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Abstract

Grassy field margins are thought to be an importaature for a variety of species in arable
landscapes. However, it is not well known if theliidn of such margins in arable landscapes
increases the abundance of macro-invertebratesalvleafields. Therefore, | estimated the

abundance of lumbricidae, gastropoda and colegptgracies important to an array of

insectivorous predators, in fields with, and fieldshout a grassy margin along the edge and
further in the arable field.

From the findings it can be concluded that thes@nee of grassy field margins in
arable landscapes leads to an increase in the abceadf coleoptera and lumbricidae but to a
decrease in the abundance of gastropoda. Thesssetffere for coleoptera and gastropoda
also noticeable further away from the field-edgee present study has implications regarding
the management of arable landscapes to promottiservation of an array of insectivorous

species, and regarding pest management.
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1.1. Introduction

In the United Kingdom alone over 70% of the totahd area was used for agricultural
purposes in 2007 (DEFRA and National Statistic)&0area potentially valuable for an
array of species (e.g. Chamberlain and Fuller, 20®0binson and Sutherland, 2002).
However, especially after the Second World Warmfananagement rapidly changed and
intensified resulting in a reduction in diversity andscapes (Robinson and Sutherland,
2002). Consequently, changes in agricultural mamage have frequently been mentioned as
one of the major causes for the loss of speciesrsity and abundance (e.g. Krefisal.,
1999; Donalckt al.,2001; Robinson and Sutherland, 2002).

Agri-environment schemes were introduced into #mgicultural policy of the
European Union (EU) in the late 1980s partly with &aim of protecting biodiversity and also
in an attempt to reverse some of the negative itspat agricultural intensification on
wildlife and the environment. Many existing agriveonment schemes in Europe have
provision for field margins (e.g. Benton 2007; Rutkt al. 2007). Hence, such margins are
present at the edges of many agricultural fielddMastern Europe and are an important
feature in agricultural landscapes for a varietyspécies (Vickeret al., 2002; Butetet al.,
2006). Many studies focus on the effect of différemable field margin management
strategies on invertebrates (Morris and Webb, 188@mp and Steinberger, 1992; Bairets
al.,, 1998; Asterakiet al, 2002; Woodcocket al, 2005, 2007). However few studies
investigated the impact of the presence of a grisklymargin in itself in comparison with its
absence (Ywet al, 2006), or whether a possible positive effect @sgy field margins on
invertebrate abundance extents to surrounding exfédds (Kromp and Steinberger, 1992;
Ké&déret al, 2004; Smithet al, 2008; Twardowski and Pastuszko, 2008). It is kmdtat
undisturbed boundaries such as hedges and beetks Ibaay act as winter reservoirs for
coleoptera in arable landscapes (Sotherton 198%§; Morris and Webb, 1987). Whether the
abundance of lumbricidae and gastropoda may beneetan arable fields by the presence of
an unmanaged boundary is currently not well studiedl might be important with respect to
the conservation of predators of macro-invertelstaidis paper investigates if the presence
of grassy field margins affects the abundance afroravertebrates (lumbricidae, gastropoda

and coleoptera) in adjacent arable fields.
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1.2. Materials and methods
1.2.1. Field selection

A total of 32 arable fields were sampled for inebrate abundance between June and August
2009. All fields were surrounded by an establishedgerow of at least 2 meters wide. Half
of these fields were surrounded by a grassy fiedigm of 4 or 6 meters wide and managed
through an agri-environment scheme (Entry Level@tdship [Natural England, 2008]). The
remaining 16 fields did not have a grassy field gimgrthey were either harvested until the
hedgerow or a fringe (<1m) of scrub and or netiles still present. In order to minimize
impacts of other environmental variables, suchadstype and soil moisture, on invertebrate
abundance, fields with and without a grassy fielkgm were paired. Paired fields were
located on the same farm, had similar soils anc&eweder similar management regimes but
for the presence of a grassy field margin. Arakgkl$§ held the same crops. Paired field were
sampled on the same day to ensure consistent weathditions. All fields were located in
four study sites in The United Kingdom. One studg was located in the area surrounding
the village Brancaster in Norfolk (52°, 96'N, 0%'B), one study site was located in the area
surrounding the villages Gedney Drove End and Gegdd@wsmere in Lincolnshire (52°,
85'N, 0°, 16’E), another site was located neanviiage Great Easton in Leicestershire (52°,
53'N, -0°, 75’E), and the remaining site was lodatear the village Old Windsor in Berkshire
(51°, 46'N, -0°, 59'E).

1.2.2. Invertebrate sampling

The abundances of lumbricidae, gastropoda and pi@eo in the fields was estimated. In
order to study the abundance of Lumbricidae, a sahple with a diameter and depth of
15cm was taken with the use of a soil auger. Tmepta was consecutively weighed and
sieved in the field for worms. The total number lombricidae (>5mm) and their total

biomass were noted. A total of 15 soil samples waken per field; 5 within 1m distance of
the hedgerow, 5 at 10m from the hedgerow and 50at #om the hedgerow. A Graphic

representation of the sampling strategy is givelfigure 1.1.

The number and biomass of gastropoda was estimatedlly during the night, when
they are most active, by spot sampling, using an.§uadrangle according to the same
sampling strategy. The total number and biomaggasfropoda was noted. Pitfall traps were
used to get an indication of the species richnedsabundance of coleoptera according to the

same sampling strategy as in Figure 1.1. Plastrs ¢diameter: 8cm, depth: 14cm) were
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placed in the soil 1cm below the surface as nanfmede access to the cup. Traps were filled
half with anti-freeze in order to immobilize invelbrates. The traps were left in the field for
72 hours before emptied. Coleoptera in the trapeevigentified and counted. Statistical
analyses were conducted using SPSS (for windofledition, SPSS Inc., Chicago, USA).

1] 10 20 30 40 a0

I I I 3 B B
10 * 5 B % &
20 * 5 8 % @

= Hedgerow

& Dample 10m

Figure 1.1. Graphic representation of the sampling strategyfipker



Table of contents

1.3. Results

1.3.1. Lumbricidae

The mean number of lumbricidae in the soil was iigantly higher on fields with a grassy

margin than on fields without a grassy margin (@&iBamples T-Test: t=-2.253, df=239,
p=0.025). Differences in mean number of lumbricitb@tween fields with a grassy margin
and without a grassy margin were however not dgant when distance to the edge was
taken into account. At Om, at 10m and at 20m frbenddge, fields with and without a grassy
margin had a similar number of worms in the so@i(@d Samples T-Test Om: t=-1.955,
df=79, p=0.054, 10m: t=-1.673, df=79, p=0.098, 26m0.356, df=79, p=0.723).

The mean biomass of lumbricidae was similar ofdgievith and without a grassy
margin (Paired Samples T-Test: t=-0.863, df=23%.889). At Om and at 20m from the edge
differences between the mean biomass of lumbriciderss not significant between fields
with and without a grassy margin either (Paired flas T-Test Om: t=-0.325, df=79,
p=0.746, 20m: t=0.268, df=79, p=0.790 ). Howevéer@m from the edge the mean biomass
of lumbricidae was significantly higher on fieldstva grassy margin than on fields without
one (Paired Samples T-Test: t=-2.345, df=79, p=2).02

It was found that on fields with a grassy margimd an fields without a grassy margin
both the mean number and the mean biomass of loitibe were significantly higher at Om
from the edge than at either 10m or 20m from tlgeNOVA mean number on fields with
a grassy margin: F=17.349, df=2,237, p<0.001, nik@amass on fields with a grassy margin:
F=4.281, df=2,237, p=0.015, mean number on fieldkhout a grassy margin: F=7.101,
df=2,237, p<0.001, mean biomass on fields withowgrassy margin: F=7.187, df=2,237,
p<0.001). Differences between 10m and 20m weresigpiificant according to the post-hoc

test Bonferroni. Figures 1.2. and 1.3. show themmaanber and biomass of lumbricidae.

10
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Figure 1.2. Mean number of lumbricidae in the soil Figure 1.3. Mean biomass of lumbricidae in the

in fields with a grassy margin and fields without a  soil in fields with a grassy margin and fields

grassy margin according to the distance from the  Without a grassy margin according to the distance
edge. from the edge.

1.3.2. Gastropoda

The mean number of gastropoda was significantlyeloan fields with a grassy margin than
on fields without one (Paired Samples T-Test: t28,21f=239, p=0.001). This difference was
significant at Om and at 10m from the edge (PaBagnples T-Test Om: t=2.625, df=79,
p=0.010, 10m: t=2.054, df=79, p=0.043), but noR@t from the edge (Paired Samples T-
Test t=0.000, df=79, p=1.000 ). Although their mdaomass also seemed to be lower on
fields with a grassy margin, this was not signffity so (Paired Samples T-Test all: t=1.606,
df=239, p=0.110, Om: t=1.751, df=79, p=0.084, 1am0.008, df=79, p=0.994, 20m: t=-
0.202, df=79, p=0.840).

