10.37045/as1h-2009-0008 Acta Silv. Lign. Hung., Vol. 5 (2009) 109-118

Space Use and Activity Patterns of Red Deer in a Highly
Forested and in a Patchy Forest-Agricultural Habitat

Andras MHLIK® — Gyula SNDOR? — Taméas ARI* — Géza KRALY"

Institute of Wildlife Management and Vertebrate 2gyl, Faculty of Forestry,
University of West-Hungary, Sopron, Hungary
® |nstitute of Geomatics and Civil Engineering, Faguf Forestry,
University of West Hungary, Sopron, Hungary

Abstract — Red deer (Cervus elaphusere fitted with GPS collars to estimate their habitat use and
feeding ethology. The purpose of the study was to find methods to reduce crop damage caused by
deer. The collars were programmed to produce an hourly recording of position. Two different types of
habitat were studied: a) An undisturbed and variable habitat (Zala County), b) A less variable area
much disturbed by human activities (Sopron mountains). Comparisons were made between 1) the
expansion of home range, 2) the intensity of open habitats use, and 3) the activity patterns of marked
individuals in the two areas.

The seasonal change of size of the home ranges showed similar dynamics in the two regions.
The summer home range was always smaller than the autumn-winter ranges. In Zala County, the
winter range often overlapped the summer range. In the Sopron mountain area, there was a
definite home range shift. The summer home ranges in the Sopron area were examined using the
60 % Kernel method where differences were usually found between the day and night-time home
areas. In the Zala region the phenomenon was not observed. The autumn-winter home range of
stags is larger than that of hinds particularly in the summer. Examined with the minimum convex
polygon method the difference is even larger than the results obtained from the Kernel method,
which focuses on density distribution. This shows that the autumn-winter movements mostly
represent rambling and only in a lesser, but still significant extent derive from the real extension
of home ranges.

Large differences existed at regional and individual levels regarding the use of the open habitats.
The red deer in Zala used the open habitats in a more intensive way than those in Sopron.

The daytime activity of the Sopron stags was less than that of the Zala stags.

red deer/ home range / habitat use / activity patterns

Kivonat — A gimszarvas terillethasznalata és mozgastkitdsa egy magas erésiltsédi és egy
mozaikos erdei éhelyen. Gimszarvasokat jeloltiink GPS nyakdrvekkel mozgaskdrzetilksBslyl
hasznalatuk becslése, taplalkozas-etoldgidjuk megismerése céljab6l annak érdekében, hogy
vadkarcsokkerit modszereket fejlessziink ki. A nyakdrveket Ggy programoztuk be, hogy oranként
mérjenek pozicidkat.

A vizsgalatot két, éhelyi adottsagukat tekintve eltétérileten végeztik: (a) Zala megyében,
egy viszonylag zavartalanabb és valtozatosalitheli adottsagu teriileten és (b) a Soproni-
hegyvidéken egy emberi tevékenység altdken zavart, kevésbé mozaikos teriileten. A két tertleten
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Osszehasonlitottuk (1) a mozgaskdrzetik kiterjadd@® a nyilt ébhelyek hasznalati intenzitasat,
illetve (3) a jeldlt példanyok mozgéasaktivitasat.

A mozgaskorzetek nagysaganak évszakos valtozasanlbaslinamikat mutatott a két
tertileten. A nyari mozgaskorzet mindig kisebb \amtészi-télinél, azonban, mig Zalaban a téli
leggyakrabban tartalmazta a nyérit, addig a Sophegyvidéken hatarozott mozgaskorzet-
eltolédéas volt kimutathaté. A soproni tertiletenyam mozgaskorzetek 60%-os Kernel médszerrel
vizsgéalva altaldban szétszakadtak a nappali éakgsamozgaskorzetek kulonbsége miatt, mig a
zalai terileten ilyen kulonbséget nem tapasztaltunlbikak 6szi-téli mozgaskdrzete lényegesen
jobban kitagul a nyarihoz képest, mint a tehendk#.a valtozas még nagyobb, ha minimum
konvex poligon modszerrel vizsgéljuk, mint, hat{aiségi eloszlast is figyelembe weKernel
modszert, ami azt mutatja, hogy &szi-téli elmozdulasok nagyobb részt elcsatangolddbk
allnak, és csak kisebb, bar szignifikhns mértékbeeszélhetiink valés mozgaskorzet
kiterjesztéssl.

