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A b s t r a c t . During the 1997 rut, we tested the hypothesis that there are lekking and territorial
stags in a herd of approximately 350 free-ranging sika deer living in 5 km2 area in Northern
Austria. During five 2-hour observation sessions observers recorded the callings of the sika deer
stags from three high seats and simultaneously recorded the direction from which each male was
calling. We recorded 2167 calling bouts consisting of 3655 calls. A calling bout consisted of
1 to 9 calls (mean ± S.D., 1.69 ± 1.09). The distance between calling stags was 85.15 ± 3.10
m (LSMEAN ± S.D.) in the centre of the lek and 121.94 ± 4.33 m at its periphery. Our
observations suggested that stags were not associated with fixed territories. Rather, all stags took
part in lekking with some ‘satellite’ stags more frequently at the periphery of the moving lek.
Our results suggest an existence of a large, transient ‘mega lek’ with up to 23 active male
participants. The location of the lek varied considerably over the period of observation, but
always was associated with feeding places attractive to hinds.
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Introduction
Similar to fallow deer Dama dama (L a n g b e i n & T h i r g o o d 1989), sika deer (Cervus
nippon) exhibit an unusual degree of variability in their mating system (B a r t o ‰ et al.
1998). Harem defence has been recorded in New Zealand (K i d d i e 1962) and England
(P u t m a n & M a n n 1990), whereas resource-based territories have been reported for native
sika in Russia (Y e v t u s h e v s k i y 1974) and Japan (M i u r a 1984), and for introduced
populations in England (H o r w o o d & M a s t e r s 1970) and Ireland (G r a d l - G r a m s
1982). In the Czech Republic, we observed lek territoriality of sika in the Manûtín Forest,
Western Bohemia (B a r t o ‰ et al. 1991, 1998). Red deer (Cervus elaphus) are the only
other deer species known to occasionally exhibit the lek system seems to be the red deer
(C a r r a n z a et al. 1990, C a r r a n z a 1992).
In Ireland, unpublished reports indicate that sika deer also lek occasionally either on
a farm (H a r r i n g t o n 1994 - personal communication) or in a feral population
(B u r k i t t 1991 - personal communication). In the present study we focussed our
investigations on sika population in Northern Austria.
In the only published report documenting sika deer lekking, our study of the population
in Manûtín area, Czech Republic, the shortest distance between calling males was
approximately 40 m on the lek, where up to 7 males were rutting within a circle of about
300 m in diameter (B a r t o ‰ et al. 1991). In other seasons, when no lekking was detected,
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the inter-male distance between calling stags did not fall below several hundred metres
(B a r t o ‰ et al. 1998). According to reports in fallow deer (L a n g b e i n & T h i r g o o d
1989) and previous findings in sika deer (B a r t o ‰ et al. 1991, 1998, B a l m f o r d et al.
1993), we presumed two types of established stags; lekking stags and territorial ones. We
tested the hypothesis that lekking stags should call repeatedly on calling sites but stay
relatively close to each other. In contrast, territorial stags should also call repeatedly on
a calling site, but this site should be located apart from the lek. If the lek location moved,
territorial stags should keep the same location in successive observations.

Material and Methods
Animals and study area
Our study area was located north from the village Preuwitz (N 48° 21’ 59’’; E 15° 48’ 49’’),
Northern Austria (Fig. 1). The size of the studied area (about 5 km2) was part of an area of
about 23 km2. In the South, this area was surrounded by agricultural fields, in the North by
the Danube River. Approximately 350 free-ranging sika deer of unknown origin lived in the
study area (about 700 sika deer were present in the whole complex). The area was comprised
of open land (75%), trees (17%) and waters (8%). Various species of shrubs covered about
5% of the area. Forest vegetation consisted of a mixture Danube valley trees such as alders
(Alnus glutinosa) (about 30% of the forest), poplar (Populus sp. div) (40 %), and other tree
species such as ash (Fraxinus excelsior), hazel (Corylus avellana), willow (Salix sp. div), and
others (30 %). The owner supplemented the deer diet with sugar beets and various mixtures
of cereals which were provided daily year-round on 22 feeding sites (Fig. 1).

