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Beavers (Castor fiber) increase habitat availability, heterogeneity and
connectivity for common frogs (Rana temporaria)

Lutz Dalbeck!*, Joyce Janssen'-?, Sophie Luise Volsgen®

Abstract. Beavers (Castor fiber), as typical ecosystem engineers, alter living conditions especially for amphibians through
the building of dams and felling of trees, thereby changing the hydroperiod and substantially affecting forest succession
stages. In this study we quantify the effects of beavers on the availability of amphibian breeding waters in the Hiirtgenwald, a
woodland area in the Central European Rhenish Massif, its colonisation by common frogs (Rana temporaria) and the effects
of age and succession stage of beaver ponds on ovipositional site selection. In 2013, beaver ponds comprised about half (49%)
of all lentic water bodies but contained 82.5% of all common frog egg masses. Mature beaver ponds (>6 years old) harboured
approximately half of the egg masses (n = 775), but new beaver ponds (1-3 years old) can also be home to large breeding
aggregations. Abandoned beaver ponds are of minor importance as ovipositional sites for common frogs. High egg mass
counts were also found in artificially-dammed ponds (n = 216). We believe that common frogs prefer occupied beaver ponds
as ovipositional sites because of high insolation and a permanent hydroperiod, which lead to rapid tadpole emergence. Beaver
ponds are generally located in close proximity to each other, facilitating movement and rapid colonisation by common frogs.
Our research provides additional evidence to show that beavers enhance habitat availability, heterogeneity and connectivity,
thereby fostering amphibian populations at a landscape level. As natural elements of small streams, beaver ponds must be
taken into account in the context of the EU Water Framework Directive.
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Introduction Castor fiber was originally common through-
out Europe, but was almost entirely eradicated

Ecosystem engineers are organisms that alter,
4 & & at the end of the 19th century. As a result

maintain or create their habitat while regulating
the availability of biotic and abiotic resources
for themselves and other species (Jones, Law-
ton and Shachak, 1994; Rosell et al., 2005). By
creating dams and ponds, beavers (Castor fiber
and C. canadensis) change not only the geomor-
phology, but also hydrology of water bodies,
and create entire new landscapes. In addition,
beavers have substantial direct effects on forest
succession stages in the floodplains of streams
by the felling of trees (Naimann, Melillo and

Hobbie. 1986: John and Klein. 2003: Rosell et S6aPe impact of beavers, as their occurrence de-
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of comprehensive conservation measures the
beaver has been reintroduced in almost all Eu-
ropean countries, and the population is increas-
ing substantially (Zahner, Schmidtbauer and
Schwab, 2005). Whereas beavers occur in larger
rivers of lowland areas, they also massively in-
vade the headwaters and small streams of up-
land areas, subsisting only by creating ponds
(Naimann, Melillo and Hobbie, 1986).
Amphibians are good indicators of the land-

© Koninklijke Brill NV, Leiden, 2014. DOI:10.1163/15685381-00002956


http://www.brill.com/amphibia-reptilia
mailto:L_Dalbeck@yahoo.com
http://dx.doi.org/10.1163/15685381-00002956

322

(Stevens, Paszkowski and Foote, 2007). In New
York and Maine various ranid frog species pre-
fer beaver ponds to unimpounded streams or
vernal pools (Cunningham, Calhoun and Glanz,
2007; Karraker and Gibbs, 2009; Popescu and
Gibbs, 2009). An overall positive effect on
abundance and diversity of amphibians cannot
however be assumed, in particular in respect
to the response of urodelans in North America
to beaver impoundments (Russell et al., 1999;
Metts, Lanham and Russell, 2001).

Studies from temperate Europe show a gen-
eral increase of amphibian species richness —
including urodelans — in beaver ponds com-
pared to unimpounded streams (BalCiauskas,
BalCiauskiené and Trakimas, 2001; Dalbeck,
Liischer and Ohlhoff, 2007; Dalbeck and Wein-
berg, 2009) and an increase of abundance of
common frog (Rana temporaria) in particular
(Elmeros, Madsen and Berthelsen, 2003; Dal-
beck, Liischer and Ohlhoff, 2007; Bashinskyi,
2012).

