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Assainissement général

I ntensi ficati o

"Les premiers colons voyaient le
marais, les tourbiéres et les
marécages comme des lieux de
ténebres, de maladie et de mort|
d'horreur et d'inquiétude, de
mélancolie et de monstrueux, b
comme des eaux noires." Rod
Giblett

Des lieux perdus, trop spongieux
pour le labour ou pour y vivre.
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6. Bamard, Fontaine Salnt-Andébl, Vivarais (détsil), in Tavior J., Nodier G., D6,
Cailleux A. (1833), Voyages pittoresques et romantiques dans l'ancienne France.

Voyages en Languedoc.
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Abstract

Rivers and streams, when fully connected to their floodplains, are naturally resilient
systems that are increasingly part of the conversation on nature-based climate solutions.
Reconnecting waterways to their floodplains improves water quality and quantity,
supports biodiversity and sensitive species conservation, increases flood, drought and
fire resiliency, and bolsters carbon sequestration. But, while the importance of river
restoration is clear, beaver-based restoration—for example, strategic coexistence,
relocation, and mimicry—remains an underutilized strategy despite ample data
demonstrating its efficacy. Climate-driven disturbances are actively pushing streams into
increasingly degraded states, and the window of opportunity for restoration will not stay
open forever. Therefore, now is the perfect time to apply the science of beaver-based
low-tech process-based stream restoration to support building climate resilience across
the landscape. Not every stream will be a good candidate for beaver-based restoration,
but we have the tools to know which ones are. Let us use them.
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Beaverdynamics and drought

Stream without Beavers Stream with Beavers
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Conceptual model created by Dr. Emily Fairfax (2017). CC BY-NC-ND
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Les échanges nappeiviere
La conductivité hydraulique et les gradients de charge sont les principaux moteurs des
échanges entre la nappe d'accompagnement et laengoexet al., 2010). Plus la
conductivité hydraulique est grande plus les flux échangés sont potentiellement

importants.

Si |l e niveau pi®zom®trique dans |l a rivi re est inf®rieur
souterraine, comme cbest | e cas souvent ~ | d6®tiage, alors
niveau piézometrique de la riviere est supérieur a celui de la nappe, comme cela peut étre

|l e cas en ha_lu'tes eaux, ?.| or s cﬁest_ | a _rivi Iy iddid  J € Crhedd 198
Cette recharge peut se faire également grace aux débordements dans la plaine alluviale lors Agence de | dea

des inondations. A noter également que si le niveau de la riviére est égal a celui de la Méditerranée Corse
nappe, il ndy a pas do®change. 2020
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GULLY EROSION AND RESTORATION IN MOUNTAIN MEADOWS

wnder normal conditions

2. Result of guffy arasion through cenfer of meadow:
sagebrush hes displaced gress in drained soil.
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Bridge Creek IMWP, 2009-2015
121 BDA, 115 barrages de castors

Pollock et al 2014




View of a beaver

dammed wetland

after a wildfire in
Baugh Creek, Idaho




STRUCTURALLY-FORCED RESILIENCE TO FIRE

Riparian areas burntto-ground
across entire valley bottom in _*
most the watershed

EXCEPT, where beaver dam complexes kept the
valley bottoms wet, the riparian areas did not burn!

Example of structurally-forced
resilience to fire where beaver dam
activity kept parts of the riverscape
from burning, providing critical
wildlife and livestock refugia during
the fire, and assisting in post-fire
recovery. Example from Baugh

Creek, Idaho. J. Wheaton, S. Bennett,

N. BouwesJ.Maestas
S.Shahverdign
, > L : LowTeclProceBased
See Figure 2.6 of the LTPBR-Design Manual Restoratiddanual

Utah Staté&niversity




Beaverdynamics and wildfire

Stream without Beavers Stream with Beavers
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Figure from Fairfax, E. and Whittle, A. (2020), Smokey the Beaver: beaver-dammed riparian corridors stay green during wildfire throughout the

western USA. Ecol Appl. Accepted Author Manuscript. doi:10.1002/eap.2225
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narfait, continuité améliorée




