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ABSTRACT

The Eurasian beaver (Castor fiber) is an important ecosystem engineer that
alters the hydrological regime of the landscape through its activities. The aim
of this study was to quantify the volume of surface water retained by beaver
dams in the Czech landscape and to estimate the potential retention capacity
of a selected catchment assuming the maximum predicted extent of beaver col-
onisation. The main focus of the research was to determine the volume of sur-
face water accumulated behind 150 beaver dams at sites in the Plzer Region
(the Kfemelnd catchment and ten other selected wetlands) and the inun-
dated area of the associated beaver ponds. GIS analyses based on a combina-
tion of precise geodetic data and a digital terrain model were used for the cal-
culations. A beaver dam capacity model based on fuzzy logic principles and
parameters such as stream slope, channel width, flow strength, and availability
of riparian vegetation was also applied to the Chlistovicky Stream catchment
(fourth-order catchment, 13.8 km?) to estimate the amount of water that could
realistically be retained by beaver dams in the study area assuming full coloni-
sation of the catchment by beavers.

Field measurements showed that the 150 surveyed dams retain a total
of 31,321 m? of surface water, with 89 dams in the Kfemelna catchment retaining
12,389 m* across an area of 169 km? The distribution of retained volumes exhibits
pronounced right-skewness (median 41.0 m?, mean 208.8 m?®), confirming that
the vast majority of dams retain relatively small volumes, while a small number
of large beaver ponds account for a substantial proportion of the total retained
volume - the largest 3 % of ponds account for 54 % of the total volume. A sim-
ilar distribution pattern was observed for the inundated areas of beaver ponds,
with a total area of 98,586 m”. The median inundated area of an individual beaver
pond was only 168.9 m? compared with a mean of 657.2 m?, and the four largest
ponds accounted for 53 % of the total inundated area. Modelling in the 13.8 km?
Chlistovicky Stream catchment identified nearly 6 km of watercourses suita-
ble for beaver colonisation. Under full colonisation, the model predicts the for-
mation of 13-43 dams. Based on the volumes measured at the experimental
sites, surface water accumulation in the Chlistovicky Stream catchment can be
expected to amount to hundreds or several thousand cubic metres. A sig-
nificant proportion of retention, however, also occurs below ground, further
increasing the overall hydrological benefit. The formation of beaver ponds cov-
ering a total area of several thousand to tens of thousands of square metres
could also provide an important ecological benefit by creating opportunities
for the development of wetland habitats. The study demonstrates that bea-
ver dams represent an important component of nature-based water retention
in the landscape; however, their importance extends far beyond surface water
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accumulation. Beaver dams also contribute to sediment deposition, stabilisa-
tion of runoff patterns, and increased ecological stability of the landscape, and
should therefore be given adequate space in the landscape.

INTRODUCTION

The Eurasian beaver is native to the European landscape and historically occu-
pied extensive areas from the British Isles to eastern Siberia. Intensive hunting,
however, brought it close to extinction, and by the end of the 19th century
the European population was estimated at only about 1,200 individuals in eight
isolated populations [1]. Species protection and reintroduction programmes
have enabled its gradual return since the 20th century, and by around 2020
the European population was estimated at approximately 1.5 million individu-
als [2]. A similar development occurred in the Czech Republic, where, following
its complete extirpation, the beaver was recorded again in 1977 at the conflu-
ence of the Dyje and Kyjovka rivers, and its population has grown rapidly since
the beginning of the 21st century [3, 4. In 2020, the population in the Czech
Republic was estimated at approximately 15,000 individuals [5, 6].

Beavers are often described as ‘ecosystem engineers’ because of their abil-
ity to modify their environment by building dams [7]. As populations grow rap-
idly, this can lead to conflicts with people, but also produces a range of positive
effects. A beaver dam is a structure made of natural materials that impounds
a watercourse. A beaver pond forms upstream of the dam, comprising accu-
mulated water that changes the character of the watercourse from flowing
to standing water. Dams and ponds often form cascades that cause water
to spread across the surrounding floodplain. These complexes subsequently
form what is known as a beaver wetland (Figs. 1 and 2) [6, 8]. Although dams
and the ponds they create primarily provide protection from predators and
access to food [9], they also have a major influence on the hydrological regime
of the landscape. They slow water flow, promote sedimentation, enhance inter-
actions between surface water and groundwater, and increase surface water
and groundwater storage [10-12].

The benefits of beaver activity, however, extend beyond water retention
alone. Dam building contributes to the restoration of near-natural river corri-
dors and the natural structural diversity of floodplains, promotes the spontane-
ous renaturation of technically modified watercourses, and reduces the adverse
effects of agricultural and forestry drainage systems [6, 13-15]. Newly created
wetland habitats increase habitat diversity and biodiversity, aided by the fact
that beaver activity increases the amount of ecologically valuable dead wood
in watercourses [6, 13, 16, 17].



