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ABSTRACT 

The North American beaver (Castor canadensis) is regarded widely as an ecosystem engineer 

and the dams they create are well known for their ability to drastically alter the hydrology of river 

basins. As a result, beavers are increasingly being included in green infrastructure practices to 

combat the effects of climate change and enhance ecosystem resilience. Both drought and flood 

mitigation capabilities have been observed in watersheds with beaver dam structures; however, 

how dams can possess such contrasting mitigation abilities is not fully understood as most studies 

neglect to acknowledge the incredible variation in beaver dam structures. In this study, an 

extensive cross-site survey of dam properties and water flow through dams in the Canadian Rocky 

Mountains in Alberta was conducted. The dam flow type classification from Woo and Waddington 

(1990) was evaluated in this new context and adapted to include two new flow types not found in 

the original study. The survey revealed significant differences in dam structure across the different 

sites. Physical differences in dam structure altered the dynamics and variance in the ponds’ storage 

and certain dam attributes related to landscape setting. However, a closer analysis of large rain 

events surprisingly showed little influence of dam physical structure on storage and recession 

limbs. These results reveal that variation in dam structure alters the temporal dynamics of pond 

storage but also emphasizes that some metrics, including response to rain events, may remain 

constant regardless of dam structure. This combination of variability and stability may be the secret 

to the contrasting mitigation abilities possessed by beaver dams. Further research may be able to 

use these results to better predict streamflow routing through beaver ponds and improve the 

prediction and modelling of beaver dam effects. 
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CHAPTER 1 

1.0 INTRODUCTION 

Mountain environments have long been recognized as a vital area of research owing to the 

disproportionally large hydrological effects they have on surrounding lowlands (Rood et al., 2005; 

Viviroli et al., 2007). The Canadian Rockies provide an essential water resource for surrounding 

ecosystems and human needs (Wheater and Gober, 2013). However, in response to anthropogenic 

climate change, the sensitivity of this region to disturbance is being revealed. The hydrological 

processes of mountain basins are highly complex and therefore do not respond linearly to 

disturbance (Harder et al., 2015). The hydrological resilience of basins vary depending on 

dominant hydrological processes and how they relate to climate and basin characteristics (Harder 

et al., 2015). Environmental changes occurring in a resilient basin may be compensated by other 

processes, resulting in little overall change. However, the same environmental changes occurring 

in a non-resilient basin may have compounding feedbacks that result in large changes. This makes 

predicting how basins will respond to disturbance complicated and highlights the need for a 

resilient climate change adaptation strategy.  

In the Rocky Mountains, the two main drivers of hydrology that are expected to be altered 

in response to climate change are the rainfall to snowfall ratio and the surface energy available for 

evapotranspiration (Foster et al., 2016). Increasing temperatures have altered precipitation 

patterns, creating an ever increasing rainfall to snowfall ratio (Shook and Pomeroy, 2012). As a 

result, the winter snowpack continues to decrease, subsequently causing reductions in streamflow 

and groundwater recharge for the many systems that are dominated by snowmelt (Harder et al., 

2015; Foster et al., 2016). In addition, the surface energy available for evapotranspiration has 

increased, consequently increasing the time that streams rely on baseflow and further accentuating 

streamflow reduction (Foster et al., 2016). Foster et al. (2016) also determined that for the central 

Rockies, a warming climate will result in flashier river discharges where availability of surface 

water is increasingly associated with precipitation variability rather than snowmelt. In addition to 
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these changes, increases in the severity and frequencies of both droughts and floods are predicted 

(Whitfield, 2012). Climate change is expected to alter the ecosystem services this area currently 

provides (Seidl et al., 2016). To sustain the ecosystem functions of this region, it is imperative to 

conduct research that will contribute to a climate change adaptation strategy that focuses on 

enhancing the natural resilience of ecosystems.  

Climate change adaptation strategies need to be multi-faceted and embrace resilience 

(Morrison et al., 2018). Increasing human population and a subsequent rise in land consumption, 

has led to the emergence of green infrastructure as an approach to achieve sustainable development 

(Wang and Banzhaf, 2018). The use of green infrastructure practices allows progression of human 

development while maintaining ecosystem services. Practitioners are excited to partner with 

beaver (Castor canadensis) as they are viewed as a natural way to enhance ecosystem resilience 

(Naiman et al., 1988; Williams et al., 2015; Dittbrenner et al., 2018).  

Beaver are abundant in the Rocky Mountain region and occupy both mineral and peat 

wetlands of the area (Morrison et al., 2015). They alter the ecosystem by constructing dams that 

expand open water areas and increase both surface and ground water storage (Johnston and 

Naiman, 1990; Westbrook et al., 2006; Karran et al., 2018). These processes may have the ability 

to oppose the altered precipitation patterns and reduced baseflow effects seen as a result of climate 

change. Furthermore, their ability to increase water retention on the landscape makes beaver ponds 

a vital water source during droughts (Hood et al. 2006). In addition to drought protection, beaver 

dams have been shown to slow surface runoff and attenuate peak discharges, resulting in smaller 

floods (Nyssen et al., 2011). Despite this, sustaining beaver ponds to mitigate against larger floods 

is still debated. Large rain events have been shown in some cases to increase the likelihood of dam 

failure, potentially increasing flood size (Hillman, 1998). In other cases, dam failure has been low 

in extreme floods, and dams have delayed downstream transmission of floodwaters (Westbrook et 

al., 2020). Contrasting study results suggests that we do not yet grasp the dynamic nature of water 

storage in beaver ponds or the factors regulating their water storage function.  

For beaver ponds to assist in the future mitigation of climate change, they must be resilient 

to large climatic fluctuations from extreme droughts to extreme floods. The dams need to retain 

and store water but also possess the capacity to (transiently) store floodwaters. Beaver presence 

must have the capability to help slow the loss of ecosystem services and help sustain ecosystem 
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function. The purpose of this research is to improve the understanding of the storage and 

transmittance of water through beaver ponds. I hypothesise that the extensive range of mitigation 

potential provided by beaver modifications corresponds with the variety of dam types present on 

the landscape. Both the stability of pond storage and how water flows through different dam types 

may dictate their mitigation potential. Highly stable ponds provide the best drought mitigation, but 

the degrading unstable ponds may provide more effective flood mitigation. Finding ways to 

categorize dams based on their intrinsic properties and their landscape settings may reveal patterns 

that can be used for future hydrological modelling efforts. Variables associated with landscape 

setting need to be addressed alongside dam characteristics to determine if they affect the types of 

dams built. For example, I hypothesise that the differences in peatlands and mineral wetlands may 

result in varying proportions of dam flow types found on them. The purpose of this research will 

be attained by meeting the following objectives:  

1. Characterize the distribution of beaver dam flow types.  

2. Compare water storage dynamics between dam flow types.  

3. Evaluate the response of pond storage to rainfall events. 

 

Objective one will establish whether the dam flow type classification system can be applied 

to the study area and will determine if relationships exist between flow type, dam size, and the 

landscape setting. Other intrinsic dam variables including dam material, height, and length along 

with site variables such as water source, substrate, and access to vegetation types will be explored 

to determine if correlations exist between variables. Objective two will compare the pond storage 

between dam types using multiple calculations of variation. This objective aims to determine if 

the different flow types affect the variation of pond storage in predicable ways and if these effects 

are possible to quantify. Objective three will encompass a short evaluation of the pond storage 

with respect to rainfall events to determine if the dam flow type affects the ponds response to such 

events.  
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CHAPTER 2 

2.0 LITERATURE REVIEW 

This literature review will begin by introducing the beaver in a North American context. It 

will provide an overview of the structure of dams and ponds they create with respect to their effect 

on stream hydrology. An overview of the current climate change trends being observed in the 

Rocky Mountains of western North America will be included to demonstrate how beaver structures 

may mitigate these trends. The review will conclude with the identification of current gaps in the 

research and how filling them is vital to bridging the gap between beaver pond hydrology and 

increasing ecosystem resilience to a changing climate.  

2.1 BEAVER IN NORTH AMERICA 

During the 1800s, beaver were trapped extensively for their fur across North America 

(Moore, 2012). Since the cessation of fur trade, the population of this large rodent has rebounded 

(Moore, 2012). Populations were estimated to have risen to approximately 10 million in the late 

1980’s, and continue to increase (Naiman et al., 1988; Whitfield et al., 2015). Since individual 

beaver populations are difficult to estimate and it is the structures beaver build that are often the 

main subject of research attention, many current estimates are based upon pond/dam counts. In 

2005, the estimated number of beaver ponds in North America was 1.5 – 7.7 million (Butler and 

Malanson, 2005). However, this number is dwarfed by estimations from pre-European contact. At 

that time, approximately 15-250 million ponds existed, leaving current estimates only 3 to 10% of 

what they once were (Butler and Malanson, 2005). It is predicted as populations of beaver increase 

so will beaver-human conflict. A study from Washington, USA revealed that most (~60 %) beaver 

suitable sites are located on human-dominated landscapes (Dittbrenner et al., 2018). Furthermore, 

this study estimated that beaver occupancy on this landscape is well below carrying capacity with 

approximately 75% of suitable sites unoccupied (Dittbrenner et al., 2018). Additionally, 

Macfarlane et al. (2017) observed dam densities in the central southwestern United States that 

currently account for only 1 - 16% of the total estimated capacity. These studies revealed that some 

landscapes have the potential to support significantly more beaver dams than currently present, 
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and any drought or flood mitigation effects could be compounded and enhanced in the future if 

beaver populations increase. 

2.2 BEAVER MODIFICATIONS TO LANDSCAPES 

2.2.1 Beaver Dams and Ponds  

Few species, aside from humans, possess the ability to engineer their surrounding 

environment to the same extent as beaver. As a result, they have been dubbed both ecosystem 

engineers and a keystone species (Jones et al., 1994). Beaver construct dams as a means of 

increasing water depth until they create a pond large enough to serve as a refuge (Gurnell, 1998). 

The pond keeps the burrow or lodge entrance underwater, increases accessibility to food sources, 

and keeps the winter cache of food unfrozen (Baker and Hill, 2003). One beaver colony (family) 

can oversee dozens of individual dams which are often built in series along a stretch of stream 

(Morgan, 1868). Dam and pond density can exceed ten ponds per km of stream under the right 

conditions (Naiman et al., 1986; Woo and Waddington, 1990; Burchsted and Daniels, 2014) and 

dams have been reported on streams as high as fourth order (Westbrook et al., 2006; Smith and 

Mather, 2013; Burchsted and Daniels, 2014).  

The primary materials used in dam construction include wood, mud, and stones. The 

proportions of material types used depend on their availability at a given location. Dam structures 

vary in length and height and can be built up and expanded over multiple generations of beaver 

(Gurnell, 1998). Dam construction begins with an anchor point (Beedle, 1991) in waterways that 

have a depth less than 68 cm (Swinnen et al., 2019). Anchors consist of already existing debris 

such as fallen trees, or are comprised of rocks, mud, and woody debris placed by the beaver to 

provide an initial reduction in water velocity (Beedle, 1991). Areas with slower moving water and 

finer substrates allow beaver to anchor their dams more easily to the substrate (Dittbrenner et al., 

2018). Once a suitable anchor is established, beaver continue construction by placing branches 

parallel to the direction of water flow. This parallel placement method may reduce initial drag on 

the branch and allow the beaver more time to build with less risk of material being washed 

downstream. This tendency is also believed to give dams their characteristic U-shape, since beaver 

remain consistent with parallel placement as water begins to flow around the dam (Beedle, 1991). 

Dam location and surrounding topography strongly determine the final dam shape. As a result, 

dams are highly variable and heterogeneous structures. Dams are often largest near their center 
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and taper off in both height and width near the ends. These intrinsic variations in the structure of 

dams provide unique challenges when distilling them down to a few key dimensions that are 

comparable across studies.  

The simple concept of determining dam height has challenges. No standardized method for 

taking height measurements exists and the array of varying dam height definitions across the 

literature needs to be addressed. The two main variations of dam height measurements involve 

either a measurement of the physical dam structure itself or a measurement of the difference in 

water level height caused by the dam (Figure 2.1: e). Measurements of the dam structure are from 

the dam crest (the highest part of the dam) to the dam base. The dam crest is relatively easy to 

determine; however, definitions of what is considered the dam ‘base’ vary across studies. 

Definitions have included: the lowest point on the downstream streambed (Majerova et al., 2015) 

(Figure 2.1: c), the downstream stream thalweg (Hafen, 2017), the lowest point in the pond (Karran 

et al., 2017) (Figure 2.1: a), and the immediate downstream area not disturbed by beaver activities 

or if another pond exists downstream, the elevation of the pond surface (Beedle, 1991) (Figure 2.1: 

d). The location of measurements along the dam length is also rarely specified, although some 

studies indicate height is at the maximum elevation of the dam (Klimenko and Eponchintseva, 

2015) or determined through averaging multiple measurements along the dam length (Beedle, 

1991). In addition to these discrepancies, many studies report dam heights or compare heights from 

multiple studies without reference to the methods used. No superior method exists since all these 

variations have their own shortcomings. Measuring to the dam base can overestimate or 

underestimate the dam height depending on where the measurement is taken from. Downstream 

measurements can result in over-estimation because of downstream erosion and scouring and 

upstream (in pond) measurements can result in underestimation because of pond sedimentation. 

Alternatively, measuring to the downstream water surface results in the dam height measurement 

being dependent on the fullness of the pond downstream. The accuracy of these measurement 

methods has not been investigated and it is unknown whether any of these methods are comparable.  

