
Arm), and offshore at station TSl (between the
Middle Arm and the Steveston Jetty). Relatively
high catches were also made at stations TS9,
TS12 and TS2. Over the total sampling period,
average catch per set at inshore stations on
Sturgeon Bank was only slightly higher than at
offshore stations (Table 14). On Roberts Bank,
however, average catch per set at offshore
stations was twice that of inshore stations
(Table 15). As with purse seine catches, table
seine catches were consistently low between the
Steveston Jetty and Canoe Pass. The average
catch per set over the total sampling period
was similar for Roberts Bank and Sturgeon Bank
(Table 8).

Most of the juvenile coho caught on Sturgeon
Bank were taken at tow net, whereas on Roberts
Bank there was little difference in catch per set



TABLE13.

CATCH PER SET OF JUVENILE SALMON TAKEN IN PURSE SEINES .
ON STURGEON BANK IN 1974

PINK COHO CHINOOK CHUM SOCKEYE
SUB NO. OF
DATE AREA  SETS
April 2, 3 1 2 1.5 0 0 0 0
2 2 0 <1 0 0 0
3 4 6.8 0 1 1 0
May 3 1 1 0 0 0 0 0
2 1 1 0 1 1 0
3 2 0 0 1 0 0
TOTAL CATCH 31 1 6 3 0
TOTAL SETS 12 12 12 12 12
CATCH/SET 2.6 < <1 < 0




TABLE14. CATCH PER SET! OF COHO TAKEN AT INSHORE AND OFFSHORE TOW NET AND TABLE SEINE STATIONS ON STURGEON BANK IN 1973

GEAR TOW NET TABLE SEINE

INSHORE OFFSHORE INSHORE OFFSHORE

SAMPLE STATION 4 3 2 1 X 5 6 7 X 7 5 4 3 2 X 1312 10 9 8 1
DATE

7 - 9 May 3 1 2

22 May 12 9161 3 46 12 1 49 21

1 June 66 78 72 0 18 9 0 0 0 0 0 7 0 O

4 - 7 June 78 78 15 15

14 June 0 8 308 105 0 2 1 0 0 0 0 0

17 - 20 June 1k n 0 0

25 - 26 June 0 0 0 0 O 0 6 0 0 15 28 2 5 12 37 1 7 17
3 - 4 July

9 - 11 July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0
7 - 18 July o

25 - 26 Jduly 0 0 0 0 0. 0 0 0 O 0 0 0 0 0 6 0 0 0 0
30 July - 1 Aug.

6 - 7 Aug. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 @ 0 0 O 0
14 Aug. ‘

21 - 22 Aug. 0 0 0 0 O O 0 0 0 0 o 0 0 0 0 0 0 0 0
28 - 29 Aug. | 0 0 0 0 0 0 0 0 0 1 0
10 - 12 Sept.
TOTAL CATCH 104 93 235 390 27 1 69 15 28 0 2 5 314 1 7 117
TOTAL SETS 9 7 8 9 8 8 8 7 6 2 6 7 8 8 7 7 1 6
CATCH/SET 12 13 29 43 25 3 <1 9 4 2 5 0 <1 1 2 A 2 < 1 <13

1. Calculated from data in Appendix 3



TABLE1S. CATCH PER SET! OF COHO TAKEN AT INSHORE AND OFFSHORE
TABLE SEINE STATIONS ON ROBERTS BANK IN 1973

GEAR TABLE SEINES
INSHORE OFFSHORE

SAMPLE STATION 25 23 18 20 21 22 X 15 16 17 19 24 X
DATE

1 June

4 - 7 June

14 June

17 - 20 June 0 0 213 4 1 5 11 3% 1 10
25 - 26 June

3 - 4 July 0 0 8 0 0 0 1 01 0 0 0 <
9 - 11 July

17 - 18 Jduly 0 0 0 0 0 0 0 0 0 0 0 0 0
25 - 26 July

30 July - 1 Aug. 0 0 0 0 6 0 1 0 0 6 0 4 2
6 - 7 Aug. 0 0 0 1 1
14 Aug. 0 0 0 0 0 - 0 0 1 0 <
21 - 22 Aug.

28 - 29 Aug. 0 0 0 0 0 0 0 0 0 1 2 0 1
10 - 12 Sept. 0 0. 0 0 0 0 0 0 6 2
TOTAL CATCH 0 0 8 0 8 13 . 2 6 18 43 5
TOTAL SETS 6 6 7 7 6 6 7 7 7 7 6
CATCH/SET 0 0 1 0 1 2 1 a4 1 3 6 1 2

1. Calculated from data in Appendix 3
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i

between gear types. However, tow netting was
not conducted on Roberts Bank on May 22 or
June 1 when catches on Sturgeon Bank were high.
No coho were caught by tow net on elther Stur-
geon or Roberts Banks after June 20 (Table 8),.
On Sturgeon Bank, 37% of the tow net caught
salmon were coho compared with 11% on Roberts
Bank.

On Roberts Bank, all but 8 coho were taken
at the inshore station TN3. On Sturgeon Bank
catch per set was highest between the Steveston
Jetty and the Middle Arm and decreased with:
distance north of the South Arm of the Fraser
River. Ninety percent of the tow net caught
coho on Sturgeon Bank were taken at inshore
stations (Table 1U4),.

6.1.3.2. Chinook

Juvenile chinook salmon were caught at the
beginning of the 1973 sampling period at the
end of March in the areas between the Middle
Arm and the Steveston Jetty on Sturgeon Bank
and between the Steveston Jetty and Canoe Pass
on Roberts Bank (Table 9). They were caught
again on May 7 and catches continued untill
sampling ceased at the end of August. The
highest catches per set were made between
early June and the end of July on Sturgeon
Bank, while on Roberts Bank, catches per set
were highest from mid-June to the end of
August. Over the total sampling period, catch
per set was highest north of the Middle Arm on
Sturgeon Bank, lower 1in the area between the
Steveston Jetty and Canoe Pass, and much lower
in the area between the Steveston Jetty and
the Middle Arm (Table 9). Chinook made up
627 of the purse seine caught salmon on
Sturgeon Bank and 81% on Roberts Bank. In
1974, juvenile chinook were taken at purse
seine stations in early April and May but as
in 1973 the catch per set was low (Table 13).

Table seine gear accounted for the lowest
catch of chinook on the banks, but as for the
other gear types, chinook accounted for most
of the salmon caught (68% for Sturgeon Bank
and 72% for Roberts Bank). Chinook were caught
between June 1 and September 10, with the high-
est catches per set taken in July 1n all sub-
areas (Table 9). Table seine catch per set of
chinook over the total sample period ranged
between 2 and 5 for all sub-areas.
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Offshore table selne stations on both
Sturgeon and Roberts Banks produced higher
catches of chinook per set than inshore
stations until the end of July. After July,
average catch per set of chinook at inshore
table selne stations was equal or greater
than that at offshore table selne statlons
(Tables 16 and 17).

Most of the chinook caught on Sturgeon
and Roberts Banks were taken by tow net. Chinook
formed 60% of the salmon tow net catch on Stur-
geon Bank and 87% on Roberts Bank. Chinook
were caught by tow net throughout the sampling
period with highest catches early in the season
from May 9 to the end of June (Table 9). The
tow net chinook catch per set over the total
sampling was considerably lower for Roberts
Bank. However, tow netting was not conducted
on Roberts Bank during May or the weeks in June
when the highest catches per set were made on
Sturgeon Bank. Tow net chinook catch per set _
was similar on Roberts and Sturgeon Banks during
sampling periods when both areas were sampled
(Table 9). The difference between chinook
catches at offshore and inshore tow net stati-
ons on Sturgeon Bank was not as great as for
coho (Table 16). Inshore catches were highest
at stations TN1l off the Richmond dyke, and TN3
immediately south of the Iona Jetty. Catches
of chinook at other tow net stations were con-
siderably smaller (Table 16). ‘

6.1.3.3. Chum

Most of the juvenile chum salmon caught
on Sturgeon Bank were taken in purse seines on
April 25. Chum salmon accounted for 19% of the
1973 purse seine caught salmon on Sturgeon Bank
but only 1% on Roberts Bank. No chum were taken
by purse seine after the first week 1n June on
Roberts Bank (Table 10).

On Sturgeon Bank, most of the juvenile
chum salmon caught by table seine were taken
in the area between the Middle Arm and the
Steveston Jetty during August.  Of the 9 chum
salmon caught on Roberts Bank by table seilne,
7 were taken in the area between the Roberts
Bank Causeway and the Tsawwassen Ferry Terminal
during August. No chum were caught by table
seine south of the Tsawwassen Ferry Terminal.
Chum salmon accounted for only 5% of the table
seine caught salmon on Sturgeon Bank and 2% on
Roberts Bank (Table 10).



TABLE16. CATCH PER SET1 OF CHINOOK TAKEN AT INSHORE AND OFFSHORE TOW NET AND TABLE SEINE STATIONS ON STURGEON BANK IN 1973

GEAR TOW NET TABLE SEINE
INSHORE OFFSHORE INSHORE OFFSHORE

SAMPLE STATIONS 4 3 2 1 X 5 6 7 X 7 5 4 3 2 X 1312 10 9 8 1 X
DATE

7 - 9 May 1 68 34

22 May 4 4 10 0 ¢ 0 17 24 14

1 June 06 0 O 0 0 O 0 0 O 0 5 0 2
4 - 7 June 45 45 3 3 0 0 1T 0 <]
14 June 223 35 309 189 40 61 50 ' 8 8 0 O -0
17 - 20 June 12 12 35 35
25 - 26 June 16 116 32 100 66 36 70 27 44 0 0 0 0 O 3 6 2 019 0 5
3 - 4 July

9 - 11 Jduly 4 12 7 6 7 1 0 3 1 4 9 5 0 4 8 910 7 3 2 6
17 - 18 July |
25 - 26 July 12 0 1 11 6 10 3 3 5 3 8 6 2 5 3 4 9 17 4 2 6

30 July - 1 Aug.

6 - 7 Aug. 5 12 0 11 7 o 1 2 1 15 4 0 0 5 0 2 3 2 3 0 2
14 Aug.

21 - 22 Aug. 2 18 6 18 11 2 2 2 2 3 3 3 0 2 2 2 1 1 2 0 1
28 - 29 Aug. : 3 1 0 5 5 o 7 4 2 8 1 4
10 - 12 Sept. |
TOTAL CATCH 101 385 91 523 87 133 122 - 28 25 8 14 7 16 35 29 30 39 5
TOTAL SETS 9 7 8 9 8 8 8 7 6 2 6 7 8 8 7 7 71 6
CATCH/SET 11 55 11 58 33 11 17 15 14 4 4 4 2 1 3 2 4 4 4 6 1 4

1. Calculated from data in Appendix 3



TABLE17. CATCH PER SET! OF CHINOOK TAKEN AT INSHORE AND OFFSHORE
TABLE SEINE STATIONS ON ROBERTS BANK IN 1973

GEAR TABLE SEINES
INSHORE OFFSHORE

SAMPLE STATION 25 23 18 20 21 22 X 15 16 17 19 24 X
DATE

1 June

4 - 7 dune

14 June

17 - 20 June 0 5 0 '0 1 o 0 0 o0 17
25 - 26 dune

3 - 4 July 0 0 44 4 4 18 12 4 1 7 18 18
9 - 11 July

17 - 18 July 1 0 0 2 1 0 1 3 1 8 0 23
25 - 26 July

30 July -~ 1 Aug. 5 0 0 2 0 10 3 8 519 0 O
6 - 7 Aug. 0 0 0

14 Aug. 4 2 0 1 0 1 1 3 3 0
21 - 22 Aug.

28 - 29 Aug. 1 0 0 0 3 4 1 1 0 1 3 0
10 - 12 Sept. 2 0 0 O <1 o 1 1 1
TOTAL CATCH 9 4 46 13 9 32 16 9 39 25 58
TOTAL SETS 6 6 7 7 6 6 7 7 7 7 6
CATCH/SET 2 1 7 2 2 5 2 2 1 6 4 10

1. Calculated from data in Appendix 3
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Very few Jjuvenile chum salmon were taken
at tow net stations (Table 10). Chum formed
less than 1% of tow net caught salmon on
Sturgeon and Roberts Banks. Only one chum was
taken on Sturgeon Bank while eight were taken
on Roberts Bank; six in the area between the
Steveston Jetty and Canoe Pass during late
June.

6.1.3.4, Sockeye

Sockeye formed 7% of the 1973 purse seine
caught salmon on Sturgeon Bank but less than
1% on Roberts Bank. On Sturgeon Bank, sockeye
were present in purse selne catches between May
7 and June 7. Catch per set during this period
ranged from 25 fish in the area between the
North Arm and Iona Jetties to 0 in the area
between the Iona Jetty and the Middle Arm
(Table 11). In 1974, juvenile sockeye were
not caught 1n purse seine stations on Sturgeon
Bank in the first week of April or May (Table
13). On Roberts Bank, sockeye were present in
1973 purse seine catches in the area between
the Steveston Jetty and Canoe Pass 1in early
June and early July. However, catch per set
never exceeded 1 fish (Table 11). No juvenile
sockeye were caught with table seine gear.

As with purse seine catches, most of the
tow net caught sockeye were taken on Sturgeon
Bank during May, primarily in the area between
the North Arm and Iona Jettles. Catch per set
ranged from 0 to 33 sockeye during this time.
Roberts Bank tow net catches of sockeye were
sparce and spread from mid-June to mid-July
averaging only 0.5 sockeye per set.

6.1.3.5. Pink

Only 3 juvenile pink salmon were caught
during the 1973 sampling period (Appendix 3).
In 1974, 31 pink fry were caught at purse seine
stations on Sturgeon Bank on April 2 and 3, and
May 3. Twenty-seven of these fish were caught
in the area between the Middle Arm and the
Steveston Jetty.

6.1.3.6. Herring

During sampling in 1973, juvenile herring
were first caught in purse seines on April 10 in
the area between the North Arm and Iona Jetties.
Juvenlle herring were not present in other areas



of the banks until the end of April and the
second week 1n May. The average catch per

set 1n all sub-~areas increased throughout

May and June and remained high until the end

of August when sampling was terminated. Catch
slze varied considerably with time and area.

No migrational pattern or response to observed
oceanographic phenomenon could be identifiled.
The highest average catch varied from 500 fish
in the area between Canoe Pass and the Roberts
Bank Causeway to 4,200 fish in the area between
the North Arm and Iona Jetties. Over the period
sampled, the highest average catches were made
in the area between the North Arm and Iona
Jetties where catches averaged twice that of
the area between the Steveston Jetty and Canoe
Pass and four times that of the other areas on
Sturgeon and Roberts Banks. Herring catches

. were not recorded in 1974 purse seine samples.

As with purse seilne catches, the average
tow net catches of herring on Sturgeon Bank
were highest 1n the area between the North Arm
and ITona Jettlies. On Roberts Bank, the highest
average catch over the perlod sampled was in
the area between the Roberts Bank Causeway and
the Tsawwassen Ferry Terminal (Table 12). The
catch per set of herring taken at offshore table
seine stations was much higher than at inshore
stations for all sample sub-areas on Sturgeon
and Roberts Banks except the area between the
Tona Jetty and the Middle Arm (Tables 18 and
19). Stations TS 19 and TS 17 on Roberts Bank
(Table 19) recorded the highest average catches
followed by TS 8 and TS 9 on Sturgeon Bank
(Table 18).

Unlike purse and table seine catches, the
average tow net catches of herring were highest
in June and very low after mid-July, particu-
larly on Roberts Bank (Table 12) and at off-
shore stations on Sturgeon Bank (Table 18).
Except for an exceptionally high catch at
station TN3 in mid-June (Table 18), the
average tow net catch of herring on Sturgeon
Bank was much lower than table seine catches
in the same area. Agaln, except for statlon
TN3, average offshore tow net catches tended
to be higher than inshore catches (Tables 18
and 19).



TABLE 18. CATCH PER SET' OF HERRING TAKEN AT INSHORE AND OFFSHORE TOW NET AND TABLE SEINE STATIONS ON STURGEON BANK IN 1973
GEAR TOW NET TABLE SEINE
INSHORE OFFSHORE INSHORE OFFSHORE

SAMPLE STATION 4 3 2 1 X 5 6 7 X 7 5 4 3 2 X 13 12 10 9 8 1 X
DATE

7 - 9 May 15 3 9

22 May 19 0 0 0 5 12000 200 7 736

1 June 93 16 54 525 8 266 0 0 0 5 150 1 52
4 - 7 June 175 175 4 4 2 2 300 0 150
14 June 10000 85 7 3364 22 21 21 200 200 5 13 9
17 - 20 June 12 12 45 45
25 - 26 June 17 160 110 4 73 210 111 110 144 225 310 125 75 184 235 180 70 41 300 118 157

3 - 4 July

9 - 11 July 30 80 7 20 34 3 3 85 30 120 100 50 0 68 4 165 9 2850 2000 13 840
17 - 18 July |
25 - 26 July 152 | 16 19 19 52 0 '0 0 0 30 160 48 200 110 11 60 200 150 120 5 91
30 July - 1 Aug.

6 - 7 Aug. 155 20 12 53 60 155 0 0 52 1950 25 1 1 494 790 0 3 275 0 40 185
14 Aug.
21 - 22 Aug. 0 8 0 0 2 0 0 0 0 85 1 83 40 52 88 85 13 60 388 21 109
28 - 29 Aug. 17 20 13 2 19 7 71 4 0 1200 410 282
10 - 12 Sept.
TOTAL CATCH 595 10284 326 122 2417 861 231 2429 616 200 320 342 1145 724 300 3676 4008 588
TOTAL SETS 9 7 8 9 8 8 8 7 6 2 6 7 8 8 7 7 7 6
CATCH/SET 64 1469 41 14 343 302 108 29 146 347 103 100 53 49 139 143 91 43 525 572 98 243
1. Calculated from data in Appendix 3



TABLE19.

TABLE SEINE STATIONS ON ROBERTS BANK IN 1973

CATCH PER SET! OF HERRING TAKEN AT INSHORE AND OFFSHORE

GEAR TABLE SEINES
INSHORE OFFSHORE

SAMPLE STATION 25 23 18 20 21 22 X 15 16 17 19 24 X
DATE

1 June

4 - 7 cune

14 June

17 - 20 June 250 1000 12 900 540 12 53 82 3000 500 729
25 - 26 June

3 - 4 July 1 0 7 82 150 150 65 40 100 409 200 100 170

9 - 11 July

17 - 18 July 2 0 132 300 275 50 126 145 150 75 1 1200 314
25 - 26 July

30 July - 1 Aug. 58 0 150 60 136 154 93 350 1 2500 0 10 572

6 - 7 Aug. 120 120 86 36
14 Aug. 2 2 " 0 10 35 30 12 600 2500 1 778
21 - 22 Aug.

28 - 29 Aug. 65 27 65 1 110 5 46 210 0 0 4400 380 998
10 - 12 Sept. 425 120 0 0 136 70 1500 1400 250 805
TOTAL CATCH 671 159 606 1443 793 1294 917 1816 5066 10351 2191

TOTAL SETS 6 6 7 7 6 6 38 7 7 7 7 6 34
CATCH/SET 112 26 86 207 132 216 131 131 259 724 1479 365 598

1.

Calculated from

data in Appendix 3
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Length-Weight Analysis

Average lengths and weights for each salmon
gpecies caught in 1973 were calculated for each
sample date according to gear type, sample station
and sub-area. The average, minimum and maximum
lengths and weights, total catch and sample size
for each station and sub-area are listed in Appendix
i, Stations where samples were not measured are
not listed or included in the total catch figures.
All salmon to a maximum of 10 of each speciles at
each station were measured for each catch., To 1il1-
lustrate the seasonal changes in the average size
of juvenile salmon caught in the Fraser River
estuary, average lengths have been plotted by sample
date for each species, gear type and sub-area
(Figures 17 to 21). The patterns of seasonal
changes in average weight were similar to changes
in length and have therefore not been described
in this text.

Seasonal changes in the average size of juvenile
salmon caught in the Fraser River estuary can be attrib-
uted to a change in the proportion of different age
classes migrating downstream, migration of larger or
smaller fish of the same age class into or out of the
area, growth of individuals rearing in the area, or a
combination of these factors. Determination of the
extent to which the change in average length is due
to growth of juveniles rearing in the area or a change
in the proportion of different age classes cannot be
made from the present study and requires further in-
formation with respect to downstream migrations along
with an extensive mark-recapture program.

By comparing the position of the mean length with-
in the range of lengths recorded for any one species

on each sample date, one can estimate the extent to which

a change in the average length is due to a change in

the proportion of relatively large and small fish. How-

ever, because of the considerable size overlap between
age classes, and difference in mean size of similar aged
fish from different streams, difference in length of
juvenile salmon cannot be attributed to age difference
except in early spring when the difference between newly
emerged and year o0ld or older fish 1s maximum.

6.2.1 The Fraser River

6.2.1.1 Coho

In the North Arm of the Fraser, the size
ranges of coho caught by beach seines and tow
nets were similar although the average length
of coho caught by tow nets was consistently
larger than that of coho taken in beach seines

(Figure 17). The average length of coho caught
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Fig. 18. Length, Range, Mean (@), and Sample Size (n),
of Chinook caught by Tow Net (~—- and Beach Seine
t——) in the Fraser River in 1973.
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Fig. 19. Length, Range, Mean (@), and Sample Size (n),
of Chum caught by Tow Net (~--) and Beach Seine
(—) in the Fraser River in 1973.
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Fig. 20. Length, Range, Mean (®), and Sample Size (n),
of Sockeye caught by Tow Net -+ and Beach Seine
&) in the Fraser River in 1973.
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Fig. 21. Length, Range, Mean (®), and Sample Size (n),
of Chinook () and Chum ¢--) caught by Pole
Net on Duck, Barber, and Woodward Islands in
the Fraser River in 1973.
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in beach seines increased from 40 to 58mm
between April 25 and June 11, while that of
tow net caught coho increased from 59 to 79mm
between May 9 and June 11. For both gear
types, the proportion of larger fish in the
catch 1ncreased slightly with time.

In the South Arm of the Fraser, the
difference between the average size of coho
caught 1n tow nets and beach selnes was more
pronounced than in the North Arm. No Jjuve-
nile coho smaller than 80mm were taken in
tow nets prior to June and on several days
no coho larger than 61 mm were taken in
beach seines (Figure 17). From April 24 to
June 20 the size of coho caught by beach
seines in the South Arm ranged from 21 to
109mm. The average length increased from
4lmm in April to 62mm on June 4 then decreased
to 50mm for the remainder of June. Few coho
over 60mm were caught at beach seines in the
South Arm except on June 4.

The average size of coho caught by tow
nets in May in the South Arm indicates that
they were probably a year older than the com-
paratively small coho caught by beach seines
throughout the period sampled. In June, the
average size of tow net caught coho in the
South Arm decreased as the proportion of
smaller fish in the catch 1lncreased.

The average size of coho caught by beach
selnes in the Upper Fraser was simlilar to that
of coho caught in the Lower Fraser when sampled
at the same time (Figure 17).

Chinook

As for the coho, the average length of
chinook taken in tow nets in the North Arm
was only slightly greater than that of chinook
caught by beach seines in the same area.

'Changes with time were also similar (Figure 18).

In April and May the catch with both gear types
consisted of large (means = 85-90 mm; range =
59-106 mm) juveniles, most of which were pro-
bably yearlings. In June the average length
of chinook decreased as the proportion. of
chinook smaller than 70 mm increased markedly.
These fish are assumed to be young of the year.
The average length of chinook increased again
in July and August.



6.2.1.3.

6.2.1.4.
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In the South Arm, during May and early i
June the average length of chinook caught 1n |
tow nets was much greater than for those
caught in beach seines. This relationship
did not persist in July and August (Figure 18).
In early April, chinook caught in beach seines
in the South Arm averaged only 40mm with none
larger than 45mm, however by the end of April
the average size increased to 61 mm. After
May, the average length of beach seine caught
chinook increased steadlily to 78 mm by the
end of July. The average length of chinook
taken in pole nets was similar to that of
beach seine caught chinocok for the same sample
periods. Except 1n late April, beach selne ‘
and pole net caught chinook in the South Arm ‘
were primarily young of the year fish, while
tow net caught chinook in May and early June
were year old fish,

Chum

Where sample size was sufficient for
comparison, the mean length of tow net caught
juvenile chum was greater than that of chum
taken in beach seines or pole nets. Tow net
caught chum average 56 to 68 mm in length and
ranged from 33 to 117 mm, whereas no chum
greater than 60 mm were talken in beach seines
or pole nets. The larger juvenile chum (> 70mm)
caught in tow nets were presumably year old
fish while beach seine and pole net caught
chum were all fish of the year.

Sockeye

The average length of sockeye first taken
in beach seines on June 20 was smaller than
that of sockeye caught by tow net on the same
day. However, by the end of July beach seine
caught sockeye were as large as those caught
in tow nets. Tow net caught sockeye at the
end of May and in early June averaged 86 mm
and ranged in size from 45 to 135 mm. By mid
June the average length of sockeye caught in
tow nets decreased to 52mm and did not include
any fish over 70 mm long.
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Sturgeon and Roberts Bank

Coho

During May and early June when the
largest number of juvenile coho were taken
both 1in the Fraser and on the banks, the
size of coho taken on the banks ranged
from 38 to 136 mm in length for purse
seine caught fish and from 48 to 119 mm
for tow net caught fish (Figure 22 ).

Most of the coho taken on the banks at
this time were longer than 60 mm, and are
comparable in size to the larger juveniles
taken primarily by tow nets in the Fraser
River, particularly the south arm, in May
{(Figurel7).

During sampling periods when the

- numbers of coho caught by each gear type

were sufficient to allow comparisons, the
average length of juvenlile coho caught in
purse selnes was greater than that of coho
taken in tow nets or table seines (Figures
22 and 26 ). From mid-June to the end

of August, the average length of coho more
than doubled 1n all sub-areas where samples
were taken. Thls rapid growth of juvenlles
evident in summer on the banks may also
occur during spring, and in part, account
for the lack of coho smaller than 50 mm in
the catch 3during May and June. However,
thlis absence of small coho, and the differ-~
ence 1n average length of coho between gear
types may also be due to difference in net
selectlvity, depth sampled and ability of
different-sized fish to avold capture in
the open waters of the banks.

Sample sizes were not large enough to
determine if the average slize of coho varied
with sub-area.

Chinook

On both banks, the average length of
juvenile chinook salmon taken in purse
selnes was greater than that of chinook
caught 1n table seines. Table seine caught
chinook were, in turn, larger than chinook
taken in tow nets (Filgures 23 and 27).

The average length of chinook taken at
offshore table seine stations tended to
be greater than that of chinook taken at
inshore stations in the areas south of
the Iona jetty on Sturgeon Bank and south
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of Canoe Pass on Roberts Bank. The
average length of chinook caught at in-
shore table seine stations was greater
than that of chinook caught at offshore
stations in the area between the North
Arm and Iona Jettles., Tow net catches
of chinook showed a trend for larger
fish at offshore stations only in the
area between the Middle Arm and the
Steveston Jetty (Appendix 4).

During May, chinook caught 1in purse
seines ranged from 60 to 400mm in length,
whereas those taken 1n tow nets ranged
from 50 mm to only 120 mm in length. Both
gear types caught predominately 80 to 110mm
fish presumed to be year-old juveniles.
However, tow net catches contalned a greater
proportion of small fish comparable in size
to young of the year fry taken by beach
seines in the river.

The average length of purse seine
caught chinook decreased in June as no
fish longer than 200 mm were taken but
increased through July and August. Table
seine caught chinook also showed an increase
in average length, however, this trend was
not obvious for chinook caught 1n tow nets
except 1In the area between the Steveston
Jetty and Canoe Pass and between the North
Arm Jetty and the Middle Arm in August
(Figures 23 and 27)

Because of the wide size range in
lengths of chinook taken on the banks and
small sample sizes in most sample areas
at the beginning and end of the sample
program, it is difficult to detect changes
in the average length of chinook taken by
the same gear in different sample areas.
However, in the area between the North
Arm and Iona Jetties where the largest
number of chinook were measured, the purse
seine catch included a larger number of
fish greater than 300 mm in length than for
other sample areas. In addition, for simi-
lar sample periods the average length of
purse seine caught chinook in this area
was generally greater than in other areas
sampled. During May, the average length
of tow net caught chinook was also greater
in the area between the North Arm and Iona
Jetties than 1In other areas, while in the
area between the Steveston Jetty and Canoe
-Pass the average length of tow net caught
chinook was smaller than in other sample
areas.
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6.2.2.3. Chum

Juvenlle chum salmon taken 1in purse
seilnes on Sturgeon Bank during April aver-
aged 40 mm and ranged from 33 to 54 mm in
length (Figure 24). These were comparable
in size to chum taken at the same time by
beach selnes and pole nets 1n the Fraser
(Figure 17). Although only seven chum were
taken by purse seines in July and August,
they were over three times as large as chum
taken in April, ranging in size from 130 to
220 mm.

6.2.2.4. Sockeye

Sample sizes of juvenile sockeye are
too small for conclusions to be drawn, al-
though juvenlles taken 1n the area between
the North Arm and Iona Jetty and between
the Middle Arm and the Steveston Jetty on
Sturgeon Bank in May were similar 1n size
to those taken in the Fraser at the same
time (Figure 25).



LENGTH IN mm.

Fig. 22a. Length, Range, Mean (e ), and Sample Size (n),
of Coho caught by Tow Net (---), Purse Seine
(—), and Table Seine (----) between North Arm
Jetty and Iona Island Jetty on Sturgeon Bank
in 1973,
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Fig. 22b. Length, Range, Mean (®), and Sample Size (n),
of Coho caught by Tow Net (~—-), Purse Seine
(——), and Table Seine (*---) between Iona Island
and Middle Arm on Sturgeon Bank in 1973.
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Fig. 22c. Length, Range, Mean (o ), and Sample Size (n),
of Coho caught by Tow Net (-—-), Purse Seine
(—), and Table Seine (-----) between Middle Arm
and Steveston on Sturgeon Bank in 1973.
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Fig. 23a. Length, Range, Mean (o), and Sample Size (n),

‘ of Chinook caught by Tow Net (~—-), Purse Seine
——), and Table Seine (----) between North Arm
Jetty and Iona Island Jetty on Sturgeon Bank

in 1973.
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Length, Range, Mean (e ), and Sample Size (n),
of Chinook caught by Tow Net (——-, Purse Seine
and Steveston on Sturgeon Bank in 1973.
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Fig. 24a. Length, Range, Mean (o), and Sample Size (n),

of Chum caught by Purse Seine (——) and Table
Seine (------) between North Arm Jetty and Iona
Island Jetty on Sturgeon Bank in 1973.
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Fig. 24b. Length, Range, Mean (o ), and Sample Size (n),
of Chum caught by Purse Seine (——) and Table
Seine (-----) between Iona Island and Middle Arm

on Sturgeon Bank in 1973.
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anc Steveston on Sturgeon Bank in 1973.
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Fig. 25a. Length, Range, Mean (o ), and Sample Size (n),

of Sockeye caught by Tow Net (~-- and Purse
Seine (——) between North Arm Jetty and Iona
Island Jetty on Sturgeon Bank in 1973.
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and Canoce Pass on Roberts Bank in 1973.
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Fig. 26b. Length, Range, Mean {®), and Sample Size (n),
of Coho caught by Tow Net (-—--), Purse Seine
(—, and Table Seine {---:) between Canoe Pass
and Roberts Bank Superport on Roberts Bank in 1973.
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Fig. 26c. Length, Range, Mean (®), and Sample Size (n) of Coho
caught by Tow Net (-—-), and Table seine (----) between
Roberts Bank Superport and Tsawwassen, and Tsawaassen
to points south on Roberts Bank in 1973.
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Fig. 27b. Length, Range, Mean (®), and Sample Size (n),
of Chinook caught by Tow Net (~--), Purse Seine
(——), and Table Seine (----) between Canoe Pass and
Roberts Bank Superport on Roberts Bank in 1973.
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Fig. Z7c. Length, Range, Mean (®), and Sample Size (n),
of Chinook caught by Tow Net (~-—) and Table Seine
(----) between Roberts Bank Superport and Tsawwassen -
on Roberts Bank in 1973.
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Fig. 28a. Length, Range, Mean (©®), and Sample Size (n),
of Chum caught by Tow Net &-—- and Table Seine

(---+) between Steveston and Canoe Pass on Roberts
Bank in 1973.
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Fig. 28b. Length, Range, Mean (®), and Sample Size (n), of Chum

caught by Tow Net (~—-), Purse Seine (——), and Table
Seine (---- ) between Roberts Bank Superport and Tsawwassen,
and from Tsawwassen to Points South on Roberts Bank in 1973
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Length, Range, Mean (®), and Sample Size (n), of Sockeye
caught by Tow Net (-—-) and Purse Seine () between
Steveston and Canoe Pass, and between Canoe Pass and Roberts
Bank Superport on Roberts Bank in 1973.
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6.3

1.
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Stomach Contents Analysis

Data from the analysis of stomach contents of
Juvenile salmon from the Fraser River and Jjuvenille
salmon and herring from Sturgeon and Roberts Bank are
presented in Appendix 5. Data in this appendix are

6.3.1.

6.3.2.

.percent biomass.

Fraser River -
Upstream of the Port Mann Bridge

Analysis of stomachs from fish caught
in the Fraser River above Port Mann was
carried out from sub-samples of catches
taken on May 3 and June 13, 1973. Thirty-

. 81x coho stomachs examined from catches

on May 3 contained mainly salmon and chiro-
nomid larvae. Nine chinook stomachs contained
almost entirely larval fish (unidentified).
The single chum stomach examlned from catches
on May 3 was empty, while the single sockege
stomach contained unidentified amphipods. ~°
Three coho stomachs examined from catches
above Port Mann on June 13 contained mainly
plecoptera (70.6%) while 2 chinook stomachs
contgined)mainly mysids (83.3%) (Appendix 5
pP. - 7).

Fraser River -
Downstream of the Port Mann Bridge

Page 101 of Appendix 5 presents the
summary of stomach contents of juvenile
salmon (coho, chinook, chum and sockeye)
captured in the North, South and Middle Arms.
Freshwater and terrestrial invertebrates were
present in these stomachs on every sampling
date (range 30% to 100% biomass) and comprised
greater than 80% of the stomach biomass on 5
of the 13 sampling dates between March 28 and
August 21. Estuarine benthos were present 1n
the stomachs on every sampling date but one
with a range from 1.2% to 69.5% biomass when
present. Larval and juvenilile fish were present
in the stomachs on 6 sampling dates between
April 24 and July 12 with a range from 0.1%
to 61.7% biomass. Larval and juvenlle fishes
were not present in the stomachs of fish before
or after these dates. Marine plankton were
present in the stomachs in small amounts on
7 sampling dates with a range from 0.1% to 4.0%
(Appendix 5 p. 101). . . .. o

Amphipods in this stomach were not counted and do not
appear in the printout (Appendix 5 p. 6).



- 107 -

6.3.2.1, North and Middle Arms

One hundred seventy-eight coho, 69
chinook, 59 chum and 28 sockeye stomachs
-were examined from catches in the North
and Middle Arms. A relatively small pro-
portlon of these stomachs were empty -
ranging from 0% for sockeye to 15% for
coho (Appendix 5 pp. 56=57).

Coho stomachs contalned mainly larval
fish (unidentified), Anisogammarus sp. and
mysids. Chinook stomachs contained mainly
mysids, larval fish (unidentified) and
Anisogammarus sp. Chum salmon had eaten
mainly chironomid larvae and Anisogammarus
sp. and sockeye mainly chironomid larvae
and diptera (Appendix 5 pp. 56 - 57).
Throughout the sampling period, stomach
contents showed little variation in terms
of those organisms comprising greater than
10% biomass (Appendix 5 pp. 16-35).

In summary, coho utiliged larval and

. Juvenlle fish as the major source of food;
estuarine benthos served as the major source
of food for chinook and freshwater and ter-

restrial invertebrates served as the major
food source for chum and sockeye (Appendix 5

p. 95).
6.3.2.2. South Arm

One hundred seventeen coho, 529 chinook,
293 chum and 101 sockeye stomachs were ex-
“amined from 1973 catches in the South Arm,
Of these, a smaller percentage were empty
‘(range 0.1% for sockeye to 8.5% for coho)
than those stomachs examined from catches
in the North and Middle Arms (Appendix 5

pp. 58-59).

Coho stomachs contalned mainly chiro-
nomid larvae and salmon, chinook mainly
inseet larvae (unldentified), and chum,
mainly Anisogammarus sp. and chironomid
larvae. Juvenile sockeye had fed mainly
on-chironomid larvae, cladocera (uniden-
tified), Bosmina sp. and harpacticoid
copepods (Appendix 5 pp. 58 - 59). 1In
general, the stomachs of juvenile salmon
examined from catches in the South Arm
contained a wider variety of organisms
than those from the North and Middle Arms.
No seasonal change in stomach contents 1s
apparent throughout the sampling period.
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In summary, freshwater and terrestrial
invertebrates served as the major source of
food for coho, chinook, chum and sockeye 1n
the South Arm, ranging from 99% biomass for
chinook to 59% biomass for chum (Appendix 5
p. 95). ‘

Sturgeon and Roberts Bank

A total of 1,188 juvenile salmon and

‘herring stomachs were examined from sub-

samples of catches on Sturgeon and Roberts
Banks. Oné hundred forty-eight coho, 397
chinook, 47 chum, 38 sockeye, and 122 herring
stomachs were examined from catches on Stur-
geon Bank. From catches on Roberts Bank, ‘
52 coho, 322 chinocok, 13 chum, 5 sockeye and
46 herring stomachs were examined. Data from
the analysis of these stomachs is presented
by sampling sub-area in Appendix 5.

