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ABSTRACT

Fallow deer, Dama dama, were released at Point Reyes National
Seashore in the 1940s.  A population of about 860 of these non-native deer
are now well-established within the park.  Fallow deer have an unusual
mating system.  During the fall, males establish areas known as leks where
they display to potential mates.  A fallow deer lek is typically an area of 100
- 150 m2 and usually includes 2-5 males.  Using their hooves and antlers,
each male clears away most or all of the vegetation and digs a rutting pit
that he defends throughout the breeding season.  A total of 159 fallow deer
leks was located within the 298.8 ha of our study areas.  In the Olema Valley,
where fallow deer densities are high, there were 116 leks, compared with
43 in the similar sized Estero trailhead study area, where deer density was
moderate.  A total of 705 rutting pits was found in the two study areas, with
a mean of 5.1 pits per lek in the Olema Valley and 2.5 for Estero trailhead.
The leks and associated pits have resulted in damage to both the ground
and the associated vegetation, especially in riparian areas.

INTRODUCTION

Only two species of ungulates (hoofed mammals) are native to Marin County, tule
elk, Cervis elaphus nannodes, and Columbian black-tailed deer, Odocoileus hemionus
columbianus.  In the 1940s, European fallow deer, Dama dama, obtained from the San
Francisco Zoo, were released at Point Reyes, Marin County, California.  When Point
Reyes National Seashore was established in 1962, fallow deer were well established
within that area.  The fallow deer population was estimated to be 500 in 1973 by John
Wehausen1 and increased to 860 by 2005 (National Park Service, unpubl. data).

*Current address:  Division of Biological Sciences, 105 Tucker Hall, University of Missouri,
Columbia, MO 65211.

1Wehausen, J.D. 1973.  Some aspects of the natural history and ecology of fallow deer on Point
Reyes peninsula.  M.S. thesis, University of California, Davis, USA.  68 pp.
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Fallow deer have an unusual mating system.  During the fall mating season (or rut),
males establish areas (leks) where they display to potential mates (Hirth 1997).  This
behavior is unique among deer and elk, but has been described in several species of
other ungulates (Uganda kob, Adenota kob; topi, Damaliscus lunatus; waterbuck,
Kobus ellipsyprymnus; Kafue lechwe, Kobus leche; and blackbuck, Antilope
cervicapra; Isvaran 2005).  Formation of leks by ungulates decreases the number of
aggressive encounters in which dominant males are involved when the local density
of males becomes high, because the spatial stability of territories in leks reduces the
number of aggressive encounters among males (Hovi et al. 1996, Pélabon et al. 1999).

A fallow deer lek is typically an area of 100 - 150 m2 and usually includes two to five
males.  Using their hooves and antlers, each male clears away most or all of the
vegetation and digs a rutting pit that he defends throughout the breeding season.
Stenström et al. (2000) described rutting pits in a Swedish population of fallow deer as:

“. . . large patches of bare soil found at the center of mating stands where most of
the rutting activities take place. . . .  Scrapes are small patches of bare soil found
throughout the areas of deer activity.  Only bucks showed any interest in scrapes.
Within a 10-day period half the scrapes were rescraped at least once.  Larger scrapes
were more frequently rescraped than smaller ones.  Frayings, i.e. removal of bark and
subsequent scent marking on bushes and small trees close to scrapes, also had a
positive effect on the frequency of rescraping.  . . . fallow deer bucks in our study do
not seem to mark territorial boundaries, rather the intensity of markings tends to
decrease with distance from the rutting pit suggesting that scraping may instead be
used in male status signaling.”

Establishing and defending a rutting pit is energetically expensive.  Apollonio et
al. (1989) concluded that:

“Body condition appears to be an important determinant of male copulatory
success, because only males in superior condition could defend a lek territory for up
to two weeks.  Males do not feed while defending lek territories.  Foraging ability during
the year probably determines condition at the onset of the rut.  Females appear to
choose mates at least partially on the basis of location, preferring males located near
traditional routes.  Females may ultimately select mates in the best body condition.”

In the fall of 2005, we initiated a study of fallow deer leks in two study sites at Point
Reyes National Seashore.  The goal of this work was to determine the distribution and
size of leks, and to evaluate the impact of both the leks and the associated rutting pits
on the soil and vegetation.

STUDY AREAS

Our study was conducted in two areas at Point Reyes National Seashore, the
northern portion of the Olema Valley and an area around the Estero trailhead (Fig. 1),
Marin County, California.  The two study areas were selected to represent areas of high
and medium fallow deer density.

