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Abstract. Nocturnal spotlight survey is a common census technique for many mammal species. The
influence of abiotic factors may be essential for the appropriate design of censuses, however this method
has not been examined sufficiently in relation to abiotic factors such as weather conditions and the moon.
We tested their influence for a commonly counted species, the brown hare (Lepus europaeus). Spotlight
surveys were conducted at certain night time and transects in three upland Mediterranean areas, at
different times of the year, different moon phases and under a variety of weather conditions. Wind speed
and direction had an influence on hare counts with stronger winds resulted in fewer juvenile hares being
observed, and more hares were counted when wind was blowing from the hare towards the vehicle. No
significant effects were found from the other factors probably due to the intense relief and thick
vegetation of the studied areas.
Keywords: activity, abundance, census method, lagomorphs, mammals.

Introduction
Spotlighting (spotlight count or night lighting) is widely used to survey mammals during
night (Scott et al., 2005; Sunde and Jessen, 2013). This is a favored method of estimating
abundance due to its efficiency, repeatability and no necessity for animals capture (Langbein
et al., 1999). However, numerous studies have shown that several factors can affect the
spotlight counts of mammals. These include the animal's activity patterns and behaviour
(Brown and Peinke, 2007), visibility (Parkes, 2001; Barnes and Tapper, 1985), relief and
amount of vegetation cover (Ralls and Eberhardt 1997; Langbein et al., 1999; Tizzani et al.,
2013), observer experience (Sunde and Jessen, 2013), time of night and moonlight (Langbein
et al., 1999; Scott et al., 2005) and weather conditions (Langbein et al., 1999).
Spotlighting is a very common survey method for lagomorphs (Strauß et al., 2008; Tizzani
et al., 2013) and studies reveal sources of variation in counts due to weather conditions and
moon phase. Newman (1959) found that the number of cottontails (Sylvilagus floridanus)
observed during early morning or late afternoon roadside counts was higher with increasing
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snow cover, frost, rain preceding the count, and decreasing temperature and wind speed. In
contrast significantly fewer brown hares were spotlighted when the temperature fell below
15°C in Britain (Barnes and Tapper, 1985). Heydon et al. (2000) found no influence of rain or
visibility on brown hares counted in Britain. Fafarman and Whyte (1979) refer that cottontail
spotlight counts tended to be higher when rain was falling during the count and lower when
moon illumination was increasing. Wind direction had also an influence, but no other weather
factor affected their counts. In an arid region of Jordan, moonlight had a varied effect on
spotlight counts of cape hare (Lepus capensis), but with similar densities during full and no
moon (Scott et al., 2005).
The above results seem to be contradictory for some factors and inconclusive for some
others; one explanation may be the differences in abiotic and biotic conditions between
geographical areas and differences between lagomorph species behaviour. Therefore, there is
currently a difficulty in designing a study that takes weather and moonlight effects into
account; consequently, their influence is generally overlooked in hare spotlight counts (Strauß
et al., 2008; Sunde and Jessen, 2013). In upland and shrubland ecosystems in particular we
are unaware of any studies concerning the influence of abiotic factors on spotlighting brown
hares. Thus, the objective of this study was to determine the influence of moonlight and
weather conditions on the number of brown hares counted along spotlight transects.
Materials and Methods
Study area
The study was part of a larger research project on the influence of wildfires on brown
hare that was carried out in the Kassandra Peninsula of Chalkidiki Prefecture,
Macedonia, northern Hellas (Fig. 1).