In terms of biomass, larval and juvenile

" herring and other fishes were the major com-

ponent of the stomach contents of juvenile
coho and chinook on both Sturgeon and Roberts
Banks as well as sockeye on Roberts Bank.
Plankton was the major food item in the stom-
achs of herring and juvenile chum salmon
taken on both Sturgeon and Roberts Banks.

Sturgeon Bank

North Arm Jetty to Tona Jetty

Stomachs of juvenile coho from sub-
samples of catches in this area (sub-area 1)
contained mainly herring, crab megalops and
mysids (58.9%1, 14.5% and 12.3% respectively)
Appendix 5 pp. 155-156) . Chinook contained
mainly herring (79.9%) and unidentified larval
fish (11.5%). Juvenile chum salmon had eaten
larval fish (30.1%), Calanus glacialis (20.1%),
tunicates (18.4%) and Eurytemora sp. (11.4%).
Stomachs from juvenile sockeye contained mainly
tunicates (64.6%), while herring stomachs
contained mainly Calanus glacialis (46.0%),
and Euphausia pacifica (36.2%).

All %'s are percent biomass
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Jona Jetty tc Middle Arm

As for the area between the North Arm
jetties, Juvenile coho taken from the area
between the Iona jetty and the Middle Arm
(sub area 2) contained mainly herring (55.6%)
Holopedium sp. also represented a considerable
portion (24.3%) of the stomach biomass of
coho from this sampling area. Chinook stomachs
contained mainly unidentified larval fish
(42.3%), mysids (22.2%), and herring 17.0%).
Calanus glacilalis was the major constltuent
(75.0%) of the stomach contents of juvenile
chum salmon. Holopedium sp. made up 98, 3%
of the biomass of the three sockeye stomachs
examined from catches in this area. Herring
stomachs contailned mainly Euphausla pacifica
(43.0%), Calanus glacialis (21.3%), harpac-
ticoid copepods (12.5%) and unidentified
larval fish (11.5%).

Middle Arm to Steveston Jetty

Coho stomachs from sub-samples in this
area (sub area 3) contained mainly herring
(36.4%) and mysids (17.4%). Chinook stomachs
contained mainly herring (35.5%) and uniden-
tified fish larvae (44.0%) as in sub-areas
1l and 2. Juvenile sockeye stomachs examined

~from catches in this area contained mainly

unidentified fish larvae (63.0%) and Holo-
pedium sp. (23.7%) while Beudocalanus minutus
(§2.2%), unidentified fish larvae (26.0%) and
mysids (14.9%) contributed most to the biomass
of herring stomachs.

A summary analysis of the stomach contents
of coho, chinook, chum, sockeye and herring
together reveals that on Sturgeon Bank, zoo-
plankton contributed more than 17% of the
stomach content biomass from April 10 to June 1
and on August 6. Larval and juvenille fishes
represented more than 40% of the biomass on
all but four sampling dates between April 10
and August 29 greater than 72% on 7 of the
12 sampling dates. Estuarine benthic organ-
isms accounted for 38.4% of the biomass of
herring stomachs taken on April 25. The

Toresoing reveals a general trend in storn .-h

contents wherein the percent biomass of es-
tuarine benthic. organisms shows a marked
increase when the percent biomass of zoo-
plankton decreases rather abruptly after

June 1 (Appendix 5 p. 218). Estuarine benthos
contributed between 6.8% and 35.2% of the
stomach content biomass of salmon and herring
taken between June 14 and August 29. The

percent bilomass of freshwater and terrestrial
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invertebrates ranged from 0% on April 10 to
26.2% on August 6 with a substantial increase
from that time until the end of sampling on
August 29 (Appendix 5 p. 218).

The relative importance of food groups
in the stomachs of coho, chinook, chum, sock-
eye and herring in the sampling sub-areas of
Sturgeon Bank are summarized in Table 20.

The above data have been presented in terms
of sampling area rather than in terms of the
location of fish either in-shore or off-shore,
however, data from the Squamish (Department
of Environment 1972) and Nanaimo (Parker and
Goodman 1974) estuaries suggests that for
those fish caught inshore, dependence on
benthic invertebrates may be significantly
higher than indicated by lumping in-shore and
off-shore catches within each sampling area.

Roberts Bank

Steveston Jetty to Canoe Pass

Coho stomachs examined from catches in
this area (sub-area 4) contained mainly
plankton (Parathemisto pacifica 47.1%) and
estuarine benthic organisms (mostly cumaceans
39.7%). Chinook stomachs contained mainly
larval and juvenile herring (78.7%) and
estuarine benthic organisms (mysids 14.0%).
Stomachs of the 3 juvenile chum salmon examined
contained larval and juvenile fish (38.7%),
estuarine benthos (gammarid amphipods and
cumaceans) and plankton (Calanus glacialis).
The biomass of sockeye stomachs was comprised
of 63.5% larval benthos (crab zoea and megalops)
and 35.5% larval and juvenile fish., Herring
stomachs contained mainly larval benthos
(shrimp) and plankton (Euphausia pacifica).

Canoe Pass to the Roberts Bank Causeway

Larval and juvenile fish were the major
food item for all species for which stomachs
were examined from catches in this sampling
area (sub-area 5). Coho stomachs contained
85.9% larval and juvenile fish and 12.0%
larval benthos. Plankton and estuarine ben-
thos which contributed most to the diet of
coho in the area between the Steveston Jetty
and Canoe Pass were relatively unimportant
(0.9%) and 1.2% respectively) in the coho sto-
machs from this sampling area. Chinook
stomachs contained 61.5% larval and juvenile
fish, 18.0% estuarine benthos (mysids) and
14.9% plankton (Euphausia pacifica). Stomachs
of juvenile chum salmon from this sampling
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TABLE 20. RELATIVE IMPORTANCE™ OF FOOD GROUPS IN THE STOMACHS
OF JUVENILE COHO, CHINOOK, CHUM, SOCKEYE AND HERRING ON STURGEON

BANK. (MARCH 28 - SEPTEMBER 12, 1973)

CQOHO CHINOOK

CHUM SOCKEYE HERRING

NORTH ARM JETTY TO IONA JETTY

Highest % biomass LJF LJF P P P
2nd highest % biomass LB LJF

3rd highest % biomass EB EB

IONA JETTY TO MIDDLE ARM

Highest % biomass LJF LJF P BT P
2nd highest % biomass FT EB EB
3rd highest % biomass FT LJF
MIDDLE ARM TO STEVESTON JETTY

Highest % biomass LIJF LIF LJF LJF P
2nd highest % biomass EB EB FT FT LJF
3rd highest % biomass A EB EB
STURGEON BANK (sub areas combined)

Highest % biomass LJF LJF P P P
2nd highest % biomass EB LJF - LJF

3rd highest % biomass FT EB

1 Only those food groups representing

P Plankton

IJF Larval and juvenile fish
EB Estuarine Benthos

LB Larval Benthos

FT Freshwater and terrestrial

10% biomass are indicated.
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area contained 54.3% larval and juvenile
fish and 38.2% larval benthos (shrimp)
while herring stomachs contained 69.3%
larval and juvenile fish and 25.2% plankton
(Euphausia pacifica).

Roberts Bank Causeway to Tsawwassen Ferry
Terminal

Juvenile coho and chinook salmon sto-
machs from this sample area (sub-area 6)
contained almost entirely larval and juvenile
fish (99.6% and 92.7% respectively) while the
stomachs of chum salmon contained 99.3%
plankton (Parathemisto pacifica). ©No sock-
eye or herring stomachs from this area were
examined.

South of Tsawwassen Ferry Terminal

No coho, chum or sockeye stomachs were
examined from catches in this sampling area
(sub-area 7). Chinook stomachs contained
mainly larval and juvenile fish while herring
stomachs contained mainly plankton (Pseudo-
culanus minutus 63.9% and Centrophages
abdominalis 3%4.9%).

In summary for all speciles combined,
larval and juvenile fish formed the major
portion of the stomach contents biomass on
Roberts Bank on every sampling date between
April 25 and September 10. Plankton accounted
for 0% of the stomach biomass in April and
early May, increased to greater than 20% in
late May and early June and generally decreased
from then on with the exception of September 10.
Estuarine benthos accounted for only a small
portion of the diets (1.2% to 2.9%) from May

"to mid July, increased (12.2% to 42.0% between

July 30 and August 28 and then decreased to
0.4% on September 10. Larval benthos accounted
for greater than 10% of the biomass on only

3 sampling dates. Freshwater and terrestrial
organisms ranged between 0 and 8.1% of the
stomach biomass.

The stomach contents of juvenile ccho,
chinook, chum, sockeye and herring for each
sampling area of Roberts Bank are summarized
in Table 21. As for the Sturgeon Bank data,
it is anticipated that the utilization of
benthic invertebrates as a food source by
those fish caught in the inshore areas may
be higher than that indicated by grouping
the sampling stations as presented.



TABLE 21. RELATIVE IMPORTANCE1 OF FOOD GROUPS IN THE STOMACHS

OF JUVENILE COHO, CHINOOK, CHUM, SOCKEYE AND HERRING ON ROBERTS
BANK (MARCH 28 - SEPTEMBER 12, 1973) ’

COHO CHINOOK CHUM SOCKEYE HERRING

STEVESTON JETTY TO CANOE PASS

Highest % biomass P LJF LJF LB LB
2nd highest % biomass EB EB EB LJF ‘ P
3rd highest % biomass P

CANOE PASS TO ROBERTS BANK CAUSEWAY

Highest % biomass LJF LJF LJF LJF
2nd highest % biomass LB EB LB P
3rd highest % biomass P

ROBERTS BANK CAUSEWAY TO TSAWWASSEN FERRY TERMINAL

Highest % biomass LJF LJF P

SOUTH OF TSAWWASSEN FERRY TERMINAL

Highest % biomass LJF P

1 Only those food groups representing 10% biomass are indicated.

P Plankton

LJF Larval and juvenile fish
ER Estuarine Benthos

LB Larval Benthos

FT Freshwater and terrestrial
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Discussion and Summary

7.1. Previous Estuary Studies

The physical, chemical and biological processes
associated with the estuarine environment are relatively
complex, compared with other ecosystems. Because of
this complexity, and the logistical constraints 1mposed
on sampling procedures by the alternate flooding and
ebbing of the tide and the access limitations imposed
by the unconsolidated substrate common to these areas,
estuarine studies of fishes have been largely confined
to adjacent offshore waters. These studles have centred
mainly on the role of the estuary as a transition zone
between fresh and salt water; an area where juvenile
salmon migrants can acclimate prior to thelr seaward
migration. Otto (1971) has shown enhanced growth capacity
and rapid acclimation of juvenlle coho salmon at dilute
salinities and has suggested that combined with the
high food production capabilities of estuarine systems,
these areas may play an important role in survival, par-
ticularly of pre-smolt coho emigrants.

7.1.1. Food Web

Investigations in the intertidal portions
of British Columbia estuaries have been con-
fined mainly to inventories of marsh vegetation,
species, abundance, distribution and duration
-of occupation by key fish species and 1identi-
fication of the importance of secondary food
web components in the diets of Juvenile fishes.

These studies (Department of Environment,
1972 and Parker and Goodman 1974) have provided
information necessary to construct an estuarine
food web tracing the pathway of food resources
or energy from the ultimate source (sunlight)
to its final destination (fishes). Although
many minor links 1in these food webs are missing
and the energetics and mechanisms of most of
the links poorly understood a diagramatic re-
presentation of energy transfer 1llustrates
the relationship of the various habitat types
to each other and to fishes. The simplified
food web as 1t relates to juvenile salmon and
herring in the estuary (Figure 30) shows that
the saltmarsh and associated high intertidal
portions of the estuary as well as the fresh-
water (river) and marine habitats all provide
a source of food for these fish. The food
web also illustrates the contribution of or-
ganic material (detritus) from the high inter-
tidal portions of the estuary to production
in the offshore estuarine and marine environ-
ments.
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Studies in the estuaries of the Squamish
(Department of Environment 1972), Nanaimo
(Parker and Goodman 1974), Campbell (Goodman
and Vroom 1974) and Cowichan (Department of
Environment - Fisheries and Marine Service -
unpublished data) Rivers, from which the above
food web was constructed, have shown that
juvenile salmon and other fishes inhabit the
estuarine area for extended periods of time
and that the organisms produced in the salt-
marsh and intertidal areas of the estuary
formed a significant portion of the diet of
these fishes. Data from these studies does
not provide sufficient information on the pop-
ulation dynamics of juvenile salmon in the
estuary to determine whether these fish are
temporary residents or in transition with
continual replacement of numbers.

Other studies, Kask and Parker (1972)
reported that the amphipod Anisogammarus
confervicolus, which is common in periphyton
on floating logs was the predominant food item
of juvenile chinook salmon in the Somass River
Estuary. Anisogammarus sp. was also the pre-
dominant food organism in the stomachs of
juvenile chum, chinook, coho, sculpins and
starry flounder in the Squamish estuary during
various periods from April to August (Goodman
and Vroom 1972). Anisogammarus sp. was also
closely associated with the vegetated marsh
areas of the Squamish estuary (Levings, 1972).
Feller and Clayton (1973) have examined the
stomach contents of beach-seined juvenile pink
and chum salmon (60 mm.) from intertidal waters
of Puget Sound. They reported that the chief
prey of chum salmon were epibenthic organisms,
mainly harpacticoid copepods, gammarid amphipods
and barnacle naupli. Pink salmon showed an
overall similarity in diet, however, chums ate
significantly more harpacticoid copepods and
adult diptera while pink fry fed more on in-
vertebrate eggs. Fish stomach contents showed
almost a total lack of correlation with respect
to the abundance of marine zooplankton. Mason
(1970) showed that chum fry in a small estuary
exploited freshwater, estuarine and marine food
chains prior to entry into the sea.

Reimers (1971) has shown that over 90% of
successful chinook spawners in the Sixes River,
Oregon, were those fish whose life cycle in-
volved an extended period of estuarine rearing
prior to entering the ocean. No such quanti-
tative studies on chinook or any other species
have been conducted in a British Columbia estuary.
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7.2, Status of Present Knowledge Concerning the
Fraser River Estuary

7.2,1. Alienated Habitat

Forrester and Squire (Section III, this
volume) have 'reported that of the former salt-
marsh habitat in the Fraser River estuary
(totalling 765 acres), only 29% remains, and
that 26% of the former 5,839 acres of tidal
freshwater marsh have been alienated. Quan-
tification of the impact of these habitat
losses on the fishery resources requires a
correlation of population trends with a host
of other factors including environmental loss
and/or degradation of spawning areas, stream
rearing habitat and water quality.

7.2.2. Delta Growth and Erosion

Mathews and Shepard (1962) estimated that
the 4% mile portion of the delta-front centred
on the main channel mouth was advancing at a rate
of about 7% feet per year near the low water
mark, at about 15 feet per year at the -125 foot
level, and about 28 feet per year at the -300 foot
level. On the other hand, Luternauer and Murray
(1973) have suggested that portions of the upper
foreslope off southern Roberts Bank may have re-
treated as much as 40 feet per year at the =130
foot level, at least since 1968, There is no
information on the rate of advance or erosion of
the saltmarsh habitat.

7.2.3. Effect of Jetties and Causeways on
'Sediment Migration

Luternauver (1974) has reported that "since
1914, when the first jetties were erected at the
mouth of the main channel of the Fraser River,
sediment migration across the tidal flats of the
western delta-front has been increasingly obstruc-
ted by a succession of structures, including the
Steveston North Jetty (completed in 1932), the
North Arm Jetty (1935), the breakwater at the
mouth of the North Arm (1951), the Tsawwassen
Causeway (1960), the Iona Island Causeway and
Sewage Outfall Channel (1961), the Antennae
(Approach Lights) Causeway (early 1960's), and
the Westshore Terminals (1970)."

The physical effects of altered sediment
migration can, in some areas be inferred from
an analysis of sediment size distribution on
the banks, however, extrapolation of such in-
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formation to the bilological processes assoclated
wilth estuarine productivity 1s complicated by
the natural variability of blological phenomena
-as well as the variabllity of other physical
parameters affecting these phenomena.

7.2.4, Benthic Invertebrates

Levings and Coustalin (Section III, this vol-
ume ) have reported that except for southern Roberts
Bank, the intermediate and high intertidal zones
are dominated by estuarine specles, while fauna
in ‘the lower intertidal zone 1s characteristic
of marine environments.

Maximum biomass and number of species of
benthic invertebrates occurred at the stations
highest in the intertidal zone (except between:
the Tsawwassen and Roberts Bank causeways).
Transects with many stations characterized by
silt rather than sand ylelded more bilomass per
station ©because these finer sediments contained
highest densities of benthic invertebrates. These
data indicate that 1f the construction of break-
waters, Jjetties or other structures result in
the growth or erosion of areas wilth fine sedi-
ments the productive capacity of the estuary may
be altered accordingly. The entrapment of nutrient
loads and/or toxic materials by such structures
may offset gains in productive potential,

For those transects perpendicular to the
shoreline, biomass per station was highest on
‘the transects off Sea Island and between the
Tsawwassen and Roberts Bank causeways. For the
transect parallel to the shoreline in the high
intertidal zone biomass was highest off Lulu
:Island, the Middle Arm and between the Tsawwassen
and Roberts Bank causeways. .

) Crustaceans and polychaetes dominated the
benthic fauna at higher elevations in the inter-
tidal zone except between the Roberts Bank cause-
way and the Tsawwassen Ferry Terminal. FPolychaetes
were, however,. only rarepy found in the stomachs
of fish examined from caFches on Sturgeon and
Roberts Banks. It is possible that the behavioral
characteristics of these organisms make them less
avallable as food for fish than the crustaceans,
or that they are ingested in significant numbers
but digested more readily making their identification
in the stomach contents almost impossible.
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Levings and Coustalin (Section III,.this
volume) also reported that their sampling veri-
fied the degradation of benthic communities
Immediately adjacent to the Iona Island sewage
outfall as documented by B. C. Research (1973).

7.2.5. Fish

Using an otter trawl to sample the bottom
at depths from 5 to 25 fathoms at stations near
Point Grey, Levings (1973) reported that except
for the black belly eel-pout, most of the fishes
captured were juveniles less than 10 cm. in length.
Levings suggests that "apparently the shallow
areas around Point Grey were used as nursery
grounds by several species of flatfish, some of
which are commercially important". Significant
numbers of flatfish, including starry flounder,
sand sole and lemon sole were also caught on
Sturgeon and Roberts Banks 1in the present study
(Appendix 2). '

With reference to the Fraser River estuary,
Le Brasseur et al (1969) reported that at least
for juvenile salmon, the concentrations of zoo-
plankton under the freshwater plume were sufficlent
to provide the estimated population of juvenile
salmon with an adequate supply of food. They note,
however, that these studies were conducted during
the spring of 1967 when the total effect of juvenile
fish grazing was small compared with that in 1966
or 1968 when the number of juvenile salmon entering
the stralts was considerably greater than in 1967.
It is clear that in years of maximum salmon and
herring fry abundance, the occurrence of coinci-
dent peaks in fry migration and zooplankton pro-
duction under the plume could be a major factor
in determining survival. The demonstrated avail-
abllity and utilization of estuarine benthic
organisms and terrestrial invertebrates through-
out this critical period and the subsequent period
of depressed zooplankton production suggests that
food organisms originating in the intertidal and
saltmarsh portions of the estuary may perform a
key role in maintaining the viabllity of these
fish stocks. Other data (Barraclough 1967, Bar-
raclough and Fulton 1967, Robinson, Barraclough
and Fulton, 1968) indicate that from late April
to early June, the food of juvenlle salmon caught
at stations along the drop-off on Sturgeon and
Roberts Banks was comprised mainly of insects,
fish, copepods and amphipods. More detailled
classification of these food items is required



- 120 =-

prior to assessing the respective contribution
of estuarine and/or marine food chains to the
diets of these fish.

7.2.5.1 ‘The Fisheries Resource

The salmon resources of the Fraser
River are estimated to be 9,900,000 fish.
Of this total 2,500,000 spawners produce
a commerclal catch of 7,100,000 salmon,

a sport catch pf 122,000 and an Indlan

food fishery < tch of 170,000 salmon.

This resource represents an annual commer-
cial catech valued at $73 million and an
annual commercial "net" value of $37 million
(1973 prices). In addition, the salmon

of the Fraser River have a total annual
recreational value of $ 197 million and
preservation value of $ 106 million.

Based on estimates of unutilized
natural habitat ard presently planned
artificial enhancement projects, the
estimated potential annual: production of

- salmon in the Fraser River 'is 24.5 million.

‘ The estimated average annual. (1957~

'1972) spawning escapements of Fraser River
. salmon by species are: 51,000 chinook;

1,250,000 sockeye; 63,000 coho; 810,000

pink (odd years only); and 340,000 chum.

Catch to escapement ratlos provide an aver-

age annual Fraser River commercial catch

of 183,000 chinook; 3,900,000 sockeye;
o143, 000 cohos 2, 300 OOO pinks, and 510,000
'”chum salmon. °

The estimated average annual (1965-
© 1974) number of ‘downstream juvenile salmon
coromigrating ind the: Fraser River are: chum-~
7507 milliony  pink = 193.5 million; chinook-
© 16,8 million; sockeye - MS mllllon, and coho-
2. 1 mllllon.ﬂ . Ll

Other commer01a11y and recreationally
: utlllzed specles:of the Fraser River in-
clude eulachon, surf smelt, cutthroat trout,
steelhead trout white sturgeon, mountain
wwhitefish, dolly varden herring and dunge-
Vness crab R
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Te2.5.2 River and Estuaries Utilization Data

i)

 11)

iii)

Civ)

V)

vi)

vii)

Summary - Catches - Fraser River

In the Fraser River above the Port
Mann Bridge, three spine stickleback were
the most abundant species in catches fol-
lowed by coho, chinook and peamouth chub.
Seventeen species were present in these

catches,

Thirty-six specles were caught in the
Fraser River below the Port Mann Bridge.
Threespine stickleback, starry flounder,
chinook, cocho, peamouth chub, prickly scul-
prin, chum and sockeye were most nume¥rous
in these catches.

A total of 373 juvenile salmon were
caught during sampling on May 3 and June
13 at beach seine stations above the Port
Mann Bridge. This catch was comprised of
284 coho, 80 chinook, 8 chum and 1 sockeye.
For all stations (except BS 7) sampled on
both dates, catches of coho were signifi-
cantly lower on June 13 than on May 3.

In the North, Middle and South Arms
of the Fraser River, juvenile coho were
caught in beach seines from April 24 to
June 25, 1973. Over the period sampled,
coho formed 70% of the salmon caught by
beach seines in the North Arm and only
15% in the South Arm,

Over half of thé coho caught in the
North and Middle Arms were taken in the
Middle Arm.

In the South Arm, highest catches of
Juvenile coho were taken at those stations
characterized by reduced flow, relatively
fine substrate and vegetated shores. No
juvenile coho were taken at beach seilnes
in Ladner Marsh, Duck, Barber and Woodward
Island during sampling in 1973 or at beach
seiﬁe stations around Steveston Island in
1974,

Juvenile chinook were caught in 1973
beach seines from April 11 until July 24
in the South Arm and from April 25 until
August 27 in the North Arm of the Fraser.
The average. catch per set and total catch
was much lower in the North Arm than in
the South Arm.
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viii) In the South Arm, 93% of the beach
seine caught chinook were taken at stations
on Ladner Marsh and Duck, Barber and Wood-
ward Islands. These stations were on shallow,
vegetated marshes which are flooded at high
tide.

ix) Chinook comprised 12% of the beach
seine caught salmon in the North Arm com-
pared with 52% in the South Arm.

X) Most of the Juvenlle chum salmon caught
in the Fraser River were taken by beach seine
in the South Arm between March 28 and August
2 with peak catches in mid and late April and
mid June. North Arm stations were not sampled
frequently prior to June when catches in the
‘South Arm were highest.

xi) In the South Arm, “catchestof juvenile

chum - -salmon-were genérally higHer in backwater,
slough areas, with soft substrate and shoreline
“vegetattonand- 1owe P 1nA those aread Sharacter-
“128d By steep ‘Shore- ”" , ;“fast currents and
cléansdnd ‘substrate, © Similarly, -those stations
in the North Arm-which® produced the highest
catches were those with reduced flows and
vegetated sh0relines.v' g Dalx

In GOntrast t@ chlneok ve¢B8ho and chum,
most of the Juvenile sockeje caught in the
LenPpdsent Rlver'durlng sampling in 1973“were not

. caught “Infbsach ‘Setriesy ' "Sockéye comprised

wionlyit% of 'tHestdtdl beach seine salmon catch
in the North Arm and only“3%-%n the South Arm.
These catches were made between June 20 and

HUE. s catches of Juvenile
oFEshes?pévealed’ that ‘the“ordériof abundance
was herring, chinook salmon, Pacific Sand
“l18née -“’tarry fleunder, and coho salmon,

Ox Sturgeen Bank?

by shinériperchHj' threespine stickleback and
starry flounder. " The combined catch of
juvenile salmon on Sturgeon and Roberts Banks
was comprised of 67% chinook, 25% coho, 5%
chum and 2% sockeye.
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XV) Catches of coho on Sturgeon Bank were
consistently higher in the high intertidal
areas than in the lower intertidal areas.
These catches were highest at stations be-
tween the Steveston Jetty and the Middle
Arm and decreased progressively north.

S xvi) The difference between chinook catches
in the high and low intertidal portions of
Sturgeon Bank were not as great as for coho.
Catches in the higher intertidal areas were
largest at Stations TN1 off the Richmond
dyke and TN3 immediately south of the Iona
Jetty. Catches of chinook in the intertidal
portions of Roberts and Sturgeon Bank were,
for the most part, similar during sampling
periods when both areas were sampled.

xvii) Most of the chum salmon taken on Sturgeon
Bank were taken by purse seines at offshore
stations on April 25, 1973.

xviii) Catches of juvenile sockeye salmon were
significantly higher on Sturgeon Bank than
on Roberts Bank at offshore as well as inter-
tidal stations. )

xix) Sockeye were present in the offshore
purse seine catches on Sturgeon Bank between
May 7 and June 7, 1973.

XX) Catches of sockeye on Sturgeon Bank (for
: both offshore and inshore areas) were highest
in the area between the North Arm and Iona
Jjettles. '

xx1) On Sturgeon Bank, highest catches of
herring were made in the area between the
North Arm and Iona Jetties. Catches were higher
at offshore stations until the end of June.
After June, catches of herring at inshore
stations were higher.

xxii) On Roberts Bank, catches of herring were
: highest at the offshore stations between the
Roberts Bank and Tsawwassen causeways.

The relative distribution of juvenile
chinook, coho and herring on Roberts and
Sturgeon Banks as summarized above 1s pre-~
sented on Figures 31.and*32. It should be
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Pigure 32 - Relative distribution of benthic invertebrate bilomass!,
juvenile coho, chinook and herring on Roberts Bank
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noted that the different technlgues utilized

to capture fish straln different volumes of
water and sample different habitat types.

For thilis reason, the numbers and corresponding
symbols representing average catch per set

along the five fathom line are comparable only
with the other symbols along this line and are
not comparable to the intertidal sample locations
in the estuary. Average catch per set for
those areas of Roberts Bank which were sampled
less frequently were adjusted by applying the
ratio of the number of fish caught on Sturgeon
Bank during the extra sampling period to the
number of fish caught over the remaining period.
The distribution of benthic invertebrate bio-
mass (from Levings and Coustalin, Section III
this volume)l has also been included in these
figures because of their importance as a food
source for juvenile salmon.

Data Summary - Stomach Contents -
Fraser River

Juvenile coho stomachs examined from catches
upstream of the Port Mann Bridge contained
mainly salmon and chironomid larvae. Chinook
stomachs contained almost entirely unidentified
larval fish. The single .chum stomach examined
from these catches was empty, while the single
sockeye . stomach contalned unidentified amphilpods.

Analysils of stomach contents of juvenile
salmon caught in the North and Middle Arms
revealed that coho utilized larval and Jju-
venile fish as the major source of food; estu-
arine benthos served as the major source of
food for chinook and freshwater and terrestrial
invertebrates served as the major food source
for chum and sockeye.

Freshwater and terrestrial invertebrates
served as the major source of food for coho,
chinook, chum and sockeye in the South Arm,
ranging from 99% biomass for chinocok to 59%
biomass for chum.

1l The bilomass of only the highest and lowest
intertidal stations on East-West transects have
been indicated.
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Sturgeon and Roberts Banks

xxvi) In terms of biomass, larval and juvenile
herring and other fishes were the major com-
ponent of the stomach contents of coho and
chinook on both Sturgeon and Roberts Banks
as well as sockeye on Roberts Bank.

xxvii) Plankton was the major food item in
the stomach contents of chum and herring
taken on both Sturgeon and Roberts Banks.

xxviii) The general trend in the stomach contents
is that when the percent blomass of plankton
decreases rather abruptly after June 15t, the
percent blomass of estuarine benthic organisms
shows a marked increase,

xxix) On Sturgeon Bank, estuarine benthic
organisms were important components (= 10%
biomass) in the diet of: coho and chum in
the area between the North Arm and Iona
Jetties; chinook and herring in the area
between the Iona Jetty and the Middle Arm
and coho, chinook, chum and herring in the
area between the Middle Arm and the Steve-
ston Jetty.

XXX) On Roberts Bank, estuarine benthic or-
ganisms comprised >10% of the stomach content
biomass of coho, chinook, and chum in the
area between the South Arm and Canoe Pass
and of chinook between Cance Pass and the
Roberts Bank causeway.

xxxi) Freshwater and terrestrial invertebrates
comprised > 10% of the stomach content bio-
mass of coho, chinook and sockeye in the
area between the Iona Jetty and the Middle
Arm and chinook and chum in the area between
the Middle Arm and the Steveston Jetty on
Sturgeon Bank and of chum salmon I1n the area
between the South Arm and Canoe Pass on
Roberts Bank.

xxxii) Calanus glacialis, Euphausia pacifica

and Pseudocalanus minutus were the predomi-

- nant marine zooplankton specles in the filsh
stomachs examined.

Xxxxiii) Mysids, harpacticoid'copepods, cumaceans
and amphipods were the predominant estuarine
benthic organisms in the fish stomachs examined.
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The above summary of the relative
abundance, distribution and timing of
juvenile salmon and their utilization
of various food organisms in the Fraser
River and estuary are presented in Table
22.

The stomach contents of juvenlle coho,
chinook, chum, sockeye and herring has in-
dicated that the diet of these fish 1s com=-
prised of marine, estuarine and freshwater
organisms. This composition no doubt re-
flects the movement of fish on and off the
intertidal portion of the estuary with
flooding and ebbing tides. These data in-
dicate that the inshore areas of Sturgeon
Bank between the Steveston and Iona Jetties
serve as an important rearing and feeding
area for coho, chinook and herring. The
southern portion of Roberts Bank, between
the Tsawwassen Ferry Terminal and the Roberts
Bank causeway and the inshore area immediately
north of the Roberts Bank causeway, are simi-
larly important areas of the estuary.

Catches of fish in the river indicate
that the sloughs and bays along the shoreline
characterized by upland vegetation and the
marsh habitats such as Duck and Barber Islands
and Ladner Marsh, are utilized as rearing areas
by coho, chinook and chum. TFood organisms
produced in these areas are extensively uti-
lized by these fish.

Comparison of the percentage of the total
juvenile salmon catch represented by each
species on Sturgeon and Roberts Banks with
the estimated number of downstream migrants
(Table 22) indicates that the level of es-
tuarine utilization differs for each species.
Estuarine utilization appears to be greatest
for coho and chinook, and significantly less
for chum and sockeye. It is felt that the
level of intertidal estuarine utilization by
pink salmon is less than that indicated for
chum and chinook and that pink fry do not
inhabit those areas in the river sampled by
beach seines. The validity of this genera~
lization is conditioned by a pauclty of data
from the mid-stream portion of the Fraser
River and the intertidal portion of Sturgecn
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TABLE 22,

SUMMARY OF FRASER RIVER ADULT ESCAPEMENTS AND JUVENILE
EMIGRATION, DISTRIBUTION, RELATIVE ABUNDANCE AND FOOD
UTILIZATION IN THE LOWER FRASER RIVER, ROBERTS AND

STURGEON BANKS

RELATIVE ABUNDANCE AND AREAS OF

HIGHEST CATCHES

 BANKS

TABLE.

22

RELATIVE ABUNDANCE AND AREAS OF HIGHEST CATCHES N R‘b ts Bank Timing of Catches
: . an!
| . Stomach Contents Sturgeon Bank : oberts Lengths Stomach Contents
Upper Fraser i Lower Fraser — North & Middle Arms Lower Fraser - South Arm Timing of Catches Length Fraser River Relative Abundance Areas of Highest Catches Relative Abundance Areas of Highest Catches Sturgeon Bank Roberts Bank . & .
. ‘ : . \ - h Sturgeon Bank . Roberts Bank §turgeon Bank Roberts Bank
Estimated Ave. Estimated Ave. Median of - Peak of Down- Catch/Set % of Salmon Catch/Set % of Salmon Areas of Highest Catch/Set % of Salmon Areas of Highest {|. .Timing of Timing of Timing of Above Port Mann | North & Middle South Arm Range [{Above Port Mann| North & Middle South Arm Catch/Set % of Salmon Inshore Offshore Catch/get % of Salmon Inshore Offshore Inshore Offshore Inshore ottshore Rangi (mm) Range (mm)
Annual (1957~ Annual (1965- Duration of stream Catch Catch Catches Catch Catches Catehes in Catches Catches Range (mm.) Arm Range (mm) (mm) Arm Catch Catch .
1972)Spawning 1974) Number of Downstream Migration Upper Rivern North and South Arm N
Escapement Downstream Migration 1974 Middle Arms i -
Juveniles 1974
' * * 38-245 48-218 Jlarval and -larval and
Coho 63,000 2.1 million? - - 20.3 76 7.6 67 -shoreline 1.9 15 -small bay at * May 3 - * April 24 April 25 33-104 34-111 21-129 - sa lmon -larval fish  |-chironomid 5.7 29 -off middle arm |-between middle 1.6 16 ~between Roberts May 7 May 22 + fune 171 'Mass’ zz 18 juvenile fish | juvenile fish
-Middle Arm ) Woodward June 13 4 - June 25 - June 20 , l-chironomid -Anisogammarus larvae -between middle arm and Bank and - June 26 - August 29 - Aueus - sep * Estuarine ~-Plankton
across from Landing B,C, - larvae -Mysids -salmon arm and Steveston Tsawwassen ‘ Benthos -Estuarine
Float Plane Ferries repair L plecoptera itizesu’n Jetty causeways —Freshwater & Renthos
dock depot etty terrestrial
: ~inside Cannery invertebrates
| channel
: -small bay down=- R
stream of Dow
. Chemical on
i south shore of
] south arm .
i -Tilbury Island
; : . g ) * * 29 50-405 51-400 -larval and ~larval and
Chinook 51,000 16.8 million® April 16 May 3 5.7 21 : 1.7 15 -shoreline 5.7 46 -shoreline * May 3 * April 24 March 28 43-121 41-114 34-129 L larval fish ~mysids -insect 11.9 61 ~south of Ioma |-off middle arm 7.9 82 -between Canoe |-immediately * May 7 * March 28 g“n‘: }g ‘:arihl?ﬁ juvenile fish juvenile fish
¢ -Middle Arm ~-Ladner Marsh - June 13 4 - August 7 - August 21+ Fmysids -larval fish larvae Island -between North Pass and no:jth and - August 89+ - August 29+ - Bep * - SeP : -Estuarine
! across from Duck & Barber ~Anisogammarus ~between middle { Arm and Iona Roberts Bank adjacent to - Benthos
Float Plane Island arm and Steves-| jetties causeway Roberts Bank
i dock ton Jetty Terminal
i
: i . ’ 25 33-228 54-190 —Plankton -larval and
Chum 340,000 75.7 millionS April 11 May 1 0.6 2 ‘ 1.7 15 -shoreline 3.0 25 ~shoreline * May 3 , * April 24 March 28 33-37 28-84 25-117 -larval fish -Anisogammarus 1.2 -8 -between Middle |-Between North 0.1 1 -immediately August ¢ 21 Ap:ﬂ 22 29 « fpzli,lust 28 Jtarval and Jjuvenile fish
-adjacent to the ~Duck & Barber Isj| - June 13 H - July 12 - August 2 ~chironomid ~Chironomid Arm & - Arm and Iona nozjth of and - August - Augus ,+ : - & ljuvenile fish } -Plankton
boat basin up- ~Ladner Reach larvae larvae Steveston Jetty Jetties adjacent to ’ -Estuarine -Freshwater &
. stream from ~inside Cannery ~-diptera l;obel.'tslBank Benthos terrestrial
: M ermina .
J cDonald channel invertebrates
. Slough ~top end of Deas
: -middle Arm " slough >
o across from ~top end of
Float Plane Tilbury Island
dock N .
: : 4 55-112 50-600 ~Plankton -larval
Sockeye 1,250,000 45 million? - - 0.1 0.3 2 2 -midchannel in 1.7 14 -Mid-channel * May 3 May 29 May 14 - 33-87 32-135 -chironomid —~chironomid 0.6 3 -between North |-between North Q.1 0.5 T Nay T 1o e 4 ) Ty 8 -jlarval and benthos
; ‘ McDonald Slough (only) ~ August 7 - August 7 larvae larvae Arm and Iona Arm and Iona . = August 22 = June & y ljuvenile fish | -larval and
and Sturgeon ~diptera ~eladonera Jetties Jetties - ' juvenile fish
Hole slough ~harpacticoid
(between copepods
- Queensborough
bridge and
Swing bridge)
( 31-36 . -Plankton
Pink 810, 000 193.5 million April 10 April 5 May 1, 1974 31-36 Lunid, -harpacticoid 2.6 ~ 1974 purse seines ofly (1974) -Estuarine
Evin 3years only 1974 ~ amphipods copepods 1 ‘ . Benthos
only ]
. i - - - k -Plankton ‘
Herring - May 15 only May 14 only 354, 4 —gsouth of ~between North 260.4 ~between . ~hetween * May 7 April 10 * June 17 May 9 34-237 40-250 Plankton _hanke
, Iona Island Arm and Iona Tsawwassen Tsawwassen - August 29+ = August 29+ ~ Sept 11+ - Sept 12+ Benthos
jetties and Roberts and Roberts - > ~larval and
‘ T Bank causeways Bank causeways N juvenile fish
P ! i

PR N

i S

1 Department of Environment (1974)
2 Northcote (1974)
3 Bailey and Fraser (1975)

* First day of sampiing
4+ Last day of sampling

* First day of sampling
+ Last day of sampling
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and Roberts Banks which were not sampled
during 1974 due to equipment failure. Un-
published data from the International Pacific
Salmon Fisheries Commission on the early sea
life of pink salmon indicates a rapid dis-
persal of downstream migrants throughout the
Gulf of Georgia.

