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We studied scent marking (rubbing of trees) in Alaskan moose (Alces alces gigas) in interior Alaska during 1989. Pole-sized
trees were stripped of bark and rubbed by adult female and adult male moose; marking by females occurred during the peak
of rut (late September — early October) when most females were in estrus, whereas marking by males was in late rut
(mid-October — November). Moose selected white spruce (Picea glauca) as well as trees with particular physical characteris-
tics for marking. The tops of 18.5% of 54 trees marked by moose were dead, whereas only 0.5% of 201 trees available
for marking had dead tops. The distribution of scent-marked trees on rutting grounds was not spatially clumped. We hypothe-
size that rubbing of trees by females advertises their estrus, and that rubbing by males late in rut serves to attract females
not successfully bred early in rut and may help prime estrus in these females.

BowvYER, R.T., VAN BALLENBERGHE, V., et Rock, K.R. 1994. Scent marking by Alaskan moose: characteristics and spatial
distribution of rubbed trees. Can. J. Zool. 72 : 2186—-2192.

Nous avons étudié le marquage d’odeurs (frottements sur les arbres) chez 1’Original d’ Alaska (Alces alces gigas) a I’inté-
rieur des terres en Alaska, en 1989. Les grands arbres étaient dépouillés de leur écorce et frottés par les femelles et les males
adultes; le marquage des femelles se produisait au plus fort du rut (fin de september — début d’octobre), au moment ot la
plupart des femelles étaient en chaleur, alors que le marquage des males se faisait surtout a la fin du rut (mi-octobre —
novembre). Les orignaux choisissaient surtout des Pins blancs (Picea glauca) et repéraient les arbres a caractéristiques
particulieres. La cime de 18,5% des 54 arbres marqués était morte, alors que parmi les 201 arbres disponibles, seulement
0,5% avaient la cime morte. La répartition des arbres marqués n’était pas contagieuse. Nous croyons que les femelles mar-
quent les arbres pour signaler qu’elles sont en chaleur et que le marquage des males a la fin du rut sert a attirer les femelles

qui ne se sont pas reproduites au début du rut et peut déclencher I’oestrus chez ces femelles.

Introduction

The role of scent marking in mammalian communication has
received considerable attention (Bossert and Wilson 1963;
Gleason and Reynierse 1969; Eisenberg and Kleiman 1972;
Johnson 1973; Thiessen and Rice 1976; Peters 1980; Miiller-
Schwarze 1983; Gosling 1985). Scent marking typically involves
the deposition of a pheromone intended to elicit a response
from a conspecific; a visual component is often added to make
such marks more obvious (Ewer 1968). Scent-marking behav-
iors of many ungulates have already been described (for reviews
see Coblentz 1976; Gosling 1985), and there is extensive
information on the glands involved and pheromones released
during these behaviors (Quay 1959; Quay and Miiller-Schwarze
1970; Miiller-Schwarze 1971; Kennaugh et al. 1977; Miiller-
Schwarze et al. 1978a, 1978b; Volkman et al. 1978; Atkeson
and Marchinton 1982; Flood et al. 1989; Odend’hal et al.
1992). Indeed, North American cervids exhibit an especially
complex array of scent-marking behaviors (Geist 1966; de
Vos et al. 1967), and numerous authors have contributed to
our knowledge concerning the functions of these intricate pat-
terns (de Vos 1967; McCullough 1969; Miiller-Schwarze
1972; Moore and Marchinton 1974; Kile and Marchinton
1977, Wemmer and Murtaugh 1980; Nielsen et al. 1982;
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Marchinton and Hirth 1984; Bowyer 1986; Bowyer and
Kitchen 1987; Miller et al. 1987; Benner and Bowyer 1988;
Marchinton et al. 1990; Miquelle 1991). A complete synthesis
of scent marking among North American cervids, however
requires additional data for some species.

For moose (Alces alces), descriptions of rutting pits and
behaviors associated with this activity have been documented
previously (Tanton 1920; Thompson 1949; Woodin 1956;
Geist 1963; Lent 1974), but only one study has adequately
addressed the function of this behavior (Miquelle 1991). This
lack of extensive data is not surprising because moose often
inhabit dense boreal forests (Peterson 1955), making detailed
observations of their behavior under natural conditions espe-
cially difficult.