Fig. 1. Study area at Preuwitz, Northern Austria. Black – water, shadow area – forest, white area – meadows or
fields, F – feeding place.
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Observation and processing the data
During peak rut activity 1997 (between 17th and 19th October) we performed five observations
in the morning, beginning at 6:45 (observations 1, 3, and 5) or in the afternoon, beginning at
16:45 (observations 2 and 4). In each session, observers equipped with a compass, binoculars
and a dictaphone recorded sika deer rutting from three high seats simultaneously. High seats
were selected in an attempt to cover the area of greatest rutting activity to optimize proximity
to an expected lek. However it was possible to survey the rest of the area for the presence of
vocal activity. We monitored rutting activity by recording the direction of male calling
(B a r t o ‰ et al. 1991, B a l m f o r d et al. 1993, B a r t o ‰ et al. 1998). A basic element of
the vocalization recorded was a call. In sika deer, the loudest rutting vocalization has also
been described as a ‘howl’ (M i u r a 1984, M i n a m i & K a w a m i c h i 1992). One
calling bout consisted of a series of subsequently emitted calls. Coordinates of the
monitoring site positions were transferred into a two-dimensional system. Positions and the
information describing the calling bout (i.e., time, azimuth determining the direction from
which the bout was heard, the number of calls in a series, and a note if the observer could
see the calling stag) were analysed using Visual Fox Pro 6.0. When the calling bout was
heard simultaneously from more than one monitoring site, the location of the calling male
was determined by triangulation. Such locations are referred to as ‘calling sites’. If the
calling bout was heard from a single monitoring site, it was removed from the analysis,
unless the calling stag was seen. On several occasions, we observed that a stag approaching
the location of the existing or future lekking activity was calling on the way, so that his
calling was triangulated on several calling sites hundreds of metres apart. Therefore, to
minimise the possibility of a calling stag on the move, we appointed a value of 10 calling
bouts per observation session recorded from the same spot to consider the location as a site
of an established stag.

