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prefers southerly-facing slopes in agricultural sites at Antalya, Turkey
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Abstract. In this study preferred habitat type and characteristics of Microtus guentheri was
investigated. Of the caught animals, 152 (75 9%; 77 33) were dead individuals and 61 (32 9%; 29 33)
were alive. Living individuals were tagged, measured, and released. All samples were taken from
the various habitats found within the province of Antalya (Turkey), from April-August 2000 to
April-August 2003. Most of the voles were found in agricultural areas (46.71% dead and 54.10%
alive ) or on roadsides close to agricultural areas (42.76% dead and 46.71% alive ). Only 10.53% of
live voles and 3.28% of live voles were caught in grasslands. In the areas with slopes of 0-45°, there
were strong positive correlations between the capture frequency in traps and the slope
(tsnaptrapping=0.930; p<0.0001 and Tiivetrapping=0.916; p<0.001). On the other hand, a very strong negative
correlations were found between capture frequency and slope for the areas with slopes of 46-90°
(Tsnaptrapping= -0.972; p<0.006 and Tiivetrapping= -0.832; p<0.005). In the sample of 152 dead and 61 living
voles, 97 (63.82%) and 42 (68.85%) were caught in areas with slopes of 31-60°. Most of the
individuals caught (Nsnaptrapping= 106; 69.736% and Niwvetrapping=51; 84.443%) were trapped on the south,
southeast, and southwest exposures, but there were no differences between the east and west
exposures. Moreover, significant positive correlations between altitude of sites and frequency of
capture in snaptraps and Sherman livetraps (Fsnaptrapping=0.880; n=6; p=0.021, Tiivetrapping=0.828; n=6;
p=0.042, respectively) were found. Thus, trapping success and population density (rdensity=0.966; n=6;
p=0.002) increased along with increasing altitude.
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Introduction

Rodents of the family Arvicolidae, especially
members of the genus Microtus Schrank (1798),
are agriculturally important. These species
cause great amount of damages to agricultural
products. Most rodents are prolific, their
populations reaching high numbers within a
short time (Brown et al. 1996, Giusti 2004,
Lidicker 1988, Millar 2003, Sullivan et al. 2000,
2002, Xavier et al. 2006, Yigit et al. 1999). They
cause great damage not only to grassland
vegetation (Hagenah 2009) but also to agri-
cultural crops (Byers 1984, Clark 1984, Clark &
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Young 1986, Howe 1999, Howe 2002, Marsh
1985, O’Brien 1994, Pauls 1986, Sullivan et al.
1987, Sullivan et al. 2000). According to Yigit et
al. (1999), there are six species of rodents in
Turkey (i.e. Microtus guentheri, M. socialis,
Spermophilus citellus, S. xanthaprymnus, Spalax
leucodon and Spalax ehrenbergi) which are “ex-
tremely harmful to agriculture”. In a parallel
study to the above, Ozkurt et al. (1999)
examined the damaging effects of the species
M. guentheri on agricultural crops, but gave
only partial brief information relating to their
life history and ecological characteristics. For
this reason, particularly in regions where
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agricultural activity is a major source of
income, given to
understanding the ecology of these species and
the various ways in which they are helpful or
harmful to the environment.

Understanding the ecology of these spe-
cies is important, as Turkey is an agricultural
country, so any damage to its agricultural
produce has a significant impact on the eco-
nomy. A large budget is put aside and much
time and effort are spent each year to prevent
agricultural damage and to keep disturbance to
non-targeted species into a minimum (Corri-
gan 2003, Mendelssohn 1972, Mendelssohn &
Paz1977, Timm & Marsh 1997). Unfortunately
there are only a limited number of studies on
the ecology and habitat preferences of the voles
in Turkey (Alkan 1966, Bodenheimer 1958,
Kiral & Benli 1979, Osborn 1962, Ozkurt et al.
1999, Tuncdemir 1987, Yigit et al. 1999,
Krystufek & Vohralik 2005, Yavuz et al
2008a,b).

In this study, Levant vole Microtus guen-
theri, which is widespread in the Antalya re-
gion, a town/province in south-western Ana-
tolia in Turkey, was investigated. Its preferred
habitat type and characteristics were studied.
The findings are presented with the aim to

attention must be

determine the ecological preferences of the
Levant vole.

