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“Science affecty the way we think together.”

Lewis Thomas

River Food Webs: Incorporating Nature’s Invisible
Fabric into River Management

An aerial view of a restoration project on the Methow River, Washington, designed to improve fish habi-

David Walsh

tat and restore salmon and steelhead populations. New research is revealing the importance of consider-
ing food webs, in addition to physical habitat, in restoration efforts.

“Who- looks upon av river v av
meditative howr, and iy not

—Ralph Waldo Emerson

sk J. Ryan Bellmore if a river has suit-

able habitat for salmon and steelhead,

and he won’t look for physical indi-
cators such as gravel beds or coarse woody
debris. Instead, he looks for the fishes’ prey—
caddisfly and mayfly larvae, snails, and
other invertebrates. For Bellmore, a research
biologist with the U.S. Forest Service Pacific
Northwest Research Station, it’s both a river’s
food webs and its physical habitat features
that determine its capability for sustaining
healthy salmon and steelhead populations.

“If you have no food, then you have no fish,”
he says. “If we want to understand the capacity
of river ecosystems to sustain fish and how that
might change in the future, we need to under-
stand the flows of energy and nutrients that
support these species.”

In 2007, Washington state adopted the Upper
Columbia Spring Chinook Salmon and
Steelhead Recovery Plan to restore sustain-
able populations in the upper Columbia River.
The Methow River populations were consid-
ered to be at risk of extinction. Located in
north-central Washington, the Methow is one
of six major subbasins in the upper Columbia
River basin. It’s estimated that more than
60,000 salmon—coho, spring and sum-

mer Chinook, and steelhead—would swim
roughly 500 miles from the Pacific Ocean to

IN SUMMARY

Increasing the population of spring Chi-
nook salmon and summer steelhead in
Washington state’s Methow River is a
goal of the Upper Columbia Spring Chi-
nook Salmon and Steelhead Recovery
Plan. Spring Chinook salmon and sum-
mer steelhead are listed as endangered
and threatened, respectively, under the
Endangered Species Act.

Installing logjams and reconnecting
the river to its floodplain are manage-
ment actions being undertaken to restore
salmon habitat. However, research-

ers with the U.S. Forest Service Pacific
Northwest Research Station, the U.S.
Geological Survey, and Idaho State
University found that focusing solely on
physical habitat restoration overlooks
the importance of maintaining the food
webs supporting all river life.

When comparing prey production and
habitat structure in the Methow River
system, the research team found that
complex floodplain landscapes sup-
port an array of food webs. Restoration
actions may unintentionally alter these
food webs, either to the benefit or det-
riment of juvenile salmon. Restoration
efforts designed to protect the processes
that create and maintain habitat com-
plexity and sustain diverse food webs
may be more beneficial to fish. As part
of this holistic approach, the research
team developed a model that allows land
managers to explore how proposed river
restoration projects influence river food
webs and fish populations.



spawn in the Methow River prior to European
settlement. Now, the numbers of salmon and
steelhead returning to spawn are but a frac-
tion of those estimated historical highs. Spring
Chinook salmon and summer steelhead are
listed as endangered and threatened, respec-
tively, under the Endangered Species Act.
Coho salmon were considered extirpated in
the upper Columbia River. Until their reintro-
duction in the late 1990s, coho salmon hadn’t
spawned in the Methow River for more than
100 years.

Habitat restoration is one management tool

for restoring these populations. Common
techniques include installing logjams to create
pools of deep, cool water; replanting riparian
vegetation to shade the stream; and removing
levees to reconnect river channels with flood-
plains. Through these physical alternations, it’s
assumed the restored habitat will produce and
support more salmon. However, Bellmore and
his colleagues, Joseph Benjamin, with the U.S.
Geological Survey (USGS), and Colden Baxter,
with Idaho State University’s Stream Ecology
Center, caution that focusing primarily on hab-
itat restoration overlooks the role of food webs
that actually sustain fish populations.

“There’s more going on within these streams
than just the fish we like to catch,” says
Benjamin, an ecologist at the USGS Forest
and Rangeland Ecosystem Science Center.
“There’s also a whole community of fish
competing with and preying upon those fish.
There are also smaller organisms provid-
ing energy and nutrients—those insects you
mimic when you’re fly fishing.”
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KEY FINDINGS
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for salmon recovery and persistence.

