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Editorial

The International Year of Biodiversity, as
declared by the United Nations, is coming to
an end. Worldwide, there have been many bio-
diversity conferences, lectures, celebrations,
competitions, even ‘bioweeks’, all meant to
increase understanding about biodiversity
issues. Ever since scientists first drew atten-
tion to the pressure on the world’s biodiversity
caused by human activities, public awareness
of the significance of biodiversity has gradu-
ally increased, as has recognition of the need
to maintain it. This implies a corresponding
increase in public knowledge of the diversity
of the natural world. After all, why should
people be worried about the extinction of a
species if they have no idea that it even exists?
People only care about what they know.

Yet, despite media attention to biodiver-
sity, there is evidence that knowledge about
nature is deteriorating. A British survey
revealed that primary school children were
better at recognising Pokémon characters
than at identifying common native plants
and animals (Balmford et al. 2002): the chil-
dren were able to recognise 32% of (a selec-
tion of) common British wildlife at the age
of four, and 52% at the age of eight; the eight
year olds could, however, correctly identify
80% of a sample of Pokémon characters.
According to the Cambridge zoologists that
performed the study, this study contained
some good news: that children apparently
have an enormous capacity to learn differ-
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The bat, the weevil and
other ‘species’

ent characters, whether from natural or man-
made ‘species’.

Another conclusion to be drawn from this
study is that the creators of Pokémon are doing
a better job than conservationists and school
teachers, in stimulating children to learn
about their subjects. More recent studies from
Germany and the UK confirm these results
and show a decline of knowledge of and inter-
est in nature that parallels the increased abun-
dance and availability of electronic devices in
children’s everyday lives.

So how important is it for people to have at
least some idea about the diversity of life
forms around them? When IUCN scientists
tell us that at least 21% of the earth’s mam-
mals are endangered, how many people are
aware that the number of known mammal
species currently exceeds 5,400? And how
important is it if they don’t know this? Or for
instance, if they don’t know the difference
between a field vole and a root vole, or even
between a hare and a rabbit? Maybe it’s not
at all important, as long as people care about
their natural environment and are willing to
protect it. On the other hand, a certain aware-
ness of the diversity of species, and the eco-
systems which we are part of, may be a pre-
requisite for fully appreciating nature.

People can acquire knowledge about the diver-
sity of the natural world in many different
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ways, but whether people will retain that infor-
mation, depends greatly on their interest in
storing it. Yet, information provided by the
media can often be confusing. For example,
the twenty or so different bat species in the
Netherlands are frequently lumped together
as ‘the bat’. To (over)simplify things for read-
ers and listeners, the media frequently reports
that “the bat is protected” or that “the bat is an
endangered species”. It is not that we should
expect everyone to know all the different spe-
cies of bat, but a little more information on
the magnitude of such diverse taxa would cer-
tainly help keep things in perspective. And
in case of a species that is thought to cause
damage, it might also help to keep their many
harmless relatives from being persecuted.

As an example of the latter, last summer’s
media fuss about the introduced species of
weevils (Coleoptera: Curculionoidea) destroy-
ing gardens created much confusion among
both journalists and the public. Photographs
of non-beetle insect taxa (such as Heterop-
tera in my own - well-esteemed - newspaper)
appeared alongside articles about these specific
weevils. News messages persistently spoke
about ‘the weevil’. But of course there is no
single ‘weevil’: there are about 60,000 known
species of weevil worldwide (including some
500 in the Netherlands), belonging to a number
of families. While most weevils are completely
harmless or will never enter a garden, there is
now the possibility of a general suspicion of all
weevils.

Fortunately, for anyone interested, the richness

of species of our natural world is very well-
documented in books. This certainly applies to
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the Netherlands. Most taxa of Dutch flora and
fauna are nowadays represented in a wealth of
ecological atlases and field guides. One of these
that might be of special interest to the read-
ers of Lutra is a long awaited, recently issued
guide to the mammals of Europe, which is
reviewed in this issue. It is written in Dutch, as
is the review by Vincent van Laar. This review
will be the last Dutch language contribution
to Lutra. As mentioned in previous editorials,
from 2011 on Lutra will only publish contri-
butions in English. Coincidently, van Laar also
wrote the first research paper ever published in
Lutra, on the remains of mammals in pellets of
the barn owl - more than fifty years ago (van
Laar, July 1959, Lutra 1 (20): 209). Van Laar,
by the way, used to offer his manuscripts to
Lutra in handwrittten form, but this time the
‘manuscript’ was typewritten (although still
not submitted through e-mail): strong evidence
for the times that are at changing.

There is one announcement to make. After ten
years, Edgar van de Grift has left our board.
As an editor, managing editor and secretary,
Edgar has left a strong mark on our journal.
He was one of those ‘angry young editors’ of
Lutra around the year 2000 who inspired his
fellow editors by bringing up many interest-
ing ideas, and who initiated a change of style
of Lutra. We thank Edgar for being an inspir-
ing colleague over the years, and for helping
Lutra to become an even better journal!

Balmford, A., L. Clegg, T. Coulson & J. Tay-
lor 2002. Why conservationists should heed
Pokémon. Science 295: 2367.

Ben Verboom
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Abstract: We investigated whether bat species with a more northerly border of distribution would hibernate in
colder conditions and use fewer crevices and clusters for hibernation than species with a more southerly northern
border of distribution. To this end, we measured the temperature and water vapour pressure (as an absolute meas-
ure of humidity) of hibernation locations, crevice occupation and clustering among seven sedentary bat species
in Estonia. The pond bat (Myotis dasycneme), Daubenton’s bat (Myotis daubentonii) and Brandt’s bat/whiskered
bat (Myotis brandtii/mystacinus) hibernated at higher temperatures and humidity whereas the northern bat (Epte-
sicus nilssonii), the brown long-eared bat (Plecotus auritus) and Natterer’s bat (Myotis nattereri) hibernated at
lower temperatures and humidity. The majority of northern bats, Daubenton’s bats, brown long-eared bats and
Natterer’s bats hibernated solitarily whereas Brandt’s bats/whiskered bats and pond bats tended to hibernate in
clusters. All Natterer’s bats hibernated in crevices whereas the six other species hibernated both in crevices and
hanging freely on the wall/ceiling. Northern bats inhabiting regions further north than the other six species typi-
cally hibernated alone on the wall/ceiling, whereas pond bats, whose distribution border lies further south than
those of the other six species, hibernated in warmer and more humid conditions, and often in clusters. However,
Natterer’s bats inhabiting regions further north than those of pond bats, but whose northern border of distribution
lies further south than those of the remaining five species preferred lower temperatures and humidity than the
other five species. The results suggest that during the hibernation season in the north of Europe, pond bats focus
on saving energy during arousals and subsequent periods of euthermy, whereas Natterer’s bats focus on saving
energy during hibernation.

Keywords: clustering, crevice occupation, Eptesicus, hibernation, humidity, Myotis, Plecotus, temperature, win-
ter roosts.

Introduction

Hibernation is an energy-saving mechanism
for insectivorous bats to survive the cold win-
ter months when food is scarce. In autumn,
bats accumulate body fat, which serves as
their energy source during winter. During
hibernation, their body temperature falls
to within 1-2°C of ambient temperature and
their metabolic processes slow down, which
reduces energy requirements (e.g. Thomas et

© 2010 Zoogdiervereniging. Lutra articles also on the
internet: http://www.zoogdiervereniging nl

Wermundsen & Siivonen / Lutra 2010 53 (2): 51-62

al. 1990, Geiser 2004). The temperatures at
which bats hibernate are species specific (e.g.
Siivonen & Wermundsen 2008a). In addition,
intraspecific variations exist (e.g. Nagel &
Nagel 1991, Webb et al. 1996) because indi-
viduals select locations based on their energy
reserves (Boyles et al. 2007). Individuals
with high energy reserves are less vulnerable
to potential negative ecological and physio-
logical effects of hibernation, such as detec-
tion by predators, the likelihood of freezing,
decreased immune response, motor function
and protein synthesis and sleep deprivation
(Clawson et al. 1980, Choi et al. 1998, Fre-
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richs 1998, van Breukelen & Martin 2002,
Humphries et al. 2003, Kokurewicz 2004,
Luis & Hudson 2006). They actively select
relatively warm locations and spend less time
in hibernation (shorter hibernation bouts;
Wojciechowski et al. 2007). Individuals with
low energy reserves choose longer hiberna-
tion bouts by actively selecting colder tem-
peratures which will minimise their energy
expenditure (Wojciechowski et al. 2007).
Hibernation is not continuous; bats periodi-
cally and spontaneously arouse from torpor
(e.g. Krzanowski 1959, Willis 1982). Arousals
and subsequent periods of euthermy increase
their energy expenditure and account for over
80% of fat depletion during hibernation (Tho-
mas et al. 1990, Speakman et al. 1991, Tho-
mas 1995).

Webb et al. (1996) reviewed the hibernal
temperatures of 34 bat species and found
large inter and intra species variations in the
temperatures at which bats hibernate. They
suggested that species with a more northerly
distribution are able to hibernate in colder
conditions than species with a more south-
erly distribution. Some authors have reported
intra-specific differences in hibernal temper-
atures between geographic regions (Strelkov
1958, Gaisler 1970, McNab 1974, Masing
1982, Kokurewicz & Kovats 1989). Humid-
ity is another important microclimatic factor
for hibernating bats, especially in arid regions
(Thomas & Cloutier 1992, Lausen & Barclay
2006). Bats have no special mechanism for
controlling water loss during hibernation, so
many species hibernate in very humid loca-
tions.

Some bat species prefer thermally stable
areas, whereas others hibernate in thermally
more variable areas (Brack 2007). By hiber-
nating in crevices and by clustering, bats can
decrease their exposure to airflow and fluc-
tuating air temperatures and thereby reduce
heat and water loss (e.g. Hock 1951, Kokure-
wicz 2004). Typically these actions reduce
heat and water loss by reducing an individ-
ual’s exposed surface area. However, when
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body temperature approaches the ambient
temperature, heat loss and the potential for
saving energy is low. During arousals, bats
raise their body temperature to euthermic lev-
els; which is when the benefit of reduced heat
loss through hibernation in clusters is high-
est (Clawson et al. 1980, Arnold 1990, Boyles
et al. 2008). Clustering behaviour is also spe-
cies specific (e.g., Twente 1955, McNab 1974,
Clawson et al. 1980, Brack 2007, Siivonen &
Wermundsen 2008a). Among the seven bat
species that hibernate in Estonia, Dauben-
ton’s bat (Myotis daubentonii) is reported to
hibernate in large groups of up to 140 individ-
uals in Central Europe (Bogdanowicz 1994),
Brandt’s bat (Myotis brandtii) and whiskered
bat (Myotis mystacinus) hibernate in clusters
of up to 13 individuals in Finland (Siivonen &
Wermundsen 2008a) and the pond bat (Myotis
dasycneme) is reported to hibernate in small
groups of 2 to 10 bats (Limpens et al. 2000).

To date, no studies on the hibernation ecol-
ogy of bats in Estonia have systematically
compared the use that species make of micro-
climates (temperature, water vapour pres-
sure), crevices and clusters (for a review of
publications, see Masing & Lutsar 2007). Pre-
vious studies in Europe have typically used
relative humidity as a measure of the humid-
ity of hibernacula. Relative humidity pro-
vides information on water vapour pressure
in saturated air at a given ambient tempera-
ture (Louw 1993). So to compare humidity at
different temperatures, water vapour pressure
is a better measure of humidity and is the one
used in this study.

Higher latitudes (distance from the equa-
tor) bring shorter winter days and colder and
longer winters. In this study, we tested the the-
ory that species with a more northerly north-
ern border of their range hibernate in colder
conditions than species with a more southerly
northern border of their range. As hibernat-
ing in crevices and clusters means that bats
can save energy, we further hypothesised that
species with a more southerly northern border
of their range would hibernate more often in
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clusters and/or in crevices than species with
more northerly northern border of their range.
Among the seven bat species that hibernate
in Estonia, the northern distribution border
of the pond bat clearly lies further south (at
60°N; Siivonen & Wermundsen 2003, [IUCN
2010) than those of the other six species,
whereas that of the northern bat (Eptesicus
nilssonii) lies further north than those of the
other six species. The northern distribution
borders of Natterer’s bat (Myotis nattereri)
lies north of 63°N, and that of the brown long-
eared bat (Plecotus auritus) lies north of 64°N
(TUCN 2010, Siivonen & Wermundsen 2008b,
respectively): one brown long-eared bat has
been found north of 67°N in Russia (Siivo-
nen & Sulkava 1999). The northern edge of
the distribution areas for Daubenton’s bat and
Brandt’s bat/whiskered bat lie north of 66°N
(Siivonen & Wermundsen 2008b).

Materials and Methods

Study area

We conducted this study in Estonia (24°00’-
25°00’E and 58°30°-59°30°N), a country
lying within the northern part of the mixed
forest sub-zone of the temperate forest zone
(Estonica 2007). Seven bat species hiber-
nate in the Estonian study area (Masing 1983,
Masing & Lutsar 2007): Daubenton’s bat, the
pond bat, Brandt’s bat, the whiskered bat,
Natterer’s bat, the northern bat and the brown
long-eared bat. In Estonia, bats hibernate
from October to April (Masing 1984).

The climate of Estonia contains a mixture
of maritime and continental influences. Spe-
cial characteristics of the Estonian weather
include high variability, occasionally strong
winds, high precipitation and abrupt fluctua-
tions in temperature. The average annual tem-
perature is between 4.3 and 6.5°C and annual
average precipitation ranges from 550 to 800
mm (Estonica 2007). In Estonia, winter lasts
from November until April and the cold-
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est month is February (Estonica 2007). The
average winter temperature between 1971
and 2000 was -3.6°C (Eesti Meteoroloogia ja
Hiidroloogia Institut 2010).

Data collection

We measured the use of temperature, humid-
ity, crevices, and clusters by hibernating bats
in Estonia in March 2005 (three days) and Jan-
uary 2006 (three days). The Estonian Minis-
try of the Environment issued permission Nr
16-4/2003/T32/8912 for these observations.
To minimise disturbance, we identified bat
species and took all measurements without
handling the bats. Brandt’s bat and the whisk-
ered bat closely resemble each other, and can
only be definitely identified by examining
their teeth or penis. As this was not possible
within this study, we present these two spe-
cies together as Brandt’s bat/whiskered bat.

To identify species, we used a Sony DSC-
F828 digital camera, a SnakeEye video
inspection system, Swarovski EL 10x32 bin-
oculars, a dentist’s mirror, and a two-sided
make-up mirror (one side being a normal mir-
ror and the other a magnifying mirror) with
a 1.5 m handle which allows the mirror to be
moved to permit us to inspect crevices from
different angles. This equipment enabled us
to thoroughly investigate most of the crevices
in the hibernacula. The clusters were rela-
tively small, so we could determine the exact
number of bats in a cluster.

Overall we measured the use of microhabi-
tat variables by 1214 hibernating bats (table 1).
In 2005, we measured the use of hibernation
locations by 414 bats in seven underground
sites: the Ulgase abandoned mine, four aban-
doned limestone cellars (three in Jarvikandi
and one in Haimre); and two military con-
structions, one with walls of natural stone (in
Viadnidposti) and another one with concrete
walls (in Viti). In 2006, we measured the use
of hibernation locations by 800 bats in the
same sites and one other, a military construc-
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Table 1. Environmental measurements, clustering, and location of bats in Estonian hibernacula in March 2005
and January 2006. Temperature: the temperature at which a bat hibernated; water vapour pressure: the humidity
at which a bat hibernated; clustering index: the average size of a cluster that a bat used for hibernation; solitary
hibernation: the percentage of bats that hibernated solitarily; crevice occupation: the percentage of bats that hiber-
nated in crevices; clustering of crevice bats: the percentage of bats that hibernated in crevices and were clustered.

Northern  Brandt’s bat/ Daubenton’s Brown long-  Natterer’s Pond bat
bat whiskered bat bat eared bat bat

N
2005 116 88 65 48 23 74
2006 195 100 252 69 34 150
Temperature ( C) + sd
2005 41+1.5 59+0.8 4.8+ 1.6 3.8+1.7 27+0.5 6.8+0.9
2006 43+£20 6.0+1.1 6.5+17 4.6+17 34+0.8 71+12
Water vapour pressure (Pa) + sd
2005 749 + 105 870 + 59 799 + 104 723 + 126 653 +41 935+ 89
2006 751 £1 16 876 + 82 923 + 131 783 £ 112 737 £ 49 960 + 97
Clustering index + sd
2005 1.1+£0.4 1.6 +0.7 1.1+0.3 1.1+£0.2 1.2+04 3.6+2.9
2006 14+£09 22412 1.2+£0.5 1.0£0.0 1.3+£0.6 6.6 £8.6
Solitary hibernation (%)
2005 90 49 89 94 83 36
2006 74 38 86 100 79 43
Crevice occupation (%)
2005 35 74 49 58 100 69
2006 39 71 45 68 100 44
Clustering of crevice bats (%)
2005 10 55 19 11 17 74
2006 26 59 14 0 21 48

tion, with walls of natural stone (in Humala).
The mine and military constructions had
back sections (rear wings) with stable condi-
tions and a higher temperature, whereas in the
front sections, the temperature was lower and
more variable, fluctuating according to the
climatic conditions outside. The cellars had
no back parts with more stable conditions and
their temperature fluctuated according to the
climatic conditions outside.

We recorded whether bats hibernated sol-
itarily or in clusters, the size of cluster and
whether the bats hibernated on the wall/ceil-
ing or in crevices. We classified bats that
were in body contact with each other as clus-
tered. We measured the temperature and rel-
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ative humidity within 5 cm of the bat(s) by
using two portable humidity and temperature
meters: a VAISALA HM 34 and a VAISALA
HMI 41 with an HMP 44L probe (2.7 m).
These digital meters provide quick (approxi-
mately 10 s) yet accurate spot checks of rel-
ative humidity and temperature, thus avoid-
ing any influence from human presence. The
measurement range is 0-100% (0-90% =+ 2%,
90-100% + 3%) for humidity and -20-60°C (+
0.3°C) for temperature. Water vapour pres-
sure difference determines the direction and
rate of water vapour movement and this was
calculated from the relative humidity and
temperature (e.g. Louw 1993).
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Table 2. Intraspecific comparison of temperature, water vapour pressure, clustering index, solitary hibernation,
crevice occupation, and clustering in crevices between March 2005 and January 2006. Temperature: the tempera-
ture at which a bat hibernated; water vapour pressure: the humidity at which a bat hibernated; clustering index:
the size of a cluster that a bat used for hibernation; solitary hibernation: the proportion of bats that hibernated
solitarily; crevice occupation: the proportion of bats that hibernated in crevices; clustering of crevice bats: the

proportion of bats that hibernated in crevices in clusters.

