Of wood and rivers: bridging
the perception gap

Ellen Wohl*

Wood and beaver dams were historically much more abundant along river corri-
dors from the tropics to the boreal zone. An extensive scientific literature docu-
ments the physical and ecological functions created by instream and floodplain
wood. By enhancing physical diversity, wood mediates fluxes of water, solutes,
organic matter, and sediment; enhances habitat abundance and diversity; pro-
motes retention and biogeochemical uptake of nutrients; and increases biodiver-
sity. Perceptions of wood in rivers, however, remain largely negative and wood
is seldom incorporated in river management and restoration plans outside of the
U.S. Pacific Northwest, People are unused to seeing wood in river corridors as a
result of a long history of deliberate wood removal from rivers, combined with
altered land covet and river engineering that reduced quantities of wood in rivers.
Negative perceptions of wood in rivers may also reflect hazards, including dam-
age to infrastructure from mobile wood or wood accumulations at bridges that
enhance flood damages. People are also unused to seeing beavers in river corridors
because of a long history of heaver trapping and substantially reduced beaver pop-
ulations throughout Eurasia and North America. Extensive and sustained removal
of wood and beavers from river corridors has created substantial changes in the
appearance and function of rivers. As river restoration increasingly emphasizes
re-creation of processes rather than static forms, the river science community has
an opportunity to increase public recognition of the vital role played by wood
and beavers in sustaining physically and biologically diverse and resilient river
ecosystems. © 2015 Wiley Periodicals, Inc.
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INTRODUCTION

r'I"he concept of a shifting baseline—a change in
L. how a system is measuted in terms of previous
reference points—has been applied to understand-
ing scenarios as diverse as landscape configuration,
comumercial fisheries, and ecosystem health. A shifting
baseline is present when expectations for a particular
system change through time. For example, people who
have only seen second growth and managed forests
are likely to consider these, rather than old-growth,
as the standard for how a healthy forest appears and

“{orrespondence to: Elien.wohl@colostare.edu
Department of Geosciences, Colorado State University, Fort Collins,
CO, USA

Conflict of interest: The author has declared no conflicts of interest
for this arricle.

functions. Shifting baselines strongly influence percep-
tions and management of river cotridors, particularly
with respect to wood in tiver corridors, In this paper, I
explore the perception gap between river scientists and
the general public regarding wood in river corridors
and suggest strategies for closing this gap.

RIVERS IN THE FOREST PRIMEVAL

A great many of the world’s rivers, from tiny head-
water creeks to the Amazon and Congo Rivers, tow
through forested valley bottoms. When a tree falls in
one of these forests, wood enters the river corridor,
defined here as the channel and floodplain. Even if
a tree does not fall over, it continually sheds parts
of itself. Leaves or needles, flowers, seed cases, and
branches fall to the ground in a steady rain of organic
matter that ecologists subdivide based on size. Fine
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particulate organic matter is >0.45 um to <lmm in
size, Coarse particulate organic martter is >1mm in
size. Entire trees or tree trunks are the coarsest organm
matter. Size-based definitions VAry amon studies, but
the most common thresholds for designating coarse
wood pieces are 10cm average diameter and 1m
tength, Any portion of such a wood plece within the
acrive stream channel constitutes instream wood and
any potrtion within the floodplain is floodplain weoed,

Beaver dams form a distinctive subset of wood
within river corridors. Although individual pisces
of wood within these dams can be sma‘.ler than
the size thresholds listed above, the presence of the
channel- snanning_ dam creates physical and ecological

effecrs similar to those associated with larger wood

pieces and logjams. Beaver dams are also distinctive
in *hdt they are actively maintained by beavers and, in
suitable habirat, are closely spaced in a downstream
direction and can completely span the loodplain.

An extensive scientific lterature describes the
structure and functions of wood and beaver dams
within river corridors, Several salient points can be
drawn from this literarure. Within historically forested
regions, weod was much more abundant in river
corridors prior to clearing of native land cover and
intensive n*anipuia‘:ion of river corridors via channel-
ization or river training, levees, floodplain drairage,
and ‘low regulation, Drawing on diverse historica:
records, [ have documented the existence of natural
wood rafts—persistent accumulations of wood that
extended for tens to hundreds of kilometers—along
moderate to large rivers across forested regions of
the United States.’ The most famous of these, the
Great Raft on Louisiana’s Red River, affected nearly
500 km of the main channe! and existed for more than
a century.? The fArst written descriptions of individ-
ual rivers typicaily included phrases such as the 1518
assessmens of Georgia’s Oconee River as being ‘very
much infested with logs™.* Such rafts were aiso likely
present along forested rivers in Burasia, but wood has
been removed from Eurasian rivers for so long™® that
little historical documentation exists of natural wood
rafs.