As a result, the water
does not spread throughout the
landscape and the vegetation tends to
be a lot smaller, scrubbier, and drier.

streams tend : wetland. One of the first things you will notice
to dry up very quickly in the dry MWWMMBMNM

d\edvymhba.vegmﬂonhmdd\e
areas | study
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bigger,
s lumum

process can help deposit richer soil, and the
»’. watery ecosystem helps their crops stay
naturally greener

researchers are particularly
interested in the habitat’s effect on fish
like salmon and our endangered steelhead who
are born in streams, live their lives in the sea, and
migrate back to the stream to reproduce, The beaver

| Mmmmmhﬂm

to the nutrient and microbial process that
occur there. Many think that much of the
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géologiquesérosion et dép6t de matériaux inorganiques, sous l'effet de la gravité, de d a S | ’c") h |
I'eau, du vent et du temps. - _
Puis Gaia a inventeé les arbres il y a environ 400 millions d'années, et les choses sont ( d o a pr S

devenues beaucoup plus intéressantes. Des morceaux de bois de plus en plus grands
et de plus en plus durables ont poussé, sont tombés et ont été emportés des hautes
terres par les rivieres. Ce bois a créé de la complexité non seulement localement
autour de lui en tant qu'élément statiqgue, mais aussi au fil du temps en se déplacant,
fonctionnant comme une perturbation mobile sur toute la longueur du cours d'eau
jusqu'a ce qu'il soit finalement mangé par la mer.

Il'y a 7 millions d'années, les castors sont apparus et ont complexifié les choses au

dela de ce que nous pouvons imaginer. Leurs perturbations étaient permanentes, des
ordres de grandeur plus rapides que le déplacement du bois dans le systeme, et
s'exercaient a I'échelle du paysage.

Eradication des castors
Humains en et déforestation
12éme siecle

Puis les hommes sont apparus il y a quarante mille ans en Europe, et apres les Europe

derniéres glaciations ont commenz@érer les foréts par le feu, en sélectionnant des 40 000 ans
peuplements moins denses et une charge d'évapotranspiration plus faible sur les eaux

souterraines.

La quasextirpation des castors détruit le contrdle de la base des cours d'eau et

favorise l'incision. Le paysage désormais sec est fasilep@otéexploité, miné,
cultiv® et pav®, ce qui donne la triste sijfuation que o Simsplificadion n 4
Les gens commencent & se demander si tout cela était une si bonne idée, et des cour
commencent a essayer de réparer les choses en utilisant les mémes outils et les mémes XVI-XXe siecle

J

raisonnements que ceux qui ont causé tous ces ddsssésultats sont aux mieux
mitigés, avec trés peu de complexité et beaucoup de dégats. C'est alors qu'apparait la
restauration basée sur les processus, motivée par la simple proposition que les méme
forces qui ont a l'origine complexifié le paysage peuvent le faire a nouveau, et que to
ce dont elles ont besoin, c'est d'un petit coup de pouce de la part des humains qui gfit
I'humilité de penser comme les castors et de demander réellement a la riviere ce

quelle veut Restauration
Cast par les seules
astors machines
Géologie Arbres 8 millions 1680
4.4 milliards 400 millions doannd@es
doann@deemm——— dO0annees

s
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Médecine-castor
& régénération low-
tech fondée sur les

processus
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LOW-TECH PROCESS-BASED
RESTORATION OF RIVERSCAPES

Low-tech procesbased
restoration
with beaver mimicr
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4l vansuteLnversty pOCKET FIELD GUIDE

/ & ' v A Joe Wheator
Utah State Universit
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‘beaver dam activity

m Historically, most healthy riverscapes
were in an anastomosing geomorphic
condition (i.e., Stage 0; see page 2).

m Flows would have been dispersed into
multiple channels spread out across
a valley bottom, separated by well-
vegetated floodplain wetlands and
forests, boasting regular structurally-
10° forced flooding.

m Due to a variety of impairments, many
such riverscapes rapidly incised, and
are locked in degraded incised states.

m Recovery to an anastomosing Stage 0

AGGRADING
&WIDENING § -

lateral bank erosion) and aggradation.
The lateral erosion process helps
rebuilding valley bottom topography
with connected floodplains by creating
the accommodation space, a source of

space, and wider areas for flood-flows
to spread out onto.