On fields with a grassy margin, the mean number@omass of gastropoda did not
significantly differ between edge-distances (ANOMWAean number: F=3.000, df=2,237,
p=0.052, mean biomass: F=2.081, df=2,237, p=0.13@yvever, on fields without a grassy
margin the mean number of gastropoda was significiimgher at Om from the edge than at
20m from the edge (ANOVA: F=8.304, df=2,237, p=@p0Their mean biomass was
significantly higher at Om from the hedge than@hklOm and 20m from the edge (ANOVA:
F=7.315, df=56,117, p=0.001). Differences betweéh ahd 20m were not significant

11
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according to the post-hoc test Bonferroni. Theltedar the mean number and mean biomass

of gastropoda are shown in Figures 1.4. and 1.5.
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Figure 1.4. Mean number of gastropoda in fields Figure 1.5. Mean biomass of gastropoda in fields
with a grassy margin and fields without a grassy  with a grassy margin and fields without a grassy

margin according to the distance from the edge. margin according to the distance from the edge.

1.3.3. Coleoptera
The mean number of coleoptera in the pitfalls wgsificantly higher in fields with a grassy
margin than in fields without a grassy margin (PailSamples T-Test: t=-3.582, df=239,
p<0.001). This difference was mainly visible at 1@md 20m from the edge. Significantly
more coleoptera were found in pitfalls in fieldstwgrassy margins than in pitfalls in fields
without grassy margins at 10m and at 20m from thgegPaired Samples T-Test 10m: t=-
2.217, df=79, p=0.029, 20m: t=-2.423, df=79, p=8))but not at Om from the edge (Paired
Samples T-Test: t=-1.671, df=79, p=0.099). No digant differences were found in the
number of coleoptera between edge-distances (AN@&ds with a grassy margin: F=0.955,
df=2,237, p=0.386, fields without a grassy mar§in0.861, df=2,237, p=0.424).

There was no difference in the number of spemesd in the pitfalls between fields
with and fields without a grassy margin, regardiesthe edge-distances (Paired Samples T-
Test all: t=1.454, df=239, p=0.147, Om: t=0.7767%4, p=0.440, 10m: t=0.960, df=79,
p=0.340, 20m: t=0.816, df=79, p=0.417 ). There @&id® no significant difference between

12
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the edge-distances (ANOVA fields with a grassy nmarg§=1.418, df=2,237, p=0.244, fields
without a grassy margin: F=1.039, df=2,237, p=0)35fgure 1.6. shows the mean number of

coleoptera.

In total 18 species of coleoptera were found engtudy sites, of which 72% predators,
22% phytophagous species, and 6% detritivoferostichus madidusvas the most
abundant, followed byYromius quadrimaculatusnd Harpalus affinis P. madidus(Paired
Samples T-Test: t=-3.746, df=239, p<0.001) &naigrita (Paired Samples T-Test: t=-2,152,
df=239, p=0.032), were significantly more often q@et on fields with a grassy margin.
Amara aenegPaired Samples T-Test: t=2,883, df=239, p=0.084y D. quadrimaculatus
(Paired Samples T-Test: t=2,339, df=239, p=0.020)tlee other hand, were significantly
more often present on fields without a grassy figldrgin. Other species did not show a
preference. Species from the family nitidulidaet(mentified on species level) (ANOVA:
F=3.163, df=2,237, p=0.043) anB®. quadrimaculatus(ANOVA: F=3.007, df=2,237,
p=0.050) were the only species significantly madteropresence at Om from the margin than
at 10m and 20m from the margin. Other species didshow a preference with regard to

edge-distances. Figure 1.7. shows the speciesasshof coleoptera.
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Figure 1.6. Mean number of coleoptera in the Figure 1.7. Mean number of species of coleoptera

pitfalls per day in fields with a grassy margin and in the pitfalls over the catching season in fiekdth
fields without a grassy margin according to the a grassy margin and fields without a grassy margin

distance from the edge. according to the distance from the edge.
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1.4. Discussion

In this study coleoptera were more abundant onleardadds that had grassy margins along
the edges, but especially so away from the eddheofield. However, it most be noted that
pitfall catches not only depend on the density opylations, but on other factors such as
activity and body size of the species as well (La2@00). Nevertheless, it seems that the
presence of a grassy margin at the edges of dlialtle does not only increase the abundance
of coleoptera near the edge of the field (see diseket al.,2002), but also in the arable field
itself. Indeed, it is known that uncultivated baienay act as winter reservoirs in arable
landscapes where coleoptera disperse from to bogdarable fields (Sotherton 1984, 1985;
Morris and Webb, 1987). Though, a hedgerow combimigal a grassy field margin seems to
have a greater effect in general than a hedgerowsbif. Although some species, like the
species from the family Nitidulidae ar@romius quadrimaculatusvere mainly found near
the edges, the total species richness betweers figiith and fields without a grassy margin
was not significantly different. Thus, the positigéect of a grassy field margin next to a
hedgerow, was limited to the abundance of coleapter

The current available literature is ambiguous widgard to the abundance of
lumbricidae in arable fields (Curry, 1998; Lagemsbfal.,2002). From the present study it can
be concluded that lumbricidae, like coleoptera,engignificantly more numerous on fields
with a grassy margin than on fields without onevé@ttheless, the biomass did not differ
significantly, thus the mean body mass of the imtligls founds in the soil of fields with a
grassy margin was lower than that from the indigldufound in the soil of fields without a
grassy margin. However, both the mean number amdnian biomass of lumbricidae were
significantly higher near the edge, regardlessptiesence of a grassy margin, than further in
the field.

Little has been done with respect to the impagratsy field margins on the presence
and abundance of Gastropoda. This study shows ithatontrast to coleoptera and
lumbricidae, gastropoda were less numerous onsfieldh a grassy margin than on fields
without one, which might be related to the presesfgeredatory carabids. Though, there was
no difference between their mean biomass. In tekldiwithout a grassy margin both the
mean number and biomass of gastropoda were higlartne edge. This result shows a clear
implication for pest management, where crops ild$iehat are bothered with a grassy field
margin are likely to be less affected by the presesf gastropoda.

It can be conclude that the presence of graskyfiargins in arable landscapes is able

to increase the abundance of coleoptera and luidhecbut has a negative effect on

14
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gastropoda, and that these effects were seen fuath@y from the field-edge as well with
regard to coleoptera and gastropoda. The presaht Bas obvious implications regarding the
value of grassy field margins for macro-invertebsatregarding the management of arable
landscapes to promote the conservation of an afagsectivorous species, and regarding
pest management. It is evident that grassy fieltgma promote the abundance of coleoptera
and lumbricidae. The addition of such margins iabé landscapes might therefore also
benefit predators of macro-invertebrates such asldpwing {anellus vanellysand the
hedgehogErinaceus europaelisGastropoda, pests to a variety of crops, orother hand,
were negatively affected by the presence of a gréekl margin. Possibly due to a large
amount of carabids in these fields. A variety a8rg agri-environment schemes throughout
Europe already include grassy field margins (egntBn 2007; Butleet al. 2007), further

encouragement of implementation is therefore dtttagwvard.

15
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Abstract

In the last few decades, the numbers of the Wesigean hedgehode(inaceus europaeiis
are decreasing in Great-Britain. It is very impottéor the conservation of this animal to
understand the mechanisms of this decline. Oneilpedactor could be the abundance of
badgers Kleles meles since this species is both a competitor for fandinly earthworms
(Lumbricus terestris and a predator of the hedgehog. The aim ofstludy was to investigate
the relationship between the abundance of badgetrshe behaviour of hedgehogs in a rural
landscape, with special attention to the edge mefubabit of the hedgehog. This has been
done by studying hedgehog movement through radkoatetry in areas with high and low
badger density. At each study-site up to 44 hedgehlwmve been equipped with a radio-
transmitter and their behaviour has been trackesl c# conclude that hedgehogs do change
their location in the landscape under influencebafiger presence. Distance kept to edge-
habitat and home-range size become smaller whegebal@nsity is higher. Furthermore, the
amount of habitat with dense vegetation, so vegetathich provides cover, increases when
badger density becomes higher. The amount of edfggat and urban habitat increases,
while the proportion of arable fields decreasesusTtespecially in areas with a high badger
density, preservation and/or establishment of dddmtat and other habitat which provides

shelter is very important for the conservationhef hedgehog.
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2.1. Introduction

HedgehogsHrinaceidag occur in a large part of the world (Reeve, 1994 last couple of
years, the numbers of the West-European hedgeBogaCeus europaels henceforth
referred to as hedgehog, are decreasing in Gré@irB(Harriset al, 1995; Hof, 2009) and
probably in more countries in western Europe ag (grsonal communication, Anouschka
Hof and the Dutch Mammal Society, 2009). In orderekplain this phenomenon, a lot of
research is currently underway, especially in GBratiin and in The Netherlands. Slowly, it
is becoming clear that their decline is caused lyaad range of factors (Dowding, 2007;
Hof, 2009; Huijser, 2000). The most well-known cawd mortality is that hedgehogs are
frequently run over by cars (Huijser, 2000).