The Olema Valley was typical of areas within the Seashore that have high densities
of fallow deer, based on combined aerial and ground counts conducted in January 2001
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(Gates1 2001).  Initially, we intended to survey the entire high density area, but it quickly
became obvious that the number of leks and the time required to document each lek
would preclude a complete survey.  Hence, we restricted our work to an area that was
2Gates, N.  2001.  Aerial and ground censuses of non-native deer, November 2000 and January

2001, Point Reyes National Seashore.  National Park Service unpublished report, Point
Reyes National Seashore, Point Reyes, California, USA.  21 pp.

Figure 1.  Distribution of high and medium/low density areas for fallow deer at Point Reyes National
Seashore, California.  Each X marks the location of a lek within our two study areas (see Fig.
2 and 3).
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bounded by features that were readily discernable in the field (e.g., Olema Creek, Bear
Valley Road, fence lines).  The areas surveyed included Divide Meadow, Bear Valley,
and portions of the pasture and riparian habitat along Olema Creek.  The Olema Valley
study area was 147 ha in size.  The predominant vegetation was coast live oak, Quercus
agrifolia, and California bay, Umbellularia californica, woodlands; red alder, Alnus
rubra, and willow, Salix sp., riparian zones; and grassy meadows and pastures (Fig.
2).

Figure 2.  Fallow deer leks in the Olema Valley study area, Point Reyes National Seashore.
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An area similar in size was delineated near the Estero trailhead for surveys in the
moderate density area.  As with the Olema Valley study area, the Estero trailhead area
was defined by using a combination of fence lines, roads, and natural features.  The
Estero trailhead area was selected as representative of an area with medium densities
of fallow deer1.  The Estero study area was 152 ha, roughly equal to the Olema Valley
study area.  The primary vegetation was coastal scrub dominated by coyote brush,
Baccharis pilularis, and riparian zones with red alder, and pasture grasslands (Fig. 3).

Figure 3.  Fallow deer leks in the Estero trailhead study area, Point Reyes National Seashore.
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METHODS

Leks were located by conducting visual surveys for fallow deer during, and shortly
after, the fall lekking season (3 Oct - 6 Dec 2005).  A total of 202 hours was spent
conducting surveys.  Fallow deer surveys were carried out at dawn from hilltop vantage
points.  Treelines and grasslands were scanned with binoculars to locate congregations
of fallow deer, damaged vegetation, or bare ground.  These areas subsequently were
investigated to determine whether or not a lek was present.  By repeatedly surveying
the entire study area, we were confident that few, if any, leks were overlooked.

At each lek, we noted the predominant vegetation, recorded the condition of the
soil and vegetation, measured the length and average width of the lek, and measured
each individual rutting pit.  We photographed leks and rutting pits, and data were
recorded with a PDA (Personal Digital Assistant) for downloading into a Microsoft
Access database.

Delineating Leks and Rutting Pits

Only areas with disturbed ground or rutting pits were recorded as leks.  Pits ranged
from shallow depressions where the vegetation had been scraped away to trenches
over 50 cm deep.  Areas that showed only vegetation damage and lacked ground
disturbance, were not scored as leks.  Areas with obvious cattle impacts or sites with
no discernable deer sign (hoof prints, scat, urine stains, antler scrapes, or deer present)
were not counted as leks; hence, our estimate of lek density was conservative.

Leks tended to be concentrated linearly along the treelines at margins of fields.
Since many of these areas had a nearly continuous band of disturbance, it was difficult
to define individual leks.  We marked the end of a lek when there were at least 20 m of
undamaged ground between leks.  The length and average width of the disturbed
ground were measured with a digital range finder.  These measurements were used to
calculate the area for each lek.

Within a lek, fallow deer bucks excavate numerous rutting pits.  The length and
width of each pit were measured with a fiberglass tape.  Pit depth was measured with
a ruler.  These measurements were used to determine the total area of excavated ground
and the depth of the pits.

Vegetation Condition

In addition to recording the predominant vegetation associated with each lek,
vegetation condition was evaluated.  Disturbed ground, damaged foliage, damaged
bark, and exposed roots were noted.  Disturbed ground occurred where the herbaceous
cover had been scraped away and resulted in bare soil or excavated rutting pits.
Damaged foliage included leaves, twigs, or branches that had been shredded or broken.
Damaged bark was noted where fallow deer had used their antlers to break, tear, or
scrape off the bark of trees or shrubs.  Exposed roots were found in some of the deeper
pits where the roots of trees were damaged and exposed.  Damaged vegetation that was
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not closely associated with a lek was ignored, even though it might have been caused
by fallow deer.