The aim of this study is to evaluate the impact
of beaver activity on habitat availability and
abundance of the common frog at a landscape
level. The specific study objectives are:

(1) To quantify the extent of beaver im-
poundments in a Central European up-
land woodland.

(i1) To evaluate the use of beaver ponds as
ovipositional sites by the common frog
relative to other lentic water bodies.

(iii) To examine the possible effect of age
and succession stage of beaver ponds
on ovipositional site selection by the
common frog.

Our study was conducted in 2013, but we
have included our findings on egg mass abun-
dance in the context of several other studies con-
ducted between 2007 and 2012, using the same
techniques and focused on the same area (Dal-
beck, Liischer and Ohlhoff, 2007). Based on
our findings, we discuss implications for habitat
and species protection and provide recommen-
dations on beaver management and protection
in the context of the European Natura 2000 pro-
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tected areas network and implementation of the
EU Water Framework Directive.

Materials and methods
Study area

The Hiirtgenwald (coordinates: 50°43’N, 6°20'E) is charac-
teristic of the Central European Rhenish Massif and is lo-
cated at the northern edge of the Eifel region. The study
area in the Hiirtgenwald comprises some 24.28 km? of a
large, contiguous forest. The Rhenish Massif covers a large
area stretching from France, through Belgium (Ardennes)
and Luxembourg, the southern part of The Netherlands and
well into Germany. This upland is covered with a finely
branched, dense network of streams, which are formed by
relatively high rainfall and steep terrain. Characteristic for
large parts of the Rhenish Massif is a peneplain with many
steep and narrow valleys. In the Hiirtgenwald, these valleys
are narrow (some 10 to 120 m wide) with steep wooded
slopes. The study area is drained by four stream systems
that flow into a drinking water reservoir. The water bodies
include numerous small springs and 1st to 3rd order streams,
but relatively few permanent and predominantly man-made
lentic water bodies (table 1). The climate in the Hiirtgen-
wald is sub-Atlantic with mild winters and cool summers;
average temperatures range between 7.5 and 8°C and annual
precipitation between 850 and 1000 I/m? (MURL, 1989);
elevations range from 240 to 450 m a.s.l.

Beavers (Castor fiber) were re-introduced in the 1980s
(Naumann, 1991) and subsequently spread out in the area
and well beyond. Because of the shallowness of streams,
beavers can only subside in the study area by building
dams and creating ponds. The width of such beaver ponds
is determined by the width of the riparian floodplains and
ranges from ~5 m in the small Ist order streams to ~45 m
in the main valleys.

Table 1. Physical and biotic data on the presence of beaver
ponds and water bodies not created by beavers in the
24.3 km? study area in 2013 (Rt = Rana temporaria).

Beaver Other

Lentic waters

All lentic waters 149 1579

Permanent waters (%) 149 (100%) 54 (34%)

Lentic waters/km? 6.1 6.5

Average size/pond m? 117.6 20.3
Biotic data

>Rt egg masses 1713 3642

n (%) waters with Rt 54 (36%) 25 (16%)

Egg masses/water body 11.5 2.3

Egg masses/inhabited water 31.7 14.6

Egg masses/km? 70.6 15.0

D121 (77.1%) of these water bodies were artificial.
2216 of these egg masses were found in 10 artificially-
dammed ponds.
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Recording the water bodies

Our survey recorded lentic water bodies only, including
dammed ponds and floodplain waters, since flowing water is
not used for oviposition by the common frog (Schliipmann,
Geiger and Weddeling, 2011). In 2013 all water bodies
potentially suitable for amphibians, including all beaver
ponds, were recorded by systematic inspections of the study
area. Between 2008 and 2012, a subset of beaver ponds was
recorded annually. The majority of water bodies not created
by beavers are man-made and were either constructed as
fish, fire or settling ponds or were shaped by heavy forestry
machinery. Currently, none of the fish and settling ponds
are used by humans. In addition, a number of WW II
bomb craters have been identified. Most of the natural water
bodies are situated in the floodplains of the four largest
streams in the area.

Beaver ponds are markedly different from the aforemen-
tioned water bodies and had not previously been considered
in the amphibian survey of North-Rhine Westphalia (NRW).
The Hiirtgenwald beaver ponds were divided into the fol-
lowing categories, based on their age and succession stage:

I: New pond: One to three years old, numerous trees still
standing, high amounts of fresh dead wood and leaf mould,
as yet no aquatic vegetation. As tree felling has just begun,
new ponds are moderately sunlit, or in some cases shady in
the first year.