Another factor which probably negatively affectee thumber of hedgehogs is the
change in rural landscapes. During the last cepaagsiculture has increasingly intensified in
Great Britain, which has resulted, amongst othgrsa decline of 50% of the amount of
hedgerows (Robinson & Sutherland, 2002). Since éleolgs seem to prefer edge-habitat, like
hedgerows and field margins (linear landscape eleshethe amount of habitat suitable for
hedgehogs has reduced (Hof, 2009; Huijser, 2000pMRi2006; Shanahaet al., 2007).
Although it is currently not yet known why hedgebogrefer edge-habitat, this habit has
significant implications for conservation of hedggh and landscape management.

One of the possible reasons for this preferentieeispparent avoidance of the badger
(Meles meles which could influence the movement of hedgehwgs$wo different ways.
Badgers are intraguild predators of the hedgehbis eans the diet of both species overlap,
with earthwormsl(umbricus terrestrisforming a major part of their diet (Goszczynskial.,
2000; Reeve, 1994). Additionally, badgers are asown to predate on hedgehogs
(Doncaster, 1994; Younet al,. 2006). In a lot of studies in Great Britain, rasbars lose
some of their hedgehogs to badger predation (famge Doncaster, 1992, 1994; Hof, 2009),
an example from Hof (2009) is given in Figure 2.1.

1%

@ Other causes
W Badger predation

B9%

Figure 2.1. Causes of death of eleven hedgehogs equipped wéttiia transmitter during two and a half months
in 2008 (Hof 2009).
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It has already been shown that the behaviour ofdiealgs can be influenced by the density of
badgers at landscape level. Several studies shaimhb density of hedgehogs is lower in
areas with higher badger density (Doncaster, 18820l et al., 1994; Younget al., 2006).
Furthermore, hedgehogs which are newly introducedn area with a high badger density
tend to migrate away from that area (Doncaster2)l9% is however not known to which
extent the movements of a local hedgehog popularendetermined by the abundance of
badgers and whether the threat of badger predatawses the edge refuging habit in
hedgehogs.

There are some general studies that hypothesag #tis behaviour. A new term has
been introduced for the adaptation of behaviouelation to predation risk, namely “ecology
(or landscape) of fear”. The most well-known exaengals with large herbivores in Yellow
Stone National Park, where it has been shown thiamas which were used to live in a
predator-free environment adapted their (movemdrghaviour after the reintroduction of
wolves (Laundréet al,. 2001). Similar effects of predators on movemenprafy have been
shown in other species (e.g. Hiltehal., 1999; Sweitzer, 1996; Van Der Merwe & Brown,
2008). In the case of the hedgehog, Wetrdl. (1996) showed that foraging hedgehogs tend
to avoid badger faeces, both in captivity and enwhld. Furthermore, Hof (2009) found that a
female hedgehog which lived further away from badwsivity tended to cross fields more
often and generally walked further away from thdetyaof the edge-habitat than the
hedgehogs in fields which were much more frequebjebadgers.

The aim of the study was to investigate the impdidbadgers Nleles meléson the
edge refuging habit of hedgehodsribaceus europaedisn a rural landscape. Knowledge
about this impact could help future conservatiothefhedgehog. The focus of this study was
on the distance hedgehogs keep to edge-habita@ldnthabitat selection and home-range
size will be taken into account. It was expectedt thith a higher badger density, hedgehogs
would stay closer to edge-habitat and so have nedlge-habitat in their home-range.
Furthermore, hedgehogs will use more habitat wittease vegetation, so a high amount of
cover, when badger density is high than in aredls aviow density. It was reasoned that the
animals would have a smaller home-range when badger present, because the animals
would try to avoid contact with badgers. Differeadeetween males and females were taken
into account, since it has already been shown ttiey maintain a different distance from
edge-habitat and have a different home-range sibg§ @009; Huijser, 2000; Reeve, 1994).
The sex of juveniles is hard to establish, sin@y ttannot be unrolled easily, so they were

treated as a separate category (Burton, 1969).
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2.2. Materials and methods

2.2.1. Areas

In this study, data from three different sites weollected during the summer of 2009. Data
collected from one site in 2008 by Anouschka Hofl Wwe used in the analyses as well.
Schematic drawings of all sites are presented ipefdix 2.1 (Figure 2.6.-2.9.).

The 609ha site of the study in 2008 is locatedh@nrorthern coast of Norfolk, UK
(52°, 58'N, 0°, 40’E). Habitat and vegetation cletggstics are described by Hof (2009). The
area consists mostly of arable fields with 6m wieéd margins around them. Furthermore,
33km of hedgerow were present (approximately 54nhexfgerow per hectare) and some
extensively managed pasture fields. Badgers wesept at the site as confirmed by sightings
and by other signs of badger activity (predationshedgehogs). No badger setts were found
due to access restrictions (Hof 2009). Regardieghigh level of badger predation (8 deaths
out of 44 hedgehogs in a two and a half months 8pan), this site was classified as ‘high
badger density site’.

The first site (99ha) that was surveyed in 2009% Thhown Estate, is located near Old
Windsor, Berkshire, Middlesex, UK (51°, 46’N, -®B9'E). The site mainly consisted of
arable fields (27ha; wheat or rapeseed) with fralrgins (6m wide) and pasture grazed by
horses or cattle (33ha), all surrounded by hedgemwree lines. A lot of goosegraszafium
aparing grew in the arable fields. Hedgerows (2-3m hR#3m wide; 9km in total) consisted
mostly of common hawthornCfataegus monogynaovergrown with bramble Rubus
fruticosug and bordered by grasses, thistl€rg¢ium spp) and nettlesUttica spp), which
were also the most common species in the field mar-100cm high, 6m wide). The set
aside areas (0.4ha) were either mostly bare sdah, predominantly chamomileMatricaria
recutita) growing in patches of 20-50cm high or complet@ergrown with nettlesUrtica
spp). The hedgehogs also frequented the villageldfWindsor. Data collection took place
between 2% of June and 16of July 2009, for a total of 20 non-consecutivghts. Badgers
have been present in the area, but were not prasém time of this study as determined after
intensive searching for badgers and signs of baoigsence (marks, hairs, latrines, setts), and
by consulting the park manager and game keeperen&tanley and Steve Searle. This site
was thus classified as ‘Low badger density sitetotal 29 hedgehogs were seen, of which 23
animals were large enough (>400g, see below) wivea transmitter (10 females, 13 males).

The second, 647 ha large site was located on a ifi@an Gedney Dawsmere, South
Lincolnshire, UK (52°, 51'N, 0°, 9’E). It consistedainly of arable fields (483ha) with either

wheat (most dominant), peas, lettuce, potato, tonsatcabbage. Some fields were being
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harvested during the time of data-collection. Mfisids were surrounded by a 2-6m wide
field margin, consisting of various weeds and grassf which the main weed species were
species of thistledircium spp), dock Rumexspp) and nettledJrtica spp). Also a few sea
specific species were found, such as sea héltyngium maritimurj A lot of fields were
surrounded by hedgerows (2-3m high, 16km in taiaffree lines (up to 14m high) of which
some were fairly recently planted. The dominantcgsein the hedgerows was common
hawthorn Crataegus monogynawith hedge bindweedCalystegia sepiuingrowing in it.
The tree lines consisted of many different treecigse but species of maplader spp) were
the dominant species, which were also the mostddnirspecies in the 10ha of woodlands.
There were only 4ha of pasture present. The hedgeltso visited gardens in Gedney
Dawsmere. Data were collected from™®&f July to 13th of August on 19 non-consecutive
nights. The area did not have a badger populatiorsigns of badgers have been found during
the fieldwork period (see below; low badger densitin total 24 hedgehogs were
encountered, of which 15 received a transmittdel(7ales, 8 males).

The last site was located on a farm between thages of Caldecott and Great Easton,
Leicestershire, UK (52°, 31'N, -0° 44’E). The hetdggs only used a 39ha area in and
between Great Easton and Bringhurst. The whole(38Bha) consisted of arable fields with
wheat, which were all surrounded by a hedgerowniigh, 12km in total) and some
surrounded by a field margin, 2-6m wide, in whigagges were most common. Hedgerows
consisted of either common hawthofrgtaegus monogynar elder Sambucus nigaand
blackthorn Prunus spinozg surrounded by weeds and grasses. The most comweeds
were thistles Circium spp), willowherbs Epilobiumspp) and nettledJftica spp). The fields
were being harvested and ploughed at the time tafazllection, which took place between
the 17" of August and the IDof September on 19 non-consecutive nights. An piecl
badger sett was present, along with a number oftyerfipain and transitory) setts. The
occupied sett is estimated to house between 6 @nddividuals (see below; high badger
density). In total 8 hedgehogs were encountered ahdnimals were equipped with a

transmitter (2 females, 6 males).