7.3 Effects of Proposed Airport Expansion

7.3.1. Dredge and Fill Operations

Those portions of the intertidal zone covered
with fill material become permanently unavailable
as either a habitat for fish or for the production
of benthiec organisms that are potentially available
as food for fish. The highest biomass of food or-
ganisms potentially available for salmon was found
(Levings and Coustalin, Section III, this volume) in
the high and intermediate zones. Accordingly, fil-
ling of these areas as proposed for expansion of
the Vancouver International Airport will . have a
greater impact than an equal area of fill on the
lower portion of the intertidal zone. - In addition,
the proliferation of sediments associated with the
dredging operation will temporarily smother benthic
populations. Intertidal fauna will also be eliminated
as a result of physical changes in substrate levels.
Recovery rates of these populations is largely de-
pendent on the rate of infill. Accordingly, those
borrow sites identified by the Ministry of Trans-
port that infringe on the intertidal portions of
the lower river and Sturgeon Bank are viewed as
having potentially high, long term impacts on the
fishery resources of the Fraser River and estuary.

With reference to Ministry of Transport pro-
posed borrow sites in the North Arm of the Fraser
River (Phase I, II, III, VI and VII DPW Drawing
MVMP-014) some perspective is necessary. Together,
these borrow areas would provide 10,340,000 cubic
vards of fill. This compares with an annual amount
of 2-3 million cubic yards removed from the North,
Middle and South Arms by maintenance dredging
(Pollutech 1974). While the volume to be removed
from these borrow areas is large,. the impact on
fish and the benthic organisms utilized as fish
food is determined by the location of borrow areas
rather than the amount of material removed. Since
it is assumed that the highest production of benthic
organisms potentially available as fish food occurs.
along the shoreline, the impact of dredging on this
production should be minimal for mid-channel sites
(phases I, III and VIII) and highest for dredging
of near-shore areas (phases VI and VII).
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7.3.2. Contaminants from Airport Operations

Potentially toxic pollutants resulting from
airport operations as identified by Scott (1974)
include aircraft de-icers, chemicals used in fire
training procedures and fuel resulting from spills.
Introduction of these materials into water courses
leading to the lower river and estuary could ef-
fect various components of estuarine food chains
in addition to fish. 1In his report, Scott (1974)
has identified the need for implementation of
measures to control the quality of storm drainage
-runoff,

Rationale for Concern with Proposed Developments

The present concern with plans for industrial and other
development in and adjacent to the estuary of the Fraser
River is based on the foregoing knowledge of the utilization
of the Fraser River estuary as a feeding and rearing area for
juvenile salmon and other fishes, the irreversible effects of
development involving dredging and filling and the absence of
techniques for the reestablishment, compensation or enhancement

- of degraded or alienated estuarine habitat. This concern is

compounded by the fact that 70% of the saltmarsh habitat of
the Fraser River estuary has already been alienated (Forrester,
Squire and North Section III this volume).

The high and mid-intertidal portions of Sturgeon Bank off

" Sea and Lulu Islands and the entire intertidal zone between the

Roberts Bank causeway and the Tsawwassen Ferry Terminal on
Roberts Bank have been identified as the most valuable areas of
the banks in terms of fish utilization and fish food production.
Accordingly, the impact of development in these areas will be
directly related to the amount of this habitat removed or de-
graded. Specifically, airport development concept 1 would re-
move 70 acres of this valuable habitat plus an additional
amount if associated dredging were carried out on Sturgeon
Bank.  Airport expansion Concept 2, involving 235 acres and
Concept 3 (755 acres) will substantially increase the loss of
intertidal habitat. In addition, the physical obstruction and
alteration of existing current patterns could result in ex-
tension of the habitat loss imposed by the Iona Island Sewage
Treatment Plant effluent.
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The proposed expansion of port facilitles on Roberts
Bank, south and easterly of the exlsting development would
eliminate approximately 200 acres of productive habitat for
additional terminal sites, 200 acres of foreshore for an
industrial park, and approximately 400 acres which will be
dredged to 65 ft. below low water for a turning basin.
Additional habitat will be alienated by causeway widening.
The loss of intertidal habitat associated with the develop-
ment of a Ferry Terminal at the end of the North Arm or Iona
jetties would be:. limited to the area required for the widening
of causeways. - '
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Fuarther Study Requirements

There are a number of biological and bio-physical

Interrelationships which must be more clearly defined
before the Fraser River Estuary can be intelligently
managed and protected

8.1.

8.2.

Quantiflcatlon of Impacts

Quantitative assessment of the impacts of de-
gradation or elimination of estuarine habitat and
alteration of oceanographic features on the fisheriles
resources of the Fraser River and estuary is contingent
upon obtaining a clear understanding of the following:

8.1.1.

8.1.2.

8.1.3.

8.1.4.

8.1.5.

The numbers of Jjuvenile salmon and
other species utilizing the estuary in re-
lation to total populations.

The utilization of the estuary as a
rearing area by nom—indigenous stocks.

The significance of variable periods of
estuarine occupation with respect to survival
rates and stock viabillity.

Annual and seasonal fluctuations in the
abundance, distribution and utilization of
acceptable fish food organisms in the inter-
tidal estuarine zone as well as the offshore
areas.

The effects of intertidal breakwaters and
causeways on ocean currents, salinity, sediment
transport, saltmarsh and delta growth or erocsion,
water quality and the relationships between
these parameters and estuarine productivity and
utllization by salmon, herring and other species.

Rehabilitation

8.2'1.

8.2.2.

A detailed assessment of the restorational
benefits of reopening McDonald Slough in terms
of alleviating the eutrophication of the area
of Sturgeon Bank affected by sewage from the
Iona Island sewage treatment plant 1s requlred.

Studies should be initiated with respect
to developing methods for the rehabllitation
and enhancement of degraded or less productive
estuarine areas.
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a)

b)
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LOWER FRASER FLOOD PLAIN STUDY

PHASE I

To determine the acreage of flood land which has been
altered from the natural ecosystem by dyking in the

area downstream from Mission, B.C.

To determine the acreage of flood land remaining in

natural ecosystems, and,

To subdivide these areas into 5 or 6 vegetation assoc-

iations.
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M.E.A. North, Department of Geography,
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‘Basis for Delimitation of Ecosystems - M.E.A, North

1. Field reconnaissance established eleven visually distin-
guishable ecosystems described by the dominant plant
'speCies, including systems 1, 2, 3 and 4 which extend

beyond the shoreline, as shown on the topographic maps.

2. 1963 Air photos were used to delimit areas of remnant
vegetation (see note below), which were transferred to

1:25,000 topographic maps.

3. Extension‘from remnant areas to areas now under culti-
vation or urban use was made by the following methods:

a) Use of Soil Maps and Reports. If remnant vegetation
occurred on a certain soil seriés then ﬁhat soil
series was assumed to support the same vegetation
whérever it occurred. The soils reports also con-
tain a certain amount of information on the
vegétation present on many, but not all, soil'
series. This information was used both to check
the accuracy of photo identification qf ecosystems,
and was used where no remnants could be identified.

b)  Two vegetation map sources were used:.

(i) K.A. MclLaren's 1972 which showed present vege-
tation on the islands downstream from the Deas
Island tunnel on the‘south area of the Fraser (1).

(ii) A map of the vegetation of Pitt Polder obtained
' from Dr C.V. Brink(2). '



c) Where there was a complete lack of direct evidence

from Air photos, or indirectly frqm soils.reports,
- extrapolation from the nearest known ecosystem was

made using major changes in the soil series to
establish boundafies.

d) Some archival sources have been used to establish
the dominant ecosystems on Lulu Islana.

e) Where possible, rapid field surveys were made to
ensure that all remnant vegetation, however small
in area, within each delimited ecosystem waé‘df

the type described in each system.

NOTE: Remnants of ecosystems were assumed torbe all areas
which appearea to support natural vegetatioﬁ»in the
1963 air photos; this assumption may be erroﬁeous.
All systems extrapolated.from remnant ecosYstems by

'the above methods are referred to as reconstructed

systems.

Quantitative Evaluation of Ecosystems - E.A.M. Forrester,
G.B. Squire

Using maps and rapid field reconnaissance, the location of
dyvkes and *the upper limits of flood plains were determined
for the Fraser (below Mission), Pitt, Serpentine, and Nicomekl

river systems. s

As photos were not yet available, the dykes and upper limits

were marked directly on 1:25,000 topographic maps; these were



then combined with the information from the ecosystem evalu-
ation and areas were determined using polar plahimeters.
The flood land was divided into two categories: dyked
and undyked; each of these was further subdivided into

remnant and reconstructed ecosystems.

FOOTNOTES

(1) McLaren, K.A. 1972. A Vegetation Study of the Islands
and Associated Marshes in the south Arm of the Fraser
River, B.C., from the Deas Island tunnel to Westham
Island Foreshore. Fish and Wildlife Branch B.C.,
Department of Recreation and Conservation, Victoria,
B.C.. Published January 1972.

(2) Burrard, T. 1974. Manuscript Map, untitled, for Masters
Thesis in Plant Science, U.B.C.
Unpublished.



Fraser (below Mission), Pitt,

Results - based on 1963 Photography

Serpentine & Nicomekl Flood

Lands
Ecosystem Undyked Dyked Total
Type
Remnant Recon- Remnant Recon-
Acres structed Acres structed
Acres Acres
1 943 - 15 4,563 5,521
2 3,689 - 663 ' - 4,352
3 2,155 117 1,012 201 3,485
4 392 15 132 494 1,033
5 1,536 508 4,792 23,820 30,656
6 338 430 276 4,762 5,806
7 1,167 1,132 352 10,724 13,375
8 345 138 - 17,587 18,070
9 1,760 2,812 1,125 16,435 22,132
10 695 3,003 881 9,253 13,832
11 1,451 1,201 6,594 19,620 28,866
Total 14,471 9,356 15,842 107,459 147,128
Acreage
'Summarz
Dyked - Remnant 15,842 10.8%
~ Reconstructed 107,459 73.0%
Undyked -~ Remnant 14,471 9.8%
- Reconstructed 9,356 6.4%
147,128 100.0%



Ecosystem Legend : , _ , L ‘

Each ecosystem is defined by the dominant plant species; many

other species are also present.

1. SALT MARSH
2. TIDAL MARSH - BULRUSH
3. TIDAL MARSH - SEDGE
4, TIDAL MARSH - CATTAIL
5. WET GRASSLAND - GRASS AND HARDHACK (SPIREA)
6. WILLOW SCRUB
T COTTONWOOD AND ALDER
8. COTTONWOOD, CRABAPPLE AND ELDERBERRY
9. SWAMP FOREST - CEDAR, SPRUCE (SITKA) AND COTTONWOOD
10. COAST FOREST - CEDAR, DOUGLAS FIR AND COTTONWOOD
11. PEAT-BOG FOREST - PINE, BIRCH AND HEMLOCK
Recommendations

This research has revealed the need for a more detailed
survey of the Fraser, Pitt, Serpentine and Nicomekl rivers
flood plains. From tﬂe information already gathered, it
appears that a summer's field work and library research could
result in a reliable map of remnant and reconstructed ecosystems.
"Such a map, to this date, has never been published nor, to our
knowledge, has ever been attempted.

If this was carried out, Phase II of this project should

be incorporated into it.

Phase II
.The following refinements are deemed necessary in Phase II:

(a) Updating of information based on 1963 photos by use of

1971 photos which are now available.

(b) Field checks to confirm aerial photo analysis.



()

(d)

(e)

Refinement of ecosystem classification and boundaries,
development of taxonomic lists.

Use of 1948 flood photos as a check for the upper boun-
daries of the Fraser River flood plain in the Mission -
Fort Langley area.

Intensify field checks of dykes and upper flood plain
limits, especially those of Serpentine and Nicomekl.

Refine area calculations based on refinements (a) - (e).



LOWER FRASER FLOOD PLAIN STUDY PHASE II

OBJECTIVES

1. Dyked and undyked floodland to be delineated on large
scale maps.

2. Floodland to be redefined with more conservative flood
levels with emphasis on the duration of the flood.

3. The study area to be restricted to the Fraser floodplain
and delta from New Westminster to the coast.

4, The delimitation of plant communities to be refined by

use of more recent photos, additional field checks and
archival research.

Prepared for the Department of the

Environment

by

E.A.M. Forrester, Malaspina College
G.B. Squire, Malaspina College

M.E.A. North, University of British Columbia



LOWER FRASER FLOODPLAIN STUDY

PHASE II

Basis for Delimitation of Plant Communities - M.E.A. North

Sixteen plant communities have been mapped in the flood-
plain of the Fraser River, downstream from New Westminster.
Two of these communities extend beyond the shore line as shown

on the topographic maps.
\

The delimitation of plant communities is based on the
dominant species as recorded by field checking of remnant
'natural' areas, and as recorded by the original land surveyors
and other archival sources. No attempt has been or could be
made to provide complete floristic or phytosocioiogic iﬁfor—
mation on these communities. The lack of these details is due
to (i) the impossibility of identifying the herbaceous flora
"before it flowered, and (ii) the lack of such information in

vthe available archival records.

There are a number of major problems in mapping natural

plant communities on the Fraser floodplain:

{

i) All communities can be assumed to be successional. The
speed and direction of succession are likely to vary
spatially depending on rates of sedimentation, frequency
of flooding, and texture of spils, etc.

ii) ‘The archival material covers a span of thirty years;
sufficient time for the dominant species of any one

community to change drastically.
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iii) The earliest archival material (1859) already records

the presence of non-Indian settlers as well as of Indian

‘villages, and notes that vegetation in different areas

has been burnt or cut over, and that dykes have been

constructed in some areas.

For these reasons the lines drawn to delimit communities

have to be considered as tentative, and the map has not yet

‘been sufficiently cross-checked to be made available for

inspection.

12.

13.

14.
15.
16.

The communities identified are as follows:

- Salt marsh (Glasswort)

Tidal marshes® - A (Bulrush)?2

B (Sedge) -
C (Cattail)
Wet grass prairie (Grass, Peavine)3

Grass (Redtop grass)4

Grass - Willow = Crabapple - Hardhack
Willow scrub

Crabapple thickets

Spruce - Willow - Crabapple - Alder - Briars - Vine maple5
Cottonwood - Alder - Willows6

Spruce - Cedar - Fir - Alder - Hemlock7
Swamp forest - Spruce - Cedar - Willow - Hemlock - Alder
- Vine maple - Briars.

Former swamp forest’8

Coarse grass9
Peat bog - sphagnum dominant, scattered hemlock - spruée
Peat bog - pine - labrador tea - cranberry - sphagnum

Douglas firlO



Methods and Sources used to delimit the plant communities
Essentially two different methods and sources were used:
(i) archival (ii) field study backed by airbphoto interpret~

ation.

(i) Archival Sources

(a) Survey reports filed in the Department of Land

Surveyors' archives in Victoria.
1859 - Sea Island

Lulu Island (except Southern portion)

South bank of Fraser opposite New Westminster
1870-1874 Ladner area
1874 Westham Island
1876 and 1883 Annacis Island
1876 and 1888 North bank of North Arm, eastwards

° from Musqueam. Royal Engineers

surveys of west part of same area.

(b) History of Lulu Island, Thomas Kidd, 1927

(c) Map 1859-60. Fraser River and Burrard Inlet surveyed
by Capt. G.H. Richards, R.N.

Information from the surveyors reports is in the form of
notes on soils, vegetation and water features encountered
whilst}the surveyors were walking along a compass bearing
'in the course of staking out quarter sections of land or
marking the boundaries of previously alienated land, often
of irregular shape. The information on vegetation was
noted on i to 20 chain land survey maps. This information
was then grouped into the 16 communities listed, 'and the

lines transferred to the 1:25,000 topographic sheets. The



History of Lulu Island-and the map of Fraser River and

Burrard Inlet were used to cross-check the surveyor's

reports.

All remnant areas of 'natural' vegetation were identified
from air photos (1 to 40 chain and 1 to 20 chain), most

of these were checked in the field. There were two types

of checking: (a) Quadrats were measured out and.systematic-
ally traversed, the dominant species in three height classes
were noted and their sociability; (b) Other areas were spot
checked on the ground to establish their similarity to areas
already studied in detail. In both types of checking a

note was made as to whether the area appeared natural,

i.e. no signs of cutting or burning, or interferred with.
(These two divisions éf the remnant vegetation have been
mapped separately).’ All areas which were not field

checked have been assumed to be interferred with when

they occur within the dykes, and natural when unprotected

- by dykes.

After assembling these two sources of information it

became obvious that there were some sizeable areas where there

is scant archival information and very little remnant vegetation.

Therefore, large parts of Westham Islands, Ladner area, Annacis

and Tilbury Islands had the plant communities reconstructed by

the following techniques:

extrapolation of known plant communities into areas of

the same soil type.



- 5 -

(b) extrapolation of known plant communities into areas of

the same elevation.

Methods used to delimit the dyked and undyked floodplain -
E. Forrester, G.B. Squire

Phase I

Lack of time permitted the delimitation of the dyked and
undyked land only as shown on the 1:25,000 map sheets. The
limits of the floodplain were used as the upper limits of
floodland. These more or less coincided with the 1948 flood
extent. Evidence used for this upstream was air photos and
field checks and was later confirmed by profiles obtained from

the Inland Waters Directorate in Vancouver.

Phase II

We were requested to choose a less extreme river flood
level to delimit the floodland than that for 1948. After we
had consulted with the Dykes Inspector, Mr Meighen, and Inland‘
Water Directorate personnel, principally Mr Preston, the I.W.D.
prepared a map showing floodland with the following flood
frequencies: | V
(a) Mission to New Westminster: once in 3 vears
(b) New Westminster to Steveston: once in 1.3. years which

coincides with the 7 foot contour.

A meeting with Dr. McAlistair and Dr. Narver revealed that
the crucial information required was related to spring flooding

and its effect on survival of migrating salmonids. Because the
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I.W.D. map indicated floodland at the time of the January
high tides (below New Westminster) it became obvious that
this map was actually irrelevant for a region where tidal

action determines flooding.

At this meeting the scope of the study was restricted
to the most critical area which was from New Westminster to
the coast; therefore, the Pitt, Serpentine, Nicomekl and
Fraser, upstream from New Westminster were not considered

thereafter.

It was decided to approach the "floodland" from two
points of view: |
1. To determine the average height to which the river and
tide floods during thé four month period April - July.
This was done by taking the average daily peaks for
these four months of the year over an eleven year period
1958-1968 for four stations; New Westminster, Deas

Island, Fraser St. Bridge, and Steveston (see Table 1).

2. In tﬁe survival of the salmonids, the duration of the
flood is more significant than the height of the flood.
Therefore within April - July fof the eleven year period
the daily peaks were examined to determine the average
height above which there was a daily flood for (a) 60
days and (b) 90 days. Because of'topographic variations,
hatural levees and coastal sand and gravel beaches, a

large portion of the flood land below heights as.calcu-



lated for (a) .and (b) could be considered to be con-

tinually flooded during the respective time periods.

Results from these two approaches are given in Table 1.

TABLE ‘1

Mean Daily Peaks 1958-68

April May June July Average
Ft. Ft. Ft. Ft. Ft.
New Westminster 4,37 5.51 7.03 6.10 5.76
N. Arm Fraser
(Fraser St.Bridge) 4.44 4,98 5.34 5.13 4,97
Deas Island 4,38 5.00 5.58 5.12 5.04
Steveston . 4,17 4,63 - 4,90 . 4.81 4,62

Height Above Which Water Rises Daily

60'Days 90 Days

New Westminster 5.

N. Arm Fraser

(Fraser St.Bridge) 5.
5
5

Deas Island
Steveston

NO O o
[ N - Vo
© L) ]
WO YW O

Source: Surface Water Data, Water Surveys of Canada,
1958-68.
In view of these results, we chose the 5 foot contour to
delineate the floodland which provided a suitable habitat for

migrating salmonids.

Despite the availability of more detailed elevations on
large scale maps, the areal differences which might be arrived
at by drawing boundaries which, at most, would differ by 0.8
foot elevation are not significant to warrant the extra expense

necessary to obtain them.



To determine dyked and undyked land we referred to the
dykes shown on the 1:25,000 maps and conducted some field

'checks in doubtful areas.

N.B. There are areas included in undyked land which have been
~s0- changed by man in other ways (e.g. fill) that they could
be classed more realistically as dyked . land, for example, the

North tip of Annacis Island.

Using the "floodland" as defined on the previous page

'f'and the maps of plant communities prepared by Mrs North, we

‘calculated the areas of dyked and undyked land in the different

communities. These results are given in Table 2.



TABLE 2: ACREAGES BY PLANT COMMUNITIES IN DYKED AND UNDYKED FLOODLAND(a)

(b)

Plént Community Acreage of Undyked Land ‘Agreage of Dyked Land
Natural(c) Inter- (c) Recon~- (d) Natural Inter- Recon-
fered structed fered structed
1. Salt Marsh 220 100 445
2, Tidal Marsh total 5,220 174 1,378
A Bulrush ( 3,285
B Sedge ( 1,561
C Cattail ( 374
3. Wetgrass Prairie 217 3,957
4. Grass . 1,594
5. Grass-Willow, Etc : 25 1,422
6. Willow Scrub 333
7. Crabapple thickets 99 564
8. Spruce - willow, etc 1,313
9. Cottonwood - alder, etc 193 16 205 273
10. Spruce - cedar, etc | 93 151 1,266
11. Swamp Forest 789 15 849
12, Former swamp forest : _ _ 693
13. Coarse grass ‘ 588
1l4. Peat bog - sphagnum ‘
15. Peat bog - pine 39 I 177 251
16. Douglas Fir , ' 3 » 15
TOTALS 5,633 55 1,705 91 343 14,926
(a) See page 7 of definition of "floodland"; (b) See page 2 for more detailed classification:

(c) See page 4,first paragraph for explanation of 'natural' and 'interfered'; (d) See page 4,last



' SUMMARY - Table 3

Total acreage of land below 5 feet

in the Fraser Delta

Total acreage of undyked

Total acreage of dyked

Plant Communities
Natural - undyked

- dyked

Interfered with

Totally altered

undyked
dyked
undyked

dyvked

Acres

22,752
7,393

15,359

5,633
91

55
343

14,926

100.0%
32.5%

67.5%



FOOTNOTES

Tidal marshes in archival sources are not differentiated
into A, B and C; the general dscription given is cat-.

téils, grass, rushes, reeds and flags.

The subdivision of the tidal marshes into the three
- successional stages each dominated by a different species
. is based almost exclusively on K.A. McLaren's map pub-

lished in 1972 (for full reference see Phase I report).

This wet prairie was noted by surveyors in the areas in
1870's; however, the areas were already inhabited either
by Indian or white settlers, hence it may not be a

'natural' grassland.

Redtop grass was extensively recorded on Lulu Island pre-

white settlement.

This forest type is probably a successional stage following

6 or 7 and changing to 10 or 11.

Cottonwood is found only on coarser-textured, better

draining sites.

This forest type is characterized, though not dominated
by, Douglas Fir which implies a site less subject to

flooding.

This category may be included with community 11; it is

separated because on the earliest archival sources it
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is recorded as 'former swamp forest!, i.e. it had already

"been cut and/or burnt.

Coarse dgrass was recorded in the early surveyor's reports
as being formerly peat bog, it is found adjacent to exis-

ting'peat bogs, and the 'natural' vegetation now present

in these areas is dominated by birch. There is no record

’ih the early surveys of birch in any of the areas where

it is now seen in abundance, hence it is not mapped as

.such.

Doquas'Fir stands occur only on the driest sites which

were probably not subject to either frequent or prolonged

flooding.
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ABSTRACT

Measurement of functional chlorophyll in the sediment
of the Fraser River delta in January to March 1974 gave a
range of values from 4 to 225 mg chl g/mz with a mean of
70 mg/mz. These values are similar to those obtained during
the summer of 1972 and to values of phytoplankton chlorophyll
a in moderately to highly productive oceanic and coastal

waters.



Seasonal rates of primary production by microalgae in
an intertidal mudflat have been shown to be correlated with
thé standing crop of functional chlorophyll (Leach, 1970.)
Bécéuse chlorbphyll a concentrations are relatively easy to
measure andrcomparative data for the Fraser River delta are
available, this method was utilized to sample microalgge of

the Fraser delta in January to March, 1974.

Samples were collected on Januaryv29 (Stations I—l to
I-4), February 12 (Stations II-1 and II-7); and Mgrch 11
(Stations III-1 to III-7). Sampling stations are indicated
on the map in Figure 1. Chlorophyll a concentrations were
determined using the acetone extraction and spectrophoto-
metric procedure outlined by Bawden, Heath and Norton (1973).

Results are given in Table 1.

The species of diatoms in the mud samples were not iden-
tified. Except for Station III-7, all samples appeared-to
contain only pennate diatoms. Station III-7 contained a
colonial Navicula-type diatom species and a species of centric
chain diatom. Carole Bawden (personal communication) is
working on the identification of diatoms she has collected

from the Fraser delta.

Continuation of the benthic macrophyte sampling progrém.
using the procedure described by Lindstrom and Foreman (1973)
.at the II Stations yielded no algae within a 30 m radius of

the point at which the chlorophyll sample was collected,



except for Stations II-3 and II-6. At Station II-3, a fisher-
man's net, mostly buried in the mud, contained a healthy popu-

lation of sterile Enteromorpha linza. A large tree trunk at

Station II-6 was covered with a sparse growth of sterile

Enteromorpha intestinalis var. cylindracea and unilocular and

plurilocular Pilayella littoralis f. littoralis. Neither

station was sampled quantitatively because of the unrepresent-
ativeness of these algal populations to the delta as a whole,
which appeared-tofally devoid of macrophytic algae. 'Several

small clumps of Lola lubrica were found near Station I-3 in

January, but no macrophytic algae were observed along the

" March 11 transect.

The chlorophyll a conééntrations on the Fraser'dei£a
appear to be of approximately the‘same order of magﬁitude as
' phytoplankton chlorophyll a concentrations in moderately to
highly productive oceanic and coastal waters. Values of
'chlor0phyll'§ concentration may reach 100 mg/m2 in the
relativély rich coastal waters off the coast of New York.
Closer to home, values of chlorophyll a concentration for
Departure Bay reach about 70 mg/m2 during periods of peak
phytoplankton productivity in late spring (adapted from

Parsons, 1963).

Comparison of the chlorophyll a concentrations from
‘Samples collected on the Fraser delta in the summer of 1972
(Bawden, Heath and Norton, 1973) with those collected by us

in the winter of 1974 give similar values. The range for



the summer values is 26 to 245 mg/m2 with a mean of 77 mg/m2
compared to winter values of 4 to 225 mg/m2 with a mean of

70 mg/mz. Unfortunately, the same areas were not sampled by
the two groups so that the results are not directly comparable.
However, they indicate a characteristic of estuarine mudflats
noted by other authors (Riznyk and Phinney, 1972; Pomeroy, 19259;
and Odum, 1961;) i.e., the lack of seasonal fluctuations in
standing crop resulting in similar levels of primary produc-
tion throughout the year in dramatic contrast to the marked
seasonality of phytoplankton and benthic macrophytes. Riznyk
and Phinney (1972) attributed the absence of seasonality to a
continuous;y regenerating supply of nutrients originating from
the sediment, and Pomeroy (1959) found that light, temperature
and tidal fluctuations through the various seasons interacted

in such a manner to ensure continuous year-round production.

Attempts to estimate photosynthetic rates of the diatoms
in the laboratory with a polarographic oxygen electrode were
unsuccessful. Time and logistic problems did not permit in

situ measurement.
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Figure 1. Sediment chlorophyll sampling stations on the
"Fraser River delta.

+ January 29, 1974

O February 12, 1974

® March 11, 1974
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Table I. Chlorophyll a concentrations at selected stations
on the Fraser River delta, January to March, 1974.

Station mg chl i/m2
January 29, 1974
I-1 66.1
I-2 32.2
I-3 40.5
I-4 53.9
February 12, 1974
I1-1 51.1
I1-2 103.2
I1-3 3.7
IT-4 35.7
II-5 113.5
II-6 39.6
I1-7 70.6
March 11, 1974
III-1a 30.0
. III-1b 37.1
IIT-2a 66.0
-ITII-2b 91.0
III-3a 48.8
ITI-3b 57.8
IIT-4a 69.3
III-4b 48.8
III-5a 103.0
III-5b 76.8
ITII-6a 82.0
ITI-6b 87.4
II1-7a 125.8
III-7b 225.1
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SUBTIDAL MACROFAUNA

A series of VanVeén and Petersen quantitative grab stations
were occupied off Sea Island (positions on chart). The wet and
dry biomasses and sampling depth are given in Table 1. Taﬂle 2
lisfs the organisms and numbers collected., Table 3 presents
Margalef's index of diversity (no. of species/log no. of
specimens), together with a rough estimate of particle size

distribution, expressed as percentage retrieval by test screens.

At 100 M and deeper the fauna is typical deeper infauna
chéracteristic of the Stéait. Margalef's index is based upon
molluscs, echinoderms,‘and polychaetes only, and is directly
correlated to particle size. There is no evidence from previous
work to suggest significant seasonal variation in specieS‘repre-
sentation, but number of specimens do undergo cyclic variations
with minima in January. The greater part of standing stock in
the 100+ M stations consists of burrowing infauna - stalked

holothurians and tubiculous polychaetes.

The steep delta face comprises loose detrital material;
the 9 M sample is composed of extremely fine silt with a large
infauna of small ephemeral organisms. Thé 15 M sample contains
coarser material, mixed with much wood detritus, this also con~-
tains many young organisms. It is apparent that the delta face

is a zone of instability with a substantial population of small
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opportunistic organisms - the relatively low biomass is offset
by the rapid turnover and ready availability to predators
(chiefly commercial crabs and perhaps also flatfish) of shallow
infauna such as juvenile errant polychaetes and small bivalves.
The larger biomass of the deeper regions, chiefly composed of
clays, is deeply buried, slow-growing, and probably not avail-

able to the majority of predators.

The productive delta face is dependent upon the river
contribution. It is doubtful that loss of a portion of the
extensive tidal flats will effect the subtidal zone, providéd
that waterflow patterns are not modified. " Extensive dredging
will of course ruin this habitat, though it is probable that

it could re-establish itself.



Table 1. Station list, depth, and biomass/M?
Biomass/M?
Station Date Depth (M) Gear? _
Wetb Dry
1A Dec. 11, 1973 9 \Y 67.4 8.3
1B Dec. 11, 1973 15 \Y 2.1 0.4
74-48 Jan. 31, 1974 112 P 193.6 29.0
49 Jan. 31, 1974 101 P 7.8 1.6
50 Jan. 31, 1974 119 P 326.3 49.2
51 Jan. 31, 1974 110 P 106.4 11.7
52 Jan. 31, 1974 119 P 7.0 1.3
53 Jan. 31, 1974 106 P 167.3 27.5
54 Jan. 31, 1974 108 P 494.,7 29.5
55 Jan. 31, 1974 102 P 1263.4 - 166.2
56 Jan. 31, 1974 101 P 214.9 36.16
57 Jan. 31, 1974 207 P 144.5 20.1
58 Jan. 31, 1974 242 P 0.4 0.07
59 Jan. 31, 1974 238 P 57.7 10.2
60 Jan. 31, 1974 231 P 9.45 2.3
61 Jan. 31, 1974 231 p 54.8 6.2
qy Van Veen grab o.l M?
P Modified Petersen grab 0.2 M?

bWet weight measured after removal of calcite.



Table 2. Taxonomic list and estimated occurrences M?
NUMEROUS )

(X =

Station

57 58 59 60 61

Porifera
Aphrocallistes

Coelenterata
Pachycerianthus
fimbriatus

Nemertea
Paranemertes sp.

Polychaeta
Cheilonereis cyclurus
Nepthys caeca
Nereid sp. (Juv.)
Platynereis dumerilli
Branchiomma burrardum
Chaetopterus sp.
Sternaspis fossor
Travisia sp.

Sipunculidae
Sp.

Echiuridea
sp. (large red)

Arthropoda
Calanoid copepod
Munida quadrispina

Mollusca
Dentalium dalli
Acila castrensis
Axinopsis sericata
Axinulus ferruginosus
Compsomyax subdiaphana

Macoma calcaria
Macoma eliminata
Macoma incongrua
Macoma nasuta
Psephidia lordi
Yoldia ensifera
Yoldia threaciaformis
Acteocina culcitella
Mitrella gouldi
Nassarius mendicus

Echinodermata
Amphiodla periereta
Brisaster townsendi
Hendigia californica
Ophiura leptoctenia

1A 1B 48 49 50 51 52 53 54 55 56

30

60
40

690

20

320

10
35

16

5

20 5 10 30
10

10 15135 55

10

20
5&0

5 15 10
10 65

30
35

40

130

20

5 15125 5

X X
5
15 10 10 20
515 5
15 5
15
10
5
30 32 5
20




TABLE 3. Margalef's index of diversity (d) and grain size

Station ol Grain size % weight
500u 250u 105u 53u P

74-48 0.69 - - 2 95
49 0.43 - - 1 98
50 0.57 - - 8 88
51 1.42 2 6 13 3 76
52 0.62 - - 4 11 18 67
53 1.13 - 19 10 21 50 .
54 0.48 - 1 2 91
55 0.71 - - 4 90
56 1.57 2 11 14 3 70
57 0.26 - - - 4 96
58 0.37 no sample— -
59 0.76 - 1 - 11 88
60 0.84 - 5 2 3 90
61 0.96 - 6 18 21 55
1A 0.60 - - L - - 99

1B 0.17 - - 15 12 73
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INTRODUCTION

Environmental assessment studies on the Fraser River estuary have
considered theAimpact of a number of construction projects (e.g. runway
extension for the Vancouver Intérnationa] Airport, extension of Roberts
Bank port facilities) on the aquatic ecosystems and fishefies in the
‘area. In associatipn with salmon feeding habits, there was a reguire-
ment to identify Habitats of benthic invertebrate commuﬁities that are
significant food resources for the juvenile salmonids. This paper

presents the results of these investigations.

The data presented in this report deal particularly with benthic
organisms that are potentially available as prey for secondary censumefs
such as fishes, crab, and shorebirds. The sampling emphasized benthos
Tiving in the surface of the sediments, and on Sturgeon Bank included
plankton tows to estab]ish_if benthic organisms appeared in the water
column at high tide, where they would become potentially avaiTabTe to
Juveni]e salmonids. Zonation of benthos and sediment — organism
“relationships were two ecological phenomena that were examined in some
detail in this study. The latter relationship enables prediction of the
significance of particular sites for benthos by measurement of a
geological parameter such as grain size. Some comments on how existing
structures such as jetties and causeways can affect zomation of benthos

have been also provided.
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FIELD METHODS

A. . .Quadrat Sampling at Low Tide

One hundred and sixteen stations were sampled with quadrats at
1ow’tidé. One huhdréd énd foukjéf these stations were occupied using
the'radér-equippéd Hovercraft SRN-021 kindly provided by:the Cénadian
':Coést Guéra. Twelve quadrat samples near the Westshore Terminal cause-
wayv(RoBérté Bank) were obtained on foot, andvpositions for the stations
wérev1ocatéd using a trﬁck odometer and by wa]king'SOm north of the
high-tide line on the causeway. Thé stations were usually

-20m north from the foot of the rock "rip-rap" on the causeway.

Nihety—two samples were Jocated on transects perpendicular to the
shofe]ine (Fig. 1) and stations were either 0.23 or 0.46 km apart. The
”seaward édge of the marsh vegetation was chosen as the upper level of each
tfansect. Nheke sedges (Carex sp.) are the dominant shore]ineyflora,
‘the seaward edge of the vegetation demarcates the‘1ower edge of the
‘intérmedﬁate tide zone (i.e. approximately 2.4m 0.D. (above chart datum)).
A "perimeter" transect, which involved 24 statiohs para1]ei to the shore-
]1he; wasmsamp1ed'from Iona Island to the Tsawwassen ferry terminal at
O.92kkm 1hterva1s. Samp]es on this transect were obtained immediately

seaward of the marsh vegetation.