e/l
-n? See Figure 1.5 of the LTPBR Design Manual & Cluer & Thorne (2014): DOI: 10.102.rra.2631

Rl o

condition, is achieved by widening (with

sediment to build new floodplains in that

J. Wheaton, S. Bennett, N.
BouwesJ.MaestasS.
Shahverdign
LowTeclProceBaseRestoration
Manual

Utah Staté&niversity
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RIVERSCAPES PRINCIPLES:

; / Streams need space. Healthy streams are dynamic, regularly shifting position within their
Y. .. valley bottom, re-working and interacting with their floodplain. Allowing streams to adjust

4 ¢ ) ’y'/, within their valley bottom is essential for maintaining functioning riverscapes.

" . \t s - - mgm

% Structure forces complexity and builds resilience. Structural elements, such as
K595 beaver dams and large woody debris, force changes in flow patterns that produce physically

diverse habitats. Physically diverse habitats are more resilient to disturbances than simplified,
homogeneous habitats.

The importance of structure varies. The relative importance and abundance of
structural elements varies based on reach type, valley setting, flow regime and watershed
context. Recognizing what type of stream you are dealing with (i.e., what other streams it is
similar to) helps develop realistic expectations about what that stream should or could look
(form) and behave (process) like.
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Inefficient conveyance of water is often healthy. Hydrologic inefficiency is the
hallmark of a healthy system. More diverse residence times for water can attenuate potentially
damaging floods, fill up valley bottom sponges, and slowly release that water later elevating

: baseflow and producing critical ecosystem services.
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RESTORATION PRINCIPLES:

It's okay to be messy. When structure is added back to streams, it is meant to mimic and promote
the processes of wood accumulation and beaver dam activity. Structures are fed to the system like a meal
and should resemble natural structures (log jams, beaver dams, fallen trees) in naturally ‘messy’ systems.
Structures do not have to be perfectly built to yield desirable outcomes. Focus less on the form and more on
the processes the structures will promote.

There is strength in numbers. A large number of smaller structures working in concert with each
other can achieve much more than a few isolated, over-built, highly-secured structures. Using a lot of smaller
structures provides redundancy and reduces the importance of any one structure. It generally takes many
structures, designed in a complex to promote the processes of wood accumulation and beaver dam activity
thatlead to the desired outcomes.

Use natural building materials. Natural materials should be used because structures are simply
intended to initiate process recovery and go away over time. Locally sourced materials are preferable
because they simplify logistics and keep costs down.

Let the system do the work. Giving the riverscape and/or beaver the tools (structure) to promote
natural processes to heal itself with stream power and ecosystem engineering, as opposed to diesel power,
promotes efficiency that allows restoration to scale to the scope of degradation.

Defer decision making to the system. Wherever possible, let the system make critical design
decisions by simply providing the tools and space it needs to adjust. Deferring decision making to the system
downplays the significance of uncertainty due to limited knowledge. For example, choosing a floodplain
elevation to grade to based on limited hydrology information can be a complex and uncertain endeavor,

but deferring to the hydrology of that system to build its own floodplain grade reduces the importance of
uncertainty due to limited knowledge.

Self-sustaining systems are the solution. Low-tech restoration actions in and of themselves are
not the solution. Rather they are just intended to initiate processes and nudge the system towards the ultimate
goal of building a resilient, self-sustaining riverscape.
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& BEAVER DAMS s Velocity Vectors

converging, diverging, shunt around,
s back-up behind, flow over, split around,
b flow through & separate

Erosion, Deposition . 2
Transport & Storage S
of Sediment
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At nearly 2 meters heigtttis natural beaver dam on Bridge Creek, Oregon, substantially exceeded most
guidelines for instream structur e gignofvib2d cnhbetyeemt
upstream and downstream water elevations of a ridtmetheless, adults and juveniles of steelhead trc
able to pass the structure, as documented by PIT tag data, and theredisti@buielti population of steedio

upstream of this dam and the dozens of other dams further downgid@mManhout is in foregrour
photographer, unknown).
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