Fig.1. Drone image of a beaver wetland on the Litohlavsky stream, s
bank of the stream (photo: T. Laburda)

The principal focus of this study is to determine the volume of surface water
retained by beaver dams. The vast majority of studies addressing this topic
come from North America and show that beaver dams substantially increase
the volume of water stored in watercourses and wetlands [18-20]. Beedle [18],
for example, found that beaver ponds in Alaska retained up to 37 times more
water than natural stream reaches, with individual pond volumes ranging
from tens of cubic metres to more than 11,000 m*. Karran et al. [19] determined
pond volumes of 1-9,001 m? at four sites in North and South America. The few
European studies available also confirm a substantial retention effect of bea-
ver dams; for example, the total volume of water retained by 22 beaver dams
in the Krzemianka catchment in Poland was estimated at 15,000 m? [21].

In addition to retained volumes, this study also quantifies the inundated
area of beaver ponds. This is important not only hydrologically but also ecologi-
cally, as larger beaver wetlands are associated with greater bird species richness
and abundance and also increase the availability of lentic and littoral habitats
within the floodplain [22, 23].

Although beaver behaviour and the development of their territories cannot
be predicted reliably, certain parameters can be used to assess the suitability
of an area for potential beaver colonisation [24]. Research has demonstrated
relationships between beaver occurrence and watercourse characteristics such
as slope, channel width, and the availability of riparian vegetation [25]. These
findings have been used to develop spatial models that predict the capacity
of the environment to support dam building [26]. Such models are also used

ving two beaver dams and associated ponds forming a cascade, and a wetland that developed on the right

to estimate potential water retention in the landscape. For example, a study
in the Sierra Nevada, California, estimated that beaver dams could store up to
120 million m? of surface water while also helping to increase landscape resil-
ience to fire [27].

In this study, precise geodetic methods were used to determine the volume
of surface water retained by 150 beaver dams in the Kfemelna catchment and at
ten other selected wetlands in the Plzen Region, predominantly in the Sumava
Mountains, with the aim of contributing quantitative evidence to assess-
ments of the importance of beavers in the Czech landscape. The inundated
area of the beaver ponds was also evaluated. At the same time, we modelled
the potential number of dams that could develop in a selected fourth-order
catchment following beaver colonisation, assuming minimal human restriction
of beaver activity. These results were then used to quantify the amount of water
that beavers could retain in the catchment through their activities.

The aim of the study was therefore to improve understanding of the pos-
itive effects of beaver colonisation by quantifying surface water retention
in the landscape, which is one of the prerequisites for effective management
of the Eurasian beaver and objective assessment of conflicts associated with
its occurrence. Surface water retention is only one benefit of beaver dams and
is linked to a range of other hydrological and ecological processes. In addition
to retaining water and sediment, beaver structures can, for example, help sus-
tain flows during dry periods, improve the microclimate, create valuable wet-
land habitats, and increase the amount of dead wood in watercourses [11, 18, 28].
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a wetland (left and centre) (photo: A. Babuljak)
METHODOLOGY

In the Kfemelné catchment in the Sumava Mountains, a geographically and
hydrologically coherent area containing 89 beaver dams at the time of the sur-
vey in spring 2023, and at ten selected beaver wetlands in the Plzer Region, pre-
cise field surveying was used to determine the volumes of surface water retained
by the dams and the inundated areas of the beaver ponds. In the Chlistovicky
Stream catchment, the potential occurrence of beaver dams was also mod-
elled according to the suitability of individual watercourse reaches for dam
construction.

Study areas

The study covered three areas, shown in Fig. 3. Field measurements and deter-
mination of the actual volumes of water retained by beaver dams and the inun-
dated areas of their ponds were carried out at 89 beaver dams in the Kfemelna
catchment and at ten beaver wetlands in the Zeleznd Ruda area, on the Uslava
river, and on the Voldussky stream.

The Kfemelnd catchment was selected in cooperation with Sumava
National Park for the study Field measurement and mapping of beaver dams
in the Kremelnd catchment [29] as an example of a landscape in which the pres-
ence of beavers is subject to only minimal human restriction. All known bea-
ver dams in the catchment were examined, from small ponds within water-
course channels to extensive ponds forming wetlands on stream floodplains.
The research in the Kiemelnd catchment therefore provided a comprehensive
picture of the characteristics of beaver dams and ponds at the regional scale.

The ten selected wetlands in the Plzerh Region were chosen in cooper-
ation with the Nature Conservation Agency of the Czech Republic (NCA CR)
for the study Effects of beavers on river-landscape ecosystems [30] as examples
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Fig. 2. Beaver wetland on the Litohlavsky stream, viewed upstream; the main beaver dam (right, among the trees) has caused water to spread beyond the stream channel, creating

3 T N &

of areas representing the target state of development of a watercourse and
its immediate surroundings following beaver colonisation. The wetlands con-
tain varying numbers, types, and sizes of beaver dams and associated ponds,
although on average the ponds are generally larger than those in the Kfemelna
catchment.

