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Abstract. Over the last 50 years increasing fragmentatiohatiitats has occurred due to road building.
Fragmenting a large population into smaller onast@ve a negative effect on population demography.
In England much small mammal habitat occurs in godiu and rural areas where the majority of roads
are either single track or two lanes, and traféaglty is light. This study investigated the effetminor
roads on the movements of two small mammals, thedwoouse Apodemus sylvaticus) and bank vole
(Myodes glareolus). Capture-Mark-Recapture was used to study moveniesside and across rural roads
of two different widths. The results suggest thagresmall roads less than 6metres wide, with redbti
little traffic, do act as partial barriers for tleesmall mammals, reducing their movement betweeiidia

on either side of the road. It is evident thatrdlgpopulations are being created as a result af roa
construction, even access roads within natureveser
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Introduction

Fragmenting a large population into smaller unés ta negative effect on population
demography (Fischer and Lindenmayer, 2000). Theegetp which this fragmentation
affects animal survival depends upon both the sfzilne fragments and the degree of
isolation imposed on their inhabitants. Habitagfentation may deplete a large and
varied gene pool, increasing the chances of deetemutations becoming fixed within
the populations and reducing fecundity due to iebimg depression. Balanced
immigration and emigration are likely to be compreed, increasing the risk of local
extinctions. Vulnerability to extinction for a gingopulation is negatively correlated to
the size of that population (Goodman, 1987; Lanti93), therefore with smaller
habitat fragments and hence smaller populatiorsdégree of isolation is crucial. The
concept of metapopulations suggests that, if theeeno barriers between population
fragments, the risk of extinction is much reduceéthr(ski, 1999). If however the
intervening space between fragments acts as a@b#&ynmovement the risk of extinction
IS enhanced.

Over the last 50 years increasing fragmentatiorhaifitats has occurred due to
development and road building (Gerlach and Musz000). In many parts of Europe
roads have created a fine network of “islands’eraging less than 3.2Knn size
(Mader, 1984). In 1985 the UK had 365000km of rodus 2009 this had risen to
approximately 394000km, of which 87% are classetinagor’ (B and C) roads (Dept.
for Transport, 2011). As more roads are constrycta more habitats become
fragmented into smaller patches, many of which sbrentirely of roadside verge.
Although verges offer wildlife habitats (Adams a@diss, 1983; Way, 1977), they are
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potentially isolated islands if the road itself ftg a barrier to movement. For small
mammals any movement across roads potentially placeindividual in danger not
only from traffic, but also from predators. Sikarsid Bernstein (1984) showed that
parts of a population inhabiting territories onheit side of a road differed in certain
non-metric dental and cranial features. Since thenumber of studies of genetic
differentiation have found that roads have a nggagffect on genetic diversity in many
animal species (Holderegger and Di Giulio, 201@)isTseems to indicate that roads act
as total barriers for some small mammals, creastand populations and increased
extinction risk.

Oxley et al. (1974) suggested that small forest mala were reluctant to venture on
to road surfaces where the distance between foragjins exceeded 20 metres. Mader
(1984) found that none of the 121 yellow neckeden{dpodemus flavicollis) he had
marked crossed a highway 6m wide. However Bakowaski Koziakiewicz (1988)
showed that a 5m wide gravel forest road, whilstanbarrier toA. flavicollis, did act as
a barrier forClethrionomys glareolus. Whatever the reason for not crossing a road,
reduced interaction between populations may haverefching effects, such as
reduction or even loss of gene flow. Roads may a@asoupt social organisation:
Mansergh and Scotts (1989) demonstrated that alriates of the mountain pygmy-
possum Burramys parvus) had been reduced by road construction. The raedfaund
to act as a barrier to dispersal of males; redutireg over-winter survival rate of
females. Over time this could have led to the exiom of this rare Australian mammal,
which had previously only been known from fossilsio tunnels were built under the
road at strategic points, allowing the social dtrites to resume its normal pattern and
the over winter survival rate of the females recede

In England many of the habitats suitable for smaimmals are found in suburban
and rural areas where the majority of roads ateeeisingle track or two lanes with a
hard surface, and traffic density for most of timeetis light. It is important for reasons
mentioned above that we should know whether weirameasingly creating isolated
island populations by building more roads. Thislegspnot only to these public roads
but also access roads within forestry areas andaatserves. It is therefore important
to understand the degree of isolation that roagmga upon the inhabitants of habitat
fragments. The present study therefore investigéte@xtent to which even small roads
(DoT classification B & C) compromise animal movens implying that wider roads
(and those with a physical barrier along their rem@r margins) act as increasingly
severe obstructions.