Figure 1. Location of the study area. The dashed black line indicates the moderately
burned area and the solid black line denotes the intensely burned area. The solid white
line shows the transect within the unburned area, and the dashed white line shows the
two transects within the burned areas
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The Kassandra Peninsula has altitudes ranging 150-280 m above sea level, and the
climate is Mediterranean with hot and dry summers, mild winters, and moderately
rainy autumns and springs. Mean annual precipitation is 581 mm and the mean
annual air temperature 16.3ºC. The landscape has intense relief with steep slopes in
some positions.
The study area is covered mainly by forest vegetation of Aleppo pine (Pinus
halepensis) and broadleaved shrubs (Quercus coccifera, Pistacia lentiscus, Phillyrea
media, Cistus incanus), while there are also scattered agricultural fields, mainly
comprising olive groves, cereal and few vetch crops. Wildfire occurred in Kassandra on
21/8/2006 and burnt an area of 68.7 km². The woody plants regenerated quickly after
wildfire and shrubs resprouts reached the height of about half a meter in the first year
after the wildfire.
The spotlight transects stretch along the ridge of the peninsula and the unsurfaced
forest roads. The transects had a total length of 22 km: 8.5 km passing through
unburned areas, 9.5 km through moderately burned areas, and 4 km passing through
intensely burned areas (Fig. 1).
Spotlight counts
Hares were spotlighted in the study area at different times of the year, under different
weather conditions and moon phases, but along the same transects and at the same time
of night and all transects were surveyed each night. To avoid observer bias, almost the
same crew undertook surveys in each visit. Hares were counted from a 4-wheel truck
traveling at about 15-20 km/h on forest roads. The crew consisted of the driver and two
observers, each one holding two million candle spotlights which were used to light up
both sides of the road. Surveys began two hours after sunset (Verheyden, 1991;
Langbein et al., 1999). Visits were postponed during intensive rains and in thick mist.
About one visit was carried out each month in spring and summer and two visits in
autumn and winter. The survey lasted for two years during the first and second year
after wildfire, and the total number of visits was 30.
Additionally, as most of the hares were seen initially or were approached later at a
distance of less than 30 meters, it could be distinguished which hares weighed more
than 3 kg (developed hares) and which less than 2.5 kg (juvenile hares), that is younger
than three months old (Bray et al., 2002). Those which could not be seen well or
appeared intermediate in weight were not categorized.
Weather conditions and moon phase
According to the literature concerning influences on spotlight counts, we selected
nine explanatory variables to describe the variable “hare counts” (Table 1). During each
visit, wind level and cloud cover were recorded. Available climatic data for the study
area on each visit day were obtained from the nearest climatic station of the National
Observatory of Athens (http://penteli.meteo.gr/meteosearch/). Precipitation values of
the visit day and two days before, the mean air temperature, wind speed and direction
were taken into consideration in all analyses (Table 1). Moonlight illumination values
for
each
day
were
obtained
from
the
US
Naval
Observatory
(http://aa.usno.navy.mil/data/docs/MoonFraction.html). The level of moonlight was
adjusted by multiplying illumination of the moon and cloud cover according to Brown
and Peinke (2007). Cloud cover was categorized as 1=no cloud cover, 0.5=intermediate,
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0.1=complete cloud cover. We used 0.1 instead of zero for complete cloud cover,
because the darkest of the nights with a full-moon was brighter than any new moon
nights, as the moonlight penetrated the clouds (Griffin et al., 2005).
Table 1. Weather and moon variables and their values during the counts
Variable
Moon
Clouds
Moonlight
Temperature
Rain1
Rain2
Rain3

Meaning
Degree of moon appearance during the visit
Degree of cloud cover during the visit
Interaction of moon and clouds during the visit
Mean temperature on the day of the visit (°C)
Precipitation during the day of visit (mm)
Precipitation during the day of visit and one day before
(mm)
Precipitation during the day of visit and two days before
(mm)
Mean wind speed on the day of the visit (km/h)
Direction of wind on the day of the visit