The seaward extent of the transect sampling depended on the '

amplitude of the Tow tide on the day of sampling:
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Maximum :
Transect , Distance (km) No. of Low Tide
(see Fig. 1) Date From Marsh Stations Amplitude (m,0.D.)
. North Sturgeon July 27, 1973 4.0 ' 16 0.6
Barik (ION) = -
Mid Sturgeon  June 2, 1973 5.7 20 0.0
Bank (STUR) |
“North Lulu Oct. 7, 1973 3.0 6 2.0
Island (NLU) ' '
South Lulu Oct. 8, 1973 3.7 7 2.0
Island (SLU)
Roberts Bank Dec. 10, 1973 7.5 18 0.1
(ROB)
Westshore Jan. 9, 1974 4.6 12 0.2
Terminals (CP)
Tsawwassen  Oct. 20, 1973
. (TSAW) Feb. 9, 1974 3.5 13 1.1

At each station, the sediment from within a 0.06 m2 quadrat was
scraped with a trowel to a depth of 2 cm. Samples from the statiens
parallel to the shoreline were obtained with 0.25 m2 quadrats. The
material collected was p1aced in plastic bags and returned to the'
"1aboretory. Sediment femperature was measured by pushing a thermo-
‘meter about 5 cm into the sediment, and temperature was read after

about 5 min. A sample of surficial sediments for grain size analysis
(app. 300ml1) was obtained close to each quadrat site. The sediment
sample was frozen on return to the laboratory, usually within 6 hours
of collection. Biological samples were sieved“through a 0.5 mm screen

\

and preserved in 10% formalin.
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During trips with Geological Survey of Canada geologists (Feb.
5 to 7, 1974)vwé'obta1ned samp1esbof water from the surface of sediments
Jat 65 stations on the delta (Fig. 2). A small hole about 5'cm deep was
dug adjacent tq each sampling site, and the water drained into it was
collected for salinity determination. Rain was not falling on the
nights of these collections, so water on the surface of the sediment

reflected the salinity of water ‘draining from the previous high tide.

B. Plankton Sampling and Hydrography at High Tide

Locations for plankton sampling at high tide were established
on érids with stations 0.4 km apart, and covered all of.the.tideyflats
from the mouth of the Middle Arm to the North Arm jetty (Fig. 3). The:
stafions south of the Iona sewage causeway (Stations A S to T S; Fig. 3)
were occupied on July 3 and 4, 1973. The stations north of fhe causeway
(Stations'A I to U I; Fig. 3) were occupied on July 30 and 31, 1973.
At both. areas, stations were occupiéd at high tide ¥ 2 hours. The tides
on these dates ranged from 4.5 to 4.6 m in amplitude. Plankton tows
were completed using an outboard motor boat equipped with a radar
reflector. Radio contact was maintained with CFAV LAYMORE or ST. ANTHONY;.
which were providing radar positioning for the boat from their anchorages

- o0ffshore.

A SCOR/UNESCO plankton net with a mesh size of 350Jm (micrometers)

was used in all sampling, and the area of the net opening was 0.25 m2.

The net was towed so that the top of the net frame was just below the



s

Figure 2. Salinity of water near surface of sediments at low tide
on Sturgeon and Roberts Bank, February 5 to 7, 1974.
Station designations are those of the Geo]ogica] Survey of

Canada (Dr. J. Luternauer).
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Figure 3. Location of plankton tow stations at high tide over Sturgeon

Bank on July 3, 4, and 30, 31, 1973. The distribution of

biomass (wet wt. g m=3) is also shown.
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.surface of the water, at a speed of 1.5 to 2.5 kts. Samples were
preserved in 10% formalin.

At each station, the temperature and salinity of the surface
water was measured With E‘YSI Mdde] 33 salinometer. One litre samples
of surface waters for analyses of particulate organic material were

also obtained.

LABORATORY PROCEDURES

- A, . Sorting Samples

Quadrét and plankton samples were sorted after sub-samp]ing by
wet weight or with a Folsom plankton splitter. The organisms were
~ then separated from sedimerits and debris by thorough searcning with é
 12x binocular micrdscope. Wet weight determinations were made with
: préservedvspecimens, which were damp-dried before weighing. The shells
" of adult molluscs were removed with dilute hydrochloric acid (5-10%)

and therefore weights do not include shell mass.

B; ‘Identification of Fauna

Polychaetes were identified using the unpublished keys and veri-
fications of K. Hobson, B.C. Provincial Museum, Victoria, B.C. Amphi-
pods Were 1dehtifiéd using the descriptions provided by Barnard (1954,
' 1969) and Shoemaker (1948). Molluscs were identified using the descrip-
fionsbprdvided by Quayle (1960), Rice (1972), and Johnson and Snook (1955),
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and Bernard's (1970) check Tist was consulted. Isopods were identified
using the keys of Schultz (1969). Some of the planktonic forms were
identified using the information provided by Fulton (MS, 1972), and by
personalkcommunication with J. Fulton. Many of the organismslofralT phyla

were juveniles, and were too small to be identified to the specific level.

C. Sediment Analyses

1. Samples from STUR transect

In order to remove salt from the sediments, samples were
washed in about 500 ml of distilled water, and then they were
'centrifuged at 10,000 rpm for 20 min. A comparisen of dried
~‘sgi\mp]es before and after this washiﬁg procedure showed some measur-

. able amount of salt was present in sediments fremrall stattOns.
Organic material was then oxidized from the samples by treatment 1
with hydrogen peroxide (HZOZ). First, 6% Hp0, was app]ied, and
then, after 12 hrs. 50%. The reaction was allowed to proceed for

~at least 48 hrs., unless it had ceased before. The samp]ee were
then washed with distilled water, centrifuged at 10,000 rpm for

20 min. and dried.

Grain size analyses for sands {particles 2 63um) were per-
formed using the settling tube method described by Rukavina and
Duncan (1970). Silts and clays were ana]yzed,using a Sedigraph

5000 particle size analyzer (Micromeritics Instrument Corp.)
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The amount of organic material in sediments was estimated
by the following procedure. Sediments were first~dried for 24
hours at 100°C. The samples wererthén ashed in a muffle furnace
‘at 550°C for 24 hours. Orgahic content was estimated’by the diff-

erence in weight between the dried and ashed samples.

2. Samples from other Stations

Sediment samples from the other quadrat stations of Banks
were analyzed courtesy of the Water Survéy of Canada (Environ-

mental Management Service, DOE).

The samples were washed with tap water, then divided
fnto sand (particles 263 ~m) and silt and clay (particle <63 «m)
using a wet.sieving technique. The sands were then analyzed
byAdry Sieving using the following sieve sizes: 1000 «~/m,
500 ~/m, 250 +/m, 125 ./m and 62 ./m. A mechanical shaker was
.used for the sieving. The silt and clay fraction was analyzed
using fhe hydrometer technique described in Buoyoucos (1951).

" Sodium silicate (10% solution) was used as a dispersing agent.
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D. Elevation Data

It was not possible for us to determine elevations in the field,
beeause of manpower and time limitations. Bench marks were often locat-
ed at considerable distances from our sampling sites. Therefore,vwe
were obligated to use the most recent data gathered by other workers,
namely those obtained by an engineering company in 1967 (Swan Yooster,
1967). _Some of these data, especially those from the Tower tide zone,
may be invalid for use.in 1973, since geological work (Luternauer and
Murray, 1973) sugéested some portions of the Banks are retreefjng while

others are advancing.

»The:da;a presented by the engineering company were.presented in
map form, with contours of 2 ?t.n(O;G m) intervals. This elevation map
was reduced to a'sca1e of 1 to 50,000, enabling us to overlay the map
on C.H:S, Chart No. 3480 which we used in field work. We were then able
to pqution.our quadrat. stations on the elevation map. Statfons are
referred to the mid-point of the contour lines, e.g. stations between

the 2.43 and 3.05 m contours would be referred to the 2.73 elevation.

E. Analyses of Particulate Organic Material in Water Samples

Water samples for analyses of particulate organic material were
filtered through 0.454m Watson GFC filters using a vacuum of 10 mm of
mercury. The preweighed filters were then dried at 90°9C for 24 hours
and reweighed. The organic material present on the filter was calculated
from the loss in weight after ashing the dried filters in a muffle fur-

nace for 24 hours at a temperature of 5500¢C.
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F. Salinity Determinations

The salinity of surface water in sediments was determined using a

Bissett-Berman (Model #6230) inductive salinometer.
DESCRIPTION OF THE STUDY AREA

A. Prevailing temperature, salinity and Oxygen Conditions

‘A few data are currently available on the temperature, salinity,
and ‘oxygen conditions of the intertidal habitats of the Fraser delta. A
comprehensive éurvey, which would involve seasonal and hourly (tidal)
| changes, has not yet been done. Since a “salt wedge" is préséht in

” the estuary, data collected near bottom at high tide at the edges of

the Banks are representative of water-column conditions in the lower
part of the intertidal zone, while data from shallow depths or surface

is representative for habitats in the intermediate or upper zone.

Temperature

Intertidal organisms, especially those living in the surface of
sediments, are exposed to marked variations in sediment temperature.
*In June, at low tide, we recorded sediment temperatures (surface) of up
to 22.0°C on Sturgeon Bank (Table 2). In January, on Roberts Bank,
temperatures as low as -2.0 (Table 6) were recorded in sediments, and
ofganishs wére collected from froien mud and debris. Sediment tempera-

tures af Tow tide follow seasonal trends in air temberature, but are

more‘extreme because of reflection and absorption of heat. (Perkins, 1974).
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Data from 5 m near the Sand Heads Light (Fig. 1) (outer edge of
Banks) are available (Bawden et al, MS, 1973) and are shown in Fig. 4.

These data show that organisms in the lower sections of the intertidal

zone are subjected to temperatures varying from 5.0 to 15°¢.

Our data from Sturgeon‘Bank (Tables 9, 10) show that surface
temperatures can range from 14.5 to 22.5°C in July, which are slightly
higher than ‘those recorded from Roberts Bank (1 m) during July to
‘.September (11.0 to 17.5OC; DOE, Ms, 1974). At Garry Point, near
_Steveston;.Fig. 5), which is representative of habitats influenced
’directly,by the main river, temperatures from February to May (1 m)
eanged from 2.3 to 6.99C, while in the Middle Arm (Dinsmore Bridge; Fig.
if6),_whieh receives a small flow from the main river, temperatures varied

from 3.3 to 10.0°C. (Hall et al, MS, 1974).

‘salinity

Considerable varijation in salinity at the Fraser estuary has been
observed. Habitats at the higher elevations of the intertidal zone are
- ‘exposed to greater fluctuations in salinity than those in the Tower sectien
of the beach. Habitats which are close to freshwater discharge from the
Fraser River encounter wider variations in salinity than sectors further

from the channels.

Organisms in habitats at the Tower intertidal zone encounter
annual salinity variations ranging from approximately 15% to 31%., as
estimated from Bawden et al's (MS, 1973) data (Fig. 4) from near the

Sand Heads 1light. Lower values are probab]y present during freshet, when



Figure 4. Seasonal changes in temperature, salinity, and oxygen at
5 m near the Sand Heads Light, mouth of the South Arm of

the Fraser River. Data from Bawden et al (MS, 1973).
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Figure 5.

Temperature, Salinity, & Oxygen at Im.

SOUTH ARM (Garry Point)

Temporal fluctuations in temperature, salinity, and oxygen
at app. 1 m near Garry Point, upstream of Sand Heads Light,
mouth of the South Arm of the Fraser River. Data from Hall
et al (MS, 1974).
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Figure 6. Temporal fluctuations in temperature, salinity, and oxygen
at app. 1 m at the Dinsmore Bridge, Middle Arm of the Fraser

River. Data from Hall et al (MS, 1974).
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shallow channels such as Canoe Pass discharge over the entire inter-
tidal zone at low tide. Surface (or 1 m) data from our work on Sturgeon
Bank (Tables 9, 10), from Hall et al's work at Garry Point and at the
Middle Arm, (MS, 1973), (Fig. 5, 6), and from DOE (MS, 1974) on Roberts
Bank show that salinities for intermediate or upper intertidal habitatS
range from fresh water to 33.0% . Areas protected from the main river
discharge, by jetties or causeways, were characterized by higher sa]inif
ties. For example, north of the Iona sewage causeway, salinities varied
from 8.5 to 14.8% , whereas south of the jetty, where freshwater influence
from the Middle Arm is more widespread, salinities ranged from O to 10.5%0.
(Tables 9, 10; Fig. 7). Our sediment salinity data from Roberts Bank show
" a similar phenomenon. Salinities between the Tsawwassen and Westshore

causeways were higher than-north of the Westshore causeway (Fig. 2, Table 11).

Oxygen

When tides flood .over intertidal zones, oxygen is mixed into the

water, so surface oxygen values are rarely low at high tide.

Data available from our study area show that oxygen levels in the
surface (or'l m) usually vary seasonally, from approximately 9.0 to 13.0 mgL"]
(Figs. 5, 6; Garry Point and Middle Arm). Oxygen levels at "deeper"
levels (5 m; Sand Heads Light; Fig. 4) vary from about 7.0 to 11.0 mg -1,
Brackish water can contain more oxygen than "normal" coastal sea water.
The only location on the tidal flats where abnormally Tlow oxygen
values in water have been recorded is at the Iona sewage outfall,

where near-bottom oxygen levels very close to zero have been observed on

certain tidal cycles (Otte and Levings, MS in preparation).



Figure 7. Salinity of surface water at high tide over Sturgeon Bank

on July 3, 4 and July 30, 31, 1973.
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At Tow tide, the interstitial water of sediments is probably anoxic
at many locations on the Fraser Delta, because of the presence of organic
debris. At sediment depth of 2 to 10 cm, reduced sediments were observed
at many quadrat stations, especially muddy stations close to stands of

vascular plants.

B. GEOLOGICAL DESCRIPTION

The geology of Sturgeon and Roberts Bank has been described recent-
1y by Luternauer and Murray (1973) and their description, in most cases,

matches observations made during our field work.

Our-périmeter traﬁsect (FRAPER statijons) were located in the zone
fhat Luternauer and Mufray (]973) described as the salt marsh - " a gen-
erally vegetated bank of flat to hummocky muddy sediment, 1lying near the
high tide level. °Along Roberts Bank the marsh apparently is more stable
and has finer sediment, than along Sturgeon Bank." Our observations
“and those of botanists (eg. MclLaren, MS, 1972) suggest that the term
"salt marsh" may be slightly incorrect; most of the plants we obsefved
were sedges (Carex sp.) and bullrushes (Scirpus sp.) which require more
fresh water than salt. On Roberts Bank, especially south of Station
FRAPER 20 , (Fig. 1) we noted an embankment adjacent to the vegetation.
This embankment was characterized by crumbling sediment. Elsewhere on
Roberts and Sturgeon Bank, except at disrupted areas, the marsh showed
signs of emerging i.e. the sediments close to the marsh were flattened,

and isolated clumps of vegetation were growingvseaward.

The remainder of the shallow portions of the Bank were classified

by Luternauer and Murray (1973) as the main platform — "the area that
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gently slopes for about 6 km from the salt ﬁarsh to the levé] of the most
distinct, first break-in-slope (9 m below lowest normal tide level).

This zone is mantled mainly with well-sorted 0,35 mm to 0.125 mm sand.

It is generally featureless except for the presence of tidal channels

(more prominent on Roberts Bank) and current and wavé ripples.

Sturgeon Bank is covered almost entirely by sanq—sized sedjment.
The North Arm jetty and Iona Island causeway have effectively preyented
dispersal of sediment from the north or south into the V-shaped séction '
of Sturgeon Bank off Iona Island. Sediments ﬁorth of the Igna Island
causeway tend to be coarser than those imﬁediate1y to the south. The
_ Middle Arm and the South Arm apparently supply mediﬁm and fine sands;

respectively, to maintain the southern portion of Sturgeon Bank.

The portion of Roberts Bank immediateTy_t¢ the north of_the
Westshore Terminals causeway is covered by sand-sijze sediment,'but[a‘
lobe of relatively fine sediment (very fine sand and silt) extends ffom
the dyke just north of the inshore end of the Westshore causeway,
almost to the edge of the tidal flats. The remaining portion of .
Roberts Bank, south of the causeway, lies within the~sedimentation
"shadow" of both this structure and that of the Tsawwassen Ferry
Terminal causeway. These features prevent any southward migration of

sand-sized sediment, so material in this area is generally mud or

silt.”

During our field work on the southern portion of Roberts Bank,

we observed eel grass (Zostera marina) beds, and the extent of these
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beds was determined using colour aerial photographs (National Air
Photo Library Nos. RSA 30518-58 to RSA 30518-62). The ee] grasé bed
between the Tsawwassen causeway and the Roberts Bank causeway extends
from the low tide mark to about halfway up the beach. A depression
devoid of plants separates the bed into two sectors. North of the
Westshore causeway, a smaller bed was observed. The centfe of thié
bed is near Geological Survey of Canada Station No. 14 (Fig. 2),

and it extends\on1y about one-third of the distance from low to high

tide.

FAUNA OF STURGEON AND ROBERTS BANK

Because of the large expanse of gently sloping tidal flats on
the Fraser delta, intertidal sampling is a severe problem. The problem
of access probably explains why there have been few data reported on -

the benthos of the area.

The only previous quantitative sampling was done by Bawden et
al (MS, 1973) but tﬁeir methods were radically different than ours.
BaWden et al sampled with a "box corer" which penetrated sediments to
an average depth of 16.9 cm (27 stations of varying sediment type);
the samples were sieved with a 4 mm screen. Their data are therefore
biased toward the larger, deeper benthos, which were not generally
sampled in our study. For eXample, Bawden et al (MS, 1973) record the
ghost ShrimE (Callianassa californiensis) from northern Sturgeon Bank

and southern Roberts Bank, but this species was not recorded in our
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studies. Cohvekseiy, we reportﬁhuge nUmbers of small organisms at
‘many stations on the de]ta‘that were not repofted by Bawden et al
Tbecause of the large meSh they used. 'Forzexamp1e, the small poly-
chaete Manayunkia aestaurina was the most abundant organism at many
of the stations in the upper or intermediate intertidal zones, but

these worms pass through any sieve larger than about 1 mm.

When our data. (Tables 1 to 10; 81 types of organisms or taxa)
are combined with that of Bawden et al (MS, 1973) (46 taxa) a total
of 127 types of benthic organisms have been recorded so far from
Sturgeon and Roberts Banks. These data are subject to taxondmic error
because of problems in identification. Since the estuarine fauna of

Br1t1sh Co]umb1a is poorly known, these problems are significant.

| There was cons1derab1e var1at1on in the morphology of many species, wn1ch

is common for estuarine organisms (Kinne, 1971).

The benthic organisms we detected in our samples were mainly
estuarine and marine forms, primarily crustaceans, po]ychaetes and
molluses. Stations near the Middle Arm of the Fraser River (STUR’
transect) were sampled in summer, when freshwater drift organisms
(e.g. insect larvae) are generally abundant in rivers, but few were
recorded (Table 2). Except on the Tsawwassen transect, estuarine
species (e.g. Manayunkia aestuarina, (Polychaeta, Sabellidae);
Corophium spp. (Amphipoda, Corophiidae) dominated in the intermediate
or high intertidal zone. The fauna in the lower intertidal zone was’

characteristic of marine environments (e.g. Curella sp. (Crustacea,
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Cumacea); Eohaustorius washingtonianus (Crustacea, Amphipoda)). This
pattern, which is iinked with sediment type because finer sediments océur
in the higher zones of the beach, suggests that marine processes are

more influential in the Tower intertidal zone. At Tsawwassen, the
composition of the fauna suggests that marine influences are prominent
~over the entire intertidal zone. Cumaceans, for example, were recorded

at almost all stations on this transect.

The presence of ctenophores (Pleurobrachia sp.) and medusae
(Phialidium sp.) in plankton tows over Sturgeon Bank indicates that a
marine planktonic community can occupy the overlying waters at high
tide. However, it was noted that some calanoid copepods obtained in
the tows were freshwater forms (e.g. Epichura sp.), suggesting plankton

from the Fraser River may be distributed over Sturgeon Bank.

DISTRIBUTION OF BIOMASS AND SPECIES

A. Distribution and Elevation: Zonation

The highest stations on all transects yielded the maximum
biomass, except at Tsawwassen where peaks in biomass were observed on
both high and low sections of the beach (Fig. 8). Biomass values in the

higher sections ranged from 10 to 100 g wet weight m—z.

Excluding
the data from Tsawwassen, biomass in the Tow stations ranged from
close to 0 to about 20 g wet weight m2. The lower stations at
Tsawwassen were in an eel grass bed (Zostera marina ) where very rich

benthic communities are usually found.
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There was a major difference in the kinds of animals that occupy
the elevations of the intertidal areas on the Fraser delta. Excluding
the Tsawwassen stations, molluscs were most ébundant in the lower
sections, whereas crustaceans and polychaetes dominated at higher eleva-

tions (Fig. 8).

There was also a clear zonation in the number of species at
various elevations on the transects. The number of species per quadrat
reached a maximum in the higher parts of the beach, except at Tsawwassen
where the maximum was reached in the eel grass bed at the lower inter-

tidal levels (Fig. 9).

On Sturgeon Banks, in the vicinity of the STUR transect, the
spatial distribution of the biomass from plankton tows differed from
the patterns observed in intertidal quadrats. In particular, the
highest biomass values were not recorded from stations overlying the
higher parts of the beach, but were found adjacent to the Middle Arm,
and in a "plume" leading northwest from the mouth of this channel
(Fig. 3). Large species (especially Crangon franciscorum (Decapod
shrimp)) contributed to very high biomass values in these areas
(Table 10) but were not recorded from quadrats at low tide. The biomass
in plankton tows in the Iona Island sector was low (Fig. 3) compared to
south bf the Iona breakwater, which coincides with the results from

the quadrat samples (Fig. 7, Iona Island vs Sturgeon Bank).
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B. Horizontal Distribution

Biomass per station was highest on STUR and TSAW transects, and

the maximum number of taxa was found on the Tsawwassen transect:

Kilometres Biomass per

. from Marsh Station _, Taxa per
Transect No. Stations . Edge (g wet wt. m °) Station
ION 16 4.9 11.5 1.6
STUR 20 5.7 31.4 1.4
NLU _ 6 3.0 9.2 3.3
SLU 7 3.7 3.5 3.5
ROB 18 7.5 2.5 1.3
cp 12 4.6 19.1 3.4
TSAW 13 3.5 41.9 4.6

The results of the transect sampling show that more species were
found on the southern portion of Roberts Bank (CP, TSAW transects)
compared to transects on the remainder of Roberts Bank or on Sturgeon
Bank. An increase in the number of species indicates that more marine
conditions prevail over most habitats on southern Roberts Bank, and
the influence of the freshwater discharge seems to be approximately inversely
proportional to distance from the mouth of the South Arm. Transects
with many stations characterized by silt (STUR, CP, TSAW) yielded more
biomass per station because fine sediments contained the highest

density of benthos (see below).

There was tittle evidence from the perimeter transect that biomass
adjacent to the marsh habitats was correlated with distance from the

channel mouths (freshwater discharge) except directly adjacent to the
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mouths where deposition of coarse sediment has occurred. The biomass

per kilometer surveyed was 20.4 g wet weight (24 stations)

and a trend in distribution was not evident (Fig. 10). Application of

a one-sample runs test (Siegel, 1956) verified this conclusion (P < 0.05).
There is graphic evidence that more species were found on the southern

portion of the transect (Fig. 11) but application of a runs test

(Siegel, 1956) did not confirm this conclusion.

C. Sediment-0Organism Relationships

/

Sediment and organism data from the Sturgeon Bank samples
(STUR transect) showed there is a clear relationship between the
abundance of small crustaceans and polychaetes (e.g.\Corophium,
Manayunkia) and the grain siée of the sediments. These organisms
were most numerous in sediments between 30 and 70~ m in diameter
(Fig. 12). Most of the crustaceans and polychaetes in the samples
are detritovores and utilize organic material or "detritus" (algae,
decomposing vascular plants) which was more abundant in the finer
sediments (Fig. 13). Molluscs (e.g. Macoma spp.) which were more
common in the coarser sediments, are suspension feeders and utilize

organic material dispersed in the water.

The relationship between sediments and animals enables prediction
of the suitability of habitats for the smaller invertebrates. Geological
studies (Luternauer and Murray, 1973) show that finer sediments on the

Fraser delta occur in a band along the seaward edge of the vegetation
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Figure 11. Number of species per quadrat at stations along the
perimeter transect (see Figure 1) from Iona Island to

Tsawwassen.
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Figure 12. Re]atiqnship between median grain size (ym) of sediments,
total number of benthos (m“2) (1eft hand ordinate), and
percent (numbef) of polychaetes and crustaceans (right hand
ordinate). Data from Sturgeon Bank sampling in June 1973.

Lines fitted'by eye.

RERCENT (NUMBER)} POLYCHAETES AND CRUSTACEANS ¥

o
Q » (@] (@] o (@] (o]
e & 2 2 © 0 + o « =4
T VN S ’ﬁ’ : ' 1 i 1 i I i s ' i 1 N 1

™7 ]

1000

i
o -

100

. x
,;0! z_‘" HIBWAN Tviol

10.0
SIZE {(mM)

GRAIN

MEDIAN

1.0




2)( l03'

m

TOTAL NUMBER

L IITT"

Figure 13. Relationship between sediment organic content, total number
of benthos (m~2) (left hand ordinate), and median grain size
(right hand ordinate). Data from Sturgeon Bank sampling in
~June 1973. Lines fitted by eye.
1000 — -
4 \\" . |
B v o
v
: AN .-
v
1003 \\‘\\!\3‘\
= v
] v
- v
- L ' -
~
|0—_ v
| — *
1 5
. . T T T T
] 2 3 4 5 6

PERCENT ORGANIC

CONTENT

MEDIAN GRAIN SIZE

— 1000

(mM) ~



Page 20
|

(intermediate or upper intertidal zone), except on the southern part
of Roberts Bank near Tsawwassen. This zone represents optimum habitat
for polychaetes and crustaceans, whereas the lower zone represents the

area where molluscs are more common.

The zonation of sediments and organiéms a110ws some prediction
of the suitability of the various portions of the Fraser delta for
secondary consumers. Since juvenile salmonids and shorebirds can
utilize polychaetes and crustaceaﬁs as food, the zone of fine sediments
is of greatest significance for these predators. Dungeness crabs
(Cancer magister), on the other hand, prefer molluscs in their diet
(Butler, 1954 and personal communication) and therefore the lower
sections of the delta (coarse sediments)'are their preferred habitat.
A viable crab fishery is pursued along the lower section of the

intertidal zone on Sturgeon and Roberts Bank.

PRESENT DISRUPTION AND DISTRIBUTION OF BENTHOS

There are no data describing the distribution and abundance
of benthos on the Fraser delta before man-made structures existed.
However, data collected in oUr study enable some comparisons to
be made at sites close to certain structures and at nearly intact sites.
These are locations,for example, wheré features such as jetties and
causeways seem to have modified the natural distribution of properties
such as salinity and sediment type. The changing of these parameters

can affect the benthic organisms.
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A. Sturgeon Bank

The benthic biomass between the Iona and North Arm jetties is
significantly lower compared to the area south of the Iona jetty. The
jetties must impair the flow of silt-taden freshwater over the northern
part of Sturgeon Bank, and this may have ted to modifications in sedi-
ments and decreased abundance of benthos. Our salinity data show that
north of the Iona causeway, salinities are‘generally higher than south
of this structure. (Figs. 2, 7). Betweeh thekjetties, sediments are
coarser, suggesting that si]t‘deposition is hof a dominant process in
this sector (Luternauer, 1974). ‘Dumping of dredge spoil in the upper
intertidal area between’the jetties (Matthews and Mufray, 1966) may
have been more severe, since this has apparently prohibited the develop-
ment of mud algae and marsh hiants (sedges, etc.) which contribute
detritus to the sediment where it is aVai]ab]e as food for benthic

animals.

In some instances, the construction of the jetties has provided
a stable, hard substrate for epifaunal organisms such as oysters, mussels,
and barnacles. We observed these organisms in moderate abundance.on
the rocks forming the Iona causeway. Other workers (B.C. Research,
MS, 1973) have documented the relative abundance of these organisms

in the causeway near the sewage outfall.

A portion of Sturgeon Bank receives primary. treated sewage from
the Tona Island sewage plant. This input of organic matter may be

responsible for eutrophication and increased abundance of benthos. The
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biomass on the STUR transect was higher; at all elevations, than any of

the other transects on Sturgeon Bank.

Data reported elsewhere (B.C. Research, MS, 1973) document the
disruption of the benthic environment immediately adjacent to the
Iona Island sewage outfall. Our sampling verified the degradation of
benthic communities in this area. Parsons.et al (1973) observed that
benthic organisms from Sturgeon Bank contained more heavy metals than
benthos from elsewhere dn the Fraser delta, and the Iona sewage outfall
was implicated as the source of these contaminants. However, the
sewage is respohsib]e for a variety of environmental effects, including
depressed oxygen values at high tide (Otte and Levings, MS in prep.),
so heavy metal toxicity cannot be easily implicated as a factor

leading to degradation.

B. Roberts Bank

On Roberts Bank, the Westshore Terminal causeway appears to be
related to differences in sediment type between this causeway and the
B.C. Ferry terminal. Grain size interpretations are incomplete, but
observations during our work and geological data (Luternauer and Murray,
1973) showed that sediments between the causeways were muddy at all
elevations, Whereas'north of Westshore Terminals (ROB transect) a
"normal" zonation of fine sediments at higher elevations and coarse
sediments at low elevations was observed. The fauna between the jetties

is typical of marine bays, and the existence of an eel grass bed,
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with its accompanying benthic communities, implies stable conditions.

The Westshore terminal jetiy also appeafs to modify fhe f]ow-
of freshwater 6ver'the southern portion of Roberts Bank. Salinities of
the sediment water between the jetties were higher than at stations
north of the jetty (Fig. 2). The high salinities probably contribute |

to the maintenancé of the eel grass bed.

The rock rip-rap on the seaward end of the Westshore Terminal
jetty has been colonized by subtidal macrophytic algae (probab]y
Nereocystis). The floating thalli of these plants were observed during

a sampling trip on September 11, 1973.

EFFECTS OF DREDGE AND FILL OPERATIONS ON BENTHOS

The portions of the intertidal zone that are covered by fill
material for runway extensions, ferry terminals, etc. are permanently
unavailable as habitat for soft-bottom benthos. -However, the effects
of filling are not necessarily proportional to surface area for the

following reasons.

First, benthic communities are zoned in the intertidal areas.
The highest biomass of food organisms (crustacéaﬁs, polychaetes)
potentially available for salmon was found in the high and intermediate
Zones, and therefore 100 hec of fill matefia] in these zones will have
more impact on these organisms than the same areé of coverage on the

lower portion of the intertidal area. Similar arguments prevail
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regarding impact on the Dungeness crab (Cancer magister) population
in the lower intertidal zone. Habitat loss for these crabs and their
molluscan food supply will occur if fill affects the lower intertidal

Zone.

Secondly, the distribution of effects resulting from construction
activities cannot be accurately predicted at this time, but without
preventative measures certain effects are going to be evident at a
distance from the area being filled. Spillage of silt may result in the
dispersion of fine sediment over wider areas than the fill itself occupies.

This silt can temporarily smother benthic populations.

Sediments for fill operations may be sought in the 1nteftida1
zones adjacent to the area to be filled, and the intertidal fauna in
these "borrow areas" will, of course, be annihilated. If the depressions
created by removal of sediment persist, fauna adapted to Tive at lower
elevations (probably subtidal organisms) will colonize the area.

7

PROSPECTS OF RECOLONIZATION

The habitats covered by fill and pavement, are, of course,
permanently excluded from biological processes, but the intertidal
portion of fhe fi1l material presents benthic organisms with a new
habitat. The composition and abundance of the communities that
would colonize the new habitat, and the speed at which colonization
would occur, are dependent on a number of physical and geological

factors.
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If the borders of the newrjetties and terminals were composed
of rock "rip-rap", epifauna (barnacles, mussels) would settle on this
material, as has occurred on other man-made structures on Sturgeon and
Roberts Bank. Colonization would be most rapid in spring and summer
when larvae from epifauna are most abundant. At Friday Harbour,
Puget Sound, (about 90 km south.of the Fraser delta), barnacles
were observed to colonize bare beéch rocks within two months (Pierron
and Huang, 1926). The Friday Harbour experiment was carried out in
June, and probably represents a maxima] speed for recolonization.
Temperature and salinity are other important variables, but we can infer
they do not limit epifauna on the Fraser delta because the organisms

are found on the Iona and Westshore Terminal jetties and other hard

substrates.

Natural mud flats grow through interacting biological and
geological processes. Vascular plants (e.g. sedges) and algae grow
seaward and trap sediment, thereby providing a substrate for further
encroachment (Ranwell, 1972). The gentle slopes of mud flats provide
maximum surface area, at specific elevations with optimum sediment
type, for development of benthic communities dominated by amphipods

and polychaetes.

Recolonization of the infaunal community that currently exists
on the intermediate and high intertidal areas on Sturgeon Bank is
unlikely unless special measures are taken for planned restoration.

There is no evidence that fine-grained sediments settle in the "rip-rap"
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on other structures on the Bank. For example, rocks on the Iona jetty
are barren of sediments, presumably because wave action prevents
settling of silt. The wave action at the site also would probably
prevent the use of artificial sediment traps such as wire mesh or
vegetation (e.g. willow trees). The shores of the runway extension
would be considerably steeper than a natural mud flat, so that even if
mud communities were established, a much smaller area at the proper

elevation would be available.

In order to compensate for habitét lost by'construction on mud-
flats, one possible alternative is to develop mudflat communities at
nearby sites. For example, thé‘sector betweeh the Iona and North
Arm jetties might be rehabi]itated by regu1at{ng the dumping of dredge
spoil and.by allowing controlled flow of freshwater 6ver the beach.
Experimental transplanting of sedges and algae could accompany this
work. Benthic invertebrates from intacf akeas would probably soon
colonize fhe improved habitat, but it might be necessary to introduce

“parent" populations of benthos.
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Table 1: Location and environmental data for ION transect, seaward of

Iona Island.

Station

Date (1973)

Time (PST)

Position N. lat.
W. long.

Quadrat Size (mz)

Elevation (m, 0.D.)

Grain size (visual)

Silt/sand ratio

Temperature

(sediment surface, °C)

Remarks

ION 1

July 27

1200

49°13.13
123°%12.79

.06
3.34
sand
N/A
26.2

~Ulva
fragments
abundant

ION 2

July 27 -

1155
49°13.13
123%12.95
.06
2.74
silt-sand
N/A
26.0

ION 3

July 27
1148

49°13.10

123%13.10

.06
2.13
silt
N/A
25.2

-Ulva
thaltli
,abundant



Table 1: Biomass (wet wt. g m'z), number of individuals (number m

..2)

and species composition from ION transect, seaward of Iona

Island. See Table 12 for classification of organisms

Station ION 1 ION 2 ION 3
Date (1973) July 27 July 27 July 27.
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

g m‘z m-z g m-z m-2 g m'z m"2'
Nemertea -- -- -- -- - -
Eteone 0.154 128 -- -- 0.150 48
Nereis 0.794 256 -- -- 0.074 16
Seoloplos -- -- -- .- - -
Paracntis ~= -- -- - - -
Polydora 1. -- -- -- -- 0.002 16
Polydora K. 0.166 384 0.307 1280 0.648 1296
Pygospio -- -- -~ -- 0.030 48
Capitella $p.l -- -- 0.102 512 . 0.008 16
Amphicteis 1.344 2816 2.995 11264 0.187 448
Manayunkia 1.715 10240 30.720 223488 0.326 3120
Polychaeta dam. ~- - -- - - -
Oligochaeta 23.578 127744 4.864 33280 - --
Corophium sal - -- - - - --
Corophium -- - -- -- -- -
Corophium juv. -- - -- - - —
Corophium dam. -- -- -- -- 0.003 16
Calliopius -- -- - -- - -
Anisogammarus juv. -- -- -- -- 0.005 16
Anisagammarus con.0.781 128 -~ -- - -
Paraphoxus -- -- -- - -- -
Cumella -- -- - - - -
Gnorimosphaeroma -- -- -- - - _—
Mysid juv. - -- - -- - -
Y. ensifera - - — — - .
Macoma -- -- 12.979 256 0.102 336
TOTAL 28.532 141696 51.967 659968 1.535 5376



'Tableli
’ Iona Island.

Stattan

- Date (1973)

Time (381)

Position N. lat.

. ~ W. long.