M ethods

The wood mouseApodemus sylvaticus, and the bank voleéylyodes glareolus, were
chosen as study species due to their frequent @we in roadside verges, and
therefore their potential vulnerability to isolati@ffects from roads. Two study sites
were chosen with road widths of 6m and 2m, botlm wérges of equal or greater width
than the road itself and with both study speciesiratlar population densities indicated
by approximately 10 captures per 100 trap nighteriefin addition both sites had
similar amounts and types of vegetation on eith@e f the road, and had minimal
disturbance by pedestrians and vehicles

Site A was in Denham, Buckinghamshire (51.56062aN502567W). This was a
6m wide road with a tarmacadam surface. The veegbsr side were approximately
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eight metres in width and bordered by pasture lartte fields on one side were
separated from the verge by a continuous wire fearad on the other by a dense
hawthorn hedgerow. The vegetation on both sides siraglar, consisting mainly of
Arrhenatherum elatus and Rubus fruticosa. Traffic was mainly between 08.00-10.00
and 17.00-19.00, with approximately 20 vehicles lpmur during these periods. A total
of 120 Longworth traps were set in six transecedinthree on each side of the road
parallel to it and 3m apart. Each trap line coesigif 20 traps at 5m intervals.

Site B was a 2-2.5m wide road with a similar handfeece in Langley, Berkshire
(51.523933N, -0.516744W). The road had verges ofn8dth either side, bordered by
pasture land. The verges on both sides were sepafratm the agricultural land by a
continuous wire fence. Again the vegetation eitteede was similar with a
predominance ofedera helix andRubus fruticosa, but, unlike site A, both sides of the
road were lined by tall trees which created aioolous canopy over the road in some
places. Traffic was very light with the busiest égnbeing 07.00-09.00and 17.00-19.00
with an average of 5 vehicles per hour during thesgods. A total of 100 Longworth
traps were set in four transect lines 3m apart, ¢itloer side of the road and parallel
with it. Each line consisted of 25 traps placed&art.

Trapping was carried out during June, July and Atiglhe traps were supplied with
hay as bedding material, adequate food and baittbdfmed bread. They were checked
twice daily at 06.30 and 18.30. The Capture-MarkeBRse (CMR) method was
employed. Each animal captured was marked by fppidg (Gurnell and Flowerdew
1995) and species, sex, breeding condition, weaid place of capture were all
recorded. A total of 6600 trap nights effort waspéwged, 3600 at site A, and 3000 at
site B. For the first 3240 trap nights at siter&l 2700 at site B, animals were released
at the point of capture, whilst for the remainingripd animals captured (other than
pregnant or lactating females) were translocatetthécopposite side of the road to see
whether they would cross the road to return torthmmint of capture. The null
hypothesis was that there would be no significafiérgnce between the frequency of
movements across the road, compared with movenosats similar distances within
the verge habitats.

Results

The numbers of animals captured, marked and rexepper 100 trap nights effort
for both sites are shown ifable 1. Animals captured at both sites were predominantly
adults in breeding condition (71% at site A and 6&%ite B).

Table 1. Number of marked animals, captures on side 1 and 2 and catch per unit effort at
Ste A (3600 trap nights effort) and B (3000) trap nights effort

site sex No. of marked No. of Catch per 100
individuals captures TNE

A. sylvaticus A Male 33 238 6.611

A Female 23 113 3.138

B Male 23 197 6.566

B Female 19 109 3.633
M. glareolus A Male 32 194 5.388

A female 36 329 9.138

B Male 28 181 6.033

B female 26 142 4.730
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At site A this generated a total of 608 recordedr@meents of which 377 (62%) were
equivalent to or greater than the width of the rdatithese, 158 involved. sylvaticus
and 219M. glareolus, with the number of recorded road crossings beingnd 8
respectively. At site B a total of 419 movementgemveecorded, of which 395 (94%)
were greater than the width of the road were reshrut there were only 12 for each
species involving road crossings. Two hundred aneéd fmovements involved
A sylvaticus and 214M. glareolus, with 12 recorded road crossings for each spegiés.
classes of movement are presented in figure 1. ®hab the 772 movements recorded,
equivalent to the road width or greater, only 3@ @) involved actual road crossings.
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Figure 1. Frequency of movements of different distances for A. sylvaticus and M .glareolus at
site A (top) and site B (bottom)