The third area, the Chlistovicky Stream catchment, was used to model bea-
ver dam capacity. This work was carried out as part of the project Water systems
and water management in the Czech Republic under climate change, in which
the Chlistovicky Stream catchment was already being used for other modelling
of landscape water retention and rainfall-runoff relationships and was there-
fore also selected for modelling potential beaver dam capacity.

Kremelna catchment

Surveying and determination of the actual volume of water retained by beaver
dams and the inundated areas of beaver ponds were carried out in the Kfemelna
River catchment in Sumava National Park. The study area, whose principal water-
course is the Kfemelnd river, more than 30 km long, lies in the north-western part
of the park, predominantly within the Czech Republic but extending marginally
into Germany. The catchment has a total area of approximately 169 km?, corre-
sponding to about one quarter of the area of Sumava National Park.

Orographic conditions result in long-term above-average precipitation
totals in the catchment (the Prasily rain-gauge station recorded mean annual
precipitation of 1,413.7 mm in 1991-2020 period), resulting in abundant water and
a dense hydrographic network. This includes both torrential reaches in incised
mountain valleys and small meandering watercourses on upland plateaus.

Thanks to the high level of protection and historically limited human activ-
ity, the watercourses and their floodplains have retained a relatively natural
character. These conditions provide suitable habitat for the Eurasian beaver,



VTEI /2026 /5

gt Sy (O SIS WG SRS 149 < b

10km Jomwredl 370 5 TRy S 125

= LU A R & A 7 N5
Fig. 3. Study areas — left: Kfemelna catchment; centre: ten selected beaver wetlands in the Plzer Region; right: Chlistovicky catchment (basemap: Basic Topographic Map
of the Czech Republic, Czech Office for Surveying, Mapping and Cadastre; CUZK)

whose population is thriving and whose activities further increase the water-re-
tention capacity of the landscape.

The Sumava National Park Administration has conducted long-term moni-
toring of Eurasian beaver activity in the area. Data from this monitoring were
used to identify sites containing beaver dams, which were subsequently sur-
veyed in the field.

One of the beaver dams in the Kfemelnd catchment near the settlement
of Mechov is shown in Fig. 4.

Ten beaver wetlands in the Plzeri Region

Actual volumes of water retained by beaver ponds were also determined
at ten selected beaver wetlands in the Plzet Region. Eight were selected
around Zelezna Ruda, in the Rezné and Uhlava catchments, the latter adjoining
the Kfemelna catchment. These wetlands lie outside the national park and are

L : : more affected by human activity than sites in the Kfemelna catchment, although
Fig. 4. One of the largest beaver dams and associated ponds in the Kiemelna nature conservation is strengthened by their location within the Sumava
catchment, forming part of the wetland near the settlement of Mechov Protected Landscape Area.

(photo: A. Babuljak)
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Fig. 5. One of the four dams that make up the beaver wetland on the Uslava river near
the village of Pradlo (photo: A. Babuljak)

The remaining two wetlands studied were on the Uslava River near the vil-
lage of Pradlo and on the Voldussky stream near Litohlavy. Both sites lie outside
protected areas in a typical Czech agricultural landscape. While the wetland
on the Uslava developed in open countryside, the wetland on the Voldugsky
stream is partly within woodland. The ten wetlands studied contained a total
of 61 individual beaver ponds, often directly adjoining one another.

One of the four dams forming the beaver wetland on the Uslava river is
shown in fig. 5.

Chlistovicky Stream catchment

Potential beaver dam occurrence was modelled in the Chlistovicky Stream
catchment. This is a fourth-order catchment covering 13.8 km” and is predom-
inantly agricultural in character. It is located in the Central Bohemian Region
near the village of MaleSov. The principal watercourse is the Chlistovicky stream,
a left-bank tributary of the Vrchlice river, which it joins near MaleSov approxi-
mately 3 km upstream of the upstream boundary of the Vrchlice Reservoir.

Evaluation of retained volumes and inundated areas

The volume of water retained by existing dams at the experimental sites and
the inundated area of the beaver ponds were determined by analysing the geo-
detic survey outputs using GIS tools.

Surveying

Geodetic surveying of beaver dams and ponds in the Kfemelna catchment was
carried out in spring 2023, while the beaver wetlands in the Zelezna Ruda area,
on the Uslava river, and on the Voldussky stream were surveyed in spring 2024
and 2025. Three high-precision GPS instruments were used. Emlid Reach RS+
and Emlid Reach RS2 GPS receivers were used at all sites, with a CHC X91 GPS
receiver additionally used in the Kfemelna catchment.

A total of 89 beaver dams and their inundated areas were surveyed
in the Kfemelnd catchment. For the great majority of dams, three points on
the dam were surveyed (left abutment, right abutment, and centre of the crest),
together with the channel bed downstream of the dam, the pond depth
upstream of the dam, and the upstream boundary of inundation. Several dams
with complex pond shapes or dam alignments were surveyed in greater detail.
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Fig. 6. Surveying of beaver ponds and dams — left: GPS-based surveying and water-
depth measurement; centre: detailed survey of a beaver pond; right: simplified survey
of beaver dams and inundation boundaries (photo: J. Uhlikové; basemap: Orthophoto
of the Czech Republic, Czech Office for Surveying, Mapping and Cadastre; CUZK)

For five selected dams, the ponds, including water depths, were also surveyed
in detail to validate the GIS method used to determine retained volumes (Fig. 6).
A total of 1,445 points were surveyed in the Kfemelnd catchment.