The second main type of dam height measurement involves determining the difference in 

water height from the upstream to the downstream sides of the dam (Fuller and Peckarsky, 2011; 

Cutting et al., 2018). This type of measurement may be less prone to individual bias and easier to 

obtain but is also more sensitive to the time of year the measurement was taken. The two 
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measurement types are most comparable for full, intact dams. For older, partially breached dams, 

pond water levels are often much lower than the crest of the dam. This causes the two 

measurements types to diverge. A measurement of the structure itself will overemphasize its 

impact on the hydrology whereas a measurement of the water levels will underestimate the 

physical size of the dam structure. 

Figure 2.1: Visualization of five methods for determining dam height under 

simplified (top) and complex (bottom) conditions. Under the assumptions of the 

simplified condition (full pond and level streambed), methods e and d are 

comparable, and methods a, b, and c are comparable. The complex condition 

shows how the presence of downstream erosion, excavation of the pond bottom 

by beaver, or accumulation of a sediment wedge can cause over or 

underestimation of the dam height depending on the method used.  
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2.2.2 Dam Age 

Much of the literature on beaver dams focuses on large intact dams and dam series being 

actively maintained by beaver (e.g. Majerova et al., 2015; Stout et al., 2017; Wegener et al., 2017). 

Old, relict ponds with leaky dams found at sites abandoned by beaver are underrepresented. 

However, since dams can persist on the landscape for hundreds of years (Johnston, 2015), the 

presence of relict structures should not be overlooked. The continued effects of beaver on water 

resources after the abandonment of sites (inactive) has been documented in some studies (Naiman 

et al., 1988; Westbrook et al., 2006; Johnston, 2015) but requires further research to be understood 

more than anecdotally. For example, as dams age, they were documented to both lose and gain 

sediment within their structure. Woo and Waddington (1990) stated that in northern Ontario, active 

dams have the highest amount of fresh mud and stones within the stick structure. Once a dam is 

abandoned, the mud washes away, followed by the stones, leaving only the porous stick structure 

behind. Meentemeyer and Butler (1999) determined that for areas in Montana the effect of beaver 

dams on hydrology appears to increase with age as dams solidify with sediment. These contrasting 

observations may be attributed to differences in terrain slope and sediment availability. Higher 

flow velocities associated with steep slopes may wash away sediment whereas low slope areas 

with lower flows may be more prone to sedimentation provided an upstream supply of sediment 

exists. Further research on relict dams is required to identify and understand the cause of this 

discrepancy.  

2.2.3 Classification of Dams  

The large diversity of beaver dam structures has resulted in a plethora of classification 

schemes that focus on different dam aspects. Classifications have differentiated dam types based 

on beaver presence, functional differences, age, dam size, and water flow mechanisms. Literature 

that characterizes differences in beaver presence relies on beaver actively maintaining the 

structure. Klimenko and Eponchintseva (2015), for example, classified dams by labelling them as 

active, nonactive, and failed. Active dams had beaver present that actively carried out work on the 

dam. Nonactive dams were abandoned by beaver but continued to impact the hydrology, and failed 

dams were classified as having a breach deep enough that the dam no longer impacted the 

hydrology. To categorize beaver dams based on functional differences, Hafen (2017) separated 

dams and their corresponding ponds into two categories. Primary dams hosted either a lodge, a 

food cache, or both. All remaining dams were subsequently considered as secondary. Burchsted 
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and Daniels (2014) classified beaver dams as being VWP (valley-wide beaver ponds) or as ICP 

(in-channel beaver ponds) based on whether the dam structure was limited within the stream banks. 

Beedle (1991) provided an observational way to qualitatively categorize ponds by age by 

classifying ponds into phases based on the amount of standing dead trees and organic debris in the 

pond. Categorization of dams based on the way water flows through the structure was implemented 

by Woo and Waddington (1990). Their classification consisted of four dam flow types – overflow, 

gapflow, underflow, and throughflow (Figure 2.2). The dam flow types differed in their ability to 

store water and therefore functioned differently in high and low water conditions. For example, 

overflow dams were often characteristic of active beaver sites because consistent maintenance and 

prompt repairs to any gaps in the dam structure forced water to flow over the top of the structure. 

This dam type maximizes hydraulic head and commonly stores the most water. Gapflow dams had 

notches or gaps allowing water to flow through. The classification contained no restrictions for 

how many or how large the notches (gaps) could be. Overflow and gapflow were reported to be 

the most common dam types present in northern Ontario and were the most successful at retaining 

and storing water at low flows (Woo and Waddington, 1990). Underflow dams appeared intact 

from above but allowed water to flow underneath the structure through one or more holes. 

Throughflow referred to dams that had become a porous medium of sticks. The underflow and 

throughflow dams did not store water as effectively as the other two types during low flows. 

However, during high flows, these types may be activated, temporarily storing, and slowing the 

release of water. It was discovered that underflow dams were the best at moderating and delaying 

peak flows downstream since overflow and gapflow dams were often at capacity, reducing their 

available storage (Woo and Waddington, 1990). Since its creation in 1990, this dam flow type 

characterization has not been revisited in the literature.  

The range of different dam classification schemes indicates there is a widespread 

recognition that not all beaver dams are the same. Effectively identifying and classifying variations 

in dam structure and function is imperative to the future of successfully modelling the effects 

beaver dams have on hydrology (Hafen, 2017). Further research is required to create standardized 

guidelines for dam classification applicable to various landscapes.  
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2.3 HYDROLOGIC EFFECTS OF BEAVER DAMS 

The presence of beaver modifications (dams and ponds) on the landscape can significantly 

alter hydrological processes. Beaver dams reduce stream velocity, accumulate sediment, and 

transform fluvial systems into wetlands (Naiman et al., 1988; Pollock et al., 2003). Dams increase 

hydrologic complexity, surface water, and groundwater in ways that are dynamic through time 

(Remillard et al., 1987; Naiman et al., 1988; Westbrook et al., 2006). Both lateral hydrologic 

connectivity and habitat complexity increase with increasing dam density (Westbrook et al., 2006; 

Burchsted et al., 2010; Majerova et al., 2015; Wegener et al., 2017). As dams spread water across 

the valley, they increase the area of open water and alter both the vegetation biomass and species 

present, subsequently increasing both evaporation and transpiration rates (Johnston, 2017). 

Through the accumulation of these effects, it has long been conceived that beaver increase 

hydrological and ecological resilience (Naiman et al., 1988).  

2.3.1 Groundwater Effects  

Beaver modifications facilitate the recharge of aquifers in valleys (Westbrook et al., 2006) 

by increasing lateral hydrologic connectivity and directing water away from main streams (Karran 

Figure 2.2: Classification of beaver dam flow type by Woo and Waddington 1990 
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et al., 2018). Groundwater recharge increases baseflow reservoirs and serves as a primary input to 

streamflow during low summer flows (Janzen and Westbrook, 2011; Puttock et al., 2017). 

Increases in baseflow are important during droughts due to the abundance of low order streams 

originating in beaver inhabited peatlands (Karran et al., 2018). The presence of beaver in low order 

streams have been known to transform ephemeral systems into permanent streams (Finley, 1937; 

Wilen et al., 1975). Furthermore, in the foothills of Alberta, Canada, beaver modifications were 

shown to stabilize the groundwater hydrology within a 150 m radius of the dam (Karran et al., 

2018), with the surrounding groundwater tables having the highest stability during dam intactness. 

However, during years where dams were breached, the water tables remained slightly elevated, 

indicating partially breached dams still affected the local hydrology (Karran et al., 2018). This 

stable water storage in both the ponds and the surrounding substrate make beaver ponds a reliable 

water source in years of drought (Hood and Bayley, 2008). 

2.3.2 Fluvial Effects  

Beaver dams alter surface water flow paths, creating multi-channel networks that can 

persist for years (Woo and Waddington, 1990; Giriat et al., 2016). Improved lateral connectivity 

and the establishment of ponds increase surface water and convert large areas into wetlands 

(Johnston and Naiman, 1990; Westbrook et al., 2011). Consequently, beaver have a significant 

effect on the extent of open water on the landscape (Hood and Bayley, 2008) and transform streams 

from lotic (flowing water) to lentic (static water) systems (Johnston and Naiman, 1987; Gurnell, 

1998). Furthermore, dams disrupt sediment distributions and create accumulation wedges (Stout 

et al., 2017) that can alter channel morphology both during and long after beaver occupation 

(Burchsted and Daniels, 2014). Despite the known longevity of dam structures (Johnston, 2015), 

their removal can eventually result in multi-channel stream patterns reverting back to single 

channel forms (Green and Westbrook, 2009).  

Determining the effect that beaver dams have on stream hydrology commonly involves 

instrumenting the inlet and outlet streams and inferring the pond’s hydrological role. Through this 

‘black-box’ approach, researchers have determined beaver dams slow flow velocities, flatten 

hydrographs, and increase baseflow. For example, in a first order stream with a series of thirteen 

dams, Puttock et al. (2017) observed a 30 % reduction in peak discharge, 34 % decrease in the 

total discharge, and 29 % increase in discharge lag time. Furthermore, through inlet/outlet 
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discharge observations, it was determined that beaver ponds hold seasonally varying water 

volumes (Nyssen et al., 2011). It is from these findings that researchers claim beaver modifications 

have the ability to mitigate floods (Gurnell, 1998; Nyssen et al., 2011; Puttock et al., 2017). 

However, despite these discoveries, no consistency has been found in the magnitude of these 

effects and accurate predictions of the effects a dam has on a stream have not been achieved. In 

addition, many studies focus on intact and active beaver dams; little attention is paid to the large 

natural variation in dam structure or the effects of partially breached dams.  

Without regular maintenance, dams will naturally erode and degrade over time. 

Additionally, episodes of high flows can result in rapid dam breaches (Hillman, 1998). Breached 

beaver dams exist in various states of disrepair and differ in their ability to impact the surrounding 

hydrology. The location and severity of the breach will dictate the dam’s ability to significantly 

impact water storage and streamflow attenuation during storms. Partially breached dams may 

trigger overbank flooding during peak streamflow and attenuate the release of water downstream 

(Nyssen et al., 2011). Furthermore, the intentional breaching of dam structures has shown that 

many do not completely drain. Klimenko and Eponchintseva (2015) determined that the retention 

of water in the silt and wetland vegetation cause the evacuated volume to be 13-50 % less than the 

total calculated. Overall, the differences in dam structure and the subsequent variations in their 

effect to the surrounding hydrology is not fully understood and requires further research.  

2.4 CLIMATE CHANGE IN THE CANADIAN ROCKY MOUNTAINS 

The hydrological processes of mountain basins do not respond linearly to natural or 

anthropogenic disturbances For example, the effects of changing hydroclimatic trends, flooding, 

and resource management practices on a basin is dependant on its hydrological resilience, making 

climate change impact predictions complicated (Harder et al., 2015). Predictions for the Rocky 

Mountain region indicate primary impacts will result from changing air temperatures and how 

these temperatures influence snow processes (Zhang et al., 2000; McGuire et al., 2012; Woo and 

Pomeroy, 2012). Small air temperature increases will have large compounding effects on the 

hydrologic regime of the area. Warming has caused changes in observed precipitation patterns 

with the proportion of rainfall increasing and snowfall decreasing (Davis et al., 1999; Zhang et al., 

2000; Shook and Pomeroy, 2012). As a result, the extent of the winter snowpack is decreasing, 

diminishing a vital component of both streamflow and groundwater recharge (Rood et al., 2005; 
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Kerkhoven and Gan, 2011; Harder et al., 2015; Foster et al., 2016). Spring streamflow events are 

exhibiting earlier and smaller hydrograph peaks with lessened flows in late summer but increased 

flows in winter (Rood et al., 2008; Larson et al., 2011). Additionally, the increased temperatures 

provide excess energy to both evapotranspiration and sublimation processes (Kerkhoven and Gan, 

2011). Increased evaporation causes soils to dry, further reducing groundwater recharge. 

Contrastingly, increasing temperatures also accelerate the thaw of frozen soils in spring; earlier 

thaw is predicted to increase spring infiltration and facilitate groundwater recharge (Hayashi and 

van der Kamp, 2009).  

Overall, increasing temperatures decrease water availability and storage on the landscape. 

In the mountains, groundwater contributions to rivers and lakes can vary from 30-100% (Hood et 

al., 2006). In response to temperature changes, an increase in the frequency and severity of drought 

conditions is expected to occur (Moore et al., 1997; Hogg and Bernier, 2005; Schindler and 

Donahue, 2006). Furthermore, due to an increase in the frequency of extreme storm events with 

climate change, increases in the magnitude and frequency of large flooding events are expected 

(Whitfield, 2012; Pomeroy et al., 2016). Recent extreme flood events in the Rockies occurred in 

1995, 2005, and 2013, with the latter being one of the most expensive natural disasters in Canadian 

history (Pomeroy et al., 2016). Changing climate trends are altering the hydrology of the Canadian 

Rocky Mountains and are expected to significantly impact ecosystem services of the region 

(Halofsky et al., 2017).  

Changes in annual air temperatures, rainfall and snowpack depth are not impacts of climate 

change unique to the Alberta Rockies. Similar changes are occurring across the entire Pacific 

Northwest (Elsner et al., 2010; Raymond et al., 2014). Although outside the scope of this review, 

the consistency in certain climatic trends across a broader landscape indicates that promoting 

beaver occupation on the landscape may be a mitigation strategy applicable beyond the study area.   

2.5 RESEARCH GAP 

Many studies have been conducted on the hydrological effects of individual beaver ponds 

or dam complexes over short time scales (Burns and McDonnell, 1998; Hood and Bayley, 2008; 

Nyssen et al., 2011; Klimenko and Eponchintseva, 2015). These studies have provided invaluable 

base knowledge but neglected to deliver a complete picture of the dynamics of beaver dam 

hydrology and how these structures affect the hydrology on the landscape. Studies have failed to 
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reliably extrapolate the effect of beaver modifications to a landscape scale. This dilemma may be 

associated with the current methodologies often used. The ‘black box’ instrumentation approach 

of taking flow measurements above and below dam structures does not account for any intrinsic 

dam properties and therefore makes it impossible to effectively predict and model dam effects. 