» Complex or “messy” landscapes such as floodplains support a mosaic of different
aquatic food webs used by juvenile salmon. Collectively, these food webs are important

» Although river restoration projects are intended to benefit juvenile salmon, restoration
also affects the broader web of life that includes their competitors, predators, and prey.
Changes in the food web could positively or negatively affect salmon, and may or may
not address the factors that actually limit salmon populations.

» Changes to the structure of a food web, such as those that accompany the spread of
invasive species, may negate desired responses to river restoration by rerouting the
flows of energy and nutrients supporting salmon.

This begs the question: If food webs are cru-
cial to salmon survival, why aren’t they being
more explicitly considered when designing
restoration projects?

“You can’t easily visualize food webs,”
Bellmore admits. “It’s easy to see and mea-
sure physical habitat structure, such as pools
and logjams, and it’s relatively easy to see

and count the number of fish in a stream. Yet
actually seeing how fishes interact with one
another and the larger food web, it’s not a very
tangible thing in people’s minds.”

Studying Food Webs Means
Getting Your Hands Dirty

In 2008, the U.S. Geological Survey, with
funding from the U.S. Bureau of Reclamation,
asked Baxter to evaluate the potential of
implementing habitat restoration projects on
the Methow River to fulfill the goals of the
Upper Columbia Spring Chinook Salmon and
Steelhead Recovery Plan.

“Although the river is in very good condition
in terms of habitat and has a natural flow
regime, managers wanted to explore oppor-
tunities to restore connectivity to river-flood-
plain habitat or manipulate habitat to improve
conditions for salmon and steelhead rearing,”
he says.

As a professor who specializes in freshwater
ecology and food webs, Baxter sought to
understand how the river’s food webs were
sustaining its existing fish populations.

Bellmore, then a graduate student at the
Stream Ecology Center where Baxter con-
ducts research, was recruited to investigate
the food webs. He and a sampling crew visited
the Methow River four times between summer
2009 and spring 2010, taking measurements
and collecting samples at sites along the main
channel and five side channels—two of which

remained connected to the main channel year-
round, and three that were disconnected from
the main channel in the summer.

The sampling crew recorded water tempera-
ture and depth, counted fish—collecting the
stomach contents of some—and collected
living invertebrates from the streambed. In
the lab, Bellmore and others painstakingly
identified each invertebrate, such as mayflies
or beetles, found in fish stomachs and the
streambed.

“This data collection provides the linkages, the
food web connections,” Bellmore explains. “It
allows us to draw arrows from one organism to
another.” However, he also wanted to analyze
the strength of the linkages: What invertebrate
prey items were most important for sustaining
fish populations in each habitat? How was the
invertebrate population sustaining the fishes,
and was there evidence that food availability
was limiting these populations?

Ryan Bellmore
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To better understand the Methow River’s food
webs, Ryan Bellmore and the sampling crew re-
corded water temperatures and depth, counted
fish, and collected invertebrates pictured on
page 3.
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By collecting fish and invertebrate data
throughout the year and in different habitats,
Bellmore could calculate their respective pop-
ulation’s accumulation of biomass on an annu-
al basis. In other words, the analysis would
show how the fish were growing in relation

to the production of invertebrates available

in each habitat. Combining the two measure-
ments generated a picture of how much of
each invertebrate prey was being consumed
(or not consumed) by each fish species.

“We found that in all of the floodplain habi-
tats, there appeared to be more food than fish
demand for that food,” Bellmore says. This
finding suggests that these habitats can sup-
port more fish than are currently using the
river and its floodplain habitats.

One likely explanation for this disconnect is
that insufficient numbers of adult salmon and
steelhead are returning to the Methow owing
to downstream factors, such as the negative
impacts associated with dams and reservoirs
on the mainstem of the Columbia River.

These food web studies also point to a broader
ecological finding: riverine food webs are
incredibly complex, and this complexity itself
may contribute to ecosystem stability and
resilience. Using their food web data, Bellmore
and Baxter conducted a series of analyses to
evaluate how the Methow River’s spatial com-
plexity influenced the strength of food web
interactions. By quantifying these interactions
across the floodplain, the researchers found
that spatial complexity reduced the impact of
fish predators on invertebrate prey.

“Ecological theory suggests that the strength
of interactions between predators and prey is
associated with ecosystem stability and main-
taining the diversity of species,” Bellmore
says. “When you have a lot of strong interac-
tions between predators and prey, and preda-
tors are strongly controlling prey populations,
you tend to have ecosystems that are less sta-
ble. They’re more prone to destabilizing forces
that can drive species to extinction.”