Materials and Methods

This research is based on 152 (75 ?9; 77 33) dead and 61
(32 2% 29 33) living voles, taken from the various
habitats (agricultural land, roadside and grassland)
found within the province of Antalya (Turkey), during
April-August 2000 to April- August 2003.

Field studies and observations

Levant voles were caught in various habitats in six
trapping areas (Yazir, Korkuteli, Siilekler, Alibeli,
Tagkesigi and Akpmar) (Fig. 1). In each site where
sample was collected the habitat type, the degree of
slope, its exposure to the sun, and the diameter of the
burrow holes in the nearby surrounding area were
recorded.

The samples for calculating trapping plans and vole
density in each habitats were taken, in Antalya and
surrounding areas by placing 100 snaptraps and 20
Sherman live traps in every site, specified according to
the degree of its slope and its exposure. Fifty snaptraps
were set on south-facing slopes and fifty snaptraps set on
north-facing slopes at suitable locations two hours before
sunset on the day of arrival in the field. These traps were
checked the following morning one hour before sunrise
or at sunrise (snaptrapping). All of the live traps were set
in the morning and checked the following morning
(livetrapping). Any one trap was placed covering an area
of 10 m?, approximately. If any live individuals were

= Ankara

+ TURKEY

Mediterranean Sea

=

Figure 1. Map of southern Turkey showing locations of study sites. (1. Akpinar, 2. Taskesigi, 3.

Alibeli, 4. Stilekler, 5. Korkuteli and 6. Yazir)
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caught in the first trapping, their dorsal fur was dyed for
determining population density (see below) when these
voles were recaptured later. The bait used in the traps
consisted of roasted peanuts mixed with some chewed
bread. Each site was surveyed for a total of twelve days
(i.e. four days every year for three years), for a total of
1200 snaptrap-nights and 240 sherman live trap-nights
per site, and 7200 snaptrap-nights and 1440 Sherman live
trap-nights as a whole.

In addition, data were collected on the population
density and degree of slope of the site where the voles
were caught. Population density was calculated with
Mark-Recapture Population Sampling Method of
Lincoln-Peterson.

According to this method, during the first trapping,
an initial random sample of individuals was captured in
live traps. Live individuals were then marked by the
dorsal fur dyeing and released. During the second
trapping, a second random sample of the individuals was
captured. Some of these captured indviduals were
marked animals. The following mathematical equation
was used to determine an estimate the total number of
animals in the population for each slope groups (Krebs
1999 and Pollock et al. 1990):

N = MC/R

N = Estimate of total population size

M = Total number of animals captured and marked
on the first trapping (“Marked” animals)

C = Total number of animals captured on the second
trapping (“Captured” animals)

R = Number of marked animals recaptured on the
second trapping (“Recaptured” animals)

To investigate the relationship between temperature
changes with exposure and population dynamics,
temperature reading was done in burrow tunnels located
in fields with varying degrees of slope. A pocket
thermometer was placed in the gallery entrance or exit
holes at a depth of 20-25 cm. Data were collected on the
same day between 12 noon and 1 pm (daytime) and
between 11 and 12 pm (nighttime). As no burrow
systems were found on slopes from 81-90° the
temperatures here were measured by placing a
thermometer in the soil at a depth of 25 cm.

Statistical analysis

To determine the habitat preferences of the species
captured, the slopes of capture sites were divided into
two groups: 0-45° and 46-90°, to ensure normality and
homogeneity of data distribution. The relationship
between slope and frequency of capture was evaluated
using the Pearson correlation and least-square regression.
Subsequently, the Student’s-t test was performed to
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investigate whether there was any difference in the
average frequency of capture between the two groups
living on different degrees of slope.