At the ten selected wetlands in the Zelezna Ruda area, on the Voldussky
stream, and on the Uslava river, a total of 61 beaver dams and their inundated
areas were surveyed. Dam polylines, inundation boundaries, and water depths
in the ponds were measured. Owing to the morphological conditions, these
were generally larger ponds than those in the Kfemelna catchment. A total
of 3,716 points were surveyed at these sites.

GIS tools

Based on the field GPS measurements described in the previous section,
GIS analyses were applied at the two experimental study areas to determine
the volume of water retained by beaver dams. The approaches used share
the principle of combining precise geodetic data with a digital terrain model
(DTM), while their specific implementation was adapted to the characteristics
of the individual sites and the data available.

For the 89 dams surveyed in the Kfemelnd catchment in spring 2023,
a GlIS-based volume-determination method was used that combined beaver
dam lines surveyed by high-precision GPS with a detailed digital terrain model
representing conditions before the ponds formed. Dam lines were derived from
the geodetic survey, and a high-accuracy, fine-resolution DTM capturing pond-
bed morphology was used (a 50 x 50 cm LiDAR DTM from 2017, produced for
Sumava National Park by German partners as part of a joint cross-border project).

In the GIS environment, the dam lines were converted to raster format and
used to determine the water level in each inundated area as the highest ter-
rain elevation along the beaver dam line (usually at the left or right dam abut-
ment). The contributing catchments were then delineated so that individual
ponds could be assessed separately even where they immediately adjoined
one another in cascades. The extent of each inundated area was subsequently
defined as the intersection between the contributing catchment and areas
with terrain elevations below the specified water level.

Volume was calculated by comparing the water-surface elevation with
the digital terrain model within the delineated inundated area, from which



the spatial distribution of water depths was derived. Total water volume was
then calculated as the sum of the partial volumes corresponding to individual
raster cells. The procedure was implemented as a Python script in ArcGIS Pro,
enabling efficient processing of a large number of dams and generation
of accompanying raster outputs.

The method was validated using detailed geodetic surveys of five dams. For
these dams, water depths within the inundated area and the perimeter and crest
of the dam were surveyed in detail. Volume was calculated using the Thiessen pol-
ygon method and compared with the value obtained from GIS analysis of the dam
lines and terrain model. The comparison confirmed that the method was suitable
for determining the volume of surface water retained by beaver dams.

The method was modified slightly to determine the volume retained by
the 61 dams within beaver wetlands in the Zelezna Ruda area, on the Uslava
river, and on the Voldussky stream, for two reasons. First, at some of these
sites the dams had created extensive wetlands with several water-surface lev-
els across the wetland floodplain, which the original method could not repre-
sent. Second, the inundation boundaries and water depths had been surveyed
in greater detail, and the aim was to incorporate these values into a more accu-
rate calculation. To make optimal use of the survey outputs and account for var-
iable water levels, a modified method was applied combining point measure-
ments of water depth with the 1x 1 m DMR 5G digital terrain model.

Water-surface elevation at individual points was derived from the meas-
ured depths and corresponding elevations in the digital terrain model and
was then interpolated into a continuous water-surface raster. Comparing this
surface with the terrain model yielded the spatial distribution of water depths
and subsequently the water volume and inundated area of individual ponds.
The method thus maintains high accuracy where direct measurements are
available while minimising uncertainties in sparsely surveyed areas where ter-
rain is difficult to access or water is too deep for the survey team to work safely.

Modelling potential beaver dam occurrence
Based on models developed abroad, a beaver dam capacity model adapted
to Czech data sources was created in ArcGIS Pro. The model classifies individ-

ual watercourse reaches according to the potential number of beaver dams

Tab. 1. Input parameters for the beaver dam capacity model
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that could develop following colonisation. Each reach is assigned a category
together with an estimate of the minimum and maximum expected number
of dames.

The beaver dam capacity model used for the Chlistovicky Stream catch-
ment is based on a British model derived from the American BRAT (Beaver
Restoration Assessment Tool) model. The American model was developed
by a research team led by William W. Macfarlane [26], subsequently validated
repeatedly at several sites in North America [14, 31], and used in numerous stud-
ies [27, 32, 33]. For European conditions, the model was adapted by a team led
by Hugh A. Graham of the University of Exeter [24], and the model applied to
the Chlistovicky Stream catchment is based on this adaptation.