Northern Brandt’s bat/ Dauben- Brown long- Natterer’s Pond bat

bat  whiskered bat ton’s bat  eared bat bat
N 2005 116 88 65 48 23 74
2006 195 100 252 69 34 150
Temperature
Mann-Whitney U-test z -2.132 -1.156 -6.929 -2.198 -3.588 -3.342
P 0.033 0.248 0.000 0.028 0.000 0.001
Water vapour pressure
Mann-Whitney U-test z -0.140 -0.946 -6.651 -1.984 -5.157 -2.338
P 0.889 0.344 0.000 0.047 0.000 0.019
Clustering index
Mann-Whitney U-test z -3.487 -3.181 -0.799 -2.095 -0.438  -0.500
P 0.000 0.001 0.425 0.036 0.661 0.617
Solitary hibernation
Chi-Square test Pearson’s x> 12.044 2.253 0.545 4.426 0.090 0.960
df 1 1 1 1 1
P 0.001 0.133 0.460 0.035 0.764 0.327
Crevice occupation
Chi-Square test Pearson’s x> 0-408 0.192 0.332 1.177 - 12.333
df 1 1 1 - 1
P 0.523 0.661 0.565 0.278 - 0.000
Clustering in crevices
Chi-Square test Pearson’s x> 4479 0.197 0.434 - 0.090 8.107
df 1.000 1 - 1 1
P 0.034 0.657 0.510 - 0.764 0.004

Data analysis

We used SPSS 16.0 for Windows (SPSS Inc.
1989—2005) to analyse the data. We first
compared the data from March 2005 and
January 2006 within species (tables 1 and
2) by using the Mann-Whitney U-test (tem-
peratures, water vapour pressure and clus-
tering index) and the Chi-square test (soli-
tary hibernation, crevice occupation and use
of clusters in crevices). We compared tem-
peratures, water vapour pressure and the
clustering index among species using the
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Kruskal-Wallis test, because the data were
not normally distributed. We performed
post hoc comparisons of the groups using
Dunn’s test. We compared crevice occupa-
tion, solitary hibernation and clustering in
crevices using the Chi-square test, with the
binomial test as a post hoc test. We also com-
pared temperatures used by solitary bats in
crevices and bats in clusters outside crev-
ices within species using the Mann-Whitney
U-test. We considered a P value of <0.05 sig-
nificant. Means appear with standard devia-
tions (+ sd).
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Table 3. Comparison of environmental measurements and clustering among seven bat species in Estonian hiber-
nacula in March 2005 and January 2006. Temperature: the temperature at which a bat hibernated; water vapour
pressure: the humidity at which a bat hibernated; clustering index: the size of a cluster in which a bat hibernated.

Temperature Water vapour Clustering index
pressure
2005 2006 2005 2006 2005 2006

Kruskal-Wallis test K 218.013 304.234 199.223 304750 122.853 191.978

df 5 5 5 5 5 5

P 0.000 0.000 0.000 0.000 0.000 0.000
Dunn’s test
Northern bat vs. Brandt’s bat/whiskered bat P 0.000 0.000 0.000 0.000 0.000 0.000
Northern bat vs. Daubenton’s bat P 0.000 0.000 0.017 0.000  <1.000 0.027
Northern bat vs. brown long-eared bat P <1.000 <1.000 <1.000 <1.000 <1.000 0.000
Northern bat vs. Natterer’s bat P 0.000 0.000 0.000 0.705  <1.000  <1.000
Northern bat vs. pond bat P 0.000 0.000 0.000 0.000 0.000 0.000
Brandt’s bat/whiskered bat vs. Daubenton’s bat P 0.000 0.001 0.000 0.002 0.000 0.000
Brandt’s bat/whiskered bat vs. brown long- P 0.000 0.000 0.000 0.000 0.000 0.000
eared bat
Brandt’s bat/whiskered bat vs. Natterer’s bat P 0.000 0.000 0.000 0.000 0.045 0.000
Brandt’s bat/whiskered bat vs. pond bat P 0.000 0.000 0.000 0.000 0.000 0.330
Daubenton’s bat vs. brown long-eared bat P 0.000 0.000 0.029 0.000 <1.000 0.013
Daubenton’s bat vs. Natterer’s bat P 0.000 0.000 0.000 0.000 <1.000  <1.000
Daubenton’s bat vs. pond bat P 0.000 0.000 0.000 0.176 0.000 0.000
Brown long-eared bat vs. Natterer’s bat P 0.043 0.001  <1.000 0.465  <1.000 0.002
Brown long-eared bat vs. pond bat P 0.000 0.000 0.000 0.000 0.000 0.000
Natterer’s bat vs. pond bat P 0.000 0.000 0.000 0.000 0.001 0.000

Results

Comparison of March 2005 and
January 2006

As the data between 2005 and 2006 differed
for between two and five variables per species
(tables 1 and 2), we treated the two years sepa-
rately when making comparisons among spe-
cies. All species except Brandt’s bat/whisk-
ered bat hibernated in higher temperatures
in 2006 than in 2005. All species except the
northern bat and Brandt’s bat/whiskered bat
hibernated in higher humidity conditions in
2006 than in 2005. More northern bats hiber-
nated in clusters in 2006 than in 2005 and the
clustering index was higher in 2006 than in
2005. In contrast, no brown long-eared bats
hibernated in clusters in 2006, and 16% in
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2005. More pond bats hibernated in crevices
in 2005 than in 2006. More of the pond bats
and brown long-eared bats hibernating in
crevices were clustered in 2005 than in 2006.
In contrast, more northern bats hibernated
in clusters in crevices in 2006 than in 2005.
In both years, Natterer’s bats were found to
hibernate only in limestone cellars, whereas
pond bats never hibernated there.

Use of microclimates

Hibernation temperatures and humidity (water
vapour pressure) differed among species
(tables 1 and 3). Pond bats, Daubenton’s bats
and Brandt’s bats/whiskered bats hibernated in
higher temperatures and humidity levels than
northern bats, brown long-eared bats and Nat-
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Table 4. Comparison of solitary hibernation, crevice occupation and clustering of crevice bats among seven bat
species in Estonian hibernacula in March 2005 and January 2006. Solitary hibernation: the proportion of bats that
hibernated solitarily; crevice occupation: the proportion of bats that hibernated in crevices; clustering in crevices:
the proportion of bats that hibernated clustered in crevices.

Solitary hibernation Crevice occupation

Clustering in

crevices
2005 2006 2005 2006 2005 2006
Chi-square test Pearson’s X* 110.9 1234 37.681  40.225 69.161 51.997
df 5 4 4 4 5 4
P 0.000 0.000 0.000 0.000  0.000 0.000
Binomial test P (northern bat) 0.000 0.000 0.002 0.003  0.000 0.000
P (Brandt’s bat/whiskered bat) ~ 0.915 0.021 0.000 0.000 0457 0.154
P (Daubenton’s bat) 0.000 0.000 1.000 0.147 ~ 0.001  0.000
P (brown long-eared bat) 0.000 - 0.312 0.004  0.000 -
P (Natterer’s bat) 0.003 0.001 - - 0.003  0.001
P (pond bat) 0.027 0.121 0.002 0.165 0902  0.902

Table 5. Cluster sizes of seven bat species in Estonian hibernacula in March 2005 and January 2006. Clusters

formed by one species are included.

2005 2006
N x + sd Max N x + sd Max
Northern bat 4 22+0.5 3 20 24+0.8 5
Brandt’s bat/whiskered bat 19 22+04 3 20 2.8+0.9 5
Daubenton’s bat 3 2.0+£0.0 2 15 22+0.6 4
Brown long-eared bat 2.0+0.0 2 -
Natterer’s bat 1 2.0+£0.0 2 3 2.3+0.6 3
Pond bat 11 39+2.5 9 13 5.6+6.3 25

terer’s bats. Natterer’s bats hibernated in lower
temperatures and humidity than other species,
and pond bats hibernated in higher tempera-
tures and humidity than other species. North-
ern bats and brown long-eared bats used
similar temperatures and humidity. Brown
long-eared bats and Natterer’s bats hibernated
in similar humidity conditions in 2005 and
2006. Daubenton’s bats, pond bats, northern
bats and Natterer’s bats all hibernated in simi-
lar humidity conditions in 2006.

Use of clusters and crevices

Northern bats, Daubenton’s bats, brown long-
eared bats and Natterer’s bats typically hiber-

Wermundsen & Siivonen / Lutra 2010 53 (2): 51-62

nated solitarily whereas pond bats hibernated
in clusters (tables 1, 3 and 4).

The size of the clusters varied from 2 to 25,
and clusters typically contained only one spe-
cies (table 5). On 15 occasions, we found clus-
ters with two species: pond bat & Brandt’s bat/
whiskered bat (n=7), northern bat & Dauben-
ton’s bat (n=2), Daubenton’s bat & pond bat
(n=2), northern bat & Daubenton’s bat (n=1),
Daubenton’s bat & Brandt’s bat/whiskered
bat (n=1), northern bat & Natterer’s bat (n=1),
brown long-eared bat & Natterer’s bat (n=1).
Most of these multispecies aggregations were
formed by only two individual bats. We found
one multispecies aggregation with three bats,
and one with four bats.

The clustering index differed among spe-
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Table 6. Comparison of temperatures used by bats in clusters outside crevices and solitary bats in crevices in four
species of bats in Estonia in 2006. In 2005 very few bats (<10) in all species hibernated in clusters outside crev-
ices, so comparisons could not be made. In 2006 all brown long-eared bats hibernated solitarily and all Natterer’s

bats in crevices, so comparisons could not be made.

Northern bat Brandt’s bat/ Daubenton’s Pond bat
whiskered bat bat
Year 2006 2006 2006 2006
N Clustered 30 20 20 53
In crevice 58 29 98 34
Temperature Clustered 54+09 6.7+0.8 76+09 7.8+0.7
In crevice 33+£23 5.8+ 1.1 57+2.0 6.5+14
Mann-Whitney U-test  z -4.300 -2.520 -4.157 -5.113
P 0.000 0.012 0.000 0.000

cies (tables 1 and 3). Brown long-eared bats,
northern bats, Daubenton’s bats and Natter-
er’s bats hibernated in smaller clusters while
pond bats and Brandt’s bats/whiskered bats
hibernated in larger clusters.

All the individuals of Natterer’s bats hiber-
nated in crevices, so this species could not
be included in the Chi-Square test. Crevice
occupation differed among the other species
(tables 1 and 4). Northern bats typically hiber-
nated on the ceiling/wall, whereas Brandt’s
bats/whiskered bats and brown long-eared
bats favoured crevices. The northern bats,
Daubenton’s bats, the brown long-eared bats
and Natterer’s bats hibernating in crevices
were typically solitary. Brandt’s bats/whisk-
ered bats typically hibernated in clusters in
crevices. More than 50% of pond bats hiber-
nated in clusters in crevices in 2005, but less
than 50% in 2006.

Temperatures used by solitary bats in crev-
ices were lower than those used by bats in
clusters outside crevices in the northern bat,
Brandt’s bat/whiskered bat, Daubenton’s bat
and the pond bat (table 6).

Discussion
As predicted, the species with the more south-
erly northern border of distribution, the pond

bat, used warmer locations for hibernation
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than the other six species. This species also
hibernated in conditions with the highest
humidity and tended to hibernate in clusters.
Hibernating in warmer temperatures raises the
body temperature and induces shorter hiberna-
tion bouts (Wojciechowski et al. 2007). This
means that the pond bat has more frequent
periods of euthermy than bats that hibernate in
colder places. In this study, these bats hiber-
nated in clusters at higher temperatures and in
crevices at lower temperatures. The greatest
benefit of clustering is reduced heat loss during
arousals and subsequent periods of euthermy
(Boyles et al. 2008), so the pond bat focuses
on saving energy during active periods of the
hibernation season. Evaporative water loss is
greater at higher body temperatures (Thomas
& Cloutier 1992, Thomas 1995), so by hiber-
nating in high humidity conditions, the pond
bat reduces evaporation and, consequently,
energy loss (Louw 1993).

Natterer’s bat inhabits regions further north
than those of the pond bat, but its northern bor-
der of distribution is further south than those of
the remaining five species. In Finland, Natter-
er’s bats inhabit regions below 62°N although
in Sweden, it ranges up to 63°N (IUCN 2010).
Contrary to our predictions, Natterer’s bat
hibernated in the coldest conditions used by
the bats we encountered, and our results indi-
cate that this species tends to minimise its
energy expenditure in all possible ways. Nat-
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terer’s bats hibernated at temperatures closest
to 2°C, and all of them hibernated in crevices.
Water loss due to evaporation is lowest at 2°C
and increases at both higher and lower ambi-
ent temperatures (Thomas & Geiser 1997).
Evaporation increases energy loss (Thomas
& Cloutier 1992, Thomas 1995) and airflow
increases evaporation rates by transporting
water vapour away from the evaporating sur-
face (Louw 1993) which may trigger arous-
als (Thomas & Geiser 1997). All Natterer’s
bats hibernated in crevices, which shelter bats
from airflow, which decreases evaporation.
Natterer’s bats hibernated in the driest loca-
tions, yet tended to minimise evaporation.
Unlike pond bats, Natterer’s bats focused on
saving energy during periods of hibernation.
Natterer’s bats typically hibernated solitarily.
Longer hibernation bouts lead fewer active
periods during hibernation. Thus Natterer’s
bats do not require to cluster as much as pond
bats which saves their energy during euther-
mic periods.

The northern bat inhabits regions further
north than those of the other six species. As
predicted, the northern bat typically hiber-
nated alone on the wall/ceiling (using no addi-
tional energy-saving methods) in cold and dry
places, confirming that it is a hardy species,
well adapted to the harsh conditions of the
north (e.g. Siivonen & Wermundsen 2008a).
The fact that it hibernates in cold places sug-
gests that it tends to save energy (long hiber-
nation bouts) rather than to minimise the
cost of hibernation (short hibernation bouts).
Brandt’s bat/whiskered bat, Daubenton’s bat
and the brown long-eared bat inhabit regions
further north than those of the pond bat and
Natterer’s bat, but further south than those
of the northern bat. Brandt’s bats/whiskered
bats hibernated in warmer locations than the
other two species, suggesting that they tend to
minimise the cost of hibernation rather than
to save energy. Brandt’s bats/whiskered bats
used both available energy-saving methods
(clusters and crevices) for hibernation, as in
Finland (Siivonen & Wermundsen 2008a), and
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also clustered in crevices, as did the pond bat.
Brown long-eared bats tended to save energy
during hibernation (choosing cold locations,
leading to long hibernation bouts) as did Nat-
terer’s bats, which used crevices, although to
a lesser extent than Natterer’s bats. Dauben-
ton’s bats have recently been found to inhabit
regions north of the Arctic Circle in summer
(Siivonen & Wermundsen 2008b). This spe-
cies used additional energy-saving methods
(clusters and crevices) to a lesser extent (as
Kokurewicz 2004 and Siivonen & Wermund-
sen 2008a have shown) and this suggests that
they may tolerate harsh conditions, despite
hibernating in relatively warm and humid
conditions, especially in 2006.

Previous studies have compared the hiber-
nal conditions of these species in Europe,
but none of them have compared all seven of
these species. Among the four Myotis species
in Holland, Natterer’s bats hibernated in the
coldest conditions (mean = 6.1°C), Brandt’s
bats (mean = 7.2°C) and Daubenton’s bats
(mean = 7.3°C) hibernated in more moderate
conditions, and pond bats in the warmest con-
ditions (mean = 7.6°C; Daan & Wichers 1968).
These findings were in line with those of this
study. Masing (1982) reports that among three
Mpyotis species in Estonia, pond bats hiber-
nated in the warmest locations (mean = 5.5°C),
followed by Daubenton’s bats (mean = 5.4°C)
and Brandt’s bats/whiskered bats (mean =
5.1°C). In Germany, a study of four species
found that brown long-eared bats (mean =
4.0°C) hibernated in the coldest conditions,
then Brandt’s bats/whiskered bats (mean =
4.6°C), with Natterer’s bats (mean = 4.9°C)
choosing the warmest conditions (Nagel &
Nagel 1991) - a result that does not match our
own. Bogdanowicz (1983) studied the temper-
atures at which brown long-eared bats, Daub-
enton’s bats and Natterer’s bats hibernated
and their use of crevices in Poland. Brown
long-eared bats preferred temperatures rang-
ing from 0.5 to 4.0°C, Daubenton’s bats from
1.5 to 6.0°C and Natterer’s bats from 2.0 to
6.5°C. Crevice occupation was 82.1% for the
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brown long-eared bat, 71.4% for Daubenton’s
bat, and 84.9% for Natterer’s bat. Bogdanow-
icz & Urbanczyk (1983) compared brown long-
eared bats, Daubenton’s bats and Natterer’s bats
in Poland and found that the mean hibernation
temperature was lowest among brown long-
eared bats, followed by Daubenton’s bats and
Natterer’s bats, although Natterer’s bats hiber-
nated in the widest range of temperatures. The
Polish study found that the mean hibernation
humidity was lowest among the brown long-
eared bat followed by Daubenton’s bat, and
highest among Natterer’s bat. In Poland, 89%
of Natterer’s bats, 85% of brown long-eared
bats, and 74% of Daubenton’s bats hibernated
totally or partly in crevices (Bogdanowicz &
Urbanczyk 1983). The fact that, further south,
Natterer’s bat hibernates in warmer condition
than other species suggests that it employs a
different hibernation strategy near the north-
ern border of its distribution.

