BEAVER DAM FAILURE & ABANDONMENT: COMPLEXITY LOST?
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Beavers (Castor canadensis) are frequently referred to as ‘ecosystem engineers’ because of the profound influence their dams and associated networks of dens, side-channels and pools have on the heterogeneity and
complexity of the environments they occupy. Increasingly, beaver are
being employed as a restoration agent, particularly in incised streams with
homogenized habitat. Beaver dams promote aggradation that is hoped
can increase floodplain connectivity and channel complexity. If actively
colonized, a beaver dam complex might persist for decades or even centuries. As part of their natural cycle, some dams may come and go, alternating
between occupation and abandonment, but eventually most are abandoned. However, when a dam is breached and abandoned, are the restoration benefits sought from beaver (e.g. richer habitat, greater
degree of floodplain connectivity) lost?

Bridge Creek is an experimental
restoration watershed in NOAA’s
Integrated Status & Effectiveness
Monitoring
Program
(ISEMP; Fig. 4). Bridge Creek is a
tributary to the John Day River,
which drains northwesterly to
the Columbia River. Given
Bridge Creek’s position in the
Columbia system below most of
the major mainstem dams, it is
an important steellhead fishery
(Oncorhynchus mykiss). Bridge
Figure 3: Location of Bridge Creek in Columbia Basin.
Creek is currently degraded and
incised with highly simplified instream habitat, thought to be limiting steellhead production. The riparian corridor is very limited and homogenized
given how disconnected the channel is from its floodplain.

Aerial imagery was acquired with a fixed wing aircraft in 2005, a blimp in
2009 and a UAV drone in 2010. Repeat topographic data were collected
with a combination of total station and ground-based LiDaR. The raw point
data from the ground-based LiDaR were filtered to include only ground
shots, and decimated to a point density of 4 points per m2 . The point data
were combined and used to construct TINs and derive 25cm resolution
DEMs for each survey. The surface representation uncertainties were derived using the Geomorphic Change Detection (GCD) Software developed
by Wheaton et al. (2010) and then use to propagate errors through into the
DEM of difference (DoD) calculations to distinguish
changes due to noise from
those due to geomorphic
processes.

Following abandonment and partial breaching, the dam site has continued to act as a
net sink for sediment allowing the creation
and maintenance of a complex pool-bar
habitat (Fig. 12), and overall aggradation of
the bed, helping to support the project
goals of reconnecting the channel with its
12: Point bar growth & pool
floodplain and improving in-channel habitat Figure
maintenance following abandonfor steelhead. The geomorphic explanation ment.
for the observed changes is summarized in Fig. 13. Some incision from
head-cutting through the partial breach as well as minor evacuation of
some of the pond deposits has taken place in the lower end. However, the
bulk of the geomorphic change has been in continued development of lateral and central bars. This is primarily upstream of the main portion of the
dam (still in tact as shown in Figure 12), but some has taken place downstream of the dam as well. A small side channel along the periphery of the
former pond has filled in and acted as a minor sink for sediment.
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Figure 1: A beaver dam complex in Bridge Creek, OR during spring snowmelt

flood and associated features.

2. BEAVER POND EVOLUTION
When beaver colonize a stream, they often construct a dam to improve
habitat conditions for themselves (I -> II in Figure 2). The construction and
maintenance of the dam, associated side channels, canals, tunnels, food
caches and wetlands fundamentally alter the stream system locally. This is
not just to the benefit of the beaver, as species diversity and habitat complexity around beaver ponds is typically increased. If the colony is successful, they often expand to a complex of multiple dams in series and/or parallel (II -> III in Fig. 2). However, a variety factors (see box below) can lead to
temporary or permanent abandonment of an individual dam (II) or an
entire dam complex (III). Dam breeches are a natural part of the evolution
of beaver ponds, and a common cause of abandonment. Yet, little is
known about the trajectory of geomorphic change following dam failure and associated loss or maintenance of ecosystem functions.