While investigating preferences for topographic
exposure of burrow system, the data were again divided
into two main groups: the first South group (all of the
Southeast, South, and Southwest data points were
grouped) and the second North group (all of the
Northeast, North, and Northwest data were grouped).
The values for East and West exposures were assumed to
be an average for both groups. The Student’s t-test was
also used to test for differences in frequency of capture
between the two exposure groups. To measure the way
in which temperature is affected by topographic
exposure, burrow systems’ temperatures were divided
into the same exposure groups (South and North). First
we compared the average burrow systems temperature
for South and North facing slopes using the Student’s-t
test. Following this, the variability of day and night
temperatures and the difference between them were
confirmed using Pearson Correlation. ANOVA was used
to test the relative importance of temperature and slope
exposure on vole numbers. The use of the sign was
acceptable only at low values of p<0.05).

Results

Research areas, locations of captures, and
number of voles investigated

The samples of M. guentheri caught by
snaptraps and Sherman traps were collected in
Akpimar (1690m), Taskesigi (1630m), Alibeli
(1620m), Stilekler (1080m), Korkuteli (1010 m),
and Yazir (980m). There were total of 152
individuals at snaptrapping, including 75 $2
(49.34%) and 77 33 (50.66%). Also, there were
total of 61 individuals captured at live traps (32
99 (52.46%) and 29 33 (47.54%)).

There were significant positive corre-
lations between altitude of sites and frequency
of capture in snaptraps and Sherman traps
(Tsnaptrapping=0.880; n=6; p=0.021, Tiivetrapping=
0.828; n=6; p=0.042, respectively). Furthermore,
while altitude of sites increased, trapping
success and population density (rdensity=0.966;
n=6; p=0.002) also increased.
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Preferred habitat type

It was observed that voles” burrow systems are
generally made in the unploughed strip at the
edge of agricultural fields and on roadsides.
For snaptraps, 71 (46.71%) individuals were
caught in agricultural areas, 65 (42.76%) in
roadsides near to agricultural areas, and 16
(10.53%) were caught in grasslands.
Sherman traps, 33 (54.10%) individuals were
caught in agricultural areas, 26 (42.62%) from
roadsides near to agricultural areas, and only 2
(3.28%) were caught in grasslands. Moreover,
population densities reflect these capture rates
(291 (60.63%) individuals were estimated from
agricultural areas, 163 (33.96%) from road-
sides near to agricultural areas and only 26
(5.42%) were estimated from grasslands). M.
guentheri was not encountered in other habitat

types.

For

Preferred degree of slope for nesting sites on
habitat

The relationships between the degree of slope
and frequency of capture in snaptraps, freq-
uency of capture in Sherman traps, and popu-
lation density are given in Figs 2, 3 and 4. An
equal trapping effort of 100 x 4 days snaptraps
and 20 x 4 days Sherman traps each was made
for steep and shallow slopes. Most individuals
in snaptraps and Sherman traps (n = 97, 63.82%
and n = 42, 68.85%, respectively) were caught
in areas with slopes of 31-60°. Population
density was also very high at these areas (see
Fig. 2). For slopes of 0-45°, there were strong
positive correlations between the slope and
frequency of capture in snaptrap (Isnaptrapping =
0.930; n = 9; p < 0.0001) and Sherman trap
(Tiivetrapping = 0.916; n = 9; p < 0.001), as well as
between slope and population density (Ydensity =
0.926; n = 9; p < 0.0001). On the other hand, for
areas with slopes of 46-90° there were strong
negative slope
frequency of capture in snaptrap (Isnaptrapping = -

correlations between and

0.927; n = 9; p < 0.0001) and Sherman trap
(Ttivetrapping = -0.832; n = 9; p < 0.005), and
between slope and population density (rdensity =
-0.909; n = 9; p < 0.001) (Fig. 2). In areas with 0-
45° slopes 87 individuals were caught in the
snaptraps and 41 individuals Sherman traps,
whereas on slopes of 46-90°, 65 individuals
the snaptraps and 20
individuals Sherman traps set. The differences
between the two slope groups for capture
frequency (For 0-45°: meangaptrapping= 9.667
+1.555, meaniivetrapping = 4.560%1.180; and for 46-
90°: meansnaptrapping = 7.222+2.676, meanjivetrapping
= 2.222+1.115, respectively) were not statisti-
cally significant (tsnaptraping = 0.790; df = 16;
Pp>0.441, tivetarpping = 1.440; df = 16; p>0.169).