Windspeed
Windir
a
median
b
the mode value of wind direction

Type
Scale
Ordinal
Scale
Scale
Scale
Scale

Mean ± SE
0.42±0.07
1a
0.28±0.06
13.4±1.55
0.3±0.16
2.11±1.03

Min.
0
0.1
0
0
0
0

Max.
1
1
1
33.8
4
23.6

Scale

3.79±1.25

0

23.6

Scale
Circular

8.1±0.91
eastb

1
-

22.7
-

Statistical analysis
The hares observed during each visit were divided into two categories, each one
consisting of three dependent variables. The first category was relevant to the hares’
age. It included the variable “juv” with the juvenile hares, the variable “dev” with
the developed hares, and the variable “total” with the sum of counted hares. The
second category was relevant to the study area. It included the variable “intBurned”
with the observed hares/visit in the intensely burned areas, the variable
“modBurned” with the observed hares/visit in the moderately burned areas, and the
variable “unburned” with the observed hares/visit in the unburned areas. We also
used an additional variable, “totBurned”, which was the sum of “intBurned” and
“modBurned” variables.
As shown in Table 1, our aim was to examine the influence of seven scales, one
ordinal and one circular variable to the dependent variables. Circular variables have
a special statistical analysis not suitable for the usual types of variables, and for this
reason we transformed Windir into two variables sinWindir and cosWindir. That is,
we followed the transformation suggested by Jammalamadaka and Lund (2006) by
computing the sine and cosine of the wind angular measurement in order to use it in
the typical statistical analysis of weather and moon data.
Firstly, descriptive statistical methods were used to analyze the data. We computed
mean values, standard errors and median values of the variables. We then used the
non-parametric Sign test. This test is robust to normality and homogeneity of variance
and makes no assumptions about the original distributions of the variables (Gray and
Kinnear, 2012). The test was used to examine if there was a statistical significant
trend in hare counts due to hare abundance changes and other factors.
When a statistical significant difference was confirmed, we removed the trend from
the series of observations. This is a common procedure in time series analysis (Box et
al., 2008). To determine the real influence of the weather and moon variables on the
hare population, one has to remove any existing population trend. In the time series
, the trend can be removed if we create a new time series
using the
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equation (Chatfield, 2004):
. We used the Kendall tau-b correlation
coefficient to relate the new series with the weather and moon variables. The analysis
was performed using the statistical software IBM SPSS 20.0 and the significance level
was set to P<0.05 and tending towards significance at P<0.1.
Results
A total of 30 visits to the study area identified 104 hares in a total distance of 660
km. During the counts, the moon was usually below crescent, but in four visits it was
around full moon and cloud cover was absent (Table 1). Mean daily temperature varied
from zero in winter to 33.8°C in summer. There was no snowfall and rainfall was low
on the day of the count, although for the period of two days before the visit, rainfall
>10mm was recorded in five visits. A light breeze blew during most counts with a
maximum speed of 22.7 km/h (tree branches move).
The Sign test confirms that there is an increasing trend of observed hares in the
second year after the wildfire in the intensely burned and the moderately burned areas of
the study area (P = 0.016 and P = 0.004 respectively). The unburned areas show no
trend (P = 1.0). Therefore, the procedure of differencing was applied in order to
eliminate the trends. An example in Fig. 2 shows the result of differencing the trended
series. The left Figure shows the initial total count of hares, where a trend is confirmed,
and the right Figure shows the detrended series.

Figure 2. Initial (left) and detrended series (right) of hare counts during the 30 visits
(total of counts from the three transects)

The detrended series were checked for their bivariate correlations with the weather
and moon variables. Table 2 shows that significance at the 10% level was found
between wind speed and the counts of juvenile hares, showing a negative linear
correlation. This means that stronger winds resulted in fewer juvenile hares being
observed (Fig. 3). This relationship is marked in bold in Table 2. Another marked
relationship, the one between intensively burned areas and the sine of Wind Direction
(sinWD), indicates that east winds are coincided with an increased number of
recorded hares.
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Table 2. Kendal’s tau-b correlation coefficient of counted hares and weather and moon
variables. The bold numbers mark significant relationships at the P<0.1 significance level
Variable
moon
clouds illumin
temp
rain1
rain2
rain3 windspeed sinWD cosWD
0.163
0.087
0.106
0.124
-0.136 -0.046 -0.044
0.057
0.109
-0.267
juv
0.252
0.597
0.453
0.378
0.404
0.772
0.775
0.705
0.474
0.058
P
-0.048
-0.024 0.005
-0.010 -0.151 0.092 0.045
0.205
-0.071
0.009
dev
0.727
0.880
0.971
0.942
0.344
0.555 0.765
0.138
0.636
0.951
P
total
-0.115
-0.063 -0.144
0.026
-0.161 -0.158 -0.006
0.026
0.202
0.032
P
0.403
0.690
0.295
0.849
0.306
0.310 0.967
0.849
0.172
0.831
intBurned
-0.194
-0.012 -0.215
-0.041
0.102 -0.158 0.127
0.163
0.047
0.300
P
0.184
0.943
0.141
0.775
0.544
0.340 0.420
0.261
0.765
0.057
modBurned
-0.115
-0.080 -0.085
0.057
-0.110 -0.214 -0.023
-0.076
-0.093 -0.205
P
0.415
0.618
0.547
0.684
0.492
0.178 0.881
0.587
0.539
0.174
totBurned
-0.153
-0.050 -0.166
0.035
-0.048 -0.206 0.067
0.013
-0.019 -0.188
P
0.274
0.754
0.234
0.803
0.765
0.191 0.658
0.924
0.897
0.210
0.097
0.119
0.074
-0.019 -0.186 0.148 0.052
-0.036
0.131
0.197
unburn
0.504
0.474
0.607
0.894
0.263
0.364 0.740
0.804
0.395
0.202
P
juv: juvenile hares, dev: developed hares, total: sum of juvenile and developed hares, intBurned: total hares in the
intensely burned areas, modBurned : total hares in the moderately burned areas, unburned: total hares in the unburned
areas, totBurned: sum of intBurned and modBurned

