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235,000 km? basin

1400-km mainstem length,
unregulated

Fraser Basin is home to 65%
of BC’s population (2.5
million)

>2 million live in lower reach
within 160 km of Pacific
Ocean
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— scale: 160 km

75-km “wandering” gravel-bed reach between Hope and Mission

sediment transport from steep, upper basin delivers ~340,000 t/yr of
gravel to reach

reduced gradient at Mission forces gravel deposition upstream,;
hence, the reach is aggrading
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 transition between single-thread meandering and multi-thread braided channel

» dependent upon modest volume and temporally irregular movement of sediment

single-thread (including wandering) channels

® multi-thread (braided) channels
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Gravel Reach of Fraser River
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wandering morphology

extensive network of perennial, seasonal and abandoned channels

gravel accumulates in localized ‘sedimentation’ zones (gravel bars)
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Yes Daisy, according to my Chromatic Analyzer the
grass is greener on the other side

but...



{ oers warn public, government
ignore ‘bastard child’ of the mineral

datioj

tha inl

Fraser gravel r¢

Vie Carrao
Steelheader Contributor

Recently I spent a few minutes talking with a senior
fishery biologist while fishing the Fraser. He had pointed
out to me that there were hundreds of juvenile Chinook
right at my f feeding on discarded fish guts and
salmon eggs. This led to a brief conversation on Fraser
gravel removal which is being looked at right now by the
Fraser Basin Council.

On June 28th
meetings to
atthe University
Fraser Valley.

the first of many
ome was held
“ollege of the

The Fraser Basin

Council is facilitating the
development of a Management
Plan for the LL"'R:.INSEN Fraser River
between Hope and Mission, a
section of the river often referred to as the Gravel reach.
(Also know to us anglers as the most productive angling
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 current political mandate supports in-stream mining
« science-based gravel management needs answers to:

* how much gravel is recruited annually?

» what is the spatial pattern of gravel deposition?

» what is the ecological role of gravel in the reach?

 where to remove? what method? what time of
year? how much? how often?




Tools Used to Answer These Questions:

Reach-scale sediment budget (b. Ham, UBC)
Bar-scale sediment transport and habitat development

Habitat-scale use of gravel bars by fish

IENCERIDR

Gravel mining impact study — brief results highlighting role of
fluvial processes in habitat recovery






1949 base map

water surface
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gravel bars

backchannels

1952 survey

contour lines
sounding points




water surface
islands / floodplain
gravel bars
backchannels

1952 contour lines
1952 sounding points
1984 survey

Cemetary Hill




water surface
islands / floodplain
gravel bars
backchannels

1952 contour lines
1952 sounding points
1984 survey

1999 survey

Cemetary Hill




1999 interpolated surface
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Channel scour and fill:
Harrison to Carey Point
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Total volumetric change, 1952-1999

Net deposition
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Net erosion

Sediment Budget model cell (1-km)

* net annual gravel recruitment: 340,000 t/yr
« <2 mm/yr over entire 75-km reach
« up to 2.7 m net deposition in some locations over 50 yr

» sediment deposition is spatially and temporally variable



L5 deposition

gravel moves during freshet in
steps, not continuously (<3 km
step distance)

340,000 t/yr recruited, but
3-5 million t/yr shift locally

bar morphology produced by
long-term aggradation at the
reach scale and flood-event

processes of erosion and
deposition at the bar scale




Bar-Scale Processes of
Habitat Development

reach-scale sediment transport
processes are preserved as
sedimentary features on gravel
bars

> building blocks of fish habitat

repeat surveys of bar complexes
after flood events

detailed surveys of small-scale
features

sediment characterization (surface
and subsurface)




Gravel Bar Morphology

Sedimentary Units

Sept 2003
3000 m3/s




Sedimentary Units - Habitat Development
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Calamity Bar March 2002

* bar consisting of 3 sediment

lobes




Calamity Bar March 2003
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»functional role of gravel



Gravel Bars As Fish Habitat
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jravel-bed rivers
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Channel Nook

Bar Tail

| Sept 2003 f
3000 m3/s B




Channel nook

San velocity: 15 cm/s
mean depth /5¢cm

mean velocity: 35 cm/s
mean depth: 40 cm




Fish Sampling

Do fish discriminate among habitats?

 stratified sampling effort among
habitats using various methods

 beach seine most effective in Fraser
« 960 seines ( 341,800 m?2)

« 55,000 fish identified and measured
* 21% juvenile chinook salmon
* 1100 fish stomachs analysed

* invertebrate sampling using a
Surber net (shallow) or Shipek
Grab (deep)

» 525 samples processed




juvenile chinook salmon
mountain sucker

e B

Bar head Bar tail Baredge flat Baredge Riffle Eddy-pool Open nook Channel
steep nook
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Chinook Juveniles

DNA analysis shows
juveniles 30-40 mm migrate
>600 km to gravel reach for
rearing up to 1 year

predominantly spring-run
chinook

evidence of habitat quality in
gravel reach

Diptera-
(adults)

(adults)

Diet Analysis (n=447)




Juvenile Chinook Habitat Associations

normalized density (#/m?)
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goal: increase chinook rearing density

requires habitat availability requires food availability
» structural complexity »functional value

geomorphic process: modest sediment transport to
build habitat units and rework surface materials







pre-removal Aug 99 | | - post-removal Nov 00
cobble/gravel o cobble/gravel
D, =30 mm i Y D, =28 mm

» grain size recovery
after one flood event
(ANOVA, p>0.1)

loose sand/gravel
D, =12 mm




Topographical Complexity

) 125,000 t Scalped February 2000
-f"
« After 3 flood events: {/ P o
— 30% sediment volume pre-scalp
replenished

— gradual rebuilding of high
bar habitat, facilitated by
flooding

— increased topographical
complexity and habitat

Elevation (m)

diverSity = BG-65
' R
> supports range of - , ” b
species and life stages - —ass
]9-95
~ |9.5-10
« one above-average flood 00X [ 10- 105

responsible for majority of
geomorphic work



physical recovery dependent on sediment transport processes

short-term reduction in macroinvertebrate density related to
change in sediment texture; recovery after one freshet

large, natural variance in fish abundance reduced statistical power
to detect an impact

Invertebrate sampling had greatest statistical power to detect
change (+'¢ or —¢)




both reach- and bar-scale processes of deposition and erosion are
responsible for producing structural complexity (fish habitat units)
and reworking sediment for functional value as spawning habitat
and for invertebrate production

fish benefit from structural complexity which provides a range of
functional opportunities to exploit

— also supports a range of species and life stages over range of flows

need to confirm that habitat complexity begets diversity and
productivity (what is complexity??)

important to select appropriate physical and biological metrics that
afford sufficient statistical power for assessment and monitoring

— macroinvertebrates are link between gravel conditions and fish

— highly sensitive to site conditions, less mobile than fish



Thank you to...

Darren Ham, University of British Columbia (sediment budget)
Stephen Rice, Loughborough University, UK (bar morphology
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Chute and Lobe Couplets




Degraded avalanche
face with tongue &
groove features:
complex habitat

Mean flow

Low, stable
sandy platform
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