In an earlier study in southern Finland,
comparing five species, we found that the
northern bat (2.0 + 0.1°C) and the brown long-
eared bat (2.7 + 0.2°C) hibernated in colder
and drier locations whereas Daubenton’s bat
(4.4 + 0.1°C) and Brandt’s bat/whiskered bat
(4.0 £ 0.1°C) hibernated in warmer and more
humid locations (Siivonen & Wermundsen
2008a). This is also in line with the present
study. Multispecies clusters were also uncom-
mon in the Finnish study, which also found no
examples of brown long-eared bats clustered
with Daubenton’s bats. Bogdanowicz (1983)
suggests that the formation of multispecies
clusters depends on the similarity of the eco-
logical requirements of species. The present
study found that pond bats and Natterer’s bats
never used the same hibernaculum, which
may also indicate differences in ecological
requirements of these two species.

Hibernacula are typically at their coldest
in mid-hibernation season (e.g. Webb et al.
1996, Wermundsen & Siivonen 2009). Bats
can move between hibernation bouts, adapt-
ing themselves to changes in temperature and
humidity (e.g. Wermundsen & Siivonen 2009).

60

This feature should not affect the results of this
study however, as the moment of measurement
is independent of species. In addition, spe-
cies-specific patterns of hibernation behaviour
remain consistent throughout the hibernation
season (Wermundsen & Siivonen 2009).

Further studies

Further studies are recommended to gather
data during the entire hibernation season and
to determine the availability of temperatures,
humidity and crevices. Such work will help
improve understanding about differences in
hibernation strategies among the seven spe-
cies. One interesting question is why pond bats
and Natterer’s bats are much rarer in southern
Finland than in Estonia. Is this because Finn-
ish and Estonian bedrock differs? Finnish
bedrock conducts heat better, which means
that frost penetrates deeper and faster, sug-
gesting that underground conditions are per-
haps more unstable in Finland than in Estonia.
According to Webb et al. (1996), bats’ suscep-
tibility to mortality at subzero temperatures
during hibernation may limit the northerly
spread of some species. Individual Natterer’s
bats are sometimes found frozen in Estonia
(Masing & Lutsar 2007). Pond bats hibernate
at warmer locations which may be difficult
to find in Finland in mid and late hibernation
season (Wermundsen & Siivonen 2009).
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Samenvatting

Een vergelijking van overwinterings-
strategieén van zeven soorten vleermuizen
in Estland

We onderzochten of vleermuizensoorten met een
noordelijker verspreidingsgebied in een winter-
verblijf op koudere plekken overwinteren, min-
der in spleten overwinteren en minder in clusters
overwinteren dan soorten met een zuidelijker ver-
spreidingsgebied. Hiertoe bepaalden we de tempe-
ratuur en luchtvochtigheid van hangplekken van
dieren in overwinteringslocaties, alsmede de mate
van bezetting van spleten en de mate van cluste-
ring van zeven inheemse vleermuizensoorten in
acht hibernacula in Estland. De meervleermuis
(Myotis dasycneme), de watervleermuis, (Myotis
daubentonii) en Brandt’s vleermuis/ baardvleer-
muis (Myotis brandltii/mystacinus) overwinter-
den op plekken met een met hogere temperatuur
en luchtvochtigheid dan de noordse vleermuis
(Eptesicus nilssonii), de bruine grootoorvleer-
muis (Plecotus auritus) en de franjestaart (Myotis
nattereri). Het merendeel van de noordse vleer-
muizen, watervleermuizen, bruine grootoorvleer-
muizen en franjestaarten overwinterden solitair,
terwijl Brandt’s vleermuizen/baardvleermuizen en
meervleermuizen meer in clusters overwinterden.
De franjestaart overwinterde uitsluitend in spleten,
terwijl de andere zes soorten zowel in spleten als
vrij hangend overwinterden. Noordse vleermuizen
hebben een noordelijker verspreidingsgebied dan
de andere zes soorten en overwinterden alleen op
de wanden of aan de plafonds, in koude en droge
omstandigheden, terwijl meervleermuizen, die
een relatief zuidelijk verspreidingsgebied hebben,
een voorkeur hadden voor warmere en vochtigere
omstandigheden. De resultaten suggereren dat de
strategiec van de meervleermuis gericht is op het
sparen van energie tijdens het periodieke ontwa-
ken en de daarop volgende perioden van euther-
mie, terwijl die van de franjestaart zich richt op het
besparen van energie tijdens de overwintering zelf.
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The influence of treeline structure and wind protection
on commuting and foraging common pipistrelles
(Pipistrellus pipistrellus)

Ben Verboom* & Hans H. Huitema**

Alterra, Wageningen UR, P.O. Box 47, NL-6700 AA Wageningen, the Netherlands

Abstract: The influence of wind protection on the activity and distribution of commuting and foraging common
pipistrelles (Pipistrellus pipistrellus) was examined in an area with a relatively windy climate. The wind protec-
tion provided by the treelines was quantified by their height, width, and permeability. General and feeding activi-
ties of pipistrelles were positively related to the height, width and foliage density of the treelines. The preference
for commuting routes leading from a maternity roost was explained by the distribution of potentially good feed-
ing sites close to the roost. The results highlight the importance of wind protected areas which allow bats to feed
during windy conditions. This has implications for the conservation of bats and their habitats. It is argued that the
number and distribution of sheltered feeding sites are a major constraint on bat density, especially in areas with
a windy climate.

Keywords: Chiroptera, bats, Pipistrellus pipistrellus, treelines, hedgerows, foraging, commuting, corridor, wind,

shelter.

Introduction

Many bat species show a tendency to fol-
low edge habitats such as treelines, hedge-
rows, forest edges, banks of rivers, canals
and lakes and drainage channels (e.g. Lim-
pens & Kapteyn 1991, Walsh & Harris 1996,
Verboom & Huitema 1997, Downs & Racey
2006). The use of edge habitats as flight
paths is most obvious among bats commuting
between their roost and foraging areas at dusk
and dawn. The edges of vertical elements are,
however, also used as foraging sites. This
choice seems to be common among bats that
specialise in flying and hunting in semi-open
situations, but also occurs in species adapted
to use more confined spaces, such as mem-
bers of the vespertilionid genera Plecotus and
Myotis. A number of large bats, such as the
noctule (Nyctalus noctula) and several molos-
sid and emballonurid species, however, seem
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internet: http://www.zoogdiervereniging nl

Verboom & Huitema / Lutra 2010 53 (2): 63-80

to move independently of vertical landscape
features, and can frequently be observed
in large open areas (e.g. Norberg & Rayner
1987, Kronwitter 1988, Ahlén 1990) or at high
altitudes (e.g. Williams et al. 1973, Fenton &
Griffin 1997) where they encounter less clut-
ter (i.e. background echoes from vegetation
or ground). The common pipistrelle (Pipist-
rellus pipistrellus) seems to occupy an inter-
mediate position in this spectrum: its echo-
location is not typically adapted to cluttered
environments, and it frequently moves into
open areas, yet also makes extensive use of
edge habitats (Racey & Swift 1985, Limpens
& Kapteyn 1991, de Jong 1994, Ekman & de
Jong 1996, Rydell et al. 1996, Downs & Racey
2006). In previous studies this phenomenon
has been related to insect distribution and
wind protection on the leeside of landscape
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sum, the Netherlands, e-mail: ben.verboom@ziggo.nl
** Present address: Dutch Mammal Society, P.O.
Box 6531, NL-6503 GA Nijmegen, the Netherlands
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elements and the possible role of shelter from
avian predators (Voute 1972, Racey & Swift
1985, Rieger et al. 1990, Limpens & Kapteyn
1991, Verboom & Huitema 1997, Verboom
& Spoelstra 1999). Furthermore, it has been
suggested that common pipistrelles (as well as
pond bats, Myotis dasycneme: Verboom et al.
1999) may use vertical landscape features as
reference landmarks to facilitate echo-orien-
tation (Limpens & Kapteyn 1991).

The main question that this study addresses
is whether local wind protection provided
by a network of treelines influences the dis-
tribution of commuting and foraging pip-
istrelle bats. Exposure to wind can consid-
erably increase the flight cost for bats and
negatively influence their manoeuvrability
(Schnitzler 1971, Norberg 1990). Wind pro-
tection also obviously affects the distribution
of insects (Lewis & Stephenson 1966, Lewis
1969a, Lewis 1969b, Lewis 1970, Lewis &
Dibley 1970). Daily variations in wind speed
and direction may cause temporal variations
in wind shelter patterns and hence in food
abundance. Differences in treeline structure
(height, width, permeability) may cause con-
siderable spatial variations in wind shelter
and hence in food abundance at night. In areas
with a windy climate, such as coastal areas in
western Europe, wind shelter may therefore
be a primary factor affecting temporal and
spatial variations in food abundance.

In this study we first examined the char-
acteristics that determine the profitability
of treelines as feeding sites. To quantify the
degree of wind protection offered by treelines
we characterised them in terms of their height,
width and permeability. We predicted a strong
relationship between the activity of foraging
pipistrelles and the degree of wind protection
provided by treelines.

In the second part of the study, the distribu-
tion of potentially good feeding sites around a
maternity roost was used to predict the choice
of evening commuting routes leading from
the roost to the surrounding area. Like many
other bat species, pipistrelles are believed
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to be generalist feeders (Bell 1980, Swift et
al. 1985, Furlonger et al. 1987, Hoare 1991,
Wilkinson 1992, Sullivan et al. 1993), adapted
to exploit food patches, varying in time and
space, in an opportunistic way (Racey &
Swift 1985). After emerging from their roost
around dusk, common pipistrelles commute
to their feeding areas along fixed flight paths.
While on route, pipistrelles may also feed on
insects. An important benefit to commuting
pipistrelles would be to reduce travel time and
distance in order to reach their main feeding
sites more rapidly; thus, bats could maxim-
ise their net rate of energy gain by taking full
advantage of the exploitation of insect activity
peaks at dusk. An important additional ben-
efit would be a reduction of time exposed to
potential avian predators (Speakman 1991).
We therefore predict that pipistrelles select
the shortest commuting routes leading to suit-
able feeding sites, providing that these fly-
ways provide sufficient shelter.

Methods
Study area

The study took place in Walcheren, in
the south-western part of the Netherlands
(Province of Zeeland), near two small vil-
lages, Meliskerke and Grijpskerke (figure 1),
between May and August 1993-1996. Wal-
cheren is a coastal area with a relatively
windy climate. The area is primarily agricul-
tural, with small villages surrounded by pas-
tures and fields. The intensive use of agricul-
tural land has resulted in a poor insect fauna
in the meadows and fields. Single and double
treelines border many of the roads, forming
an extensive network (photos 1 and 2). The
absence of forest in most of the area means
the only sheltered habitat is treelines and
small tree stands near farmhouses. Forag-
ing pipistrelles were found around many of
the treelines in the area in fairly high densi-
ties. Pipistrelle maternity roosts were present
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Figure 1. Schematic map of Walcheren showing treelines and woodlots. M = Meliskerke, G = Grijpskerke.

in virtually all the villages in the area. There
was a maternity roost of about 35 pipistrelles
in Meliskerke (counts in 1994, 1995, and
1996) and one of 145 animals in 1994 and 108
in 1996 in Grijpskerke.

Bat activity on line-transects

Bat activity was monitored at points on line-
transects. Data were collected from four
transects, two around the village of Meliskerke
(transects M1 and M2), and two around Gri-
jpskerke (G1 and G2). The respective lengths
of the transects were 10,760 m (M1), 11,670 m
(M2), 11,080 m (G1), and 4,550 m (G2). The
line-transects were representative samples of
single and double treelines in the area and also
crossed some open area. Street lamps, which
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may attract pipistrelles and thus influence
their distribution (e.g. Haffner & Stutz 1985-
1986, Rydell 1992, Blake et al. 1994), were
hardly present outside the built-up areas. Indi-
vidual (orange sodium (Na) and white mer-
cury (Hg) vapour) street lamps were present
along roads in open areas, >25 m from trees,
on transects M1 (one white, one orange), M2
(one white, one orange), G1 (one orange), and
G2 (two orange). Common pipistrelles were
known to be present all along the transects.
Point observations along the line-transects
started one hour after sunset. We assumed that
by then, most bats would have reached their
main foraging areas. It took between 2.5 and
4.5 hours to complete the observations along
each transect (i.e. until 1.5-3 hours before sun-
rise). Transects were surveyed by two people
cycling abreast at a constant speed of about
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Photo 1. View of a single treeline in the study area. Photograph: B. Verboom.

Photo 2. A double treeline in the study area. Photograph: B. Verboom.

6 km hour!. Two, handheld, ultrasonic bat
detectors (type Petterson D-960, Lars Petters-
son Elektronik, Uppsala, Sweden) were used
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in order to detect bats flying on either side and
above the road. Bat detectors were tuned at 45
kHz, which corresponds to the approximate
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frequency of the highest intensity of the echo-

location sounds of the common pipistrelle.

This method did not allow any assessment of

densities, since individual bats could not be

distinguished.

Observation points along transects were
selected in two ways:

1. ‘Fixed observation points’ were established
at fixed equidistant locations 0.9 km from
each other.

2. ‘Feeding observation points’: when a bat was
detected, the observers stopped and remained
at that point and a stopwatch was triggered
for one minute; if a bat was detected a sec-
ond time within that minute, this point was
assigned as a feeding observation point. The
location of these feeding observation points
was variable, as opposed to fixed observa-
tion points. This method was used to select
feeding sites along the transects. All the
single records between feeding observation
points were also noted. The minimum dis-
tance between feeding observation points
was 100 m.

Each night, one transect was monitored,
with either fixed observation points or feeding
observation points. To account for time effects,
different starting points were used each time a
transect was surveyed. Fixed observation point
data were collected from all four transects
(eleven nights altogether). On four nights rain
(which affects bat activity and equipment)
prevented us from completing a fixed point
transect. Feeding observation point data were
collected on nine nights from transects Ml
(four nights), G1 (three nights), and G2 (two
nights).

At each fixed and feeding point, pipistrelle
activity, relative insect density, wind speed,
and wind direction were assessed. In case of a
double treeline (on both sides of the road), bat
activity was monitored simultaneously both
from the road between the tree rows and on
the leeward side. After monitoring bat activ-
ity, a sample of insects was taken from where
bats were most abundant, either on the road
or on the leeward side of the treeline. During
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a five-minute period, pipistrelle activity was
logged as the total time that bat sound was
recorded, with feeding activity scored as the
number of feeding buzzes recorded. Insects
were sampled by sweepnetting with a hand-
net, 0.45 m in diameter (Bioquip Products,
Gardena, California, USA). At each obser-
vation point, 50 sweeps, each 4 m in length,
were taken at a height of 3.5-4.5 m, while
walking slowly, taking a step parallel to the
treeline every two sweeps, and another 50
sweeps while returning to the starting point
(i.e. circa 40 m in each direction). The con-
tents of the sweepnet samples were placed in
jars containing ethyl acetate to kill the insects,
then transferred to labelled jars containing
alcohol (30%) and numbers per sample were
counted (‘insect densities’). We used data on
wind speed and direction from nearby Vliss-
ingen, provided by the Royal Dutch Meteoro-
logical Institute (KNMI). Wind direction was
expressed as the angle between the wind and
treeline (incidence angle; 0-90°).

Commuting flight routes

Following Downs and Racey (2006), ‘com-
muting’ was defined as a direct flight along a
treeline, with an occasional feeding buzz; as
opposed to ‘foraging’, which was defined as
repeated back and forth flight along a treeline
by the same bat, with repeated feeding
buzzes. Six different roads, all bordered by
treelines on both sides, linked the village of
Grijpskerke with the surrounding landscape,
potentially providing commuting bats with
sheltered flyways to foraging grounds. Routes
1-3 and routes 4-6 were connected with two
networks of treelines, one south and one north
ofthe village (figure 2). The two networks only
interconnected in Grijpskerke. Outside Grijp-
skerke, the two networks were separated by
more than one km of open agricultural land.
During three evenings, simultaneous counts
of pipistrelles leaving the village were carried
out at fixed points along all six routes (n=18).

67



Figure 2. Commuting routes (1-6) around the village of Grijpskerke.

These counting points were located 50-100
m from the built-up area. Counts were made
both visually and with the aid of bat detectors
(Pettersson D-100; QMC-mini, QMC Instru-
ments Ltd., London), tuned at 45 KHz, from
5-10 m breaks in the treelines. The road, lee-
ward and windward side of the treelines could
be watched from these locations. Commuting
flight was defined as a straight flight at a rel-
atively high speed, and with only occasional
feeding activity. The end of the commuting
period was estimated by an absence of bats
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for at least 10 minutes or by increased forag-
ing activity (feeding buzzes, bats flying in the
opposite direction).

Vegetation features

After a flood during World War 11, all the
treelines in Walcheren died. During the
1950s, the local government started planting
treelines along roads, as part of a recovery
plan. As a result of this the treelines in the
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study area, which consist of stretches of vary-
ing length, are rather similar in their vegeta-
tion structure and composition (photos 1 and
2). Tree species in both treelines and wood-
lots were European ash (Fraxinus excelsior),
sycamore (Acer pseudoplatanus), field elm
(Ulmus minor) and black poplar (Populus x
canadensis). Common species in the, gener-
ally present, bush layer were common haw-
thorn (Crataegus monogyna), field maple
(Acer campestre) and common elder (Sambu-
cus nigra).

The vegetation structure of the treelines
and woodlot edges along the transects, and in
both networks within 1, 2, and 3 km of the
Grijpskerke built-up area (measured along
treelines), was quantified by visual estimation
of the height, width and foliage density. The
latter was assessed during daylight by visu-
ally estimating the proportion of sky (per-
meability); to calculate foliage density we
subtracted this percentage from 100%. All
estimates were done by the same two observ-
ers. When treelines were double (that is, on
either side of the road), we assumed a higher
level of shelter from the wind than from sin-
gle tree rows (Lewis & Stephenson 1966).
Based on calculations by Lewis & Stephen-
son (1966), we added 10% of the density of the
treeline with the lowest density to the density
of the treeline with the highest density. There
was one 1.7 ha woodlot along transects M1
and M2, one 0.8 ha woodlot along transect
Gl, and two woodlots of 0.8 and 1.8 ha along
transect G2. Foliage density at the edges of

the woodlots was considered to be 100% (0%
permeability).