Furthermore, due to the time frame in which the studies occur, many measurements are 

“snapshots” which do not adequately capture the temporal dynamics of beaver ponds. Studies that 

can isolate factors that will allow for accurate incorporation of beaver modifications into large 

scale hydrologic models are imperative to the future of beaver occupation contributing to flood 

and drought mitigation. To progress our knowledge on the hydrology of beaver dams, research 

should be directed towards incorporating and understanding the natural variations in dam structure, 

flow types and pond water storage dynamics. 

Due to both conservation efforts and climate change, beaver populations are increasing on 

the landscape (Jarema et al., 2009; Gibson and Olden, 2014). The effects that beaver dams have 

on hydrology hold the potential to create a negative feedback loop in response to some of the 

hydrological changes resulting from the changing climate. In addition, beaver modifications 

provide beneficial ecosystem services including increased carbon storage (Martin et al., 2015) and 

maintenance of healthy fish populations (Elsner et al., 2010). Increases in dam density may be 

vital to the role beaver play in the future of human adaptation to climate change, and practitioners 

are already incorporating beaver in climate change mitigation practices. As the severity of droughts 

and floods increase on the landscape, it will become increasingly important that implementation 

of beaver modifications in mitigation strategies does not outpace research. It is vital to establish a 

better understanding of the landscape scale mitigation effects of beaver structures to determine if 

partnering with beaver is a viable option for human adaptation to climate change.  
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CHAPTER 3 

3.0 METHODS 

Data collection for the study was a two-phase process involving a broad survey of multiple 

beaver sites across the landscape as well as a more detailed examination into a subset of sites. The 

insight gained from both phases has been combined to provide a deeper understanding of the 

dynamics of beaver pond hydrology.  

3.1 STUDY AREA  

This study focuses on the Kananaskis Country region of Alberta, Canada, which straddles 

the easternmost mountainous region of the Rockies and adjacent foothills. Kananaskis Country is 

characterized by tall mountainous peaks and deep U-shaped valleys that give way to lower 

undulating topography to the east. Elevation ranges from over 3000 m asl from the tallest peaks to 

around 1000 m asl in the low valley bottoms. Hydrology of the region encompasses several major 

rivers that flow north into the Bow River before progressing eastward into the Canadian Prairies. 

Highwood Pass marks the boundary of tributaries that flow into the Bow River within this 

mountainous region. South of this division, the rivers connect to the Bow within the foothills.  

The climate of the Kananaskis region is classified as Dfc in the modified Köppen-Geiger 

classification system, meaning it has a continental climate (D) with no dry season (f), and a cold 

summer (c) (Peel et al., 2007). To meet these criteria, average temperatures must be greater than 

10°C in the summer and less than 3°C in the winter (D). The region must receive more than 30 

mm of rain monthly for the entire year (f), and three or less months in the summer experience 

temperatures greater than 10°C (c) (Peel et al., 2007). Its location on the eastern side of the 

continental divide provides less rainfall than the wet Kootenay Mountains to the west but more 

than the dry continental plains of the prairies to the east. It is a transitional region both climatically 

and topographically and average annual rainfall is highly dependant on local topography.  
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The study site is in the geologic area referred to as the South Eastern Slopes which is 

located on the eastern limit of the Canadian Cordilleran region as it transitions into the interior 

plains. This region, sometimes referred to as the Front Ranges, consists of a series of parallel 

mountain ranges running north-south between the Foothills (east) and the Continental Divide 

(west) (Ommanney, 2002). The large mountains of this region began forming 140 million years 

ago during the Cretaceous period when thrust faulting mechanisms drove thick layers of 

sedimentary rock once located on the seafloor upward. The large upthrust ridges result in older 

Paleozoic carbonates to overlay younger Mesozoic stratum (Bally et al., 1966). These thrust ridges, 

particularly in the Kananaskis Valley, vary widely in slope angle (Macdonald, 1982). The valleys 

were later carved out by the Cordilleran ice sheet during the advance of the last glaciation 20,000 

years ago. At least three major periods of neoglacial activity have been identified in the Kananaskis 

area (Beierle et al., 2003) and four in the Bow Valley (Bobrowsky and Rutter, 1992) since the late 

Wisconsinan. The advancements and retreats of glacial ice are responsible for the initial large-

scale erosion of the U-shaped valleys and the subsequent deposition of surficial glacial deposits 

that generated the landscape seen today.  

Beaver are abundant throughout the entire study area with approximately 43% of both 

mineral and peat wetlands showing evidence of beaver impacts (Morrison et al., 2015). Elevations 

of beaver inhabited areas range from 1215 m asl to as high as 2112 m asl (Morrison et al., 2015). 

The beaver population is thought to be still rebounding from the extensive hunting and trapping 

that occurred in the 1800’s during the Canadian fur trade (Moore, 2012). Trapping is still permitted 

in some areas within Kananaskis Country. However, the decreasing value of beaver pelts has 

reduced incentive and therefore the number of beaver removed from the landscape continues to 

decrease over time (Mowat and Poole, 2001). 

3.2 SITE SELECTION  

Selection of beaver-occupied sites across Kananaskis Country was preformed using a 

combination of aerial imagery, field visits, and pre-existing datasets. An initial wetland dataset 

derived from aerial imagery (Morrison et al., 2015) was refined to sites with a known substrate 

(peat or mineral) that fell within a 1.5 hour travel distance of the University of Calgary 

Biogeosciences Institute. The chosen sites were previously analysed for percent organic content 

by mass in 2012 (Morrison et al., 2015). Classification of the sites as peat or mineral used the same 
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constraints set by the original study. Peat sites had an organic content greater than 30% (Chadde 

et al., 1998). Furthermore, they were defined by possessing either 40 cm of continuous peat or at 

least 20 cm of continuous peat within to top 40 cm to account for the high variability of peat depths 

found in high gradient mountainous sites. (Soil Classification Working Group, 1998, Morrison et 

al., 2015). This subset of sites was further refined to those where the presence of dams constructed 

by beaver was confirmed after 2012. Initially, six sites were chosen to be used in the 

instrumentation portion of the study and were subsequently included in the survey as well (Error! R

eference source not found.). Four of these sites were derived from the initial data set and two 

were discovered during field visits. The new sites were added due to the uniqueness of certain 

qualities. The site named Storm was included since it had the highest elevation beaver ponds found 

within the study area. Additionally, the second added site (Barrier) was included because it had an 

unusually steep slope resulting in some of the tallest dams in the study. The unique sites were 

included to capture the breadth of variation in dam structure. These additional sites had soil 

samples taken and analysed for organic content using comparable methods to the original dataset. 

Overall, the six instrumented sites were chosen based on variations in elevation, substrate, and 

what was known at the time regarding dam flow type based on Woo and Waddington’s original 

study. The aim was to instrument across a large range of dams and sites with differing 

characteristics to capture the breadth of natural variation. In addition to these variables, these sites 

occupy four different valleys, including one site in the foothills, and have both channel-spanning 

and spring-fed beaver dams. 
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Table 3.1: The six main study sites chosen for the instrumentation phase of the project 

  

 The sites used exclusively in the survey portion of the study were all chosen from the same 

refined dataset that the instrumented sites were derived from. They were chosen by grouping the 

sites into two lists based on the underlying substrate. Sites to be visited were then chosen randomly 

from each list to obtain similar sample sizes. Using this method, an additional 13 sites were chosen 

and added to the dataset, resulting in a total of 19 sites included in the survey. Of the total sites 

selected, 10 had a mineral substrate and 9 were peatlands (Figure 3.1) 

 

 

 

 

 

 

Site Name Latitude Longitude 
Elevation 

(m asl) 
Mountain Valley Substrate 

Sibbald 51.04753° -114.8679° 1490 Bateman Peat 

Storm 50.57641° -114.9664° 2112 Highwood Mineral 

Chive 50.74088° -115.2425° 1812 Spray Lakes Mineral 

Mud 50.7873° -115.3003° 1889 Spray Lakes Peat 

Barrier 51.02304° -115.0602° 1433 Kananaskis Mineral 

Strawberry 50.40245° -114.7037° 1570 Highwood Mineral 
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. 

Figure 3.1: Map of the study site showing all 19 sites (10 mineral and 9 peatland) 

included in the beaver dam survey and the main valleys they are located in. Primary 

sites were used for both the survey and instrumentation whereas secondary sites were 

used just for the survey. Ortho-photographs of the study area were provided by the 

Government of Alberta under licence agreement DMR#1707 M06. 
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3.3 BEAVER DAM SURVEY  

All 162 beaver ponds were surveyed during the summer of 2019. The main objective of 

the survey was to determine the distribution of beaver dam flow types present on the landscape for 

peat and mineral sites modified by beaver. In addition to dam flow type, several other variables 

and measurements were collected at the site and pond scale (Table 3.2). Data were collected using 

a customized framework accessed through the Fulcrum App. Data were also recorded manually 

with each surveyed dam drawn by hand in the field for reference. The hand drawn maps were later 

digitized in Affinity Designer to provide a resource of how the dam complexes were organised 

within each site (Figure 3.2). Photos of each beaver pond were taken and tagged with location data 

using the Fulcrum software. Additional parameters were derived later using Arcmap or through 

calculations of the variables based on field observations. Seven sites (66 beaver dams) were visited 

more than once during the survey season. During these visits, any changes to flow type observed 

were recorded.  
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Table 3.2: Variables collected and calculated at the site and pond scale 

Site Variables Description 

Slope 

Percent slope calculated using ArcMap and a DEM of the study area. 

DGPS measurements validated that the resolution of the DEM was 

sufficient to determine slope at the site scale 

Organic content Percent site organic content by mass from Morrison et al. (2015) 

Substrate Peat or Mineral based on the organic content and a threshold of 30% 

Elevation Elevation of the center of the site [m asl] 

Valley Mountain valley in which the site is located 

Number of ponds Total number of beaver ponds at the site 

Beaver activity 
Categorization of sites as currently active; recently active; or with very 

old beaver activity 

Common vegetation 
Presence/absence data for major plant genera present. Emphasis on 

plants beaver eat (willow and aspen) 

Pond Variables 
 

Lat/Long coordinates Degree/minutes/seconds recorded using Fulcrum App 

Dam position in series First dam is labelled #1 and position number increases downstream  

Elevation Determined using a DEM of the study site [m asl] 

Dam flow type Description of the way water flows through or over the dam  

Status Relict or intact. Relict dams have a hydraulic difference in height of zero 

Number of gaps (ng) Count of the number of holes in a dam face with water flowing through 

Max gap depth (dM) Measured depth of water (d) the deepest hole in the dam face 

Area of water flowing 

through dam 

Area of water flowing through the dam face calculated from dam gap 

measurements  

Wetted dam face (wdf) Area of the dam face calculated from length and Δh [m2] 

Dam material Visual account of the materials used to construct the dam 

Percent woody material Visual estimation of the percentage of the dam constructed from wood  

Max wood size 
Diameter of the largest visible piece of wood used in dam construction 

[cm] 

Upstream topology Description of what lies upstream of the beaver dam and pond 

Downstream topology Description of what lies downstream of the beaver dam and pond 

Presence of rocks yes/no response indicating if rocks were used in dam construction 

Max rock size Measure of the largest rock along its longest diameter [cm]  

Vegetation on dam top yes/no response indicating vegetation is growing on the dam surface 

Water source 
Indicates if the primary water source is groundwater/stream/or a 

combination of both 

Channel spanning yes/no response indicating if the dam spans a stream 

Conductivity and 

temperature of pond water 

Conductivity [μS/cm] and temperature [°C] of each pond collected using 

an Oakton – ecotester conductivity meter 

Dam length (l) Measured in the field to the nearest [m] 

Hydraulic dam height (Δh) 
Difference in water height from the upstream to downstream dam sides 

[m] 

Dam width Width of dam measured from water upstream to water downstream [m] 

Pond volume Calculated from the dam length following Karran et al. (2017) [m3] 
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3.3.1 Dam Flow Type 

The classification of dams based on flow type was adapted from the original four types 

created by Woo and Waddington (1990). More precise definitions of the different types were 

established during fieldwork to ensure categorization was consistent. The flow type for each dam 

was determined in the field by walking the length of each surveyed dam and measuring any holes 

allowing water to pass though. If a dam had no holes present and had water less than 2 cm deep 

flowing over the dam top, it was classified as an overflow dam. The overflow area of the dam did 

not have to span the entire dam length to receive this designation. Any dams with water flowing 

through gaps greater than 2 cm deep were classified as gapflow dams. There was no limit put on 

the number of gaps a dam could have. For each dam, the number of gaps (ng) was recorded and 

the width (w) and depth (d) of each one was measured. The gap width was measured at the pinch 

Figure 3.2: Digitized map showing the beaver dams and ponds surveyed at the River Beauty 

site in the Spray Lakes Valley (50.72318°, -115.2181°) The dam labelled superelict had a 

pond completely converted into beaver meadow and no longer influenced surface water.  
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point (narrowest extent) and the depth was defined as the maximum water depth within the gap. 

The measurements of width and water depth were recorded and used to calculate the area of the 

dam face allowing water to flow though. This method assumes a rectangular gap and is dependant 

on the Δh of the pond. It is important to understand these measurements only represent the area of 

the entire gap if the pond is completely full. The depth of water flowing through the gap depends 

on how full the pond is. Pond fullness is variable and is reliant on daily, seasonal, and precipitation 

related trends. It can also change abruptly due to erosion or beaver maintenance on the dam. A 

dam schematic was drawn in the field which recorded the sequence and dimensions of gaps but 

did not include the distance between gaps (Figure 3.3). If the dam gaps were located below the 

dam top and had an obvious wood or soil connection persisting above them, they were considered 

underflow holes. Dams that had one or more of these holes were classified as underflow dams. 