Beavers and their dams were also much more
abundant historically within forested portions of
Eurasia and North America. Ecologists estimate that
as many as 400 muliion beavers {Castor canadensis)
occupied North American river corridors from the
eastern coast to the western coast and from central
Alaska to northern Mexico.* At present, oniy 6-12
million beavers remain in North America.® Although
I have not seen historical population estimates for
Castor fiber, the Buropean beaver was present irom
Britain across Eurasia and from the Mediterrancan Sea
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coast to the northern tundra.” An ﬂlel’l".El ed 700,000
beavers remain in Eurasia at present.’

Wood has been sysiemaricaily removed from
corridors for at ieast a century in maost
high-income couniries and for several centuries in
some regions of Eurasia, Historical records in the
United States indicate char millions of individual
pieces of wood were removed from the smailest head-
water channels to the largest rivers on the continent.!
Much of this removal was undertaken by individual
communities, commercial entittes, or the federal gov-
-rnment in association with navigation, flood contral,
and floating of cut logs downstrcam o coliection
points, The scope of wood removal and associated
channe! engineering is relatively well documented in
North America, where it occurred primarily during
the 18th to 20th centuries, and in other regions settled
by aeop!e of European descent after the 17th cen-
tury, such as Australia® and New Zealand.”® Wood
removal of similar magnitude and geographic scope
occurred in Eurasia, but began much eariier. River
clearing and engineering in Europe, for example, date
to the Roman era.'! Similarly, beavers were com-
mercially trapped and systematically exterminated
from most of Furasia before the 18th century. Beaver
trapping began in eastern North America in the early
17th century and then continued to the western and
northwestern regions of the continent during the 19th
century.

Wood and beaver dams strongly influence phys-
ical and ecological process and form along river
cor"idors The net effect is to increase physical diver-

ty and retention of materials in flux, including water,
mineral sediment, solutes, and particuiate organic
matter, By increasing physical diversity of river sys-
tems, wood and beaver dams also increase habitat
diversity, retention and biological uptake of nurrients,
biodiversity, and animal production {Table 1).

As Robert Naiman has noted,® one effect of
beaver dams and logjams is to promote sediment and
organic matter retention and thus stere carbon, nitro-
gen, and other nutrients within watersheds, rather
than aliowing dissolved and particuiate forms of these
elements to- continue downstream and ultimately
into the atmosphere or the ocean. Recent synthesis

apers have highlighted how arghs.‘uq..ty humans
have altered global nitrogen cyci es, zoth by Du*ting
more nitrogen into the atmosphere®” and by reducing
the abutv of river corridors and wetlands to store
sitrogen.*’ Analogously, global carbon ‘“udgets sug-
gest that river process and form strongl y influence how
much terrestrially derived organic carbon is reicased
to the atmospher 42 grored within sediments aiong
river corridors, $34e and transported o the ccean®

river
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TABLE 1 Patterns and Processes Associated with Wood and Beavers in River Carridors

Example References

Influence of Wood
Wood within the channel
increases hydraulic roughness

Deflects flow, creating {ocal scaur of bed and banks, including increased pool volume
Creates low velocity zones with enhanced deposition of mineral sediment and

particulate organic matter
Aiters the type and dimensions of bedforms
Craates forced-alluvial reaches

Logjams that force channel migration, overbank flow, and multiple channe

planforms

Enhances habitat diversity with respect to substrate, flow depth, velocity, and

overhead cover

Enhances hyporheic exchange

Enhances nutrient retention and biological uptake

Increases hiodiversity and biomass of aquatic communities
Beaver dams within the channe!