were caught in

Preferred habitat exposure

Captures were assigned to eight compass
directions according to the site’s direction of
exposure to the sun (aspect). Trapping indices
demonstrate that southerly directions (slopes
facing south, southeast, or south-west) were
preferred, because 69.74% of voles captured
there in snaptraps and 75.00% is Sherman
traps. Also 84.44% of population of these
species was found in the southern slopes as
indicated by density index. The differences of
capturing between northern and southern
exposures were found to be statistically
significant  (tsnaptraping=3.112; df=8; p<0.014,
tiivetrapping = 2.569; df=8; p<0.033, tdensity=2.764;
df=8; p<0.025, respectively). Such difference
between east and west exposures (tsnaptraping=
1.342; df=8; p>0.05, tiivetrapping=1.009; df=8;
Pp>0.05, tdensity=1.458; df=8; p>0.05, respecti-
vely) was not found.

Temperature regime in the south-facing areas

Figure 4 presents the data on temperatures
measured inside the burrow systems on south-
facing slopes. For gentle slopes (0-45°), there
was a strong positive correlation between the
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Figure 2. Frequency of voles caught and population density as a function of slope

Figure 3. A. Capture frequencies in snaptrapping according to compass direction of slope exposure (N=152);
B. Capture frequencies in Sherman livetraps according to compass direction of slope exposure (N=61); C.
Population densities according to compass direction of slope exposure (N=480)
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Figure 4. Relationship between average temperatures (daytime, night-time and day-night difference)
taken in burrow systems located on south-facing slopes as a function of degree of slope.
average day and night burrow temperatures Faierence=312.711; df=8; df=351; p<0.0001

and the slope (Tdaytime=0.977; p<0.004, Tnighttime=
0.996; p<0.0001 respectively; Fig. 4). A strong
negative correlation, however, was found
between the difference in day and night-time
temperatures and the slope (Tdiference=0.963;
p<0.004). On the other hand, for steep slopes
(46-90°), negative but comparatively weak
correlations between the average day and
night-time burrow temperatures and slope
(Fdaytime=0.802; p>0.102, TInighttime=0.933; p<0.021
respectively; Figure 4) were
Moreover a positive correlation was found
between the difference in day and night
temperatures and the slope (Tgitference=0.954;
p<0.012). Additionally, both day and night-
time temperatures were significantly different
between the slope categories as was the
magnitude of the daily shift in temperature
(Faayume=57.230;  df=8; df=351; p<0.0001,
Frighttime=118.107;  df=8; df=351; p<0.0001,

recorded.

respectively; Table 1). This means that the
voles on gentle slopes experience an increase in
the average temperature of their burrows as
the slope increases from 0-45° (at least on
sunny days). On the other hand, voles living
on steep south-facing slopes (46-90) experience
a slight decrease in temperature as the
steepness increases. The day and night burrow
temperatures were statistically significantly
different for both gentle and steep slopes
(tdaytime=9.432; df=199; p<0.0001, trighttime=8.967;
df=199; p<0.0001, 6.316; df=199;
p<0.0001).

tdifference™

Temperature regime in the north-facing areas

Figure 5 presents the data on burrow
temperatures on north-facing slopes. On gentle
slopes  (0-45°), the temperatures

negatively correlated with average day and

were
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night burrow temperatures (Fgaytime= -0.640;
p<0.0001, rnightime= -0.552; p<0.0001 respecti-
vely; Fig. 5). A weak negative correlation was
found (rgitference= -0.181; p<0.010) between the
difference in day and night temperatures and
the degree of slope (Fig. 5). On the other hand,
for steep north-facing slopes (46-90°) (Fig. 5),
while a negative and comparatively weaker
correlation (fdaytime= -0.357; p<0.0001) was
found between the average daytime burrow
temperature and the degree of slope, no
relationship could be found between the
average night temperature and the degree of
slope (Tnightime = -0.065; p>0.364). A negative
correlation (Tgigference= -0.401; p<0.0001) was
found bet-ween the day and night-time
temperature difference and the degree of slope
(Fig. 5). In addition, both the day and night
temperatures were different from each other
for the two slope categories (Faaytime=56.111;
df=8; df=351; p<0.0001, Frighttime=36.446; df=8;
df=351; p<0.0001 respectively). Also, the
magnitude of the daily changes in tempe-