Data analysis

Fixed observation point data were analysed
with mixed models, in which linear model-
ling (regression and analysis of variance) was
generalized to REML (Residual Maximum
Likelihood; Patterson & Thompson 1971) and
IRREML (Iteratively Reweighted REML;
Engel & Keen 1994; see appendix). REML,
IRREML and Poisson regression analyses
were performed with the statistical programme
GENSTAT (Genstat 5 Committee 1993, Gen-
stat 5 Committee 1995). For the remaining
statistical tests we used STATISTIX (vs. 4.0;
Analytical Software, St. Paul, MN, USA).

Results
Distribution pattern

Thirty-eight fixed observation points on roads
in open area were surveyed, with single pass-
ing pipistrelles recorded at four of them (mean
activity 0.37 [s.d. = 1.2] s/ 5 minutes). The dis-
tances to the nearest trees were 100, 175, 250,
and 680 m. Pipistrelles were not observed for-
aging in open areas.

Bat activity in open areas was much lower
than along treelines (fixed observation points;
t-test, P<0.0001). Along treelines the average

Table 1. Number of observations (points and single records) and distances covered in open areas and along

treelines and woodlot edges.

number of fixed
observation points

distance monitored (m)

feeding observation points

number of feeding observation
points / single observations

open area 38
single treelines 9
double treelines 72
woodlot edge 0
treelines + woodlot edges 81

25,570 0/0
5,534 11/11

38,121 39/43
2,093 5/2

45,748 55/56
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Table 2. Pipistrelle activity along double treelines, wind speed and wind incidence angle at fixed observation
points when bats were only active over the road or over the road and on the leeside, and when bats were restricted

to the leeside.

sound recorded (s)

feeding buzzes

wind speed (m/s)  wind incidence angle (°)

road (+ leeside)

mean =+ s.d. 16.1 £25.5 0.5+ 1.1 25+2.6 33.6 £28.9
n 61 61 62 43
leeside only

mean =+ s.d. 66.9 +81.1 1.8+2.7 6.1+£2.8 70.2 +16.9
n 10 10 10 10

P (t-test) <0.05 not significant 0.001 <0.0001

distance between feeding observation points
was 831 m (1.2 feeding observation points/km),
and the average distance between pipistrelle
records (including single observations) was
412 m (2.4 records/km; table 1). The observa-
tions were not randomly distributed. The dis-
tribution of pipistrelle observations (feeding
observation points + single observations) along
treelines and wood edges (number per 1000 m)
was compared to a random (Poisson) distribu-
tion. Pipistrelle activity was significantly over-
dispersed (parameter: number of observations
per 1000 m, dispersion parameter = 1.85, x> =
92.59, df = 45, P<0.001), indicating that they
were patchily distributed.

Wind speed and wind incidence angle affec-
ted bat activity around double treelines (fixed
observation points, n=72). In most cases, bats
occurred both over the road and on the lee-
side, or over the road only (n=62); less often
bat activity was restricted to the leeward side
(n=10; table 2). When bats were active on the
leeside only, wind speeds (P=0.001), wind
incidence angles (P<0.0001) and bat activity
(P<0.05) were higher.

Fixed observation points

The estimated effects of the REML and

Table 3. Estimates (+ standard errors) of marginal effects on bat activity. Insect densities were skewly distributed
and transformed by adding one and taking the natural logarithm. Effects may be interpreted approximately as a
relative change in bat activity when the explanatory variable is increased by one unit. Asterisks mark significance
in approximate Wald-tests at the 95% confidence level. Variance components (emplogit; see appendix) of bat
activity, calculated with REML, are indicated by a, b, ¢ and d, which refer respectively to transect, night within
transect, observation point within transect and point observation case random effects.

IRREML REML a b [¢ d
In (insect+1) 0.08 (0.19) 0.12+£0.26 0.6 0.2 08 29
height (m) 0.27 (0.17) * 0.24£0.16 * 0.3 0.0 0.8 3.0
width (m) 0.17 (0.08) * 0.21 £0.08 * 0.3 0.0 0.5 3.1
foliage density at 3 m (%) 0.050 (0.016) * 0.050 +0.014 * 0.2 0.1 0.1 32
foliage density at 5 m (%) 0.021 (0.012) 0.022 £0.011 * 0.3 0.0 0.6 3.1
foliage density at 7 m (%) 0.012 (0.008) 0.017 £ 0.008 * 0.3 0.0 0.5 32
mean foliage density (%) 0.034 (0.013) * 0.043 +£0.012 * 02 -0.1 0.1 34
maximum foliage density (%) 0.052 (0.026) * 0.069 +0.027 * 0.3 0.1 0.3 3.1
foliage density >50% (m) 0.32(0.12) * 032+0.11 * 0.2 0.0 0.4 3.1
wind speed (m/s) -0.10 (0.23) 0.22+0.19 0.5 0.0 0.7 3.0
incidence angle (degrees) 0.001 (0.008) 0.009 + 0.009 0.4 0.5 0.9 2.7
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Figure 3. Bat activity on fixed observation points against four treeline parameters.

IRREML analyses show that bat activity is
significantly related to treeline height, width,
and foliage density (table 3). Figure 3 illus-
trates the marginal relation between bat activ-
ity and four of the treeline parameters.

The estimated marginal effects for bat activ-
ity (table 3) are additive on a logarithmic scale.
This means that they can be interpreted as hav-
ing a multiplier effect on the original bat activ-
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ity scale. For not-too-large values (bat activity
less than 150 s, half of the ‘binomial’ total 300
s), the estimates can directly be read as frac-
tional increases. For example the coefficient
0.052 for maximum foliage density suggests a
5.2% increase in bat activity if the maximum
foliage density were 1% higher. The standard
error 0.026 indicates that this increase percent-
age may be any value between 0 and 10%.
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Table 4. General and feeding activity (means + s.d.) along treelines at fixed and feeding observation points. Mann-
Whitney U-tests: * P<0.05 ™ P<0.005 ™ P<0.0001

feeding observation points (along treelines) fixed observation points
(along treelines)
including woodlots excluding woodlots no woodlots present
n=39 n=34 n=81
sound recorded (s) 724+ 649 67.1+£62.0™ 19.7+£32.9
number of feeding buzzes 21+£27 1.6+£23"° 0.6+1.2

Table 5. Treeline parameter values (means + s.d.) on transects (overall means), single observation points and feed-
ing observation points. 7-tests were performed to compare overall means to feeding observation points. * P<0.05
™ P<0.01 ™ P<0.001

transect M1 transects G1/G2
overall mean single obser- feeding obser- overall mean single obser- feeding obser-
parameter (min-max) vations vation points  (min-max) vations vation points
(min-max) (min-max) (min-max) (min-max)
(n=24) (n=22) (n=26) (n=27)
height (m) 5.6 7.0+ 1.7 7.3+24™ 7.1 70+ 1.5 7.8+ 1.6"
(3-14) (5-14) (5-14) (3-12) (3-10) (6-12)
width (m) 6.8 8.0+1.5 75+2.2 9.5 79+3.3 91+29
@-12) (5-12) @-12) (2.5-14) (2.5-14) @-14)
foliage density at 3 m (%) 60.9 657+181 76.2+14.9™ 78.7 793+99  81.8+11.0"
(26-100) (26-100) (41-100) (17-100) (55-93) (66-100)
foliage density at 5 m (%) 43.0 649+177 73.4+143™ 39.8 54.6+193 655+18.7"
(26-100) (26-100) (41-100) (0-100) (0-77) (30-100)
foliage density at 7 m (%) 14.0 34.0+£33.2 42.7+39.0™ 334 443+332 62.0+28.8™
(0-100) (0-100) (0-100) (0-100) (0-77) (0-100)
foliage density mean of 443 549+16.5 641+£18.6™ 53.2 594+15.6 69.8+16.1"
3,5and 7 m (%) (26-100) (26-100) (41-100) (28.3-100)  (28.3-80.7)  (38.3-100)
maximum foliage den- 49.6 649+177 73.4+143™ 46.6 57.9+19.0 68.5+16.9™
sity (%) (26-100) (26-100) (41-100) (0-100) 0-77) (30-100)
foliage density >50% (m) 42 59+2.6 6.8+2.9™ 5.8 62+23 7121
(2-14) (2-14) (2-14) (0-12) (3-12) (3-12)

Table 6. Simultaneous evening counts of pipistrelle bats commuting over roads leading away from Grijpskerke.
For route numbers see figure 2; mv = missing value.

number of passing bats (% of total)

date (d/m/yr) wind direction % commuting over road / on leeward / on windward na
and force (Bft)  route 1 route 2 route 3 route 4 route 5 route 6 L

24/06/1994  SE 3 12 (10) 31(25) 19 (15) 24 (19) 30 (24) 10 (8) 126
80/20/0  87/13/0 mv 85/15/0  100/0/0  100/0/0 145

21/06/1996  NNW 5 39 (31 43 (34) 18 (14) 10 (8) 12 (9) 5@) 127
0/100/0 ~ 100/0/0  100/0/0  58/42/0  100/0/0  100/0/0 108

18/07/1996 N3 27 (23) 31 (27) 12 (10) 12 (10) 17 (15) 17 (15) 116

24/76/0 97/3/0 100/0/0  57/36/7 mv 71/29/0 108
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The variance components estimated with
REML (table 3) indicate that most variabil-
ity is found at the level of the observation
points. There may be some relevant variabil-
ity between transects and between observa-
tion points within transects, but variability
between nights within transects seems unim-
portant or even non-existent.

Feeding observation points

At feeding observation points, we frequently
found more than one, but seldom more than
three, pipistrelles foraging at the same time.
General activity and feeding activity were
significantly higher at the feeding observation
than at the fixed observation points (table 4).

For each 100 m of treeline and woodlot
edge on the transects with feeding observa-
tion points (Gl, G2 and M1), we estimated
the average height, width, and foliage den-
sity of the vegetation. Bats were recorded
all along transects Gl, G2 and MI, includ-
ing along most of the lowest, narrowest and
most permeable treelines (usually single
observations; table 5). We compared treeline
parameters at feeding observation points to
the overall mean values for transects Ml
and Gl + G2 (excluding the 100 m tracts
that included feeding observation points).
In transects M1 and G1/G2, the height and
foliage density of the treelines and woodlot
edges at the feeding observation points were
significantly higher than the overall means
(table 5). No feeding observation points were
recorded at places where the treelines were
very low (<5-6 m), narrow (<4 m) or perme-
able. As expected, values at single observa-
tion points were a little lower than on feed-
ing observation points. Many of these single
animals were probably on the move between
foraging sites or between foraging sites and
their roost.

There were differences between transects
M1 and GI1/G2. The treelines in transect
MI1 were lower, narrower and more perme-
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able (except for ‘density at 5 m’ and ‘maxi-
mum density’) than in transects G1/G2
(-tests, P<0.05). Nevertheless, mean values
of treeline height and foliage density on feed-
ing observation points were equal along both
transects (¢-tests, P>0.05). This indicates that
pipistrelles, although they were recorded all
along transects M1 and G1/G2, selected the
highest and most densely vegetated treelines
as their foraging sites.

Commuting flight routes

Simultaneous counts of commuting pipist-
relles at six different fixed points on three eve-
nings (n=18; figure 2) showed a strong tempo-
ral and spatial variation in the numbers of bats
using a specific route (table 6). In 14 out of 16
counts (for two counts we had no data on the
bats’ flight position), the majority of commut-
ing bats flew directly above the road, between
the tree rows. Only twice did the majority of
bats fly along the leeward side. Only once was
a bat recorded commuting along the wind-
ward side.

More bats used the three routes leading to
the southern network (routes 1-3 in figure 2)
than the three routes leading to the north-
ern network (routes 4-6; Poisson regres-
sion, F 1,14=5.23, P<0.05, after correction for
effects of wind speed and wind incidence
angle). There was no effect of wind force and
wind incidence angle on the number of pip-
istrelles using a particular commuting route
(F,,=0.05 and 0.04 respectively, P>0.05).
Table 7 shows the length of treelines and
woodlot edges within 1, 2, and 3 km (meas-
ured along treelines) of Grijpskerke’s built-
up area. It was assumed that the majority of
bats foraged within 3 km of the roost, which
is well above the average pipistrelle travel dis-
tances recorded in British and Dutch lowlands
(Racey & Swift 1985, Limpens et al. 1997).
We also assumed that the bats only commuted
along treelines. Within 3 km of Grijpskerke
the length of treeline and woodlot edge in the
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Table 7. Length of treelines and woodlot edges (m) within 1, 2 and 3 km north and south of the built up area
of Grijpskerke. Mean parameter values at feeding observation points (table 5) were used as minimum values to

define ‘potentially good foraging areas’.

length of treeline + woodlot edge (m)

parameter 0-1 km 1-2 km 2-3 km total
total north 4049 4085 4212 12346
south 3858 5146 5192 14196
height >7.8 m north 2270 1788 1443 5501
south 2715 2730 1460 6905
mean foliage density >70% north 1286 1382 1958 4626
south 1334 2158 1333 4825
maximum foliage density >69% north 1477 2271 3212 6960
south 1572 3460 5097 10129
foliage density >50% >7.1 m north 2667 1551 2577 6795
south 3001 3143 2445 8589
height >7.8 m and north 1286 1191 491 2926
mean foliage density >70% south 1334 2158 730 4222

southern network was 14,069 m and in the
northern network it was 12,569 m. The sig-
nificance of both networks as foraging areas
for pipistrelles was quantified by calculat-
ing the amount of ‘potentially good forag-
ing area’ at 0-1, 1-2, and 2-3 km. The mean
parameter values of the tree characteristics at
feeding observation points (table 5) were used
to define ‘potentially good foraging area’. The
southern network had a larger total length of
treelines and woodlot edges that met these
criteria than the northern network, especially
within 2 km from the village (table 7). This
shows that there were more potential forag-
ing areas available, at closer distance, in the
southern network, which supports the hypoth-
esis that pipistrelles use the shortest commut-
ing routes that lead to the most profitable for-
aging areas.

Discussion

This study shows that the general and feeding
activity of common pipistrelles is positively
related to the height, width and foliage density

of treelines. These features strongly deter-
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mine the amount of available wind protection
and wind shelter patterns around windbreaks
(Lewis & Stephenson 1966). Hence, our
results demonstrate the significance of shel-
tered habitats, which provide relatively wind-
free sites for pipistrelles to feed. The study
was performed in a coastal area with a rela-
tively windy climate, where the presence of
landscape elements with dense vegetation that
act as windbreaks may be crucial for resident
bat populations. Fields and meadows in inten-
sively used agricultural areas, such as those of
north-western Europe, can be extremely poor
in insects and bats may be largely dependent
on woody vegetation to feed.

Furthermore, this study shows that bats pre-
fer commuting routes to areas where good for-
aging patches are relatively close to the mater-
nity roost. The presence of such patches at close
distance to the roost may be of critical impor-
tance, especially to lactating females which, on
average, make shorter foraging flights (Racey
& Swift 1985) and usually return to the roost
more than once during a night to suckle their
young (Swift 1980).

The landscape of Walcheren is relatively
uncomplicated. Treelines and other woody
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vegetation are rather uniform, with a simi-
lar species composition over most of the
area. Short term spatial and temporal varia-
tions in food abundance are mainly caused
by a combination of wind and treeline struc-
ture. Hence, the locations and profitability of
insect-rich patches can vary from day to day or
even change within a night. In areas with, for
instance, riparian woodland, patches rich in
insects may be less affected by weather condi-
tions, and persist for longer periods. Here, the
distribution of predictable, high density food
patches may allow bats to adopt a different
optimal foraging strategy, with longer com-
muting flights (Charnov 1976: marginal value
theorem), in spite of increased predation risk.
Protection from wind may affect bats in two
ways. First, small insects concentrate on the
leeside of the windbreaks (Lewis & Stephen-
son 1966, Lewis 1969a, Lewis 1969b, Lewis
1970, Lewis & Dibley 1970). These insects
may originate from the windbreak itself or
the meadow or field neighbouring the wind-
break, but a significant proportion may be
blown from elsewhere. Unfortunately, due to
a strong variation in the samples, our insect
sampling method proved to be inappropriate
to allow us to draw proper conclusions about
insect densities. More sweeps per sample at a
reduced height (for instance 2.5-3 m above the
ground) might have given better results.
Wind also affects the flight performance and
energy expenditure of bats. The groundspeed
of a flying animal decreases with increasing
headwind strength, and a small and relatively
slow flying animal such as the common pipis-
trelle, is strongly affected by wind (e.g. Pen-
nycuick 1969, Norberg 1990). For instance,
at a headwind of 7 m/s or more, a pipistrelle
would not be able to fly in a forward direc-
tion (Pennycuick 1969). Tailwinds have the
opposite effect and side winds have an inter-
mediate effect: when the angle between flight
direction and wind direction is greater than
90°, flight costs increase (Pennycuick 1969,
Norberg 1990). Furthermore, winds affect
the manoeuvrability of bats (Schnitzler 1971),
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decreasing their feeding efficiency.

Bats used all the treelines in the study
areas, including the lowest, narrowest and
most permeable ones, as flyways but were
seldom observed in the open areas during
the study. Nevertheless, common pipistrelles
do sometimes traverse open areas over sev-
eral hundreds of metres, as reported in earlier
studies (de Jong 1994, Verboom & Huitema
1997, Simon et al. 2004) and personal obser-
vations. These observations suggest that they
use well-defined flyways through fields and
meadows to reach isolated feeding areas. The
methods applied here may have overlooked
such flyways.

Commuting pipistrelles in our study mainly
flew over the road between double treelines.
This is in line with Verboom and Spoelstra
(1999), who found the majority of pipistrelles
commuting between treelines, irrespective of
insect abundance and wind speed. They sug-
gested predator avoidance as a possible expla-
nation for this behaviour, which represents a
constraint on movements of bats at relatively
high light levels. In their study, feeding activ-
ity after dark took place both over the road
and on the leeside of double treelines, which
is in line with the results from this study. Sim-
ilar bat activity shifts at decreasing light lev-
els from sheltered to more exposed environ-
ments were found by others, e.g. Rydell et al.
(1994) (common pipistrelle and Daubenton’s
bat, Myotis daubentonii) and Schofield (1996)
(lesser horseshoe bat, Rhinolophus hipposi-
deros).