A binomial test was used to determine whether thegis a significant difference
between the number of movements equal to or grédaerthe width of the road within
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the verge and the number of movements acrosso#te m all cases there was a very

highly significant difference and the null hypotlsewas rejectedT@ble 2).

Table 2. Movement data and results of binomial tests comparing numbers of recorded
movements within verge and across roads

Site Species Number of Number of Z statistic P
movements movements (2 tailed)
within verge> across road
width of road
A A. sylvaticus 154 4 11.85 <0.001
M. glareolus 211 8 13.65 <0.001
B A. sylvaticus 193 12 12.57 <0.001
M. glareolus 202 12 12.91 <0.001

A binomial test was then used to investigate wiretthe verges on either side of the
roads had similar numbers of marked animals of epeaties. For botA. sylvaticus
and M. glareolus at site B there was no significant difference. Heerefor site A the
results indicate that there was a highly signiftadifference between the numbersfof
sylvaticus marked in side 1 and side Pable 3) suggesting that the population on side 1
was smaller than that on side 2.

Table 3. Numbers of marked animals and results of binomial test on differencesin the
numbers marked on each side of the roads

Site Species Number of Number of Z statistic P
animals marked | animals marked (2 tailed)
sidel side 2
A A. sylvaticus 18 38 -2.54 0.0111
M. glareolus 22 34 -1.47 0.1416
B A. sylvaticus 17 21 -0.49 0.6265
M. glareolus 32 23 1.08 0.2807

We then tested the movement data to determine aefettwere any significant

differences between species in the number of recbrdovements equal to or greater
than the width of the road. For site A a highlynsiigant difference was found (z=-2.93;
2 tailed p=0.003). This result, plus the highly réiigant difference found in the
numbers ofA. sylvaticus marked Table 2) suggests that, fok. sylvaticus at site A the
verge on side 1 was unable to support a populatiaiar in size to that of side 2.

At site B the number of recorded movements equal @reater than the width of the
road was not significantly different between spg¢i&= -0.40; 2 tailegh=0.687) neither
was there any difference in the numbers of mark®ohas found Table 2) and, unlike
site A, 50% of recorded crossings were madeAbyylvaticus. We also tested the
hypothesis that there was no significant differencéhe distances travelled between
male and female animals within a species. The sigigificant difference was between
male and femald@. sylvaticus at site A (U=135),=19, n,=23, p<0.05). There was no
significant difference between distances traveldgd\.glareolus and A. sylvaticus at
site A or site B. Movements across the road by lsmbcies are shown igures 2
and3.

It can be seen from these plots that, whilst cnggssbyM. glareolus cover the length
of the trap grid at site A, those @& sylvaticus (although only two animals were
recorded crossing) are concentrated at one endhigespecies occurred in all areas of
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both trapping grids. In addition 75% of crossingsarded forM. glareolus were from
side 2 to side 1, whilst the opposite was trueXosylvaticus with 75% from side 1 to
side 2. Only 28.5 % of animals recorded crossing ribad were males (all males
recorded crossing being. glareolus), but these accounted for 41% of the crossings
recorded this being due to only one female beimgraeed making multiple crossings.
Of all animals recorded crossing at site A only eves sub-adult, all other animals
involved were adults in breeding condition weigh¥2g
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Figure 2. Diagrammatic representation of recorded movements acrossroad at site A by
A. sylvaticus (top) and M. glareolus (bottom).
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Unlike site A, crossings at site B were recordezhglthe length of the trap grids
(Fig. 3). Crossings were approximately equal in both dioes for both speciedv.
glareolus accounted for 60% of the animals recorded crosbimgonly 50% of the
crossings. Males accounted for 80% of the animai®Ilved in crossing with one
animal @. sylvaticus) accounting for 29% of the crossings. Two anincatssing at site
B were sub-adults (one male and one fervalglareolus).