*’Quadrat S1ze (m )
Elevation (m, 0.D.)

f;GFain si:é (visual) '

ZfS1It/sand ratio
'VTemperature

(sediment surface, °C)

Remarks

ION 4
July 27
143
49°13.13

123%13.28

.06
2.3

silt

N/A

23.0,

Ulva
thalli
abundant

~ION 5

July 27

1138
49°13.13
123°13.42
.06
2.13
silt
N/A
24.1

Locat1on and env1ronmenta1 data for ION transect. seaward of

ION 6
July 27
1134
49%13.11
123013,62
06
1.52
si]t—saﬁd
N/A
25.4°

Patches
of silt
among
‘sand



Table 1: Biomass (wet wt. g m'z),~number of individuals (number.m'z)
and species composition from ION transect, seaward of Iona
Island. See Table 12 for classification of organisms

Station ION 4 ION 5 ION 6
Date (1973) July 27 July 27 Ju]y 27
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
g m'z m-Z g m-z m"2 g m-2 m-z
Némertea -- -- 0.138 64 _— -
Eteone 0.064 128 0.120 48 0.108 - 48
Nereis 0.128 128 - - - -
Seoloplos -- -- -- - - -
Paraonis - - - - - -
Polydora 1. 0.243 128 - - - -
Polydora k. 2.214 5888 1.003 2896 1.288 - 2912
Pygospio 0.832 3712 0.035 320 0.022 128
Capitella Sp.l - -- 0.008 48 0.016 32
Amphicteis 2.086 3456 0.280 1008 0.099. 16
Manayunkia 11.866 90240 0.098 1328 - -

Polychaeta dam. -

Oligochaeta 1.178 10112 0.480 3984  0.054 784

Corophiwm sal -- -- -- -- - -
Corophivm -- - .- -~ 0.03 32
Corophiwm juv. -- -- -- -- -- =
Corophiwm dam. -- -- -- -- -- -
Callioptus -- -- - -- -- --
Anisogammarus juv. -- -- -- -- - -
Anisaganmarus COn. -- - - - - -
Paraphoxus - -- - -- - -

Cumella -- - - - - -
Gnorimosphaeroma  -- -- -- -- - -

Mysid juv. - - -- - -- --

Y. ensifera 0.102 128 0.235 16 0.138 16
Macoma 18.112 3712 12.341 1408 5.731 1200

TOTAL 36.825 117632 14.738 11120 7.491 5168



Table 1:
a - Iona Is]and

Station
Date (1973)
* Time (PST)
Po§ition N. lat.

ﬂ. long.
Quadrat Sizé (mz)
E]evat1on (m, 0.D.)
;TGra1n size (v1sua1):
l}S11t/sand_rat1o
;Temperafure‘

- (sediment surface, °C)

'Remarks

ION 7
Jduly 27

1128

49°13.10

123%13.80

.06
1.52
| Ssilt
N/A
25.8

-patches
of silt
among
sand

ION 8

July 27
1125
49°13.10
123%14.00
.06
1.52
silt
N/A
26.2

Location and env1ronmenta1 data for ION transect, seaward of

ION 9
July 27
1115
49°13.11
123%14.15
06



. Table 1: Biomass (wet wt: g-m’z),‘number of individuaIS»(number‘m'z)
and species composition from ION transect, seaward of Iona
Island. See Table 12 for classification of organisms

Station CION7 ION 8 ION 9
Date. (1973) - July 27 July 27 July 27
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
gm?2 g2 gm2 m2 gmZ m~?
Nemertea' R - -— - — -
Eteone 0.085 48 0.190 128 0.234 160
Nereis ~- - - - - -
Scoloplos -- -- 0.008 6 -- -
Paraonis -- - 0.003 48 0.002 - 32
Polydora 1. o= -- - -- - -
Polydora k. 0.248 592 0.379 1696 0.424 1200
Pygospio 0.003 16 0.005 64 0.003 48
Capitella sD.1 -~ -- -- -- - .-
Amphicteis 0.085 64 0.021 32 -- -
Manayunkia - - -— - - R
Polychaeta dam.  -- -~ -- - | - -
0ligochaeta 0.016 48 0.029 80 0.021 . 160
Corophium sal.  -- -- 0.034 32 -- -
Corophium - -- -- - - -
Corophium juv. - -- -- -- - .e
Corophium dam. -- - -- -- -- --
Calliopius -- - -- - S— -
Antsogammarus juv. -- -- - 0.005 16 - -
Anisagammarus CON. =~ -- -- -- -- --
Paraphoxus -- -- -- -- -- ,—
Cumella -- -- -- -- - -
Gnorimosphaeroma -- -- 0.034 16 - -
Mysid juv. - -- - - - -
Y. ensifera 0.379 80 0.262 64  0.099 32
Macoma 4.368 3088 4.219 2976 6.963 1936

TOTAL 5.184 3936 5.189 5168 7.746 3568



Tab]e 1: :Location and env1ronmenta] data for ION transect, seaward of}

Iona Is]and

Stétién

‘Date (1973)

. Time (PST) -

Posi%ionyiN;'1at.
W. long.

‘Quadrat Size (mz)

‘Elevation (m, 0.D.)

Grain size (visual)

'Silt/sand ratio

Temperature

" (sediment surface, °C)

‘Remarks

ION 10

July 27

1107
49%13.12
123%14.30
.06
1.52
silt
N/A

24.9

~ ION 10R
July 27
1107
49°13.12
123%14.30
.06
1.52
silt-sand
N/A
24.9

-replicate

adjacent
(v5 m)
to ION 10
station

TON 11
July 27
1100
49°13.16
123°14.45
.06
1.52
siTt-sandi
N/A
25.4

-patches =
of ‘
silt
among
sand



~.Table 1: Biomass (wet wt. g mfz), number of individuals (number m'z)
and species composition from ION transect, seaward of Iona

*replicate adjacent { ~ 5 m) to Station ION 10.

Island. See Table 12 for classification of organisms
Station ION 10 ION 10R* ION 11
Date: (1973) July 27 July 27 July 27
Taxa Biomass No.Ind.  Biomass No.Ind. Biomass No.Ind.
- gm2 g2 gm?2 g2 gm? m2
Nemertea -- -- 0.010 16 ’ 0.032 32
Eteone 0.147 64 0.083 32 0.046 16
Nereis -= -- - -— - e
Seoloplos 0.008 16 0.008 16 -- -
Paraonis 0.010 64 0.016 272 -- --
Polydora 1. -= -~ -- -- - -
Polydora k. 0.053 48 0.093 304 -- --
gospio 0.015 48 0.004 16 - -
Capitella sp.I  0.008 16 0.008 16 - -
Amphicteis 0.085 16 -- - - -
Manayunkia -- -- 0.002 32 - --
Polychaeta dam. -- - -- -- - -
O0ligochaeta 0.007 96 0.003 368 0.002 32
- Corophium sal. -~ -- -- - - _—
* - Corophium -- -- -- - -- --
Corophium juv. -- -- -- -- -- --
Corophium dam. -- -- -- .- -- --
Calliopius -- -- -- -- -- -
Anisogammarus juv.0.062 64 -- -- 0.003 16
Anisagammarus con.0.550 192 -- -- - -
Paraphozus -- -- -- -- 0.062 16
Cumella 0.022 64 0.019 32 0.011 48
Gnorimosphaeroma  -- - -- -- -- -
Mysid juv. -- -- -- -- -- -
Y. ensifera 0.250 80 0.158 16 -- -
Macoma .435 1392 3.483 928 2.728 576
TOTAL 7.652 2160 3.918 2048 2,884 736



‘Iabﬂe{j;'jtohaffbh énd,éBVirdﬁMCﬁtal‘détarfo%.ION1trahsect, seaward of

. .- Iona Island.

étation

~ Date (1973)

" Tine (psT)

Position N,)]at.
N5 long.

Quadrat Size (mz) ,

Elevation (m, 0.D.)

Grain size (visual)

.Silt/sand ratio

Temperature

" (sediment surface, °C)

“Remarks

ION 12

July 27
1058

- 49°13.09

123°14.75
.06
0.91
sand
N/A

24.1

-ripples
ca. 3 cm
amplitude

ION 13
July 27
1047
49°13.23
123°14.72
.06
0.91
sand
N/A

23.0

-ripples
ca. 5 cm
amplitude

0N 14
July 27
1041
49°13.30
123°14.91
.06
0.91 -
sand
N/A

22.0

-rioples
ca. 5 cm
amplitude



- Table 1: Biomass (wet wt. g m'z), number of individuals (number m'z)
and species composition from ION transect, seaward of Iona

Island. See Table 12 for classification of organisms

Station ION 12 ION 13 ION 14
Date (1973) July 27 July 27 July .27
Taxa Biomass No.Ind. Biomass No.Ind. Biomass' No.Ind.

g m-2 m-2 g m-2 m-2 g m-2 m'?
Nemertea 0.024 16 -- .- - -
Eteone 1.251 32 0.083 16 - .-
Nereis -- -- - -- - -
Seoloplos 0.008 16 0.008 16 -- -
Paraonis -- -- -- - - -
Polydora 1. -- -- -- - - -
Polydora K. -- - - - - .
Pygosptio 0.030 48 -- - - -
Capitella sp.l - -- - - - -
Amphicteis -- -- -- .- - --
Manayunkia -- -- -- .- - -
Polychaeta dam. -- -- -- -- -- --
Oligochaeta == -- -- - 0.085 1616
Corophium sal. -- -- -- -- - -
Corophium -- -- -~ - .- -
Corophium juv. 0.013 16 -- - -- -
Corophium dam. -- -- -- -- - -
Calliopius 0.019 16 -- - - -
Anisogammarue juv.0.510 1392 -- -- —— -
Anisagammarus con.0.397 144 -- -- - -
Paraphoxus 0.019 16 0.069 64 0.102 112
Cumella 0.027 80 0.016 32 0.010 16
Gnorimosphaeroma 0.030 16 - -- - -
Mysid juv. 0.030 16 - -- -— -
Y. ensifera 0.051 32 -- - - -
Macoma 1.462 304 2.322 832 2.392 544
TOTAL 2.745 2144 2.498 960 2.589 2288



‘Table 1:  Location-and environmental

Iona Island.

Station

Date (1973)

Time (PST) -

Position N. lat.
W. Tong.

Quadrat Size (mz)

E]evatiohn(m, 0.D.)

Grain size (visual)

Silt/sand ratio

Temperature

(sediment surface, °C)

Remarks

BORE
July 27
1135
49°13.33
123%15.12
.06
0.91
sand
N/A
22.9

-rippies
ca. 5 cm
amplitude

data for ION transect, seaward of

ION 16
July 27
1130
49°13.32
123°15.29
.06
0.60

sand

N/A

-ripples
ca. 5 cm
amplitude



Table 1: Biomass (wet wt. g m’z), number of individuals (number m'z)
and species composition from ION transect, seaward of Iona
Island. See Table 12 for classification cof organisms

Station ~ ION 15 ION 16
Date (1973) July 27 July 27

Taxa = Biomass No.Ind. Biomass No.Ind.
gmZ m2 gm2 g2

Nemertea - -- - -

Eteone 0.083 16 -- _-—
Nereis -- - -— -
Scoloplos -- -- -- --
Paraoris -- -- - --
Polydora 1. -- -- - -
Polydopa k. 0.025 16 - -
Pygospio --
Capitella sp.l -

Amphictets 0.122 80 - -
Manayunkia -- -- -- L e
Polychaeta dam. -- T - - S

0ligochaeta 0.160 3200 0.181 1568

s+ corophium sal. —. s - --

IS

‘Corophivm Coms T - -- --
Coropkium juv. -~ ~-= -- -- ==
Corophtum dam. - - -- -
Calliopius - - - ==
Anisogammarus juv. -- -- -- --
Anisagammarus con0.075 16 0.046 32
Paraphoxus 0.264 80 0.085 48

Cumella 0.030 96 - -
Gnorimosphaeroma -~ -- -~ .-

Mysid juv. -- -~ -- --

Y. ensifera -- -- --
Macoma 4.274 656 1.886 528

TOTAL 5.033 4160 2.198 2176



- Table 2:
cE o seaward of Sea Is]and

Station STUR 1
Date (1973) . June 2
Time (PST) - . . . 1043,
Position N. lat. 49°12.03
W. long. 123°12.21
Quadrat Size (m2) .06 .
Elevation (m, 0.D.) | 2.70
Grain size (u m, median) 9
Silt/sand ratio 4.000
Temperature 16.1
(sediment surface °C)
Remarks - - mud

. STUR 2
Jgne 2
.1050.

49°12.02
123°12.91

.06
2.70
20

49.000

16.0

mud

-Location and environmental data for STUR transect

STUR 3
June 2
1000

49°12.03
123°13.11

.06
2.12

86
0.785

16.1

cmud

- seaward edge - reduced layer _plantvfragments
~of marsh :

ca.

becm be~
neath surface

in sediment -



Table 2: Biomass (wet;wt,_g,m'z), number of individuals (number m'Z),
‘ and species composition from STUR transect, seaward of Sea

Island. See Table 12 for classification of organisms,

Station . -STUR 1 STUR 2 STUR 3
Date (1973) June 2 June 2 June 2
Taxa | ~ Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

o g m~2 m” g m=2 m=2 gm m™
Insect larvae 1.382 1024 - -- - -
Turbellaria -- -- -- -- 0.010 160
Nemertea -- -- -- - - -
Dendrostoma -- -- -- -- 0.016 160.
Eteone -- -—- -- -- -- -
Nereis -- -- -- - 0.384 160"
Paraonis -- -- - -- - -
Pygospio 0.005 128 0.080 320 -- -
Polydora <. -- -- -- -- - --
Polydora k. -- -- -- - - -
Capitella sp.l -- -- -- - -- -
Amphicteis 0.230 128 16.704 9280 - Cea
Manayunkia 18.394 75392 47.488 151360 68.848 221440
Polychaeta dam. 2.598 12800 4.800 48000 - -
Oligochaeta 23.170 91264 42.030 172160 - -
Corophium sal. -- - 11.744 14720 8.608 10.720
Corophium juv. == - 0.416 4160 3.744 37440
Corophium dam. -= - 0.256 1280 0.224 1120
Anisogammarus con. " -- - -- 0.864 160
Anisogammarus juv. "~ -- 0.896 960 - -
Paraphozus -- -- -- -- - -
Pontogeneia -- -- -- - - -
Cumella -- -- - - - -
Tanais -- -- 0.128 640  0.016 260
Yoldia -- -- -- - - _—
Macoma - - -- - - --
TOTAL 45.779 180736 120.222 402800  82.724 274060



- Table2 (¢ont'd) Location and environmental data for STUR transect,
R n seaward of Sea Island.

Station o STUR 4 STUR 5 STUR 6

Ddfe (1973) | June 2 June 2 June 2
”J, T1me:'(P$T) S 1 [ I 1018
f"Posiéién‘ N. lat. 49°12.1o : 49°12.11 49°12.01

W. Tong. 123°13.31 123°13.52  123°13.62

Quadrat Size (m%) .06 .06 .06

Elevation (m, 0.D.) 2.12 2.12 2.12

Grain size (u m, median) 125 64 96 J

Silt/sand ratio 0.149 1.325 d.639

Temperature 15.3 15.1 15.2

(sediment surface,®C)

Remarks -mud-sand - mud - mud



- Table 2: Bjomass (wet wt. g,m’?),,numbgr of individuals (number m-2),
‘7 ‘and species composition from STUR transect, seaward of Sea

Istand. See Table 12 for classification of organisms.

Station - “STUR 4 STUR & STUR 6
Date: (1973) June 2 June 2 June 2
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

B g m2 m-2 g m‘z m” gm m”
Insect larvae -- -- - -- - -
Turbellaria -- - 0.030 320 - --
Nemerfea -- -~ -- - - -
Dendrostoma 0.371 64 -- - - -
Eteone 0.141 64 - - - .
Nereis -- -- - -- 0.560 160
Paraonis -- -- - - - -
Pygospio -- -- -- -- 0.160 320
Polydora t. -- -- -- - - .-
Polydora k. 0.045 128 3.840 7680 -- --
Capitella sp.l -- -- -- - - -
Amphicteis .230 128 0.576 320 -- -
Manayunkia 53.837 172288 88.992 296640 18.480 85440
Polychaeta dam. -- -~ -- - -- --
Oiigochaeta 0.781 13055 3.210 30400 0.544 2240
Corophium eal. 0.218 420 2.880 2880 0.512 640
Corophium juv. 1.107 11072 1.408 14080 1.472 14720
Corophium dam.  0.166 832 -- -- 0.096 480
Anisogammarue con. -- -- - - - -
Anisogammarus juv. -- -- -- -- - --
Paraphoxus -- -- -- - - -
Pontogeneia -- -~ -- - - --
Cumella -~ - -- - -- --
Tanais 0.013 64 -- -- 0.416 2240
Yoldia -- -~ -- -- -- --
Macoma 2.342 192 2.579 1280  10.720 640
TOTAL 59.255 198976 103.526 356480 32,960 106880



Station STUR 7
-Date o June 2
I o I [
Position N. lat.: 149°12.00
W. long. 123°13.82
Quadrat Size (m°) .06
Elevation (m, 0.D.) 2.12
Grain size (u m, median) 40
$i1t/ sand ratio 1.564
Temperature 15.2

" (sediment surface,°C)

Remarks : -mud

STUR 8
- June 2
1035

49°11.91
123°14.03

.06
1.51
145
0.061
15.0

-mud-sand

| Loéétioh;ahq environmental data for STUR transect

STUR 9 ~
June 2
1045

49°11.94
123°14.21

.06
1.51
160
0.041
19.8

~mud-sand



Table 2: Biomass (wet wt. g m‘z), number of individuals (number m-2),
and species composition from STUR transect, seaward of Sea
Island. See Table 12 for classification of organisms.

Station “STUR 7 STUR 8 STUR 9

Date (1973) June 2 . June 2 June 21

Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

g m-2 m-2 g m=2 m=2 g m-2 m

Insect larvae -- -- -- - - -
Turbellaria — - - - -— ' -

Nemertea 0.140 048 - - 1080 _ 80
Dendrost;om - - - - - ' -

Eteone -- -- 0.214 128 0.320 80
Nereis -= -- - -- -- -
Paraonie -- - - -- L -- --
Pygospio -- T - - - - --
Polydora . ‘
Polydora k.

Capitella sp.l
Amphicteis

Manayunkia

Polychaeta dam.

oO—~0O o
o
(8]
oo
w
nNo
o
o1
N Y
((e]
—
()]
1
1
)

1

Oligochaeta

Corophium sal.
Corophium juv.
Corophiwm dam. :
Anigogammarus con. «- -- - - - -
Anisogammarus juv. -~- -— - - -— -
Paraphoxus -~ -- - - -- --
Pontogeneia -- -- - - - -

o —0O o
00~
N 0O
—
-—
o0
NN O
[ Noo]
o0 00

OO0
(8]
N
(o)
(53]
N
()]
S
-—
N

P —
(o))
R
N
—
()]
o

Cumella -- -- “- -- 0.024 80
Tanais 0.006 32 - .- — -
Yoldia - -~ - -- - -
Macoma 3.933 384 13.45] 976  52.768 2000
TOTAL 8.270 25552  15.310 8044  60.509 21120



- Position N. lat..

~ Table 2 : (Cont'd)

*Station
~Date (1973)
Time"’(PST) ‘

_ W. long.
Quadrat Size (m2)
Elevation (m, 0.D.)
Grafﬁ size (u m, median)
Silt/sand ratio
Tempeféture |

(sediment surface,°C)

Remarks

STUR 10
June 2

1050

- 48°11.94 -

123°14. 30
.06

1.51

150
0.123

15.3

-sand

STUR 11
-June 2
1100

49°11.94

123°14.40

.06
-1.51
145
0.041
14.8

-sand

L0catidn‘andAenvjronmental data for STUR transect

STUR 12
June 2
1105

49°11.88
123°14.71

.06
0.91
180
0.023
13.0

-sand



Table 2: Biomass (wet wt. g m‘z), number of individuals (number m-2),
and species composition from STUR transect, seaward of Sea
Island. See Table 12 for classification of organisms.

Station STUR 10 STUR 11 STUR 12
Date (1973) June 2 June 2 June 2
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
E g m‘z m-z . g m-z m-z g : m"'z m‘
Insect larvae -- - - -- -- e
Turbellaria -- -- -- - -- --
Nemertea -- - 0.301 128 0.218 32
Dendrostoma -- -- - -- = A
Eteone 0.342 320 0.198 160 0.174 376
Nerets 0.224 32 - - -- -
Paraonis -- -- 0.032 . 320 0.051 512
Pygospio 0.176 - 352 0.016 32 - -
Polydora <. 0.016 32 -- - -- -
Polydora k. 0.128 256 S == -- .- --
Capitella sp.I  0.240 388 -- -- .- -
Amphictetis == -- -- -- - -
Manayunkia 0.029 96 -~ .- -- -
Polychaeta dam. -- -- == == - 7T
Oligochaeta -- -- -- - 0.016 256
Corophium sal. 3.741 4576 1.014 1168 0.103 228
Corophium juy.  0.569 5888 0.046 464 0.011 12
Corophium dam. 0.102 512 0.026 128 -- --
Anisogammarus con. -- -- 0.042 16 -- --
Anisogammarus juv.0.013 32 -~ -- -- --
Paraphoxus -- -- 0.010 16 -- --
Pontogeneia -- -- -- -- 0.056 16
Cumella 0.106 640 0.008 32 0.013 32
Tanate - . -- -- - -- -
Yoldia -- -- -- .- 0.086 16
Macoma 21.898 2240 14.074 2448 9.886 3552

TOTAL 27.604 15364 15.767 4912 10.614 4832



Table 2 (cont'd) ' Location and environmental data for STUR transect

~ Station STUR 13 STUR 14 STUR 15
- Date (1973) : June 2 June 2 June 2
Time (PST) 120 1125 1135
~ Position N. Tlat. 49°12.00 49°11.98 49°11.97
W. long. 123°14.90 123°15.10  123°15.31
Quadrat Size (m?) .06 .06 .06
Elevation (m, 0.D.) 0.91 0.30 ' 0.30
Grain size (u m, median) 170 325 315
Silt/sand ratio - 0.075 0.010 0.010

Temperature 19.4 13.8 13.9
(sediment surface,°C) ,

Remarks -sand -sand ~-sand
ripples "~ ripples
~ 3 cm high ~ 3 cm high



Table 2: Biomass

(wet wt. g m'z), number of individuals (number m-Z),

and species composition from STUR transect, seaward of Sea

Island. See Table 12 for classif‘ication of organisms.
Station STUR 13 STUR 14 STUR 15
~Date (1973) June 2 June 2 June 2
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

Insect 1 afvae
Turbellaria
Nemeftéa
Dendrogtoma

Eteone

Nereis
Paraonis
Pygospio
Polydora <.
Polydora k.
Capitella sp.l
Amphicteis
Manayunkia
Polychaeta dam.

Oligochaeta

Corophium eal.
Corophium juv.
Corophium dam.
Anisogammarus con.
Anisogammarus juv.
Paraphoxus
Pontogeneia

. Cumella.
Tanais
Yolidia

Macoma

| m=2 m~ g m=2 m” gm m”

- - - - 0.067 32
10.008 48 0.090 64  0.102 32
0.003 32 -- -- -- -
0.040 180 -- -- 0.016 32
0.001 16 - - - .-
0.008 16 -- -- -- -

-- -- 0.080 33  0.115 480
0.091 112 -- -- " -
0.003 32 -- -- -- --

-- -- -- -- 0.090 64
0.006 32 -- -- - --
4.344 2192 2.624 832 4.362 1024
4.505 2560 2.794 1232 4.752 1664

TOTAL



. Table 2 (cont'd) Location and environmental data for STUR transect

Station - STIR 16 STUR 17 STUR 18
Date (1973) . June 2 June 2 June 2

. Time (pST) 1230 1225 1220

7 Pposition N. Tat. 49°11.71 49°11.83  49°11.84

W. long. 123°15.53 123°15.70 123°15,92 »

Quadrat Size (mz) .06 .06 - .06 \‘
Elevation (m, 0.D.) 0.30 0.30 0.30
Grain size (u m, median) 280 355 1365
Silt/sand ratio 0.020 0.015 - 0.005
Temperature N/A N/A N/A

(sediment surface,°C)

Remarks -sand -sand ~-sand
‘ ripples - ripples ripples
~ 3 cm high ~ 4 cm high ~ 4 cm high



Table 2: Biomass (wet wt. g m‘z), number of individuals (number m'2), .
S and species composition from STUR transect, seaward of Sea
Island. See Table 12 for classification of organisms.

Station STUR 16 STUR 17 . STUR 18

Date (1973) June 2 June 2 June 2
Taxa Biomass No.Ind. Bifomass No.Ind. Biomass’ No.Ind.
g w2 m-2 0 m=2 m-2 g m-2 m

Insect larvae - -- -- - -- -
Turbellaria - - - -- -— ;f '
Nemertea - - - - - v
Dendrostoma - -- ~- S e T -

Etem _ - - - - — P
. Nereis -- -— - - _— _—
Paraonis - -- -- R— -
Pygoepio -- .- - - --
Polydora <. -- -- - -— -
Polydora k. - -- -- - - -
Capitella sp.l == -- -~ - - -
Amphicteis -- -- -- .- - -
Manayunkia == -
Polychaeta dam. 0.320 3200 - - -—- --

Oligochaeta R - 0.056 400 — - a-

Corophium sal. - -- -- -- - -
Corophium juv. -- -- -- -- - —
Corophium dam. -- -- -- -- -- -
Anisogammarue con. -- - -

Anigogammarus juv. -- -- 0.008 80
Paraphozus 0.288 160 -
Pontogeneta -- -- - - - -

Cumella -- - -- - - -
Tanais -- -- -- - - e
Yoldia -- - -- - - | ‘-
Macoma 22.800 3680 5.384 480 -- -
TOTAL 23.408 7040 5.448 960 0.864 320



i fébfeﬁ?_(boﬁf}d)ﬁ;Lotatiéﬁiéﬁd environmental data fdk STUR transect

~ “Station . STUR 19 STUR 20
Date (1973) : June 2 June 2
Time (PST) . - - 145 1210

% position N. lat. 49°11.88 49°11.65

W. long. 123°16.21 123°16.40
Quadrat Size (m2) .06 .06
Elevation {m, 0.D.) 0.30 0.30
Grain size (u m, median) 220 320
Silt/sand ratio 0.017 0.017
Temperature _ 14.0 15.3
(sediment surface,®°C)
Remarks -Jdelly-like -Jdelly-like
sand sand
~-ripples -ripples

~ 5 cm high ~ 5 cm high
-sewage debris
nearby



Table 2: Biomass (wet wt. g m'z), number of individuals (number»m"z).
and species composition from STUR transect, seaward of Sea.
Island. See Table 12 for classification of organisms.

Station STUR 19 STUR 20
Date (1973) June 2 June 2

Taxa Biomass No.Ind. Biomass No.Ind.
g m-2 m~2 g w2 m

Insect larvae -- - - D e
Turbellaria - -- - -
Nemertea - - - L.
Dendrostoma -- - - --

Eteone ' 0.026 16 0.056 80
Nereis - -- - --
Paraonis -- == - --
Pygospio - -- -
Polydora t. -- -- -- --
Polydora k. -- -- -~ --
Capitella sp.l -- -- -- --
Amphictets - -- -- --
Manayunkia -- - -- --
Polychaeta dam. - - -- --

Oligochaeta 0.061 256 -- -

Corophium sal. -- -- - --
Corophium juv. == -- -- --
Corophium dam. -= == == -=
Anisogammarus con.0.203 16 -- -
Anisogammarus juv. -- - - -
Paraphoxus 0.086 48 - --
- Pontogeneia -

Cumella - - - -
Tanais - -- - -
Yoldia -- - - -
Macoma 0.704 704 2.760 640
TOTAL 1.170 1040 2.816 720



Téb]é;3; Location and environmental data from NLU transect,
.. seaward of the north tip of Lulu Island.

Station NLU 1 | NLU 2
Date (1973) Oct. 7 Oct. 7
Time (PST) 0830 - 0815
Position N. lat. 49°10.38 49°10.40
W. long. 123°12.20 123°13.08
Quadrat Size (m2) .06 .06
- Elevation (m, 0.D.) 2.13 2.13
Grain size (u m, median) 22 55
Silt/sand ratio - 14.384 1.272
Temperature N/A N/A

(sediment surface,°C)

Remarks -mud -mud
-among marsh -ripples with
plants infauna tubes

~infaunal tubes -seaward edge
present of marsh



Table 3: Biomass (wet wt. g m'z)and number (m~2) and species compos1t1on
from NLU transect seaward of the north tip of Lu]u Island. See
Table 12 for classification of organisms.

Station “NLU 1 NLU 2 o ast!
Date (1973)  Oct. 7 Oct. 7 Oct. 7

v B1omass No.Ind B{omass No.Ind. .B1omass No.I d
Taxa gm E g m2 m=2 gm a
Nemertea T 0.502 32 0.851 64 - L
Eteone - - 1.504 384 0.016 16
Nereis 3.402 800 3.955 640 0.597 128
Paraontis - - - - - ‘ -
Pygospio - - - - - -
Polydora dam. - - - - -
Amphicteis 0.416 224 1.517 1664 2.026 .768 :
Manayunkia 0.995 12608 5.286 39104 0.307 2160
Polychaeta dam. - - - - - - '
O0ligochaeta 0.090 352 0.122 128 ' 0.132 ~ 256
Corophium sal. 3.839 2912 1.152 1280 0.166 ~ 160

" Corophium Juv. 0.637 - 1824 1.280 ~ 3200 - 0.070 ~ 192
Corophium dam. 0.435 320 0.237 384 - 0.016 48
Eohaustorius - - - - ' -

 Paraphoxus. =~ - - - - - -
Cumella - - - - - -
Macoma nasuta. - - - - - - -
Macoma Sp. 2.656 128 3.319 1045 46.784 1056
TOTAL 12.972 19200 19.223 47893 50.134"-4784

]Rep1icate at Station NLU 2: sample from 2 to 5 cm in sediments. |



‘{iTablé'!3E Location and environmental data for NLU transect.

Station
. Date .(1973)

“ Time (PST) -

Position N. lat.

W. leng.

Quadrat Size (mz)

Elevation (m, 0.D.)

. Grain size (u m; median)

Silt/sand ratio

Temperature

. (sediment surface

Remarks

- muddy

NLU 3
Oct. 7
0752

49°10.32
123°13.41

.06
2.13
89

0.652

N/A.

-mya arenaria
observed

sand

NLU 4
Oct. 7
0745

49°10.39
123°13.80

.06
1.52

132
0.063
N/A

- sand, trace of
mud

- infauna tubes.



Table 3: Biomass (wet wt. g mfz)and number (m 2) and species composition
“from NLU transect seaward of the north tip of Lulu Island. See
Table 12 for classification of organisms.

1

Station NLU 3 | NLU 3SL NLU 4
Date ‘. Oct. 7 Oct. 7 - Oct. 7
Taxa Biomass No.Igd. Biomgss No.}gd. BingssANo.}Ed.
g m- m- g m- m gm m

Nemertea : - o o- 0.352 32 0.193 48
Eteone 0.141 128 0.010 ~ 32 0.085 ~ 96
Nereis 1.926 960 0.634 256 - 0.250 - 112
Paraonis - - - - - -
Pygospio - - 0.003 32 0.032 64
Polydora dam. - - 0.010 96 ~ 0.001 © 16
Amphicteis 4.371 6720 3.472 2464 0.195 144
Manayunkia 0.320 4992 0.032 192 - -
Polychaeta dam. _ - - - - - -

~ Oligochaeta | - - - - 0.001 . 16
Corophium eal. 0.653 768 0.032 32  .0.009 32
Corophium Juv. 0.525 - 1792 0.032 128 0.022 64
Corophium dam. 0.211 384 0.128 160 0.019 32
Eohaustorius - - - - = e -
Paraphoxusg - - - - .0.011" - 16
Cumella - - - - 0.019 64
Macoma rasuta - - 3.322 480 -0.669 640.
Macoma sp. 11.930 5056 52.160 1600 0.875 1888

12,311 3232

TOTAL 20.077 20800 60.187 5504



";"7;{T§bjef3]?‘ Location and environmental data for NLU transect

Station
Date . (1973)
©Time (PST)

Position N. lat.

= W. long.
Quadfat Size (mz)
E]éyapfpn (m, 0.D.)
‘Gra{n size (p‘m;‘medién)
Silt/sénd ratio

Temperature

*.{sediment surface,°C)

Remarks

NLU 5
Oct. 7
0740
49°10.34
123°14.15
.06
1.83
230

silt absent

N/A

-sand, with
ripples

NLU 6
Oct. 7
0730

49°10.31
123°14.50

.06
1.22
230
silt absent

N/A

- sand, with.
ripples



Table 3: Blomass (wet wt. g m'z)and number (m”2), and spec1es compos1t1on
“from NLU transect seaward of the north tip of Lu]u Island, See
Table 12 for classification of organisms.

Station NLU 5 - NLU 6

Date '(1963)  Oct. 7 Oct. 7
_ Biomassto.ind. Biomass No;Ind.  -

Taxa. .- gm? g2 gm?®  mw
Nemertea - - - -
Eteone - 0.030 16 - -
Nereis - - - -
Paraonts - - -~ 0.056 32
Pygospio - - - -
Polydora dam. - - - -
Amphicteis - - . - -
Manayunkia - - - -
Polychaeta dam. - - 0.001 16
\Oligbchaeta - - - -

Corophium sal.

Corophium Jjuv. - - - -
Corophium dam. - - - -
Eohaustorius - - 0.046 48
‘5Puraphoxus 0.326 48 - 0.125 112
cg,CumeZZa ] -A_ - - -
Macoria nasuta - - 0.122 80
Macoma SP. : 0.542 544 0.238 432

TOTAL 0.898 608 0.588 720

L]



Station SLU 1
Date (1973) Oct.8
Time (PST) 0920 .
Position N. lat. 49° 8.29
W. Tong. 123°12.78
Quadrat Size (m?) .06
Elevation (m, 0.D.) 2.13
Grain size (u m, median) 36
Silt/sand ratio 5.666
Temperature 11.0
(sediment surface,°C)
Remarks B E -mud

-infauna tubes
-50 m seaward
of marsh

SLU 2
. 0Oct.8

0905

49° 8.27

123713.29

.06

1.52

190

0.003

-sand,
with
ripples

. 'Table % Location and environmental data for SLU transect,
seaward of the south.tip of Lulu Island

SLU 3

Oct.8

0952
49° 8.23

123°13.61

.06
;2;13
159

- 0.021

11,2

.'-sand,,tvace.

of mud.
-few infauna -

_ tubes



Table 4: Biomass (set wt. g m'z), number of individuals (number m'z)
and species composition from SLU transect, seaward of the south
tip of Lulu Island. See Table 12 for classification of organ-

isms. _
Station SLU 1 SLU 2 SLU 3
Date 1973 Oct. 8 Oct. 8 Oct. 8
Taxa | : Biomass No. Ind. Biomass No. Ind. Biomass No. Ind.
-2 -2 -2 =2 -2 -2
gm m gm m gm m
Insect larvae - - - - - -
Nemertea - - - - - -
E teone 0.7198 192 0.178 48 0.067 48
Nereis 1.402 448 - - - -
Nereidae juv. - - 0.099 48 0.040 -
Paraonis - - 0.018 16 - -
Pygoepio 0.851 2880 - - - -
Polydora dam. 0.397 256 - - - -
Capi tella 0.090 512 - - - -
Amphic teis 2.912 3968 - - - -
Manayunkia 1.818 27328 - - - _
0ligochaeta 0.026 256 - - - -
Comphiwn sal 0.026 128 - - - -
Corophium Juv 0.467 2048 - - - -
Anisogammarug juv. - - - - - -
Gammarid dam. - - . 0.006 16 - -
Eohaus torius - - - - - -
Paraphoxus - - 0.102 64 0.078 48
Lamprope - - - - - -
Cumella 0.006 64 - - 0.006 32
Neomysis - - - - - -
Gnorimosphaeroma - - - - - -
Macoma nasuta 0.192 512 - - - -
Macoma SPp. 11.360 2816 0.528 608 0.334 1152

TOTAL 19.745 41408 0.931 800 0.636 1360



Table 4:

Station
Date (1973)
Time (PST)

Position N. lat.
W. long.

Quadrat Size (m2)

Elevation (m, 0.D.)

Grain size (u m, median)

Silt/sand ratio

Temperature

SLU 4
Oct.8
0935

49° 8.24
123°14.01

.06
1.52
199
0.001
11.1

(sediment surface,°C)

Remarks

-sand,
trace of
mud

-ripples

SLU 5
0ct.8
0805

49° 8.25
123°14.58

.06
0.91
210
0.001
9.9

-sand,
rippled

Location and environmental dapa;for SLU transect

SLU 6
0ct.8
0815

49° 8.00
123°14.90

06

0.91
180

silt absent

11.0

-sand,
rippled



Table 4: Biomass (set wt. g m'z), number of individuals (number m'2)
and species composition from SLU transect, seaward of the south
tip of Lulu Island. See Table 12 for classification of organ-
isms.

Station SLU 4 SLU 5 SLU 6

Date 1973 Oct. 8 Oct. 8 Oct. 8

Taxa Biomass No. Biomass No. Biomass No. Ind.

-2 -2 -2 -2 -2 -2
gm m gm m gm m

Insect larvae - - 0.029 16 - -

Nemertea - - - - - -

E teone 1.174 32 0.096 16 - -

Nereis - - - - - -

Nereidae juv. 0.001 16 - - - -

Paraonis - - - - - -

Pygospio - - - - 0.043 80

Polydora dam. - - - - - -

Capi tella - - - - - -

Amphic teis - - - - - -

Manayunkia - - - - - -

Oligochaeta - - - - - -

Corophium sal - - - - - -

Corophium juv - - - - -

Anisogammarus Jjuv. - - - - 0.006 64

Gammarid dam. - - - - 0.133 16

Eohaus torius 0.003 16 0.037 80 0.013 16

Paraphoxus 0.091 48 0.270 64 0.078 43

Lamprops - - - - - -

Cumella - - - - - -

Neomysis - - - - - -

Gnorimosphaeroma - - - - 0.006 64

Macoma nasuta - - - - - -

Macoma Sp. 0.416 512 0.570 608 0.254 496

TOTAL 0.685 624 1.002 784 0.533 784



‘Table 4: |ocation and environmental ‘data for SLU transect

Station SLU 7
Date (1973) Oct.8
Time (PST) 0812
Position N. lat. 49° 7.70
W. long. 123°15.30
Quadrat Size (m2) .06
Elevation (m, 0.D.) 1.52

Grain size (u m, median) 250
Silt/sand ratio 0.001

Temperature 9.5
(sediment surface,°C)

Remarks -sand, rippled



Table 4: Biomass (set wt. g m'z), number of individuals (number mfz)
and species composition from SLU transect, seaward of the south
yip of Lulu Istand. See Table 12 for classification of organ-
isms. '

Station SLU 7
Date 1973 Oct. 8

Taxa Biomass No. Ind.

g,m-z m-Z
Insect larvae ' - -

Nemertea

E teone L. -
Nereis A -
Nereidae juv. - -
Paraonis .- -
Pygospio Lo -
Polydora dam. .- -
Capitella - -
Amphicteis - -
Manayunkia ‘ - -

Oligochaeta: i - -

Corophium sal . -
Corophium juv - -
Anisogammarus juv. - -
Gammarid dam. - -
Eohaus torius

Paraphozusg 160

Lamprops 0.024 16
Cumella - -

Neomysis 0.131 16

OO
3,
kN
0

Gnorimosphaeroma - -

Macoma nasuta -
Macoma Sp. 0.333 224

TOTAL 1.328 464



. giiable§5:vgto¢atfon:and environmental data‘for ROB transect,

.4 -across the-middle section of-'Roberts Bank.