Graham et al. [24] present the BFI (Beaver Foraging Index) and BDC (Beaver
Dam Capacity) models, which were developed, validated, and applied
in the British catchments of the Tay, Otter, and Coombeshead. The BFI model
classifies the availability of vegetation for food and dam construction in two
key zones: immediately adjacent to the bank (10 m) and within a wider ripar-
ian zone (40 m). BFI outputs are subsequently used as one of the inputs to
the BDC model, which also analyses longitudinal channel slope and stream
power at both low (Q80% - 80% quantile) and high (Q2% - 2% quantile) flows,
thereby assessing the ability of beavers to build dams and the dams’ potential
resistance to floods. The model integrates these variables using a fuzzy infer-
ence system (FIS). The principal BDC output is a classification of reaches into
theoretical maximum-capacity categories expressed as ranges in the number
of dams per kilometre of watercourse.

Graham et al. [24] validated the model by comparing its predictions with
field-survey data covering 258 km of watercourses and 89 identified beaver
dams.

The model used for the Chlistovicky Stream catchment retains the same
parameters and fuzzy-logic principles as the British model but differs in its
input data, some of which in the original version were specific to Great Britain.
A further modification was the introduction of two threshold values: maxi-
mum watercourse width and minimum Q80% flow. According to Hartman et
al. [34], beavers build dams almost exclusively on watercourses less than 6 m
wide. Although watercourses of this width do not occur in the Chlistovicky
Stream catchment, the threshold serves to exclude small ponds and reservoirs.
The second threshold was minimum flow, reflecting the fact that beavers build

Parameter Input data Derivation / Notes
Watercourse Detailed Watercourses were taken from the DIBAVOD database. Reaches longer than 100 m were repeatedly divided in half until all
network watercourses individual reaches were shorter than 100 m
- DIBAVOD ’
Watercourse slope  DMR 5G Derived using zonal statistics from the terrain model for each individual watercourse reach.
) Stream power for low flow Q80% and high flow Q2% was derived from terrain slope and estimated Q80% and Q2%
DMR 5G; daily . ) ; . ; - )
discharges. Discharge estimates were obtained by analysing CHMI daily discharge series. Q2% and Q80% values were
Stream power data from CHMI - ) ) ) 5 ; ) ) )
02% and 080% limnigraphic determined for seven regional stations with catchment areas of up to 100 km?, and regional regression equations relating
stations both Q2% and Q80% to catchment area were then derived. The contributing catchment area was determined for each
watercourse reach and the regression equations were applied to estimate Q2% and Q80% discharges.
Based on TCD, mean tree-cover density was determined for the immediate vicinity of the watercourse (within 10 m - for dam
Vegetation Copernicus Tree construction) and the wider riparian zone (within 40 m — for food), and then classified into categories according to Graham

Cover Density

et al. [24]. Although TCD does not reflect tree-species composition, which can produce misleading results in coniferous

forests, the dataset is suitable for the Chlistovicky Stream catchment, which contains deciduous and mixed forests.

Watercourse width ~ ZABAGED

Small watercourses were assumed to be less than 6 m wide. For wider watercourses and reaches intersecting small ponds

and reservoirs, width was determined by GIS analysis of the polygon layer of water areas.

Daily data from
CHMI limnigraphic
stations

Minimum flow (see above).

The Q80% threshold, set at 10 L - s, was compared with the Q80% values determined when calculating stream power
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dams only on perennial watercourses, whereas intermittent watercourses are
unsuitable. Watercourse reaches that failed to meet either threshold were auto-
matically classified by the model as'none) i.e. with zero capacity for beaver dam
construction. The individual parameters and input data used are summarised
inTab. 1.

Application of the beaver dam capacity model divided individual water-
course reaches in the Chlistovicky Stream catchment into four categories
according to the potential density of beaver dams following colonisation
of the catchment. Each category represents a range between the minimum
and maximum number of beaver dams per kilometre that can be expected
following beaver colonisation of a watercourse. The resulting categories and
ranges of expected beaver dam density were adopted from Graham et al. [24]
and MacFarlane et al. [26]:

— Frequent — capacity of 5-15 beaver dams per kilometre of watercourse;
— Occasional — capacity of 1-4 beaver dams per kilometre of watercourse;
— Rare — capacity of 0-1 beaver dam per kilometre of watercourse;

— None - capacity of 0 beaver dams per kilometre of watercourse.

RESULTS

Actual volume retained by beaver dams
at the experimental sites

The 150 beaver dams at the experimental sites retain a total of 31,321 m® of water.
Measurements of the volumes of surface water retained by the dams show
a strongly right-skewed distribution with high variability. Mean volume is
208.8 m’, median volume 41.0 m?, and the standard deviation 681.5 m?, demon-
strating considerable variation in beaver pond size. Recorded volumes range
from 0.02 to 6,583 m>. High skewness (6.83) and kurtosis (53.78) confirm the pro-
nounced asymmetry of the distribution and the presence of extreme values,
while a normality test showed a statistically significant departure from a normal
distribution (p < 0.001).

The largest pond forms part of the beaver wetland on the Uslava river and
retains 6,583 m* of water. The entire wetland, formed by four dams, stores a total
of 9,991 m? of water. The distribution of water depths within this wetland is
shown in fig. 7.