Significance for bat conservation

The conclusions of this study have implica-
tions for the conservation of bats. In partic-
ular in insect-poor agricultural areas with a
windy climate, bats may largely be depend-
ent on windbreaks that provide them, and
the insects they feed on, with shelter. Land
management and development should focus
on creating and conserving patches of wood
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and linear vegetations, such as hedgerows and
treelines. In order to provide sufficient shel-
ter in windy conditions and be useful as feed-
ing sites these need to be sufficiently high (at
least 5-6 m), wide (at least 4 m) and densely
vegetated. Double treelines are more suita-
ble as commuting corridors than single ones.
Furthermore, potential feeding sites should
be close to roost sites, and interconnected and
connected to roosts by vegetation corridors.
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Samenvatting

Effecten van windbeschutting op het land-
schapsgebruik door gewone dwergvleer-
muizen (Pipistrellus pipistrellus)

De gewone dwergvleermuis (Pipistrellus
pipistrellus) maakt veelvuldig gebruik van
bomenrijen en andere opgaande, lintvormige,
vegetaties, als foerageergebied en als verbin-
dingsroute tussen verblijfplaats en foerageer-
gebied en tussen foerageergebieden onderling.
Windbeschutting speelt naar verwachting een
belangrijke rol bij de keuze van vliegroutes en
foerageerplaatsen. In het windrijke kustgebied
Walcheren (Zeeland) onderzochten we daarom
de invloed van structuureigenschappen van
houtsingels op foeragerende dwergvleermui-
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zen. De hoogte, breedte en vegetatiedichtheid
(permeabliliteit) van de singels bleken bepa-
lend voor de mate waarin vleermuizen langs de
bomenrijen foerageerden. Zeer lage (<5-6 m),
smalle (<4 m) en wind-doorlatende bomenrijen
werden niet gebruikt als foerageerplek. De ver-
spreiding van potentieel geschikte foerageer-
plekken in het studiegebied bepaalden de keuze
van vliegroutes tussen een verblijfplaats van
dwergvleermuizen in een kleine bebouwings-
kern en het omliggende landschap. Het meest
gebruikt werden routes die leidden naar die
delen van het landschap waar (potentieel) hoog-
kwalitatieve foerageerplekken op relatief korte
afstand van de verblijfplaats gelegen waren.
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Appendix

The application of REML and IRREML
in modelling relations between bat activity
and environmental variables

An appropriate statistical analysis was required
that took into account the structure of the 81
observation cases. Observations were made
along four transects, over 11 nights, and at 36
different fixed observation points. Thus the
nights and the observation points are nested
within transects, each observation was made at
a certain combination of night and observation
point. This is schematically represented below.

The direction of the arrows indicates ways
in which the survey was structured so as to
model bat activity as a function of the other
variables.

The standard tools to statistically analyse
relations between variables are linear and
generalised linear models (GLMs, McCullagh
& Nelder 1989). Examples of GLMs are logis-
tic regression (appropriate when the response
variable is a fraction, such as recorded bat
sound per 5 minutes), and Poisson regression
(appropriate when the response variable is a
count). If the data are not really from a bino-
mial or Poisson distribution, which is the case
for thse data, a standard option is to estimate
one extra dispersion factor (quasi-likelihood
method; see McCullagh & Nelder 1989, chap-
ter 9). However, all these models assume that
the structure of the set of observation cases
is modelled via the explanatory variables and
that the random (error) terms are independent.
To account for dependence between obser-

vations the models should be extended with
extra random terms representing the structure
of the data. The resulting models are known
as mixed models, i.e. models with a mixture
of fixed and random explanatory variables.
In this way, linear modelling (regression and
analysis of variance) is generalised to REML
(Residual Maximum Likelihood; Patterson &
Thompson 1971), and generalised linear mod-
elling to IRREML (Iteratively Reweighted
REML, Engel & Keen 1994. See Engel (1997)
for an overview). Computations are easily
performed with the statistical programme
Genstat (Genstat 5 Committee 1993, Genstat
5 Committee 1995). REML is a standard fea-
ture of the programme, IRREML is available
as a procedure (Keen 1996).

For the analysis of this bat data (sound
recorded per 5 minutes), IRREML seemed
the most appropriate approach. No analysis
of number of feeding buzzes was undertaken,
as there seemed to be too little information in
the values (mostly Os or 1s). Given the scheme
above the specification of the random terms
was easy. There are four levels of random
variation: transect, observation point within
transect, night within transect, and observa-
tion case.

In Genstat, REML and IRREML will esti-
mate variance components (with standard
errors) for each of the four random terms.
These components can be compared to see
which random terms are most important.
However, in IRREML the unit level variance
component is estimated at a completely dif-
ferent scale than the other ones, so that the
direct comparison of variance components

transext

(n=4)
|

observation point
(n=36)

treeline
variables

|
night

ind d
(=11) <«——— (wind speed)

insect and wind
variables
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is restricted to the higher-level estimates.
Mainly for this reason the IRREML analy-
ses were supplemented with REML analy-
ses on transformed data: the empirical logit
(emplogit) transformation for recorded sound
per 5 minutes (t_ )

emplogit (t =In {(t

sound

+0.5)/ (300 - t

sound

- 03}

This data transformation implies a certain
variance function (variance as a function of the
level) for t_ .. This function is not compati-
ble with the variance function in the IRREML
model. However, REML analysis of the trans-
formed data is a relatively standard approach
for this type of data, so large differences
between the results from the two approaches
would be a reason to be more concerned with
the precise form of the variance function for
these data. In this sense, performing both anal-
yses provides a protection against any major
misspecification within the model.

The fixed effects can be included in the
model, either individually (marginal effects)
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or together (conditional effects). In the prob-
lem presented here, many of the explanatory
variables were approximate measures of the
same treeline characteristics. Hence it is not
sensible to estimate the effects of changing
one variable while keeping all others fixed (as
is done with conditional modelling). There-
fore all the analyses have been performed with
just one explanatory variable as a fixed term
in conjunction with the four random terms
mentioned above. For t . and an explana-
tory variable x the (qua51 blnomlal) IRREML
model can be written as:

I { Bt 300-E( )] } = ot 0+ By 7, + 6%,

var (t ) =0"300E(t_ ) {300-E(t_ )}

sound-
where a., Bij’ v, are the random effects of
transect i, observation point ij, and night ik,
respectively. p and § are the fixed effects: the
constant and the marginal effect of variable x,
respectively. 62 is the dispersion factor which
needs to be estimated from the data.
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Badger (Meles meles) road mortality in
the Netherlands: the characteristics of victims and
the effects of mitigation measures
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Abstract: Of the badger (Meles meles) population in the Netherlands of the 1980s, a high percentage (locally up
to 25%) of the population was killed yearly by road traffic. This led the Dutch authorities to instigate mitigation
measures such as fauna tunnels and fences. Between 1990 and 2006 data has been gathered on badger victims
in the Netherlands which can be used to test if these mitigation measures have been effective. We present here
data on the total number, age and sex of the victims, their distribution over the Netherlands, and over national,
provincial and municipal roads and test whether mitigating measures results in a decrease in traffic victims. The
badger victim dataset shows a clear peak in victims in March, and relatively low numbers in December, Janu-
ary and February. Most fatalities occurred within the distribution range of the badger. Nationally, the sex-ratio
of victims did not differ from 1:1, but in 1990, more of the fatalities outside the badger’s distribution range were
female. In absolute terms, most victims were reported from municipal roads. However, relative to the total length
of roads within the range of the badger, most victims occurred on provincial roads. The number of traffic victims
is significantly lower when mitigation measures have been in place for a while. The challenge for conservation
lies in minimising victim numbers at provincial and municipal roads. As badger victims occur over a huge length
of municipal roads mitigation along these routes will be difficult. Still, a number of measures are recommended,
including for example placing fauna passages at well-known badger tracks, decreasing speed limits, relocating
badger setts or closing roads for through traffic.

Keywords: traffic victims, fauna tunnels, road fences, eco-ducts, wildlife passages, road ecology, Meles meles, badger.

Introduction

In the 1900s, the badger (Meles meles) popu-
lation in the Netherlands was estimated to
number between 2500 and 3000 setts, contain-
ing over 4000 individuals (van Moll 2005). By
the 1960s this number had declined drastically
(van Wijngaarden & van de Peppel 1964) and
it stayed low until the mid 1980s (van Wijn-
gaarden et al. 1971, Wiertz & Vink 1986), with
about 400 setts in the whole of the Netherlands.

A number of causes for this decline have been
suggested (van Wijngaarden & van de Peppel

© 2010 Zoogdiervereniging. Lutra articles also on the
internet: http://www.zoogdiervereniging nl
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1964, Wiertz & Vink 1986, van Apeldoorn et
al. 1995). These included hunting and poach-
ing, the disturbance and destruction of setts,
habitat loss, pollution, isolation of metapopu-
lations, hampered migration and road traffic.
By the 1980s, it was clear that the number of
badger traffic victims was continuing to rise
(Wiertz & Vink 1986; figure 1) and that a high
percentage of the population, in some areas
up to 25%, was being killed by road traffic:
(Broekhuizen et al. 1994, van Apeldoorn et
al. 1995, Bekker & Canters 1997). In 1984 the
Dutch Ministry of Agriculture, Nature and
Fisheries launched a badger protection pol-
icy to address the decline in badger numbers
(Beheersoverleg Dassen 1983, Sneep 1986).
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Figure 1. The number of recorded badger traffic vic-
tims in the period 1960-1982 (Wiertz & Vink 1986)
and 1990-2006 (this study); in the period in between
there was no registration.

The proposed measures included habitat
improvement and de-fragmentation, reintro-
ductions, refunding farmers for crop damage
and educating hunters and landowners (Sneep
1986). In 1990 national policies for nature and
transport (the Nature Policy Plan and the Sec-
ond Transport Structure Plan (Ministerie van
Landbouw, Natuurbeheer en Visserij 1990,
Ministerie van Verkeer en Waterstaat 1990
respectively) underlined the necessity of halt-
ing further habitat and population fragmen-
tation by roads and to counter the existing
level of fragmentation. These policies paved
the way for de-fragmentation programmes
(Bekker & Canters 1997). The Nature Policy
Plan introduced the National Ecological Net-
work (NEN) and the Second Transport Struc-
ture Plan stated that no further fragmentation
of nature and landscape by motorways would
be allowed and that the existing level of frag-
mentation must be decreased. These policies,
updated in 2000 (Ministerie van Landbouw,
Natuur en Voedselkwaliteit 2000) and in 2005
(Ministerie van Verkeer en Waterstaat 2005)
are the basis of current policy, described in
the Long Term De-fragmentation Programme
(Ministerie van Verkeer en Waterstaat et al.
2004). This programme has identified 208
bottlenecks between national infrastructure
(roads, rail roads and canals) and the National
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Figure 2. Number of 1x1 km squares in the Nether-
lands, occupied by the badger. Sources: van Wijn-
gaarden & van de Peppel (1964), van Wijngaarden et
al. (1971), Wiertz & Vink (1986), Wiertz (1991), van
Moll (2005), Witte et al. (2008).

Ecological Network (NEN) and has set a tar-
get of eliminating these bottlenecks by 2018.

In the 1990s and 2000s, the distribution
and population size of the badger increased
strongly (Wiertz 1992, van Moll 2005, Witte
et al. 2008) (figure 2). This increase may be
attributed to addressing most of the assumed
causes of decline, such as compensation for
damage to crops (Faunafonds 2006), estab-
lishing management scheme agreements with
farmers that have setts on their land (Fauna-
fonds 2006), a decrease in PCBs and heavy
metals (except in floodplains, van den Brink
& Ma 1998), the raising and translocation of
orphaned or threatened badgers (van Moll
2005), the countering of habitat loss and
implementing mitigation measures at prob-
lem sites on the national road network. Here
we focus on the efficacy of the latter.

The most frequently implemented mitiga-
tion measures to help badgers safely across
roads are small round tunnels (with a diame-
ter of 40-50 cm), constructed from concrete or
steel, combined with fencing (Kruidering et
al. 2004). These tunnels are known to be used
by badgers (Maaskamp 1983, Derckx 1986,
van Dinther 1994, Bekker & Canters 1997,
Brandjes et al. 2002). Apart from tunnels
there have also been adaptations to existing
infrastructures, such as bridges and viaducts,
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to make them suitable for co-use by badgers
(Kruidering et al. 2004).

There is no current data on the proportion
of the national badger population (also in
terms of age and sex) that is killed by traffic,
whether there is any difference between road
types, and whether establishing tunnels con-
tributes to a decrease mortality. This knowl-
edge can help to optimise conservation and
mitigation measures, by aiming them at cer-
tain road types or certain parts of the badger
range and can also be used as a model for
other terrestrial mammals.

In this paper, we present and analyse data
on badger traffic victims gathered by the Das
& Boom Society and Rijkswaterstaat between
1990 and 2006. As a first step we present the
age and sex of the victims and the temporal
and spatial patterns in victim numbers. In an
expanding population, females are the agents
of population spread. For this reason, we pay
extra attention to the sex-ratio of victims
found outside the known distribution range
of badgers, and compare these results with an
earlier study. As a second step, we determine
the distribution of victims along national, pro-
vincial and municipal roads. Finally, as a third
step, we test whether taking mitigating meas-
ures results in a decrease in traffic victims.

Methods
Collecting badger traffic victim data

The datasets of badger traffic victims and
of mitigation measures were not specifically
gathered for this study. Traffic victim data
were gathered by the Das & Boom Society
and Rijkswaterstaat. Badger victims were
generally found by the public, by inspectors of
Rijkswaterstaat and a network of volunteers.
Until 2000, volunteers of the Das & Boom
Society went to the majority of reported sites
to determine the age (sub-adult, adult) and sex
of traffic victims. After 2000, the age and sex
were no longer determined in the field by these
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volunteers, but were sometimes given by the
person reporting the badger victim. The loca-
tion of accidents is available, with in coordi-
nates precise to within ten metres, as well as
the road name, type and responsible authority
and date. The dataset covers the period from 1
January 1990 to 31 December 2006.

Estimating badger range and population size

The changes in badger range and popula-
tion size in the last 40 years have been well
documented through national badger cen-
suses: systematic surveys in which all suita-
ble badger habitats were checked for inhab-
ited setts. Badger censuses were carried out
in 1960 (van Wijngaarden & van de Peppel
1964), 1970 (van Wijngaarden et al. 1971),
1980 (Wiertz & Vink 1986), 1990 (Wiertz
1992), 1995 (van Moll 2005), 2001 (van Moll
2005) and 2007 (Witte et al. 2008) (figure 2).
A badger census involves conducting a survey
of the potential habitats of badgers, with each
square km of potential habitat being checked
for badger presence, setts or tracks. The exact
methodology is described in the reports of
each census. We assume that the 2007 census
is a good representation of the range and pop-
ulation in 2006 and use this data to compare
the traffic victims of 2006 with the badger
range.

Roads and road mitigation

Rijkswaterstaat provided us with spatial data
about the Dutch national road network. Data
on fauna tunnels and eco-ducts at motor-
ways came from the WEGENSNIP database
(Rijkswaterstaat 2007). Additional data about
fauna tunnels along provincial and munici-
pal roads were provided by the Das & Boom
Society. These datasets detailed the type of
wildlife crossing, structure, location, road
type and year of construction. Our analysis
only looked at wildlife crossing structures
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that were accompanied with wildlife fences to
guide the animals to the structure and keep
them off the road. Roads with wildlife fences
but without wildlife crossing structures were
not considered as sites with mitigation meas-
ures for the purpose of this analyses.

Demographic analyses and distribution of
victims

First, we report the descriptive statistics from
the traffic victim database: the number of vic-
tims each year and the total number of vic-
tims each month, with an age and sex class
breakdown. We separately analyse victims
were reported outside the known range, for
the years when a badger census was carried
out. Badgers are considered to be outside their
known range when they are reported from a
location more than two kilometres from the
known distribution range of badgers in that
year (two kilometres is the maximum distance
that resident badgers move away from their
setts in the Netherlands ( van Wijngaarden &
van de Peppel 1964, Wansink 1995) and else-
where in western Europe (Neal & Cheeseman
1996, Palphramand et al. 2007). We use a Chi-
square test to test for the sex-ratios within the
total victim population over the whole year, in
the mating period only, and among fatalities
outside of the known badger range. We com-
pare these data with data reported by Miiskens
& Broekhuizen (1993) whose study of badger
victims in the 1980s, found that badgers killed
by traffic further than three kilometres from
known setts were more often females.

Next, to correct for the effects of population
growth and wider distribution on victim num-
bers, we express the number of recorded vic-
tims as a percentage of the population for the
years in which a census was done (dividing
the number of victims by population size in
the census years). Following Wiertz & Vink
(1986) we assume that there is usually one
sett per km?, and that setts are inhabited by
3.2 badgers. We divide the number of badger
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victims by the number of populated km? x
3.2 badgers km? x 100% in order to calcu-
late the percentage of the population that were
recorded as traffic victims.

Badger victims by road type

In the analysis we distinguish three road
types: national roads, provincial roads and
municipal roads. These road types have dif-
ferent speed limits (respectively 120 or 100
km hour!, 100 or 80 km hour! and 50 to 30
km hour"), and different traffic densities.

We then enter traffic victims and road maps
into a GIS, with the location of each fatality
also being coded in terms of road type. Next,
we calculate the absolute number of traffic
victims by road type. As there are far more
municipal roads than provincial or national
roads, it is likely these roads will claim more
victims. To take this into account we also cal-
culated the number of victims per kilometre
of each type of road within the known range
of badgers, for each of the census years.

The effect of mitigation measures

We tested the effect of mitigation measures
on badger mortality by comparing the number
of victims around each road mitigation site,
before and after the construction of the wild-
life crossing structure. We used two kilome-
tres of road length on each side of the miti-
gation site, as this is the maximum range a
non-dispersing badger will move from its sett
in the Netherlands (van Wijngaarden & van
de Peppel 1964). We assumed that the number
of badger fatalities more than two km from
the mitigation measure would be unaffected
by the measure.

