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Forests, sediments, flows, foodwebs, and river-ocean linkages:
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enhancing basin resiliency through community-based forestry

Impacts of Fine Sediment
on Juvenile Steelhead
Climate Change in Northern California
Left: The submarine Eel Canyon begins 15 km
offshore, sloping from 80m to over 3000m deep. Core
x-radiographs show differing levels of bioturbation
from marine benthos.

Excessive Fine Sediment Loading

Global warming and climate cycles (El Nino-Southern Oscillation, Pacific
Decadal Oscillation) will influence storms over western North America.
Climate models predict more intense storms, but also more prolonged
drought, for California.

The most serious impairment
of California coastal rivers

Effect of fine (< 2 mm) sediments on
juvenile steelhead and the food webs that
support them (Suttle,et. al, 2004)

Usal Redwood
Forest

Redwood Forest Foundation, Inc.
a Social Ecological Model for restoration and resilience
“By combining private equity with conservation funding,
via the sale of easements in perpetuity, RFFI is able to
purchase and conserve forest land on a scale that is
unattainable through conservation funding alone. In
addition, the RFFI model focuses private capital towards
investments that benefit the common good….
There is a sense of helplessness when absentee landowners make
decisions that have negative environmental, economic and social
impacts on local communities. The RFFI model provides an opportunity
for community groups, individuals and other stakeholders to be involved
in decisions about how the forest should be managed.
This "sense of ownership" empowers local citizens to be part of shaping
their community’s future When RFFI's debt from the intial land
acquisition has been repaid, profit from sustainable harvest will go back
into the community, creating a social infrastructure and economic
independence that has never existed in these rural communities before.”
From the RFFI web site (www.rffi.org/CommunityForestry) with slight modification

Research at protected natural areas like the
Angelo Reserve potentially shed light on the
extensive areas of the state that have been
impacted by humans, because fundamental
natural processes are clearer in places that have
not been destabilized by multiple disturbances.

Growth in length and mass
decreased as fine sediment
in the bed increased.

The Mediterranean,
winter-wet, summer-dry
hydrograph patterns
reveal a link between
discharge and algal
bloom sizes. Years
with peak discharge below bankfull
(120 m3s-1) have significantly
reduced peak filament length for
dominant Cladophora glomerata blooms.
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Keck HydroWatch
Keck Hydrowatch scientsts have traced the life
cycle of water through a small steep basin in the
Angelo Reserve. They have discovered that
much of the basin’s water is stored below the
soil in fractured bedrock, and that large,
deep-rooted trees can access this rock moisture,
and lifting it and leaking some into shallow soils
to sustain forest understory. This research
indicates that leaving large, deep-rooted trees
high in the landscape may sustain these
ecosystems through the droughts anticipated
under climate change. Seasonal and
storm-driven changes in the
depth of the water table may
also control bedrock fracturing
in this system, determining the
failure depth of landslides,
which are major sources of fine
sediments loaded into river
channels.
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During drought, the Eel River food web is dominated by armored
(predator resistant) grazers like the caddisfly Dicosmoecus. These
grazers suppress algal accrual, and sequester primary production that
might otherwise travel up the food web to nourish young salmon.
Following winter floods that scour out these resistant grazers, large
blooms
of the green macroalga Cladophora occur.
Cladophora becomes covered with nutritious,
steelhead
epiphytic diatoms that nourish salmonids and
l
other river biota.
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Why Fine Sediments Impair Steelhead Growth
Benthic invertebrate
assemblages in more
embedded treatments were
made up of less available
taxa.
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Juvenile Steelhead were
more active (and aggressive
towards each other) on the
flat, featureless beds in
embedded treatments.

Hydrologically Mediated Grazer Effects

Angelo Coast
Range Reserve
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Can this basic research inform land stewardship? Angelo researchers are beginning to collaborate with the
Redwood Forest Foundation, Inc. RFFI brings together local groups and individuals who have drawn their
living from the redwood forests of California’s North Coast, but now face economic hardship, in large part
from unsustainable timber harvest practices of the past. Can RFFI develop a new model of community
based forestry that sustains humans and the other biota of the basin? How useful will academic research
on water cycles, sediments, rivers, and food webs, like that done at Angelo, be as such groups design
strategies that we hope will restore this steep, fragile, potentially productive forest landscape, and increase
its resilience in the face of anticipated climate change?

6 levels: 0, 20, 40, 60, 80, &100% embedded

Activity
(proportion of time spent swimming)

Right bottom: Epithemia turgida
frustule recovered from marine
core shows presence of
freshwater diatoms in canyon
sediments.

The Angelo Coast Range Reserve, managed by the University of California Natural Reserve System
(http://angelo.berkeley.edu) and U.C. Berkeley, protects ca. 30 km2 of the Upper South Fork Eel watershed
for teaching and research. Over the last 25 years, ecologists there have studied how river flow, geomorphic
settings, and sediment transport affect salmonids and the food webs that support them. More recently,
earth scientists and plant ecophysiologists have studied the life cycle of water as it rains on to this steep
forested basin, cycles among thin soils, deep fractured bedrock, and deep rooted trees, and eventually
flows to river networks, supporting cool runoff even through the summer drought.

Intraspecific Aggression
(aggressive interactions*minute-1)

Right top: Frustule counts
from two depths of core
L1C5. Epithemia, other
freshwater and key marine
diatoms are tracked to
record discharge, upwelling
and upstream biological
dynamics.

OVERVIEW: Can basic research inform land stewardship?
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Mortality increased with
embeddedness, and was
associated with wounds from
fighting.

Steelhead Mortality
(number perished*channel-1)

The silica (glass) shells, or frustrules, of
Cladophora’s epiphytic diatoms resist decay, so are
useful paleo-indicators of the more productive “big
algae years” associated with winter floods. Thanks
to work by Chuck Nittrouer and colleagues in the
Office of Naval Research Strataform project, we
have records that are 100s to 1000s of years old of
Eel River sediments that have been deposited in
deep marine canyons off the mouth of the Eel.
Angelo researcher Jack Sculley has found the
distinctive frustrules of Cladophora’s freshwater
epiphytic diatoms in these marine sediment cores,
and is using them to understand the relationships of
weather cycles, river productivity, and food web
controls over decadal, centennial, and millennial
time
scales.

Mean Length Gain
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From 1950s-1970s, the
Eel River was heavily
loaded with fine
sediment by land use
(timber harvest, road
construction) and natural
processes.

Marine Cores: long records of
Eel discharge & productivity
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