A nyilt éléhelyek hasznalatat tekintve nagy eltérések vaneak csak a két terllet kozétt, de a
terlleteken belll az egyes példanyok kozott is.abaizszarvasok atlagosan sokkal intenzivebben
hasznaltak a nyilt éhelyeket, mint a soproniak.

A soproni szarvasok nappali aktivitdsa Iényegesmamdt a zalai szarvasokétol.

gimszarvas / mozgéaskorzet / éhely-hasznalat / mozgésaktivitas

1 INTRODUCTION

Research with telemetry equipment on the habitat arsd movement of red deer goes
back 40 years (Heezen — Tester 1967). In the eatinees use was made of radio

telemetry based on triangulation which was alsoduseHungary (e.g. Szemethy et al,

1996). The drawback of this method is that it isyvexpensive and time consuming in

studies measuring the position of large herbivéhas have a large home range (Kenward
1987). This is why the method is not suitable taraine home ranges over short periods
(e.g. monthly or day/night time periods). Anotheawback is that it is hard to observe

home range shifts, although Georgii (1981) and Kamnet al. (2008) reported successful
trials. The definition of habitat use is even mpreblematic because of the small number
and infrequency of observation points. The breakigh came with the application of

GPS telemetry in game biology. This allows obses\terget observation data every thirty
minutes if required. The aim of this research viRS telemetry was to estimate the home
range, habitat use and patterns of daily activityeal deer. By using knowledge of the

feeding ethology and strategy of red deer, methodshe reduction of crop damage can
be developed.

2 MATERIAL AND METHODS

Two territories with different habitat characteiest were used in the study. The first in
Zala was undisturbed and variable. The altitudetho$ territory is between 140 and
330 metres above sea level. The climate is a tiansito sub-Alpine and to sub-
Mediterranean. The habitat is patchy, formed ofmsively managed forest with an
emphasis on natural regeneration. Agriculture imid@ated by maize, clover, oilseed rape
and grain crops. The most common forest type issthghern Transdanubian beech forest
(Vicio oroboidi Fagetum The distribution of stand forming species isfal$ows: beech
41%, Turkey oak, respectively sessile oak 41%, Spone 12%, others 6%, the main
silvicultural activity is selective felling of bebcCollars were fitted on 7 red deer (4 stags
and 3 hinds).
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The second area was in the Sopron mountains, whah much coniferous forest
dominated by spruce and managed under a clearstensy land use is less fragmented,
agriculture being dominated by maize, sunflowergirgand viticulture. The area is also
much disturbed by human activity. The land has antan range of medium height with an
altitude between 340 and 460 metres above sea [Ekiel Sopron mountains belong to the
East Alpine flora domain (Noricum) and the Soprofskeg flora district (Ceticum). The
ratio between coniferous and broad-leaved spediethe study area changed to 46:54%,
because of preference of decidous species in regferes and damages by bark beetlps (
tipographu$ to spruce trees. In this second territory GP$acolere fitted to 6 deer (1 stag
and 5 hinds). One of the hinds subsequently gatedj by gunshot on one leg shortly after it
was collared, consequently its home range was snthkn that of the other animals although
it successfully raised a calf. Therefore this imdiisal was excluded from our calculations of
the size of the home ranges.

The collars have two main functions: the transroissof radio signals to faciliate a
search for the animal, plus the recording, stoagetransmission GPS positions. A separate
unit installed on the collar makes it possible émove the collar from the animal’'s neck by
using a remote controlled signal. This can be daine predetermined point in time. The
collars were programmed to record coordinates everyr. The collars were fitted in
February 2005 and 2006 and each of them was drapfpegfter 1-year work.