II: Young pond: Three to six years old, initial succession
of aquatic vegetation and surrounding clear-cut areas, for
the greater part without vegetation and successive silting-up
of the pond, usually starting at the mouth of the brook; due
to the felling of trees more or less sunlit or partially shaded
(~50%).

III: Mature pond: More than six years old, banks and sur-
roundings of the pond mainly cleared of trees and therefore
sunlit (or lightly shaded), mostly silted-up with mud, char-
acteristic submersed vegetation, large amounts of rotted and
fresh dead wood. Banks are well-structured with numerous
collapsed lodges and bays, channels and beaver meadows.

IV: Newly abandoned pond: Less than two years aban-
doned, water levels markedly reduced as result of (possibly
temporary) abandonment but retaining pond character as the
dam is still functional. Shallow, mudflats, quite sunny.

V: Abandoned pond: More than two years abandoned,
long and narrow due to further decreased water levels, with
reduced current flow compared to the undammed stream,
with lentic conditions still persisting in some areas.

VI: Dam remnants in complete lotic condition only.
In comparison to undammed streams reduced current, rel-
atively fine substrate, more sunlight due to beaver tree-
felling.

We recorded the size of the water bodies with the assis-
tance of orthophotos and property maps (1:5000) marked
with prominent landmarks, performed on location. Where
necessary we also used a tape measure. We used the
ELWAS-database to quantify the total length of flowing wa-
ter bodies in the study area (MKULNY, 2013).
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Survey of the common frog

In 2008 we initiated an amphibian monitoring programme
of a subset of the beaver ponds with standardised meth-
ods (day and night surveys, counting of egg masses, fun-
nel traps for urodelans and anuran larvae) between March
and August each year. As the common frog is the only
available amphibian species suitable for comparatively ac-
curately recording, we focused on this European widespread
species in this study. The common frog is a typical wood-
land species in large areas of Europe using a wide range
of water bodies for reproduction (Schliipmann and Giinther,
1996) and is the most common amphibian species in NRW
(Schlipmann, Geiger and Weddeling, 2011). In addition to
inhabiting different forms of woodland, the common frog
also uses wet grassland as upland habitat. As a result, in
the Rhenish Massif, its distribution is not limited by upland
habitat. The females in the region usually breed at three
years of age (Schmidt et al., 2006). The common frog is
regarded as a philopatric species, with the adults regularly
returning to their natal pond to breed. Nonetheless the spon-
taneous settlement of new water bodies is not uncommon in
the first breeding season (Schliipmann and Giinther, 1996).
The adult breeding dispersal (adults changing their breed-
ing pond between different seasons) is around 10% and the
natal dispersal of the juveniles (frogs that breed in a pond
other than their natal pond) 17% (Weddeling et al., 2006).
Distinct shifts of breeding sites do occur and are related to
significant changes in the availability of water bodies and
to the colonisation by predators (e.g. fish; Gollmann et al.,
2002). Common frogs are early breeders that occupy water
bodies for only a few days between February and April, de-
pending on weather conditions (Schliipmann and Giinther,
1996).

In 2013 all water bodies of the study area were surveyed
for the presence of the common frog. We applied the stan-
dard method employed by the NRW Amphibian Monitor-
ing programme for this species, by counting egg masses
(see Schliipmann, Geiger and Weddeling, 2011). The com-
mon frog prefers to breed communally in shallow water
(Dalbeck, Liischer and Ohlhoff, 2007; Schliipmann, Geiger
and Weddeling, 2011), often leading to large and easily de-
tectable aggregations of egg masses at the shallow mar-
gins of water bodies. Visually counting of egg masses re-
sults in a realistic estimate of masses, but may underesti-
mate abundance in larger water bodies, i.e. beaver ponds
and artificially-dammed ponds. As however all water bod-
ies were comparatively small, and the total water surface of
every water body was surveyed, the probability of a signifi-
cant underestimation is negligible.