2.2.2. Hedgehogs

Hedgehogs were located by walking through the stsithy with a spotlight of a million
candlepower and whilst tracking already caughtvimidials. When an animal was found, it
could easily be picked up. All animals were weighseked, marked with water based paint

(Crown Paints, UK). Animals that weighed more th00g were equipped with a radio
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transmitter (Biotrack Ltd, Dorset) as describedHxyf (2009). The 400g limit was kept to
comply with the ethic guidelines as set by The Aozsr Society of Mammologists, which

recommends that the weight of the radio transmgteyuld not exceed 5% of the animal's
bodyweight (The American Society of Mammologist398). A beta-light was attached to the
transmitter to enhance visibility, so the obsenaasld keep a greater distance, thus reducing
disturbance of the animals. The transmitters wexreked using receivers from Telonics Inc.
(Arizona, USA) together with Yagi antennae (Biokddd, Dorset, UK). The transmitters
were removed when sufficient data were collectied;itedgehogs were then weighed again.

When hedgehogs were equipped with a radio tratemménimals were tracked from
dusk until dawn. It was attempted to track them dbideast ten different nights, obtaining
fixes between once per half hour and once per nimals were located either by sight or
by triangulation when sight or access was impedigd (n gardens). For each fix, habitat,
distance to edge-habitat and behaviour was recondabliitat was defined by one of the
following categories: arable field (plus speciesl &eight of the crop), ditch, field margin,
garden, pasture (grazed grass), hedgerow, lawn Kmgnass), road (-verge), set aside,
shrubbery and woodland. When behaviour could berobd, the following categories were
used, after Reeve (1994): courtship, foraging, griog, locomotion, meeting or stationary.
Grooming was observed only once, so this categ@ay left out of the analyses. Animals
which were encountered whilst the observer wasantively tracking these animals were also
noted to aid density estimation. All fixes obtairsed presented in Appendix 2.1.

During the studies in 2009, only one animal digdis one female from Old Windsor
was run over by a car. One male from Great Easdohntd be taken to the RSPCA because it
was in bad health. In 2008, 9 animals died (modtlg to badgers) as described by Hof
(2009).

2.2.3. Badgers

The abundance of badgers was estimated using lzaitedra-traps, active searching for setts,
latrines and other signs during the day (Sadéieml. 2003), and interviews or letters to
inhabitants in or around the site. When a sett fwand, it was checked for signs of activity
like digging and tracks. If a sett was deemed iitbdbpeople were posted near the sett for a
few evenings, during dusk, to make sure that titevses indeed inhabited by badgers and to
count the number of animals seen emerging. Alsoecartraps were placed near potentially

active setts. Camera traps were baited with dog fmounpeeled peanuts (Cagnaetial.
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2007; Wilsonet al. 2003). Only once did a camera register a badgeth® Great Easton site,

when baited with peanuts.

2.2.4. Analyses

Habitat and vegetation was recorded in the field digitized in ArcMap (ArcGIS 9.2, ESRI,
USA). Hedgehog locations were displayed on this .nkégme-range size and location was
calculated in RANGES 6 (Anatrack Ltd., Dorset, Uk9 described by Hof (2009). Home-
ranges were only calculated for animals with a munn of 25 fixes, to ensure that there were
enough fixes to represent the home-range of theaniTo ensure that this minimum was
correct, an asymptote was established using a 9&%emental analysis (Kenwast al.,
2001). When 25 fixes were not enough, animals lels fixes than necessary were excluded.
A second method, used to estimate the core ar¢laedfiome-ranges, was cluster analyses.
The objective cores were estimated using nearaghlbeur distribution. The habitat per
home-range was established by making an intersetcdMap.

To calculate hedgehog density, strip transects weedl. Visibility was standardized
as 100% to 10m each side, after Hof (2009), exice@reat Easton, where visibility was less
good and gardens were inaccessible. Thereforergat@&aston, the size of the area is taken
as the total area size minus the gardens (7.5htg,only 5m 100% visibility to each side.
Total length of the transects per person per nigig estimated (using 7 nights) to be 10km in
Great Easton and Old Windsor and 11km in Gedneydbaeve.

Statistical analyses, for which no specific progmanis mentioned above, were done
in SPSS for Windows 15.0 (SPSS Inc, Chicago, USAg difference in distance from edge-
habitat between the different badger densitiesasagpared with a Generalized Linear Model
(GLM), using a Gamma-distribution. Two measuresemaken to equalize the amount of
data between hedgehogs and thus prevent a bias, som-parametric tests are sensitive to
differences in sample size. Animals which were se@n, due to their presence in gardens,
were given the value 4m. This was estimated tohbentaximum distance animals could be
from other habitat in the gardens, since gardens wenerally not longer than 8 m., or
contained a lot of shrubbery. Furthermore, randxasfwere deleted from individuals with
more than 10% more fixes than average, until they &8 many fixes as the animal with the
one but most fixes.

The four areas were treated as two groups, one higthn badger density (Brancaster
and Great Easton) and one with low badger den€itg (Vindsor and Gedney Dawsmere).

Site was used as a factor nested within badgeitgeRkgbitat and behaviour were also used
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as factors. For behaviour, meeting and courtingevi@ken as one group, since otherwise the
sample size of these two categories would be taallsithe influence of habitat on location
was tested with a Kruskal-Wallis test, with a Séhegfost-hoc test. Ditches were not taken
into account, since these were not available fonedgehogs. The analyses for distance were
also done with just the habitat-types which weneawnded by edge-habitat, arable field and
pasture, since that is the core of this research.

Correlation in home-range size and sex was tesiéd avPearson correlation test.
Home-ranges are not linked in hedgehogs, since tleeyot display territorial behaviour
(Reeve, 1994). This means that all home-rangesbeatreated as separate measurements.
Difference in home-range size between sexes wdsdtesith a Mann-Whitney U test.
Difference between home-range analyses methodstegisd with a Wilcoxon test. The
influences on size of home-range were tested witBeaeralized Linear Model, using a
Normal-distribution and home-range size as the niéget variable. Habitat preference was
tested both within the habitat of the total studgaaand within home-range with a Kruskal-
Wallis test and a Scheffe post-hoc test. The tstiadly area was defined by the outer most
hedgehog locations found, except in Great Eastamne Hhe home-ranges found overlapped
so much, that when using the outer most fixesjdtribt yield a good representation of the
whole area available. Therefore, in Great Eastoa,study area was defined as the (larger)
area in which was searched for hedgehogs duringitigs (195ha), since this area was also
available for the animals in Great Easton and webgasure to a high degree that there could
be no additional animals found in the ‘added’ area.

Habitat density was measured in the field by estimgahe amount of horizontal cover
at ground level (hedgehog level). Habitats withhhagnsity were field margins, hedgerows,
road verges and woodlands. The other habitat typestioned above) were judged to be not
so dense that they could provide cover for the Bkdgs.

To estimate the difference in net displacemenineal regression analysis had to be
used, due to the large effect of the time betwearsf The less fixes, the smaller the found
displacement. This was solved by taking intervaietialso into account, besides badger
density. Displacement data was transformed to displacement+1)” to make the data
normally distributed. Fixes which were further dpdman 90 minutes were not taken into
account, since the accuracy will probably be to lelhen fixes are further apart. Only 400
(out of 2833) fixes from Brancaster were used toatige sample size. Fixes were randomly

chosen and the randomization had no effect onfggnce.
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2.3. Results
2.3.1. Density
In total, 88 hedgehogs were tracked for this stusly,males and 38 females. The ratio
between males and females seen differs per areaobumuch: 6:5 in Brancaster, 4:3 in Old
Windsor, 8:7 in Gedney Dawsmere, 3:1 in Great Easidis predominance of males has
been found in more studies and seems to be nomtla¢iUK (Reeve, 1994).

Hedgehog density in Brancaster was estimated tabbeat 7.3 kn2, as described by
Hof (2009). In Old Windsor, on average 3.8 animpés night were encountered whilst
tracking other hedgehogs, resulting in a density®km?. In Gedney Dawsmere, 4.7 animals
were seen on average per night, which gives a tyen$i8.6 kni®. In Great Easton, no
animals were seen outside the villages. The detisgte is thus very low. In the villages, on
average 0.9 animals were seen each night, whiatsgivdensity of 3.7 kf There is no
difference in hedgehog density between the diffebaiger densities (t-test; t=1.968, df=2,
p=0.188).