Station

Date 7(1973) ‘

Time (PST)
Position N. lat.
W. long.
2

Quadrat Size (m

)

Elevation (m, 0.D.)

ROB 1
Dec.11
- 0100

49° 3.61
123°10.20

0.06
2.74

Grain size (u m, median) 88

Silt/sand ratio

Temperature

0.869
6.2

(sediment surface,°C)

Remarks

-mud with
Tight
algal
mat -

 -seaward

edge .
of
marsh

ROB 2
Dec.11
0055

49° 3.60
123°10.35

0.06

3.04
23

2.389

6.6

-mud

ROB 3.
Dec.11
0045

49° 3.55
123°10.65

0.06
.78
205
| ;010,

6.6

_.>-muddyv
- sand



Table 5: Biomass (wet wt. g m"z), number of individuals (number m'z)
- and species composition from ROB transect, ‘across the middle
section of Roberts Bank. See Table 12 for classification of

organisms.
Statiops - ROB 1 ‘ ROB 2 ROB 3
Date Dec. 11 , Dec. N Dec. 11
Taxa Biomass No. Ind. Biomass No. Ind. Biomass No. Ind.
axa 2 -2 -2 -2 -2 22
N gm m gm m gm m
Insect larvae 0.112 128 0.006 64 - -
Nemertea 0.027 16 - - 0.182 64
Eteone - 0.008 16 0.320 704 - -
Nereis : - - 7.238 1600 0.176 80
Glycinde - - - - - -
Paraonis - - - - - -
Armandia , - - - - - -
Pygospio - - - - - -
Capitellidae dam - - - - - - -
Amphicteis juv. 0.016 16 3.219 3008 - -
Manayunkia 1.256 - 12736 2.861 25664 - -
Oligochaeta 0.168 928 - - - -
Corophiwm sal. ' - - 0.307 192 - -
Corophium juv. - - 0.192 320 - -
Corophium dam. - - 0.064 128 - -
Anisogammarus con. - - - - - -
Eohaus torius - - - - - f
Paraphoxus - - - - - -
Harpacticoids - - 0.006 64 - -
Ostracods 0.006 32 0.698 3264 0.051 64
Neomystis - - - - - -
Tanais - - 0.006 64 - -
Musculus 0.002 16 - - - . -
Macoma - - 11.648 576 0.160 - 304
TOTAL 1.595 13888 25.965 35648 0.569 512



'i;aTab1¢'5:. Lbéatiod and’envirbnmenta1'data for ROB transect

Station
Date (1973)

Time (PST)

;Position N. lat.
W. lang.

Quadrat Size (mz)
Elevation (m, 0.D.)
Grafh“size (u‘ﬁ, median)
Silt/sand ratio

Temperature

(sedimentﬂSUrface;°C)

Remarks

ROB 4
Dec.11
0040

49° 3.53
123°11.07

.06
2.74
198

0.010

6.6

—muddy—=

sand

ROB 5
Dec.11
"0033

49° 3.52
123°11.45

.06
2.13
185
0.010
N/A

-sand,
rippled

ROB 6

Dec.11

0027
495 3.39

- 123°11.89

.06
1 0.91
215
©0.025
6.5

. -sand



Table 5: Biomass (wet wt. g m'z), number of individuals (number m'z)
and species composition from ROB transect, across the middle
section of Roberts Bank. See Table 12 for classification of
organisms.

Station ROB 4 ROB 5 ROB 6
Date Dec. 11 Dec. 11 » Dec. 11

T Biomass No. Ind. Biomass No. Ind. Biomass Nb} Ind.
axa _ ) -2 -2 -2 -2 -2
: gm m gm m gm m

Insect larvae - - - - - -
Nemertea - - 0.096 16 0.106 16

.061 16 - -

Eteone . , .
. 358 80 - - . - -

Nereie
Glyeinde _ - - - - -
Paraonis 0.077 16 _0;538 112 0.538 112

Armarndia - _ 4
Pygospio - - 0.010 32 - -

Capitellidae dam - -
Amphicteis juv. - - - - - -
Manayunkia - ‘

0ligochaeta ST -

o0
o
(7%
o
(7%
[aV]
o

Corophium sal. -

Corophium juv. - 0.019 3z - -
Corophiwm dam. e :

Anisogammarus con.
Eohaus torius - -
Paraphoxus

Harpacticoids
Ostracods
Neomysis
Tanais

Musculus 0.464 272 2.816 384 0.672 352

Macoma
TOTAL 0.948 432 3,801 592 1.444 544



f.;:TébTe;S:v.Locatioh andAénvikonmentai data for ROB tfahsect

Station ROB 7

pate (1973) Dec.11
~Time (PST) , 0017

Position N. Tlat. 49° 3.29

| W. Tong. 123°12.18

Quadrat Size (m2) .06

Elevation (m, 0.D.) 0.91

Grain size (u m, median) 224
Silt/sand ratio 0.005

Temperature 6.2
(sediment surface,°C)

Remarks -muddy sand
-ripples
v 2 cm
amplitude

ROB 8
Dec.11
0012

49° 3.18
123°12.51

.06
1.52
231
0.002
6.2

-sand
-ripples

~ 4 cm
amplitude

ROB 9
Dec.11
0005
49° 3.12
123°12.70
.06
1.52
200
0.010
6.5

-muddy sand
-Abarenicola
castings



Table 5: Biomass (wet wt. g m'z),_numbervof individua1s,(number'm'2)
-~ and species composition from ROB transect, across the middle
section of Roberts Bank. See Table 12 for classification of

organisms.
Station ‘ ROB 7 ROB 8 ROB 9
Date | Dec. 11 Dec. 1 Dec. 11
Biomass No. Ind. Biomass No. Ind. Biomass No. Ind.
Taxa | -2 -2 . -2 -2 -2 -2
gm m gm m gm m
Insect larvae - - - - - -
Nemertea 0.094 16 - - 0.493 98
Eteone - - 0.059 16 0.414 16
Nereis - - - - - -
Glyeinde - - - - 0,051 16
Paraonis 0.614 128 0.614 128 0.384 80
Armandiaq - - - - 0.027 16
Pygospio - - - - 0.016 16
Capitellidae dam - - - 0.001 n/a - -
Amphicteis juv. - - - - - -
Mimayunkia - - - - - -
Oligochaeta - - - - - -
Corophium sal. - - - - - -
Corophium Jjuv. - - - - -
Corophiwn dam. - - - - - -
Anisogammarus con. - - - - - o
Eo haus torius 0.416 176 0.085 64 0.016 16
Paraphoxus 0.400 80 0.027 32 0.037 16
Harpacticoids - - - - , - , -
Ostracods - - - - - -
Neomysis - - - - - -
Tanais - - - - - -
Musculus - - - - - -
Macoma 0.400 112 0.336 112 0.704 272

TOTAL 1.924 512 1.122 352 2.142 544



LTaBle.Ba;i Location and‘envﬁ}onmentélidata;for,ROB transect

Station ROB 10
:Date# (1973) Dec.11
Time (PST) 0000
Position N. lat. 19° 3.20
W. Tong. 123°13.00
Quadrat Size (mz) .06
Elevation (m, 0.D.) 0.91

Grain size (u m, median) 200

Silt/sand ratio

Temperature

0.010

- 6.2

(sediment surface,°C)

Remarks

-sand
jelly-
like

ROB

Dec.

2353
49° 3
123°13

177

-sand

11
10

.18
.16

.06
91

041

ROB 12
Dec.10
2345

49° 3.13
123°13.45

.06
0.91
182
0.015

6.2

-sand .



Table 5: Biomass (wet wt. gvm-z), number of individuals (number-m'z)
~and species composition from ROB transect, across the middle
section of Roberts Bank. See Table 12 for classification of
organisms.

Station ROB 10 - ROB 11 ROB 12
Date . Dec. M ' Dec. 10 Dec. 10

- Biomass No. Ind. Biomaés No. Ind.  Biomass No.'Ind.
Taxa v -2 -2 -2 _2 -2 -2
gm m gm m gm
Insect larvae - - - - - -
174 32 0.534 32 - -

.029 16 - - 0.080 112
.160 48 - - - -

Nemertea

Eteone

Nereis

Glycinde
Paraonis
Armandia :
Pygospio ' - - - - S -
Capitellidae dam - - - - - -
Amphicteis juv. 0.001 16 - - - -
Manayunkia - - - - - -

O0ligochaeta ; - - - - - -

o O

.614 128 0.154 32 - -

[}

Corophium sal. : - - - - -
Corophium juv. - - - - - -
‘Corophiwm dam. - - - - : - -

Anisogammarus con. - - - - .-
Eohaus torius 0.155 144 0. 301 144 0.336 400
Paraphoxus - - 0.640 48 0.019 16

Harpacticoids - - - - - -
Ostracods - - - -

- - - - . - -

Neomysis
Tanais - - - - - -
Musculusg
Macoma

TOTAL 1.789 640

0.656 256 0.656 272 - -

RS ]
nNY
o e)
o
R
[80]
o

.435 528



1*1TaQTe;§:_'Locatipﬁ?and_éh@irdnmenpil,daﬁa'fdr'ROB transect.

Station i ROB 13
‘Date (1973) Dec.10
Time (PST) - 2284
Position ‘N. lat.  49° 3.19
W. long. 123°13.79
Quadrat Size (mz) _ _ .06
Elevation (m, 0.D.) 0.91

Grain size (u m, median) 188
Silt/sand ‘ratio . 0.010

Temperature 6.6
(sediment surface,°C)

Remarks -sand
-ripples
N2 ocm
amplitude

ROB 14
Dec.10
2305

49° 3.13
123°14.01

.06
- 0.91
210
0.005
6.5.

-sand
-ripples
v 5 cm
amplitude

ROB 15

Dec.10

2255
49° 3.49

123°14.30

.06

0.91

a1
0.005
6.2

-sand
~ripples

4 em
amp1itude



Table 5:

Biomass (wet wt. gm ), number of individuals (number m 2)

and species compos1t1on from ROB transect, across the middle
See Table 12 for classification of

section of Roberts Bank.

organisms.

Station
Date

ROB 1

Dec.

3
10

ROB 14
Dec. 10

ROB 15
Dec. 10

Taxa .

Insect larvae
Nemertea

Eteone

Nereis

Glycinde
Paraonis
Armandia
Pygospio
Capite111dae dam
Amphicteis juv.
Manayunkia

0ligochaeta

Corophium sal.
Corophiwnm juv.
Corophium dam.

Anisogammarus con.

Eohaus torius
Paraphoxus

Harpacticoids
Ostracods
Neomysis
Tanais
Musculus
Macoma

TOTAL

Biomass No.

-2

Ind.

-2
m

Biomass Nao. Ind.

-2
gm

0.093

0.563
0.320

o2

336
96

Biomass No. Ind
Nl T o
gm m

0.064 16

[ I B B B |
| I R IO R |

0.080 32

0.173 64



_ Table E: Location and environmental

Station ROB 16
‘Date (1973) Dec.10
Time (PST) . 2307
_Position N. lat.  49° 2.95
W. long. 123°14.30
Quadrat Size (m2) .06
Elevation (m, 0.D.) 0.91
Grain size (u m, median) 200
Silt/sand ratio 0.010
Tehperature 6.8
(sediment surface,°C)
Remarks -sand
-ripples
v 3 cm
amplitude
~infauna

castings

data for ROB tranéect

ROB 17
Dec.10
2223

49° 2.70
123°14.90

.06
- 0.30
180

0.010

6.8

-sand

ROB

Dec.

2331
49° 2.
123°15.

18
10

59
15

.06

180

6

-sand

.30

. 005
.5



Table 5: Biomass (wet wt. g m'z), number of individuals (number m'z)
: - and species composition from ROB transect, across the middle
section of Roberts Bank. See Table 12 for classification of

organisms.
Station ROB 16 ROB 17 ROB 18

Date ‘ Dec. 10 - Dec. 10 Dec. 10

Taxa -Biomass No. Ind. Biomass No. Ind. Biomass No. Ind.
- -2 -2 -2 -2 -2 -2
gm m gm m gm

m
Insect larvae - - - - - -
Nemertea - - - - - -

E teone - - ‘0.064 16 - -
Nereis - - -
Glyeinde - - - - - -
Paraonis - - - - - -
Armandia : - - - - -

Pygospio - - -
Capitellidae dam - - - - - -
Amphicteis juv. - - - - - -
Manayunkia - - -

Cligochaeta _ - - - - -

Corophium sal. - -
Corophium juv.
Corophium dam.
Anisogammarus con.
Ec haus torius
Paraphoxus

Harpacticoids
Ostracods
Neomysis
Tanais

Musculus
Macoma

TOTAL 0.246 144 0.363 144 0.184 128



‘Table 6: ’LoCatiQn and environmental data for CP transect, adjacent
: © to the Westshore Terminals causeway (north side)

- Station

Date  (1973)

- Time (PST)
 Position N. lat.
’ W. leng.
Quadrat Size (m2)

Elevation (m, 0.D.) .

CP 1
Jan.9
0210

49° 2.80
123° 7.65

.06

2.74

Grain size (u m, median) 114

Silt/sand ratio

Temperature

G.324

(sediment surface,®C)

Remarks

-mud
-reduced
“ 5 cm
beneath

Cp 2
Jan.9
0150

49° 2.68
123° 7.84

.06
2.74
19
4.263

-1.0

-mud
~reduced
w5 oem
beneath

CP 3
Jan.9
0137

49° 2.50
123° 8.03

.06
2.13

o ~mud
~reduced
~ 5 cm
beneath



Table 6: Biomass (wet wt. g m_2) and number of individuals (number m'2

)
and species composition from CP transect, adjacent to the
Westshore Terminals causeway. See Table 12 for classification
of organisms.

Station CcP 1 cp 2 CP 3
Date (1974) ~ Jan. 9 Jan. 9 Jan. 9
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
gm2z w2 gm2 g2 gmZ 2
Insect larvae 3.379 2328 0.038 256 - -
Nemertea - - 10.764 384 - -
Eteane - - 1.382 256 0.666 256
Glyeinde - - - - 3.302 256
Scoloplos - - - - - -
Paraonis - - - - - -
Pygospio 9.805 14840 12.915 65664 1.408 "4352
Pseudopolydora k 2.304 1280 - - - -
Polydora 1 3.354 256 - - - -
Polydora dam - - - - - -
Armandia - - - - - -
Capitella 0.435 512 0.666 2176 1.178 1792
Maldanidae Juv. - - 0.026 256 1.229 1536
Amparete - - - 0.397 512 - -
Amphicteis 2.611 256 1.498 896 - -
Manayunkia 19.200 120320 5.440 133248 12.954 163584
Polychaeta dam. - - 2.394 N/A - -
O0ligochaeta 5.939 27136 0.896 2816 0.896 768
Dendrostoma - 2.291 1408 5.094 _ 1536
Ampelisca - - - - -
Corophium tinsid 1.613 512 3.916 7424 3.207 4352
Corophium juv. 0.768 2304 2.893 14080 3.046 8960
Corophium dam. 0.563 1024 1.907 4992 1.664 3328
Gammarid dam. - - - - - -
Eohaustorius - - - - - -
Isaeidae dam. - - - - - -
Paraphoxus - - - - -
Harpacticoid - - 0.243 1408 0.010 256
Lamprops - - - - - -
Cumella - - 0.077 256 2.637 15872
Tanats 0.256 512 2.202 14208 3.226 13824
Gastropteron - - - - - -
Macoma nasuta - - - - - -
Macoma incon - - - - -
Macoma sp. - - 0.026 256 0.026 512
Mytilus edulis - - - - - -
Venerupis japon - - - - 1.024 -

Clinocardium sp.
Mya. juv.
TOTAL 51.227 171288 49.971 250496 41.637 221440



‘Tabie 6: Location

Station
Date (1974)
Time (PST)

Position N. lat.
W. lang.

Quadrat Size (mz)
Elevation (m, 0.D.)

cp 4
Jan.9
0126

49° 2.39
123° 8.24

2.13

Grain size (u m, median) 149

Silt/sand ratio

Temperature

0.046
0.0

(sediment surface,®C)

Remarks

-muddy
sand
Entero~
morpha
o rocks

-Zostera
fragments

CP 5
Jan.9
0117

49° 2.22
123° 8.42

.06
- 1.52
160
0.028
-1.5

-muddy
sand

~Zostera
fragments

and environment data for CP transect

CP 6
Jan.9
0105

49° 2.10
123° 7.62

.06
1.52
190
0.010
21.0

-sand
ripples



Table 6: Biomass (wet wt. g m 2) and number of individuals (number m'z)
- and species composition from CP transect, adjacent to the
Westshore Terminals causeway. See Table 12 for classification
of organisms.

Station CP 4 CP5 CP6

Date (1974) Jan. 9 Jan. 9 Jan. 9

Taxa Biomass No.Ind. Biomass No.IQd. Biomass No.Ind.
=

g m~2 m-2 g m-2 g m2 m-2
Insect larvae - - - - - -
Nemertea - - - -

Etaone 2.579 288
Glycinde 0.086 32
Seoloplos -

.157 224

Paraonis
410 9344

.158 176
.118 16
.563 64
. 091 256
.338 976
114 96

.061 160
.197 4336
.096 48

o

Pygospio
Peeudopolydora k
Polydora 1
Polydora dam
Armandia
Capitella
Maldanidae juv.
Amparete
Amphicteie
Manayunkia
Polychaeta dam.

Oligochaeta
Dendrostoma - - -

elisca
‘(q,‘ggophiwn ineid
Corophium juv.
Corophium dam.
Gammarid dam.
Eohaustorius
Isaeidae dam.
Paraphozus

Harpacticoid

Lamprops
Cumella

Tanais

.474 1184 .027 .002 16

.230 3488
.314 N/A

.001

PO 1 1 Ot 1 | Oed O | wd
1t 1 Lol o000 CcOoO0O

QO 1 1O Y L E N

.058 64
.067 160
.022 96
.002

111 000

&y 7O

.016 32

LI B B T T T |
o

LI D I = 2 D I I |

. 001 16

[}
1
]
]
o

.090 400
102 352

o

.192 1152 .002 16

.684 4576

© Ot
o Ot

Gastropteron
Macoma nasuta
Macoma incon
Macoma sp.
Mytilus edulis
Venerupis japon
Clinocardium sp.
Mya. juv. - - - -

TOTAL 12.909 21920 11.051 6976

.512 1312 .883 1024 -016 1664

LI A Y~ T R I |
1 N

i
~ Ot 1 1L Ot ot
I



Table 6: Location and environmental data for CP transect

Station _ CcP 7
Date (1973) Jan.9
Time (PST) 0054
Position N. lat. 49° 1.98
W. leng. 123° 8.80
Quadrat Size (mz) .G6
tlevation (m, 0.D.) 0.91

Grain size (u m, median) 158
Silt/sand ratio 0.060

Temperature -0.5
(sediment surface,®°C)

Remarks -muddy
sand
~Macoma
abundant

CP 8
Jan.9
0042

49° 1.81
123° 9.00

.06

0.015

-muddy
sand

CP 9
Jan.9
0020

49° 1.66
123° 9.15

.06
0.30
252
0.002
N/A

-sand,
with
ripples



Table 6: Biomass (wet wt. g m 2) and number of individuals (number m'z)
and species composition from CP transect, adjacent to the
Westshore Terminals causeway. See Table 12 for classification
of organisms.

Station cp 7 CP 8 CP 9
Date (1974) Jan. 9 Jan. 9 Jan. 9

Biomass No.Ind. Biomass No.Ipd. Biomass No.Ind.
.-

Taxa g m-2 m-2 g m-2 g m2 m-2

Insect larvae

Nemertea 0.355 16 0.067 16 0.442 48
Etecne - 1.651 176 1.856 208 0.026 16
Glyeinde 0.251 48 0.520 48 0.080 16
Seoloplos 0.453 112 0.842 432 - -
Paraonis 0.019 160 0.182 736 - -
Pygospio 0.075 448 0.346 848 0.046 48
Pseudopolydora k - - - - - -
Polydora 1 - - - - - -
Polydora dam - - 0.001 16 - -
Armandia 0.197 32 - - - -
Capitella 0.037 208 0.019 128 - -
Maldanidae juv. 0.006 64 - - - -
Amparete - - - - - -
Amphicteis - B - - - _ -
Manayunkia 0.002 48 0.001 16 0.001 - 16
Polychaeta dam. - - 0.016 N/A - -
0ligochaeta - - 0.002 16 - -
Dendrostoma - - - - - -
Ampelisca - - - - - -
Corophium insid - - - - - _
Corophium juv. o= - - - 0.003 16
Corophium dam. - - - - - L
Gammarid dam. 0.002 16 - - - -
Eohaustorius - - 0.008 16 - : -
Isaeidae dam. - - 0.099 32 - -
Paraphoxus - - - - 0.062 - 48
Harpacticoid 0.003 160 - - - -
Lamprops - - - ' - - -
Cumella 0.061 256 0.045 64 0.0G3 16
Tanais 0.003 32 - - - -
Gastropteron 0.102 16 - - - -
Macoma nasuta - - 0.205 - 80 - -
Maooma incon 3.677 48 - - - -
Macoma sp. §.211 4080 4,208 3088 5.459 2304
Mytilus edulis - - - - - o
Venerupis japon 0.021 16 - - - -
Clinocardium sp. - - - - - -
Mya. juv. 0.576 176 - - - -
TOTAL 16.702 6112 8.417 5744 0,122 2528



Table 6: |Location and environmental data for CP transect

Station cP 10
Date (1974 Jan.9
Time (PST) 0009
Position N. lat. 49° 1.15
| W. long. 123° 9,30
" Quadrat Size‘(mz) .06
ETevafion (m, 0.D.) 0.0

Grain size (u m, median) 228
Silt/sand ratio 0.005
Temperature 0.0

(sediment surface,°C)

Remarks -sand
-large
ripples

CP 11
Jan.8
2357

49° 1.34
123° 9.42

.06
~0.0
240
0.005
1.5

-sand
-large
ripples

CP 12
Jan.8
2340

49° 1.19
123° 9.60

.06
0.0
262
0.005
2.0

-sand



Table 6: Biomass (wet wt. g m'2) and number of individuals Cnnmberfmfz},
and species composition from CP transect, adjacent to the
Westshore Terminals causeway. See Table 12 for classification
of organisms.

Station cP 10 cPll CP 12

Date (1974) Jan. 9 Jan. 9 Jan. 9
: Biomass No,Ind. Biomass No,Ind. Biomass No.Ind.
Taxa g m-2 m-2 g m-2 m-2 gm2z m°
Insect larvae - - - - - - -
Nemertea 1.184 9%  0.363 2 - -
Eteane - - 0.038 48 - ‘ -
Glyeinde 0.243 48 0.485 96 0.160 32
Seoloplos 1.010 208 5.178 1536 = - -
Paraonis 0.011 16 0.034 32 - -
Pygospio 0.011 16 0.190 144 0.030 48
Pseudopolydora k - - - - - -
Polydora 1 - - - - - -
Polydora dam - - - - -
Armandia : - - - - - -
Capitella - - - - - -
Maldanidae juv. - - - - - - -
Amparete - - - - - -
Amphicteis - - - - -
Manayunkia 0.001 16 - - - ' -
Polychaeta dam. - - 0.224 N/A - -
O0ligochaeta - - - - - -
. Dendrostoma - - - - - -

‘Ampelisca - - 0.008 16 -
Corophium insid - ~ - - - -
Corophium juv. - - - - - -
Corophium dam. - - - - - -
Gammarid dam. - - - - - -
Eohaustorius 0.050 32 1.179 464 0.115 48
Isaeidae dam. - - - - 0.014 16
Paraphozus 0.102 64 0.709 80 0.918 128
Harpacticoid - - - - - -
Lamprops - - 0.086 16 0.461 144
Cumella - - 0.006 32 - -
Tanais - - - - - -
Gastropteron - - 0.034 - 32 - S .
Macoma nasuta - - 0.011 16 - ‘ -
Macoma incon - - - - - -
Macoma  sp. 2.587 . 768 6.584 2224 1.238 1376
Mytilus edulis ~ - - - 0.430 96
Vererupis japon - - - - - -
Cilinocardium sp. - - - - - -
Myc. jGuv. ' - - G.061 16 6.058 16
TOTAL 5.159 1264 15.190 4784 3.424 1904



Table 7:

Location and enivronmental data from TSAW transect,

between the Tsawwassen ferry terminal and Westshore

terminals causeway.

Station ' TSAW 1
Date (1973) Oct.20
Time (PST) 0830
Position N. lat.. 49° 2.34
W. long. 123° 6.69
Quadrat Size (m?) .06
Elevation (m, 0.D.) C2.74
Grain size (u m, median) 56
Silt/sand ratio 1.298
Temperature 11.8
(sediment surface,°C)
Remarks -soft mud
-reduced
v 5 cm
beneath
surface
-v 40 m
seaward
of marsh

TSAW 2

0ct.20 .

0810

49° 2.28
123° 6.73

.06
2.74
938
0.092

-mud
-tidal
creeks
present
-reduced
v 5 cm
beneath
surface

-Abarenicola

castings

TSAW 3
Oct.20
0800
49° 2.19
123° 6.81

.06
2.74

104

0.041
12.0

-mud -

-Abarenicola

castings
-marginal
Zostera



Table 7: Biomass (wet wt. g m~2) and number (m-2) and species composition from
TSAW transect, between the Tsawwassen ferry terminal and the Westshore
Terminals causeway. See Table 12 for classification of organisms.

Stations . TSAW -1+ . . TSAW 2 ) TSAW 3
Date (Oct.'73; Feb.'74) Oct. 20 Oct. 20 Oct. 20
Taxa Biomass No.Ind. Biomass HNo.Ind. Biomass . No.Ind.
g m-2 m” gm m-2 g m-2 m”
Nemertea 1.178 1024 5.683 128 .- -=
Pholoe -- -- -- -- -~ --
Eulali -- - -- -- -- --
Etean:a 3.226 1024 8.128 236 0.960 768
‘- Platynereis -- -- 0.128 -- -- --

Kephtys ferrug. -- -- - - -- -~
Nephthys cornuta - - -= -- -- -
Nephtyidae dam -- -- - - -- -
Syllidae dam - - - - - __
Glycinde -- - -- -- 1.178 128
Seoloplos -- -- -- - 1.446 . 128
Paraonis -- -- 0.614 128 -
Pygospio 22.067 89600 6.861 136 2.982 8576
Polydora quad -- -- -- -- - -
Polydora 1 -- ==
Feeudopolydora k 7.987 6144 3.059 27
Spionidae dam -- -- :
Armandia - -- - - -— --
Mediomastus -~
Capitella
Maldanidae juv.
Owenia -- -- “- .- - -
Eupolymnia -- --
Ampharete -- -- -- -- -- --
Peeudoeabellides - -- -- -- -- --
Manayunkia 36.403 437792 3.405 365 -- --
Polychaeta dam -- --

01igochaeta 13.772 92672 6.042 163 2,854 5760

Atylus - -- -- - . --
cﬁymhim insid 0.256 512 0.064 128 2.368 2816

Corophium juv 4.198 7680 0.538 1024 2.573 5120
Corophiwn dam -- -- 0.154 256 - Ce-
Anisogammarus con -- ' -- -- - -- -
Anisogammarus pug. - -- .- - .- -~
Photise -- - - - . -
Gammarid dam -- - _— —- - -
Caprella -- - -- - - -

Ostracods -- - - - - _—
Harpacticoids -- -- - - - -

Lamprops -- .- -- - - --

Cumella 0.025 512 0.371 768 1.843 2176
Tanais .325 25088 1.613 512 0.538 384
Leptochelia -~ -- -- -

Synidotea -- -~ - - - -
Pentidotea - -- -- - - -
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Brachyuran juv. -~ -- -- -- -
Halosoma - -- -- . - -
Halacaridae -- — - _ - -

Gastropteron -- -- -- -- 6.067 256
Littorina -- -~ -- -- —-
Batillartia -- -- - -- - -

Polinices - - - - -
Macoma SPp. -- - 5.760 128 5.760 256

Musculus -- il - == - e
Clinocardium
Protothaca -- -- -- -- -- --
Kellia . -- --

TOTAL 97.765 648704  50.996 3637 43.003 55808



Table 7: Location and environmental data from TSAW .transect.

Station
Date (1973)
Time (PST)

Position N. lat.

W. long.

Quadrat Size (mz)

Eievation.(m, 0.D.)

Grain size (p m, median)

Silt/sand -ratio

Temperature

TSAW 4
0ct.20
0745

49° 2.13
123° 6.98

.06
2.13
118
0.030
11.6

(sediment surface,®C)

Remarks

-mud, trace
of sand

-Abarenicola

castings
-Zostera,
sponges

TSAW 5
0ct.20
0736

49° 2.19
123° 7.08

.06

0.036
11.8

-mud, trace
of sand

-marginal

Zostera

TSAW 6
'0ct.20
0728

49° 1,93
123° 7.16

.06 -
2.13
119
_0.053
11.5

-mud, trace
of sand ’
-infaunal
holes
(Mya, .
Abarenicola)



Table 7: Biomass (wet wt. g m-2) and number (m-Z) and species composition from
TSAW transect, between the Tsawwassen ferry terminal and the Westshore
Terminals causeway. See Table 12 for classification of organisms.

Stations TSAW 4 TSAW 5 TSAK 6
Date {Oct.'73; Feb.'74) Oct. 20 Oct. 20 Oct. 20
Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
g m-2 m-2 g m w2 g n~2 m
Nemertea -- == -- - - ==
FPholos - - - - - -
g"ulz:;a -- -- 0.838 256 . -
Platynereis 0.032 N/A - - 0.025 64

Nephtys ferrug.
Nephthye cormuta e == == == i
Nephtyidae dam == -- -- -~ -- --
Syllidae dam - -- - -- - -
Glycinde - - - o= - -
Seoloplos - == . --
Paraonis 0.640 192 - -- 0.723 192
oepio - -
ggydam quad 4.314 21056
Polydora 1 -- -- -- -- -- -
Pseudopolydora k -- -
Spionidae dam 3.347 3264
Armandia -- -- -- -~ 0.307 192
Madiomastus -- - - - - -
Capitella -- -- -- -- -
Maldanidae juv. 2.528 5056 3.232 6592 4.838 9408
Owenia 2.810 10304 5.773 9408 3.200 2304
Eupolymmia -- - ——
Ampharete -- -- -- - -- --
Pseudosabellides - -~ -- -- - -
kia -- -- -- -- - -
Polychaeta dam -- -- - - - -

01ligochaeta -- -

Atylus
Corophiwm insid
Corophiuwm juv
Corophiwm dam
Anisogammarus con - -- -- - - -
Antsogammarus pug. -- -- -- - - —
Photis -- - -- —- -- -
Garmmarid dam -- -- -- - - -
Caprella -- -- - -- _— -

Ostracods -- - - - - -
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Harpacticoids -- - - — - -

Lamprope -- -- - -- - -
Cumella . . .

Tanais .
Leptochelia -- .- - -- 0.090 128

Synidotea -- - - —- - .
Pentidotea - -- - - - -

Crangon -- -- -- . —— -
Brachyuran juv. 3.546 N/A -- - _— -
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Halosoma -- -- -
Halacaridae - - -- - _ .

Gastropteron - - - - — .
Littorina -- - _— - - .
Batillaria -~ - 0.064 128 .- --

Polinices -- .- - - _— -
Macoma SP. 10.432 448 1.408 128 0.002 128

Musculus -- -- -~ -- -- --
Clinocardiwn
Protothaca -- - _— - . .
Xellia ’ -- - - .

TOTAL 32.161 53376  36.621 57856 26.458 60096



Table 7: Location and evnironmental data from TSAW transect.

Station
Date (1974)
Time (PST)

Position N. lat.

W. Tong.

Quadrat Size (m2)

Elevation (m, 0.D.)

Grain size (u m, median)

Silt/sand ratio

Temperature

(sediment surface,®C)

Remarks

TSAW 7
Oct.20
0718

49° 1.88
123° 7.30

.06
1.52
130
0.052
11.9

-muddy sand
~-Zostera
present

<., -infaunal

holes
(Mya,

Abarenicola)

TSAW 8
Oct.20
07¢C0

49° 1,78
123° 7.41

.06
1.52
100
0.219

-mud, traces
of sand
~Zostera
present

TSAW 9
‘Feb.5
2354
49° 1.71
123° 7.49
.06
1.52
165
0.156
N/A

~sand,with
ripples
-at seaward
edge of
thick
Zostera
meadow



Table 7: Bfomass (wet wt. g m~2) and number (m~Z) and species composition from
. TSAW transect, between the Tsawwassen ferry terminal and the Westshore
Terminals causeway. See Table 12 for classification of organisms.

Stations TSAW 7 TSAW 8 TSAW 9
Date {(Oct.'73; Feb.'74) Oct. 20 Oct. 20 Feb. 5 °

-

Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

g n-2 m-2 g m-2 m-2 g m=2 m

Nemertea - - - -

Pholoe 0.154 N/A -- - -- --
Eulalia -- -- -- -- -- -
Etaone 1.254 384 - -~ 1.741 384
Platyneretis - - _ -- - --
FNephtys ferrug. -- R - - - --
Rephthys cornuta -- -- 0.966 64 -- --
Nephtyidae dam -- -- --
Syllidae dam -- - -- - - --
Glyeinde 5.145 128 3.014 512 2.803 384
Seoloplos
Paraonis -- -- -- -- -- --
Pygospic 6.554 20608 3.923 16704 6.656 11904
Polydora quad -- -= -- -- -- --
Polydora 1
Pseudopolydora k
Spionidae dam
Armandia
Mediomastue -- - -- - - -
Capitella
Maldanidae juv.
Owenia -
Eupolymmia -- -~ -- - - -
Ampharete -- -- - == -- --.
Pseudosabellides -- - - -- .- -
Manayunkia = - -- == -- -
Polychaeta dam -- -- -- - - -

01igochaeta 3.277 4864 0.787 5312 4.595 20096

Atylus -- -- -~ - -- -~
Corophium insid &
Corophiwn juv
Corophiwn dam
Anigsogammarus con
Anieogammarus pug. -~ -- - -- - .-
Photis -- -

Gammarid dam 0.013 128 <0.001 64 .- -

Caprella -- -- 0.032 64 - -
Ostracods ) - - - - e -
Harpacticoids -- -~ - - - -

Lamprops -- -~ -- -- 0.006 256
Cumellg 1.869 5120 1.229 7808 2.419 896
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Tanais - - o~ - - .-
Leptochelia .- .- 0.294 896 0.006 256

Synidotea -- -~ -- - - -
Pentidotea -- -- - - - -
Crangon -- -- 3.014 128 -- --
Brachyuran juv. -- - - - — .
Halosoma -- -- 0.051 64 -- --
Halacaridae -- -- -- - - -

Gastropteron 1.165 128 -- -- . -
Littorina -- -- - - - -
Batillaria -- -- - - - -

Polinices - -- - - - -
Macoma sp. . 6.400 3456 0.576 1344 2.176 2632

Musculus -- —- 0.003 64 -- --
Clinocecardium -- .- - - - __
Protothaca - - - _— _- -
Xellia ) - - - - — -

TOTAL 44,647 62848  33.596 60352 27.971 43520



Table 7

Station TSAW 10
Date (1974) Feb.5
Time (PST) 2351
Position N. lat. 49° 1.66
W. long. 123° 7.61
Quadrat Size (m2) .06
Elevation (m, 0.D.) 1.52
Grain size (u m, median) 121
Silt/sand ratio 0.047
Temperature ' N/A
(sediment surface,°C)
Remarks -mud
-marginal
Zostera
-tidai
pool
present

TSAW 11
Feb.5
2345

49° 1.52
123° 7.72

.06
0.91
136
0.052
N/A

-sand
reduced
5 cm
beneath
surface

-empty

Clinocardium

shells

abundant
-Zostera

abundant

Location and environmental data from TSAw transect

TSAW 12
Feb.5
2339

49° 1.26
123° 8.02

.06
0.30
176
0.025
N/A

-sand

-tidal
pool
present

-Zostera
abundant



Table 7: Biomass (wet wt. g m~2) and number (m-Z) and species composition from
TSAW transect, between the Tsawwassen ferry terminal and the Westshore
Terminals causeway. See Table 12 for classification of organisms,

Stations TSAW 10 TSAW 11 TSAW 12

Date (Oct.'73; Feb.'74) Feb. 5 Feb. 5 Feb. 5
Taxa Biomass No.ind. Biomass MNe.Ind. Biomass Wo ind.
gm m-2 g w2 m-2 g a2 e
Nemertea - .- - - - -
-- S 0.218 128 - --
;h‘;—azg:a - -- -- - 0.141 128
Eteone 0.186 256 0.192 128 - .-
Platynereis == -- -~ -- 9.933 768
Nephtys ferrug. - - 0.166 128 - -

Rephthys cormuta —- —
Nephtyidae dam 64 -- - -- -
Syllidae dam -- -- -- --
Glyeinds .243 256 22.170 1336
Seoloplos 256 -- -
Paraonis
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3 .576 896 1.190 768
ospio
z;ggydom quad - .294 128 - --
Polydora 1 -- -- -- -- -- -
Pseudopolydora k 499 384 -- -- -- -
Spionidae dam .203 512 -- --
Armandia -- e -909 256 6.989 896

Mediomastus - -
itella 0.166 512
Maldanidae juv. 0.205 448
Owenia - -
Eupolymmia
Ampharete -- -- - -
Pseudosabellidee --
Manayunkia 0.141 1600 -
Polychaeta dam --

0ligochaeta 3.546 19776  23.104 75904 1.370 8832
Atylus -- - -- - 0.128 128
Corophiwn insid -

Corophiuwm juv -- - - -- -
Corophiwm dam -- -- -- -- .-
Anisogammarus con -- -- -- -

Anisogammarus pug. - -- 1.357 128
Photis -- -- -- -

Gammarid dam . -- -- -- .- -
Caprella - - - -- _— -

Ostracods - -- 0.960 768 0.230 384
Harpacticoids -- - - -- -- -~

Lamprops - - - - - -
Cumella - - 0.870 640 -- -
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Tanais -- -- -- .
Leptochelia 0.064 128 1.293 2304 9.318 4134

Synidotea -- .- .- - - -
Pentidotea -- -- -~ .- 2.342 128

Crangon -- -- -- -- - .
Brachyuran juv. - - —— -
Ralosoma -- -- -- -- 0.225 256
Halacaridase -~ -- -- —— _— -
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Gastropteron -- -- -- - -
Littorina -- -- -- - 1.024 768
Baiillaria - -- =
Polinices -= -~ 0.896 1280 3.584 5760
Macoma Sp. . 1.920 576 3.520 1280 2.688 2432

Musculus - -- 0.128 128
Clinocardium “- - - - - -
Protothaca -- - - -
Kellia . - - - --

TOTAL : 16.659 25984  58.560 87424 56.173 30502
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Table 7: Location and environmental data from TSAW transect.

