
Beaver Dams: stability and evolution, risk of partial or complete failure and impact upon sediment 
and water dynamics 

The extent to which beavers alter river systems depends on habitat suitability, population numbers 
and catchment characteristics (Butler and Malanson, 2005). In addition to altering flow regimes, 
(Puttock et al., 2017) by promoting deposition, beaver dams can lead to the infilling of beaver ponds 
with sediment which, over time, can be colonised and stabilised by vegetation and are referred to as 
beaver meadows (Naiman et al., 1988, Johnston et al., 2014, Burchsted and Daniels, 2014).  

As long as supply continues, sediment will continue to accumulate until either the pond infills and 
sediments are colonised by plants forming a beaver meadow (Polvi and Wohl, 2012) or a dam collapses 
releasing sediment (Butler and Malanson, 2005). In catchments with high stream power, and 
associated risk of dam failure, there may be lower and less stable long term sediment associated stores 
of nutrients than presented herein (Błȩdzki et al., 2011). However, where local factors, such as channel 
gradient, support the stable construction of dams and the resulting stream discontinuity, nutrients 
may be retained in sediments as shown in this study.  Plant colonization and the creation of beaver 
meadows can further immobilise these sediments and associated nutrients (Naiman et al., 1994). 
Furthermore, as a considerable volume of potential storage capacity within the 13 yet remains (> 55 
%), without accounting for ongoing dam building, it may be expected that beaver damming continues 
to enhance or at least maintain a dynamic equilibrium of sediment storage at the site (Giriat et al., 
2016).  

Dam failures, particularly in high energy environments, may also cause infrequent but significant 
pulses of water and sediment (Butler and Malanson, 2005). Such pulses may, in some cases, exert 
significant impacts upon river geomorphology (Bigler et al., 2001; Butler and Malanson, 2005). 
However, different sediment retention dynamics have been reported following dam collapse. Giriat, 
et al. (2016) found that there were very minimal losses of sediment from the Beaver ponds studied, 
following a dam collapse. Similarly, Butler and Malanson (2005) reported that the majority of 
sediments were retained in ponds and subsequently stabilised following colonisation and dam 
reconstruction. Levine and Meyer (2014) reported large sediment losses but the remnants of the dam 
structure were found to trap sediment, which was rapidly colonised by plants and stabilised. In 
contrast, other studies have observed rapid loss of pond sediments following dam collapse (Levine 
and Meyer, 2014, Curran and Cannatelli, 2014). It is likely, that as with the site studied, where closely-
spaced, multi-dam complexes exist, these will provide a major buffering effect, reducing the likelihood 
of dam failure and, in so doing, also reducing the downstream release of sediment from any single 
dam failure.  

It is notable that, at the Mid-Devon Beaver site reported upon in Puttock et al., 2017, 2018 or across 
other monitoring sites in GB full dam failures and resulting large sediment releases have not been 
observed since beaver release. However, in other environments i.e. steep alpine environments dam 
collapses  have the potential to cause significant change to river and floodplain morphology (Butler, 
1991) and are more common (Butler and Malanson, 2005). Beaver dam collapses typically follow 
significant discharge events (Butler, 1989) and are common in alpine environments where seasonal 
meltwater can dramatically increase river flows (Butler, 1991). An experimental study by Klimenko 
and Eponchintseva (2016) investigated the hydrological impact of dam collapses by instigating two 
dam collapses in Perm Oblast, Russia. The dams that were collapsed contained 800 m3 and 144 m3 of 
water and it was shown that the release of this water created a hydrograph that resembled a natural 
flood event. However, It was considered that failure of the entire dam structures is unlikely and that 
the chance of peak flows exceeding natural maximum flood discharges was just 10%. There are two 
key factors not considered in this study: (i) the strength of beaver dams increases with age 
(Meentemeyer and Butler, 1999); the study does not consider the age and therefore structural 
integrity of the dams when assessing the chance of collapse; and (ii) it does not consider the combined 



effect of high flood flows and the collapse-surge. It is clear from the literature that significant 
mechanistic uncertainty regarding dam failure dynamics exists (Anderson and Shaforth, 2010; 
Klimenko and Eponchintseva, 2015) and is an area in need of continued research. 

 

Experience from hydrological monitoring across beaver sites nationally since 2014 

Key observations from monitoring across multiple sites nationally: 

• At monitoring sites on 1st-4th order channels, sites complete failure of established dams has 
not been observed. 

• On 1st-3rd order channels (where beaver dam capacity modelling has classed reaches as having 
a pervasive or frequent capacity for damming), dams are commonly stabilised by vegetation 
over time becoming integral component part the landscape (i.e. figure 1) 

• On 1st-4th order channels partial damage to dams of varying magnitudes has been observed 
during high energy winter storm events (i.e. figure 2-4). This damage is typically more severe 
on larger streams which experience higher stream power. 

• In dam sequences, the impact on downstream flow regimes of damage to a single dam is 
mitigated/negated by the overall combined impact of dam sequence, rarely producing 
discernible downstream results. 

• At Mid-Devon site, a breach in a mid-sequence pond resulting in a ca 40 cm pond depth 
reduction and the proceeding dissipation by downstream ponds and minor increase in 
downstream water level (ca peak 12 cm increase in stage and elevated flow for ca 1 hour) was 
captured by level sensors located in each pond with results illustrated in Figure 7.  

• Damage typically manifests itself as minor nick pints allowing overtopping (i.e. figure 3) or 
partial breach in bottom of dams (i.e. figure 2). These partial beaches are commonly rapidly 
repaired by beaver.  

• The most severe damage observed has not been to dams themselves but in neighbouring 
banks which in two locations (one on a 4th order reach figure 5 and one on a 2nd order reach 
figure 6)  have breached leading to localised bankside erosion. In both these cases damage 
has also subsequently been repaired to beavers and has resulted in increased channel 
heterogeneity. 

• In larger 4th order channel reaches where dam capacity has been classed as occasional, small 
temporary dams built during low flow conditions have been removed when normal or high 
flow conditions resume. When such dams do break down it is often gradual. They often erode 
slowly from the top or following a partial blow out and the material is gradually washed away. 
They are held together with soft sediment and mud, in amongst the sticks and other more 
solid material. The material tends to dissipate very effectively in the high flow events that 
cause them to fail. 

• Only one case of damming has been experienced on a channel with a stream order of 5th order 
or larger. This dam was built during very low flow summer conditions and would have 
expected to have been breached in the next high flow conditions. However, it was removed 
by fishermen before this could be confirmed. 

 

 

 

 



 

 

Figure 1. Dam stabilised by vegetation 



 

Figure 2. Breach in bottom of a dam on 3rd order channel 



 

Figure 3. Breach and overtopping of a dam in 2nd order channel 



 

Figure 4. Breach and reduction in water storage in dam on 2nd order channel 

 



 

Figure 5. Bankside breaching and erosion on 4th order channel 



 

Figure 6. Bankside and bottom of dam breach on a 2nd order channel 



 

Figure 7. Downstream impact of beaver pond breach in a mid-sequence pond (BP =beaver pond). Blue line showing large 
drop on 12th march is Pond 5 in a sequence of 10 ponds. Effect can be seen to propagate through/be dissipated by beaver 
ponds 6 -10 resulting in a minor and temporary increase in downstream water level (Below Beaver sensor – red line).  
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