An increase in numbers and/or the expan-
sion of the range of badgers over the study
period are potentially confounding factors
when testing the effect of mitigation meas-
ures: a road may show more victims after the
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implementation of a mitigation measure if
badgers were absent in the area in the years
preceding the implementation and moved into
the area afterwards. To avoid such problems,
we only selected mitigation sites (n=126) situ-
ated within the 1990 badger range, locations
which could potentially have had badger vic-
tims over the whole period. To further cor-
rect for population change, we weighted the
number of victims at each location in a given
year by dividing this figure by the number of
victims that occurred nationally in that year.
We tested the effect of mitigation meas-
ures on the number of victims using a Gen-
eralised Linear Model approach, modelling
the number of victims in each year at these
locations, divided by the number occurring
nationally in this year as a function of the
number of years that each mitigation measure
has existed. So, for a location with a measure
implemented in 1998, this number would be
-8 in 1990 and +2 in the year 2000. Location
is included in the model as a factor. Because

the pattern of victims follows a Poisson-dis-
tribution, with many zero counts, we used
a quasi-Poisson error term, with a log link
function. We evaluated the model by using
Nagelkerke’s R? (McCullagh & Nelder 1983).
All statistical analyses were done in statistical
package R (R Development Core Team 2008).

Results

Demography, phenology and distribution
of victims

There was a steady rise in the number of
badgers recorded as victims of traffic between
1990 and 2000, which then seemed to stabilise
at around 500 victims per year between 2000
and 2006 (figure 1). Of course, these numbers
may underestimate the true figure: not all ani-
mals that are found are reported, and not all
animals hit by cars are found.

Of'the 7,279 badger victims reported between

Figure 3. Distribution of victims in 1990 (A) and 2006 (B).
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Table 1. Number of badger traffic victims (with sex and sex ratio) for the period 1990-2006; for the mating period (March)
in the period 1990-2006, and found outside known badger range in the 1980s and badger census years (1990, 1995, 2001

and 2006). * P<0.05 ** P<0.01.
!Data from Miiskens & Broekhuizen (1993).

Male Female Sex ratio v
victims victims
1990-2006 all victims 2539 2447 1.04 1.700
1990-2006 victims in March 325 296 1.10 1.354
1980s' all victims 277 249 1.1 1.491
outside range 5 20 0.3 9.000%**
1990 all victims 78 89 0.9 0.725
outside range 3 16 0.2 8.895%*
1995 all victims 171 156 1.1 0.688
outside range 27 15 1.8 3.429
2001 all victims 122 100 1.2 2.180
outside range 5 7 0.7 0.333
2006 all victims 105 135 0.8 3.750%*
outside range 10 9 1.1 0.053

1990 and 2006, 142 animals were killed by
trains. Another 140 victims in the dataset were
badgers that had drowned in canals. The distri-
bution of victims generally follows the range
of badgers, although some victims do occur far
outside the known range (figure 3).

There is no difference in the number of male
and female badgers that were killed by traffic
in the whole set (table 1) or in the mating sea-
son, March (x21’621=1.35, P=0.24). In 1990 there

18 7

Victims as percentage of population

1990

1995 2001 2006

Figure 4. Number of traffic victims per month per age
class in the period 1990-2006.
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was a difference in the number of males and
females killed outside the badger distribution
range, but not in 1995, 2001 and 2006 (table 1).
The number of victims is lower in the winter
months (November to January) than in other
months (figure 4), whilst in March there is a
peak in numbers of victims. Sub-adult victims
are seen first in April, but are only numerous
in June, July and August. They constitute more
than 10% of the victims in those months.

[ Adult male

[ Adult female
[ Adult unknown

1200 A

BZZ Juvenile male

EXX] Juvenile female

[T Juvenile unknown

1000 A

800 q

600

400 4

Number of traffic victims

200 4

Figure 5. Estimate of the percentage of the Dutch badger
population that is killed by traffic for census years.
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On the basis of these calculations we estimate
that in 1990, recorded badger traffic victims
accounted for 12% of the (estimated) Dutch
badger population. In 1995, this percentage
rose to 18%. In the 2000s, it declined again: an
estimated 17% of the population was killed by
traffic in 2001, and 13% in 2006 (figure 5).

Road types

In absolute terms, most badgers are killed on
municipal roads and the fewest on national
roads (figure 6A). When corrected for the
length of each road type within the range of
badgers, a different pattern emerges: the low-
est number of victims per kilometre of road
occurs on municipal roads, and the most on
provincial roads (figure 6B).

The effect of mitigation measures

There is no clear pattern in the relative number
of victims before, during and after a mitigation
measure is taken (figure 7), and there are large
standard deviations within the data. However
the generalised linear mixed model shows that
the number of traffic victims is significantly
lower the longer mitigation measures have
been in place (P<0.04, Nagelkerke’s R*=0.41).

Discussion

The demography and distribution of
victims

In line with earlier studies (Berendsen 1986,
Davies et al. 1987) the majority of the animals
killed were adults. The figures suggest that
between 12% and 18% of the Dutch badger
population was killed by traffic each year.
However these percentages are almost cer-
tainly an underestimate, because not all vic-
tims that are found are reported and animals
that are hit by cars but not killed immediately
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Figure 6. Absolute (A) and mean (B) numbers of vic-
tims on national roads, provincial roads and municipal
roads.
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Figure 7. Average (+ s.d.) number of victims relative
to the national number of victims and the number of
years a mitigation measure is in place. Year ‘0’ is the
year the mitigation measure was implemented, ‘year
-8’ is eight years before construction, year 8 is eight
years after construction.

will move themselves away from the road-
side and will not be found. Our estimates also
do not include the number litters or juveniles
that became orphans and subsequently died,
Broekhuizen et al. (1994) estimated that at
least 10% of all litters were lost because lac-
tating females were killed at roads.

Overall, between 1990 and 2006, similar
numbers of male and female badgers were
killed by traffic, corroborating earlier studies
(Davies et al. 1987, Miiskens & Broekhuizen
1993, Broekhuizen et al. 1994). This is in con-
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trast to other mustelids such as pine marten
(Martes martes) (Miiskens & Broekhuizen
2000), where more males than females die in
traffic. We attribute this to the difference in
the social structure of badger families. Badg-
ers live and mate within social groups, which
occupy a fixed home range, whilst other mus-
telid species live solitarily and mate promis-
cuously. For this reason, other male mustelids
have larger home ranges than females (John-
son et al. 2000), resulting in higher mobility,
increasing the frequency of road crossing, and
thus increasing the chance of becoming a traf-
fic victim.

There were relatively few victims in the
period between November and January.
Badger activities are lower in winter (Neal
& Cheeseman 1996) and home ranges are
smaller than in other seasons (Palphramand
et al. 2007). Less mobility means there will
be a smaller chance of being killed by traf-
fic. Our results are supported by several
other studies: road fatalities are lower in the
winter months for badgers in the UK (Dav-
ies et al. 1987), in the Netherlands (Miiskens
& Broekhuizen 1993) and for other mustelid
species (Miiskens & Broekhuizen 2000).

There is a peak in victim numbers in
March, with no difference in the number
of male and female victims. As dispersal
of badgers is not an event, but a slow and
gradual process (Roper et al. 2003), we rule
out the dispersal of young adult males and
females as the main cause of the peak in vic-
tims in our dataset in March. Badgers show
a peak in mating activity in early spring,
which coincides with increased mobility due
to marking of territory boundaries and look-
ing for mates (Woodroffe et al. 1993). This
increased mobility will increase the chance
of getting killed by traffic. An earlier study
found a bimodal pattern in victim numbers,
with a peak in March, similar to our find-
ings, and a second, smaller peak in August-
September, which was attributed to a second
peak in sexual activity (Davies et al. 1987).
Such a late summer peak is not present in our
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data. However, Davies et al. (1987) analysed
data from one year only, and report this year
to be a particularly dry one. Drought can
increase traffic mortality because of difficul-
ties in finding food (Neal 1977), so the sec-
ond peak reported by Davies et al. 1987 may
well be an anomaly. We found no significant
differences in the sex-ratio of traffic victims
found outside known badger range in 1995,
2001 and 2006, although more females were
killed in 1990. Miiskens & Broekhuizen
(1993), in their study of badger victims in
the 1980s, found that badgers killed by traf-
fic further than three kilometres from known
setts were more often female. Possibly, the
expanding population during our study
period increased the number and proportion
of dispersing males, resulting in increased
mortality among them.

Road type

Most victims occurred on municipal roads
(figure 6A). This is hardly surprising: this
type of road makes up for the majority of the
road network of the Netherlands. Yet these
are also the hardest type of road on which to
decrease traffic victims as the fatalities are
widely dispersed. The number of victims per
km of road is highest on provincial roads
(figure 6b) and this number increased over
the study period. We hypothesise that the
difference in mortality between road types
is caused by the greater ease of access for
wildlife on provincial roads, as opposed to
national roads. In the Netherlands, national
roads must have a ten metre obstacle free
zone on either side (Dienst Verkeerskunde
1992, Adviesdienst Verkeer en Vervoer
2006), which makes traffic more visible to
wildlife and vice versa. Higher traffic speeds
on provincial roads may also increase the risk
of wildlife being hit. Badgers may also avoid
wider, noisier and busier national roads more
than the quieter provincial and municipal
roads. In the south of the UK, most victims
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also occur on smaller roads and far fewer on
motorways (Clarke et al. 1998). And, during
the study period (and especially in the first
half) many more mitigation measures were
implemented on national roads than on pro-
vincial and municipal roads.

Policy-wise, measures to lower the number
of badger traffic victims should be primarily
be taken along municipal and especially on
provincial roads, as the relative number of
victims per km on these roads is higher. The
number of victims on the provincial roads and
municipal roads could be lowered with man-
agement measures such as implementation
and maintenance of fauna tunnels (Kruider-
ing et al. 2005), fauna passages at well-known
badger tracks, lowering of speed limits, or by
closing off certain stretches of road (Jaarsma
et al. 2007) during the night and/or in periods
when collision probabilities are high. To be
most effective, measures should be planned
along sections with many recorded mortali-
ties, making use of relevant landscape ele-
ments (ditches, tree lines, etc) and following
a landscape-oriented approach (Kruidering et
al. 2005).

The effect of mitigation measures

At many locations mitigation measures show
an effect in reducing victim numbers and our
analyses show fewer victims in the years fol-
lowing mitigation measures being taken. In
these analyses there were confounding fac-
tors. The effects of implementing mitigation
measures may have been obscured by the
growth and expansion of the badger popu-
lation in the Netherlands during the study
period, despite our efforts to correct for this.
An analysis of well studied local situations, as
performed by van Apeldoorn et al. (2006) and
Vink et al. (2008), or a measure-by-measure
analysis, taking also into account factors such
as roadside habitat and municipal population
size, give additional insights in the effects of
these measures on badger mortality.
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Conclusion

We calculate that around 10-20% of the total
badger population in the Netherlands is killed
by road traffic annually, although this is prob-
ably an underestimate. March is the most
common month for badger road mortalities,
with figures being much lower in the win-
ter months. In absolute terms, most badger
mortalities are on municipal roads, but when
expressed per kilometre of road, most mor-
talities occur on provincial roads. Mitiga-
tion measures reduce the number of vic-
tims. As there are several factors that could
have affected the Dutch badger population it
is hard to establish the extent to which road
management has contributed to the recent
increase of badgers in the Netherlands. How-
ever it is clear that mitigation measures have
decreased mortality among Dutch badgers.
For this reason it is important that these miti-
gation measures remain operational (Janssen
et al. 1997, Vereniging Das & Boom 2002,
Ouden & Piepers 2006).

In absolute terms most traffic victims are
reported from municipal roads, but in relative
terms most occur on provincial roads. In the
case of municipal roads, the mortalities occur
over a huge length of roads, making it diffi-
cult to take appropriate mitigation measures
that will reduce these numbers. Still, some
measures are feasible. These include fauna
passages along well known badger routes or
at locations where fatalities occur, decreas-
ing speed limits or closing roads for through
traffic (Jaarsma et al. 2007), closing them at
night, or closing them during the peak fatal-
ity season.

Victim numbers are highest in March and
lowest in the winter months, implying that
major maintenance of tunnels and other miti-
gating measures is best undertaken between
November and January. This way badg-
ers, and other mustelids, will find the meas-
ures functioning and ready to use when they
become more active in spring. However, fre-
quent inspections and maintenance remain
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important throughout the year. Specific mit-
igation measures, such as fences or tunnels,
are more effective when backed up by knowl-
edge of the local badger population and its
spatial behaviour.

Mathematical models indicate that an
increase of life expectancy of badgers will
result in more females in the age of highest
reproductive success, and therefore in a rela-
tively big increase in the population (Seiler et
al. 2003). However, this proposed mechanism
has not been tested in the field. The challenge
now lies in testing the extent to which the
decrease in mortality brought about by miti-
gation measures, together with the decrease
in habitat fragmentation, will translate into a
growth in the badger population as a whole.
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Samenvatting

Verkeersmortaliteit onder dassen (Meles
meles): eigenschappen van slachtoffers en
effectiviteit van mitigerende maatregelen

In de jaren ’80 werd jaarlijks een groot deel
(op sommige locaties 25%) van de in Neder-
land aanwezige dassenpopulatie (Meles meles)
door het verkeer gedood. Dit gegeven was
de aanleiding voor de Nederlandse overhe-
den om een groot aantal uiteenlopende miti-
gerende maatregelen te realiseren, zoals de
aanleg van faunatunnels en de plaatsing van
rasters. Om de effectiviteit van deze maatre-
gelen te kunnen nagaan werden vervolgens in
de periode 1990-2006 gegevens over het voor-
komen van dassenslachtoffers verzameld. We
presenteren hier de verkregen dataset, tonen
de verdeling van slachtoffers over wegtypen
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en toetsen of mitigerende maatregelen een
afname van slachtoffers tot gevolg had. Het
verloop op jaarbasis van de gevonden aantal-
len dode dassen vertoont een duidelijke piek
in april. Er vallen daarentegen relatief weinig
slachtoffers in de maanden december, januari
en februari. De meeste slachtoffers vallen bin-
nen het verspreidingsgebied van de das, maar
ook daarbuiten werden slachtoffers gevonden.
De sex-ratio onder de slachtoffers was 1:1, met
uitzondering van 1990 toen er buiten het ver-
spreidingsgebied van de das meer vrouwelijke
dan mannelijke slachtoffers werden gevon-
den. In absolute aantallen vielen de meeste
slachtoffers op gemeentewegen; gewogen
naar lengte van elk wegtype vielen de meeste
slachtoffers op provinciale wegen. Het aantal
verkeerslachtoffers onder dassen was signifi-
cant lager nadat er mitigerende maatregelen
waren gerealiseerd. De uitdaging voor weg-
beheerders ligt nu vooral in het minimaliseren
van slachtoffers op gemeentewegen. Aange-
zien het aantal kilometers van dit wegtype in
het verspreidingsgebied van das enorm groot
is, is dit geen geringe opgave. Er zijn echter
goed implementeerbare methoden zoals aan-
leg van tunnels en rasters bij bekende dassen-
wissels, het verlagen van de maximumsnel-
heid of het verkeersluw maken van bepaalde
wegen in kerngebieden van de das.
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The first historic record of a humpback whale

(Megaptera novaeangliae) from the Low Countries
(Southern Bight of the North Sea)
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Abstract: In 1751 the corpse of a large whale was found floating at sea near Blankenberge (currently Belgium).
The case was illustrated at the time by a water-colour of the whale and of an associated barnacle. In earlier pub-
lications, this whale has been regarded as a northern right whale (Eubalaena glacialis). However, morphological
characteristics depicted in the original water-colour, published here for the first time, and in a copy of the origi-
nal, point towards a humpback whale (Megaptera novaeangliae). Also, the illustrated barnacle can only represent
Coronula diadema, a species typically associated with humpback whales. Thus, the case of a right whale in the
southern North Sea in 1751, often cited because of the rarity of that species in this area by then, has to be deleted
from the records. In this article also the size of the animal, the circumstances and the date are corrected with
regard to the previous description of this record, and more information is given about the various artists to whom
the water-colours can be attributed.

Keywords: Megaptera novaeangliae, humpback whale, southern North Sea, Belgium, Cirripedia, whale barna-

cles, Coronula diadema.

Introduction: a whale
at Blankenberge in 1751

In 1962 Mol described the painting of a whale
stranded at Blankenberge, currently Belgium,
in 1751. He identified the animal depicted as
a baleen whale “Balaena spec.”, in the French
summary of the article translated as “une
baleine vraie”, or a right whale (Eubalaena
glacialis). De Smet (1974), in his overview of
historic records of cetaceans in Flanders and
the Scheldt estuary, agrees with Mol (1962),
indicating that this surely is the illustration of
a right whale, given the form of the mouth, the
callosities on the dorsal side, and the depicted
associated barnacle. We inspected the water-
colour closer, and tried to elucidate the iden-
tity of both whale and painter, in relation to the

© 2010 Zoogdiervereniging. Lutra articles also on the
internet: http://www.zoogdiervereniging nl
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comparison of recent and historic strandings of
large cetaceans in Belgian and Dutch waters.

Description of the water-colour

While preparing a book on whales (Cam-
phuysen & Peet 2006), Gerard Peet succeeded
in tracking down the current location of the
water-colour of the whale at Blankenberge in
1751, described by Mol (1962): the New Bed-
ford Whaling Museum, USA. The illustra-
tion, 57 cm high, 46 cm wide, water-colour
on paper with manuscript additions in ink,
is not signed (figure 1). Mol (1962), who did
not publish the text below the water-colour,
attributed it to Pierre Ledoulx (1730-1807),
an artist who lived in Bruges, currently Bel-
gium, on the basis of the title of the album in
which it figures together with other illustra-
tions. The name of another artist, Jan Karel
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Figure 1. Detail of the water-colour (copy) by Jan Karel Verbrugghe of the painting of the whale on a beach at
Blankenberge, currently Belgium, in 1751 (© courtesy of the New Bedford Whaling Museum). The text below
the painting, in French, reads: “A. C’est la Baleine proprement dite, qui sert pour les corps de jupes; B. Place
ou il se trouvaient des porreaux qui furent remplis des petits poissons semblables aux sardines; C. La langue, D.
La queue; E. L'eil; F. La Nageoire;, G. Le nez; H. Un endroit troué; I. Un porreau dans sa grandeur”, or trans-
lated: A. This is the baleen itself, which serves for the fabrication of the core of skirts; B. Place where warts were
located, filled with small sardine-like fish; C. The tongue; D. The tail; E. The eye; F. The pectoral fin; G. The nose;

H. An area with holes; I. A wart in its entirety.

Verbrugghe, appeared to have been added
afterwards in this title. Mol (1962) dates the
album as collated in (around) 1755. However,
the text below the illustration is very interest-
ing, in that it indicates that it concerns a copy
of an earlier illustration of the whale that was
thrown onto the beach of Blankenberge on 30
December 1751:

“Copie d’'une Baleine jetée sur les sables
devant la ville et port de Blankenberge le
30 Decembre 17517,

and further down, that details were presented
in the Inbona manuscript, which had been
sold by Pierre Ledoulx to Jacques Goethals
Vercruysse at Kortrijk (a town located in cur-
rent Belgium, 50 km from Bruges):

“Le Manuscrit d’Inbona, que Mr P Le

doulx a vendu a Mr Jacques Goethals
Vercrysse a Courtray en donne le détail”
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The handwriting below the illustration
matches exactly the one on two other illustra-
tions in the album at the New Bedford Whal-
ing Museum (NBWM) which were signed
by Jan Karel Verbrugghe (maritime cura-
tor NBWM, personal communication), and
the handwriting on drawings by Verbrugghe
present in the collection of the Steinmetz-
kabinet, Bruges, Belgium. As Verbrugghe
was born in 1756 (he died in 1831), we can
conclude that the water-colour of the whale
was made not earlier than the last quarter of
the 18" century by Jan Karel Verbrugghe,
after an original.