2.3.2. Distance from Edge-Habitat
Badger density did have a significant negativeufice on the distance hedgehogs kept from
the edge of a habitat (GLM?=108.518, df=1, p<0.001). Site, used as a nesteidbla
within badger density, also had an influence (GLf4&367.380, df=3, p<0.001). Hedgehogs
in Great Easton kept the smallest distance to dédfédat, 4m smaller than Brancaster. The
then smallest was Brancaster, followed by Old Wind42m bigger) and Gedney Dawsmere
with the largest distance (13m bigger). Juvenilesansignificantly closer to edge-habitat than
adult females (-13m; GLMy?=45.256, df=1, p<0.001). Adult males were sligHilyther
away than adult females, but this was not signitig@m; GLM; ¥*=0.237, df=1, p=0.627).
The behaviour of a hedgehog was also significanitéolocation (GLM;y2=62.187, df=4,
p<0.001). Both foraging and resting were localizedher away from edges than meeting
(3m/4m; GLM; = 11.053/14.668, df=1, p<0.001). Walking behavidas been seen
throughout the distances (GLM?70.906; df=1; p=0.341). Habitat did have a significa
effect on the distance hedgehogs kept from the .eflge mean distance per habitat was
classified with a Kruskall-Wallis test and a SckeRost-Hoc (see Figure 2.2.; GLM; Low
badger densityy’=479.277, df=10, p<0.001; High badger densif§=295.841, df=10,
p<0.001).

When only taking arable fields and pasture intmaat in the GLM, animals did show
a significant difference in distance between sgx112.253, df=2, p<0.001). Also badger
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density, with site as a nested variable, had amcef§®>=183.784, df=3, p<0.001). The
distance of animals to edge-habitat in sites wotli badger density was higher than in sites

with high badger density, with males being furtlagray than females and juveniles even
further away in both densities (see Figure 2.3ls0Ahabitat still has an effect, the mean
distance of hedgehogs on pasture is further awag tn arable fieldsy$=59.433, df=1,
p<0.001).
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Figure 2.2. The mean distance of hedgehogs to the edge dfdh#at type, per habitat per badger density. The
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show s.e. Juveniles are not taken into accountteBadre males (High badger density N=107, Low N3216
striped are females (High badger density N=107. Nos415).

Table 2.1. Home-range size per sex per site calculated wftbrent methods.

Site Sex Minimum Convex Polygon Cluster Analyses
Mean N S.E. Mean N S.E.

f 4.43 17 1.03 3.21 17 0.75
Brancaster m 24.92 16 3.70 19.33 16 3.21

Total 14.37 33 2.58 11.02 33 2.124

f 6.73 3 1.62 4.21 3 1.69
Old Windsor m 10.59 9 1.12 8.03 9 0.85

Total 9.63 12 1.03 7.07 12 0.88

f 13.55 7 4.04 10.25 7 411
Gedney Dawsmere| m 84.89 8 29.35 64.51 8 26.03

Total 51.59 15 17.99 39.19 15 15.38

f 6.11 2 4.16 3.79 2 2.93
Great Easton m 7.31 6 4.29 6.64 6 4.32

Total 7.01 8 3.24 5.93 8 3.24

f 6.99 29 1.33 5.05 29 1.19
Total m 31.21 39 7.49 24.03 39 6.29

Total 20.88 68 4.55 15.94 68 3.80
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2.3.3. Home-Range

There was a significant difference between the atea males and females (t-test; t=9.7,
df=67, p<0.001), with males being heavier, butéheas no significant relationship between
home-range size and weight in both males and feam@earson; males: r=0.166, N=39,
p=0.313; females: r=0.105, N=29, p=0.589).

Incremental analyses showed that an a-asymptotere@eahed in Brancaster at 45
fixes for males and 38 for females, in Great Eastb25 for both males and females, in
Gedney Dawsmere at 29 for both males and femaksna®ld Windsor at 26 for males and
at 23 for females. Individuals with less fixes whatt out of further analyses.

The means of both MCP and cluster analyses fositds are shown in Table 2.1.
Home-ranges tended to overlap at least partly tvitme-ranges of other individuals, both in
males and females. Cluster analyses gave signifycamaller home-range sizes than MCP
analyses (t-test; t=3.418, df=65, p<0.001).

The difference between cluster analyses and MCgrabably due to the fact that
hedgehogs do not really stick to a small areatdnd to roam and explore the area around the
area they know well (Reeve, 1994). A cluster anslyketermines the core area, where
hedgehogs are seen the most and base their 95¢®lirttiose data and not the outermost 5%
like MCP analyses. Since hedgehogs roam a los, probably better to use MCP analyses,
which shows the total area where the animals godshat only the active core, like cluster
analyses does. Therefore, the rest of the anatysesnly done with the MCP outcomes.

Sex and site have a significant influence on hoamge size determined with MCP
analyses (GLM; Sitey?=24.768, df=3, p<0.001; Sex*=14.872, df=1, p<0.001). Hedgehogs
in Brancaster had significantly smaller home-rangfesn in Gedney Dawsmere (GLM,;
v*=16.048, df=1, p<0.001), but differed not signifitdrom the home-ranges in Old Windsor
and Great Easton (GLM?=1.222, df=3, p=0.269 resp’=1.579, df=1, p=0.209). Average
field size in all habitat types did not differ sificantly between the areas (GLM*=7.702,
df=3, p=0.053) and was therefore not taken intamaot The hedgehogs in the grouped areas
with a high badger density (Great Easton and Bitecahad a significantly smaller home-
range than in the areas with no badgers (Old Windsml Gedney Dawsmere) (GLM,;
v*=24.768, df=3, p<0.001).

There is a significant relation between the napldicement of hedgehogs and sex,
interval time and badger density (regression; nt=24.822, p<0.001; n=90, t=-13.986,
p<0.001; n=2, t=-18.554, p<0.001). Males have gdanet displacement than females (see

Figure 2.4.). When the interval between fixes olgdi becomes larger, the displacement
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seems to become smaller. Also, when there is ahigddger density, the net displacement of

hedgehogs goes down.
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Figure 2.4. Regression between the interval and net displasefoehigh badger density (dark; n=665) and low

badger density (light; n=578) for both sexes.
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2.3.4. Habitat Selection

The habitat selection of hedgehogs on both a lap#sdevel and home-range level in
Brancaster has been described in Hof (2009). Wbeking at where fixes were obtained, the
density of vegetation did not have a significarfeef in areas with a low badger density
(ANOVA; F16=1.273, p=0.302), but with a high badger densigngity of the habitat types
did become significant (ANOVA; =47.888, p<0.001). When badger density was high,
hedgehogs were fixed more in habitats with a higlessity (see Figure 2.5.; see Table 2.3,
Appendix 2.2. for absolute amount). There was rfterdince between the sexes at both
badger densities (ANOVA; high:1=0.000, p=0.990; low: #=0.099, p=0.764)

Of all hedgehogs which were encountered whilst trextking these animals, in all
areas, most were found on a lawn (28 out of 106)the road verge (23 out of 106). Fixes
from males and females were obtained in differexdtitat types and had to be split up. Since

juveniles were only encountered by accident, thegewot taken into account.

20.007

15.007

Badger Density

Figure 2.5. The percentage of fixes obtained per badger deimshabitats with high and low badger density per
sex. Dotted bars are habitats with high vegetadiemsity (N=10), striped bars are habitats with i@getation

density (N=12). Dark bars are males, light barsfemales. Error bars show s.e.
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Table 2.2. gives an overview of the ranking of kabpresent in the home-range of the
animals in the areas surveyed in 2009. It shows riieles and females selected different
habitats. The hedgehog in Great Easton which texveb the next village is left out of the
analyses, since the habitat he travelled througimkniown, which made up a large part of its
home-range. Animals in all areas have a high rapkinurban habitat, namely gardens, lawn
and roads.

The proportion of habitat in a home-range relativehe proportion of habitat in the
total study area is not significantly different Wween males and females in both badger
density groups (Table 2.5., Appendix 2.2; ANOVA;sE1.032, p=0.313; percentages shown
in Table 2.4., Appendix 2.2). Therefore, males dechales were not separated in this
analysis. When looking at the amount of vegetatlat offers shelter within home-ranges,
there is no significant difference for both areathva high badger density and areas with a
low badger density (ANOVA; Low: 5/~0.681, p=0.415; High:13,~0.671, p=0.419).

Table 2.2. Ranked habitat selection at a landscape leveic It@eans that there was no significant difference
between the habitats. — means that the habitatwgsenot available for the animals or there waslata. The

higher the rank, the more present in home-range.

. Sex | Pasture Arable Fied Set Wood- Garden Lawn Road Ditch
Site . . .
field margin  aside land
Al |3 7 2 6 5 1 4 - -
Brancaster f 5 7 4 6 3 1 2 - -
m 2 7 1 6 4 3 5 - -
T
Windsor )
8 4 2 6 7 5 1 3 -
All |6 5 8 9 7 1 4 3 2
Sz\?vg?ere f |a 5 7 9 6 1 8 2 3
m 6 5 4 9 8 2 1 7 3
Al |3 5 5 - - 1 4 2 -
creat ¢ |3 4 4 - : 1 4 2 :
3 5 5 - - 1 4 2 -
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2.4. Discussion

2.4.1. Distance from Edge-Habitat

The distance hedgehogs keep from edge-habitat egetively influenced by the amount of
badgers present in the study sites. This coulddoause edge-habitat gives more shelter for
predation, since the vegetation there is genedsdlyser than in arable fields and pastures.
Another very distinct phenomenon is that the hedgehn Great Easton did not leave the
village. Again, this habit might be because gardaresthought to offer more shelter than
arable fields, outside of the villages. Furthermare badgers were observed in the village
Great Easton, so it might also be a way to avdidaltact with them. Hedgehogs in Gedney
Dawsmere were sometimes even seen 200m into dadiare field, where there was no cover
at all, but also no badgers.