Native black-tailed deer feed on buds, twigs, sprouts, leaves, fruit, and flowers of
woody plants.  We never observed these deer in or around fallow deer leks, probably
because fallow deer tend to be behaviorally dominant (Natalie Gates, pers. comm.).  Beef
cattle were present in all of the Estero trailhead study area and part of the Olema Valley
study area.  Cattle sometimes rub on vegetation and cause discernable vegetation
damage, but we did not observe this behavior at fallow deer leks.  Additionally, most
of the vegetation damage we observed was in riparian areas where cattle had been
excluded by fencing.

During our initial surveys, we did not quantify vegetation condition at each lek, so
we revisited 22 randomly selected leks in the Olema Valley to record the condition of
both the soil and vegetation in more detail.  We used the scoring system of Cole (1989a,
b) to evaluate the impacts of fallow deer.  At each lek, we scored ground surface
disturbance, percent vegetative cover, damage to live trees, and presence of exposed
roots.  Scores ranged from 1-4 for surface disturbance and vegetation cover, and 1-3
for the other two categories.  A score of 1 represented no damage or 50-100% vegetation
cover, while the highest scores represented the most extreme damage or lack of
vegetation cover; for details, see Fellers and Osbourn (2006).  We made no attempt to
quantify damage to individual trees or to assess likelihood of tree death resulting from
the damage.

Data Collection and Mapping

UTM coordinates were recorded using a Garmin XL GPS unit (www.garmin.com).
ArcView 3.3 software (ESRI, www.esri.com/software/arcgis/arcinfo/index.html) software
was used to plot lek locations and to determine the size of the two study areas.  A digital
camera was used to document leks, rutting pits, and damaged vegetation.  Bucks
displaying and actively digging or shredding foliage were also photographed, as were
groups of does.  Photographs were also taken of deer scat, hoof prints, and urine stains
as evidence of deer use.  Statistical analysis was conducted using Statistix 8.0 software
(Analytical Software, www.statistix.com) and an  α = 0.05.

RESULTS

Leks and Rutting Pits

Most leks were found at the edge of a woodland or at the edge of the low-hanging
part of the canopy of isolated trees.  Some rutting pits were more than 50 cm deep (Fig.
4), and often surrounded by an even larger area cleared of all vegetation.  Other leks
had only a modest depression and were identified by the lack of vegetation along with
associated fecal material, hoof prints, and damage to woody vegetation.  Rutting pits
in close association with bushes and trees often were associated with significant
damage to the woody vegetation, including broken branches, stripped bark and,
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Figure 4.  Rutting pit and bare ground associated with a fallow deer lek in the Olema Valley, Point
Reyes National Seashore.

sometimes, girdled trees.  Fallow deer were observed using their antlers to clear
vegetation, rub the trunk of trees, break limbs, and dig pits.  Vegetation was sometimes
caught in their antlers (Fig. 5).

A total of 159 fallow deer leks was located within the 298.8 hectares surveyed at Point
Reyes National Seashore (Table 1).  In the Olema Valley, there were 116 leks, compared
with 43 in the Estero trailhead area.  The mean dimensions of a lek were 13 x 7 m with
an area of 115 m2 (SD = 132, range 1 - 840 m2).  The total area of the leks in the Olema
Valley was 16,188 m2, while the area at the Estero trailhead was 2,136 m2, for a combined
total of 18,324 m2.  This was 0.6% of the 298.8 ha surveyed.  There was a notably higher
proportion of the Olema Valley study site that was part of a lek, 1.1 % compared to 0.1
% at Estero trailhead.  In the Olema Valley, there were 0.8 leks per ha, while in the Estero
trailhead area there were 0.3 leks per ha (Table 1).

A total of 705 rutting pits was found in the two study areas, with a mean area of 2.6
m2 (SD = 3.0, range 0.04 - 50 m2) for each pit.  The mean number of pits per lek was 5.1
in the Olema Valley and 2.5 for Estero trailhead.  The total combined area of excavated
ground in rutting pits was 1,821 m2, or 0.06% of the area surveyed, approximately 10%
of the lek area.  Eighty-five percent (598) of pits were found in the Olema Valley study
area.  Though fewer in number, the pits at the Estero trailhead were larger (3.3 m2) than
the pits in Olema Valley (2.4 m2).
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Table 1.  Number of fallow deer leks and rutting pits in two study areas at Point Reyes
National Seashore.  Numbers in parentheses are Standard Deviations.