Results
When travelling to and from the observation sites by vehicle, deer were consistently spotted
by the observers. Because they were accustomed to the passing vehicle, we knew which
feeding sites were occupied by the animals before and after the observation session. We
recorded 2167 calling bouts consisting of 3655 calls. A calling bout consisted of 1 to 9 calls
(mean ± S.D., 1.69 ± 1.09). The time distribution of the calling bouts was not regular and
observers could not see all the calling stags. Nevertheless, during the observation on the
18th October, starting at 16:15 one observer saw 5 mature stags calling repeatedly for > one
hour on sites spaced only tens of metres from each other. Although observations had to be
terminated due to darkness, at the conclusion of the observation period, the stags were
standing and/or moving within very an area of a few square metres and calling frequently.
During the observation on 17 October, starting at 16:15, neighbouring stags fell in fight.
Hinds were moving individually or in groups over these sites and were very mobile. Their
presence usually increased calling by the stags, but no copulation was observed.
Nevertheless, this observation convinced us, that this is a true lek. The greatest number of
deer, about 70 animals seen at once, was observed on the afternoon of 18 October. Number
of calling stags observed and number of sites with 10 and more calling bouts determined
by triangulation of acoustic records, respectively, were 6 and 17 (17 October, starting at
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6:45), 10 and 7 (17 October, starting at 16:45), 12 and 3 (18 October, starting at 6:45), 22
and 15 (18 October, starting at 16:45), 18 and 23 (19 October, starting at 6:45). Because
we could not visually observe each stag, we could not determine which of the observed
stags were seen repeatedly and thus the numbers of observed calling stags can exceed the
number of recorded calling sites. However, we were able to use these individual
observations to verify the accuracy of triangulation of acoustic records, and therefore we
used the number of calling sites obtained by triangulation of acoustic records as the basis
our analyses and conclusions.
Calling activity was distributed unequally over the study area, and usually was
concentrated in the proximity of certain feeding sites. However, these sites were not the
same over the five observation sessions. Interpolation of the calling frequency of established
calling stags in a three-dimensional graph (S-Plus for Windows 3.2, Fig. 2) indicated that in
successive observations (a to e), vocal activity varied in intensity and location. The location
of the main calling activity within the area was unpredictable. Fig. 3 (top) presents
a summarized form of the calling activity over the five observation sessions. The location is
projected into the map of the area (Fig. 1) as a contour plot (S-Plus, Fig. 3, bottom) with
a contour level of 5 calls. Calling activity covered nearly half the feeding places.
To test the hypothesis that lekking stags should call repeatedly on calling sites relatively
close to each other, we attempted to identify which established stag might belong to the
putative lek. We applied a single linkage method of the cluster analysis (S-Plus) inputting
the coordinates of the calling stag (marked by numbers in Fig. 4). For each of these
positions, if the frequency of calling bouts associated with a position was equal or greater
than 10, the position was labelled an established stag. In Fig. 4, the established stags are
circled. If neighbouring stags fulfilled the criterion of 10 or more calling bouts, they were
circled as a group. By using this method we distinguished between solitary (putative
territorial animals) and group (putative lek) established stags. Thus, Fig. 5 the existence of
a lek (marked by a grey dashed ellipse) and four putative holders (circled individually by
a grey dashed line). The second large cluster was based on non-established stags and
therefore these records were omitted in the subsequent analysis.
The clustering allowed us to divide all recorded calling sites into two groups. Those
located in a putative lek and those apart from the lek. To compare differences between the
putative lek and putative territorial stags, the data (number of calling bouts, number of calls
per one bout, total number of calls and minimal distance of the calling stag from another
calling male) were analysed using the General Linear Models Procedure (GLM) for
Unbalanced ANOVA (SAS). The effects were classes ‘Lek’ (Putative lek vs putative
territory) and ‘Location’ (15 locations of a high seat used by the three observers in the five
observation sessions). The possible influence of observer, observation session, and the time
of day when the observation was performed were also tested, but all appeared nonsignificant and were dropped from the model. The final GLM model therefore consisted of
the class ‘Lek’ and ‘Lek’ nested within ‘Location’. Least-squares means (LSMEAN) were
computed for each variable tested class and differences between classes were tested by t-test
and results are presented in Table 1. The putative lek stags tended to have fewer calling
bouts (Fig. 5, left) with a higher number of calls per one calling bout (Fig. 5, middle) than
the putative territorial ones. However, the total number of calls did not differ (Table 1).
Logically, the putative lek stags called from a shorter distance of each other than the
putative territorial stags (Fig. 5, right).
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Fig. 2. Three dimensional expression of the call numbers recorded per hour. The base of the figure is equal to the
map (Fig. 1). a – observation on 17 October, starting at 6:45, b – observation on 17 October, starting at 16:45, c –
observation on 18 October, starting at 6:45, d – observation on 18 October, starting at 16:45, e – observation on
19 October, starting at 6:45.
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Fig. 3. Three dimensional expression of the call numbers recorded per hour summarized for all 5 observation
sessions projected to the map from Fig. 1. F – feeding place.

Fig. 4. An example of the output of the cluster analysis applied to distinguish lekking and territorial stags.
Ellipse – putative lek stags, Circle – putative territorial stag.
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Table 1. GLM results of the model containing classes ‘Lek’ and ‘Lek’ nested within ‘Location’ for the number of
calling bouts, number of calls per one bout, number of calls and minimal distance of a calling stag from another
calling male.
Model
/Class

number of
calling bouts

number of
calls per one bout

total number
of calls

minimal
distance

Model

F(23, 315) = 2.14,
P<0.01

F(23, 315)=4.79,
P<0.001

F(23, 315)=2.21,
P<0.01

F(23, 315)=20.32,
P<0.001

Lek

F(1, 315)=3.15,
P=0.08

F(1, 315)=4.32,
P<0.05

F(1, 315)=0.70,
NS

F(1, 315)=47.64,
P<0.001

Lek (Location)

F(22, 315)=2.12,
P<0.01

F(22, 315)=4.55,
P<0.001

F(23, 315)=2.30,
P<0.001

F(23, 315)=17.81,
P<0.001

Fig. 5. LSMEANs (± S. E.) of the number of calling bouts (left), number of calls per one calling bout (middle)
and the minimal distance of the calling stag from another calling male (right).