Station TSAW 13
Date (1974) Feb.5
Time (PST) 2335
Position N. lat. 49° 1.19
W. long. 123° 8.12
Quadrat Size (mz) : .06
Elevation (m, 0.D.) 0.30

Grain size (u m, median) 180
Silt/sand ratio 0.010

Temperature N/A
(sediment surface,°C)

Remarks -sand
-Zostera
very
abundant



w

Table 7: Biomass (wet wt. g m=Z) and number (m~2) and species composition from
TSAW transect, between the Tsawwassen ferry terminal and the Westshore
Terminails causeway. See Table 12 for classification of organisms.

Stations TSAW 13
Date {0ct.°73; Feb.°74) Feb. 5
Taxa ' Biomass KNo.Ind.
g u2 (-
Nemertea - -
Pholoe 0.077 32
Bulalia - _—
Eteone - —
Platynereie 3.094 640
Nephtys farrug. 0.483 32

Nephthys cornuta -- --
Nephtyidae dam -- -
Syllidae dam - -

Glycinde 2.320 160
Sccloplos 0.032 32
Paraonis -- --
Pygospio 0.070 64
Polydora quad == -
Polydora 1 -- --

Pseudopolydora k -- -
Spionidae dam - .
Armandia

Mediomastus 0.016 32
itella : -- --
Maldanidae juv. 0.016 32
Owenia 2.899 1120
olymmia 1.478 64
A&nghm'yZa 0.576 96
Peeudosabellides 0.608 32
kia -- --
Polychaeta dam -- .-
Qligochaeta ’ 0.538 3584
Atylus -- -

Corophiwm ingid -- --
Corophiwm juv -- --
Corophiwm dam 0.166 128
Anisogammarus con -- --
Anisogammarus pug. -- -

Fhotis 3.126 3296
Gammarid dam -~ --
Caprella - ="
QOstracods 0.054 416
Harpacticoids 0.006 192
Lamprops -- -
Cumella - -
Tanatis .- -
Leptochelia 0.774 2400
Synidotea 0.854 224
Pentidotea ~-- e
Crangon - -
Brachyuran juv. 0.048 32
Halosoma 0.509 544
Halacaridae 0.003 832
Gastropteron == --
Littorinag 0.768 736
Batillaria == --
Polinices 0.192 576
Macoma SP. 0.416 864
Musculus 2.528 1280
Clinoeardiwm 0.192 96
Protothaca . =" -
Kellia == -

TOTAL 21.891. 17536



Table 8:

Location and environmental data for FRAPER stations,

around the periphery of the marsh zone from Iona
Island to Tsawwassen.

Station FRAPER 1 FRAPER 2 FRAPER 3
Date -(1973) Sept. 10 Sept. 10 Sept. 10
Time (PST) 0830 0835 0900
Position N. lat. 49°12.63 49°12.10 49°11.55
W. Tong. 123°12.63 123°12.85 123°12.88

Quadrat Size (m?) 0.25 0.25 0.25

Elevation (m, 0.D.) 2.13 2.74 2.74

Grain size (u m, median) 13 - 150 12

Silt/sand ratio 24.000 0.562 49.000

Temperature 18.1 19.1 19.1

(sediment surface,°C)

Remarks -brown- diatoms -gray mud -gray mud
very sticky -among -reduced
mud marsh sediments

-reduced plants ~v 3 cm
sediments (Carex sp.) beneath

v 1 ¢cm be- surface
neath sur- -among marsh
face - plants

(Seirpus sp.)



Table 8: Biomass (wet wt. g m"z), number of individuals (number m'z)
and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station FRAPER 1 FRAPER 2 FRAPER 3
Daté Sept. 10 Sept. 10 Sept. 10

T Biomass WNo. Ind. Biomass No. Ind. Biomass No. Ind.
axa
-2 -2 -2 -2 -2 -2
v gm m gm m gm m
Insect larvae -- - —_— D me e -

Nemertea -- - - - - -
Dendros toma : - - - .- o .

E teone 0.003 80 -- ;
Nereis -- -- 0.254 272 1.844 840
Pygospio == -- == -- -- -
Polydora dam ~-- -- 0.002 16 -- -
Capitella -- ’ -- --
Amphic teis .029 224 0.069 192
Manayunkia .083 4560 0.163 6224

Oligochaeta 0.029 - 1080 0.018 80

Corophium insid -- -- --
Corophium sal 0.009 48 1.181 1088
Corophiwum Juv -- -- 0.099 896
Corophiwm dam 0.005 96 0.294 1472
Anisogammarus con - -- -
Anisogammarus juv -- -- -- -- -- L -
Anisogammarus dam -- -- -— - - --
Geosia -- - - - - -

556 3840
.830 17640

.68 480
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Gammarids dam - —— _— - - _—
Harpacticoid C - - -- - 0.004 - 560
Ostracods - -- - - - —

Cumella -- -- - -- -- --
Tanatis 0.001 208 0.270 2224 0.120 1280

Crangon -- -- - - -- -
Brachyuran juv - -- -- - - -

Hermissenda -= - -- ) - - _
Acteocina - - -- - —— -
Batillaria - -- -
Maeoma juv 0.010 176 0.096 320 3.096 80
Macoma incon. - - - - - -
Macoma ing. - - - o . ) o
Macoma nasuta - - - - - .
Venerupis japon -- - - - - -

TOTAL 0.169 6472 2.437 12784 3.908 5380



-Table 8: Location and environmental data for FRAPER stations

Station FRAPER 4
Date (1973) Sept. 10

| Time (PST) - 1020
Position N. lat. 49°11.00
W. leng. 123°12.74
Quadrat Size (m2) 0.25
Elevation (m, 0.D.) 2.13

Grain size (u m, median) 188
Silt/sand ratio 0.008

Temperature 20.2
(sediment surface,®C)

Remarks -sand
-ripple marks

v 5 cm
amplitude

FRAPER 5 FRAPER 6
Sept. 10 Sept. 10
1028 1045
49°10.49 49° 9,94
123°12.46 123°12.15
0.25 - 0.25
213 2.74
51 61
1.409 1.173
21.9 21.8
-mud -mud
-many Macoma spp.-in tidal creek
deeper in - surrounded by
sediment sedge marsh
-moderate -reduced ~ 2
abundance cm-beneath
of Ulva surface
~Mya arenaria
in eroded

ambankment



Table 8: Biomass (wet wt. gm

)

number of individuals (number m'z)

and species composition from FRAPER transect, around the
_ periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station

Date

FRAPER 4
Sept. 10

FRAPER 5
Sept. 10

FRAPER 6
Sept. 10

Taxa
Insect larvae

Nemertea
Dendros toma

-Eteone
Nereis
Pygospio
Polydora dam
Capitella
Amphic teis
Manayunkia

0ligochaeta

Corophium insid
Corophium sal.
Corophium Juv
Corophium dam
Anisogammarus con
Anisogammarus Juv
Anisogammarus dam
Geosia

Gammarids dam
Harpacticoid
Ostracods
Cumella

Tanais

Crangon
Brachyuran juv

Hermissenda
Acteocing
Batillaria
Macoma juv
Macoma incon.
Macoma ing.
Macoma rnasuta
Veneruptis japon

TOTAL
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‘Table 8:

Station

Date (1973)

Time (PST)
Position N. Tat.
W. leng.

Quadrat Size (mz)
Elevation (m, 0.D.)
Grain size (u m, median)
Silt/sand = ratio
Temperature

(sediment surface,°C)

Remarks

FRAPER 7
Sept.10
1100

49° 9.80
123°12.60

0.25
2.74
100
0.111
22.5

-muddy sand
-ripple
marks ~ 5
cm ampli-
tude

FRAPER 8
Sept. 10
1113

49° 9.45
123°12.60

0.25
2.74
253
silt absent

23.5

-sand,ripples
2 cm ampli-
tude

-seaward
edge of

-Enteromorpha marsh

in moderate
abundance
-at seawanrd
edge of
marsh

-Ulva in
moderate -
abundance
with
gammarid
amphipods
beneath

Location and environmental data for FRAPER stations

FRAPER 9
Sept. 10
1120

49° 9.08
123°12.52

0.25

2.74
94

0.117
22.0

-muddy sand
-ripples 2 cm
amplitude
=-Ulva
observed



Table 8: Biomass (wet wt. g m'z), number of individuals (number m'z)
and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station FRAPER 7 FRAPER 8 FRAPER 9

- Date - Sept. 10 Sept. 10 Sept. 10

Biomass No. Ind. Biomass No. Ind. Biomass No. Ind.
Taxa -2 -2 -2 -2 -2 -2
gm m gm m gm m

Insect larvae - - - - -— -
Nemertea 0.126 48 -- -~ 0.058 8
Dendros toma - - -- - —_— -
Eteone 0.205 272 0.018 36 0.029 64
Nereis 0.890 528 0.044 28 0.336 296
Pygospio - - - - - -
Polydora dam 0.013 30 _— - - -

) Capitelld . - — - o — . - -
Amphicteis 0.163 176 - -~ 0.633 1208
Manayunkia 0.027 560 -- -- 0.013 256
Oligochaeta 0.034 144 0.001 8 - -
Corophium insid _— - _— _— - _—
Corophium sal 0.016 16 -~ -~ 0.041 32
Corophiwn Juv 0.003 16 -- -- 0.006 32
Corophium dam 0.006 16 -- -- 0.017 16
Anigogammarus con - - - - - -
Anisogammarus JUv -- - -- - - -
Anieogammarus dam - -~ -- - - -
Geosia -- _ -- - - -- -
Gammarids dam - - - - - -
Harpacticoid -- - - - - -
Ostracods -- - - - - -
Cumella -- -- - - 0.002 8
Tanais 0.019 30 -- -- - --
Crangon -- -- -- -- 1.017 8
Brachyuran juv - - - - - -
Hermissenda -- -- - -- -- -~
Aeteocina == -- - -- == --
Batillaria -- -~ -- -- -- --
Macoma  juv 8.701 816 0.007 76 3.764 2129

Macoma incon. - - —— - —— —
Macoma ing. - - - - - --
Macoma nasu itz - - - _— - -
Venerupis japon -- - - - - -

TOTAL © 7. 10.203 2752 0.070 148 5.907 40438



Table 8: Location and environmental data for FRAPER stations

Station
Date (1973)

Time (PST)

Position N. lat.
W.

Quadrat Size (mz)
Elevation (m, 0.D.)
Grain size (u m, median)

Silt/sand ratio

Temperature

FRAPER 10
Sept. 10
1125

49° 8.60

123°12.41
0.25
2.74
45
2.703
22.0

(sediment surface,°C)

Remarks

-mud hummocks
-15 m seaward
of marsh

-reduced 10 cm edge of marsh

beneath sur-
face

-Mya arenaria

in deep
sediment

FRAPER 11
Sept. 10
1130

49° 8.15
123°12.60

0.25

2.13
41

2.846
23.5

-mud with
algal mat
-at seaward

FRAPER 12
Sept. 10
1205

49° 6.90
123°12.52

0.25
2.40
36

2.225
23.5

-mud with
encrusted
aigal mat

-0.45 km to
interior of
marsh edge



Table 8: Biomass (wet wt. g m'z), number of individuals (number m“2)
and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station FRAPER 10 FRAPER 11 FRAPER 12
Date Sept. 10 Sept. 10 Sept. 10

Biomass No. Inc. Biomass No. Ind. Biomass No. Inc.
Taxa -2 -2 -2 -2 -2 -2

gm m gm m qm m

Insect larvae — . _— _— 0.284 120
Nemertea - - _— - - -—
Dendros toma 4.520 5230 - - -- --
E teone — ‘ - - — — _—
NereiS_ 1.704 960 2.140 1800 -- --
Pygospio 0.368 1840 0.280 800 -- -
Polydora dam 1.176 3200 0.900 2500 - _—
Capi?ellq 0.136 2160 0.010 200 -- --
Amphic tets 1.896 2640 1.820 6800 -- --
Manayunkia 3.576 39040 12.200 244600 0.002 40
Oligochaeta 0.352 2800 0.22n 5400 n.124 280

Corophium insid -- -- -- - - --
Corophiunm sal 8.620 5600 -- ~-
Corophium Juv 3.540 18800 -- --
Corophium dam 3.620 8800 - --
Anisogammarus con - - -~ 42,820 11800 -- -
0
8

[ Iy ais }
~NY
[62]
[a)]
[02]
.
o

Anisogammarus Juv - _— .940 1000 . —_—
Anisogammarus dam - -- 18.140 7200 - -
Geosia 0.160 400 -- - - -

Gammarids dam - - - - - -
Harpacticoid -— - - - - -
Ostracods - - - - - -

Cumella - - - —-— - -—
Tanais 4,608 24560 0.060 1000 - -

Crangon -- - - - - -
Brachyuran Jjuv _— - - - - _—

Hermissenda 0.008 30 - - - -
Acteoecina -

Batillaria --
Macoma juv 26.768 2560 17.860 5800 - -
Macoma incon. - - - -

Macoma ing. -- - - - - -
Macoma nasuta -- - - - - _—
Venerupis japon -- -- -- - - -

TOTAL 45.816 137600 113.170 321200 0.410 440



‘Table 8: Location and environmentaT data‘fbrtFRAPER stations

Station FRAPER 13 FRAPER 14

Date (1973) Sept. 10 Sept. 10
Time (PST) 1222 1230
Position N. lat. 49° 6.70 49° 5.99
W. long. 123°13.23 123°12.40
Quadrat Size (m?) 0.25 0.25
Elevation (m, 0.D.) 2.13 2.13
Grain size (u m, median) 272 221
Silt/sand ratio 0.010 10.764
Temperature 22.2 23.0

(sediment surface,°C)

Remarks -sand -muddy sand
-seaward -seaward
edge of edge of
marsh marsh
-ripples -reduced
v 24 cm ~v 10 cm
amplitude beneath

surface




Biomass (wet wt. g m'z), number of individuals (number m-z)

Table 8:
- and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.
1
Station FRAPER 13 FRAPER 14 FRAPER 14.SL
Date Sept. 10 Sept. 10 Sept. 10
Biomass No. ind. Biomass No. Biomass No. Ind.
Taxa -2 =2 -2 -2 -2 -2
gm m gm m g m m
Insect larvae - - - - _— -
Nemertea - -- 0.186 16 0.146 16
Dendros toma - - - -- 0.126 32
Eteone -~ -~ 0.024 30 - --
Nereis 0.112 152 0.908 944 0.484 224
Pygospio -- - -- - - - -
Polydora dam -- -- -- -- - -
Capitella -- - - - - -
Amphicteis -- -- 0.986 1152 0.435 490
Manayunkia - -- 0.001 16 -- --
O0ligochaeta -- - - - - —-
Corophium ingid - - - - - _—
Corophium sal 0.630 612 1.085 1038 0.06] 64
Corophium Juv 0.112 560 0.259 1296 -- --
Corophium dam 0.696 1740 1.459 3648 -- --
Anisogammarug con -- - - - - -
Anisogammarus Juv -- - - - - -
Anisogammarus da -- -- - - - -
Geosia ' - - - - - -
Gammarids dam - - - - - -
Harpacticoid - - 0.001 16 - -
Ostracods - - - - - -
Cumella -- - 0.003 16 .- --
Tanais - -- 0.0M11 32 - -
Crangon -- -~ - - - -
Brachyuran juv -- - - - - -
Hermissenda - -- —_— - _— -
Acteocinag -- - -- - - -
Batillaria -- -- -- -- -- --
Macoma juv -- -- 20.442 1152 -- --
Macoma incon. - - - - 9.646 192
Macoma ing. -~ -- -- -- 17.062 240
Macoma nasuia - - - - - -
Venerupis Jjapon - .- - -- - --
1.550 3064 25.365 9456 27.960 1168

TOTAL



Table 8: Location and environmenta]_data'for FRAPER stations.

. Station

Date (1973)
Time (PST)

lat.
W. long.

Position N.

Quadrat Size (mz)
E]gvation (m, 0.D.)
Grain size {n m, median)
Silt/sand " ratio

Temperature

(sediment surface,°C)

Remarﬁs

FRAPER 15
Sept. 11
0848

49° 5.18
123°11.29

0.25
2.13
28
4.000
19.5

-mud
-seaward

edge of
marsh

FRAPER 16
Sept. 11
0900

49° 5.7
123°11.29

0.25

2.74
29

5.060
19.5

-mud
-seaward
edge of
marsh

FRAPER 17
Sept. 11
0915

49° 4.35
123°10.45

0.25
2.13
217
0.042
18.2

-muddy sand
-seaward
edge of
marsh



Table 8: Biomass (wet wt. g m'z), number of individuals (number m'z)
and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station FRAPER 15 FRAPER 16 FRAPER 17
" Date Sept. 11 Sept. 11 Sept. 11
Biomass No. Ind. Biomass No. Ind. Biomass No. Ind.
Taxa -2 -2 -2 -2 -2 -2
gm m gm m gm m .

Insect Tarvae - - - - 0.018 48
Nemertea _— -— - _— — _—
Dendros toma - - - _— - -

E teone 0.005 16 0.032 80 -- -
Nereis 0.722 768 0.238 384 0.048 48
Pygospio - - - - - -
Polydora dam -- - - -- - -
Capitella - - - - - -
Amphic te1;s 0.890 1200 0.214 192 0.5831 240
Manayunkia 0.147 3072 0.008 144 - -
Oligochaeta 0.022 _ 48 - -- 0.651 3440
Corophium insid - - - - - -
Cbnophium qal - 0.018 16 0.873 624 0.499 400
Corophium Juv 0.026 128 0.366 1072 17.050 352
Corophium dam _ 0.064 160 0.627 1632 1.816 3040

Anisogammarus con 0.048 16 -
Anisogammarus Juv - - - - - -
Anisogammarus dam - -- - - —- -

© Geosia - - - - - -

Gammarids dam -- - - - - -
Harpacticoid 0.005 96 0.002 43 0.024 496
Ostracods -- -—- - - - _—

Cumella -- - - - - .
Tanais 0.022 32 - - - —

Crangon - : - -- - - -
Brachyuran juv -- - - - - -

Hermissenda - -- - -- - -
Aceteocing -- -- -- © - - -
Batillaria -- -
Macoma juv 18.546 3200 22.323 720 1.310 48
Macoma incon. -- - -- -- -

Macoma ing. ‘ -- -- - - - -
Macoma nasuta -- -- - - - -
Venerupis japon -- -- - -- - -

TOTAL " 20.515 8752 24.693 = 4896 4.997 8112



Table 8: -Location and.éﬁvi}onménta],

Station
Date (1973)
Time (PST)

Position N.
W.

Quadrat Size (mz)
Elevation (m, 0.D.)

Grain size {u m, median)

Silt/sand

Temperature

(sediment surface,°C)

Remarks

FRAPER 18
Sept._]]
0925

49° 3.81
123°10.60

0.25
2.74
190
0.156
21.0

-fine sand
-patchy
marsh
plants

data for FRAPER stations.

. FRAPER 19
Sept. 11
0938

49° 3.29
123°10.11

0.25
2.74

a1
1.816

22.0

-coarse silt
-ripples

A3 cm
amplitude
-seaward
edge of
marsh

FRAPER 20
Sept. 11
0945

49° 3.30
123° 8.61

0.25
2.74

20
4.714

20.8

-medium silt
-v 0.7 km
seaward

of marsh
-copious
algae atop
mud
-reduced

v 5 cm
beneath
surface

of sedi-
ments
~dbarenicola
castings



Table 8: Biomass (wet wt. g m—z), number of individuals {(number m 2)
and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station FRAPER 18 FRAPER 19 FRAPER 20
Date Sept. 11 Sept. 1 Sept. N
Biomass MNo. Ind. Biomass No. Ind. Biomass No. Ind.
Taxa -2 -2 -2 -2 -2 -2
gm m gm m gm m
Insect larvae .- - -- -- - --
Nemertea -- -- 0.072 -8 0.650 300
Dendros toma -- - -~ - -- --
E teone -- - 0.003 12 -- --
Nereis -- -- 0.127 184 - -
Pygospio -~ -- - -- -- --
Polydora dam -- -~ -- -= 0.050 300
Capitella -- -- -- -- -- --
Amphic teis -- -- -- -- 1.340 1600
Manayunkia -- -~ - -~ 6.230 139700
Oligochaeta —~ L - - - 0.20 800
|
Corophium insid -- -- -- -- 6.560 5800
Corophium sal 0.282 196 0.074 51 - --
Corophium Juv 0.047 236 0.094 372 2,340 117920
Corophium dam 0.4M 1028 0.044 240 1.480 3700

Anisogammarus con -
Anisogammarus Juv -- -- -- - - -

Anisogammarus dam  0.008 4 -- - -- -
Geosia 0.006 4 -- -- 9.760 4500

Gammarids dam -- - -- - - -
Harpacticoid = - —- - - -- e
Ostracods -- - 0.044 292 -- -
Cumella -- -- 0.002 16 -~ -
Tanais 0.001 8 -- -- 11.420 69600

Crangon - - - -—- - -
Brachyuran juv - —-—— - - - -

Hermissenda - - -- - - -
Acteocina -- -- -- Co-- -- --
Batillaria - - —— _— - —
Macoma juv <0.001 11 0.460 380 27.550 800
Macoma incon. - - - - —_— -
Macoma ing. - - - - - --
Macoma nasuta - - - - - -
Venerupis japon - - -- - - -

TOTAL ‘ 0.755 1571 0.920 1555 67.660 239400



‘Table 8:

Station
Date (1973)
Time (PST)

Position N. lat.

W. long.

Quadrat Size (m2)

Elevation (m, 0.D.)

Grain size (u m, median)

Silt/sand ratio

Temperature

FRAPER 21
Sept. 21
1009

49° 2.98
123° 7.85

0.25
2.74

64
1.083

21.5

(sediment surface,°C)

Remarks

-v 0.5 km
seaward

of marsh
-mud

-Ulva thalli
abundant
-reduced

v 1 cm
beneath
surface
~Zostera
debris
~Abernicola
castings
-Hemigrapsus
oregonensis

FRAPER 22

Sept. 21
1035

49° 2.72
123° 7.11

0.25

2.74

60

1.222
- 20.1

-algal mats
on mud
-Zostera
debris
-reduced
v 1 cm
beneath
surface
-Abarenicola
castings
~Hemigrapsus
oregonensis

Location and environmental data for FRAPER stations

FRAPER 23
Sept. 21
1050

49° 2.73
123° 6.51

0.25

2.74
59

0.369

~-tidal creeks
present
-v 30m
from marsh
edge
-mud with
algal film
-dbarenicola
castings

-Hemigrapsus

oregonensis
-reduced

~ 1 cm
beneath
-surface
-Zostera
debris
with gam-
marid
amph1ipods
underneath



- e -2
Table 8: Biomass (wet wt. gm 2), number of individuals (number m *)
and species composition from FRAPER transect, around the
periphery of the Fraser delta: from Iona Island to Tsawwassen.

See Table 12 for classification of organisms.

Station FRAPER 21 FRAPER 22 FRAPER 23
Date Sept. 11 Sept. 11 Sept. 11
Biomass No. Ind. Biomass No. Biomass Mo. Ind.
Taxa -2 -2 -2 -2 -2 -2
gm m gm m gm m
Insect larvae - -- - - 0.237 48
Nemertea -- - 0.334 80 0.722 611
Dendros toma - - - - -— —
E teone 0.016 80 0.016 32 -- -
Nereis - _— _ - - -
Pygospio - - - -— 0.035 144
Polydora dam -- -- - - 0.107 16
Capitella - -- -- - - -~
Amphic teis 0.328 960 -- -- -- --
Manayunkia 2.000 40080 0.015 304 0.21 2528
Oligochaeta 0.216 ©~ 1280 -- -- 0.101 336
Corophium insid 1.248 2720 0.195 192 1.610 4416
Corophiun sal - - - - - -
Corophium JUuv 0.472 2569 0.006 32 - -
Corophium dam 0.616 1680 0.083 208 1.418 1120
Anigogammarus con -— -- - - - -—
Anisogammarus JUuv - -- -- - - -
Anisogammarus dam  __ - - -- - -
Geosia 1.120 400 0.952 608 - -
Gammarids dam - - - - _— -
Harpacticoid - -— - - - -
Ostracods - - —_— _— - _—
Cumella 0.008 80 0.005 32 - --
Tanais 12.448 54000 3.979 11664 0.104 560
Crangon -- -— - - - _—
Brachyuran juv - - 9.029 16 - -
Hermissenda - -— 0.100 16 - —
Aecteocinag -- -— - - 0.141 48
Batillaria -- -- -- -- 5.162 32
Macoma juv 17.472 480 0.861 80 2.918 64
Macoma incon. - - - —_— - -
Macoma ing. -- -- - - - -
Macoma nasuta - -- - - -- -
Venerupis Jjapon -- -~ -- - -- --
35.944 104329 6.485 13264 11.766 9923

TOTAL



‘ , Table 8: Location and environmental data for FRAPER stations.

Station FRAPER 24
Date (1973) Sept._]i
Time (PST) | 1103
Position N. lat. 49° 1.70
W. Tong. 123° 6.35
Quadrat Size (m’) 0.25
Elevation (m, 0.D.) 2.13
Grain size (u m, median) N/A
Silt/sand ratio N/A
Temperature 22.9

(sediment surface,°C)

Remarks -mud
-large nereid
observed
-Ulva.
Monostroma
abundant
-Callianassa
present
-marginal
Zostera



Table 8: Biomass (wet wt. g m'z), number of individuals (number m'z)
and species composition from FRAPER transect, around the
periphery of the Fraser delta from Iona Island to Tsawwassen.
See Table 12 for classification of organisms.

Station FRAPER 24

Date Sept. 11
Biomass No. Ind.
Taxa -2 -2
gm m

Insect larvae - -

Nemertea R -
Dendros toma - -

E teone 0.007 4
Nereis -- --
Pygospio == --
Polydora dam - -- --
Capitella -- -
Amphic teis 0.004 8
Manayunkia == --
0ligochaeta 0.011- 24

Corophium ingid 0.519 520
Corophiun sal -- --
Corophium juv 0.153 764
Corophiwm dam 0.146 364
Anisogammarus con -- --
Anisogammarus Juv == ==
Anisogammarus “dam -- -
Geosia - -

Gammarids dam -- -
Harpacticoid -- --
Ostracods -- --
Cumella 0.015 124
Tanais 0.026 172
Crangon - -
Brachyuran juv -- -

Hermissenda -- --
Acteocing 0.026 8
Batillaria - ==
Macoma juv 0.001 8
Macoma incon. =
Macoma ing.
Macoma nasuia 0.001 8

Venerupis japon
TOTAL 1.257 2008



« Table ¢:  Biomass (wet wt. g m-3);knumberfof individuals (number in
4 min-tow) and species composition from plankton tows sea-

ward of Iona Island.

See Table 12 for classification of

organisms. Surface salinity, temperature and seston data

are also given. : :
Station Al B I c I
Date (1973) July 31 July - 31 July 30
Time (PST) k 1732 1708 1940
Temperature (°C) 21.0 20.2 19.5
Salinity (%/o0) 8.5 10.7 12.0
Organic mat. 3.0 2.6 2.9

mg litre~
: Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

Taxa g m=3 g m~3 gm3
Phialidium <1 mg 1 <1 mg 1 0.040 57
Pleurobrachia - - - - 0.217 54
Calanoids <1 mg 23 <1 mg 13 <Img .- 63
Harpacticoids - - - - - -
M. oculata - - - - - -
Brachyuran zoea - - - - - -
Natantia juv. - - - - <1 mg 1
Hyperiids - - - - <1 mg 4
Fish larvae - - - - - -
Eteone - - - -
Polyodontidae juv. - - - - -
Polydora K. - - - - - -
Bygospio - - - - - -
Capitellidae - - - - - -
Amphicteis - - - - - -
M. aestaurina - - - - - -
0ligochaeta - - - - - -
Cumella - - - - - -
Macoma Juv. . - - - - - -
TOTAL <1 mg 24 <1 mg 14 - 0.257 179



Table 9: Biomass (wet wt. g m’3), number of individuals (number in
: 4 min tow) and species composition from plankton tows sea~
ward of Iona Island. See Table 12 for classification of
organisms. Surface salinity, temperature and seston data
are also given. '

Station D I E I F I
Date (1973) dJuly 30 : July 30 July 30
Time (PST) 1626 1930 . 1921
Temperature (°C) 19.0 21.3 21.0
Salinity (%/oo) 13.8 14.0 10.0
Organic mat. 3.4 1.8 2.2

mg Titre=]

, Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

Taxa g m~3 g m-3 g m3
Phialidium - - 0.004 12 <1 mg 3
Pleurobrachia - - 0.034 46 0.002 5
Calanoids <1 mg 68 <1 mg 72 <1 mg 34
Harpacticoids - - - - - -
M. oculata .- - - - - -
Brachyuran zoea - - - <1 mg 1 - -
Natantia juv. - - <1 mg 1 - -
Hyperiids <1 mg 1 <1 mg 1 - -
Fish larvae - - - - - -
Eteone - - - - - -
Polyodontidae juv. - - <1 mg - - -
Polydora K. - - - - - -
Pygospio - - - - - -
Capitellidae - - - - - -
Amphicteis - - - -
M. aestaurina - <1 mg 1 <Ilmg 1

O0ligochaeta - - - - - -
Cumella - - - - - -
Macoma Juv. . <1 mg 1 - - - -

TOTAL <1 mg 70 0.038 135 0.002 43



Table 9: Biomass (wet wt. g m'3), number of individuals (number in
-~ 4 min tow) and species composition from plankton tows sea-
‘ward of Iona Island. See Table 12 for classification of
organisms. Surface salinity, temperature and seston data
are also given. ’

Station G I H I T 1

Date (1973) July 30 ' July 31 July 31

Time (PST) ~ 1908 1721 : 1656

“Temperature (°C) - 20.0 21.0 19.8

Salinity (°/oo) 14.8 9.7 - 12.0

Organic mat. 1.9 2.2 2.8
mg litre~

-Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

 Taxa. g m? g m-3 | g m3

Phialidium 0.003 12 <1 mg 4 Amg
Pleurobrachia 0.006 24 - - - -
Calanoids <1 mg 13 <1 mg 7 <1 mg 14
Harpacticoids <1 mg 1 - - - -
M. oculata - -~ - - - -
Brachyuran zoea - - - - ‘- -
Natantia juv. - - - - - <1 mg 1
Hyperiids - - - - - -
Fish larvae - - - - - -

Eteone
Polyodontidae juv.
Polydora K.
Pygospio
Capitellidae
Amphictetis -

M. aestaurina - - <1 mg 1 - -

Oligochaeta T - - - - -
Cumella - - - - - -

Macoma Juv. - - - - - -

TOTAL 0.009 50 <1 mg 12 <1 mg 16



Table 9% Biomass (wet wt. g m_3), number of individuals (number in
: 4 min tow) and species composition from plankton tows sea-

ward of Iona Island.. See Table 12 for classification of
organisms. Surface salinity, temperature and seston data

are also given.

Station 1 K 1 L I
Date (1973) : July 30 July 31 July 30
Time (PST) 1440 - 1613 . 1858
Temperature (°C) 20.0 20.8 . 21.0
Salinity (9/00) - 13.2 12.3 11.9
Organic mat. : 2.6 2.2 1.7
mg litre~
‘Biomass No.Ind. Biomass No.Ind; Biomass No.Ind.
-Taxa ~ gm3 g m3 g m-3 .
Phialidium <1 mg 2 0.004 8 <1 mg 6
Pleurobrachia - - - - - -
- Calanoids <Img 43 <1 mg 29 <1 mg 39
Harpacticoids - - - - - -
M. oculata - - . - - -
Brachyuran. zoea - - - <1 mg 2 - -
Natantia juv. - - - - <1 mg -
Hyperiids - - <1 mg 1 <1 mg 2
Fish larvae - - - - - -
Eteone - : - - - -
Polyodontidae juv. - - - - -
Polydora K. - - - - - -
Pygospio - - - - - -
Capitellidae - - - - - -
Amphicteis- - - - - - -
M. aestaurina - - - - - -
Oligochaeta - - - - - -
Cumella - - - - - -
Macoma Juv. <1 mg 32 <1 mg 4 - -

TOTAL ) - <lmg 77 0.010 45 0.001 50



Table 9: ' Biomass (wet wt. gm

3)

, number of individuals (number in

4 min tow) ‘and ‘species: composition from plankton tows sea-

ward of Iona Island.
organisms.
are also given.

See Table 12 for classification of

Surface salinity, temperature and seston data

Station M I N I 0 I
Date (1973) duly 31 July 30 July 31
Time (PST) . 1746 1655 1923
Temperature (°C) 20.3 20.0 19.5
Salinity (%/00) 10.7 11.0 11.2
Organic mat. 3.0 2.2 2.6

mg Titre~]
: ~ Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
Taxa g m3 : g m3 g m3
Phialidium - - <1 mg 1 0.001 4
Pleurobrachia - - - - <Img
Calanoids <1 mg 17 <1 mg 72 <1 mg 10
Harpacticoids <1 mg 1 - - - -
M. oculata - - - - 0.001 3
Brachyuran zoea - - - - - -
Natantia juv. - - <1 mg 1 - . -
Hyperiids - - 21 mg 2 - -
Fish Tarvae. <1 mg 9 <1 mg 1 - -
Eteone - - - - ~
Polyodontidae juv. - - - - - -
Polydora K. - - - - - -
Pygospio - - - - - -
Capitellidae - - - - - -
Amphicteis - - - - - -
M. aestaurina - - - - - -
0ligochaeta - - - - - -
Cumella <1 mg 1 - - - -
Macoma Juv. <1 mg 3 <1 mg 3 - -
TOTAL <1 mg 31 <1 mg 80 0.002 18



Table 9: Biomass (wet wt. g mf3), number of individuals (number in

- .4 min tow) and species composition from plankton tows sea-
ward of ‘Iona Island. See Table 12 for classification of
organisms. - Surface salinity, temperature and seston data
are also given.