The holes were measured on both the upstream and downstream sides of the dam if they could be 

located. Measurements of water depth and hole width for underflows were kept consistent with 

those taken for gaps, also assuming a rectangular shape for the calculation of area. An additional 

measurement of distance to the dam top (dt) was also included for both the upstream and 

downstream sides of underflow holes. Dams consisting of a porous media of sticks with water 

flowing through at many locations were classified as throughflow dams. Any dams that did not fit 

the description of the four flow types had extensive notes taken on their hydrology and were 

temporarily placed in an ‘other’ category. These dams were later classified by the introduction of 

new flow types fitting their description. While walking the dam to determine flow type, a long 

cloth tape was used to measure the total dam length, rounded to the nearest meter. Length was not 

dependent on water extent and was defined as the length of beaver constructed dam. In the event 

that the beavers were using human-made structures for assistance (culverts/roads/etc.), only the 

length of dam actually constructed by beaver was recorded. Only one surveyed site encountered 

dams using human structures for assistance.   
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3.3.2 Dam Height  

For the purpose of this study, dam height was defined as a difference in hydraulic head 

(Δh) from the upstream to the downstream side of the dam (Figure 3.4) to provide a measurement 

of the hydrologically effective height. The difference was measured manually to the nearest cm 

using a combination of measuring sticks. This metric was used for dam height for three primary 

reasons. First, it easily distills a very heterogenous structure down to one measurement of height 

and removes ambiguity for what is to be considered the ‘base’ of the dam to measure from. Second, 

most of the dam structures, especially those with large gaps, did not have water filling the dam 

extent. Third, the measurement is not influenced by the sediment wedge that forms on the upflow 

side of the dam and erosion of the stream bed that occurs on the downflow side of the dam. Using 

this method ensures only the height of the dam that is effectively retaining water is recorded. 

However, it is important to recognize that Δh is not a static parameter and in most dams fluctuates 

seasonally and with precipitation events. Therefore, the time when measurements of Δh were taken 

could affect its value. Measurements taken in the early spring will likely be higher than those 

recorded in late August. Additionally, using this parameter may provide a skewed perspective of 

the actual dam size. It was not uncommon to encounter older dams with a very low or zero Δh 

when sections of the physical dam structure remained largely intact.   

Figure 3.3: Example of a digitized dam schematic that would be drawn in the field for reference. 

These schematics were important resources for the later establishment of the new types. 

Measurements for underflow gaps would be taken twice, on both the upstream and downstream 

sides of the dam. All schematics were drawn with an upstream orientation. Gap depths (di, 

where i represents the gap number) represent the depth of water in the dam gap or underflow 

hole. Similarly, widths (wi) are defined by the width of the water within the dam gap.  l 

represents total dam length and Δh shows the hydrologically effective height. 
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3.3.3 Dam Width  

Establishing an accurate method for measuring dam width proved challenging since large 

variations could be observed across a single dam. As dam width is rarely reported in studies, little 

guidance on how to measure it is available. To overcome challenges with variable dam width, 

measurements were taken at the same point along the dam that height was also measured; 

generally, near the dam center. The measurements were taken using a rigid measuring stick and 

estimated to the nearest 10 cm. The points on either side of the dam that indicated the ends of the 

measurement varied with dam topography. For dams in series where water was backed up to the 

base of the previous dam, the width was measured from the water line on either side. For dams 

where it was apparent the water level had dropped recently, the previous water line was estimated 

and measured from to maintain measurement consistency. Estimating the previous water line 

position was often assisted by obvious changes in vegetation on the dam face. The bare soil was 

generally first colonized by moss before species of grass were established. This method of using 

vegetation type to determine the water extent is expected to account for all water level drops within 

the growing season and potentially longer depending on individual site conditions. If the dam did 

not have water downstream of the dam, the width was measured to the point were the dam appeared 

to intersect the ground (Figure 3.5). 

Figure 3.4: Representation of the difference in hydraulic head (Δh) across a beaver dam. 
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3.3.4 Dam Material  

 Determining the dominant dam material involved a visual inspection and estimation of the 

proportion of dam constructed from woody material or sediment. It is important to understand that 

most dams tend to accumulate sediment within their structure as they age, making it difficult to 

distinguish dams that are sediment dominant from wood dominant dams that have been completely 

covered in sediment. To try and account for the sedimentation process, the visual estimation was 

based on the downstream face of the dam. In addition, beaver often excavate pond sediments and 

add them to the dam face over time, increasing the proportion of the dam constructed from 

sediment. As a result, the dam material parameter is inextricably linked to dam age. However, this 

trend is not universal. Very young dams constructed entirely of sediment and very old dams 

comprised almost entirely of woody material are not uncommon. It is assumed that the parameter 

sufficiently represents the materials used in dam construction with an undetermined level of error 

associated with dam age.  

 Determining dam material also included documenting any rocks used in construction. 

Dams with rocks were defined as having one or more rocks larger than 2 cm located on the dam 

crest. Rocks were measured linearly along their longest side and in the event of multiple rocks, the 

largest was recorded. By limiting the parameter to only rocks found directly on the dam crest and 

establishing a minimum size threshold, it is assumed the variable more accurately captures 

‘beaver-placed’ rocks are and not those deposited by fluvial transport.  

Figure 3.5: Schematic depicting the varying methods used to measure dam width under different 

hydrologic circumstances 
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3.3.5 Site Activity  

For inclusion in the survey, sites had to demonstrate evidence of beaver habitation (dams 

and ponds present) but did not have to be currently occupied by beaver. Dam structures can 

maintain their integrity and continue to affect the hydrology many years after abandonment 

(Johnston, 2015), and the hydrologic effect of abandoned dams was in part what was being 

quantified. Sites were classified as having active beaver presence, having been recently active, or 

as having no beaver occupancy for a long time. The classification was accomplished by looking 

for and observing various beaver signs. Signs of an active beaver site included cut branches that 

still had fresh green leaves on them, recent beaver scat, beaver runs between ponds, and wet mud 

applied to the dam face. Signs of recent beaver activity included cut trees and branches from the 

previous season, which were distinguished from recent cuts by the dulling colours in the wood. 

Sites with recent activity generally appeared as though they could be inhabited but lacked any of 

the fresh signs that proved the site to be active. Sites that had not been occupied by beaver for a 

long time had sedimentation occurring in the pond bottoms. The dams themselves were generally 

heavily vegetated and regenerative species such as willows and aspen had regrown from old cuts.  

3.4 SITE INSTRUMENTATION  

Site instrumentation involved the installation of electronic leveloggers (Solinst, Ontario), 

corrected for barometric pressure via barometers, to measure the depth of water in the beaver 

ponds. Two sites, Sibbald and Storm, were initially instrumented in the fall of 2018 to collect 

preliminary data. Six loggers were deployed between the two sites at the end of August and 

removed in October. During the October removal, two of the loggers were left in Sibbald ponds to 

assess the feasibility of winter data collection. In the spring of 2019, all the loggers were returned 

to these sites and an additional four sites were instrumented with two loggers each. A total of 

fourteen ponds over six primary sites had loggers instrumented from late June to late September 

during the 2019 season. In addition to the pond loggers, two stream loggers were added to Sibbald 

and Storm for comparative purposes. These loggers were placed in stream sections within the 

series of beaver ponds and placed approximately 25-m downstream from an already instrumented 

pond.  

To protect the instrumentation and to ensure data quality, the loggers were suspended by 

chains inside ABS or PVC pipes (Figure 3.6). The pipes were prepared by drilling holes every inch 
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along the entire length before being securely wrapped with fiberglass mesh. This allowed for water 

to flow quickly through the pipe while limiting sediment buildup in the pipe bottom. The pipes 

were installed upstream of the sediment wedge of the dam and as deep into the pond as permitted 

by the use of chest waders. This helped ensure the continuous collection of data if the pond were 

to drain. However, since many of the larger ponds were too deep to safely instrument at the deepest 

extent, the depths recorded do not necessarily indicate the maximum depth of the ponds. The pipes 

were anchored to the pond bottom by hammering either angle iron or rebar into the sediment and 

securely fastening the pipe. Over the summer, the loggers were periodically downloaded, and the 

pipes checked for sedimentation. These checks were preformed monthly and included manual 

measurements to later validate the logger recordings. The manual measurements included depth to 

water (DTW), stick-up, and chain length (Figure 3.6). This series of measurements were required 

to later calculate how far above the pond bottom the sensor was sitting. Each logger was set to 

record the water level every 15 min for the entire season. Additionally, all the loggers were set to 

record data at the same 15-min interval. The sites were equipped with barologgers (Solinst, 

Ontario) that were also programmed to record barometric pressure at the same 15-min interval. 

Barologgers were installed near the center of the site in a length of the same PVC/ABS pipe used 

in the ponds. The pipe’s primary function was to protect the equipment in the field. It was open on 

both ends and drilled along its length to ensure adequate ventilation so changing air pressure would 

not affect the measurement. They were securely fastened in the shade to a tree branch to avoid 

large temperature fluctuations from direct sunlight.  

 

 

 



 

29 
 

 

3.5 DATA ANALYSIS  

Analysis of the collected data is explained in the three following sections as it pertains to 

each research objective. A combination of Excel, R, Python, and ArcMap (Esri ArcGIS) were used 

to complete the entirety of the analysis. 

3.5.1 Survey Data 

Data collected during the survey were uploaded from the Fulcrum app service directly into 

a spreadsheet form. All the data were checked for accuracy through comparison to original field 

notes. Additional data that were only recorded in physical form were added to the spreadsheets. 

All variables with non-categorical data types were compared using a correlation matrix to identify 

potential patterns. The Kendall’s Tau rank coefficient was chosen to find associations among 

variable pairs since it provides a non-parametric measure of the relationships between ordinal data 

types.  

The two main parameters of dam size (dam length and Δh) were analysed with respect to 

site substrate, presence of aspen, dam materials, and pond water source. D'Agostino's K-squared 

tests preformed on the dam heights (Δh) (K2= 60.2, p = 8.1 x 10-14) and lengths (K2 = 84.5, p = 4.4 

Figure 3.6: Representation showing 

the method used to deploy 

leveloggers in beaver ponds. Chain 

length was measured at the time of 

installation and again if sensor had to 

be moved due to sedimentation. 

DTW (depth to water), pond depth, 

and stick up were manually 

measured monthly and used to 

correct the logger data and calculate 

the sensor offset.  
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x 10-19) revealed that neither variable is normally distributed. To account for the non-parametric 

nature of the variables, a combination of Kruskal-Wallis H-tests (for 3 or more categories) and 

Mann-Whitney U-tests (for 2 categories) were performed on median values. For analyses with 

three categories, the Kruskal-Wallis tests were supplemented with three Mann-Whitney U-tests 

performed between categories with a Bonferroni correction of α* = 0.017 applied. All statistical 

analyses were preformed in Python using functions from the scipy stats library. 

3.5.2 Water Storage Dynamics  

True pond depth was determined by combining the logger measurements to the sensor 

offset calculated for each instrumented pond. The corrected data were exported and compared 

against the manual measurements taken in the field during the monthly checks. The offset observed 

between the manual measurements and the logger measurements was averaged and applied to the 

entire dataset.  

The depth data for the ponds and stream sections was visualized by calculating and 

graphing ‘percent full’ values. It was assumed that the maximum depth for each pond was 

equivalent to 100% full, and each observation was then normalized to this value. This method 

allowed water storage among ponds of different sizes to be directly compared using the same axes 

(Figure 4.16). In addition, maximum, minimum, and average fullness parameters were calculated 

for each dam and stream section for descriptive comparison. 

To further determine the variance in water storage over the study period, both the quartile 

coefficient of dispersion (QCD; eqn. 3.1) and quartile coefficient of variation (QCV; eqn. 3.2) 

were calculated for each instrumented pond. To capture the overall dispersion of pond depth 

values, the quartile coefficient of dispersion was used. This coefficient is represented as a number 

between 0 and 1. If the equation results in a coefficient of zero, it indicates that pond depth has 

experienced no fluctuations over the entire season. As results approach 1, the upper and lower 

quartiles of the pond levels become further and further apart. This indicates greater fluctuations, 

or greater dispersion, of the pond depths. The QCD is calculated by taking the interquartile range 

(IQR) and dividing by the summation of the third (Q3) and first (Q1) quartile.  
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𝑄𝐶𝐷 =  
(𝐼𝑄𝑅)

(𝑄3 + 𝑄1)
 

(3.1)  

 

The coefficient of quartile variation (QCV) was also calculated since this metric was found 

to be more sensitive to the sharp fluctuations in pond level. It is a unitless measure of relative 

dispersion calculated by dividing the interquartile range by the median (Q2),  

 

𝑄𝐶𝑉 = [
𝐼𝑄𝑅

𝑄2
] × 100 

(3.2) 

 

A calculated value of 0 represents an unchanging pond level whereas values greater than zero 

indicate variations in pond depth about the median value. 

The surface area of the instrumented ponds was estimated from high-resolution 2013 aerial 

imagery used by permission from the Government of Alberta, making it possible to quantify 

surface water storage. Measurements of pond depth were converted to changes in water storage 

volume by multiplying the change in depth by the pond surface area. Total pond volumes for the 

instrumented ponds were also calculated using the methods outlined in Karran et al. (2017). No 

volumetric metrics were calculated for the (undammed) stream sections. 