Reduce the downstream velocity of peak flows

Reduce bed and bank erosion

Enhance storage of sediment

Enhance retention of organic matter and nutrients

Enhance hyporheic exchange

Increase habitat diversity

Increase biodiversity and biomass of aquatic communities

Increase magnitude, duration, and frequency of overbank flows
Wood on the floodplain

Increases hydraulic roughness for averbank flows

Creates erosionally resistant 'hard points’ that influence the rate of floodplain

turnover

Increases habitat diversity and abundance for amphibians, reptiles, birds, and small

Curran and Wohl'?
Buffingtan et al.’?
Bilby and Likens™ and Brooks et al,®

MacFarlane and Wahl?
Montgomery et al.'¢
Collins and Montgomery'” and Woh/'®

Nagayama et al.'?

Sawyer et al.?
Buckley and Triska?' and Beckman and Wohl?
Benke and Wallace? and Nagayama et al.”®

Pollock et al.2*

Marston?® and Green and Westhrook?®
Butler and Malanson?’ and Pellock et al.28
Correll et al.2®

Briggs et al.*°

Levine and Meyer™!

Pollock et al.*?

Westbrook et al >

Jeffries et al ®*
Collins et al.

Sedell et & 3

mammals and, during overbank flows, for aguatic macro invertebrates and fish

Provides germination sites for plants
Beaver dams on the flocdpiain

Reduce the velocity of overbank flows and increase floodplain sediment storage

Increase hahitat abundance and diversity
Increase retention and biciogical uptake of nutrients
Increase biodiversity and biomass of floodplain communities

Retention of nitrogen and carbon within river
corridors has immediate implications for human
health. Excess nitrates in drinking water supplies
have been linked to a form of cancer known as
non-Hodgkin’s lymphoma and to blue-baby syn-
drome, a potentially fatal condition in which reduced
oxygen in the blood of an infant creates a blue tinge
in the baby’s skin.** Dissolved organic carbon cre-
ates unpleasant taste and odor that water-treatment
facilities address by adding chlotine, creating the

Harmon et al.%’

Westhrook et al*3
Rosell et al.?
Naiman et al.®
Wright et al.®

carcinogenic by-product of trihalomethanes. Conse-
quently, the presence of wood in rivers has diverse
environmental effects, from moderating fluxes of
water, sediment, and solutes, to increasing habitat
abundance, biodiversity, and water quality.

Removal of wood and beaver dams from river
corridors has substantially reduced these diverse
physical and ccological influences. [t would be
difficuls ro exaggerate how different forested river
cotridors looked prior ro this removal. Histortan
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Martin Reuss*” describes an extensive wood raft
on Louisiana’s Atchafalaya River The raft, which
extended nearly 70km along the river, may have
started to form during the 16th century. $o much
vegetation grew on the raft that people passing over
1t sometimes were unaware of its existence. The raft
effectively diverted flow across the broad alluvial
valley, creating a complex of branching and rejoining
channels so large that each channe! had its own name
{Bayous Courtableau, Beeuf, Plaguemine, Teche,
Pigeon, Biack, and des Glaises). Each of these sec-
ondary channels was also full of wood. Every year,
employees of the state engineer found new wood in
streams they had cleared the year before. As Reuss
‘Ref 47, p. 35! wrote, ‘The Atchafalaya Basin supplied
an inexhaustible conglomeration of stumps, limbs,
fand] branches ...." Inexhaustible, that is, unti! most
of the adjacent old-growth forest was cut,

I have graduaily become aware of how fun-
damentally different smaller river <orridors once
iooked through my own research in Rocky Mountain
National Park, Colorado. After working on instream
wood in the region for several years, I was astonished
at the quantity of wood within river corridors when
I started exploring some of the least accessible por-
tions of the national park. Rivers in these arcas flow
through old-growth forest, 1 initially thought the enor-
mous guanzities of wood in channels and floodplzing
{Figure 1} reflected some extreme disturbance, such
as a blowdown, but I eventually realized that whar [
was seeing was normal for this dry, cold rzgion where
circa 600 years must pass before a large, fallen tree
completely decays.*® The abundant instream wood
creates a channg] planform with multiple secondary
channels' and much greater biodiversity and abun-
dance than other portions of the river corridor with
younger forest and a history of human alteration.?*

Similarly, Rocky Mountain National Park
now has two active beaver meadows—broad val-
ley bottoms with numerous dams and ponds—but
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systematic surveys of the river corridors an the east-
ern side of the park indicate that relict beaver dams
extend up to tree {ine and numerous beaver meadows
were once present.”’ Surveying the relict, dry beaver
meadows, [ try to :magine how the river corridor once
iooked, with numerous ponds interspersed among
dense wiliow thickets and a maze of secandary chan-
nels. Aithough the relict beaver meadows remain
scenic portions of the national park, their process and
form have changed substantially from when beavers
were present (Figure 2].