Orthophoto

Fig. 7. Water depths in a beaver wetland on the Uslava river formed by four dams
and their associated ponds (basemap: Orthophoto of the Czech Republic, Czech Office
for Surveying, Mapping and Cadastre; CUZK)
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The data show that most beaver dams retain relatively small volumes
of water, while only a small number of sites accumulate substantially larger vol-
umes and have a major influence on the overall distribution of the data.

Figs. 8 and 9 show that the five largest ponds, representing 3 % of the total
number, stored 54 % of the total water volume. Conversely, the smallest 80 %
of ponds, each with a capacity of up to 200 m?, retained only 15 % of the total
volume.
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This pattern is accentuated by the inclusion of several extensive beaver wet-
lands, particularly the wetland on the Uslava river. It nevertheless remains pro-
nounced when the dataset is restricted to the Kfemelnd catchment, a geo-
graphically and hydrologically coherent area in which retained volumes were
determined for all known beaver dams. Here too, the dataset of 89 dams shows
a strongly right-skewed, non-normal distribution. Mean volume is 139.2 m?,
median volume 33.9 m® and the standard deviation 404.9 m? Skewness
(6.14) and kurtosis (41.27) again confirm the strong asymmetry of the data and
the influence of several extreme values.

In the Kfemelna catchment, the largest pond accounts for 26 % of the total
retained volume, specifically 3,274 m* out of 12,389 m? The largest 10 % of dams
retain approximately two thirds of the total water volume. On average, beaver



dams in the Kfemelna catchment retain 73.3 m? of water per square kilometre
of catchment area.

The results show that the great majority of dams at the experimental sites
retain only small volumes of water: 73 % of dams had pond volumes of 0-100 m”.
These volumes are not substantial in terms of the overall total. Instead, a small
proportion of extensive ponds that store thousands of cubic metres of water
plays the decisive role. Although small ponds make only a limited contribution
to total retained volume, they may be highly important for biodiversity and
the other related aspects discussed above.

Inundated area of beaver ponds at the experimental sites

The 150 beaver dams at the experimental sites create a total inundated area
of 98,586 m’. As with retained water volumes, the inundated areas of the bea-
ver ponds show a strongly right-skewed distribution, dominated by smaller
ponds with a small number of extremely extensive ponds. Mean inundated
area is 6572 m?, whereas the median is only 168.9 m? with recorded values
ranging from 0.5 to 27,941 m”. High skewness (8.84) and kurtosis (85.73) con-
firm the strong influence of extreme values on the distribution; compared with
retained water volumes, the higher values of these statistics indicate an even
greater dominance by a few very extensive beaver ponds. The distribution
of inundated beaver pond areas is clearly shown in Fig. 10.

The largest inundated area was recorded for the same pond on the Uslava
river that also had the greatest retained water volume, reaching 27,941 m’.
The entire beaver wetland, formed by four beaver dams, has a total inundated
area of 41,740 m?, representing more than 40 % of the total inundated area
in the dataset (the Uslava river wetland shown in Fig. 7).

The results show that, as with retained water volumes, the total inundated
areais strongly influenced by a few of the largest ponds. The four largest ponds,
each with an inundated area exceeding 4,000 m* and representing only 2.7 %
of the sites studied, account for 53 % of the total inundated area.

This pattern remains evident when the dataset is restricted to the Kfemelna
catchment. As in the full dataset, the 89 beaver ponds show a strongly
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Fig.10. Inundated areas of beaver ponds at the experimental sites

right-skewed, non-normal distribution. However, skewness (5.69) and kurto-
sis (39.40) are lower than in the full dataset, reflecting the absence of several
extremely extensive sites, particularly the beaver wetland on the Uslava river.
Mean inundated area is 379.6 m?, the median 137.8 m? and the total inundated
area of all surveyed ponds in the Kfemelna catchment is 33,785 m’.

The largest pond in the Kfemelnd catchment has an inundated area
of 6,639 m? and accounts for approximately 20 % of the total inundated area
of beaver ponds in the catchment. The nine largest ponds, representing 10 %
of sites in the Kfemelnd catchment, account for 54 % of the total inundated area.
In the full dataset, a similar proportion is accounted for by only the four largest
ponds. The mean inundated area of beaver ponds in the Kfemelnda catchment
is approximately 200 m? per square kilometre of catchment area.
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Modelling potential beaver dam capacity on watercourses
in the Chlistovicky Stream catchment

All watercourse reaches in the Chlistovicky Stream catchment were classified
into four categories according to the potential number of beaver dams per kilo-
metre of watercourse. The resulting classification of individual reaches is shown
in fig. 12.