As a rule, each egg mass represents a reproducing fe-
male (Schliipmann, Geiger and Weddeling, 2011). Because
of the long breaks in the breeding process due to cold spells
in 2011-2013, two, or in some cases three counts were nec-
essary (Schliipmann, Geiger and Weddeling, 2011). In case
of very large egg mass aggregations, where several square
metres of shallow water are covered by egg masses, prevent-
ing determination of individual egg masses, we measured
the area covered by the complete egg mass and multiplied
the m? covered by egg masses by 75. Representative counts
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have shown that some 75 egg masses/m?> can be calculated
(Schliipmann, Geiger and Weddeling, 2011).

In order to compare the number of egg masses between
the different pond types in the Hiirtgenwald, an Analysis of
Variance (One-Way ANOVA) with a Bonferroni post hoc
test was carried out with SPSS (17.0) on the 2013 data.

Results

The influence of beavers on the density of lentic
water bodies

In 2013 the Hiirtgenwald study area counted
a total of 306 lentic water bodies of which
about half (48.7%) were beaver ponds (table 1).
Twelve occupied colonies encompassed a to-
tal of 149 ponds including 112 intact ponds
(Type I-IV: mean 12.4 £+ 10.4 ponds/colony).
The size of individual ponds varied from only
a few m? to ~1200 m? (table 2A) and covered
a total surface area of 17662 m?, represent-
ing 727 m? of beaver pond per/km?. As a rule,
beaver ponds are permanent, and dry up only
in exceptional circumstances such as extreme,
dam-breaking floods (Dalbeck and Weinberg,
2009).

The distribution of pond types is related to
the age of the colony (table 3), although even
old colonies have new ponds (Type I). Beavers
build new ponds either upstream or downstream
of existing ponds, resulting in new ponds of-
ten situated directly adjacent to mature ponds
(Type III). The mean distance (£ SD) of ponds
from the nearest neighbouring colony is on av-
erage 420 m (£ 332 m), and 1460 m (£ 413 m)
to the nearest colony in another stream system.

The mean number of intact beaver ponds
(Type I-IV) per stream km was 3.9 (0-30.0)
ponds with an average of 1.9 (0.5-4.1) ponds/km
in the 19.3 km of 1st order streams, 10.1 (1.9-
15.9) ponds in the 7.4 km of 2nd order streams.
No ponds occurred in the 0.6 km of 3rd order
streams in the study area.

The size of water bodies not created by
beavers varies according to type. The majority
(66%) of the smaller water bodies dry up in the
course of the year (table 1). Due to a dry spring
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in 2013 a large number of the shallower wa-
ter bodies, together with their common frog egg
masses, dried up already in April.

Common frog abundance

A total of 2077 common frog egg masses were
counted in the study area in 2013, equal to 85.6
egg masses/km? of woodland area or 0.10 egg
masses/m? area of ponds. Of these, 82.5% were
found in beaver ponds (table 1). In 2013, mature
beaver ponds (Type III: mean 24.2 + 46.3;
table 2A) and artificial (fish, fire and settling)
ponds (mean 21.6 £ 35.7) had the highest mean
numbers of common frog egg masses.

Within the beaver ponds, the number of egg
masses was highest in mature ponds which was
significantly more [One-Way ANOVA, Bonfer-
roni: Fs 144y = 2.931, P = 0.032] compared
to abandoned ponds (mean 1.1 £ 3.2; fig. 1,
table 2A). New ponds had the second highest
number of egg masses (mean 14.1 + 21.0). In
the surveys carried out between 2008 and 2012
(table 2B), high numbers of egg masses (mean
123.6 egg masses from 28 < 1 year-old ponds)
were found in new ponds created in late sum-
mer/autumn of the previous year.

Since the start of annual surveys, a marked
decline in the common frog population has oc-
curred. 2013 was an extreme year for common
frogs in the Hiirtgenwald with exceptionally low
egg mass counts. In 2013 the mean number of
egg masses in beaver ponds was only 15% of
the mean value for the period 2008 to 2012.

Discussion

Influence of beavers on the density of lentic
water bodies

The density of beaver ponds in the study area
is comparable to the density of all other lentic
water bodies not created by beavers in the
Hiirtgenwald (table 1). The density of beaver
ponds/km? is also comparable to the density of
all lentic water bodies of other large forest ar-
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Table 2. Common frog egg mass counts of (A) all beaver ponds in the Hiirtgenwald in 2013 (£SD), and (B) subsets in

2008-2012 (£SD).