These observations show a high correspondencestdahdscape of fear” theory, in
which is stated that animals can adapt their belaand their location in the landscape in a
predator-prone environment (Laundtéal.,2001; Van Der Merwe & Brown, 2008). Another
finding that supports this theory is that hedgehagse resting relatively more, further away
from edge-habitat than close-by, which could méet hedgehogs do have a higher vigilance
further away from shelter. Reeve (1994) describeat hedgehogs often pause between
foraging to smell and listen for possible dangdricl from a distance will look like resting to
the observer. It could also be that the animalsewsmrared of the observer, but this was
prevented by keeping enough distance from the dsindaie to the beta-light, a minimum
distance of 20m could be kept, which was deemedigindy Reeve (1994). Therefore, the
observer probably had a negligible effect on theabeur of the animals.

Even though there were no badgers present in #eas avhere hedgehogs were further
away from the edge-habitat, there were foxes saeimals who may also be predators of
hedgehogs (Burton, 1969). Foxes were thought t@ v significant influence since it is
generally assumed that they cannot uncurl healddgéhogs and therefore do not pose a
great threat to most hedgehogs (Reeve, 1994). Haw#would be that the presence of this
other predator does influence the vigilance, siloees do eat animals which do not curl op
quickly enough (Burton, 1969). This effect of premta on vigilance has also been shown in
other small mammals (for example Dickman & Donaasi®384).

It is remarkable that juveniles stay closer to elgkitat in all areas. This could be a
bias, since juvenile hedgehogs did not get a tratesmbecause the animals were too small
and therefore could not be tracked on a regulaisb&sata from juvenile hedgehogs only

came from accidental encounters. Since visibititgiiable fields was generally not very good,
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the chance of encountering a juvenile in an aréibld and thus further away from edge-
habitat was smaller than obtaining a fix from aieadacked adult in an arable field. This is
also shown by accidental encounters in generakiwivere mostly in the ‘narrower’ habitats
with high visibility, like lawns and road vergeshare the maximum distance animals can be
from the edge is smaller than for example in ablaréeld.

There could also be other additional reasons ferdistance kept from edge-habitat,
like food abundance (see chapter 3) or navigatianjger, 2000). This means that for now it
is not possible to conclude that badger densitthés only reason for this behaviour, but
judging by the amount of differences found, it @sgible to conclude that badger density

forms at least part of the reason for hedgehogboav edge-refuging behaviour.

2.4.2. Home-Range

It was observed that hedgehogs in the areas wgthtbadger density had on average a smaller
home-range than hedgehogs in the areas with lowdvadkensity, as also found in the net
displacement. The negative influence of a predatohome-range size has also been shown
in other small mammals (Beaudahal.,2004). Home-range size in small mammals does not
seem to be influenced by inter-specific competifi@nresources (Bartet al., 1989), but not
much research has been done on this subject. Meless, the result of this study signals that
the change in behaviour of hedgehogs will be moslgted to the predation pressure by
badgers and probably less to competition over foibkl badgers.

The fact that home-range size was linked to sese@&n in most studies (for example
Reeve, 1994), especially because this study mtugilky place during the mating season, when
males are known to walk large distances to seaothfdmales (Reeve, 1994). This is
something that also comes forth in the net dispiecd#, where males have a larger
displacement.

The significant relation between interval and nispldicement can be explained by a
high amount of ‘turning’ by the hedgehogs. Whenetibetween fixes becomes longer, the net
displacement becomes shorter. When animals maially i a straight line, this displacement
should not become much smaller. In this case, aligphent decreased quite rapidly with
increasing interval time. That hedgehogs do nat tenmove in a straight line has also been
seen in New Zealand (Shanatetral. 2007).
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2.4.3. Habitat Selection

Hedgehogs utilized habitats with dense vegetatiamnenthan open vegetation, only when
there was a high badger density. This was not sd¢wmn looking at the amount of habitat
within home-range. This could be explained with wey home-range was specified. In this
study, an animal’'s home-range is the area where fixes were found. This means that if an
animal, for example, uses only the field marginuaba field, the field itself will be a part of
the home-range, even though the animal has notituséd overcome this problem, it is best
to concentrate on where animals were seen whennigakt habitat selection and less at
habitat within home-range. When looking at fixdse finimals do show a correspondence to
the hypotheses stated in this research, namelyathatals in areas with high badger density
seek out habitat with a high amount of cover. Hadgs were seen often in urban areas in all
sites, but in sites with low badger density, ansnakre also seen a lot on arable fields. As
said above, the most striking observation was thathedgehogs in Great Easton greatly
preferred urban areas, even though rural habitatavailable.

Furthermore, this habitat utilization found inghstudy supports the “landscape of
fear” theory. Animals in a predator-prone enviromtgelected habitats with a high amount
of cover more often than animals in areas with@aders. This is also seen in other animals,
even when there is a trade-off between food abuweland amount of cover (for example
Beaudoinet al., 2004; Laundréet al., 2001). If there was also a trade-off between fand
shelter in this study is dealt with in chapter 3.

Habitat selection found in other publications ésywdiverse (Bunner, 2004; Hof, 2009;
Huijser, 2000; Morris, 1988; Riber, 2006; Zingg929. All these studies see relatively more
use of hedgerows than available in the study-avb&h is also found in this study. Also the
preference for urban areas is often found (Bung@@4; Hof, 2009; Riber, 2006; Zingg,
1994). Bunner (2004) found a much lower amountieidfmargin in the home-ranges of
hedgehogs, while that study was done in almoststree area around Old Windsor. This
difference is probably due to the fact that the aggns of the Crown Estate have established a
lot of new field margins the last few years (peslocommunication, Paul Bright, 2009).
These differences in habitat selection prove theegdist habit of hedgehogs and the ability

to survive in a very broad range of habitats.
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2.5. Conclusion

Hedgehogs do indeed adapt their behaviour whendma@dge present. The results found show
great resemblance with the “landscape of fear’pda areas with a high badger density, the
animals stay closer to edge-habitat or do not és@ve the village. Furthermore, in areas with
high badger density, hedgehogs prefer habitat wipicdbvides more shelter, while this
phenomenon is not observed in areas with a low dradgnsity. As said above, all those
conclusions have also been drawn for other spedidst testing for this theory.

Future research is needed to understand if thisente of badgers is only due to their
predatory role or that their competition over fado has an influence, since that cannot be
clearly stated from these results. Also in othamtoes is research needed, where it is not yet
known if badgers also influence the behaviour afgehogs.

The results of this research make clear that theserwation and recovery of field
margins and hedgerows (habitat with a high amofirghelter) in areas with a high badger
density is very important in future conservatiortlté hedgehog. It is also important, even in
areas without badgers, to make the general pubigceaof the fact that hedgehogs spent a lot
of time in gardens and people can help these asifmalmaking their gardens hedgehogs

friendly.
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Appendix 2.1. Study Siteswith the Obtained Fixes
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Figure 2.6. The study site in Norfolk used in the study of 2@38Hof (2009). The areas pictured as village are
Brancaster, Burnham Deepdale and Brancaster Staithe
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Figure 2.7. The study site around Old Windsor of 2009. Theiated village is Old Windsor.
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Figure 2.8. The Gedney Dawsmere site, studied in 2009. Thegeébs shown are Gedney Drove End and Gedney
Dawsmere.

Hedgerow Badgers

- Urban Y Set

A Bad

' I:‘ Grass adger(s)
< @® Latrine
[ | Avable Fieid

B setsice
: |:| Woodland

Unknown

Figure 2.9. Another study site of 2009, Great Easton. Thegék depicted are Bringhurst and Great Easton. A

part of the agricultural landscape is also shovatahbse of the badger sightings and the differetetraénation
of the total study area.
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Appendix 2.2. Habitat Selection

Table 2.3. The amount of fixes per habitat per site per seXbth years. Juveniles are not taken into account

Brancaster Old Windsor Gedney Dawsmere Great Basto

Male Female Male Female Male Female Male Female
Pasture 166 95 49 6 2 0 10 1
Arable Fields | 88 66 84 57 165 76 0 0
Field Margin | 231 127 21 10 43 23 0 0
Hedgerow 122 108 27 13 57 24 6 2
Woodland 42 114 6 23 15 7 4 4
Set-Aside 45 1 2 4 1 4 1 0
Garden 294 448 99 28 34 31 319 92
Lawn 64 169 23 17 17 37 22 7
Shrubbery 37 28 11 2 0 0 14 4
Road 10 10 4 2 1 14 15 5
Road-verge 6 19 2 1 29 49 9 1
Other 2 6 0 1 10 5 1 0
Not Seen 15 6 5 0 1 1 2 0

Table 2.4. The percentages of habitat within home-range émer per sex and within the total study area.