¥
" Beaver dam
capacity
categories
Frequent
Occasional
— Rare
= None
Chlistovicky
[ Stream
catchment

ZTM10

Fig. 12. Classification of watercourses according to beaver dam capacity
in the Chlistovicky Stream catchment (basemap: Basic Topographic Map of the Czech
Republic, Czech Office for Surveying, Mapping and Cadastre; CUZK)

After all watercourses in the catchment (the Chlistovicky stream and all its
tributaries) had been divided into reaches with a maximum length of 100 m,
274 watercourse reaches with a total length of 23.1km were identified. The catch-
ment contained:

— 28 watercourse reaches classified as frequent, with a total length of 2,200 m
and a capacity of 11-33 beaver dams;

— 27 watercourse reaches classified as occasional, with a total length of 2225 m
and a capacity of 2-9 beaver dams;

— 17 watercourse reaches classified as rare, with a total length of 1,540 m
and a capacity of 0-2 beaver dams;

— The remaining 202 watercourse reaches, with a total length of 17.1 km,
were classified as none. These reaches are unsuitable for beaver dams.

Overall, the model identified almost 6 km of watercourses in the catchment
as suitable for beaver colonisation and dam construction. Under full colonisa-
tion of the catchment, beavers could build 13-43 dams.

Our evaluation of the surface water volumes retained by 150 beaver dams
at the experimental sites in the Kfemelnd catchment and wetlands in the Plzen
Region can be used to estimate how much water potential beaver dams
in the Chlistovicky Stream catchment might retain and the extent of inun-
dation they might create. It should be emphasised, however, that these esti-
mates are based on the characteristics of beaver ponds in areas different from
the catchment for which the estimates are being made.

Using the median retained volume, rounded to 40 m?, 13 beaver dams would
retain approximately 520 m® of water, while 43 dams would retain 1,720 m?.
Using the mean retained volume, rounded to 200 m? and assuming that several
larger beaver ponds develop in the catchment, 13 dams would retain 2,600 m?
of water and 43 dams as much as 8,600 m>.

Similarly, using the median value from the Kfemelnd catchment and
the ten wetlands in the Plzer Region, it can be estimated that 13-43 beaver
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ponds in the Chlistovicky Stream catchment would create a total inundated
area of approximately 2,200-7200 m” Assuming the development of sev-
eral larger ponds and using the mean inundated area, the total could reach
8,500-28,000 m”,

The broad ranges between the limiting values of expected volumes result
from the nature of the beaver dam capacity model used, but also reflect the var-
jability and irregularity characteristic of beaver ponds. The estimates could
probably be refined by geomorphological analysis of the area, but the out-
come of beaver activity at any particular site is always unique and cannot be
predicted precisely. Beaver colonisation of the Chlistovicky Stream catchment
can therefore be expected to result in several tens of beaver dams, creating
surface water storage of several thousand cubic metres and inundating sev-
eral thousand to several tens of thousands of square metres. Given the catch-
ment area of 13.8 km?, this would correspond to several hundred cubic metres
and several hundred to a few thousand square metres per square kilometre
of catchment area.

DISCUSSION

We investigated the volume of surface water retained by beaver dams
in the Czech landscape. The 150 dams studied in the Plzert Region
retained 31321 m’ of surface water, with a mean pond volume of 208.8 m’
and a median of 41.0 m® Compared with published studies from North
American sites, the beaver ponds in this study had substantially lower vol-
umes: only 3 % of the dams studied retained more than 1,000 m?® of water and
most ponds had volumes of up to 200 m? whereas pond volumes in North
American studies are generally in the order of several thousand cubic metres.
Much higher values were reported, for example, by Burns and McDonnell [35],
who quantified the volume of one beaver pond at 7,500 m? and Westbrook
et al. [20], who determined a total volume of 18,992 m? for four ponds at Sibbald
fen. In a survey of 44 dams in Alaska, Beedle [18] found a mean pond volume
of 1,020 m?, with values ranging from 10 to 11,400 m>. Although mean volumes
were higher than in our dataset, the distribution was consistent with our
results: retained volumes were strongly right-skewed, with several extremely
large ponds. European studies, by contrast, provide values more comparable
with our results. Puttock et al. [36] determined a total volume of approximately
1,000 m? for 13 dams in south-east England, while Grygoruk et al. [21] estimated
a retention volume of 15,000 m? for 22 dams in Poland’s Krzemianka catchment;
after beaver activity declined and the number of dams fell to 19, pond volume
decreased to 7,000 m?. This also illustrates that retained volumes change over
time as beaver wetlands develop, with the duration of colonisation and with
increases or decreases in beaver activity at a site.

The inundated areas of beaver ponds showed a pattern similar to that
of retained water volumes. A total area of 98,586 m? with a mean of 657 m’
and a median of 169 m? shows that most beaver ponds create only relatively
small inundated areas, while a few extensive ponds have a major influence on
the overall total. This effect was even more pronounced for inundated area
than for retained water volume: the four largest ponds, representing 2.7 % of all
sites, accounted for more than half of the total inundated area.