X X X X X X X

X X X X X X

X X X X X'X X
X = Trap =B _ _-=E -F ____ =C Side 1

XXX XX KXXKXXXX KX XXX AKX XXX XX XX
X=Trap —-—=A— - =C—= =F =BF_ - _=ABE

b.

Figure 3. Diagrammatic representation of recorded movements across road at site B by
A.sylvaticus (top) and M.glareolus (bottom)

Only a small proportion of the total population reaad crossings, 7% of marked
A. sylvaticus and 12% of marked/. glareolus at site A, and at site B comparable
figures were 28 % foh. sylvaticus and 22% foM. glareolus.
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Table 4. Details of all animalsinvolved in recorded road crossings at sites A and B

site Species mar k sex | Weight Breeding Number | Total no.
(9) condition of of
crossings | captures
recorded

A A. Sylvaticus B F 29 Perforate 1 11
AC F >30 Pregnant 3 5

M. glareolus D F 25 Perforate 1 3

AF F 25 Perforate 1 6

CE F 25 Perforate 1 8

C M 28 Scrotal 3 13

BC M 16 Abdominal testes 2 6

B A. Sylvaticus C F 25 Pregnant 2 9
B M 27 Scrotal 7 21

E M 22 Scrotal 1 6

F M 23 Scrotal 2 26

M. glareolus | ABE F 15 Imperforate 2 6

A M 28 Scrotal 3 18

C M 25 Scrotal 2 11

E M 14 Abdominal 2 10

testes
F M 24 Scrotal 1 5
BF M 24 scrotal 2 4

To investigate whether the breeding condition & #mimals affected the type of
animal crossing the roads, the number of breedingptal, perforate and pregnant) and
non-breeding (abdominal and imperforate) animat®naed Table 4) as crossing the
road was compared to the number of breeding anebremding marked animals within
the verges, which had been recorded as havinglligdveistances equal to or greater
than the widths of the roads but had not been decbcrossing the roaéiQ. 4).

120 - m breeding

100 | 0O non-breeding

80

60 -

no. of animals

40 ~

20

o [

crossing Not crossing

Figure4. Comparing the numbers and breeding condition of animals recorded crossing the
road with those recorded as having travelled distances >road width within the verge but not
crossing theroad

There was no significant difference between the men» of breeding and non-
breeding animals travelling distances greater thiamqual to the width of the road
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within the verge, and those crossing the roéd ¢ 0.53, d.f.=1, right taip=0.46). This
suggests that breeding condition is not a sigmfidactor affecting whether animals
cross the road or not.

Forty nine animals were translocated from theirt@agpsite to the opposite side of
the road, 33 at site A and 16 at site B, of whitH{33%) and 5 (31%) respectively were
recorded as returning to the side of the road wheey were originally captured

(Fig. 5).

site A

14 -
12 -

el

Asylvaticus (f)  Asylvaticus (m)  M.glareolus (f)  M.glareolus (m)

no. of animals

site B

no. of animals
(o]
|

3 I%-Lljl

A.sylvaticus (f) A.sylvaticus (m) M.glareolus (f) M.glareolus (m)

W Translocated @ Recaptured O Returned across road to side of first capture

Figure 5. Numbers of animals translocated, recaptured, and crossing the road to the side from
which they originated, broken down by species and sex

Overall 37 (75.5 %) translocated animals were regad, but only 16 (43.2%) of
those recaptured had crossed the road to retuthetside on which they had been
captured.

At site A the difference between the numbersAofsylvaticus and M. glareolus
crossing the road to their original side was sigaift §°=5.25, df=1,p0=0.022), but no
such difference between the two species was fotsideaB §°=0.476, df=1p=0.49).
Similarly, when the data for both species were @dothere was no significant
difference between sites A and B in the total nunti@nimals crossing back’€0.10,
df=1, p=0.92), suggesting that greater road width at Aiteas not a disincentive to
crossing.
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Discussion

This study was designed to investigate whether Ismadl roads act as a barrier to
the free movement of small mammals. Therefore asa$apossible factors that may
have influenced movements were minimised. By havsigilar and adequate
vegetation on both sides of the road, and choasiads with low volumes of traffic,
little pedestrian use and avoiding periods of venggnagement, it was possible to
minimise the effects of territory, food supply arehicle disturbance.