Scent marking of trees (sign-posting or rubbing) by cervids
is likewise well documented (for reviews see Bowyer and
Kitchen 1987; Benner and Bowyer 1988) but such behavior is
poorly known and unstudied in moose. Our purpose was
to describe the scent marking of trees by Alaskan moose
(A. a. gigas), to test whether moose exhibited preferences for
particular species of trees to mark, and whether the distribu-
tion of marked trees on rutting grounds was random. We also
propose a new hypothesis for the function of this behavior.
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Methods

Study area

We conducted this study in the eastern 150 km? of Denali National
Park and Preserve in interior Alaska, U.S.A. (63°45'N, 150°W).
Moose typically occur at elevations of 750—1200 m in a broad valley
bounded to the north by rugged foothills and to the south by steep
mountains of the Alaska Range. Dominant trees and shrubs include
white spruce (Picea glauca), black spruce (Picea mariana), resin
birch (Betula glandulosa), and several species of willows (mostly
Salix pulchura planifolia and S. glauca in areas where we sampled)
(Miquelle et al. 1992).

Moose in the east end of the park rut in traditional areas (rutting
grounds), that are characterized by open stands of spruce, often
located near the tree line, with willow understories (Van Ballen-
berghe 1992). About 150 moose occurred on our study area, with
densities on rutting grounds ranging between 0.7 and 1.8 moose/km?
(Molvar et al. 1993).

Sampling procedures

Aerial photographs of segments of two rutting grounds where we
observed moose scent marking, encompassing approximately 7 km?
each and located about 5.5 km apart, were gridded and Cartesian
coordinates were selected randomly. At each of these 20 random
points we established a 50 X 50 m plot, which was searched sys-
tematically by at least three people for trees scent marked by moose.
Such trees were easy to identify and locate because moose had
stripped away side branches from the tree and removed the bark from
the trunk. We determined an adequate number of plots by examining
reduction of variation in the number of scent-marked trees per plot
as sample size increased (Kershaw 1964). Because we sampled plots
prior to rut in September 1989, our sample undoubtedly included
trees that had been scent marked by moose over several years. Also,
we were not able to differentiate between trees scent marked by male
and female moose. We determined the availability of trees for scent
mark by nesting a 10 X 10 m plot randomly in one corner of our
larger plot and examining all trees in that plot.

For each tree sampled we recorded the diameter of the tree at breast
height (dbh), measured at 137 cm above the ground, the height of the
first branch above the substrate, measured along the trunk of the tree,
whether the tree was dead or had a dead top, and whether the bark
was smooth or rough (rugose or scaly). For trees that were scent
marked by moose, we also recorded the height of the midpoint of the
scent mark (the area with bark removed) above the substrate, the
diameter of the trunk at the midpoint of the scent mark, the distance
between unbroken branches encompassing the mark, and the length
of the mark. All measurements were made to the nearest 0.1 cm.

Differences between the characteristics of trees that were scent
marked by moose and those that were not were made with a ¢ test or
two-sample Z test for proportions (Remington and Schork 1970);
P values from those tests were adjusted with a sequential Bonferroni
correction for multiple comparisons (Rice 1989). We investigated the
degree to which trees were clumped by using the variance:mean
ratio; a random distribution has a ratio equal to unity, whereas a value
< 1 implies a regular distribution and a value > 1 suggests clumping
(Whitaker 1975). We determined whether such clumping of scent-
marked trees was random (i.e., departed a Poisson distribution) with
a x? test, and pooled cells (=6 trees) to meet the assumptions of this
procedure (Whitaker 1975).

Results

Moose typically initiated the scent marking (rubbing) of
small trees and large shrubs by smelling the trunk about 1 m
above the ground. Females bit off side branches and males
broke them off with their antlers. Bark was then stripped from
the tree using either the incisors or, for most males, the antlers
(Fig. 1). The area with the bark stripped away was smelled

and occasionally licked; the forehead, sides of the face includ-
ing the preorbital gland, and often an area behind the ears were
rubbed on this area. Bark stripping and rubbing of the head
on the tree were often alternated during scent marking. Both
dominant males and females behaved aggressively toward
other moose that approached scent-marked trees, and if the
initial moose was displaced by aggressive behavior, the domi-
nant animal also scent marked the tree. Females were attracted
to trees marked by males, and several would often gather
around such a tree, sometimes rubbing the scraped tree. Social
interactions around rubbed trees were generally short in dura-
tion (<1 h). We detected a musky smell on trees after they
were scent marked by moose, but the smell was not strong and
was somewhat masked by the odor of the exposed meristem,
which was especially strong in white spruce. Females scent
marked trees most often near the peak of rut in late September
and early October (when most were in estrus), whereas males
tended to mark trees in mid-October to November following
the first estrus in females.

Moose selected trees to scent mark on the basis of their
physical properties (Table 1), as well as the species of tree
(Fig. 2). White spruce were scent marked more often than they
were available on rutting areas, whereas willows (mostly
S. glauca), black spruce, and resin birch were marked less
than expected from their availability in the environment (Fig. 2).
The same pattern was evident even when we eliminated trees
>22 cm dbh (Fig. 2, inset), which moose did not scent mark
(Table 1).