To better quantify the level of dam intactness a new metric, the percentage of the dam face 

that has breached, was calculated (PDB; eqn. 3.5). To determine the PDB, both the area of the dam 

face (wdf; eqn. 3.3) and the total area of dam gaps allowing water to flow through (eqn. 3.4) must 

be known. These parameters can be derived from the total dam length (l), difference in hydraulic 

head (Δh), and measurements of all the gaps in the dam allowing water to pass (Figure 3.7). The 

area of the wetted dam face was calculated using the total dam length multiplied by the difference 

in hydraulic head (Δh), 

 

𝑤𝑑𝑓 = 𝑙Δℎ (3.3) 
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The total area of gaps allowing water to flow through the dam face was calculated by summing 

the areas of each dam gap recorded from the survey,  

 

𝑡𝑜𝑡𝑎𝑙 𝑔𝑎𝑝 𝑎𝑟𝑒𝑎 =  ∑ 𝑑𝑖

𝑛𝑔

𝑖=1

𝑤𝑖 

(3.4) 

 

The PDB was then calculated by dividing the total gap area by the wetted dam face (wdf),  

 

𝑃𝐷𝐵 =
𝑡𝑜𝑡𝑎𝑙 𝑔𝑎𝑝 𝑎𝑟𝑒𝑎

𝑤𝑑𝑓
∗ 100 

(3.5) 

 

The PDB metric only applies to dam flow types that possess dam gaps (gapflow, underflow, and 

mixed). Dam flow types that do not have measurable gaps (overflow and seep) were considered 

intact and given a PDB value of 0%. Due to the porous nature of throughflow dams, calculating a 

PDB is not applicable for this dam type. 
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3.5.3 Precipitation Event Analysis  

A total of 57 rain events were used to determine if the response of pond volume to rain 

events varies with respect to dam type. Data from 14 ponds and two streams were paired with 

corresponding precipitation data for the region. Precipitation data were obtained from a 

combination of on-site meteorological stations run by the University of Saskatchewan and 

University of Calgary, and those run by the Alberta Agriculture and Forestry, Alberta Climate 

Information Service (ACIS) (Table 3.3). All precipitation data were resampled to the finest 

common timestamp, resulting in an hourly resolution. To preserve precision, pond depth data were 

not resampled and remained at the original 15-min interval when paired to the precipitation data.  

 

 

 

 

Figure 3.7: Parameters needed to calculate the PDB (eqn 3.5) of a gapflow dam 

type  
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Table 3.3: Summary of precipitation metadata used in the study. 

 

Three to four individual storm events from June to August were chosen to be analysed for 

each instrumented pond. The largest rain events were chosen to try and maximize the signal from 

the rain event and minimize the influence of other natural pond fluctuations. A threshold of 5 mm 

was established and events were only included if the total precipitation exceeded this threshold. If 

the signals observed in pond levels were dominated by factors external to the rain events, the data 

were not included in the final analysis. For instance, one beaver dam breached during the 

instrumented period and the signals caused by the beaver repairing the dam dominated the changes 

in pond level. For each event, the minimum pond level before the rain event began, the maximum 

pond level, and the post-event minimum level were calculated and recorded (Figure 3.8). These 

values were used to determine a total increase in pond level (amplitude) as a result of the storm 

event. In addition, all the pond levels between the maximum and post-minimum values were 

designated as the receding limb of the event. A linear line was fitted to the receding limb and a 

corresponding slope was calculated. This calculation was preformed in Python using the linear 

regression function from sklearn. Preforming a log transformation on the receding limb prior to 

applying the regression function did not improve the overall line fit and was therefore deemed 

unnecessary. The resulting slope values were converted to represent the rate of change in pond 

level. The temporal length (in hours) was recorded for the precipitation event, the increasing limb 

(pre-min to max), and the receding limb (max to post-min). 

PRECIPITATION DATA 

Station 

Name 
Operated By 

Station 

ID 
Latitude Longitude 

Elevation 

(masl) 

Associated 

Beaver 

Site 

Distance 

to Site 

(km) 

Barrier 

Station 

Biogeoscience 

Institute  

(UofC) 

- 51.02766° -115.03490° 1403 Barrier 2 

Sibbald 

Met 

GWF 

Coldwater 

Laboratory 

- 51.05569° -114.86840° 1489 Sibbald < 1 

Highwoo

d Auto 
ACIS 3053250 50.41000° -114.73000° 1576 Strawberry 2 

Mount 

Odlum lll 
ACIS 3054733 50.48330° -114.90000° 2060 Storm 11 

Mud Lake 

Alberta 

Government 

and CCRN  

RMML_

ML_00 
50.79036° -115.30436° 1898 

Mud < 1 

Chive 7 
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CHAPTER 4 

4.0 RESULTS   

The 19 distinct beaver habitats surveyed exhibited remarkable diversity in beaver dams. 

Differences in dam length and Δh are summarized in Table 4.1. Mean dam lengths from the sites 

ranged from 4 to 116 m and mean Δh from 0.04 to 0.83 m. The longest dam recorded in the survey 

was discovered at East Sibbald and measured 295 m long. The shortest dam included was 1 m long 

and located at the South Sibbald site. The largest Δh recorded was from the first dam at the Barrier 

site and was 1.97 m. The number of dams surveyed at each site ranged from 2 to 19 with an average 

of 8 dams surveyed per site.  

 

Table 4.1: Summary of beaver dams surveyed for each site. Primary sites occupy the initial six 

rows.  

Site 
Geographic 

Coordinates 
Substrate 

Beaver 

Occupation 

status 

Site 

Slope 

% 

Elevation 

(m asl) 

Number 

of Dams 

Surveyed 

Mean 

Dam 

Length 

(m) 

Mean 

Δh (m) 

East 

Sibbald 

51.05613° 

 -114.8626° 
Peat Active 3.1 1494 19 74 0.51 

Strawberry 
50.40245°  

-114.7037° 
Mineral Very Old 1.8 1558 8 51 0.46 

Mud 
50.7873° 

-115.3003° 
Peat Abandoned 2.5 1890 9 29 0.41 

Chive 
50.74088° 

-115.2425° 
Mineral 

Recently 

Reoccupied 
1.3 1799 15 14 0.29 

Barrier 
51.02304° 

-115.0602° 
Mineral Abandoned 9.1 1393 12 25 0.83 

Storm 
50.57641° 

 -114.9664° 
Mineral Active 3.1 2111 11 20 0.63 

South 

Sibbald 

51.05318° 

-114.8634° 
Peat Active 0.9 1488 6 4 0.35 

Moss 
50.71212° 

-115.2054° 
Mineral Abandoned 1.4 1747 3 36 0.35 
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River 

Beauty 

50.72318°   

-115.2181° 
Mineral Abandoned 0.81 1764 9 23 0.33 

Deer 
50.73207° 

 -115.2305° 
Mineral Very Old <0.1 1785 2 29 0.27 

Toad 
50.75596° 

-115.2622° 
Mineral Active 0.79 1826 18 51 0.28 

Loop 
51.08696° 

-115.0614° 
Peat Active 3.3 1287 10 90 0.24 

Muskrat 
51.05205°  

-114.9498° 
Mineral Active 0.83 1529 9 48 0.49 

Yam 
51.11979°  

-115.0855° 
Peat Very Old 2.5 1341 3 116 0.62 

Birch 
50.44357° 

 -114.7538° 
Peat Very Old 0.95 1683 4 56 0.21 

Nagoon 
50.65587°  

-115.1177° 
Peat Very Old 1.04 1689 4 42 0.04 

Lodge 
50.83265°  

-115.3435° 
Peat 

Recently 

Reoccupied 
0.45 1829 8 22 0.27 

Cow 
50.47934° 

-114.7970° 
Mineral Active 1.69 1700 4 34 0.52 

Arachnid 
50.90964° 

-115.1280° 
Peat Very Old 2.7 1458 6 81 0.16 

 

 

4.1 DISTRIBUTION OF BEAVER DAM FLOW TYPES  

Woo and Waddington’s (1990) original study of dam flow type conducted in Northern 

Ontario on 54 dams recorded 28 % gapflow, 37 % overflow, 7 % underflow, and 28 % throughflow 

dams. The survey of dams in Kananaskis Country revealed very different proportions of these flow 

types as well as two additional types that were previously undocumented (Figure 4.1). The 

proportions of gapflow and underflow dams were 36 % and      17 %, respectively. Overflow and 

throughflow dams represented 9 % and <1 % of the dams surveyed. Two new flow types were 

observed in the field and added to the classification scheme – seep dams and mixed dams. Seep 

and mixed dams represented 14% and 24% of the dams, respectively. The characteristics of dams 

in these two new categories are described in detail in sections 4.1.1 and 4.1.2. 
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Factors including site substrate and dam size were analysed to determine their relationships 

to the different dam flow types. It was initially hypothesised that the differences in peatlands and 

mineral wetlands may result in varying proportions of dam flow types found on them. However, 

it was discovered that the differences between mineral and peat substrates did not influence the 

distribution of flow types at the sites (0.1 < 2 < 2.5, 0.115 < p < 0.796) (Figure 4.2).  

Figure 4.1: The distribution of dam flow types discovered in 2019 in the Kananaskis region of 

Alberta (n = 162). 
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 When investigating dam size, differences in length and height (Δh) were analysed 

separately. It was determined that the length of dams did not differ based on flow type (H = 9.7, p 

= 0.045) but the hydrologically effective height (Δh) was significantly different between dam flow 

types (H = 19.3, p < 0.001; Figure 4.3). The analysis did not include throughflow dams due to their 

low occurrence (n = 1). 

 

 

 

 

Figure 4.2: The distribution of each flow type at sites with mineral or peat substrates. 

Frequencies are shown as a percent to normalize the different sample sizes for mineral (n 

= 91) and peat (n = 71) sites.   
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4.1.1 Mixed Dams  

The mixed dam category was introduced to the classification system to accommodate dams 

that exhibit more than one flow type. It was not uncommon for a single dam to have multiple gaps 

or holes allowing water to pass through. If the types of gaps were consistent across the dam (e.g. 

all underflow holes) classification was straightforward. However, the original classification 

scheme could not accommodate dams that possessed more than one type of gap where water was 

flowing through in different ways. Therefore, mixed dams were defined as a dam containing any 

combination of the other five flow types (Figure 4.4). A total of 39 mixed dams were identified 

across thirteen different sites. Most mixed dams had a combination of two flow types, but five 

dams were comprised of a combination of three flow types. Overall, gapflow was the most likely 

flow type to be found in mixed dam type combinations with 87% (34) of the mixed dams 

Figure 4.3: Differences in effective hydraulic height (Δh) for the six flow types. (n = 162). 
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containing at least one gap. The most encountered mixed type consisted of a combination of 

gapflow and overflow. This type accounted for 41% (16) of the mixed dams found. The second 

most common type was a combination of gapflow and underflow, accounting for 26% (10) of the 

mixed dams. The 5 dams that were a combination of three flow types were all gapflow-overflow-

underflow dams.  

 

4.1.2 Seep Dams 

Categorization of dams into flow types is fundamentally based on determining how the 

water flows through or around the dam structure. When dams are constructed in fast or even 

moderately flowing creeks, water backs up quickly and is forced to flow either over the dam top, 

around the dam edge, or through holes in the dam face. Before this study, it was presumed that all 

dams transmit water through a combination of these surface water flow paths as well as hyporheic 

flow paths through the surrounding sediments. Since the transmittance of groundwater is much 

slower than surface water, the groundwater component of water transmission through dams has 

always been considered secondary to the considerably higher volumes of water transmitted at the 

surface. However, this survey revealed that not all dams transmit water on their surface and in the 

absence of surface flow paths, groundwater flowing around the dam or water seeping through the 

sediments of the dam itself can become the primary mechanisms for water transmission (Figure 

4.5). Dams that lacked surface water flow paths were termed seep dams and were only found at 

sites fed entirely by groundwater springs. Of the 162 dams recorded in the survey, 22 were seep 

dams, found at seven different spring fed sites.  

Figure 4.4: Depiction of a mixed 

dam flow type using the same 

representation style of the original 

1990 study. Arrows show only one 

example of potential flow type 

combinations. 
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The seep dam type may be further subcategorized based upon whether the groundwater is 

being transmitted though the dam structure itself or is bypassing it entirely via a hyporheic flow 

path. Some of the dams categorized as seeps had dry dams whereas others were visibly wet on the 

downstream side (Figure 4.6). This observation is believed to correspond to whether water is 

transmitted by means of hyporheic flow or by seeping through the dam face. It is hypothesised that 

seep dams that have very full ponds, saturated sediments, and trickles of water on the downstream 

side are transmitting water through the dam face. Alternatively, dams that have shallow ponds and 

a dam face that is completely dry are likely transmitting water through hyporheic flow paths 

through the sediments surrounding the dam. The hydraulic conductivities of the dams and their 

corresponding substrates likely also play a large role in the flow path of the water. It is important 

to distinguish between these two types because they differ fundamentally in how classification is 

determined. Dry seeps are classified based on the lack of any visible flowing water. Alternatively, 

wet seeps can be identified by the presence of seep sources on the downstream face of the dam. 

Seep sources are distinct from underflow holes because they do not possess an opening that passes 

all the way through the dam. They are also not considered throughflow because throughflow dams 

are defined as a porous media of sticks allowing the water to flow through easily in multiple places. 

As a result, the new terms were deemed necessary to explain the contrasting flow patterns. Since 

wet seep sources can be located and identified, they can be found on dams that have other flow 

types, and thus can be a component of a mixed dam type. In contrast, dry seeps are not compatible 

with any other flow type and cannot be a component of mixed dam types.    

Figure 4.5: Depiction of a seep dam flow 

type using the same representation style of 

the original 1990 study. The curved arrow 

under the dam structure represents hyporheic 

flow and those at the base of the dam in 

conjunction with the question mark 

represents how some dams show evidence of 

water flowing through the dam face and 

some do not. 