(A) Beaver pond type No. of ponds Average size in m? Mean no. of egg masses 3" no. of egg masses
I new 36 106 (£113) 14.1 (£21.0) 493

1T young 18 101 (£169) 12.1 (£35.7) 218

it mature 32 294 (+339) 24.2 (+46.3) 775

v newly abandoned 26 62 (+89) 7.5 (£16.7) 196

\% abandoned 25 34 (£96) 1.1 (£3.2) 28

VI nearly stream 12 11 (£8) 0.3 (£0.9) 3

> 149 118 (£207) 11.5 (£28.5) 1713

(B) 2008 2009 2010 2011 2012

Beaver Mean no. of No.of Meanno.of No.of Meanno.of No.of Meanno.of No.of Meanno.of No.of
f ond egg masses ponds eggmasses ponds egg masses ponds egg masses ponds egg masses ponds
ype

I 440.2 (£779.6) 5 106.2(£1954) 5 55.0 (£110.00 4 24.8 (£38.5) 12 259(x474) 23
I 0 1 160.0 (£226.3) 2  100.0 (£115.8) 4  20.5(£36.8) 11
11 160.0 (£281.4) 4 123.6 (£153.3) 2 68.1(£118.5) 14
v 150.0 1 275.0 1 130.0 (£14.1) 2 1453 (£239.5) 4
\% 0 1 1525(+46.0) 2 1.0 1 9.0 (£14.8) 5
VI 0 1 0 1 0 1 0 4
> 249.3 (£523.7) 12 1234 (£156.6) 9 67.6(£127.7) 8 77.2(£l111.7) 30 39.4(£90.7) 61

Table 3. Proportion of pond types among beaver ponds in differently aged colonies in the Hiirtgenwald in 2013 (% £SD).

The oldest colony is 28 years old.

Age of the colony 1-3 years 4-7 years >7 years 3

No. of colonies 3 4 5 12
Mean no. of ponds 8.0 (£6.2) 8.3 (£5.0) 18.6 (£13.4) 12.4 (£10.4)
% Type 1 67.4 (£49.9) 25.3 (£23.6) 13.4 (£11.5) 36 [24.2%]
% Type 11 10.0 (£17.3) 20.0 (+28.3) 4.5 (£6.8) 18 [12.1%]
% Type 111 0 6.3 (£12.5) 30.9 (£12.9) 32 [21.5%]
% Type IV 13.3 (£23.1) 5.6 (£11.1) 23.8 (£10.7) 26 [17.5%]
% Type V-VI 9.2 (£10.1) 42.9 (£37.0) 27.4 (£18.3) 37 [24.8%]

eas of the Rhenish Massif: 3.4 in the Siebenge-
birge (Hachtel and Dalbeck, 2006), 5.6 in the
Leuscheid (L. Dalbeck and M. Hachtel pers.
comm., 2003) and 6.4 in the Kottenforst (Dal-
beck et al., 1997). If the beaver population
is permitted to expand further, a doubling of
the number of lentic water bodies created by
beavers can be expected across large areas of
the Rhenish Massif. In the absence of the nu-
merous artificial water bodies (table 1), beaver
ponds would probably be the numerically dom-
inating lentic water body type and therefore the
main amphibian breeding site.

Compared with the boreal foothills of Al-
berta, Canada (Stevens, Paszkowski and Foote,
2007) the densities of beaver ponds/km?’ are
similar (Alberta 4.6; Eifel 4.1). The pond sizes
in Alberta are however ten times larger (Al-
berta 8481 m?/km?; Hiirtgenwald 727 m?/km?),
which can be explained by the typical topo-
graphic relief of the Rhenish Massif with its nar-
row and relatively steep valleys. In general, a
relatively large number of rather small beaver
ponds is typical of the Rhenish Massif. As in
Canada (Naimann, Melillo and Hobbie, 1986;
Stevens, Paszkowski and Foote, 2006) the num-



326

30

"

Mean number of egg masses

|
l%T

1
| Il 1 \Y, \% Vi
Pond type

Figure 1. Average number of R. temporaria egg masses in
beaver ponds in different succession stages in the Hiirtgen-
wald. Error bars display £2 SE. The number of egg masses
differed significantly [One-Way ANOVA: F5 144) = 2.931,
P = 0.015]. Mature and abandoned ponds differed signif-
icantly (Types III and V) [Bonferroni: P = 0.032]. I: new
ponds; II: young ponds; III: mature ponds; IV: newly aban-
doned ponds; V: abandoned ponds; VI: abandoned ponds
with stream characteristics.

ber of beaver ponds in Ist order streams is
markedly less than in 2nd order streams.