Typically, trees scent marked by moose were pole-sized
spruce with smooth bark, which had the branches removed
and the bark stripped from the tree (Table 1). Trees scent
marked by moose often had tops that were dead, presumably
as a result of marking behavior (Table 1). This was particu-
larly evident for scent-marked white spruce; of 34 of these
trees, 23.5% had dead tops, whereas of 108 unmarked white
spruce, only 0.9% had dead tops (Z = 8.50, P < 0.001).
When the same comparisons were made for willows and black
spruce, the differences were not significant (P > 0.10).

The number of scent-marked trees in 20 plots, each of
2500 m?, was 2.7 + 2.03 (mean + SD). The variance:mean
ratio (1.5:1) suggests that these trees were slightly clumped,
but this pattern did not differ significantly from a Poisson dis-
tribution (Fig. 3). When white spruce were considered alone,
we obtained a similar result; the number of scent-marked trees
per plot was 1.7 + 1.49, and the variance:mean ratio was
1.3:1. Similarly, this pattern did not differ from a Poisson dis-
tribution (x2 = 2.14, 2 df, P > 0.50). Unmarked trees on
plots (100 m?), however, were highly clumped (variance:mean
ratio 7.6:1) as were unmarked white spruce (variance:mean
ratio 2.9:1).

Of 108 unmarked white spruce, 53% had smooth bark, yet
85% of 33 scent-marked white spruce had smooth bark; this
difference was highly significant (Z = 4.07, P < 0.001).
Conversely, 100% of 60 unmarked willows were smooth-
barked, whereas 8% of 14 scent-marked willows possessed
this characteristic, again a highly significant outcome (Z =
5.40, P < 0.0001). Only 3% of 29 unmarked black spruce
had smooth bark, but 29% of 7 marked black spruce had
smooth bark; this difference was not significant (Z = 1.49,
P > 0.13).

The mean dbh of scent-marked white spruce was 5.6 cm,
but for unmarked white spruce was 17.8 cm. Willows scent



2188

CAN. J. ZOOL. VOL. 72, 1994

FiG. 1. Adult female (left) and adult male (right) Alaskan moose scent marking a white spruce by stripping the bark and rubbing parts of
the head, interior Alaska, U.S.A. Photographs by V. Van Ballenberghe.

TaBLE 1. Physical characteristics of trees scent marked or not scent marked by Alaskan moose on rutting areas in Denali
National Park and Preserve, Alaska, 1989

Marked Not marked
X SD Range N x SD Range N
Height of first branch above the substrate (cm)* 50.7 29.0 10—-165 49 * 709 48.6 5.0-253.0 194
Diameter at breast height (cm)” 69 53 0-22 54 ns 84 11.5 00-573 202
Dead (%)® 13.0 — — 54 ns 45 — — 202
Top of tree dead (%)’ 185 — — 54 * 05 — — 202
Bark smooth (%)? 79.6 — — 54 * 607 — — 202

NoOTE: *, significant at P = 0.05 following sequential Bonferroni correction; ns, not significant (P > 0.05) following Bonferroni

correction.
“t test.
bTwo-sample Z test for proportions.

marked by moose, however, had a much larger dbh (7.9 cm)
than did unmarked willows (2.7 cm). This outcome was prob-
ably the reason we failed to detect an overall difference in the
dbh’s of marked and unmarked trees when all species were
combined (Table 1). Moose also selected trees to scent mark
that had a relatively low first branch and smooth bark (Table 1).
Moose clearly preferred trees of a particular species and with
particular morphological characteristics for scent marking, but
the locations of these trees were not clumped.

In addition to many trees with dead tops (Table 1), trees
scent marked by moose (N = 54) had the following characteris-

tics. The diameter of the tree at the midpoint of the scraped
bark was 7.5 + 5.6 cm and the length of the scrape was
46.9 + 28.5 cm. The midpoint of the scrape was 115.6 +
28.1 cm above the substrate, and the distance between unbroken
branches encompassing the scrape was 90.4 + 31.2 cm.

Discussion

Our observations confirm that like other genera of cervids
in North America (Cervus, Odocoileus, Rangifer), Alces scent
marks trees and shrubs (i.e., engages in sign-posting behavior
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Fic. 3. Observed distribution of trees scent marked by Alaskan
moose on sample plots compared with a random (Poisson) distribu-
tion, interior Alaska, U.S.A., 1989.

that involves the rubbing of trees). Indeed, such behavior may
be widespread in the Cervidae (Putman 1988; Shea et al.
1990). This behavior is completely different from the debark-
ing of some trees and shrubs for food, which tends to occur
in winter in temperate and arctic environments, and may indi-
cate a localized shortage of food (Murie 1934; Miquelle and
Van Ballenberghe 1989). We never observed either male or
female moose eating the bark that was stripped from trees
while engaging in scent marking. Moose seldom feed on white
spruce (Van Ballenberghe et al. 1989), although they selected
this species for scent marking (Fig. 2). Moreover, the rubbing
of the head on the scrape cannot be explained if moose per-
formed this behavior to feed.