A final point that arises from existing knowledge
of instream wood is that management of river cor-
ridors, including rehabilitation and restoration, can
be improved by explicitly incorporating wood and
ceavers. Incorporasion here covers a range of actions,
from protecting existing floodplain forests that pro-
vide wood 1o river corridors or protecting existing
beaver popelations, to actively re-introducing wood
o channels in the form of single pieces or engineered
legiams™™ 3 and re-introducing beavers.™

FROM LARGE WOODY DEBRIS
TO INSTREAM WOOD

Research on the structure and functior of wood within
river corridors largely dates to the late 1970s and stud-
tes in the Pacific Northwest Region of North Amer-
ica {e.g. Refs 532, 53], Many of these investigations
arose from a desire to understand how commercial
timber harvest might be affecting salmon popuiations
in the region, which had declined precipitously from
19th-century levels.* For more than a decade, the
great majority of instream wood research continued
to be conducted in this region of the world. Only dur-
ing the late 1980s and early 1990s did studies start
0 appear from Europe ¢ with papers eventually
fotiowing from Australia, New Zealand, Japan, and
other areas of North America. This trend has accel-
erated through time and a brief overview of papers

FIGURE 1 | Panoramic downstream view of a poriion of the river corrider aiong North St Vrain Creek in Rocky Mountain Natienal Park in
Celsrade, USA. The main channel is to the right. The downed wood in the foreground is from normal, individual tree mortality, rather than mass

mortality. (Photograph courtesy of Lina Palvi)
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FIGURE 2| Photographs illustrating alternate stahle states of beaver meadow {extensive floodplain wetlands when beaver dams are present;
upper left and bottom photo) and elk grasslands (drier fioodplain grasslands with single incised channels when beaver dams are absent; upper right).

published during 2014 indicates that, of 37 papers
describing feld-based case studies, 10 are from the
Pacific Northwest, 11 from other portions of North
America, 9 from Europe, 3 from Australia, and 4 from
Central and South America.

Despite the geographic expansion of wood stud-
ies, most of the conceprual models and numerical sim-
ulations of wood processes continue to rely heavily
on knowledge of wood dynamics drawn largely from
the Pacific Northwest. Early studies from this region
introduced the phrase *large woody debris’, which was
quickly abbreviated to LWD or CWD {coarse woody
debris}. Use of the word ‘debris® derives from tim-
ber harvest: when the commercially worthless slash or
residue of cut trees is called debris and commonly left
in channels. A rose is a rose, but language matters,

‘Debris’ has negative connotations, prompting
the use of alternate phrases such as instream wood or
simply large wood. Regardless of the words used, the
consensus of the river science community is that wood
is beneficial to river structure and function.

Leave It to Beavers
Although 19th century scholars recognized the ben-
chicial cffects of beavers on river corridors (c.g. Ref

573, scientific research on beavers largely dates to the
work of Robert Naiman starting in the 1980s (e.g.
Refs 6, 38, 58). As with instream wood, the number
of investigators, geographic locations of field studies,
and physical and ecological effects being investigated
has subsequently expanded greatly. There was a
period of time during which North American fisheries
managers somerimes removed beaver dams under the
mistaken perception that these dams impeded fish
passage, but the river scientific community has largely
always reparded the physical and ecological effects
associated with beaver populations as beneficial to
river corridors.