Although rivers are inherently dynamic, this
finding suggests that spatial complexity may
promote the maintenance of species diversity

Colden Baxter

Colden Baxter

To calculate the number and type of prey that
fish were consuming, researchers analyzed
stomach contents of fish.

by reducing the strength of interactions
between fishes and their prey. The results
also suggest that striving for idealized types
of habitats, such as streams with logjams

or year-round side channels, may be inap-
propriate. Restoration activities that take a
cookie-cutter approach to creating the same
habitat conditions everywhere may be mis-
guided because they don’t necessarily create
a diversity of habitats and their associated
food webs.

Baxter says these findings suggest, “We

not only need to account for food web
relationships and interactions when manag-
ing salmon and steelhead, but we should also
consider managing river systems to conserve
and preserve the processes that create and
maintain spatial complexity.”

When their study results were published,
natural resource managers and scientists
took notice. Robert Naiman, a professor
emeritus with the University of Washington
and former chairman of the Northwest Power
and Conservation Council’s Independent
Scientific Advisory Board, says that, at first,
he did not fully appreciate the scope and

Colden Baxter
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significance of Bellmore’s research. However,
once he recognized that Bellmore and Baxter
were calling attention to processes underpin-
ning salmon recovery and the need for a holis-
tic approach to restoration, Naiman became a
proponent of the research. He and other pro-
gram reviewers had been advocating a similar
approach for several years.

“Restoration actions make the assumption

it’s for the benefit of salmon, but it may not
be,” Naiman explains. “In reality, restoration
actions may create great habitat for the preda-
tors of young salmon—and other fish spe-
cies—and that is quantified during food web
studies. One must consider the standing bio-
mass and trophic interactions of all creatures
living in and around the stream.”

Modeling a Dynamic
Food Web

After graduating from Idaho State University
in 2011, Bellmore joined the USGS Western
Fisheries Research Center, and his food web
research took on a practical importance.
“Bureau of Reclamation funders said this
empirical food web work is really great, but
what we would like are models that can help
us to determine when, where, and how we
should do restoration,” recalls Bellmore.
“What mechanisms are affecting fishes?
Can we use that information to help us pri-
oritize restoration better and determine what
ultimately is limiting fish production?”

Bellmore’s first foray into modeling was quan-
tifying the seasonal dynamics of periphyton—
the microbe mixture of algae, cyanobacteria,
and other organisms found on streambeds that
is the foundation of river food webs. Working
with the Bureau of Reclamation’s Michael
Newsom and Washington State University’s
Alex Fremier and Francine Mejia, Bellmore
and the team used the model to evaluate the
effects of spawning salmon on periphyton
communities. “It is frequently assumed that
marine-derived nutrients delivered by salmon
stimulate the productivity of the food web
from the bottom up by contributing labile
nutrients that increase periphyton produc-
tion,” says Bellmore. However, simulations
from their model suggested that the effects of
salmon on periphyton dynamics are likely to
be relatively short term and have little effect
on food availability for fish.
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A visual representation of one food web in the Methow River. The thicker the arrow between prey and
fish, the more fish consume of that invertebrate. (adapted from Bellmore et al. 2013).

Kathryn Ronnenberg

Building this model proved quite easy com-
pared to Bellmore’s next assignment: design-
ing a model that simulated the effects of
restoration projects on the entire food web.
Such a model would not only have to include a
stream’s periphyton production, it would also
need to include the contribution of leaf litter
and terrestrial invertebrates that fall into the
stream as well as the food web pathways by
which these resources find their way to fish.
Numerous environmental conditions of the
stream and riparian zone, such as water tem-
perature, flow regime, channel morphology,
and the composition of riparian vegetation,
would have to be included because these vari-
ables also affect food web productivity. The
complexity and number of these variables are
one reason few riverine modeling efforts have
been conducted.

Bellmore and Benjamin took on the challenge.
Building a food web model of fish-bearing
streams involved “a heck of a lot of reading”
to develop the framework for a simulated
river system, says Benjamin. An important
step in all modeling is identifying which real-
world components to include and which parts
can be simplified. For example, all the fish
were lumped into one or two groups instead
of several different species. The final model
represented a generalized version of river
food webs that incorporated all the primary
energy and nutrient pathways that sustain fish
populations. This generalized web was then
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mathematically linked to the environmental
conditions of the stream and its riparian zone.