 

43 
 

 

4.1.3 Underflow Dams  

Based on the field observations, underflow holes in dam faces functioned in one of two 

ways – limiting or non-limiting (Figure 4.7). Limiting underflows were those transmitting enough 

water that they regulated the water levels in the pond. They were easily identified since the water 

inputs into the pond could not submerge the upstream end of the hole. Non-limiting underflows 

were more difficult to identify since the upstream hole was submerged under the pond water. 

However, the downstream end of the hole was usually visible and could be used for identification. 

Underflow dams that were also relict structures (Δh = 0) generally had limiting type underflows 

but limiting underflows could also be found on intact dam structures if they were not located near 

the dam base. The underflows were classified under ‘normal’ flow conditions since limiting 

underflow holes could potentially become non-limiting during periods of high flow when inputs 

to the pond are much greater.  

Figure 4.6: The two different types of seep dams 

encountered in the field. The dry seep (top) has a 

dry dam structure and the water level is much lower 

than the dam top. The wet seep (right) shows a wet 

spot on the dam face and saturated sediments below. 

The source of the seep was initially mistaken for an 

underflow hole, but inspection revealed a saturated 

wall of sediment instead of an opening. 
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In two instances, small underflow holes were observed to be plugged by floating organic 

material in the pond (Figure 4.7). Both cases occurred at a groundwater fed site that had dense 

trees growing at the pond edge. The proximity of trees to the pond allowed pine needles to drop 

and accumulate on the water’s surface. Since both underflows were limiting, the water level was 

aligned with the hole, allowing the organic material to naturally flow to the opening. It is unlikely 

this mechanism would be effective in filling holes larger than a few cm, or at stream-fed sites with 

higher discharge since the needles would easily be transported. However, this process could play 

a role in preventing small underflows from getting larger and could increase the longevity of water 

level regulation at groundwater fed ponds.  

 

Figure 4.7: Top: A completely submerged non-limiting underflow. Bottom: The view 

through a limiting underflow hole that has created a relict dam. Right: A limiting 

underflow being plugged by floating organic material. 
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Most underflow holes appeared to be formed through erosional processes. However, the 

survey also uncovered multiple underflow holes from various sites that were observed to have 

evidence of digging and chewing (Figure 4.8). These holes were always quite large and would 

easily allow a beaver to pass through. Whether the holes were dug by beaver, muskrat, or another 

animal is uncertain as I did not observe this behavior, and there is little documentation of it in the 

literature. That said, the large size of the holes along with the presence of sticks transected by 

parallel series of cut marks makes beaver cutting a probable candidate.  

 

4.1.4 Dynamic Nature of Dam Flow Types 

Sixty-six dams (41%) from seven sites were visited more than once during the survey 

period. When revisited, 24% of the dams (16) were observed to have a different flow type. Changes 

in flow type can be a result of changes in water level, erosion, or through beaver actively changing 

the dam structure (Figure 4.9). Since the water levels in ponds naturally fluctuate with seasonal 

variations in precipitation and evaporation, it is possible that some ponds naturally fluctuate 

between flow types on a seasonal basis. The three most common flow type changes were gapflow 

→ seep, mixed → underflow, and overflow → mixed. These three types account for 9 of the 

occurrences, with three observed for each. Most revisits to the sites occurred mid summer when 

water levels were at their lowest. The first two flow type changes mentioned above are likely a 

result of dropping water levels from reduced inputs and may be reversible as inputs increase again. 

The third change type (overflow → mixed) is likely caused by erosional processes adding holes to 

the dam face. Other changes, such as the two instances of underflow → gapflow are also expected 

Figure 4.8: Photo 

taken looking 

upstream through an 

underflow hole in a 

dam. Both sides of the 

hole are lined with old 

beaver chewed sticks 

all terminating at the 

hole edge. 
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to be caused by erosion. Especially in non-vegetated dams, water can easily erode the soil above 

an underflow, transforming it into a gap. Flow type changes can be driven by hydrologic, 

geomorphic, or biotic causes (Figure 4.9). Hydrologic changes do not involve any changes to the 

dam structure itself and therefore are easily reversible depending on water inputs to the ponds. 

Geomorphic and biotic changes do impact the dam structure and are therefore not easily reversible.   

 

When the changes in flow type were compared to the level of beaver activity at the site, 

old sites that have not been occupied by beaver for many years were less likely to have flow type 

changes. Sites with active beaver or recent beaver occupancy experienced the most changes (Table 

4.2).  

Figure 4.9: The four instrumented dams where changes in base flow type were 

observed. Dam schematics are accurate in the number and sequence of dam gaps 

but are not drawn to scale. 
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Table 4.2: Observed changes in dam flow type  

n (sites) n (dams) Beaver Activity 
Number of Flow 

type Changes 

Percentage of Flow 

type Changes 

2 17 Very Old 1 6 % 

3 23 Recently Abandoned 7 30 % 

2 26 Active 8 31 % 

 

4.1.5 Dam Size 

Table 4.3: Summary of dam structure. Relict dam structures were included in all averages. 

 

Median length of dams in peatlands was significantly longer than in mineral sites (U = 

2533.5, p = 0.009). In addition, sites that had aspen growing within 100 m of the ponds had 

significantly longer median dam lengths than those without (U = 2196.0, p = 0.003). To account 

Subgroup n (sites) 
n 

(dams) 

Median Dam 

Length (m) 

Dam 

length 

IQR 

Median Δh 

(cm) 
Dam Δh IQR 

Mineral Sites 10 91 22 22 34 44 

Peatlands 9 71 41 79 27 37 

Sites with Aspen 6 56 39 69 42 56 

Sites without 

Aspen 
13 106 21 21 28 30 

Wood Dams 6 19 11 18 32 41 

Sediment Dams 14 63 24 53 16 37 

Mixed Material 

Dams 
16 80 32 32 40 49 

Spring Fed 

Dams 
13 103 28 53 28 30 

Stream Fed 

Dams 
4 23 12 18 40 42 

Mixed Source 

Dams 
5 36 49 91 39 39 

Dams with 

Rocks 
15 44 28 51 44 49 

Dams without 

Rocks 
19 118 22 57 26 31 

Total 19 162 26 56 33 40 
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for the high overlap between sites with aspen and peatlands, these two variables were further 

analysed in combination (Figure 4.10). The related analysis revealed an interesting additive effect 

between peatlands and aspen presence. The presence of aspen at mineral sites had no effect on the 

median dam length observed. However, when observed in conjunction with peat sites, the presence 

of aspen resulted in significantly increased median dam lengths.   

 

 

17 

62 

22 20 

Figure 4.10: Boxplot of dam length in relation to site aspen presence within 100 m of 

the ponds and the underlying substrate. N values for each subgroup (left to right) are 

27, 44, 79, 12 (total = 162). Values on boxplots indicate medians for each group. 
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A total of 64% of the dams included in the survey were fed entirely by systems of 

groundwater springs while only 14% were fed directly by major stream channels. Median dam 

length differed significantly for varying water sources (H = 15.9, p < 0.001) (Figure 4.11). Spring 

fed ponds had greater dam lengths than stream fed ponds (U = 691.0, p < 0.001). Additionally, 

ponds fed by both streams and springs had significantly greater dam lengths than stream fed ponds 

(U = 179.0, p < 0.001). Spring fed dams and those fed by both springs and streams had similar 

lengths (U = 1436.5, p = 0.023).  

 

A total of 39% of the dams surveyed were made primarily of sediment. Only 12% of dams 

were stick dominated, and 49% were a mixed of both. Median dam length differed in response to 

dam material (H = 13.6, p = 0.001) (Figure 4.12). Wood dominated dams were significantly shorter 

than sediment dominated dams (U = 323.0, p = 0.001). Wood dominated dams were also 

significantly shorter than those with a mixed material (U = 350.0, p < 0.001). No difference in 

length was found between sediment dominated dams and mixed material dams (U = 2291.0, p = 

0.176).  

 

Figure 4.11: Boxplot of dam length by pond water source. 
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The relationship between dam material and dam length may be linked to the pond water 

source. Dams made primary of wood tend to be more porous than those constructed from sediment. 

To keep a porous dam full, the water inputs must be higher than those required to keep a sediment 

dam full. Figure 4.13 shows that dams made of sediment are only found at sites that are fully or 

partially groundwater fed.  

 

 

 

 

Figure 4.12: Box plots of dam length by the proportion of woody material 

visible in the dam structure. 
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A significant difference was found among the median dam heights of three different dam 

material groups (H = 27.3, p < 0.001). Sediment dams had lower heights than mixed or wood dams 

(sediment vs wood: U = 332.0, p = 0.002; sediment vs mixed: U = 1280.0, p < 0.001). Dam height 

was similar between mixed and wood dams (U = 671.5, p = 0.217). Results showed that dams 

made primarily of sediment tended to have a smaller Δh (Figure 4.14).  

 

 

 

 

Figure 4.13: Boxplots of dam length by dam material and pond water 

source. 
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Of the dams surveyed, 27% had at least one rock used in construction. Dams with rocks in 

them had significantly greater median Δh than those lacking rocks (Figure 4.15) (U = 1749.5, p < 

0.001). 

  

 

 

 

 

 

 

Figure 4.14: Differences in hydrologically effective dam height between 

dams of different materials. 
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4.2 WATER STORAGE DYNAMICS BETWEEN DAM FLOW TYPES  

Unmistakable differences in pond storage dynamics were revealed among dam flow types 

when the average fullness of the ponds were compared (Figure 4.16). Gapflow dams represented 

the largest proportion of dams instrumented and exhibited the largest visual differences in fullness 

between ponds. Some gapflow ponds such as the two instrumented at the Chive site showed very 

little variation in pond depth and remained almost entirely full for the duration of the summer. In 

contrast, the Sidecut dam from the Storm site experienced variations in pond depth that closely 

resembled the high variation characteristic of stream sections. The average percent fullness for the 

different gapflow dams ranged from 97% to only 27%. The large contrast seen in gapflow dams 

signifies the need to further refine this flow type. The PDB (percent dam breached) metric was 

created to assist in clarifying these irregularities and was applied to both gapflow and underfow 

flow types. In addition, the QCV calculation and maximum gap depth provided a quantitative 

insight into the dynamism observed in pond depths. 

Figure 4.15: Difference in Δh for dams that had rocks used in their construction. Photos show 

a dam with many rocks incorporated into the structure and a large rock with a measured length 

of 0.23 m.    
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4.2.1 Storage Variation and Distribution 

Calculation of QCD revealed the stream sections (sections of fluvial channels within the 

site where dams were not built) exhibit about three times more variation in water levels when 

compared to the fluctuation of water storage in the ponds (Table 4.4). However, little difference 

in QCD was noted between the individual flow types. The average QCD of the four flow types 

varied from 0.05 to 0.19; QCD was 0.37 for the corresponding stream sections (Table 4.4). The 

more sensitive QCV calculation confirmed the difference in variation between ponds and stream 

sections. The QCV also revealed differences between flow types. Gapflow dams experienced the 

largest average variation in pond depth whereas overflow dams experienced the least. The average 

variation in pond storage appeared to increase as the average percent fullness of the pond 

decreased. The pond variation also appeared to increase as the PDB metric increased but are only 

weakly correlated (Figure 4.17). The PDB metric can only be applied to gapflow, underflow, and 

mixed dams. 

Table 4.4: Differences in the variation of pond water storage  

 
n 

(QCD and QCV) 

Average 

QCD 

Average 

QCV 

Average 

% Full 
n 

(PDB) 
Average PDB (%) 

Stream Sections 

(without dam) 
2 0.37 119 - - - 

Gapflow 7 0.15 34 77.5 58 0.032 

Underflow 3 0.05 31 89.9 27 0.036 

Mixed 3 0.19 13 83.5 40 0.018 

Overflow 1 0.14 3 94.4 14 - 

 

Table 4.5 provides further information on the gapflow dam flow type to understand the 

large range seen in Figure 4.16. Differences in QCV were in-part explained by the maximum depth 

of gaps in the dam, the resulting PDB, and the average fullness of the pond (Kendall’s Tau:  = 

0.47, 0.47, -0.66) (Figure 4.17). However, no single variable can entirely explain the large range 

of pond variation found in the instrumented gapflow dams.  
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Table 4.5: Variables anticipated to explain the differences in the seven gapflow dams 

instrumented. Note that Logpond is a relict dam while the others are intact (Δh > 0) dams. 

Gapflow 

Ponds 

Average 

% Full* 

Δh 

(m) 
QCV 

Maximum 

Gap Depth 

(m) 

Total Gap 

Area (m2) 
PDB % Site Slope % 

Chive Moose 97 0.40 2.2 0.60 0.01 0.11 1.31 

Chive Vista 95 0.68 1.6 0.50 0.02 0.05 1.31 

Strawberry 

Logpond 
90 0.00 16.3 0.24 0.53 2.86 1.76 

Mud Bear 84 0.55 17.0 0.80 0.02 0.02 2.45 

Sibbald Tbone 76 0.13 21.4 0.13 0.18 0.53 3.06 

Storm Ava 74 0.47 14.2 0.15 0.41 0.20 3.07 

Storm Sidecut 27 0.48 167.2 0.48 1.10 25.56 3.07 

*for the study period – see Methods for the exact time period. 

Figure 4.17: Correlations (Kendall’s Tau coefficient) among variables presented 

in Table 4.5.  
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4.2.2 Percent Dam Breached 

The minimum, average, and maximum PDB values for relict and intact dam structures 

showed that relict dams had a higher percentage of dams that were breached. Interestingly, there 

was no maximum PDB in which a dam was guaranteed to be a relict structure. Dams could have 

over 31% of their dam face breached while continuing to be hydrologically active. In addition, 

dams could have 0% of their dam face breached but have a Δh of zero.  