Another correction of Mol (1962) and De
Smet (1974) that needs to be made, con-
cerns the reported length of the animal. The
text below the water-colour mentions 40 feet
(approximately 12 m), and not 28 feet, or 8.4
m as in Mol (1962), copied by De Smet (1974);
28 feet is mentioned as the “épaisseur” (thick-
ness).

Haelters et al. / Lutra 2010 53 (2): 93-100



Figure 2. Original contemporary water-colour of the whale, by Jan Garemijn (© courtesy of the Public Library of
Kortrijk, Fonds Jacques Goethals-Vercruysse). The text additions are similar to those in the copy, but are in the
local Dutch dialect. We noted the following differences: H is located differently, and reads “het holeken”, or the
anus, and the text under the detail of the barnacle reads: “nota benee dater in dese puste kleene wiskern bestendig
waere bij na gelyck aen schardin”, i.e. translated: note that in the warts small whiskers were present, almost like

sardines.

In search of the original illustration

Jacques (Jacob) Goethals-Vercruysse (1759-
1838) was a wealthy industrial, collector and
historian who lived in the city of Kortrijk.
After his death, he left his extensive collection
of books (12,000) and manuscripts (600) to the
city of Kortrijk, where it remains until today
as the Goethals Vercruyssefonds, managed by
the city library. It is strange that the Inbona
manuscript (public library of Kortrijk, Fonds
Jacques Goethals-Vercruysse, GV. Cod. 175
fol. 29), by the hand of Jacques Inbona, and
containing chronological accounts of note-
worthy events in the city of Bruges between
1645 and 1684, would mention something that
happened in 1751. However, when consulting
the manuscript, it becomes clear that it has
been completed with yearly events, until 1781,
by Pierre Ledoulx. His elegant handwriting
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is much easier to read than the notes made
by Inbona. By looking through the pages, it
becomes obvious that Ledoulx only started to
complete the manuscript years after 1751. For
1751, only two events were noted: the first one
about some infrastructure works in Bruges,
ending with the fact that they were completed
in 1752, and the second one about the whale at
Blankenberge:

“op den 30. september wiert tot blanck-
enberghe eenen walvisch op het strange
gesmeten”.

More interestingly, with the accounts of
1751, the original water-colour of the whale is
inserted; it measures 32 cm by 20.5 cm, and is
more basic than the copy, but otherwise nearly
identical (figure 2). However, it also contains
a drawing of a baleen plate. At the back of the
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water-colour, Ledoulx wrote the following:

“Dit is de origineele teeckeninge vanden
walvisch geteeckent tot blanckenberge
ten jaere 1751 door Joannes garemijn,
konstschilder van brugge”,

stating that this was the original illustration
made at Blankenberge in 1751 by Jan Antoon
Garemijn, a well-known artist who lived in
Bruges from 1712 to 1799, and who was a
teacher of Pierre Ledoulx. The date of 1751
seems to have been corrected from 1761 at
the back of the illustration, which might fur-
ther confirm that the additions to the Inbona
manuscript by Ledoulx were made only years
later. This could also explain why Ledoulx
made a mistake in dating the event.
Considering the dates, De Smet (1974) men-
tions two possible dates for the stranding: 30
December 1751, as in the text below the copy of
the water-colour made by Jan Karel Verbrug-
ghe, and 30 September 1751, as mentioned by
Bowens (1792). Bowens (1792) gives the same
date as Ledoulx in the Inbona manuscript,
and uses exactly the same wording, suggest-
ing that Ledoulx copied his accounts in the
Inbona manuscript from the publication by
Bowens (1792), printed in Bruges. However,
neither of these dates is correct. A contempo-
rary description of the event can be found in
the 3 December 1751 edition of the newspaper
Gazette van Gendt, which mentions a floating
whale at sea on 30 November 1751, and local
fishermen towing the whale to the beach off
the town of Blankenberge (Anonymus 1751a):

“Blanckenberge den 1. December. Gis-
teren waerender dry onze Schuyten in
Zee, welker visschers verre van hun
eenen grooten Walvisch zagen drijven,
die zig aenstonds met hunne Schuyten
naer toewenden, die dezen Monstreuzen
Visch met tauwen aan hunne Schuyten
vast hechtende, met groot gevaer van te
vergaen, dezen Walvisch alhier op het
strange hebben gesleept.”
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Also in the next edition of this newspaper,
three days later (Anonymus 1751b), the whale
is still mentioned:

“Dezer dagen is door die van Blancken-
berge in Zee gevischt en aldaer opgebracht
een Walvisch van redelycke lengde.”

Identity of the whale

Mol (1962) and De Smet (1974) state that the
painting (of which we now know it is a copy)
depicts a northern right whale. This species
used to occur in the north-eastern Atlantic
Ocean and the North Sea, and was intensively
hunted there from the early Middle Ages
onwards (Slijper 1958, De Smet 1974, Smeenk
in Holthuis et al. 1998). It was undoubtedly
already scarce in the North Sea during the
Middle Ages (Kompanje & Smeenk 1996),
and according to Van Beneden (1886) was
only very rarely observed in European coastal
waters in general during the middle of the 18
century. Still, in the early 20™ century circa
140 right whales were captured by whalers in
the north-eastern Atlantic, especially around
the Hebrides (Brown 1986). The species
is nearly extinct now, with little more than
300 animals remaining in the north-western
Atlantic. Observations in the eastern part of
the North Atlantic are extremely rare (Kom-
panje & Smeenk 1996, Reid et al. 2003), but
include one animal photographed in 2005 off
the coast of Zeeland (the Netherlands; Cam-
phuysen & Peet 2000).

The illustrated barnacle

For the identity of the barnacle, a number of
which are depicted on the dorsal side of the
whale, with one being presented in detail
below the whale, in theory three possibili-
ties exist: Coronula diadema, Coronula regi-
nae en Cetopirus complanatus (figure 3).
Clearly, the barnacle cannot be other than
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Figure 3. Top left: Cetopirus complanatus (from Holthuis et al. 1998); top right: Coronula reginae (from Zullo
1979); bottom left: the barnacle depicted in the original water-colour of the whale at Blankenberge in 1751 (cour-
tesy of the Public Library of Kortrijk, Fonds Jacques Goethals-Vercruysse); bottom right: Coronula diadema

(from Tarasov & Zevina 1957).

Coronula diadema. This is, together with
Coronula reginae, the most typical barna-
cle on humpback whales (Megaptera novae-
angliae), occurring on almost every individ-
ual, and often in large numbers. This species
has also been reported, though less com-
monly, from fin whales (Balaenoptera spp.)
and sperm whales (Physeter macrocephalus)
(Zullo 1979, Scarff 1986). Coronula sp. was
observed on a living right whale (in the Pacific
Ocean), but it proved impossible to take sam-
ples (Scarff 1986). Besides this, some old, but
very doubtful records exist of Coronula sp. on
right whales. Scarff (1986) did not find recent
indications, except his own observation, of
the presence of Coronula sp. on right whales,
and no barnacles were found on more than 30
right whales stranded during the last decades
on the shores of the western North Atlantic (S.
Kraus, New England Aquarium, Boston, per-
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sonal communication in 2006).

The barnacle Cetopirus complanatus is
enigmatic. Apparently it can be easily con-
fused with Coronula reginae, and it has not
been reliably recorded since the 19" cen-
tury (Holthuis et al. 1998). Also, it is, or was,
typical for whales of the genus Eubalaena,
but rather for the southern than the north-
ern hemisphere (Darwin 1854). In the Neth-
erlands Cetopirus complanatus was found,
near right whale remains, in an archaeologi-
cal site from the 10" century (Holthuis et al.
1998), a period in which the right whale was
hunted in the North Sea and English Channel.
Very few remains of Cetopirus complanatus
exist in natural history collections (Holthuis
et al. 1998). Scarff (1986) concluded that
the populations of Coronula sp. and Cetopi-
rus complanatus have virtually disappeared
from right whale populations due to the near-
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extinction of their host species. Whereas cur-
rently all, or the vast majority of right whales
do not host Coronula sp. or Cetopirus com-
planatus, it cannot be stated that this was the
case in the middle of the 18" century.

Anatomical features depicted

We thoroughly investigated the anatomical
features in the water-colours of the whale,
and these too made us conclude that this ani-
mal was a humpback whale rather than a right
whale. The only characteristics that could
plea for a right whale, but are surprisingly not
mentioned by De Smet (1974), are the lack
of ventral grooves and a dorsal fin (the latter
being very small in many humpback whales).
However, the water-colours display several
features typical for a humpback whale, not
occurring in right whales. These are: 1. the
irregular shape of the posterior margin of the
tail flukes, 2. the irregular margin of the flip-
per, 3. the elongated form of the flipper, and
4. the partially white, irregular pigmentation
of the tail flukes and the flipper. Furthermore,
there is no trace of the extensive callosities
in distinct places on right whales. Moreover,
the original of the illustration shows a baleen
plate that could not possibly originate from a
right whale. It is short and triangular, typical
for humpback whales.

The humpback whale is indigenous in all
oceans, from tropical to polar areas. Whereas
it is regularly observed in the western part of
the English Channel (Reid et al. 2003), it was,
until recently, very rare in the southern North
Sea. When in February 1995 a fresh scapula of
a humpback whale was found in Dutch waters
(Kompanje 1996), this then represented the
only known record of this species for the
Netherlands. In the early 21* century the sit-
uation changed: between 2003 and 2010 five
individuals were washed ashore in the Nether-
lands (Smeenk et al. 2003, Camphuysen et al.
2008; www.walvisstrandingen nl, viewed 25
November 2010) and one in Belgium (Hael-
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ters et al. 2006). Given the size of humpback
whales, it is unlikely that other strandings of
this species would have gone unnoticed or
unrecorded in Belgium or the Netherlands
in historical days. In addition to, or in asso-
ciation with these strandings, at least five dif-
ferent individuals were observed along the
coast in these years and a further two animals
were recorded nearby, off the coast of north-
ern France (Camphuysen & Peet 2006, Camp-
huysen 2007, Strietman 2009). Confirmed
sightings within the area are lacking prior to
2003 (van der Meij & Camphuysen 2006).

Conclusions

Although the water-colours of the whale of
1751 are crude and hence unclear, it appears
beyond doubt that a humpback whale is
depicted rather than a northern right whale,
given anatomical details and the illustration
of the associated barnacle. This concerns the
first documented case of a humpback whale
in the Low Countries (Belgium and the Neth-
erlands). As a consequence, the only docu-
mented and probable case of a right whale in
what is currently Belgium dates back to 1178,
when a carcass washed ashore in Oostende
(De Smet 1974). The original water-colour of
the whale, held at the public library of Kor-
trijk, Belgium, is by Jan Antoon Garemijn,
whereas the copy, produced not before the last
quarter of the 18" century, and currently in
the New Bedford Whaling Museum, is by the
hand of Jan Karel Verbrugghe.

It is remarkable that for centuries the hump-
back whale of 1751 remained the only one
recorded in the Low Countries, whereas for
unknown reasons the situation changed dra-
matically in the 21% century, with six animals
washing ashore in this area between 2003 and
20009.
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Samenvatting

De eerste historische waarneming van een
bultrug (Megaptera novaeangliae) in de
Lage Landen (zuidelijke Noordzee)

In 1751 werd een grote walvis op zee aange-
troffen nabij Blankenberge, nu in Belgi¢, en
naar het strand gesleept. Het dier werd afge-
beeld, samen met één van zijn geassocieerde
zeepokken, op een aquarel. In eerdere publi-
caties werd de walvis beschouwd als een
noordkaper (Eubalaena glacialis). Morfolo-
gische kenmerken op de originele aquarel,
hier voor het eerst gepubliceerd, en een latere
kopie, tonen echter aan dat de afgebeelde wal-
vis een bultrug (Megaptera novaeangliae)
was. De afgebeelde zeepok, Coronula dia-
dema, is een soort die typisch op de bultrug
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voorkomt. De stranding van een noordkaper
in 1751, vaak vermeld omdat deze soort toen
ook al zeer zeldzaam was in dit gebied, wordt
daarom afgewezen. In het artikel worden
ook correcties gemaakt met betrekking tot
de omstandigheden van de vondst, de datum
en de afmetingen van het dier. De aquarellen
konden toegewezen worden aan twee Brugse
schilders. Het is zeer merkwaardig dat eeu-
wen lang de bultrug van 1751 het enige geno-
teerde geval was van een bultrug in de Lage
Landen, terwijl daarin door ongekende oor-
zaken in de 21° eeuw plots op een dramatische
manier verandering kwam, met het stranden
van niet minder dan 6 dieren tussen 2003 en
20009.
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Short note

A Killer whale (Orcinus orca) in the castle: first find of
the species in a Dutch archaeological context

Jorn T. Zeiler' & Erwin J.0. Kompanje?

'ArchacoBone, Blekenweg 61, NL-9753 JN Haren, the Netherlands, e-mail: abone@planet nl
2Natuurhistorisch Museum Rotterdam, P.O. Box 23452, NL-3001 KL Rotterdam, the Netherlands

Bones and other non-skeletal remains of ani-
mals, such as antlers, shells, fish scales and
remains of insects, are frequently found in
archaeological sites (Bakels & Zeiler 2005).
By studying these remains we can form an
idea of the natural environment in the past
and the use that people made of animals and
animal products. The preservation of organic
remains — both zoological and botanical —
depends on the nature of the material and on
the soil type: organic material decays rap-
idly in sandy soils above ground water level.
Hence, most of the information from Dutch
archaecozoological and botanical research
originates from the lower lying parts of the
Netherlands (including brook wvalleys from
the Pleistocene areas), and other wet sites
such as wells and cesspits in towns and vil-
lages. In this article we describe the find of
two vertebrae of a whale during excavations
at Brederode Castle (Noord-Holland).

The castle of Brederode, situated near the
coast at Velsen, was built between the late
13" and early 14" centuries. In later centu-
ries it was destroyed and rebuilt several times.
Finally, in 1573, it was plundered and burnt
down by Spanish troops. A few decades later
(shortly after 1600), the remains of the cas-
tle were covered by sand from drifting dunes.
During archaeological research in 1996, part

© 2010 Zoogdiervereniging. Lutra articles also on the
internet: http://www.zoogdiervereniging nl
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of the moat was excavated. The research was
carried out by the local section of the Nether-
lands Archaeological Working Group (AWN).
As the animal remains were collected both by
hand and sieving, small birds and mammals
are well represented in the faunal spectrum,
as well as some fish, shellfish and amphibians.
Fifteen species of mammals and 19 species of
birds were found; both categories included
domestic and wild forms. Five species of
fish were found, both freshwater and marine
(Zeiler 2007).

Some of the species discovered are rarely
found in Dutch archaeological contexts.
These include the fallow deer (Dama dama),
short-eared owl (4sio flammeus) and (as far
as Late Medieval sites are concerned) white-
tailed eagle (Haliaeetus albicilla). The tur-
tle dove (Streptopelia turtur) had never been
found before.

Among the excavated bones were two ver-
tebrae, a lumbar and a caudal vertebra, of an
adult whale (figure 1). The vertebraec were
compared with vertebrae of an adult female
killer whale (NMR 9990-00002791) and adult
male killer whale (NMR 9990-00002789)
and with those of other medium sized
whales: pilot whale (Globicephala melas),
minke whale (Balaenoptera acutorostrata)
and northern bottlenose whale (Hyperoodon
ampullatus), all held in the collection of the
Natural History Museum in Rotterdam. The
round shape of the epiphyses and the shape
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Figure 1. Lumbar (left) and caudal vertebra of a female killer whale (Orcinus orca) from the Late Medieval castle

of Brederode. Photographs: J. Buist.

and dimensions of the vertebral bodies point
to an adult female killer whale (Orcinus orca).
The two vertebrae from Velsen are stored in
the Provinciaal Depot voor Bodemvondsten
at Wormer (collection numbers: 1531-1 and
1531-2).

This find represents the first record of this
species from a Dutch archaeological site,
and the earliest record of this species for the
Netherlands. It also demonstrates the value
of expertise in archaecozoological research.
In an earlier study of the material (den Har-
tog 2005) the vertebrae were described as
“whale species” and no further attempts were
made to identify them to species level. Killer
whales are nowadays very rare in the southern
part of the North Sea (van de Mey & Camp-
huysen 2006, Camphuysen & Peet 2006) and
it has probably been fairly uncommon as a
species, even in historical times (Kompanje
1995). The oldest known record of a stranded
killer whale dates back to December 1783 (a
pregnant female of unknown total length at
Walcheren, Zeeland), and a further 27 cases
have been reported within the Netherlands, 20
of these during the first six decades of the 20
century.