An innovative restoration project
is underway over 25 km of Bridge
Creek, employing beaver to help
aggrade the incised channel, reconnect it with its floodplain, and
specifically improve salmonid
habitat. Roughly 100 beaver dam
structures associated with the restoration effort are being actively
monitored with a mix of fish surveys, beaver activity monitoring,
repeat
topographic
surveys,
repeat aerial imagery and habitat
surveys. See NMFS (2008), Pollock
et al (2007) and Demmer and Beschta (2008) for more background.

Basin Area: 697 km2
Basin Relief: 1624.6 m
Annual Precip: 424 mm
Qbaseflow: 0.05 to 0.08 cms
Qpeak: 3 to 6 cms

Figure 8: Total station surveying Figure 9: Morphological sediment budgeting using DEM dif-

of the abandon dam.

6. PRELIMINARY RESULTS & INTERPRETATION
A

Bar development is the dominant mechanism of change areally and volumetrically.

Figure 10: Progression of reach at upper Owens through a period without a dam (A; 2005), with an

4. A HISTORY OF ABANDONMENT
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A dam at the Upper Owens study reach, which had a
partial side-channel breach during spring runoff (Fig. 5
& 6) was surveyed in the late spring of 2009. Beaver
dams were recorded at the site in 1992-1995, reappearing in 1999-2000, reappearing in 2002-2003 and reappearing in 2007. The dam size and pond area was fairly
consistent during periods of occupation, and was regularly blown out in high flows. In 2009 it was reinforced
with BDS and the beaver responded by raising the crest
Figure 7: Inundated area at Upper Owens.

Gravel Bed Rivers 7, Tadoussac, 2010

C

Figure 4: Study Reaches within Bridge Creek.

sented in this poster. NOTE: This is only 1 of roughly 100 sites restored with beaver dam structures
(BDS). monitored in 10 reaches across 25 km; see Figure 5).

ment can be temporary or permanent, depending on the cause (typical causes shown in box).

B

Figure 13: Geomorphic interpretation and segregation of sediment budget from GCD (Fig. 11).

Figure 5: Timeline of beaver activity, restoration and monitoring data at Upper Owens site pre-

Figure 2: Conceptual Model of Beaver Pond Evolution and Role of Abandonment. Abandon-

ferencing to calculate the change in storage due to net erosion
and deposition (Wheaton et al 2010).

Figure 6: Beginning of partial breach of dam at side

channel at Upper Owens in May 2009.

elevation, doubling the dam
length and greatly expanding the
inundated area (Fig. 7). However,
in the spring runoff floods of
2009, the dam was partially
breached and abandon, creating
an opportunity to look at geomorphic response following
abandonment.

Following reinforcement of the dam, the beaver expansion of the dam and
the partial breach (see section 4), the complexity of the reach increased significantly (Fig. 10A -> B). The sinuosity of the reach increased from 1.1 to
1.7, and the associated creation of accommodation space converted a homogenous plane bed morphology into a complex mix of pools, point bars,
mid channel bars and vegetated islands. Surprisingly, these features have
persisted following the breach for at least a year and through a second
spring flood.
According to the
geomorphic
change detection
analysis, erosion
(28.2 m3) was actually exceeded by
deposition (33.6
m3), despite the
breach. Thus, the
expectation that
following breach
and abandonment
by beaver there
would be a net
evacuation of sediment from the
beaver pond, has
not been realized. Figure 11:

Geomorphic change detection at beaver dam from a DoD between April 2009 and November 2009

7. CONCLUSIONS & FUTURE WORK
1. Beavers are starting to be used as restoration agents to promote bed aggradation, reconnection of channels with their floodplains and improvement of physical habitat complexity for fish. To rely on beavers to provide
such passive restoration and ecosystem services, a clear understanding of
the cyclic nature of beaver pond evolution is necessary.
2. This poster showed one example of how channel complexity was not lost
following a partial beaver dam failure & abandonment. In fact, a geomorphic change detection analysis demonstrated that the abandon beaver
dam was a net sink for sediment accumulation following abandonment.
3. Ongoing monitoring of this and other abandon sites will be used to
assess how general this result is and how long it persists for. Eventually we
hope to improve our theoretical understanding of the cycle of beaver pond
evolution and provide better information to help restoration practitioners
manage their expectations about the dynamic responses of such projects.
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