To test their model, Bellmore and Benjamin
ran simulations in the same Methow River
floodplain reach where they conducted earlier
empirical food web research. By compar-

ing the model simulations to empirical data,
the researchers found the model generated
realistic fish, invertebrate, and periphyton
abundances.

They also explored how changes in the riv-
er—such as the introduction of invasive spe-
cies—might affect the success of restoration
projects. Bellmore and Benjamin modified
the model food web by adding populations of
nonnative fish and snails. The nonnative fish
represented a larger predatory fish species
such as the nonnative smallmouth bass, and
the snail represented invasive New Zealand
mudsnails. Three commonly employed river
restoration strategies were then run through
the model: riparian vegetation restoration,
adding salmon carcasses to increase nutrient
availability, and side-channel reconnection.
The simulations suggest that the occurrence of
nonnative snails and fish modified the mod-
eled food web, which strongly influenced the
native fish’s response to restoration actions by
decreasing the availability for their prey, and
consequentially their growth. For Bellmore
and Benjamin, this demonstrated that fore-
casting responses to restoration needs to
account for the structure of food webs.

This modeling exercise also illustrates how
food web models can be useful tools to
explore responses of river restoration actions,
from direct manipulations of the food web
(e.g., salmon carcass addition or invasive
species), to those focused on modifying the
river’s physical structure. “Dynamic food web
models, such as the model we developed, can
improve decisionmaking by fostering a deeper
understanding of ecosystem complexity and
interconnectedness,” says Bellmore. The team
also emphasizes that this model is a tool best
used within the context of an adaptive man-
agement plan.

Modeling and On-the-Ground
Restoration

The Aquatic Trophic Productivity Model
was released in 2016 and has been positively
received. In addition to continued research in
the Methow River, Bellmore and Benjamin
are working with Andy Kohler and David
Richardson, biologists with the Shoshone-
Bannock Tribes of Fort Hall, to evaluate the
efficacy of adding salmon carcasses to rivers
to increase salmon populations. Bellmore is
also working with colleagues at the Alaska
Coastal Rainforest Center and the University
of Alaska Southeast to evaluate how river food
webs and salmon might respond to ongoing
climate change and forest management prac-
tices in southeast Alaska.

“It’s gratifying to see the model being used
and that folks are expressing an interest

in using it,” Benjamin says. “It’s not just a
tool that we created and it’s being shelved.”
Building the model also revealed gaps in the
current empirical knowledge of river ecology,
he adds. “Those gaps are helping us identify
where we need to do additional research, such
as understanding the physiology of the aquatic
insects that fishes eat.”

Naiman sees the model’s results demonstrat-
ing the value of a holistic approach to restora-
tion. “We need more work like what Bellmore,
Baxter, and others are doing because it’s about
the mechanics of how ecological systems
work. It tells us whether or not the restoration
actions we’re spending millions of dollars on
in the Columbia Basin are actually working to
the benefit of the salmon.”

And he sees another food web question loom-
ing on the horizon that needs answering—how
contaminants are affecting salmon restora-
tion. “Food webs are also the way by which
contaminants are transferred, and we know



very little about that in the Columbia Basin,”
Naiman says. “This may be one way the
young salmon populations are being throttled,
specifically by the toxic mix of chemicals that
are everywhere now.”

“Let’s foce it, the universe iy messy.
It i nonlinear, tuwbulent, and
chaotic. It iy dynamic.... It self-ovga-
niges and evolves. It creates diversity,
not uniformity. That’s what makes
the world interesting, that’s what
makes it beautiful, and that’s what
makes it work.”

—Donella Meadows, environmental scientist

A LAND MANAGEMENT IMPLICATIONS M4

» Assessing responses to river management has traditionally focused on physical habitat
structure. However, understanding food web dynamics is also necessary for assessing
factors that limit fish populations and evaluating restoration success.

* Messy landscapes promote complex and resilient food webs. Managing for resilient
food webs may be as simple as maintaining, conserving, and—when necessary—
restoring the processes that create and maintain habitat heterogeneity.

» Considering the context of local food webs is important. In some areas, river restora-
tion actions, such as physical habitat manipulation or salmon carcass additions could
have a less-than-desired, or even negative, effect.

+ Invasive species may significantly alter river food webs. Different restoration
approaches may be needed for these altered ecosystems.
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