A PERCEPTION GAP

Just as scientists from the Pacific Northwest pioneered

study of the structure and function of wood within
river corridors, 50 resource managers and practition-
ers of river restoration in the Pacific Northwest now
appear to be leading a growing tendency to actively
retain or restore wood in channels and floodplains.
I base this impression on what is being published
and on presentations at river restoration confer-
ences across the United States (e.g. Southwest Stream
Restoration Conference, hetp://southweststream.org/,
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Mid-Atlansic Stream Restoration Conference, 'nttp'f/
www.resourceinsticuteme.org MASRC. heml}. During
the past decade, presentations at these conferences
indicate a graJua‘ shifz away from restoration focused
aimost solely on channel form toward restoration that
inciudes processes such as channci-fioodplain con-
nectivity and hyporheic exchange, Only ar River
Restoration Northwest {hupiwww.renw.org/Home},
however, the annual river restoration conference held
in the Pacific Northwest, have T heard imuch discussion
of restoring instream and Hoodplain wood, Simitarly,
the case studies of river restoration described on the
UK’ River Restoration Centre [http//www.therre,
co.uk/index.php! website include few examples of
actively incorporating instream wood, and the Euro-
pean River Restoration Conference (httpi/www.
errc2014.eu/} and the website for the Australian
River Restoration Centre (hteprfaustralianriver
restorarioncentre.com.aw/) do not mention wood,

The lack of attention to wood as part of river
restoration in regions outside the Pacific Northwest
likely mirrors the widespread perception outside the
river science community of wood within river corri-
dors as wnnatural, unattractive, and hazardous—in
other words, as an entity that needs to be actively
removed rather than protected or restored. The first
study to systematically survey this divergence in per-
ceptions of wood involved a survey of undergraduate
university students in physical geography or envi-
ronmenta! geology courses in eight states within the
United States. Shown a series of photographs of rivers
and asked to numericaily rank each view with respect
to four categories festhcticaliy pleasing, naturalness,
sercepiion of danger, need for improvement}, students
consistentiy ranked views of rivers containing wood as
being less pleasing and more in need of improvement
than rivers without wood.”” The only exceptions
were students from Oregon, who recegnized that
wood is beneficial to stream habitat and fish. This
may retlect the emphasis on watershed protection in
connection with attempts to restore Dopulat'ons of
different species of saimon. Salmon have become the
charismatic megafauna of e Pacific Nerthwest and
representations of salmon in art, on cicthing, and in
regional writing are ubiguitous.

A subsequent study of wood perceptions among
resource managers in seven US states indicated that
diverse types of managers [comservation, fisheries,
*‘0"esfry, recreation; perceived rivers with wood as sig-
nificantiv more eathcmn‘ly pleasing, less dangerous,
and less in need of improvement than rivers withour
wood.®

The divergent resuit from these two sets of sur-
veys suggest a siriking gap in the way scientists and
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FIGURE 3} sign
village of EXk Crask, Pennsyivania following severe flooding n 2012, The
viiage fs along Usper Fishing Creek in the Susquehanna River Basin,
Photograph courtasy of R. Craig Kochel, whe described this scenario as
“ring your own bulldezer’ in recognition of the magnitude of wood
removel being underiaken by individuais end smaii communities In this
rura: area.

outside a small cz'¢ and genera! store In e

resource managers perceive wood in river corridors
and the manner in which the public and many of
those engageg, in river restoration perceive wood. My
recent CXpﬁL-ﬁﬁ ce during the September 2013 flood
in the Colorado Front Range supports the 1dea that
public perception of wood remains largely negative,
Following intensive and widespread fiooding, local
news stories featured efforts ro ‘clean up’ rivers and
to ‘pur the rivers back’ into their places. Cleaning
up in this context meant removing debr‘ls, some of
which was mangled oieces of houses, cars, and urban
infrastructure, put a good deal of which was wood
recruited into the channels during the food. Putting
the rivers back meant physically movmg channeis that
had avulszd across the historical doodplain. The ner
effect was a rapid removal of flood-recruited wood
and re-homogemzat‘on of channels that had become
more physically diverse when the flood formed sec-
ondary channels, introduced wood, and created new
erosional and depositional features. This rendency
to restore simplified, homogenized, controiled river
channels, and flcodplaing following floods is common
across the United States (Figure 3].