10
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ratures was different between the slope
categories, i.e. greater on the gentle slopes
(Faifference=24.081;  df=8; df=351; p<0.0001)
(Table 1). On the other hand, the day and
night-time and the difference values measured
for gentle slopes (0-45°), and the values
measured for steep slopes (46-90°), were
expressed as; tdaytime=16.003; df=199; p<0.0001,
tnightime=10,636;  df=199; p<0.0001, tgiterence=
7.092; df=199; p<0.0001 respectively, being
greater on the gentle slopes (Table 1).

Finally, comparing north and south-facing
slopes, the two exposures differ in average
day temperature, average night temperature,
and the magnitude of the day/night
differences (tqaytime=48.542; df= 359; p<0.0001,
thighttime=31.607; df=359; p< 0.0001,
taifference=25.271; df=359; p<0.0001 respectively).

Discussion

During the course of this research in Antalya,
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Figure 5. Relationship between mean temperatures taken in burrow systems located on north-facing

slopes as a function of degree of slope.
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Table 1. Temperatures (°C) taken inside burrow systems located on south-facing and north-facing

slopes (The Multiple Comparison Test [Duncan Test] results are indicated on the tables using

letters, i.e. within the same column, groups carrying the same letter are statistically not different

from one another, whereas groups with different letters do differ. Those which have more than
one letter resemble the groups so designated).

Daytime
Slope angle MeantSE n min max
1-10| 11.350+0.236 a 40 9 16
11-20  14.200+0.300 b 40 10 17
21-30|  15.050+0.284 d 40 10 18
& 31-40| 16.825+0.308 de 40 11 20
g 41-50| 17.675+0.335 e 40 12 21
o 51-60| 17.925+0.285 d 40 14 21
! 61-70| 16.925+0.259 d 40 13 20
@ 71-80| 16.850+0.262 d 40 13 21
81-90| 16.950+0.215 d 40 13 20
Total 15.972+0.139 360 9 21
ANOVA F=57.230; df=8; df=351; p<0.0001

1-10| 9.275:0.148 f 40 8 13
11-20|  8.600+0.100 e 40 7 10
21-30| 7.900+0.142 d 40 3 9
& 31-40| 7.575+0.160 d 40 3 9
g 4150 7.175+0.156 c 40 3 8
o 51-60 | 6.725+0.179 b 40 3 8
i 61-70| 6.800+0.114 be 40 3 8
4 71-80| 6.275+0.134 a 40 2 7
81-90| 6.200+0.109 a 40 3 7
Total 7.392+0.070 360 2 9

ANOVA F=56.111; df=8; df=351; p<0.0001

Nighttime
Slope angle MeantSE N min max

1-10| 5.425+1.551 a 40 3 10
11-20  8.300+2.053 b 40 4 12
21-30| 9.925+1.760 c 40 5 14
s 31-40| 12.875+1.963 e 40 7 16
S 4150 14.75042.145 f 40 9 18
o 51-60| 14.925+1.774 f 40 11 18
! 61-70| 12.800+1.713 e 40 9 16
A 7180 12.725+1.783 e 40 9 17
81-90| 11.825+1.394 d 40 8 15
Total 11.5063.433 360 3 18

ANOVA F= 118.107; df=8; df=351; p<0.0001
1-10| 5.700+0.153 cd 40 4 7
11-20|  5.450+0.107 c 40 3 6
21-30| 5.950+0.129 d 40 2 7
& 31-40| 4.600+0.147 b 40 1 6
g 41-50|  4.100+0.138 a 40 1 5
o 51-60| 4.200+0.149 a 40 1 6
i 61-70| 4.625+0.111 b 40 2 6
4 71-80| 3.950+0.118 a 40 1 5
81-90| 4.025+0.154 a 40 1 6
Total 4.73410.059 360 1 7

ANOVA F= 36.446; df=8; df=351; p<0.0001
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Table 1. (Continued)

Yavuz, M. et al.