Effects of beavers on common frog abundance

Beaver ponds account for 49% of the lentic
water bodies in the Hiirtgenwald, yet contain
82.5% of common frog egg masses. As a re-
sult, common frog abundance (based on number
of egg masses/km?) in the beaver ponds alone
(70.6; table 1), was comparable to that of other
large forested areas of the Rhenish Massif: 78.9
in the Siebengebirge (Hachtel and Dalbeck,
2006), 117.9 in the Leuscheid (L. Dalbeck and
M. Hachtel pers. comm., 2003) and 52.3 in the
Kottenforst (Dalbeck et al., 1997). This demon-
strates the importance of beaver ponds as habi-
tat fosterers to common frog abundance. Only
artificially-dammed ponds, which are similar to
beaver ponds in size, structure and their amphib-
ian assemblages (Dalbeck and Weinberg, 2009),
contained comparable egg mass numbers (216
egg masses in 10 ponds). In addition to (ma-
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ture) beaver ponds, these permanent lentic wa-
ter bodies are specifically suitable for amphib-
ian colonisation (Malkmus, 1983; Schliipmann
and Giinther, 1996; Gollmann et al., 2002).

Canopy cover and hydroperiod, both funda-
mentally altered by beavers (Naimann, Melillo
and Hobbie, 1986; Naimann, Johnston and Kel-
ley, 1988), are two of the parameters that fun-
damentally affect the distribution and composi-
tion of amphibian communities in other beaver
impounded landscapes (Karraker and Gibbs,
2009). Beaver ponds provide favourable habitat
structure for the common frog and other anurans
(Skelly and Freidenburg, 2000). The rise in wa-
ter temperature in beaver ponds, due to a mas-
sive increase in insolation, increases the speed
of development of common frog eggs and tad-
poles (Malkmus, 1983; Schliipmann and Gtin-
ther, 1996; Gollmann et al., 2002). In addition,
in the Hiirtgenwald, especially in dry spring sea-
sons such as in 2013, a large number of com-
mon frog eggs and tadpoles in non-beaver water
bodies dried up due to the relatively long time
of development to metamorphosis of 7 to 12
weeks (Schliipmann and Giinther, 1996). This
did not occur in beaver ponds. The beaver’s
ability to preserve lentic water during droughts
(Hood and Bayley, 2008) has a positive effect on
the survival of common frog eggs and tadpoles.

In 2006 the 20 beaver ponds formed by two
beaver colonies in a valley 2325 m in length
contained some 2500 egg masses (Dalbeck,
Liischer and Ohlhoff, 2007). This was consid-
erably more than the numbers recorded in 2013
in all 149 beaver ponds combined (1713 egg
masses) and indeed more than in the whole of
the 24 km? study area (2077 egg masses) in this
year. Although a trend of declining egg mass
numbers in the Hiirtgenwald can be observed, a
general decline in the common frog population
in the study area cannot be confirmed due to the
short time scale (Meyer, Schmidt and Grossen-
bacher, 1998).

The occupation of beaver ponds by com-
mon frogs also benefits from the fact that the
beaver ponds in a colony are closely connected.
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Even new colonies usually consist of several
ponds and, in older colonies, ponds of differ-
ent ages are immediately adjacent to one an-
other (table 3). The average distance of 420 m
between beaver colonies can be covered by the
common frog relatively easily, since gene flow
still exists in populations separated more than
2000 m (up to 4000 m) from each other (Jo-
hansson, Primmer and Meril4d, 2007; Safner et
al., 2011), and the colonies are linked by stream
corridors allowing rapid occupation (Cunning-
ham, Calhoun and Glanz, 2007). The distance
between colonies in different valley systems in
the study area allows rapid colonisation or re-
colonisation by the common frog (min. 1100 m,
max. 1450 m).