Negative perceptions of wood also result irom
the possibility that wood TOVITE during high flows,
particularly during extreme floods, can strike bridges
or other structares with suffictent force to damage the
structure, Wood can accumulate agalns* 3 structure
and exaccrbate overbank “.00\.1~1g, bed aggrac a*mq,
or lccal scour during & flood.**#* The potential for
wood-related damage during flonds implics that wood
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management is necessary along river corridors that
include infrastructure or urban development. Man-
agement options include selective removal of pieces
likely to become mobile and construction of retention
structures to trap wood upstream from portions of the
river corridor vulnerable to damage during floods.®3
The need to manage mobile wood pieces along vulner-
able portions of a river corridor does not, however,
mean that all wood must be automatically removed
from river corridors with infrastructure. Mobile wood
pieces on forested floodplains, for example, may be
effectively trapped by closely spaced trunks of living
trees,®

Negative public perceptions of wood in river cor-
ridors have important implications for river manage-
ment, not least because the greatest number of river
restoration projects are small scale projects targeting
a single channel segment, typically less than 1 km long,
that are initiated by local stakeholders such as cities or
private landewners.® If these people, who so strongly
influence local-scale river management, centinue to
perceive all wood negatively, then wood will continue
to be completely removed from river corridors,

Public perceptions of beavers provide an inter-
esting contrast to perceptions of other forms of
instream wood. These perceptions appear to be
bipolar. There are people who adore beavers, and
I use the word adore deliberately. Once you start
looking, it is easy to find beaver hand puppets and
children’s toys, beaver stationery, beaver calendars,
and other beaver-themed gifts. Non-governmental
organizations dedicated to protecting individual
beaver colonies exist (e.g. Worth a Dam, htep://fwww.
martinezbeavers.org/wordpress/) and annual meet-
ings are held thar address all things related to
beavers {e.g. The State of the Beaver 2015 Con-
ference, http//fwww.surcp.org/beavers/agenda.html).
The scientific papers [ have published that include
anything related to beavers have generated far
more public and media attention than any of my
other papers.

Qn the other hand, many people regard beavers
as nuisance rodents that are to be trapped and
removed wherever they are present. This attitude
stems from perceptions that beavers are a detriment
to fishing, or that wood pieces will come loose from
beaver dams and clog downstream structures such
as culverts or irrigation intakes. Some people prefer
to have free-flowing rather than dammed streams, or
resent the removal of riparian trees by beavers. Beaver
ponds can submerge roads or property. Some individu-
als also believe that beaver ponds decrease stream flow.
During a severe drought in 2003, the State Engineer
of Colorade sent an email to water managers across

0f wood and rivers: bridging the perception gap

the state suggesting that they remove beaver dams to
increase stream flow. Whatever the reason, beavers
and cheir dams continue to be aggressively removed
along many streams.

BRIDGING THE PERCEPTION GAP

The more I fearn about historical wood loads and
beaver populations in diverse forested river corridors
and the more I realize how fundamentally different
most of these corridors appeared and operated, the
more disturbed | am by the perception gap regarding
instream wood and beavers. However, the perception
gap also creates the opportunity to put our science to
work by acting on our knowledge.

A decade ago, few people practicing river
restoration focused on process. The emphasis was
on restoring form, often a ludicrously static form
such as heavily stabilized meander bends that could
not actually migrate through time and thus create
the processes that maintain fish habitat and pro-
ductivity. With time, the hard-engineering approach
to river restoration has given way to more flexible
and self-sustaining approaches that explicitly rec-
ognize the importance of river processes, such as
hyporheic exchange, bed and bank scour and depo-
sition, and overbank flows, to sustaining ecosystem
services including clean water and fisheries. This
change has come about because of the sustained
efforts of river scientists working to bridge the gap
between scientific and sacietal perceptions of rivers.
This gap has arguably been more effectively bridged
in some geographic regions, such as the Pacific
Northwest.

As noted above, [ think that the presence of
a widely publicized, charismatic river megatauna in
the Pacific Northwest—divcerse species of salmon—has
substantially helped to engage public attention in the
impottance of healthy river corridors. But the per-
ception of what contributes to river health, including
functioning watersheds, forests, and instream wood,
relies on a sustained educational and outreach cam-
paign that ranges from curriculum in K-12 schools
to artwork on t-shirts and other souvenirs. The chal-
lenge for river scientists in other regions of the world
is not only to communicate the physical and ecolog-
ical importance of wood and beavers in river corri-
dors, but to tie that importance to some metaphor,
image, or plant or animal species that can emotionally
engage a broad segment of the public. Many people
can emotionally engage with rivers: they fish, paddle,
watch birds, ot simply enjoy being along a stream of
flowing, sparkling water. If river scientists can take
the next step and help people to perceive rivers as
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ecosystems that rely on connections to the greater

landscape—including inputs of wood and the presence
of heaver colonies in forested regions—then we can
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