Difference
Slope MeantSE n min max
angle
1-10| 5.925+0.042 d 40 5 6
11-20| 5.900+0.070 d 40 5 7
21-30| 5.125+0.109 c 40 4 7
& 31-40| 3.950+0.035 b 40 3 4
g 41-50|  2.925+0.042 a 40 2 3
_ué 51-60 | 3.000+0.036 a 40 2 4
§ 61-70| 4.125+0.053 b 40 4 5
2 71-80| 4.125+0.073 b 40 3 6
81-90| 5.125+0.073 c 40 4 6
Total 4.46610.060 360 2 7
ANOVA F= 312.711; df=8; df=351; p<0.0001
1-10| 3.575+0.205 e 40 2 7
11-20| 3.150+0.105 d 40 1 4
21-30|  1.950+0.050 a 40 1 3
& 31-40| 2.975+0.098 d 40 1 5
g 41-50| 3.075+0.075 d 40 2 5
o 51-60| 2.525+0.107 c 40 1 4
‘g 61-70| 2.175+0.087 ab 40 1 4
r4 71-80 2.325+0.110 bc 40 1 4
81-90| 2.175+0.113 ab 40 1 4
Total 2.608+0.046 360 1 7
ANOVA F= 24.081; df=8; df=351; p<0.0001

it became clear that M. guentheri occurs in
Korkuteli, Yazir, Siilekler, Alibeli, Akpmar and
Tagkesigi. This species was found in parti-
cularly high numbers in clover and wheat
fields and their neighbouring roadsides. They
were also observed in grasslands containing
herbaceous wild plants. It can be said that; as
voles generally prefer to live in colonies in
areas with dense vegetation, especially steppe,
grassy plains and agricultural or fallow fields;
they were seem to have concentrated on the
edges of crop fields or fallow fields. As voles
prefer to make their burrow systems by the
roadside and on sloping agricultural land, the
study areas in Alibeli and Taskesigi are at
highest risk of invasion by voles, as it was also
found that trapping successes are high at these
sites than other sites. In these study sites, cereal
crop production is usually carried out on
sloping land in fields adjacent to roadsides.
Many burrows were encountered during field
observations in cereal crop production areas.

North-West | Zool, 6, 2010

The frequencies of capture and population
densities were highest in this type of field. On
the other hand, in the study sites of Korkuteli,
Siilekler, Akpmar and Yazir, relatively little
cereal crop is planted and the average degree
of slope is found to be quite low. As shown, the
frequencies of capture and population densi-
ties were low in these areas. Results show that,
with regard to the species’ preferred habitat
and degree of slope, fields with an average
slope of 31-60° particularly those used for
cereal crops, and that are adjacent to roads are
at greater risk.

Sloping fields are exposed to more solar
radiation during the daytime (Porter et al.
2002). For this reason, they heat more quickly
than fields in flatter areas, and reach a higher
temperature sooner (especially those facing
south). They cool down slowly because of the
solar radiation absorbed during the day.
Therefore, the differences between the day and
night-time temperatures in sloping fields are
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comparatively low (see Fig. 4 and Table 1).
Because absorbed daytime solar radiation
slowly dissipates overnight, and the difference
in day/night temperatures is smaller on slopes
than flat areas, it is logical that slopes retain
more heat and hence have higher mean
temperatures than flat surfaces (Table 1). In
this study, for the south facing fields, as the
degree of slope increases to 30-71 degrees, the
difference between the day and night-time
temperature decreases. The fact that the
highest temperatures were found on slopes
between 30 and 60° is in accordance with the
most favoured slope preferences determined in
this study. As a result, building burrow
systems in areas exposed to the sun is a type of
behaviour selected during the process of
evolution which gives the homoeothermic
species significant advantages. The fact that
most of the burrow systems in the areas that
were studied were made in fields with
southerly exposure supports the idea that this
behaviour was adaptive. Furthermore, the
burrow systems made on slopes which provide
the greatest amount of exposure to the sun
between sunrise and sunset also have compa-
ratively low levels of humidity. Few burrow
systems were made, and therefore few voles
caught, on the slopes with the least exposure to
the sun (North, Northeast and Northwest).
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