Table 4.6: Comparison of the PDB for relict and intact dam structures  

PDB Relict Dams (25) Intact Dams (137) 

Average 4.66% 1.79% 

Maximum 31.54% 32.39% 

Minimum 0.00% 0.00% 

  

4.2.3 Winter Pond Storage  

During the winter, cold temperatures cause a thick layer of ice to form over the surface of 

beaver ponds in the study site. As beaver begin to spend most of their time in their lodges and wait 

for the long winter to end, it is not clear what hydrological changes occur within their ponds under 

the ice. Winter monitoring at some ponds in Minnesota has shown low but relatively constant 

water levels (Johnston, 2017). At the Sibbald wetland, ice can be expected to start forming on 

beaver ponds in September or October and persist until late April. Two experimental loggers left 

in two Sibbald ponds over the 2018-19 winter revealed the water levels in these ponds did not 

remain constant (Figure 4.18). Water levels in both ponds remained relatively stable throughout 

the fall and into the early winter. In early January, the water levels begin to decline and reached a 

minimum around March before increasing again into the spring. The decline in Eastpond was less, 

with at least 0.60 m of water remaining (logger location does not mark the deepest part of the 

pond). This pond has active beaver and a lodge built into the dam. The minimum water levels 

experienced over winter would have been sufficient for the beaver living in the pond.   
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June Storm 

Winter 
Minimum 

Dam Breach 

Winter 
Minimum June Storm 

Figure 4.18: Experimental winter data for two ponds at Sibbald wetland showing 

declining pond depths over winter. The ponds are not in series and located on 

separate tributaries to the Bateman Creek. The question mark denotes a concurrent 

drop in water levels of both ponds. The timing of the drops aligns with the first 

snowfall of the winter season and is hypothesised to be associated of the initial 

freezing of the site.    

? 

? 
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The decline in pond depth for Tbone pond was much more severe, dropping >0.5 m and 

leaving almost no water remaining in the pond. This dam was not being actively maintained in the 

previous season and did not have beaver living in it, which may have contributed to the greater 

decline observed. The pond filled much quicker and much sooner than the inhabited pond but was 

less affected by the large June storm.  

4.3 POND STORAGE RESPONSE TO RAINFALL EVENTS  

The response of pond water storage to rainfall events did not depend on dam flow type 

(Figure 4.19). The recession limb slopes after rainfall events were similar among the four flow 

types (H = 6.7, p = 0.081). However, the slope of the receding limb for all the dam flow types 

collectively was significantly higher than for the stream sections (U = 60.0, p = 0.025). Similarly, 

the total increase in pond depth observed after a rainfall event (Figure 4.19) was similar for 

individual flow types (H = 4.3, p = 0.232) and collectively lower than the instrumented stream 

sections (U = 38.0, p = 0.005).     

 

Figure 4.19: Left: Comparison of the recession limb slopes for all individual flow types and the 

instrumented stream sections (without dam). Right: Comparison of the increase in pond storage 

for all individual flow types and the instrumented stream sections. Differences between flow 

types were not significant but differences in dams compared to stream sections were. (n = 27, 

10, 5, 12, 3) 
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Water storage in ponds responded to precipitation events, but also responded to other 

environmental factors. Ponds were observed to have both seasonal and diurnal cycles capable of 

producing strong responses. During the peak summer months of July and August, smaller 

rainstorms and peak evaporation rates amplified diurnal fluctuations, causing them to dominate 

over the pond’s response to the rainfall event. Two types of diurnal cycles were observed. The first 

was observed in a low elevation pond and had peak pond depths occurring early morning and 

minimums around midday (Figure 4.20). The lowest pond depths occurred during the hottest part 

of the day, suggesting these cycles may be a result of evaporative processes. Similar diurnal trends 

from evaporation have been reported in beaver ponds in Minnesota (Johnston, 2017). The second 

was observed in a high elevation pond; exhibited a cycle completely out of phase with that found 

at the lower elevation pond. Peak pond depths occurred early afternoon and minimums occurred 

over night (Figure 4.20). This cycle resembles those found in glacier fed streams and may be a 

result of alpine snow and ice melt.  
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Figure 4.20: Top: Diurnal cycle found in a low elevation pond from the Barrier Site. 

Peaks in pond depth occur early morning around 6am. The small 2 cm oscillations 

result in approximately 12 cubic meters of daily fluctuation in water volume. Bottom: 

Diurnal cycle found in a high elevation pond from the Storm Site. Daily peaks occur 

mid-afternoon around 3 pm. Daily oscillations in pond depth equate to approximately 

4 cubic meters of water.   
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CHAPTER 5 

5.0 DISCUSSION  

Beaver dams are highly variable and dynamic structures that impact the landscape in 

complex ways. A classification of how water flows through dam structures paired with a deeper 

understanding of their landscape setting revealed trends in pond water storage variability and 

predictable dam attributes regulating storage. Understanding what makes beaver dams unique is a 

vital initial step in future research aimed at predicting the influence beaver dams have on stream 

hydrology at both a catchment and landscape scale.   

5.1 DAM FLOW TYPES 

Beaver dams are persistent structures and can remain evident on landscapes for over a 

hundred years (Johnston, 2015) but this persistence does not imply dams are static and unchanging. 

The dynamic nature and variability of beaver ponds and dams means they, and the impacts they 

have on stream hydrology, are not constant through both space and time (Karran et al., 2017). 

Through classifying dam flow type (sensu Woo and Waddington, 1990), it was discovered that 

dam ‘types’ are dynamic and can shift rapidly. The mechanisms responsible for transmitting water 

through dams are sensitive to environmental conditions. Seasonal changes in available water, 

erosional processes, and maintenance by beaver to the dam can alter the primary flow mechanism. 

The ability of dams to readily change flow type within a span of weeks or months showed that 

flow types are dynamic states the dams occupy for a period of time as a result of changing external 

conditions. The dynamic nature of dams may be portrayed more effectively if their classification 

terminology was altered from flow type to flow state.  

Two new dam flowstates, seep and mixed, were added to the Woo and Waddington 

classification based on field observations. The addition of the seep category was necessary due to 

differences in landscape type and water source between northern Ontario, where the flowstate 

classification system was developed, and Kananaskis Country. The montane environment of 

Kananaskis Country cultivates valley bottoms with steep slopes, resulting in fast flowing creeks. 
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Beaver prefer gentle slopes and slower moving creeks that are easier to dam (Persico and Meyer, 

2009) and the longevity of a beaver colony at a particular location is inversely related to stream 

gradient (Howard and Larson, 1985). To overcome these constraints, beaver have constructed 

dams on groundwater springs adjacent to main creeks rather than damming the creeks directly. As 

a result, 64% of the beaver ponds studied are fed by groundwater. These ponds obtain water from 

various groundwater springs and smaller, zero-order ephemeral tributaries that flow into the central 

valley streams. The beaver likely rely on the deeper waters of a nearby stream for protection until 

the dams are large enough that they impound sufficient water to accomplish the dam’s purpose. 

The three main purposes for dam building are shelter from predators, inundation of food caches, 

and increase of foraging range (Muller-Schwarze, 2011). The method of building dams off-stream 

may temporarily increase predation risk for the beaver until the dams are successfully constructed. 

However, once established, spring fed dams provide long lasting habitats as they are better 

protected against the high flows associated with the spring freshet. Since the Woo and Waddington 

(1990) study did not include spring fed dams, the seep flowstate was not initially described. The 

addition of this category was necessary for the classification to work at sites fed entirely by 

groundwater springs.  

It was also necessary to add a mixed category to the Woo and Waddington dam 

classification. This new category captured dams with complex flow patterns with less ambiguity 

and eliminated the challenge of determining a primary flow mechanism (flowstate responsible for 

the transmitting the most water). The category was initially defined to include any dams exhibiting 

more than one flowstate concurrently and was not intended to incorporate dams that experience 

changes between multiple flowstates throughout the season. Further research using the flowstate 

classification will need to find a method to account for temporally mixed dams.  

Overall, the strength of the flowstate method of classification is that it is hydrologically 

based. It does not rely on beaver occupancy, which can be difficult to determine in a single visit 

to a dam site. Therefore, the flowstate classification represents both older and younger dams. Since 

dam flowstate was related to variation in pond storage and hydraulic height, the classification may 

prove useful for extrapolating the hydrologic effects of dams to a landscape scale. The tendency 

of flowstate to change rapidly and its strong dependency on season complicate classification but 

may also help explain the contrasting flood and drought mitigation properties of dams. Beaver 
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dams are resilient to large floods (Westbrook et al., 2020) while simultaneously remaining full and 

providing drought mitigation during periods of low flow (Gurnell, 1998; Nyssen et al., 2011; 

Puttock et al., 2017). These contrasting abilities may be related to changes in dam flowstate in 

response to the volume of water being transmitted across the structure.  

5.2 DAM MORPHOLOGY 

Dams, although variable in structure, have some attributes that are predictable by 

understanding their landscape setting. Dam lengths in spring fed sites were found to be longer than 

stream fed sites; a difference likely reflecting differences in topography. Since the final shape of a 

beaver dam is dependent on where the dam is built and the surrounding topography (Beedle, 1991), 

the initial topography of a building site may be what drives the final differences in dam length. 

Beaver build dams to establish a pond that has a sufficient depth to offer protection and serve as a 

refuge (Gurnell, 1998). When beaver build across an existing stream, the existing channel quickly 

fills, so a dam spanning the length of the stream’s width is usually sufficient to establish an 

adequately deep pond. In contrast, when beaver begin to dam water from a groundwater spring or 

small ephemeral creek, no deep pre-existing channel exists. When working with relatively flat 

topography, longer dams are required to create a deep pond. Beaver can build dams in these 

environments by dredging soils, shearing mat vegetation, and piling the materials to create the dam 

structure (Mitchell and Niering, 2016; Westbrook et al., 2017). In addition to topographical 

restraints, spring fed beaver dams are less likely to be subjected to the high flows from spring 

floods that dams spanning streams must withstand. If spring fed dams are less likely to be breached 

by floods, they can persist longer and therefore be expanded by multiple generations of beavers.  

Beaver build dams from a variety of materials including wood, sediment, organic debris, 

and rocks (Woo and Waddington, 1990). The proportions of different materials used varies 

between dams and affects the final dam shape (Beedle, 1991). The materials beavers choose to 

make their dams from appears to be partially opportunistic. An extreme example of this is a mine 

site in the central Yukon where woody materials were scarce and beaver built dams almost entirely 

of rocks (Jung and Staniforth 2010). However, the relative abundance of suitable building 

materials may not be the only driver of dam material. Beaver often place rocks on the crests of 

their dams as ballast to keep their building materials in place (Woo and Waddington, 1990; Beedle, 

1991). In Kananaskis Country, beaver who adopted this strategy built dams with a higher average 
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Δh. The practice of placing rocks may be adopted to build taller and more robust dams rather than 

an opportunistic coincidence.  

Further, results of this study suggest that landscape setting may also play a role in the 

materials chosen for dam construction. The proportion of woody versus sediment dominated dams 

correspond to the pond water source. Dams fed by groundwater springs had higher sediment 

compositions whereas dams located on stream sections had more wood. Burchsted and Daniels 

(2014) reported similar observations in northeastern Connecticut, describing in-channel dams with 

leakier structures and less mud than valley-wide beaver dams. They attributed these differences to 

beavers putting less effort into dam construction but observed patterns may be better attributed to 

how different materials can handle and react to different flow velocities. Dams made almost 

entirely of wood with little sediment are very porous structures. A porous structure is well suited 

to high flow situations (stream fed) because it can maintain a full pond while still transmitting a 

large volume of water, which reduces hydraulic stress on the dam. In low flow conditions 

(groundwater fed) a porous dam would not effectively retain water since the rate of transmission 

through the dam could easily exceed the inputs from groundwater springs. In contrast, sediment 

dams are well suited to low flow conditions as they are almost impermeable, allowing the dam to 

maximize water ponding. In high flow conditions, purely sediment dams lack reinforcing wood 

support and quickly erode. Since vegetation is known to decrease bank erosion in rivers (Gholami 

and Khaleghi, 2013), the ability of a sediment dam to resist erosion should increase once a dam 

becomes established with vegetation. Roots from emerging vegetation may reinforce sediment 

dams in the same way a wood core would, protecting the structure from occasional high flows. It 

is uncertain whether the behaviour of using different materials used in dams is opportunistic, 

instinctual, or learned. If purely opportunistic, it is possible some beaver attempt to construct 

sediment dams in high flow systems and since they are poorly suited, they are quickly washed 

away and never documented. However, since beaver construct dams to establish ponds where they 

are safe from predators, there may be a strong evolutionary pressure to quickly make dams that 

persist, as they may not get a second chance. Woody material selected by beaver for dam 

construction is known to be based on size rather than species (Barnes and Mallik, 1996). Therefore, 

evolutionary pressure may naturally select for an instinct to use larger, woody materials in faster 

flows. Alternatively, beaver may learn from experience. If a dam washes out, they could learn to 

alter their building strategy and pass this information on to their offspring. Addition experimental 
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research would be helpful in determining how beaver select dam material, and how material type 

influences dam structural integrity.  