A significant difference in the number Af sylvaticus found either side of the road at
site A suggested that differences existed betwbheset verges. This might have been
due to the vegetation, but the only statisticalgngicant vegetational difference was
found to be at site B (possibly because side 2ahaaised bank with a slope of 1:2).
However, the plant data only allowed for specieanalance and did not take into
account the amount of each species that was presethie three dimensional area they
produced. Observations at site A suggest that,cedpefor Rubus fruticosa, this three
dimensional area was greater (c40%) on side 2 sl 1. The verge on side 1 also
differed in that a small (15x6m) but densely woodeda created space with little
ground cover. These differences between the varggsaccount for the small number
of A. sylvaticus marked in this verge (side 1) and the fact thdy @me observed
crossing for this species was towards this side.

No other significant differences in the numbersanimals marked on either side of
the road were found, indicating that figl. glareolus at site A and for both species at
site B, both verges at each site were capablepylging the needs of the resident small
mammal populations. Therefore unless the populaliemsity reached levels that one
side of the road could no longer support, any angssiovements recorded were likely
to be normal and possibly regular events. Theseratgably more important in terms of
continuous gene flow than the passing through gfrating sub-adults.

All animals involved in the study were capable rafvelling distances equivalent to
or greater than the width of the roads, yet thems & very highly significant difference
between the number of animals travelling theseadcs#s within the verge and the
number recorded crossing the roads, indicating thatroad is to some extent an
obstacle. As no significant difference in movemen#s found betweeA. sylvaticus
and M. glareolus their behaviour in respect of the road is evidesimilar and the
species will only be considered separately whecessary.

The number of animals that crossed the road wag sreall (5.6 % of all marked
animals at site A and 10.4% at site B). As the studs carried out during the breeding
season the majority of road crossing was expectednvolve sub-adult animals
dispersing in search of territory and would progaié one-way movements, but this
was not supported by the data. At site A the mij@&7%) of animals crossing the road
were perforate females making a single crossingd,tha remaining 43% consisted of
one pregnant female and two males, only one of lwhias in breeding condition. All
three made multiple crossings. No perforate femalee recorded crossing at site B
although 80% were adults and the remaining 20% werebreeding sub-adults. With
the exception of two scrotal males, all those tnassed the road were recorded making
multiple crossings, yet no significant differencethe distance travelled by adults and
sub adults for either species was found. The trgpdominance of adult animals may
have been due to the inherent problems of livepiragpwith single capture traps such as
the Longworth, which have been shown to be biasedartds adults (Montgomery,
1979). Approximately 80% of trapped animals at bsites, and of both species were
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adults conforming to other studies such as Gliwit270) and Jensen (1975) which
have shown that trappability is highest in matunerals. Additionally the majority of
the crossings recorded were madeMhyglareolus, which is surprising sincapodemus

is generally considered to be the more wide-rangipgcies. Our results show that
individuals of both species were able to crossrthals at both sites, yet few were
recorded actually doing so. The fact that at batssand for both species, crossings
did occur confirms previous findings that road auoé is not a critical factor, (Oxley et
al., 1974). Traffic may also be discounted duete Yolume and the high occurrence of
animals in traps close to the road edge at sit@hf&re the highest volume of traffic was
recorded. “Road clearance”, an area devoid of esfumnd cover, is suggested as the
most important inhibiting factor (Bider, 1968; Oxlet al., 1974). Data from the present
study also suggest that it is the lack of covet ihlaibits crossings, in that both species
seem to prefer dense cover. This is indicated bydifference in numbers of animals
captured in the inner and outer lines at site Ben@lcover in the outer line was light
and patchy, compared to site A where cover wasedfemsll trap lines.