“Other” habitat is water and ditches.
Arable Field Set Wood-

Area Sex Pasture_. . . Garden Lawn Road Other
Field margin aside land
m 12.09 47.76  4.18 6.53 5.12 21.40 1.90 - -
Brancaster f 12.19 42.00 4.23 0.00 9.33 2753 3.93 - -
Total | 7.74 5755 4.70 5.40 4.74 16.02 2.57 - -
m 1050 3885 3.59 0.47 3.68 20.70 12.82 9.38 -
Old f 0.35 40.99 2.86 2.24 26.85 13.67 7.71 5.34 -

Windsor - rotal 3301 2778 142 037 1371 1699 388 408 -

ed m 207 8193 063 043 202 501 068 515  2.10
Dgwgf%’ere f 783 5427 072 069 153 1923 043 1274 255
Total |0.65 89.03 054 047 156 147 011 271 144

Groat m 028 000 000 - 000 8736 - 1236 -
E;‘Zf‘on f 937 000 000 - 000 8095 - 068 -
Total |16.10 5430 177 - 256 1261 028 395 -

a7



Chapter 2 Badgers driver behind hedgehog movements

Table 2.5. Habitat selection in home-ranges from total halaitatilable <1 means a smaller proportion in home-
range than in total area; >1 means a bigger prigpoirt home-range than in total area. — indicates the

habitat was not available or there was no dataevthD0 means that the habitat available, but wasised.

Habitat type | Brancaster Old Windsor Gedney Dawsmere Great Easton

Male Female Male Female Male Female Male Female
Pasture 1.57 1.56 0.32 0.01 3.19 12.09 0.02 0.58
Arable Field | 0.83 0.73 1.40 1.48 0.92 0.61 0.00 00.0
Field Margin | 0.90 0.89 2.53 2.01 1.15 1.32 0.00 00.0
Hedgerow 0.80 0.61 0.47 0.02 0.29 0.26 0.00 0.00
Set-Aside 1.21 0.00 1.27 6.05 0.92 1.47 - -
Woodland 1.08 1.97 0.27 1.96 1.29 0.99 0.00 0.00
Garden 1.56 1.72 1.22 0.80 3.40 13.08 6.93 6.42
Lawn 1.53 1.53 3.31 1.99 6.02 3.86 0.00 0.00
Road - - 2.30 1.31 1.90 4.70 3.13 2.45
Other - - - - 2.79 3.16 - -
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Chapter 3:

Therelation between food availability, predator
presence and small scale movements of hedgehogs

(Erinaceus europaeus) in arable dominated

landscapes

o
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Abstract

Understanding the movement of animals plays a fsigmt role in a variety of ecological
fields of study; an insight into the how and why afimal movements may aid the
conservation of the species investigated. The Westopean hedgehogEilinaceus
europaeuy is a relatively mobile species, and adapted twide range of habitat types.
However, they are frequently associated with edaatat and, in arable landscapes, mainly
utilized field margins. This edge-refuging habitist well understood and may be the result
of fear of predators, food availability or othectiars.

The results thus suggest that arable land may'lbedscape of fear’ for hedgehogs in
the presence of a high amount of badgers. It howdwges appear that in areas with lower
numbers of badgers hedgehogs do not stay closdgm leabitat on arable fields because they
seek cover from badgers, but because they araintsef food.

It can be concluded that it is especially benafifor the conservation of hedgehogs in
areas with a high badger abundance to increasecdheplexity of the structure of the
landscape by amongst others establishing more emsked hedgerows in rural areas.
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3.1. Introduction

Understanding the movement of animals, such a®sabsiigration, immigration, emigration
and local redistribution, plays a significant ratea variety of ecological fields of study like
meta-population ecology, epidemiology and spattalagy. Additionally, an insight into the
how and why of animal movements may aid the cordiEnv of the species investigated.
Animal movements are affected by a range of biatid abiotic factors. Climatic variations,
guality of the habitat, availability of resourcesid presence of competitors and/ or predators
all may affect movement patterns of species tayh br low extent.

Although the hedgehodefinaceus europaeliss adapted to a wide range of habitat
types, and is a relatively mobile species, theyadie to cover distances of over 1000m a
night (Reeve, 1994), they are frequently associatéd edge habitat (e.g. Morris, 1986;
Dowie, 1993; Huijser, 2000). As has been found mf £2009) hedgehogs mainly utilized
field margins in arable landscapes. This edge-refubabit is not well understood and may
be the result of fear of predators such has, fetamce, been shown for the elkefvus
elaphu$ (Hernandez & Laundré, 2005). Availability of fomsight also be the main cause as
has, for instance, been shown for several warl§laisnson & Sherry, 2001). Availability of
other resources such as nest material (Hof, 2089 atso been mentioned.

In chapter 2, the impact of badgers on small scate’ements of hedgehogs in
agricultural landscapes has been studied. Howeeit, has been estimated that hedgehogs
spend up to 84% of their active time foraging (Wrat®84), their movements might be
largely dictated by the distribution and abundamdeprey items such as lumbricidae,
coleoptera and gastropoda (Reeve, 1994). Foodaaudy has been shown to be the main
decisive factor in movement patterns of variousciEse(Sherman, 1984; Johnson & Sherry,
2001 e.a.) and may well be the main cause of tige eefuging habit of hedgehogs. To be
able to understand which factors drive small scateyements of hedgehogs in agricultural
landscapes this chapter aims to combine the refsuital in chapter 2 with part of the results

found in chapter 1.
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3.2. Materials and methods

The invertebrate (lumbricidae, gastropoda, coleaptebundance was estimated in fields that
were utilised by hedgehogs in the four study ditescribed in chapter 2: Brancaster, Gedney
Dawsmere, Great Easton and Old Windsor. Since edgein the Great Easton site hardly
left the village and were not seen on fields whareess was allowed, random fields were
chosen for invertebrate sampling as to get an afethe food availability in this site in
comparison to the other sites. In addition to thable fields with a grassy field margin
sampled in chapter 1, several other arable fielitls avgrassy field margin, pasture fields and
set aside fields were sampled, provided that thesewtilised by hedgehogs and that access
was allowed. Arable fields without a grassy fieldrgin were not utilised by hedgehogs and
therefore left out of the analyses. Table 3.1. shthe number of samples obtained per habitat
type per site. The sampling method for lumbricidgastropoda, and coleoptera was as
described in chapter 1.

The radio-tracking data obtained in chapter 2 wsad to relate the abundance of
lumbricidae, gastropoda and coleoptera to hedgehogements. Badgers were absent in
Gedney Dawsmere and in Old Windsor. They were pteéseBrancaster and in Great Easton
(see chapter 2 and Hof, 2009). Since the presenoadgers was only recorded as present or
absent, it was decided to classify food availabilit two classes as well: low availability and
high availability. In this way comparison betwe&e impact of badgers and food availability
on the distance with which hedgehogs were founagncultural fields was deemed less
biased towards one of the variables. The cut gmhween high and low food availability was
based on two equal groups. Statistical analyses a@rducted using SPSS (for windowd' 14
edition, SPSS Inc., Chicago, USA).

Table 3.1. Number of samples obtained from invertebrateshpéitat type per site.

Site Habitat Number of Samples
Brancaster Arable 30
Field margin 15
Pasture 45
Set aside 45
Gedney Dawsmere Arable 100
Field margin | 50
Great Easton Arable 40
Field margin | 20
Old Windsor Arable 20
Field margin 10
Set aside 15
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3.3. Results
3.3.1 Food availability

The mean invertebrate abundance was significandyhtghest in Old Windsor, followed by
Gedney Dawsmere, Brancaster and Great Easton (&rugllis Test,y*=96.007, df=3,
p<0.001). However, the differences between theratiree were not significant (Kruskal-
Wallis Test,x*=3.111, df=2, p=0.211). In each habitat type th@miavertebrate abundance
was remarkably higher at Old Windsor than at theeotsites (Figure 3.1.). Differences
between the mean abundance of invertebrates bettheesites were significant for arable
fields (Kruskal-Wallis Testy?=61.119, df=3, p<0.001), field margins (Kruskal-li&alTest,
v*=31.009, df=3, p<0.001) and set aside (Kruskal-Wallest,x*=32.642, df=1, p<0.001).
Differences between the sites without Old Windsmiuded were also significant for arable
fields (Kruskal-Wallis Testy’=16.546, df=1, p<0.001) and for field margins (KealsWallis
Test,x*=23.405, df=1, p<0.001).
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E} @ Set aside
c
s 2
8
=

O _
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Figure 3.1. Mean invertebrate abundance per habitat typeifgerigvertebrate abundances were summed: mean
abundance of coleoptera per pitfall, mean abundahgmstropoda per 0.5mmean abundance of lumbricidae

per kg soil.