Modelling in the Chlistovicky Stream catchment showed that beavers could
potentially build 13-43 dams. Based on the volumes determined in this study
in the Kfemelnd catchment and at the ten other beaver wetlands in the Plzen
Region, these dams could be expected to store approximately 520-1720 m?
of water using the median pond volume, or as much as 2,600-8,600 m* using
mean values that allow for the development of several larger ponds. These
values represent only surface water storage, whereas a substantial propor-
tion of retention also occurs within the soil. Dittbrenner et al. [37] and Hafen
et al. [38] estimate that an additional 2-2.4 times the volume of surface water



retained by beaver dams is stored below ground. In the Chlistovicky Stream
catchment, groundwater storage could therefore increase by up to approxi-
mately 20,000 m>.

Inaddition to the volume of water retained, beaver dams would also enhance
the ecological value of the area by increasing the extent of open water [22, 23].
Using the values determined in this study, the total inundated area of beaver
ponds in the Chlistovicky Stream catchment can be estimated at approximately
2,200-7,200 m? using median values and up to 8,500-28,000 m? using mean val-
ues and assuming the development of several larger ponds.

Beaver dams also have a significant effect on sediment transport. Dams
slow water flow and create conditions for sediment deposition, with pub-
lished sedimentation rates varying greatly according to site characteristics
— from 0.4 cm - year" according to Polvi et al. [12] in the Rocky Mountains to
28 cm - year' in Montana [39]. Assuming a total pond area of 2,200-28,000 m?
in the Chlistovicky Stream catchment, this could very approximately result
in the deposition of tens to, under an extreme scenario, a few thousand cubic
metres of sediment per year. The magnitude of this process, however, depends
strongly on catchment characteristics, sediment production, and hydrological
conditions.

Although this study focused on quantifying the volume of surface water
retained by beaver dams, their retention effect represents only one aspect
of their influence. As published studies have shown, beaver activity has a sub-
stantial effect on a range of hydrological and ecological processes, includ-
ing the renaturation of watercourses and floodplains, reduction of the effects
of historical drainage systems, increased habitat diversity and amounts of wood
in watercourses, and enhanced biodiversity [6, 13-15, 17].

CONCLUSION

Our study quantified the volume of surface water retained by 150 beaver dams
at experimental sites in the Czech landscape and assessed the potential occur-
rence of beaver dams in the Chlistovicky Stream catchment as a model catch-
ment in a conventionally managed agricultural landscape in Central Bohemia.

The total volume of surface water retained by beaver dams at the exper-
imental sites exceeded 31,000 m’. The distribution of volumes was highly
uneven: the median was 41.0 m?, whereas the mean reached 208.8 m’. More
than half of the total water volume (54 %) was retained by only the five largest
ponds, while the smallest 80 % of ponds together stored just 15 % of the total
volume. In the Kfemelné catchment, beaver dams retained 733 m® of surface
water per square kilometre.

Comparison with studies from other countries showed that beaver pond vol-
umes under Czech conditions are generally lower than at North American sites,
although their distribution is similar. This comparison suggests that the reten-
tion capacity of beaver dams depends not only on local geomorphological and
hydrological conditions but also on other factors, such as the duration of beaver
colonisation and the amount of space people allow beavers in the landscape.

Like retained water volumes, the inundated areas of beaver ponds were also
highly unevenly distributed. The total inundated area exceeded 98,000 m?, but
53 % of this was accounted for by only the four largest ponds. Median inun-
dated area was just 168.9 m’ compared with a mean of 657.2 m? indicating, as
with retained water volumes, the high heterogeneity of beaver ponds, driven
primarily by differences in local site conditions.

Modelling potential colonisation of the Chlistovicky Stream catchment
showed that its 13.8 km? area contains approximately 6 km of watercourses suit-
able for beaver dam construction. Under full colonisation, 13-43 beaver dams
could develop. Based on the volumes determined at the experimental sites,
surface water storage of hundreds to several thousand cubic metres can be
expected. Available evidence also suggests that the overall retention effect
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may be greater because of groundwater storage, which represents an impor-
tant component of water retention in beaver wetlands. Based on the inundated
areas of beaver ponds, it can additionally be estimated that the dams would
inundate several thousand to several tens of thousands of square metres,
thereby enhancing the ecological value of the area. Beaver dams are also asso-
ciated with other benefits, particularly sediment deposition, support for wet-
land habitats, stabilisation of runoff patterns, and increased ecological stability
of the landscape.

The results confirm the important role of the Eurasian beaver as an eco-
system engineer capable of substantially altering the hydrological regime
of the landscape at the local scale. Although most individual dams retain rela-
tively small volumes of water, systems of multiple dams and the development
of larger wetlands can represent an important component of nature-based
water retention in the landscape. As with other nature-based measures for
addressing the impacts of climate change, they may be less effective than tar-
geted engineering measures in some individual functions — a few small reser-
Vvoirs can store a greater volume of water than a much larger number of bea-
ver dams. At the same time, however, the scientific literature clearly shows that
dam building by beavers produces a wide range of additional positive effects
that contribute to the hydrological and ecological stability of the landscape,
of which beavers are a natural and historically integral part. It is therefore impor-
tant that they are given adequate space in the landscape.
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