The crossing routes shown in figures 2 and 3 apbghly unrealistic, as it is more
likely that animals would use the shortest routessgme. However the fact that
crossings originate from both sides of the road, #lwe animals involved do not appear
to head for one specific area, indicates that angssare not for a single specific
resource and similar results would be likely towcat any point along the road.

A. sylvaticus are territorial during the breeding season (Flaleer, 1991) and have a
magnetic sense of direction which allows them mal fiheir home territory (Mather and
Baker, 1981). AdulM. glareolus are described as living within fixed home ranges t
which they return when displaced (Karlsson, 1984erefore if translocated it might
be expected that the majority, if not all the arsnavould return. However, although
three-quarters of our translocated animals werapteced, only 43.2% were returnees,
with M. glareolus producing fewer returnees thansylvaticus. This could, indicate that
the road is a total barrier to part of the popolatas proposed by Bakowski and
Kozakiewicz (1988), even when the instinct to retus strong. Mazurciewicz
characterisedl. glareolus as being highly sedentary, the reason suggest&ahkgwski
and Kozakiewicz (1988) for the low occurrence aloreled road crossings. However in
tests with no barrier both Bovet (1978) (wih sylvaticus) and Karlsson (1984) (with
M. glareolus) found that about 30% of animals failed to retthrome”.

The time of day when animals were translocated map have affected their
behaviour. Both Karlsson (1984) and Bovet (196@g®st that sunlight disorientates
bank voles, although this conflicts with the fingsnof another study (Mather and
Baker, 1980) which showed that vision combined witflaction were the major senses
involved in navigation of up to 80m distance fottbA. sylvaticus andM. glareolus. In
the present study 71% of animals were transloch&tdleen 06.00 and 07.00 and the
remaining 29% between 18.00 and 19.00. The tinosvalll for animals to return is also
important. Durup et al. (1973) showed that homirgnf a distance of 25-30m was
accomplished in about 36 hours My glareolus, and in about 50 hours I8y sylvaticus.
Therefore the length of time allowed in the presgaty for the animals to return may
have been insufficient, as 27% of our animals weaaslocated only 36 hours before
the end of the study. Long distance movements a&edsional excursions have been
explained as being undertaken by dispersing anieuads exploratory ventures out of
home ranges. Such movements occur mainly in theodeptive season (Maza et al.,
1973), which is when the present study was conducllis could explain both the
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single (dispersal) and double (exploratory) cragsirbut not, for example, the adult
A. sylvaticus at site B recorded crossing seven times. This munob crossings by a
single male may represent searching for suitaltafes, but, out of 19 adult males, this
was the only one recorded making multiple road singss.

Andrzejewski and Babinskawerka (1986) proposed fhraM. glareolus territories
are much larger than many suggest. If so, it mathBesome territories included parts
of the opposite verge. This could explain multigi®ssings by adult animals and
indicate that the road is not perceived as a barfibis has been discussed in the
context of home ranges by other authors (Szackl.et1993; Vasilev et al. 1996) and
may explain why only part of a population is invedvin crossing roads.

It is important to remember that studies such asptlesent one are limited and that
there will be many gaps in the information gainédr example the distances travelled
were calculated from two consecutive captures, this may not be a true
representation. The journey may have been cut $ythe trap and the actual route
taken by the animal is unknown. Many consecutie@gmgs were 48 hours apart or
longer, and it is not known where the animal treacelduring this time. If the animal
crossed the road other than in search of food tisditte incentive for it to enter a trap.
Crossings may also be more frequent than indichyettapping. During a three-hour
study at site B starting from dusk, four crossingse registered by use of an infra-red
night scope. It was not possible to identify hownpnandividuals were involved by this
method, but it does suggest that crossings may bee mommon than shown by
trapping.

The use of single-entry traps has many limitatiand the data generated from their
use suffers from pseudo-replication. However thiglyg has shown that rural roads of
6m or less in width are not a total barrier, b perhaps treated more as a boundary,
which is crossed by members of all categories eftdo species studied. Although a
difference in the number of crossings was recorbletveen site A and site B
suggesting that the width of the road made a diffee, it is thought that this is more
likely to result from the difference in populatitevels of A. sylvaticus found between
side 1 and side 2 at site A. Nevertheless it iardleat small mammals appear reluctant
to cross roads, even narrow ones like these.
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