Comparisons were made of the extent of the homgesaand the intensity of use of the
open habitats in both territories. Activity pattewf the marked individuals were examined by
measuring the distances between the hourly codetina

The sizes of the home ranges were compared usegnihimum convex polygon
method and the Kernel method. The former methodbioes the most distant observation
points, producing a plain figure in which “it is puossible to hide.” It encloses the largest
territory within an irregular polygon. The Kernelethod focuses on the density of the
observation points defining an index based on thatp, giving the probability of whether
or not the animal entered a certain cell. Usingpbmts, the seasonal home ranges were
determined. There were great seasonal differencesutumn, winter and spring (later
shortened to winter) and the summer season, althdlig two periods were not set to
calendar dates, but instead to the seasonal chaintpe size of the home range of each
animal. The basis of the change of the separatias the beginning of the autumn
expansion of the home ranges, and the regular arigtn of the summer home ranges.
For stags, the two periods of change took plackugust-September and the end of April.
For hinds the range change was at the beginnir@cbdber and the end of April. Certain
individuals showed differences of a few days or kece

The differences of the home ranges of hinds argssathin the territories and between
these territories were compared by using a t-fE@st. changes of habitat types and activity
patterns were examined with a paired t-test.

3 RESULTS

In the course of the year the change of the siz@ofe ranges showed similar dynamics in the
two territories; the summer home range was alwmglsr than the winter one. Measuring with
an MCP in Zala County, the summer home range failshivas 1,310 + 700 hectares and the
winter range was 2,570 + 1,130 ha. In Sopron thedused 530 * 415 hectares in summer.
In winter it was 1,140 £ 600 h&igure 1).
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Figure 1.Home ranges of hinds in Sopron and Zala by seasons

The Zala home ranges were obviously bigger. Therdifice between the summer home
ranges was significant (p =0.05). In winter thdfedence between home ranges was
conspicuous, but not significant due to the laiggandard deviation. In summer the stags in
Zala were moving over 1,500 £ 820 ha. In winterythanged over 5,310 + 2,230 ha.
In Sopron the home range of the collared stag wE&0lha in summer and 4,110 ha in winter
(Figure 2.
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Figure 2.Home ranges of stags in Sopron and Zala by seasons

In Zala the winter home range overlapped the sumraege in 5 out of 7 cases.
However, in two cases a shift in home range wasmls within a certain forested area even
if the stags sometimes visited their summer homegealuring the winter. Red deer moving
in higher regions of the Sopron mountains showekfaite home range shift because they
were moving toward the foothills at the beginnifigunter. There were two exceptions. One
hind had a summer home range in the foothills arly expanded its original home range in
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winter. The other exception was the three leggead hivhich did not move from its
particularly high altitude home range even in winte

It is striking that in Zala there was no differenoetween the summer home range of
hinds and stags (p > 0.05). However, the winter dn@ange of stags was much larger than
that of hinds (p = 0.04). Examination of the annbame ranges with an MCP method
revealed that the average home range of stags7($h8p is larger than that of the hinds
(2,576 ha), (p =0.02). When investigated with &9Bernel method, the difference was
much smaller and was not significant at 1,291 &bl Ya respectively, (p > 0.05). In contrast
to the MCP method, the Kernel method focuses ondtesity distribution of points, and
consequently the larger home range of stags wadlynthse to rambling. The core of their
home range did not significantly exceed that ofttimals.

In summer, the daytime home range of the Soprogsstas always smaller than the
night-time range (p = 0.05). In a number of casespbserved a shift in the home range, due
to the disturbance of the territoryigure 3.
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Figure 3.Day and night-time home range of a collared Sopexhdeer
(daytime observation points, night-time observapomts)

In Zala the night-time and daytime home rangesdiddiffer in most cases.

There were large differences in terms of open hahise, not only between the two
populations, but also between certain individualkhiw the same population. On average the
Zala deer used open habitats in a far more intensay than the Sopron deer, based on the
annual data (42% : 23%). When analysed on a momiys, the difference was significant
(p = 0.000) Figure 4.
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Figure 4.Use of open habitats in the case of Sopron and deda

It was also conspicuous that the hinds used opéitatss more often than the stags
(p=0.04). The difference was particularly striking summer during the period of antler
growth.