Beaver pond dynamics and succession affect
ovipositional site selection

Mature ponds contained significantly more egg
masses than abandoned ponds. This may be ac-
counted to the fact that the majority of com-
mon frogs is philopatric, returning to their na-
tal ponds when two or three years old. The rea-
son for a population decline in abandoned ponds
can be explained by low water levels and the
variable hydroperiod. As a result, predation risk
for tadpoles increases, most particularly from
Brown Trout (Salmo trutta), as common frogs
are very vulnerable to fish predation (Breuer,
1992; Leu et al., 2010).

After mature ponds (Type III), new beaver
ponds (Type I) provided the largest counts of
egg masses. This argues in favour of a high
colonisation rate, which was also indicated be-
tween 2008 and 2012 by high egg mass counts
(123.6; +347.3) in <1 year-old ponds, which
had not existed at all during the previous breed-
ing period. The increasing habitat heterogeneity
for common frogs in beaver ponds in the Hiirt-
genwald, with about a quarter of the ponds < 3
years (Type I), another quarter in an advanced
stage of deterioration (Type V-VI) and about
half between these two extremes (table 3),
makes dispersal a necessity in an area charac-
terised by beaver ponds.
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Conclusions

Central European upland landscapes, due to
their topography, generally are dominated by
flowing water with only few lentic water bodies.
Taking the influence of beavers on water bodies
into account, it can be concluded that the density
of lentic water bodies, under natural conditions
and without man-made additions is reasonably
high (e.g. Hiirtgenwald: 6.1 beaver ponds/km?
or 727 m? pond surface/km?).

Beaver ponds, with their special characteris-
tics, restore a natural, very dynamic, structurally
rich and often fully sunlit type of water body to
the countryside, considerably different to typi-
cal woodland waters. The importance of beavers
as constructor of breeding habitats for the com-
mon frog in the Central European uplands can
scarcely be overestimated. Mature beaver ponds
in particular are favoured as ovipositional sites.
Beavers can increase common frog abundance
manifold, so that even in years of low breed-
ing rates, abundances in beaver ponds alone can
reach a level typical of common frog popu-
lations in woodlands without beavers. Beavers
thereby enhance landscape connectivity for am-
phibians and can contribute significantly to the
stabilisation of populations of common species
(Dalbeck and Weinberg, 2009) whose impor-
tance in functional ecosystem relationships de-
pend on their abundance (Denoél et al., 2013),
e.g. common frogs and common newt species
(e.g. palmate newt, Lissotriton helveticus and
alpine newt, Ichthyosaura alpestris). Even rare
and endangered species, such as the common
midwife toad (Alytes obstetricans), benefit from
pond construction and the removal of trees by
beavers (Dalbeck, Liischer and Ohlhoff, 2007).

Management implications

As beavers themselves care for and maintain the
landscapes they create, their effects on conser-
vation of biodiversity are not only sustainable
but also cost-effective. The beaver can thereby
play a major role as a management instrument
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for habitat and species protection (Naimann,
Melillo and Hobbie, 1986; Tornblom et al.,
2011). The precondition however is the accep-
tance by the general public of the beaver’s pres-
ence.

It is of importance to acknowledge the beaver
as an integral part of the European countryside,
and to this end we make the following recom-
mendations:

1. Integration of beaver activities and their
effects in the EU Water Framework Di-
rective (Tornblom et al., 2011). The ac-
knowledgement of beaver ponds as nat-
ural elements in small streams is essen-
tial, as they can promote improvement in
the ecological state of surface waters.

2. Development and implementation of
projects that employ beavers specifically
as an instrument for habitat and species
protection, by ensuring ample allocation
of the necessary space for beaver activ-
ity on small water bodies, with as little
disturbance as possible.

3. Taking account of the impact of the
beaver in all water body plans and
projects — including regions where the
beaver does not at present, but might in
the near future occur.

4. Public relations work, disseminating the
ecosystem services that the beaver can
offer, both in terms of biodiversity, and
also in flood water retention (Nyssen,
Pontzeele and Billi, 2011), to the general
public.
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