The high mean abundance of invertebrates at Oldd¥dinwas mainly due to the large
amount of coleoptera found at this site (Figure.)3.€oleoptera were significantly most
abundant at Old Windsor and least abundant at Bestec (ANOVA, F=103.364, df=3,
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p<0.001). Gastropoda were also significantly mdstunalant at Old Windsor but least
abundant at Great Easton (ANOVA, F=8.894, df=3,.p80). Lumbricidae on the other hand
were significant present in a higher abundancerabh&ster, whilst they were least abundant
at Old Windsor (ANOVA, F=11.345, df=3, p<0.001).

74

B coleoptera
2 @ gastropoda
O lumbricidae

Mean invertebr ate abundance

Brancaster Gedney Great Easton Old Windsor
Dawsmere

Site

Figure 3.2. Mean number of coleoptergitfall ™), gastropodaQ.5n%), and lumbricidae-kg soil*) per site.

Coleoptera were significantly most abundant on astle and least abundant on pasture
(ANOVA, F=2.920, df=3, p=0.034). In contrast, gaginda were significantly most abundant
on pasture and least abundant on set aside (AN®¥A,504, df=3, p=0.001). Lumbricidae
were also significantly most abundant on pastung, lbast abundant on arable fields
(ANOVA, F=26.502, df=3, p<0.001) (Figure 3.3.).
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Figure 3.3. Mean abundance of coleopteraitfall™), gastropoda-0.5m?), and lumbricidae kg soil*) per

habitat type.

3.3.2 Habitat selection of hedgehogs in relatiofcked availability

In chapter 2 the habitat selection of hedgehogs a@srmined per site; it was seen that
hedgehogs did not significantly prefer habitat s/peat offer cover in sites where badgers
were present. Table 3.2. Shows the habitat sefecioked according to preference, and
invertebrate abundance ranked according to avhilaper habitat type per site. The ranking
of habitat selection was significantly related e ranking of the availability of lumbricidae

(Pearson Correlation Test, r=0.742, n=11, p=0.06@),not to gastropoda, coleoptera or all
invertebrates combined. This means that habitatd there preferred by hedgehogs

significantly more often held a high than a low alance of lumbricidae.
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Table 3.2. The habitat selection ranked according to prefageand invertebrate abundance ranked according to
availability per habitat type per site. The hightee rank the higher the preference of the habitdtthe higher

the availability of invertebrates.

Area Habitat Habitat Total Gastropoda Lumbricidae Coleoptera
selection invertebrate abundance abundance abundance
abundance
Brancaster Arable 4 4 2 4 3
Field margin| 1 3 3 2 2
Pasture 2 1 1 1 3
Set aside 3 2 3 3 1
Gedney Dawsmere Arable 1 2 2 2 2
Field margin| 2 1 1 1 1
Great Easton Arable 1 1 1 1 1
Field margin| 2 2 1 2 2
Windsor Arable 2 1 1 2 1
Field margin| 1 3 2 1 3
Set aside 3 2 3 2 2

3.3.3 Food availability and badger presence in tigla to hedgehog movements

A GLM (Table 3.2) showed that badger presence, #red combined impact of food
availability and badger presence, were relateché distance with which hedgehogs were
situated to cover on agricultural land. Howeveg tlmpact of habitat type was larger. The
height of the crop and food availability by itseifi not have a significant impact and were
not included in the model. Figure 3.4. shows thmluned effect of food availability and
badger presence in relation to the mean distanceuer with which hedgehogs were found

on agricultural land.

Table 3.3. The result of the GLM with dependent variable tdige to cover (m)'.

Source Sum of Squares df Mean Square F Sig.
Corrected Model 309927 11 28175 32.671 <0.001
Intercept 14810 1 14810 17.173 <0.001
Habitat 126450 3 42150 48.876 <0.001
Food availability * badger presence 49142 2 24571 8.4 <0.001
Badger presence 9926 1 9926 11.510 0.001
Behaviour 14621 5 2924 3.391 0.005
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Figure 3.4. Mean distance to cover at which hedgehogs weradfan agricultural land in relation to the

combined effect of food availability and badgergenece.

Since the variable habitat had the largest impadhe distance with which hedgehogs were
situated from cover habitat, a GLM was built forakle’. No significant GLM could be

obtained for ‘field margin’. Too few data pointsoin too few sites were thought to be
obtained for pasture (N=82, 1 site) and set ad\del4, 2 sites). GLM models were therefore
not built for these habitat types. The GLM for faled (Table 3.3.) showed that the presence
of badgers did not have a significant impact on distance with which hedgehogs were
situated to cover on arable fields. The food atwditsx though, had the main significant

impact.

Table 3.4. The result of the GLM for habitat type ‘arable’ttvdependent variable ‘distance to cover (m)'.

Source Sum of Squares df Mean Square F Sig.
Corrected Model 215298 6 35883 23.990 <0.001
Intercept 59477 1 59477 39.764 <0.001
Food availability 162572 1 162572 108.689 <0.001
Behaviour 20999 5 4200 2.808 0.017
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3.4. Discussion
3.4.1 Food availability
The high number of coleoptera found in Old Windsorcomparison to the other sites, is
remarkable. The composition of the vegetation wasparable to the other sites (see chapter
2), and therefore does not offer an explanatiotialPtatches however, do not only depend
on the density of the insect population. Factds body size of the species and activity also
play a role (Lang, 2000) and may offer a possildglanation since the timing of sampling
did differ between the sites (sampling occurredvieen June and August 2009). Nevertheless
since it was attempted to sample sites under ginllmatic conditions, and the difference
was in such an order of magnitude, it seems likedy actual abundances of coleoptera were
higher at Old Windsor than at the other sites alé Wéferences in the number of predators
present were not studied and might form part ofetk@anation.

Since predatory carabids were most dominant antdhgscoleoptera found, it is not
surprising that the abundance of gastropoda was dowthose habitat types where the
abundance of coleoptera was high. Differences lmtwbe abundance of Lumbricidae or

most likely related to soil type and moisture coni@&urry, 1998).

3.4.2 Habitat selection of hedgehogs in relatiofhcked availability

Hedgehogs preferred to utilise habitat types withigh availability of lumbricidae. Indeed,
lumbricidae can form an important part of theirtdiReeve, 1994), but are also an important
staple food for badgers (Neal & Cheeseman 19963ités with a low food availability the
pressure of intraguild predation may increase §€Peti al., 1989). Theoretically, a low
availability of lumbricidae might thus enhance badgredation on hedgehogs. No evidence
has been found for this statement since lumbricidas2 most abundant in Brancaster, the

only site where hedgehogs were predated by badgers.

3.4.3 Food availability and badger presence in tigla to hedgehog movements

Although it was seen from the results in chapténd hedgehogs were situated less far from
the edge in sites with a high badger density ,aswlso found that hedgehogs wandered
further in the field on pasture fields than on #dields irrespective of badger presence. In
combination with the results from chapter 3 it tams be concluded that on arable fields food
availability is the main driver behind the movenseat hedgehogs. It must however be noted

that hedgehogs did not utilise arable fields atiralbne of the sites with badger presence
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(Great Easton). It is therefore advised to stu@yrttovement of hedgehogs on arable fields on
more sites with confirmed badger presence.

However, at the Great Easton site several badger were established, and no badger
setts were seen at the other site with confirmethbapresence (Brancaster). Based on the
former and on the fact that more badgers were se#dme Great Easton site, it was thought
that Great Easton held a higher number of badgérs. results thus suggest that a high
number of badgers may drive hedgehogs from agaralltand they otherwise occupy or may
cause the elimination of hedgehog populations misaapes with a high badger density, as
has been suggested by Miatlal. (1994). Arable land may therefore be a ‘landsaaifear’
(Laundréet al, 2001) for hedgehogs in the presence of a highuamof badgers. Indeed,
hedgehogs were seen more often in habitat typéptbade cover from badgers (see chapter
2). It however does appear (see above) that irsavéh lower numbers of badgers hedgehogs
do not stay close to edge habitat on arable fietdisly because they seek cover from badgers,
but also, and more so, because they are in seffohd

Unfortunately it was not possible to obtain a nidde other habitat types, since the
focus of this study was on arable land, but it adegght that hedgehogs were on average
situated further in the field on pasture (whereenmwbrate abundance was higher) than on
arable fields irrespective of the presence of bexdgievertheless, the ideal situation for
hedgehogs seems clear: no badgers and a high yaddhality. This indicates that hedgehogs
indeed do not stay near edge habitat because ef ptissible factors such as proximity to
nest sites or visual orientation as has been stegjby Huijser (2000).

The results imply that it is especially benefidal the conservation of hedgehogs in
areas with a high badger abundance to increasecdheplexity of the structure of the
landscape, which has also been shown to diminisaguild predation in other taxa (Finke &
Denno, 2002; Janssest al., 2007). This can be done by establishing more agmset
hedgerows in rural areas, dense shrubbery and gnoaeth in urban areas, and by increasing
the connectivity between suitable habitats. Addaidy, the availability of macro-invertebrate
food important to hedgehogs, especially lumbricjdaght be enhanced in arable dominated

landscapes by introducing grassy field marginsrabla fields (see chapter 1).
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