The two excavated vertebrae are most prob-
ably from a killer whale that was found washed
up on the shore. In view of its rarity and size, a
carcass of a killer whale would have attracted
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attention. In those days, everything of value
that was found washed up on the shoreline
belonged to the Count of Holland, who could
pass on his rights to others (originally this was
a royal right of the Frankish kings, instituted
by Charlemagne). It is known that the Lord of
Brederode was given this right in 1250 for the
area between Zijpe and Huisduinen, about 40
kilometres to the north of Brederode Castle.
In 1285 the Count of Holland decided to exer-
cise the right himself, and from then on his
annual accounts contain a list of everything
that was found on the shore (and its yield). Sea
mammals are regularly mentioned here, and
they were clearly considered a delicacy (den
Hartog 2005). Moreover, the consumption of
their meat was permitted during Lent, as they
were regarded as fish.

Acknowledgements: The archacozoological study
was possible thanks to a grant from the Province of
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ciaal Depot voor Bodemvondsten at Wormer (Noord-
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Samenvatting

Historisch bewijs voor de eerste orka (Or-
cinus orca) in Nederlandse wateren

Zeiler & Kompanje / Lutra 2010 53 (2): 101-103

In 1996 vond archeologisch onderzoek plaats
op het terrein van het voormalige Laat-Middel-
eeuwse kasteel van Brederode te Velsen, waar-
bij een deel van de slotgracht werd opgegraven.
De opgraving werd uitgevoerd door de afde-
ling Velsen van de Archeologische Werkgroep
Nederland. Onder de circa 400 dierlijke res-
ten waren twee wervels van een walvisachtige.
Deze werden gedetermineerd als een volwas-
sen orka (Orcinus orca). De wervels, hoogst-
waarschijnlijk afkomstig van een gestrand
exemplaar, vertegenwoordigen de eerste vondst
van deze soort in een Nederlandse archeologi-
sche opgraving, en daarmee de vroegste docu-
mentatie van het voorkomen van de orka in
Nederlandse wateren. Aangezien in de Mid-
deleeuwen het vlees van zeezoogdieren als een
delicatesse werd beschouwd en bovendien op
vastendagen mocht worden gegeten, is het goed
denkbaar dat we hier te maken hebben met res-
ten van een bijzondere maaltijd.
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Short note

First record of soprano pipistrelle
(Pipistrellus pygmaeus Leach, 1825; Chiroptera:
Vespertilionidae) in Wallonia (Belgium)

Daan Dekeukeleire

Zoogdierenwerkgroep JNM, Polderdreef 37, B-9840 De Pinte, Belgium, e-mail: daan.dekeukeleire@gmail.com

The soprano pipistrelle, Pipistrellus pyg-
maeus, s a cryptic species that highly resem-
bles the common pipistrelle, Pipistrellus pip-
istrellus (Barrett et al. 1997). Jones & Parijs
(1993) show that standard measurements of
the animal itself are of little use for distin-
guishing between both; the soprano pipis-
trelle is generally smaller than the common
pipistrelle, but the overlap is too large to allow
an unambiguous identification. Although the
most useful method for determining the two
species remains genetic analysis and the anal-
ysis of echolocation calls (Mayer & Helversen
2001), several authors mention reliable mor-
phological characteristics to discriminate

Figure 1. Internarnial ridge of the Wallonian soprano
pipistrelle. Photograph: Johannes Regelink.

Dekeukeleire / Lutra 2010 53 (2): 105-107

between the two species. The most important
of these are the internarial ridge, the penial
morphology and the wing membrane cell pat-
tern (Hausler et al. 2000, Ziegler et al. 2001,
Sendor et al. 2002, Dietz et al. 2007).

The soprano pipistrelle has a wide geo-
graphical distribution in Europe (Mayer
& Helversen 2001). It lives in sympatry
with its sibling species, the common pipis-
trelle, over most of its range. From Belgium
there are only a few records of soprano pip-
istrelle, all of which are based on echoloca-
tion sound analyses (Kapfer et al. 2007). All
observations come from Flanders (Provinces
of West-Vlaanderen, Antwerp and Limburg)
and Brussels, and they were mainly made in
spring. In recent years, the species has been
recorded annually in Brussels (Herr 2010).

On the 6" of August, 2009, between 9 pm
and 2 am, bats were captured with mist nets

Figure 2. Wing cell membrane of the Wallonian soprano
pipistrelle. Photograph: Johannes Regelink.
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Figure 3. Wing cell membrane of the common pipis-
trelle (Pipistrellus pipistrellus). Photograph: Jeroen
van der Kooij.

at the northern entrance of an old railway
tunnel (50°04°51” N 4°34°22” E) in Viroin-
val (Namur, Belgium). Various species were
caught: the greater mouse-cared bat (Myotis
myotis), Daubenton’s bat (M. daubentonii),
Bechstein’s bat (M. bechsteini), and, with 42
individuals the most abundant species, the
common pipistrelle. Of the latter species,
swarming behaviour could be observed. The
common pipistrelle also uses the aforemen-
tioned tunnel as a hibernaculum.

A small Pipistrellus, captured at 11.40 p.m.,
turned out to be a soprano pipistrelle. The ani-
mal showed the typical internarial ridge (fig-
ure 1) and the characteristic wing membrane
cell pattern (figure 2) was present on both
wings. Like in the common pipistrelle (figure
3), this soprano pipistrelle showed only one cell
in the wing membrane between the first joint
of the fifth finger and the elbow, but in con-
trast, the next cell above (closer to the wrist)
was not divided, but connected the forearm
and the fifth finger. The face (figure 4), moreo-
ver, was paler than that of common pipistrelle.
The mass of the animal was 4.9 g and the fore-
arm length was 30.9 mm. The epiphyses in the
bones of the fingers were closed, and the nipple
was entirely covered in fur, indicating that the
bat was an adult and had not reproduced in the
past season (Haarsma 2008). A second individ-
ual, an adult male, also showed the internarial
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Figure 4. Soprano pipistrelle in the hand. Photograph:
Daan Dekeukeleire.

ridge and the wing membrane cell pattern, but
was released before it could be measured.

The habitat surrounding the capture site, an
old riparian woodland near the Viroin river,
corresponds well with the typical habitat of
the soprano pipistrelle as descibed by Dav-
idson-Watts et al. (2006), Nicholls & Racey
(2006) and Sattler et al. (2007).

In 2002, in the immediate surroundings of
the capture site, two independent observa-
tions were made using bat detectors of a Pip-
istrellus bat with an end frequency of 55 kHz
(B. Vandendriessche & B. Van der Wijden,
personal communication). But as no record-
ings were made, and thus no additional sound
analyses could be performed, these could not
be confirmed as soprano pipistrelle.

Our finding represents the first confirmed
record of the soprano pipistrelle in Wallonia,
and the first identification based on morpho-
logical characteristics of this species in Bel-
gium.
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Jeroen van der Kooij helped with the identification of
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comments on the manuscript.
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Samenvatting

Eerste waarneming van de kleine dwerg-
vleermuis (Pipistrellus pygmaeus) in
Wallonié

Tijdens een mistnetonderzoek in Viroinval
(provincie Namen, Belgi€) werd op 6 augustus
2009 een kleine dwergvleermuis (Pipistrellus
pygmaeus) gevangen. Het exemplaar, een
adult vrouwtje, werd gedetermineerd op basis
van morfologische kenmerken. Deze vangst is
de eerste zekere waarneming voor Wallonig.
Het is de eerste maal dat deze soort op mor-
fologische kenmerken kon worden gedetermi-
neerd in Belgié.
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Book review

Zoogdieren in Europa

Veldgids Europese zoogdieren. P. Twisk,
A. van Diepenbeek & J.P. Bekker 2010.
KNNYV Uitgeverij, Zeist, Nederland. 368 pp.
ISBN 978 90 5011 260 4 [in Dutch].

Na de Zoogdierengids van Mr. F.H. van den
Brink (1955), waarvan tussen 1955 en 1977
vier, steeds bijgewerkte drukken het licht
zagen, zijn nog verscheidene zoogdiergidsen
verschenen, die het concept volgen van Roger
Petersons befaamde Vogelgids. Uitgangspunt
hierbij is dat verwante soorten naast elkaar,
meestal van opzij worden afgebeeld en dat de
opvallendste verschillen, althans voor zover
uitgegeven in de Petersons veldgidsenserie,
met een pijltje of ander tekentje worden aan-
gegeven. Ook de nieuwe ‘veldgids Europese
zoogdieren’ past in deze opzet, maar wijkt er
in een aantal opzichten van af, onder andere
doordat de determinatie in verschillende stap-
pen wordt uitgevoerd. De eerste stap is een
vergelijking van het waargenomen of gevan-
gen zoogdier met een groep soorten van over-
eenkomstige grootte en / of vorm en wel tus-
sen dwergspitsmuis en mol, tussen woelrat en
haas, tussen steenmarter en ijsbeer en tussen
muntjak en wisent. Dit is even wennen, omdat,
ondanks het feit dat voor de schaal bij elke
groep een mol is afgebeeld, het verwarrend
kan werken dat hierdoor de wezel even groot
lijkt als de steenmarter, voorts doordat het
nogal wat voorstellingsvermogen vereist om in
te schatten hoeveel mollen er in een eland gaan
en tenslotte doordat op de pagina waar de mol
zelf is afgebeeld deze groter lijkt dan de rel-
muis, terwijl in werkelijkheid het omgekeerde
het geval is. Ook is niet duidelijk waarom de
hazelmuis en de eekhoorn met, zo te zien, een
braam en een noot in de bek, maar de overige
soorten met gesloten bek zijn afgebeeld. Wel-
licht een artisticke vrijheid van de tekenaar
voortgekomen uit een heftige natuurbeleving.
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Heeft men eenmaal zijn keus vastgesteld,
dan wordt doorverwezen naar de familie of
het genus waartoe de soort behoort. Deze
tweede stap in de determinatie is met behulp
van de naast elkaar staande illustraties goed
uit te voeren doordat de kenmerken van de
soorten binnen een familie of geslacht dui-
delijk en in vergelijkbare grootteverhoudin-
gen worden weergegeven. Een bondige tekst
naast de illustratie geeft aan op welke ken-
merken in het bijzonder moet worden gelet.
Soms echter komen illustratie en tekst in dit
opzicht niet overeen. Zo worden in de tekst
bij de dwergspitsmuis (Sorex minutus) en de
kleine dwergspitsmuis (Sorex minutissimus)
enkele verschillen in grootte en vachtkleur
vermeld, terwijl de afbeeldingen van beide
soorten identiek zijn. Daarnaast moet men
er op bedacht zijn dat de illustraties en de
ondersteunende teksten niet altijd uitsluitsel
geven welke soort men voor zich heeft omdat
in zulke gevallen alleen anatomisch en / of
DNA-onderzoek tot een zekere determinatie
kunnen leiden. Dit is met name het geval bij
enkele genera van de spitsmuizen, vleermui-
zen en knaagdieren.

Bij de meeste soorten wordt strak vastge-
houden aan een laterale afbeelding. Hier-
door worden verschillen die zich bij sommige
soorten in de kleur en tekening van de onder-
zijde van de vacht voordoen de ene keer wel
(egels), de andere keer niet afgebeeld, terwijl
die, zoals bij de bosmuissoorten, in sommige
streken van Europa aan een juiste determi-
natie kunnen bijdragen. Ook in de gevallen
dat er binnen een soort grote variatie in teke-
ning en kleur van de buikvacht kan optre-
den wordt dit niet altijd in een afbeelding tot
uiting gebracht. Zo komt het bij de waterspits-
muis, die op wel haast traditionele wijze met
een geheel witte onderzijde wordt weerge-
geven, toch zeer regelmatig voor dat er een
donkerbruine en / of roestkleurige vlekteke-
ning aanwezig is in plaats van een hagelwitte
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vacht. Wel worden naast de afbeeldingen
soms kleurvarianten afgebeeld, maar deze
zijn zo klein uitgevallen dat er maar weinig
details in zijn te onderscheiden. Opmerkelijk
is dat bij de mol, die toch bekend staat om het
grote aantal verschillende kleurvarianten en
waarnaar bovendien uitgebreid onderzoek is
gedaan (Husson & van Heurn 1959), geen van
deze varianten is afgebeeld (hoewel er in de
tekst wel kort melding van wordt gemaakt).
Daarnaast kunnen zoogdieren vaak herkend
worden door de kleur en tekening die zij en
face vertonen, bij voorbeeld winterslapende
vleermuizen die in spleten zijn weggekropen,
maar ook veel andere zoogdieren hebben van
voren gezien een karakteristickere gezichts-
uitdrukking dan van opzij. Tenslotte verwijst
de determinatietabel naar een beschrijving
van de soort. Deze is meer of minder uitvoerig,
al naar mate er veel of weinig over het uiter-
lijk, de habitat, de leefwijze, het voedsel, de
verspreiding en de waarnemingsmethode(n)
bekend is. Naast de beschrijving worden
de meeste soorten opnieuw afgebeeld, vrij-
wel steeds met dezelfde tekening als die in
de determinatielijsten is gebruikt, in enkele
gevallen echter met een kleurenfoto. Deze
foto’s dragen soms wel, maar soms ook niet
bij aan een betere herkenning van de soort,
met name doordat de staart van het dier, zoals
bij bosmuis, bruine rat, zwarte rat, woelrat,
veldmuis, aardmuis en tuinslaapmuis (eikel-
muis), niet is weergegeven. Het is een euvel
dat men wel vaker bij foto’s van zoogdieren
tegenkomt. De geografische verspreiding
in Europa wordt zoals gebruikelijk weerge-
geven op kaartjes. Voor de soorten met een
aaneengesloten verspreidingsgebied zijn deze
nog wel leesbaar, maar voor soorten met een
versnipperd of beperkt verspreidingsgebied
zijn ze wel erg klein uitgevallen en daardoor
nauwelijks te raadplegen. Jammer dat hier
het resultaat niet in overeenstemming is met
de moeite en tijd die de auteurs in dit onder-
deel zullen hebben gestoken. Daarnaast is
de tekst gelardeerd met sfeervolle tekenin-
gen van zoogdieren in hun natuurlijke omge-
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ving en van in het veld opvallende sporen en
bouwsels. Het is een punt waarop deze gids
zich van de meeste andere zoogdiergidsen
onderscheidt. Dat geldt ook voor de volledige
behandeling van de schedelkenmerken van de
soorten, wat bij het determineren van schedel-
resten, zoals die uit braakballen en dergelijke,
van pas komt. Ook hier echter zijn de teke-
ningen (bij voorbeeld die van de vleermui-
zen) nogal klein uitgevallen of zeer fragmen-
tarisch en men kan zich afvragen of zij zonder
een oefening vooraf met behulp van vergelij-
kingsmateriaal tot een zekere determinatie
zullen leiden.

Het aantal in het wild levende soorten dat
wordt behandeld bedraagt (inclusief de rob-
ben en walrus maar exclusief de walvissen)
211, waaronder de hond en de (verwilderde)
huiskat, die met de in het wild levende ver-
wanten verwisseld kunnen worden; en verder
een zestal grote grazers die men tegenwoor-
dig in natuurgebieden kan tegenkomen. Dat
zijn er zeer veel meer dan in eerder versche-
nen gidsen worden afgebeeld en besproken,
hetgeen hoofdzakelijk zijn oorsprong vindt
in het opsplitsen van soorten op grond van
nauwkeuriger schedel- en DNA-onderzoek.
Dit brengt ons op een punt dat in de gids
onbesproken blijft: Hoe dienen dode zoogdie-
ren behandeld te worden en voor nader onder-
zoek beschikbaar te blijven? Ook al wordt, in
tegenstelling tot voorheen, veel veldonder-
zoek tegenwoordig met levend vangende val-
len uitgevoerd, zodat de dieren na determina-
tie weer kunnen worden losgelaten, toch zijn
ook hierbij geregeld slachtoffers te betreu-
ren. Het zou dan ook aan te bevelen zijn dat
deze, even als dood gevonden zoogdieren,
hetzij droog het zij nat geconserveerd in een
wetenschappelijke collectiec bewaard zouden
worden. Wat dit betreft had in de gids toch
minstens een Nederlands en een Belgisch
adres vermeld kunnen worden waarnaar men
dode zoogdieren kan opsturen, alsmede een
aanwijzing hoe dit dient te gebeuren en hoe
men hiervoor een eventuele ontheffing van
de Flora- en faunawet kan verkrijgen. Dit
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bevreemdt des te meer als men bedenkt dat
voor het vervaardigen van de illustraties in
deze gids uitgebreid van geprepareerde hui-
den en schedels uit museumcollecties gebruik
is gemaakt. Ook het bewaren van weefsels
voor DNA-onderzoek blijft onbesproken, ter-
wijl te verwachten is dat dergelijk materiaal in
de nabije toeckomst steeds gemakkelijker, ook
door particulieren, geanalyseerd kan worden.
Daarmee zal dan ook het onderscheiden van
soorten die met deze gids niet definitief te
determineren zijn, mogelijk worden. Aanwij-
zingen voor het conserveren van weefsel- en
andere resten voor DNA-onderzoek zijn bij-
voorbeeld wel te vinden in de onlangs ver-
schenen determinatiegids voor de Zwitserse
zoogdieren (Fumagalli 2008).

Tenslotte een opmerking over de literatuur-
lijst achter in het boek. Deze bevat de door
de auteurs gebruikte en aanbevolen litera-
tuur. Behalve voor de determinatie en alge-
mene informatie onmisbare uitgaven, worden
hierin ook (bundels van) artikelen vermeld
die er voor de gebruiker minder toedoen. Wat
de door Europa reizende veldbioloog in deze
lijst zeker zal missen is een opgave van nati-
onale determinatiewerken en verspreidings-
atlassen. Met betrekking tot de laatste wor-
den alleen die van Nederland en Vlaanderen
vermeld, terwijl die van aangrenzende landen
en streken, zoals Wallonié, de Duitse deelsta-
ten en de Franse regio Nord-Pas-de-Calais
voor de bewoners van de lage landen toch op
z’'n minst interessant genoemd mogen wor-
den. Maar ook een in biogeografisch opzicht
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nieuwe benadering van het samenstellen van
verspreidingskaarten, zoals in het handboek
van de Zwitserse zoogdieren (Hausser 1995),
blijft hierdoor onvermeld.

Ondanks deze opmerkingen moet de aan-
schaf van deze gids zeker worden aanbevolen.
Alleen al door de up-to-date presentatie van de
in Europa voorkomende zoogdieren is hij zijn
geld meer dan waard en het dwingt bewon-
dering af dat het de auteurs en de illustrator
gelukt is om van al deze soorten een kritische
beschrijving en een afbeelding te geven.
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