The daily activity of the Sopron deer was less ttteZala deer both in summer and
in winter (p= 0.000). The greatest difference itivaty was in the winter daylight hours
(Figure 5.
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Figure 5.Daily activity patterns of Sopron and Zala deer

This was due to less cover and more disturbancesreTwere two activity peaks in
summer in both territories. The smaller one watheearly dawn hours, the other in the late
evening hours. In winter there was no dawn actipégk, but there was an evening peak.
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4 DISCUSSION

The size of the home range of deer species mayetszndined by several factors. These are
food supply and the habitat which provides the fo(®hid — Servanty 2005), population
density (Kjellander et al. 2004), the season, thed the deer, feeding style and body mass
(Mysterud et al. 2001). In this investigation, th#erences between the home ranges of both
stags and hinds were significant and the seasdwalge in the size of the home range was
also proven. In flat territory the presence of éapyedator species resulted in smaller home
ranges as recorded by Kamler et al. (2008). Thesratf the home ranges of the two sexes
and the seasonal changes in the size of home rasgescorded by Kamler were similar to
those of this study. The size of the winter homegeawas significantly larger than the
summer range in both territories.

Studies in France by Hamman et al. (1997) and Kéeid Hamman (1999) described
smaller home ranges of red deer than was obsemnvtiisi study. Investigating the movement
of the stags, Klein and Hamman (1999) found thatdbre-area of the range of older stags
had several centres, an observation confirmed sylteefrom this study. This was also the
case for hinds. In the disturbed Sopron territorye of the causes of the split of core-areas
was the difference between night-time and daytimmé ranges. In this area the summer
daytime home range of deer was always smaller ttiamight-time range. In Zala there was
no such difference between daytime and night-tiorednranges. As with the French data, the
main reason for the split of core-areas was defibpgdiological cycles (antler growing,
rutting and the late rutting season), as well assttmmer/winter home range shift.

In both territories seasonal changes to the homgeravere observed. This was more
characteristic in the mountainous terrain near &@opin Zala, the home range shift was less
common. In Sopron an exception was the movemetieoiind that was close to the foothills
in summer. If there is a shallow blanket of sndwe mountain deer which are not provided
with supplementary feeding, have a characteristittepn of behaviour, using the superior
food supply found in habitats in non-forested waleln contrast the deer provided with
supplementary feeding are more closely bound taracplar location, choosing to make their
home range adjacent to a feeding site (Schmidt)1983tase where home range shift was
observed, the feeding places were used in a mtelesive manner, unlike the deer that have a
very localised pattern of ranging behaviour and paore easily use a local food supply
(Luccarini et al. 2006). This means the home rastgk is not only a characteristic of animals
in a complex forest-agricultural habitat as examibg Szemethy et al. (2003) and Bir0 et al.
(2006). Furthermore the shift of home range is ooly a characteristic of red deer in
mountainous terrain, but it is also found in areflew relief and in forested terrain, although
to a lesser extent. The difference in the sizenefdction radius between the home ranges in
Sopron (2.1 £ 0.3) and Zala (6.8 + 3.0) was muchlenthan the above mentioned studies,
which had the values of 8.9 + 2.1.

In this study the home range of stags was largar that of the hinds, but the difference
was much smaller when we investigated with an MG&hod than with a 90 % Kernel
method. The latter method did not show significdifterence. This shows that within the
home range of stags there was a particular corehwivas used more frequently. The
positions were less common outside of this areas&lareas were less frequently used by
stags because of their habit of rambling. The asich is similar if we look at the research of
Kamler et al. (2007), who examined the daily movenwd hinds and stags and did not find a
significant difference in their daily home rangadthough the stags had a slightly larger
range. At the same time 12% of the hinds’ annuatdnoange and 3% of the range of stags
was used every day. This also proves that the 'dtagse ranges include areas that are used
in a less intensive way. It would appear that thiferdnce of body mass of the two sexes
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might influence the size of home ranges, but tluesdnot prove the significant difference
between their home ranges as shown by the MCP wheltie variation may be explained by
the behavioural differences of the two sexes berategs moved within large areas between
the summer home range, the area used in the riggagon, and from there towards their
winter range.