Olema Valley Estero Trailhead Combined

Study area size (ha) 147.2 151.6 298.8
Number of leks 116 43 159
Leks per ha 0.8 0.3 0.5
Mean lek area (m2) 140 (+142) 50 (+60) 115 (+132)
Total lek area (m2) 16,188 2,136 18,324
Percent lek area (m2) 1.1 % 0.1 % 0.6 %

Number of rutting pits 598 107 705
Total pit area (m2) 1,463 358 1,821
Percent study area as pits 0.10 % 0.02 % 0.6 %
Mean number pits/lek 5.1 (+5.1) 2.5 (+1.9) 4.4 (+4.6)
Mean pit depth (cm) 10 (+9) 6 (+5) 9 (+9)
Maximum pit depth (cm) 60 15 60

Figure 5.  Male fallow deer with vegetation caught in his antlers, Olema Valley, Point Reyes
National Seashore.
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Vegetation Condition

There was vegetation damage at 110 (69.2%) of the leks.  Damaged foliage was
present at 102 (64.1%) of leks.  During initial surveys for leks, sites were often located
by broken live oak or California bay branches that were visible from considerable
distances.  Low branches and bark adjacent to rutting pits were often heavily damaged.
On several occasions, bucks were observed thrashing vegetation with their antlers,
digging in the rutting pits, and displaying at their lek.  Bark damage was recorded at 72
(45.3%) of the leks; exposed roots were documented at 30 (18.9%) of leks.  In addition
to having nearly three times as many leks, the Olema Valley study area had a higher
percentage of sites with damaged foliage and with damaged bark, but the result was
not statistically significant (c2 = 3.16, df = 2, p = 0.206).

Vegetation damage was greater in riparian areas (compared with non-riparian) for
both the damaged foliage and damaged bark categories (Table 2).  In riparian areas,
willows and alders were the trees most often observed with damage.  Several alders were
completely girdled.  Less commonly, there were exposed roots, especially in the Estero
trailhead area (Table 2).  Overall, there was more damage in riparian areas.  The results
approached statistical significance (c2 = 5.74, df = 2, p = 0.057).

In our quantitative evaluation of the vegetation and soil at 22 random sites, surface
disturbance ranged from 0 (no disturbance) to 4 (ground surface highly disturbed with
extensive areas of bare ground) with a mean score of 1.6 and a median of 2.  The mean
score corresponds to a damage level between “Little disturbance to ground cover” and
“Noticeable disturbance to litter or vegetation” (Cole 1989a, b).  Both vegetation cover
and live tree damage had a mean and median score of 1.0.  There were no roots exposed
in the sample plots.

Table 2.  Vegetation damage at fallow deer leks at Point Reyes National Seashore.
Percentages are the proportion of leks in riparian or non-riparian areas that exhibited
vegetation damage.

Olema Valley Home Ranch Combined

Riparian
Shredded Foliage 88% 88% 84%
Damaged Bark 82% 100% 88%
Exposed Roots 6% 38% 16%

Non-riparian
Shredded Foliage 71% 24% 76%
Damaged Bark 45% 18% 54%
Exposed Roots 20% 18% 22%
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DISCUSSION

Fallow deer are one of the few mammals where males gather in groups and display
to potential mates on leks.  As part of the display, males dig rutting pits with their hooves
and antlers, and scrape bushes and trees adjacent to the pits.  This results in soil
disturbance, loss of vegetation, and occasional damage to the trunks and limbs of
nearby vegetation.  The extent of the impacts observed in our study was related to the
density of fallow deer.  Density of fallow deer was higher in the Olema Valley and lek
impacts were greater in that area.  The Olema Valley had a greater mean lek area, total
lek area, percentage of total area as leks, mean number of rutting pits per lek, percentage
of total area as rutting pits, and mean pit depth (Table 1).  The density of rutting pits
was much less in the Estero trailhead study area, likely because of the smaller fallow
deer population there.  More than 1 % of the total land area surveyed was impacted by
lek damage, with riparian areas being disproportionately affected.  For example, in
riparian areas, there was bark damage at 88% of the leks, and 84% of the leks had
damaged foliage (Table 2).

Fallow deer are having a measurable impact on the soil and vegetation at Point
Reyes.  In the Olema Valley, there were 0.8 leks per ha, while the Estero trailhead area
had 0.3 leks per ha.  The primary habitat impact of leks at Point Reyes was caused by
the digging of rutting pits that resulted in a loss of soil and vegetation.  At the peak
of the rut, pits were found commonly in Olema Valley, especially at the woodland/
grassland interface, where fallow deer congregated.  The total number of rutting pits
was 705, with a total area of 1,821 m2.  Pélabon et al. (1999) reported that the formation
of leks in ungulates is “a mating tactic that aims at decreasing the number of aggressive
encounters in which dominant males are involved when the local male density becomes
too high.”  If the fallow deer population continues to increase, the number of leks, rutting
pits, and the associated habitat damage likely will increase.
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