Sediment dams constructed on spring fed systems are ideal habitats once constructed since 

they are better protected against high flows and have a stable water source. However, they may be 

more difficult to build. In addition to increased predation risk and the necessity of longer dam 

structures, sediment dams were observed to have a lower Δh. The lower hydraulic heads may be a 

result of the challenges associated with using sediment as a building material. Beaver may have to 

put time and energy resources into making sediment dams longer at the expense of height. In 

addition, sediment is more difficult for a beaver to carry. Beaver can carry large trees in their 

powerful jaws, obtaining a large amount of building material in each trip. However, sediment must 

be excavated and carried in the beaver’s front paws, one handful at a time. The beaver may have 

a shorter travel distance to obtain sediment than woody material since it can be excavated from the 

bottom of the pond. However, ease of access to building materials may not outweigh the small 

volume of material each trip yields, resulting in dams with a lower hydraulic head. Significant 

differences in Δh were also discovered between dam flowstates. Since seep dams are 

characteristically spring fed dams with high sediment contents, these related variables will account 

for some differences seen between flowstates. In contrast, the lower dam height may reflect the 

ecological use of the dam. Hafen et al. (2020) conducted a study on perennial streams in Utah that 

linked dam size to ecological factors. They found that beaver dams containing a lodge or food 

cache (primary) were found to be taller than those without (secondary). The purpose of many 

secondary beaver dams is to expand accessibility to foraging areas. On flat topography a lower 

dam height can spread pond water over a much larger area than in channels. In these situations, 

increasing dam height may not be necessary to achieve the dam’s purpose.   

Further research combining ecological factors, landscape setting, and dam material may 

provide a method for predicting dam size. However, it is imperative that future research include 

both stream and spring fed dams. Beaver occupy a broad range of aquatic habitats (Westbrook et 

al., 2017); scientific studies and beaver management plans though strongly focus on in-channel, 

stream-fed dams. Since spring fed dams accounted for most of the dams found in the study area 

(64%) and showed significant differences in flowstate, dam material, and dam size, the results 
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from studies that focus on only stream fed beaver dams should not be assumed to be applicable to 

spring fed dams.   

5.3 FLOW REGULATION 

Analysis of the percent dam breached (PDB) revealed that under certain conditions, dams 

with large, breached areas can continue to store water and impact stream hydrology whereas some 

intact dams can be entirely ineffective. These results indicate that the physical intactness of the 

dam structure is not the only variable controlling the hydrologically effective height of the dam. 

Dams that breach often do not completely drain (Klimenko and Eponchintseva, 2015) and continue 

to affect the surrounding hydrology through elevating the water table (Karran et al., 2018). The 

volume of water moving through the dams may play a role in determining their Δh. Intact dams 

under very low flow conditions, for example, may not be able to effectively pond water. 

Alternatively, breached dams in high flow conditions may be activated and contribute to water 

retention. Intact dams are known to trigger overbank flooding and attenuate the release of water 

downstream (Westbrook et al., 2006; Nyssen et al., 2011). However, some dams with large 

breaches can still retain water, and are therefore hypothesised to also trigger overbank flooding 

and attenuate the release of water downstream under certain conditions. These results indicate that 

studies focusing only on intact and active beaver dams are overlooking an important piece of 

beaver dam hydrology.  

Water storage in beaver ponds is temporally variable but much of this variability is not 

random, as dam flowstate and seasonal and diurnal cycles were found to influence water levels. 

The QCV metric showed large differences between the variability seen in stream sections when 

compared to beaver ponds and the average QCV also showed some emerging differences between 

each flowstate. These results showed that the depth of water in beaver ponds was more stable than 

in successive stream sections. It also indicated that not all dams decrease variability to the same 

extent. This research supplies future studies with the necessary information to study the 

relationships between all six flowstates and pond storage variability. Accounting for seasonal and 

diurnal variation in storage will assist in quantifying the storage variability caused by dam 

flowstate. Beaver ponds hold seasonally varying water volumes (Nyssen et al., 2011) with 

maximum impoundment often reported to occur during the fall (Scheffer, 1938) ranging from 

September (Clifford, 1977) to November (Nyssen et al., 2011). Contrastingly, a beaver pond 
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studied in central Ontario reached peak discharge in the spring months (Devito and Dillon, 1993). 

The pond experienced positive change in water storage during the spring and fall and negative 

pond storage mid-summer and throughout the winter months (Devito and Dillon, 1993). 

Differences in seasonal maximums are likely a result of local climate, individual basin properties, 

and the level of active beaver maintenance on the dam. Only one instrumented pond studied in 

Kananaskis experienced maximum impoundment in the fall with all others reaching their 

maximum during the spring freshet (late June). In addition, two ponds instrumented over the winter 

months showed 0.1 to 0.5 m reductions in pond water level starting in January and not recovering 

until spring. The decrease in water volume likely reflects vertical loss of water into groundwater 

recharge during a time when pond inputs are small and requires further investigation. The partial 

drainage vacated a large storage volume that was immediately reoccupied during the spring melt 

season. Understanding the mechanisms that caused these ponds to partially drain and how 

prevalent this seasonal trend is amongst dams is imperative to establishing a better understanding 

of flood mitigation properties of dams. In addition to seasonal trends, ponds experience diurnal 

cycles. Diurnal cycles are likely to be caused by evaporation processes or alpine snowmelt runoff, 

which are both common streamflow responses observed in alpine environments (Caine, 1992; 

Mutzner et al., 2015). While the variation in pond depth from the daily peak to the corresponding 

minimum is small, only a few cm, it can equate to upwards of hundreds of cubic meters of water, 

depending on pond size (Beedle, 1991; Karran et al., 2017). 

Several of the underflow dam structures observed had large holes where woody material 

had been chewed through. One of these holes was discovered in a large dam at the Muskrat beaver 

site. The formation of the hole occurred sometime after the 2018 summer season and was 

discovered in the spring when the pond had partially drained. Shortly after its discovery the breach 

was mended by beaver, restoring the pond to its original level. Similar holes were found at both 

active and abandoned beaver sites throughout the study area. Similarly, at an old beaver site (Toad) 

that was once abandoned and recently reoccupied by beaver, a small old dam was discovered with 

a beaver canal dug through it. The size of the canal and the pattern of chewed sticks terminating 

at the edge of the passageway strongly resembled the chewed underflow holes. River otters (Lutra 

canadensis) have been documented to dig through beaver dams in Alberta (Reid et al., 1988). 

However, they are very rare within the study area and more likely to dig trenches rather than 

tunnels. The methods they use to break and chew branches also leave distinctively different marks 
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than beaver. Beaver have specially adapted lips that close behind their large incisors that allow 

them to easily chew through wood underwater (Hecht and Mengak, 2009) and leave distinctive 

sloping cuts at the ends of branches. It is hypothesised that beaver may dig holes in winter to 

escape ponds overlain with ice if their food cache runs out. Alternatively, they may dig to 

purposefully release water and fill downstream ponds. Reid et al. (1988) documented one instance 

of a beaver cut channel that resulted in water loss but did not provide a hypothesis for why the 

channel was cut. Further research is required to determine if beavers are purposely creating the 

underflow holes and if so, for what purpose. 

 The beaver ponds instrumented in Kananaskis Country showed that the collective ability 

of beaver dams to decrease peaks in pond levels and reduce receding limb slopes indicates their 

buffering capacity may be intrinsic to all dam structures regardless of flowstate. No evidence was 

found of dam flowstate altering the response of rainfall events. Separating the effects of beaver 

dams dependent on dam structure and flowstate from those that are universal properties of dams 

will aid in future work on predicting dam effects. However, the new understanding of the dynamic 

nature of flowstates questions the validity of some initial assumptions used in the analysis. Each 

instrumented pond was assigned a single flowstate that was assumed to be applicable to the dam 

for the entire season. Each instrumented pond was visited multiple times during the study period 

and four of the ponds exhibited some fluidity in flowstate (Figure 4.9). During large rain events, 

such as the ones isolated for this analysis, the large increases in flow volume passing through the 

dams may cause them to temporarily change flowstate. Changes in the way water is transmitted 

across a dam in response to large rain events or changing seasonal conditions have been reported 

in the literature without the context of flowstate. For example, the transition of a dam into an 

overflow flowstate during large flow events has often been observed and described as overtopping 

or exceeding the dam crest (Devito and Dillon, 1993; Butler and Malanson, 1995; Gurnell, 1998). 

Since flowstate is sensitive to changing conditions, the flowstates assigned to each instrumented 

dam may only be accurate as a base state and any additional flow mechanisms activated during 

high flows were not accounted for in the study. Accurate flow type classification should involve 

multiple inspections over varying seasonal conditions. 
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5.4 IMPLICATIONS OF STUDY RESULTS  

Successful modelling of beaver dam hydrology first requires the identification and 

classification of dam structure and function (Hafen et al., 2020). Herein I showed that the adapted 

flowstate classification scheme is a useful way to characterize beaver dams that is relevant to 

hydrology and may be valuable in predicting the effects beaver dams have on stream hydrology 

and effectively extrapolating their influence to a landscape scale. In addition, understanding the 

landscape setting and materials comprising dams revealed trends in dam size and distribution. 

Future research should be aimed at finding additional relationships, testing the robustness of the 

relationships found in this study in different landscapes, and incorporating dams into hydrologic 

models. Additional insight may be gained from investigating how dam structures age. Dams are 

known to persist on the landscape for a very long time (Johnston, 2015), especially in wetland 

environments, but how long dams remain hydrologically active in the absence of beaver is 

unknown. Many dams studied are located at sites long abandoned by beaver but they continue to 

affect and may have even permanently altered the local hydrology. In contrast, some newer dams 

in active beaver sites are ineffective at retaining water. Understanding how dam age and how 

beaver occupancy relates to the hydrologic effects of dams may also improve future 

ecohydrological modeling efforts.  
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CHAPTER 6 

6.0 CONCLUSIONS  

This study entailed using a broad beaver dam survey in combination with instrumentation 

of individual ponds to provide a better understanding of the storage and transmittance of water 

through beaver ponds in the Kananaskis region of Alberta. A new flowstate (seep) and an 

encompassing category for complex dams (mixed) allowed the distribution of beaver dam flow 

types to be characterized on this new landscape. In addition, insight gained from this 

characterization prompted a change in terminology from flow type to flowstate to better describe 

the dynamic nature of beaver dam hydrology. However, this dynamism raised further questions 

regarding how prevalent flowstate changes are in dams, what conditions, including large rain 

events, can trigger these changes, and how the changes may decrease with dam age or beaver 

occupancy.  

The beaver dam survey included 162 beaver dams from 19 sites. The survey recorded 

properties and measurements of each dam along with its landscape setting. Analysis of dam size 

revealed significant differences in dam length and height (Δh) with respect to landscape setting 

and dam building materials. Dams fed by groundwater and those located in peatlands with access 

to aspen had the longest dam lengths. The hydraulic height of water retained behind dams was 

found to be linked to both dam flowstate and the materials dams were constructed from. Dams that 

had rocks included in their construction showed increased Δh whereas dams constructed from 

sediment had lower heights than those constructed from woody material or a mixture of wood and 

sediment. The relationship between dam length and material was analysed with respect to pond 

water source to discover that sediment and mixed dams were longest in spring fed systems whereas 

wood and mixed dams were longest on stream fed systems (no sediment dams were discovered on 

stream systems). When ponds were fed by both springs and streams, the construction material did 

not affect the dam length. The patterns uncovered in this study may assist in future research 
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directed at estimating beaver dam size based on landscape setting. Understanding these 

relationships will be vital for creating models able to predict the effect dams have on the landscape 

and subsequently determine the true mitigation potential of beaver modifications.     

Analysis of water storage dynamics using an averaged QCV metric derived from in-pond 

measurements made it clear that pond water levels were more stable in ponds than contiguous 

stream sections. Comparison between dam flow types showed overflow dams exhibit the least 

variation on average while gapflow and underflow dams exhibit the greatest with mixed dams 

falling between. Although differences were seen in average variances, individual ponds could 

range widely. Calculation of the percentage of each dam face allowing water to flow through 

(PDB) was created to assist in clarifying the large irregularities found between gapflow dams and 

was anticipated to reveal the maximum percentage of dam that can be breached before it becomes 

hydrologically ineffective. This metric was weakly related to the QCV of the ponds and no variable 

was identified that fully explained the variation in different gapflow dams. However, the PDB 

metric did reveal that although relict dams (with Δh = 0) had a higher percentage of their dam face 

breached on average, their maximum and minimum PDB was similar to the PDB metric of intact 

dams. These results signify that to determine if a beaver dam is hydrologically effective, variables 

outside of the dam structure itself must be taken into consideration. Overall, the analysis of the 

dynamic water storage in the ponds showed that most dams increase the stability of water levels 

but not to the same extent. Some flowstates create ponds with more stable water levels than others 

and future research is required to determine how these differences in stability relate to mitigation 

potential.   

Investigation of the response of pond storage to rainfall events involved isolating large 

rainfall events and pairing them to 15-minute interval pond depth measurements. Results of this 

analysis showed that all instrumented flowstates decreased the amplitudes of peaks caused by 

rainfall and the slopes of the receding limbs of those peaks when compared to contiguous stream 

sections. However, differences between individual flowstates could not be discerned. These results 

may indicate the way pond levels respond to rainfall events is universal to all dams regardless of 

flowstate. It is also possible that the combination of noise generated by seasonal and diurnal cycles 

discovered during the analysis paired with the new understanding that flowstate may be altered 

during these rainfall events has restricted the ability of the analysis to distinguish the differences 
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between flowstates.      

Beaver dams are incredibly diverse structures and categorizing them is an essential step in 

incorporating them in ecohydrological models. The results from this study have illustrated that 

both dam properties and landscape setting are important factors in determining the effect beaver 

dams have on the surrounding hydrology. As climate change increases the severity of droughts 

and floods on the landscape and practitioners continue to incorporate beaver in climate change 

mitigation and restoration practices, it is clear that a comprehensive understanding of beaver dam 

hydrology and the ability to predict and model the effects of dams across the landscape is 

increasingly important. This study has shown that not all beaver dams are equal, and it is 

imperative to the success of future studies to include the full range of beaver dam diversity, 

including older relict dam structures and those found off stream channels.  
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