TOTAL ’ ‘ 0.005 36 <1 mg 14 <1 mg

Station P I QI R 1
Date (1973) July 30 July 30 July 30
Time (PST) 1839 1710 1829
. Temperature (°C) 21.5 21.0 ‘ - 21.0
Salinity (%/00) ‘ 11.5 9.9 10.5
- Organic mat. : 1.6 3.2 2.2
mg Titre~]

L . Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
Taxa g m-3 g m-3 g m3
Phialidium 0.001 2 <1 mg 1 - -
Pleurobrachia 0.004 9 - - - -
CaTanoids - <1 mg 18 <1 mg 12 <1 mg 9
Harpacticoids - - - - - : -
M. oculata - - - - - -
Brachyuran zoea <1 mg 1 - - - -
Natantia juv. <1 mg 1 - - - -
Hyperiids - - - - - -
Fish larvae <1 mg 1 - | - - -
Eteone - - - - - -
Polyodontidae juv. - - - - - -
‘Polydora K. - - - - - -
Pygospio - - - - <1 mg 1
Capitellidae - - - - - -
“Amphicteis - - - - - -
M. aestaurina A <1 mg- 4 - - <] mg 3
0ligochaeta - - - - - -
Cumella - - - - - -
‘Macoma Juv. - - <1 mg 1 - -

13 -



Table 9: Biomass (wet wt. g m'3), number of individuals (number in
-« 4 min tow). and species.composition from plankton tows sea-.
ward of Iona Island. See Table 12 for classification of .
~.organisms. - Surface salinity, temperature and seston data
are also given. ' ‘

0.004 432

Station S 1 T 1 U I
- Date (1973) July 30 ~July 30 July 30
Time (PST) 1817 1721 1730
" Temperature (°C) 21.0 22.0 - 22.0
Salinity (%/o0) 10.8 12.5 11.8
Organic mat. ’ 1.1 2.8 2.3
mg litre~
SR ‘Biomass No.Ind. Biomass No.Ind. Biomass'No.Ind.
Taxa g m3 g m3 gm3 :
Phialidium - - - - - -
Pleurobrachia - - - - - -
Calanoids <1 mg 11 <1 mg 12 <1 mg 6
Harpacticoids - - - - - -
M. oculata - - - - - -
Brachyuran zoea - - <1 mg 1 - -
Natantia juv. - - - .- - -
Hyperiids - - <1 mg 1 - -
Fish larvae - ' - - - - -
Eteone - - <1 mg 1 - -
Polyodontidae juv. - - - - - -
Polydora K. - - <1 mg 4 <1 mg 1
. Pygospio - - <1 mg 14 <1 mg 1 -
Capitellidae - - <1 mg 4 - : -
Amphicteis - - <1 mg’ 3 <1 mg 2
M. aestaurina <1 mg 2 0.004 350 0.002 163
0ligochaeta - - <1 mg 15 <1 mg 6
Cumella - - - - - -
Macoma Juv. - - <1 mg 27 <1 mg. 1
TOTAL dmg 13 0.002 180



Table 9: Biomass (wet wt. g m'3), number of individuals (number in

. 4 min tow) and species composition from plankton tows sea-
ward of Iona Island. See Table 12 for classification of
organisms. - Surface salinity, temperature and seston data
are also given.

Station ul 1 vV I

Date (1973) July 30 July 30

Time (PST) 1800 1749
Temperature (°C) 22.5 22.0
Salinity (°/o0) 11.8 11.0
Organic mat._ 2.7 1.7

mg litre~ ‘
Biomass No.Ind. Biomass No.Iﬁd.

Taxa g m3 g m3
Phialidium - - - -
Pleurobrachia - - - -
Calanoids <1 mg 1 <1 mg 6
Harpacticoids - - - -

M. oculata - - - -
Brachyuran zoea - - - | -
Natantia juv. - - - -
Hyperiids - - - -
Fish larvae - - - -
Eteone - - <1 mg ]
Polyodontidae juv. - - - -
Polydora K. - - - -

Pygospio - - - -
Capitellidae - - - -
Amphicteis <1 mg 1 <1 mg 2
M. aestaurina <1 mg 20 <1 mg 31

0ligochaeta - - - -
Cumella - - - -

Macoma Juv. <1 mg 1 - ' -

TOTAL <1 mg 23 <1 mg 40



Table 10: Biomass (wet wt. g mf:?),'number of individuals (number of 4 min
o * “tow), and species composition from plankton tows in front of
Sea Island. See Table 12 for classification of organisms.
Surface salinity, temperature, and seston data are also given.

Station AS “BS ’ Ccs

Date (1973) July 3 July 3 July 3
Time (PST) 1945 1930 1955 .
Temperature (°C) 16.2 - 17.0 16.8
Salinity (®/00) 6.5 7.5 . 7.0
Organic mat. 2.4 3.4 2.2

{mg 1itre -1)

Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.lInd.
g m-3 g m3 g m-3

Insecta 0.002 3 Co-- - 0.002 -8
Calanoids  mg 49 <1 mg 4 <1 mg 1
Harpactiocoids -- -- <1 mg 2 -- -
Neomysgis -- -- -- - <1 mg 2
Acanthomysis -- -- - - - -
Mysid juv. - -- -- -— - -
Brachyuran juv. - -~ - - - .

Decapod zeoa -- - - - -— -

Fish larvae 0.007 24 0.001 36 0.002 29
Nemertea - ~- -- -- -- -~

Eteone == - - - == -
Nereis juv. -- - -- - -- -
P. elegans -- -- -- -- - _—
Spionidae juv. -- -- -- - - -
Ampharetidae juv. -- -~ - - - -
Manayunkia -- -- -- -- -- -—
Polychaeta dam. .- -~ - - — -—

Oligochaeta - - <1 mg 4 0.001 33
Corophium juv. <1 mg 1 <1 mg 3 <1 mg 14
Gorophium sal -~ -- -- -- . -
Anisogammarue juv. -- - - -- <1 mg 3
Anisogammarus con == -- - .- - _—

Cumella S - -~ .- - - -

Tanais -- -- <1 mg 1 - -
Grorimosphaeroma -~ -~ -- -- - S,

Crangon ‘ -- -- -- - -- -
Nudibranch juv. -~ -~ - -- <1 mg 5
Macoma juv. -- -- - - . --
Oncorhynchus - -- -- - - --
Gasterosteus -- - - - 1.843 5
Fladichthys -- - - -

TOTAL 0.009 105 - 0.001 87 1.848 - 154



Table 10: Biomass (wet wt. g m~3), number of individuals (number of 4 min

tow), and species composition from plankton tows in front of

Sea Island. See Table 12 for classification of organisms.

Surface salinity, temperature, and seston data are also given.
Statfon ¢'s s DS
Date (1973) July 3 July 3 July 4
Time (PST) ' 2000 1915 1830
Temperature (OC) 16.5 17.2 14.8
Salinity (9/00) . 5.0 5.2 0.3
Organic mat. 3.4 1.8 _ 3.0

(mg Titre -1)

Taxa , Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
g m-3 g m-3 g m-3

Insecta 0.014 65 -- -- <1 mg 16
Calanoids <1 mg 4 <1 mg 5 0.001 80

Harpactiocoids -- - -- - <1 mg 16

Neomysis -- -~ 0.130 52 0.443 248
Acanthomysis -- -- - - - -
Mysid juv. -- -~ - - - _-—

Brachyuran juv. -- -- -- - - -
Decapod zeoa -- -- -- - - -

Fish larvae 0.005 42 0.002 4 0.003 80
Nemertea - -- <1 mg 3 0.001 8

Fteone - -~ - -— — —
Nereig juv. -- -- -- - - -
P. elegans -- -- -- - - .-
Spionidae juv. - -- - —-— - : -
Ampharetidae juv.<1 mg. 1 _— T aa - .
Manayunkia -- - - — -
Polychaeta dam. -- -- - - - -

0ligochaeta <1'mg 10 - -- 0.005 584
Corophium juv. <1 mg 1 -- -- 0.002 88
Gorophium sal -- -- <1 mg 1 0.003 32
Anisogammarus juv. -- -- <1 mg 4 - -
Anteogammarus con<l mg 1 -- - -

Cumella - -- -- -- -- -

Tanais <1 mg 8 -- - -- -
Gro rimo sphaeroma <1 mg 2

Crangon -- -- . -- -- -- -
Nudibranch juv. 0.001 22 -- -- - --
Macoma juv. .- - <1 mg 20 - -
Oncorhynchus -- - .- -- - -
Gasterosteus -- -- -- - .- -

Pladichthys -- - - - . - -—
TOTAL 0.020 . 156 0.132 89 0.458 1152



Table 10: Biomass (wet wt. g‘m‘,3)), number of individuals (number of 4 min
tow), and species composition from plankton tows in front of
Sea Island. See Table 12 for classification of organisms.
Surface salinity, temperature, and seston data are also given.

- Station ES F S GS

“-Date (1973) July 4 . July 4 - July 4
Time (PST) 1925 1905 1840
Temperature (°C) 14.5 14.8 16.0
Salinity (°/oo0) 8.7 6.0 3.7
Organic mat. 3.0 5.0 : 15.4

{mg litre -1}

Taxa Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.

g m-3 g m'3 g m-3

Insecta -- -- <1 mg 4 -- --
Calanoids 0.001 82 < mg a8 0.001 144
Harpactiocoids <1 mg 2 I mg 16 - -
Neomysis ~ 0.010 5 0.012 12 1.005 480
Acanthomysis <1 mg 5 0.004 12 - --
Mysid juv. {1 mg 11 0.001 92 -- --
Brachyuran juv. -- -- -~ -- -- --
Decapod zeoa -- - -- -- -- --
Fish larvae 0.005 38  0.004 60 0.164 524
Nemertea -- -- -- -~ 0.002 16
Eteone -= -- - -- -- --
Nereis juv. -- - ‘1 mg 8 -- .
P. elegans -- -- -- - - --
Spionidae juv. <1 mg 1 - -- - -
Ampharetidae juv. (1 mg 1 -- -- - -
Marnayunkia <1 mg 6 - _- . -
Polychaeta dam. - - -— .- - -
0ligochaeta <1 mg 31 ‘1 mg 12 <1 mg 64
Corophium juv. 0.002 122 0.003 144 0.005 240
Mrophium sal -- -- 0.002 12 0.007 64
Anisogammarus juv.<l mg 1 <1 mg . 8 -- -
Anisogammarus cow ¢1 mg 1 - — - -
Cumella -- - - - - -
Tanais <1 mg 1 0,001 32 0.001 48
Grorimosphaeroma == -- <1 mg 4 . -
Crangon -- -- 0.035 1 -- -
Nudibranch juv. <1 mg 1 -- -- -- --
Macoma juv. 0.001 47 0.003 248 0.014 108
Oncorhynchus -— -- -- -- 0.435 1
Gasterosteus -- -- -- -- ~0.227 1
Pladichthys -- -- -- -- -- -

TOTAL - 0.019 355 0.061 713 1.861 "1809



Table 10: Biomass (wet wt. g m~3), number of individuals (number of 4 min
: tow), and species-composition from plankton tows in front of
Sea Island. See Tableé 12 for classification of organisms.
Surface salinity, temperature, and seston data are also given.

Station IS Js KS
Date (1973) July 4 July 4 July 3
Time (PST) 1450 1700 1750
Temperature (°C) N/A ©16.5 16.3
Salinity (%/o0) N/A 7.7 5.3
Organic mat. . N/A 1.4 ) 2.0
(mg 1itre -1)
Taxa k Biomass No.Ind. Biomass No.Ind. Biomass No.Ind.
' ' gm3 g m-3 g m-3
Insecta -- -- -- -- -- --
Calanoids 0.002 262 0.004 608 0.001 160
Harpactiocoids -- ~- €1 mg 40 {1 mg 8
Neomyetis 0.004 55 0.018 48 0.003 56
Acanthomysis 0.012 34 - -- -- .-
Mysid juv. -- -- 0.001 88 - -

Brachyuran juv. -- -- -— - - -

Decapod zeoa -- -- -- -- - -

Fish larvae 0.010 . 57 0.002 160 0.029 208
Nemertea -- -- ©0.002 48 <1 mg 16
Eteone -- . 0.001 8 - -
Nereis juv. - -- -- -- .- -
P. elegans -- -~ <1 mg 8 - -—

Spionidae juv. -- -- - - - -—
Ampharetidae juv. -- -

Manayunkia -- -- <1 mg 24 -- --
Polychaeta dam. .- -~ <1 mg 8 -~ --
Oligochaeta -- -- 0.022 248 <1 mg 8
Corophium juv. - -- 0.006 688 0.002 88
Gorophium sal -- -- 0.007 56 0.008 48
Anisogammarus juv.(1 mg 10 0.003 32 0.006 240
Antgogammarus con -- -- -- -- - .-
Cumella <1 mg 13 0.001 24 <1 mg 16
Tanais <1 mg 1 -- -- - -
Gro rimo sphaeroma -- -~ -~ -- - --
Crangon 0.158 2 0.199 9 0.302 5
Nudibranch juv. -- -- -- - - -
Macoma juv. -- -- 0.004 3320 - --
Oncorhynchus -- -- - . -- -
Gasterosteus - - - - - .
FPladichthys -- - 0.098 2 . -- -

TOTAL 0.186 434 0.348 5419 0.351 853



e

Table 10: Biomass (wet wt. g m-3), number of individuals (number of 4 min
tow), and species composition from plankton tows in front of
Sea Island. See Table 12 for classification of organisms.
Surface salinity, temperature, and seston data are also given.
Station LS MS NS
-Date (1973) “July 3 July 3 July 3
:Time (PST) 1755 1850 1530
Temperature (°C) 15.0 15.5 16.0
Salinity (%/co) 2.0 ] 7.0 7.8
Organic mat. 1.4 1.9 1.4
(mg 1itre -1)
Taxa' Biomass “No. Ind. Biomass No.Ind. Biomass No.Ind.
’ gm3 g m-3 g m3
Insecta <1 mg 1 -- -- -- --
Calanoids " Img 16 0.002 344 0.015 2296
Harpactiocoids -- - -- -- <1 mg 8
Hw}hyeie 0.230 224 0.001 40 0.005 256
Acanthomyais - -- - - 0.001 16
Mysid juv. - -- -- -- -- -
Brachyuran juv. -- .- -~ -- -- -
Decapod zeoa -- -- -~ -- -- --
Fish larvae 0.002° 80 0.002 96 0.002 80
Nemertea 0.004 32 0.001 8 - -
Eteone - -- 0.001 4 - .-
Nereis juv. -- -- -- -- -- --
P. elegans -- - A mg 4 - -
Spionidae juv. - -- -—- -- <1 mg 144
Ampharetidae juv. -- - - - -- --
Manayunkia -- -- - - - -
Polychaeta dam. -- - -- -- - -
0ligochaeta 0.004 608 <1 mg 12 -- --
Corophium juv. 0.003 48 0.01 300 <1 mg 6
Grophium sal 0.003 32 0.011 100 0.002 40
Anisogammarue juv0.001 64 0.008 348 0.001 152
Anisogammarue con  -- -- 0.002 16 0.001 8
Cumella -- -- 0.001 12 <1 mg 8
Tanaie - - -- -- . --
Groritmosphaeroma -~ -- - - -- -
Crangon 3.841 29 0.219 2 .- -
Nudibranch juv. -- -- -- -- - -
Macoma juv. ¢ mg ]Gv - -- 0.002 112
Onwrhynchue == - == - == -
Gasterv steus - - == == - -
Pladichthys - - == == - -
TOTAL 4.088 1149 0.259 1386 0.029 3168

=2 =4 == ==

== ==

£




Table 10: Biomass (wet wt. g m=3), number of individuals (number of 4 min
tow), and species composition from plankton tows in front of
Sea Island. See Table 12 for classification of organisms.
Surface salinity, temperature, and seston data are also given.
Station 0S PS Qs
Date (1973) July 3 July 3 July 3
Time (PST) 1735 1630 1730
Temperature (©C) 15.0 16.5 16.0
Salinity (°/o0) 0.7 7.5 10.5
Organic mat. 3.8 2.0 1.4
(mg 1itre -1)
Taxa Biomass No.Ind.  Biomass No.Ind. Biomass MNo.Ind.
gm3 g w3 g m3 :
Insecta - - - —_— - -
Calanoids 0.001 124 <1 mg 58 0.018 2752
Harpactiocoids <1 mg 12 -- -— - -—
Neomysis 0.187 1140 0.008 276 0.014 928
Acanthomysis -- Lo <1 mg 4 0.002 64
Mysid juv. - -- -- - - --
Brachyuran juv. - -— 0.001 4 -- -
Decapod zeoa -- . -- -- 0.001 96
Fish larvae 0.038 88 0.002 80 <1 mg 16
Nemertea 0.002 20 <1 mg 4 - —
Eteone -- -- -- - -- -
Nereis juv. -- -- -- -- -- --
P. elegans == -- -~ -- -- -~
Spionidae juv. - - <1 mg 16 <1 mg 16
Ampharetidae juv. -- -- <1 mg 12 - --
Manayunkia == -- -- -- -- .-
Polychaeta dam. -- - -- - -- --
Oligochaeta <1 mg 40 - - <1 mg a8
Corophium juv. 0.003 68 ¢1 mg 8 0.001 16
(bmphiwn sal 0.008 . 60 -- -— 0.008 96
Anisogammarus juvP.005 168 0.001 68 0.007 496
Aniaogammarus con0.003 40 -- - - “-
Cumella -- -- 0.004 344 0.001 64
Tanats -- - -— - - -
Grorimosphaeroma  -- - -- - - -
Crangon 0.137 5 0.143 1 -- --
Nudibranch juv. -- - - - . -
Macoma juv. -- - -- - 0.004 320
Oncorhynchus -- -- .- -~ - -
Gasterv steus -- -- - - - -
Pladichthys -- -~ -- ~—- - -
TOTAL 0.383 1765 0.159 875 0.056 4912



Table 10:

Biomass (wet wt. g m~3), number of individuals (number of 4 min

tow), and species composition from plankton tows in front of

Sea Island.

See Table 12 for classification of organisms.

Surface salinity, temperature, and seston data are also given.

Station

Date (1973)

Time (PST)

Temperature (OC)
~ Salinity (%/o00)

Organic mat. :

{mg 1itre -1)

RS

July 4

1725
15.0
5.7
3.2

SS
July 4
1435
16.2
6.0
3.2

TS
July 4.
1445
15.7
1.5
2.4

Taxa

Insecta
Calanoids
Harpactiocoids

Neomysia
Acanthomysis
- Mysid juv.

Brachyuran juv.
Decapod zeoa

Fish larvae
-~ Nemertea

Eteone

Nereis juv.

P. elegans
Spionidae juv.
Ampharetidae juv
Manayurkia
Polychaeta dam.

0ligochaeta

Corophium juv.
Gorophium sal

Biomass
g m-3

0.001

Antsogammarus juv 0.006
Anigogammarus con  --

Cumella

Tanaie
Grorimosphaeroma

Crango' n
Nudibranch juv.
Macoma juv .l
Onéorhyhchus
Gasterosteus

Pladiehthys
TOTAL

.

No.Ind.

Biomass No.Ind.
g m-3

<1 mg 1
1 mg 34

«1 mg 3

i
9

0.

<1

0.
<]

omass No.Ind.
m-3

001
mg 1

005
mg 1

mg 5

mg 1
mg 2
mg 13



Table

Station

woo~NOTOTPWNY —

11:

Salinity (o/oo) of surface water from sediments on Sturgeon and Roberts Banks,
February 5 to 7, 1974. Stations (Fig.2) were occupied during hovercraft trips
of the Geological Survey of Canada (Dr. J. Luternauer), whose station designa-
tion is used in this table. .

N. Lat., W. Long. Sa]inity(o/oo) Station N. Lat., W. Long. - Sa]inity(q/oo)
49°4.25, 123°12.03 14.66 30 49°5.00, 123°12.44 9.72
49°4 .28, 123°10.73 7.15 31 49°4.39, 123°14.40 12.76
49°4.05, 123° 9.37 3.78 32 49°5.53, 123°15.00  19.82
49°4,35, 123° 9.49 6.34 33 49°6.02, 123°16.08 16.42
49°3.00, 123°10.90 8.48 34 49°5.13, 123°16.07 18.97
49°3.40, 123°12.08 14.23 v 35 49°3.80, 123°16.08 19.69
49°3.30, 123°13.40 11.93 36 49°3,90, 123°14.38 15.40
N/A N/A N/A 37 49°5,25, 123°17.46 20.72
49°2.60, 123°12.21 15.08 - 38 49°6.88, 123°17.28 22.13
49°2.82, 123°10.07 N/A 39 49°8.08, 123°16.31 17.71
49°2.60, 123° 9.39 9.84 40 49°8.70, 123°16.50 17.25
49°2.61, 123° 8.02 14.86 3 49°9.65, 123°16.62 14.94
49°1.65, 123° 9.40 20.65 42 49°10.57, 123°16.73 14.81
49°1.70, 123°10.78 18.32 43 49°11.47, 123°16.68 20.72
49°1.62, 123°14.10 16.97 44 49°12.45, 123°16.38 20.83
49°1.68, 123°13.50 15.35 45 49°13.64, 123°16.00 21.38
49°2.23, 123°15.00 5.73 46 - 49°14,38, 123°15.61 21.59
49°0.70, 123° 8.03 26.99 ' 47 49°13.63, 123°14.62 20.33
49°1.45, 123° 2.63 N/A : 48 49°12.80, 123°14.63 19.48
49°1.59, 123° 1.77 26.72 49 49°13.15, 123°13.28 18.42
49°2.50, 123° 6.71 26.54 50 49°8.08, 123°12.00 13.91
49°3.30, 123° 8.32 N/A 51 49°9.06, 123°11.91 16.59
49°5.00, 123°11.05 11.02 : 52 49°9.80, 123°12.08 14.42
49°5.30, 123°12.02 14.76 53 49°10.74, 123°12.30 9.56
49°6.32, 123°12.00 18.65 54 49°12.66, 123°12.60 18.41
49°6.48, 123°12.28 8.82 55 49°12.06, 123°13.30 18.36
49°6.93, 123°13.32 16.58 56 49°11.18, 123°13.30 14.14
49°6.03, 123°13.32 12.54° 57 49°10.30, 123°13.30 14.98
49°5.00, 123°14.01 13.88 58 49°9.45, 123°13.30 18.36



Table 11:(cont'd) Salinity of surface water from sediments on Sturgeon and Roberts
Banks, February 5 to 7, 1974

Station N. Lat., W. Long. Sa]inity(O/oo)

59 49° 8.60, 123°13.30 18.44
60 49° 7.98, 123°15.00 18.53
61 49° 9.48, 123°16.00 16.80
62 49°10.35, 123°15.95 12.67
63 49°11.20, 123°16.09 13.95
64 49°12.07, 123°15.84 18.67
65 49°12.03, 123°14.68 19.67
66 49°10.10, 123°14.59  12.45
67 49°10.30, 123°14.65 18.85
68 - 49° 9.50, 123°14.68 17.41

69 49° 8.57, 123°14.58 19.30



Table 12 - List of organisms obtained in sampling on Sturgeon and Raberts
Bank. Major group headings from Meglitsch, 1972.

CNIDARIA

C1. Scyphozoa
Phialidium Sp.

CTENOPHORA

C1. Tentaculata
Pleurobrachia Sp.

- PLATYHELMINTHES

C1. Turbellaria
Dendros toma  Sp.

NEMERTINA

ANHELIDA

C1. Polychaeta

S-C Errantia
Eteone longa
Eulalia SP.
Glyeinde picta
Neph tys ferruginea
Neph tys cornuta franciscana
Nereis (Neanthes) limnicola
Polyodontidae
Platynereis bicanaliculata
Syllidae

S-C Sedentaria
Amphare te arc tica
Ampharetidae juveniles
Amphic teis Sp.
Armandia brevis
Capi tella sp.. I
Eupolymnia he terobranchia
Maldanidae juvenile
Mediomas tus Sp.



Manayunkia aes tuarina

Owenia fusiformis

Paranois pla wbrcmchza
Polydora ligni ‘
Pseudopolydora kempi Japonica
Pseudosabellides Zz,ttora2,7,$
Pygospio elegans

Seoloplos armiger

Spionidae juveniles

Polychaeta damaged
Cl1. Oligochaeta

MOLLUSCA

C1. Gastropoda
Acteocina eximia
Batillaria mnalis
Hermissenda crassicornis
Polinices  Sp.

C1. Pelecypoda
Clinocardium Sp.
Kellia suborbicularis
Macoma inconspicua
Macoma inquina ta
Macoma nasuta
Macoma SPp. ‘
Musculus subs triatus
Mya- sp._ (juveniles)
My tilus edulzs
Pro B thaca staminea
Venerupis daponica
Yoldia ensifera.

ARTHROPODA

C1. Pycnogonida
Halosoma viridintestinale

C1. Crustracea
S-C Copepoda
0. Calanoida
0. Harpacticoida
S-C Malacostraca
0. Mysidacea
Neomysis mercedis.
Mysis oculata.
Acan thomysis macrops
Mysid juveniles



0. Cumacea
Cumella vulgaris
Lamprops sp. 1
0. Tanaidacea ,
Lep ochelia filum
Tanais sp. 1
0. Isopoda
Gnorimosphaeroma oregonensis
Pendido tea resect
Synido tea nebulosa
0. Oecapoda
S.0. Natantia
Crangon franciscorum
Natantia juvenile
S.0. Reptantia
Brachyuran juvenile

Decapoda zoea

0. Amphipoda

S.0. Hyperiidea

S.0. Gammaridea
Ampelisea Sp. 1
Anisogammarus confervicolus
Anisogammarus juveniles
Atylus sp. 1
Calliopius laeviusculus

S.0. Caprellidea
Caprella sp. 1
Corophium salmonis
Covophium insidiosum
Corophium spp. (juveniles)
Corophium damaged =~
Fohaus torius washing tonianus
Geosia Sp. |
Paraphoxus sp 1.
Pontogeneia Sp. |

C1. Insecta
Insect larvae
C1. Arachnida
0. Acarina
Halacaridae

SIPUNCULA

‘CHORDATA :
Cl. Osteichthye :
Gas teros teus aculeatus
Oneorhynchus kisutch
Platich thys stellatus
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The Economic Importance of the
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A, The Fraser River Commercial Salmon Resource

1. Average Annual Commercial Catches of Fraser River Salmon

An average annual commercial catch of Fraser River salmon was
estimated in a recent Fisheries report prepared for the Upstream Storage
‘ 1
Committee, studying the System E flood control proposals. These quantities

are outlined'in Table I.

Table I

Estimated Average Annual Commercial Catch of

Fraser River Salmon

Average* Average.
Weight ) Commercial
ASpecies Commercial Catch Per Fish , Catch
' (pieces)
~Chinook 4 182,948 13,0 2,378,300
Sockeye ) 3,920,539 : 6.0 . 23,523,200
Coho _ 142,731 ' 8.0 - 1,141,800
- Pink 2,338,154 5,7 13,327,500
.Chum 509,505 11.0 5,604,600
TOTAL 7,093,877 45,975,439

*Estimated average

1An Assessment of the Effects of the System E Flood Control Proposal on the
Salmon Resource of the Fraser River System prepared for the Ecology Sub-
committee of the Fraser River Upstream Storage Steering Committee, by
Enviromment Canada, Fisheries and Marine Service, Vancouver, British
Columbia, January, 1974 '
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2., Net Economic Value of Fraser River Salmon

The gross value of the Fraser River salmon catch at retail is
estimated to approximate $73 million, expressed in 1973 dollars., Following
standard beanit—cost procedures however, calculation of the value of the
“-Fraser RiVer'salmon fishery in the present analysis will be conducted in net,
rather than gross, terms., Net value is understood to mean the difference ..
between gross value of fish produce at the consumer level and the cost of
putting the product there - assuming the economy is pursuing a policy of
revenue maximization. In reality, data available falls short of this ideal-
ized model, The péopie of banada are not pursuing a pure revenue goal with
regard to the commercial fishery, Rather, they are using the resburce to
meet employment and subsistence objectives, and to meet the requirements of
vtfaditipnal native customs, as well as to produce revenue, Consequently,

. an estimate of a least cost-position for the fishery if revenue maximization
pertained is required, It is estimated that, using primarily traps and
“welrs, fish could be caught and landed for 15 percent of current landed
- values, By the use of steps such as more freezing to smooth processing
“curves and the further horizontal integration of processors, it is estimated
that processing costs would be held to 50 percent of the wholesale value

"increment, These calculations are presented in Table II,



Table II

Calculation of 1973 Net Value of Fraser River

Salmon to the Commercial Fishery

Net v Wholesale Net Value Net Value
Landed Value Value Wholesale to
Value Landed* Increment Increment** Wholesale

¢/1b, ¢/1b, ¢/1b. ¢/1b, ¢/1b,

Chinook 84 71 39 20 91
Sockeye 56 48 89 44 . 92
Coho 76 65 36 18 83
Pink 27 23 66 33 56
Chum 45 38 33 16 54

@

* .
landed value less 15 percent.”

skk
wholesale increment less 50 percent,

At the retail level, it is estimated that a further markup of 22 per-
cent takes place for canned salmon, and 43 percent for‘salmon fresh, frozen
and otherwise treated, Weighting these figures by the value of the product,
by type of disposition, produces an estimate of retail markup for all salmon
of 31.5 percent. Examining fish retailing operatiéns, a return of 15 percent
on value added is utilized for this study. This figure seems conservative,
as the product actually passes through a "jobber'" level between wholesaler
and retailer, where a profit is also extracted. The result of these calcula-
tions is a further increment to net value of 5 percent of the wholesale

price, when averaged across all species.

An additional adjustment is required to deduct the portion of govern-
ment managément costs applicable to the Fraser River salmon catch from the
net values determined in Table 2, The management cost adjustment is based
upon an approximate expenditure of $1.1 million annually., These final

calculations are made in Table III,



Table III

Final Net Value ($1973) of Fraser River Salmon

Net Value Increment to Management Final

at Net Value Cost Net

Wholesale - Retail Adjustment Value

¢/1b, _ ¢/1b, ‘ ¢/1b, ¢/1b,
Chinook =~ 91 6 -2 95
Sockeye 92 7 -3 96
Coho 83 6 -2 87
Pink ; 56 5 -1 60
Chum 54 4 -1 .57

By combining the information contained in the previous Tables, it
is now possible to estimate the total economic value of the Fraser River

commercial salmon catch by species. This is done in Table IV,

Table IV

" Total Net Economic Value of the Fraser River

Commercial Salmon Catch by Specie ($1973)

Average

Commercial Net Value Total Net
Catch - - Per Pound Value
1bs, ¢/1b, $

Chinook 2,378,300 95 2,259,400
Sockeye 23,523,200 926 22,582,300
Coho 1,141,800 87 993,400
Pink 13,327,500 60 7,996,500
Chum 5,604,600 57 " 3,194,600

37,026,200

Thus, it is estimated that the total net value assonlated with an annual

‘average catch of Fraser River salmon amounts to $37 million.



3. Employment in the Commercial Industry

The activities evaluated dbove provide employment for a considerable
number of British Columbians, Fully 25 percent of the salmon produced from
British Colﬁmbia's rivers are of Fraser origin., It is clear than that the
Fraser represents a critical difference between profit and loss, not only
for ﬁany of British Columbia’s 10,000 fishermen, but for the industry as a
whole. Further, at the processing level, it is estimated that thsre are
approximately 2,500 processing employees and 240 tendermen employed in the
Greater Vancouver area - and the major portion of their efforts are associ¥
ated with Fraser River salmon, A significant number of these individuals,
because of lack of skills and/or training, have little or no opportunity for

alternative employment,

B. Recreation Associated With Fraser River Salmon

1., The Value of Recreation

The products of a rich estuarine environment are perhaps most valu-
able to the people as a whole. These "products’ are associated with fish
apd wildlife of all sorts, and are related to a range of recreational activi-
ties which include fishing, ﬁunting, viewing, and simply knowing that such
fauna exists for possible future use., Although British Columbians havé
chosen to guarantee the public availability of these products - and not, by
and large, commit them to the private market, they are nevertheless valuable,
A recent study2 has estimated such values, for salmon in the Fraser River
system, based upon household interviews of approximately 4,000 river basin
residents, Annual mean values per household were established for sport
fishing, boating, swimming, viewing, picnicking and hiking, and the componeht
value associated with the salmon resource identified., The study sought
recreational values within the context of community decision making with
regard to public expenditure alternatives. The results of that study are

presented in Table V.

2

Philip A, Meyer, Recreational and Preservation Values Associated with the
Salmon of the Fraser River, Enviromment Canada, Fisheries & Marine Service,
1974,
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Table V

Annual Value of Fraser River Salmon -

Related Recreatioh

Regional
No, of 3 " . Value Per Salmon-Related
Households Household Recreation Value
$annual $'000
Lower Mainland' 399,500 462 184,600
Upriver Communities 65,404 188 12,300
TOTAL 196,900

1Defined as the referent area between Hope and the sea,
2Defined as all other areas of the Fraser River Basin

31971 population data were adjusted by 3.1 percent annually to 1973 levels
and divided by 3.2, the mean number of people per household.

4 .
Study values were expressed in 1972 dollars and have been increased by 3%
to provide 1973 estimates,

It can be observed from Table V that the total annual Fraser River
salmon-related recreational value for the residents of the river basin

approximate $197 million annually,

It should be noted that values associated with Fraser River salmon
by residents of Vancouver Island, other residents of British Columbia, and

- visitors from outside the province are not included in this total.

2, Preservation of Fraser River Salmon

. 3
In addition to the values just noted, the value of preserving the
4
_salmon of the Fraser River was estimated in the previously cited study.

Resultant preservation values are presented in Table VI,

’3Preservation value is defined as the value associated with knowing a resource
or activity option is available, irrespective of use. In order for it to be
"counted" in assessment of an environmental impact, there must be a reasonable
presumption that (a) the resource is relatively unique, and (b) the negative
resource impact will be irreversible,

P,A, Meyer, op.cit,
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Table VI

Annual Preservation Value - Fraser River Salmon

Value Fraser River
No, of 3 Per 4 Preservation
Households Household Value
$ annual $7000
Lower Ma.inland1 399,500 230 91,900
2
Upriver communities 65,404 230 v 15,000
TOTAL 106,000

1Defined as the referent area between Hope and the sea,
2 ) :
Defined as all other area of the Fraser River Basin,

'31971 population data were adjusted by 3,1 percent annually to 1973 levels
and divided by 3.2, the mean number of people per household.

4 .
Study values were expressed in 1972 dollars, and have been increased by
3 percent to provide 1973 estimates,

Again, only values assoclated with British Columbians resident in
the Fraser River drainage basin afe included, Total annual preservation

values are seen to approximate $106 million,

C. The Value of Fraser River Salmon to Indian Peoples

There are 91 Indian bands, with a non-reserve popuiation'of 11,800
and a full pqpulation of 17,900 located in the Fraser River area, This
represenfs 48 percent of all bands and 37 percent of the total popﬁlation of
Indian peoples in British Columbia,

. There is no accurate method of measuring in dollars the losses to
‘the native peoples of the Fraser River Basin resulting from degradation
of salmbn étocks° In 1973 a study of the cultural relationShip between
native péoples and the salmon of the Fraser River - jointly sponsored by
fhe‘Department of thé Environment and the Union of British Cblumbia Indian

Chiefs5 - was completed. Some of its conclusions follow,

5Marilyn G, Bennett, Indian Fishing and its Cultural Importance in the Fraser
River System, Department of the Enviromment, Fisheries Service, Pacific Region,
and Union of British Columbia Indian Chiefs, Vancouver, 1973,




"First, the water itself is part of the traditional
Indian way of life. Most reserves are located on or within
one~half mile of the system's Waterways. Changes in the
riveriné environment would disrupt the established link between
the people and the river - a significant aspect of Indian

existence.

Second, the fishery resource provides part of the food
supply for a very high proportion of Indian families. If the
fishery were adversely affected, a large number of Indians would
be without sufficient food. It is doubtful whether alternative
forms. of sustenance would be acceptable. Most of those sampled
said they would not substitute other foods in place of fish 1in
their diet. Furthermore, because of the fact that fishing is a
fundamental part of their lives, the loss of the fishery would
detach the Indian people from the culture which they have devel;

oped throughout the centuries.

7 Third, while the fishery is a prime concérn, other
faunal and floral resources of the system play important roles

in the continuing native subsistence effort.

Fourth; the major focus should be directed toward Region
3 - that part of the system from Lillooet upstream. It is here,
where tréditional culture is very pronounced, that food fishing
is most.intensively practised. Moreover, it is in Region‘3
.whefé threat of forced removél and resettlement 1is greateSt.
Although Indian reserves are often Impoverished, the people
find acceptance and stability within their surroundings. Were
relocation to occur;vthe social consequences would be immeasur-
able. Aliehation from one's roots of origin; dis—orienﬁation
and loss of‘purpose and identity in strange and new envirohments
are factors which have been studied and analyzed with reference
to other areas. Only one conélusion has remained cléar: sbcial
costs are huge and monetary compénsation has never proVed
édequate. The Indian's land, and the fish and other faunal and

floral-features upon it, are unquestionably -the main remaining



ingredients of his traditional existence - an existence the
deprivation of which is amply documented in both past and

recent history."”

Consequently, the native peoples of the Fraser River can be observed
to have a direct and historic interest in the salmon stocks of the Fraser

River system, and can be identified as possessing a major wvulnerability with

regard to negative impacts upon the system.
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. Summary and Conc¢lusion

The Fraser River supports a commercial fishing industry worth
in excess of $73 million annually, and plays a major role in the
‘livelihood of British Columbia’s 10,000 fishermen, It also supports
‘almost 3,000 processing and tendering employees in the Greater Vancouver

area.

Recreational values associated with the Fraser salmon resource
by residents of British Columbia arc estimated at $197 million annually
and if the survival of total salmon stocks themselves were threatened,
a further $106 millibn would have to be added to this total, Further, the
" salmon resource generates substantial benefits to tourism, and the business
activities associated therewith, which have not been calculated in the

present report,

Ninety-one Fraser River Indian bands representing 17,900 nafive
people view their land, and the fish and other faunal and floral features
upon it, as the main remining ingredients of their traditional existence.
They would suffer serious economic, social and cultural deprivation if the

salmon resources presently available to them were lost,

It can thus be observed that the beneficiaries of the living
resources of the Fraser River include a broad cross-section of British
Columbians, Further, associated as these benefits are, with the salmon
esource - the§ are renewable., Benefits have been generated on the
Fraser for centuries - and ~ with proper care of the natural riverine
and estuarine environment, will continue to be generated for decades to
come, It follows that any development that would risk these real and
continuing benefits must bear the onus of a clear demonstration of greater

rewards for the people of British Columbia, both now and in the future,
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