Figure 3. Total number of juvenile hares which were counted from the three transects
in each visit in relation with wind speed
Discussion
Analyses on spotlight counts showed that wind speed and wind direction influenced
counted hares in some cases. Similarly, Newman (1959) found that the number of
cottontails observed during roadside counts was higher with decreasing wind speed.
Wind causes the moving of vegetation and thus the ability of observer to detect the
hares and especially the smaller juveniles appears to be decreased. Moreover the
movable of vegetation may cause fear to juveniles and thus the decreasing of their
movements. High speed winds have been associated with decreased activity in
lagomorphs (Lechleitner, 1958; Smith, 1990; Villafuerte et al., 1993).
From the other side, the movement and the noise by the wind-blown vegetation
apparently make the detection of the approaching vehicle more difficult for hares and thus
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hares may stay nearer to the road and thereby the probability of be counted is increased.
Perhaps this is why a positive relationship was found, although not significant, between
the intensity of the wind and the recorded developed hares, which as more experienced
than juveniles may know that should go away when a car is approaching and this was
observed during this study. Other studies have also found that the distance at which a
mammal move away from an approaching human is negatively correlated with wind
speed (Karlsson et al., 2007). Moreover, wind direction was also significantly associated
with hares counted in intensely burned area, which tended to increase when the wind was
blowing from the east direction, this means from the hare to vehicle (Fig. 1). The east
wind appears to take away the noise under the circumstances of intensely burned area
with a straighter west-east road than in other areas.
Analyses on spotlight counts indicated that no other weather or moon variable had an
impact on the counted hares. Precipitation variation was relatively small and rainfall in
the day of visit was below 2.5mm, under these conditions none important influence of
rains was detected. These conditions provided us the opportunity to better examine the
influences of temperature and moonlight. However, none appeared to have any effect on
hare counts.
In our study area the steeply upland area and the thick vegetation do not permit the
observation of hares at long distances as in open areas, thus in upland landscapes, such
as the Kassandra Peninsula, the counting of hares seems to depend more on
randomness: that is if a hare is close to the road at the time the car passes. Nevertheless,
in flat landscapes hares can be observed at greater distances. In this case the observer’s
ability and hare’s behaviour may have a higher importance for the detection, and may
be more influenced by weather and moon. This may explain why in Britain it was
proved that temperature reduced brown hare activity, with significantly fewer hares
spotlighted when the temperature fell under 15°C (Barnes and Tapper, 1985). For other
lagomorph species, Newman (1959) found that the number of cottontails counted
increased with the decrease of temperature, and Rogowitz (1997) found that temperature
had no significant effect on movements of white-tailed jackrabbits (Lepus townsendii).
Many nocturnal mammals react to increasing moonlight by restricting their
movements and the use of open areas to avoid detection by predators (Kolb, 1992;
Beier, 2006). In Ireland, moonlight negatively affected counts of Irish hare (Lepus
timidus hibernicus) during winter in areas where the vegetation is usually short (Reid et
al., 2007). The same was found for white-tailed jackrabbit that reduces its activity
during periods of greater moonlight in grasslands (Rogowitz, 1997).
In our forested study area, the vegetation, even in burned areas a few months
following the wildfire, provided adequate cover for hare, a fact that may decrease the
detection probability by predators and the moonlight influence. A similar case may be
that of snowshoe hares (Lepus americanus) which are less active in open areas during
nights with increased moonlight in winter (Gilbert and Boutin, 1991; Griffin et al.,
2005), but this was not found in the snow-free season when the vegetation cover and
hiding opportunities were higher (Griffin et al., 2005). In contrast, black-tailed
jackrabbits in northern Utah were more active when moonlight was more intensive
during fall, winter and spring. During summer moonlight did not appear to influence
jackrabbit activity (Smith, 1990).
In conclusion, only wind speed and direction had an influence on hare counts tending
towards significance. Thus, the researcher should expect to see fewer juvenile hares in
windy days, something that would not apply to developed hares. Yet if the wind is
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blowing from the hares towards vehicle the researcher is likely to count more hares.
Temperature and moon did not influence spotlight counts. Precipitation also had no
effect possibly due to its low variability in this study. In a future study, will be a need to
test the method in relation to weather and moon in different ecotopes, especially
concerning relief and vegetation structure.
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