The characteristics of the habitat, namely the sfoiver ratio of the home ranges
influenced the frequency of use of the open habitBite disturbance of the area also played a
role. Forest cover is important in the protectigaiast predation (Wolff and Van Horn, 2003)
and against human disturbance. At the same timéotiest also provides thermal protection
(Cook et al. 1998; Porter et al. 2002). These factoake it probable that in highly forested
but disturbed areas the home range is smaller.eThirdings correlate very well with the
results from this study.

It is also known that the quantity of the feed dypm@as a negative influence on the size
of the home range, while the quality of the feedifnely influences the size of the range
(Saether and Andersen 1990; Mysterud et al. 200/hen feed is abundant, required dry
matter intake is achieved with reduced rangingvagtibut when feed quality is lower, the
time required for rumination is extended. Takingamt of these factors it is striking that the
home range and daily activity of the deer in therBo study area was smaller than that of the
deer in Zala, especially since the body mass atldragize was smaller in the Sopron deer
than in the deer in Zala. The habitat of the Zatardwas less uniform, supplying feed in
patches where it was found in larger quantitiesesehresults make it probable that the
reasons for the smaller Sopron home ranges artodbhe following facts: a larger proportion
of forested area, less variable habitat, more dhances, habitat with lower quality and
smaller quantity of available feed. Future researahld possibly prove the effect and the
weighting of these factors.

Hinds frequent the open habitats more than thesstegpecially in the summer antler
growing period and this supports the empirical eigmee of the reclusive behaviour of stags
at this time.

The fact that the daily activity of the Sopron digyged behind the deer in Zala both in
summer and in winter and especially in the earlyrdhours, can be explained by more cover
and more human disturbance in the Sopron regiothdBavarian Alps Georgii (2004) found
a bi-modal daily rhythm (two activity peaks) whigéas very similar to the results in this
study.

Kamler et al. (2007) have drawn attention to theoanance of human disturbance
influencing the activity patterns of deer. In anpeval forest without human influences, they
did not find activity peaks at dawn and dusk. Kamdeated that the activity of deer in
undisturbed forests is defined by natural factdrprecipitation, temperature, nutrition and
rumination.

5 CONCLUSIONS

When home ranges of red deer expand in autumn thexe increased risk of crop damage
over a larger area. Consequently from autumn tmgghe objective should be to limit deer
movements through the use of supplementary feeavhgzh should be distributed as far as
possible from the forest habitats that are sudgleptio damage. This is very important
because the scattered data from this study algmsiuine statement of McCorquodale (1993)
that, when there is a deep blanket of snow, deangdh their strategy, become sedentary and
less selective about their food, increasing thegdamf the browsing of seedlings. Results
from previous investigations (Nahlik 2002) havewhdhat the incidence of browse damage
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was greatly increased when herbaceous plants ofesthtions were covered by snow or in
consequence of total removing of undesirable treleshrub species during weeding.

The small daily home range of the Sopron deer Isaesvn that red deer have a reduced
pattern of movement during the day when there isenlmman disturbance, than at night.
Activity patterns were similar in both territoriemicreased disturbance and a consequent
decrease in daily home ranges result in increasmslde damage. This is because the deer are
not able to move out of their hiding areas durimg daytime. Consequently they have to feed
in stands which provide resting place i.e. oftestands formed by saplings or pole-size trees.
A similar problem occurs when heavy snow coverthntine movement of deer. In both cases
game managers can help by snow ploughing, the gooviof supplementary feed of a
suitable quality and by seeking to reduce humatuutance.

Although in the highly forested Sopron area theeedeer that spend their entire lives at
higher altitudes within the forest, even in winteoving only to the edge of the forest, red
deer usually choose a summer home range that exlad agricultural area with an adequate
food supply. The risk of deer damage to agricultaraps is much greater in habitats adjacent
to agricultural mosaic territories. If there areas of land in private ownership or there is land
that may be rented, also being suitable for uségase fields’, the strategic sowing of
attractive fodder crops may help in drawing deeayafvom cultivated areas.
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