We calculated relationships between calling activity and minimal distance between the
calling stags by computing residual Spearman correlation coefficients after adjusting the
data by the GLM model. When all data was included, we observed no significant
correlations between minimal distance between calling stags and any characteristic of the
calling activity. Hence, we computed residual Spearman coefficients within putative lek
stags and within putative territorial stags. Only putative territorial stags showed a weak
positive correlation between the minimal distance from another calling stag and the number
of calls per one calling bout (rs = 0.22, n = 75, P<0.05).
In the final analysis, we compared positions of putative territorial stags in successive
observation sessions. In no case was the position of a putative territorial stag stable
throughout the 5 observation sessions. In several cases the position was similar in the
afternoon observation session (Fig. 2 b) when compared with the morning session (Fig. 2 a).
The following morning some stags were in the same location (Fig. 2 c), but during the day
all calling stags including the putative territorial ones moved to the west (Fig. 2 d) and were
also close to the lek on the last morning observation session (Fig. 2 e).
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Discussion
Our visual observations of the rutting deer are strongly suggestive of lekking behaviour and are
the second documented lekking sika deer (B a l m f o r d et al. 1993, B a r t o ‰ et al. 1998).
A high concentration of sika deer in a small area is a usual pre-requisite for the lek occurrence
(A p o l l o n i o 1989, A p o l l o n i o et al. 1989, C l u t t o n - B r o c k 1989, L a n g b e i n
& T h i r g o o d 1989, B a l m f o r d et al. 1993). Although the studied population inhabited
a large area without fencing, local concentrations were exceptionally high (comp. M i u r a
1984, M i n a m i & K a w a m i c h i 1992). The situation in our study area corresponded to
a hotspot theory (B r a d b u r y & G i b s o n 1983, B r a d b u r y et al. 1986). The stags
aggregated in areas where hinds were concentrated due, in part, to supplemental feeding
(B r a d b u r y 1981, G o s l i n g 1986, A p o l l o n i o 1989). However, the supplemental
food was not the only reason for the hind aggregations as they aggregated around certain
feeders despite food being equally available at all feeding places. However, they did empty
the feeders by the next feeding. We were unable to predict which feeding places would be
selected and which not. There was a tendency, however, to aggregate in the centre of the area
(Fig. 3). Lekking stags apparently copied the hinds.
Calling frequency on the lek in this study greatly exceeded our previous observations in
the Czech population (B a r t o ‰ et al. 1991). Number of calls per calling bout also
exceeded those reported from various other sika populations (M i u r a 1984, M i n a m i &
K a w a m i c h i 1992, L o n g et al. 1998). In the Nara Park, Japan, for example, where
higher concentrations of sika deer exist (390 ha 1075 deer, M i u r a 1984), a calling bout
consisted of one to four subsequently emitted calls (M i u r a 1984, M i n a m i &
K a w a m i c h i 1992), whereas in our study a calling bout consisted of up to 9 calls.
Increased vocal activity may be attractive for females and may be one of the characteristics
for females in mate selection (comp. K i r k p a t r i c k & R y a n 1991). We found a slight
correlation suggesting that with increasing distance between the calling stags, the number of
calls per calling bout tended to increase.
Although calls of lekking and territorial stags differed in several of the characteristics,
the fact that putative territorial stags moved their location in successive observation sessions
disqualifies the notion that stags kept a territory as described in Nara Park, Japan (M i u r a
1984) and also from the lekking population in Manûtín, Czech Republic (B a l m f o r d et
al. 1993, B a r t o ‰ et al. 1998). The minimal distances between calling stags averaged
about 120 m which does not appear sufficient to be regarded as being separate from the lek.
In Manûtín, the diameter of the lek was about 300 m (B a r t o ‰ et al. 1991) and the
distance between supposedly territorial stags was many times greater (B a l m f o r d et al.
1993, B a r t o ‰ et al. 1998). In the present study area it would appear worthless for a stag
to defend an area with such a high risk of intrusion (C l u t t o n - B r o c k et al. 1992). It is
possible that some territories may have been located out of the main area, but we did not
observe evidence of this. Rather, it appears that the territorial stags were active on
a periphery of the moving lek; similar to‘satellite’ males reported for lekking fallow deer
(A p o l l o n i o et al. 1990). These satellite stags had a higher number of calls per calling
bout. This suggests the possibility of an alternative strategy to attract females within the lek
(comp. K i r k p a t r i c k & R y a n 1991), although under our observation conditions we
could not detect such strategies.
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Our results suggest an existence of a large, transient ‘mega lek’. Its location varied in
location over the period of observation and was always associated with a feeding place
attractive to high numbers of hinds.
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