In at Jeast some genera of cervids, the stripping of bark and
rubbing of trees is typically associated with antler thrashing by
males (Fuchs 1977; Bowyer 1986; Putman 1988). Bark strip-

1989.

ping without antler thrashing, however, occurs in male elk
(Cervus elaphus; Bowyer and Kitchen 1987), and this also is
the case for Alaskan moose. Both male and female moose
scent marked trees, which also occurs in elk (Bowyer and
Kitchen 1987) and white-tailed deer (Marchinton et al. 1990).
In elk, however, scent marking of trees occurs throughout the
year (Bowyer and Kitchen 1987), whereas in moose it occurs
at the peak of rut for females and during late or postrut for
males.

Where antler thrashing and the stripping of bark and rubbing
of trees with the head are linked, it is reasonable to assume that
such behavior conveys information about a male’s dominance:
among these cervids, antler thrashing is a dominance display
(Bowyer and Kitchen 1987). Further, such behavior is unre-
lated to removal of velvet from the antlers, because such dis-
plays continue long after velvet shedding is completed (Kile
and Marchinton 1977; Bowyer 1986; Benner and Bowyer
1988). Where antler thrashing and subsequent scent marking
are not coupled, however, the interpretation is less straight-
forward. The timing of tree rubbing in moose suggests that it
is rut related, and our observations of aggression over freshly
marked trees indicate that the function of such marks is
ephemeral. We believe that this behavior incorporates both
visual and olfactory cues. Moose would not likely rub the
bark-stripped area with their head if scent were not being
deposited. Other cervids (Volkman et al. 1978) possess a glan-
dular forehead, but whether moose have such glands is
unknown.

Kile and Marchinton (1977) postulated that white-tailed deer
selected aromatic species of trees for scent marking. This may
explain, in part, why moose selected the more aromatic white
spruce over willows, black spruce or resin birch for rubbing
(Fig. 2). Certainly, the strong odor of a freshly marked tree
might add an olfactory signal to any pheromones deposited and
enhance visual cues to attract conspecifics. Also, many white
spruce were of an overall size and growth form preferred by
moose for rubbing.

Some ungulates (Gilbert 1973; Gosling 1982, 1987) may
delineate their territories by scent marking, but available evi-
dence suggests moose are not territorial (Van Ballenberghe
and Miquelle 1993). Indeed, many nonterritorial mammals
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scent mark (Ralls 1971). In addition, if moose were territorial,
we would expect scent-marked trees to have been clumped
within or around territories, although such clumping of marks
alone might not be sufficient to determine whether moose are
territorial. Even though the trees available to mark possessed
a clumped distribution, the trees that moose scent marked
were not spatially clumped (Fig. 3). Behavioral observations
of moose during rut (Peek et al. 1986; Van Ballenberghe and
Miquelle 1993), the lack of a clumped distribution of rubbed
trees, and the ephemeral nature of these marks makes it
unlikely that scent marking is related to territoriality in this
cervid. .

What, then, might be the function of scent marking of trees
by moose? Bowyer and Kitchen (1987) hypothesized that elk
marked trees (scent posts) to help orient and familiarize them-
selves with their environment. Such behavior occurred among
all sex and age classes of elk and was observed throughout the
year (Bowyer and Kitchen 1987). The marking of trees by
moose, however, was associated with rut; this leads us to
believe that rubbing of trees is related to dominance, mating,
or both. Even though moose behaved aggressively over pos-
session of scent-marked trees, it is difficult to relate this
behavior solely to dominance status because males did not rub
trees until late in rut, when dominance relationships would
have been well established (Peek et al 1986; Van Ballenberghe
and Miquelle 1993).

Because females marked trees at the peak of rut, when most
were in estrus, we postulate that this behavior is related to
mating. Male moose dig and urinate in rutting pits that osten-
sibly function to prime estrus in females (Miquelle et al.
1990). Might the marking of trees by females signal the
presence of a female in estrus? Moose evolved in the dense
boreal forests of Eurasia (Peterson 1955), and ungulates living
in closed habitats would be expected to rely extensively on
olfaction for communication (Miiller-Schwarze 1983). More-
over, boreal forests tend to be less productive than many other
habitats (Telfer 1984), and moose often occur at low densities
in areas where a full complement of natural predators is pres-
ent (Gasaway et al. 1992). Under such conditions, finding a
mate might be difficult, and it would be highly adaptive for
males and females to synchronize mating activities; late-born
young are at a substantial disadvantage in northern ecosys-
tems, and recycling into a second estrus because a female did
not initially find a mate would substantially delay the birth of
young (Schwartz and Hundertmark 1993). We hypothesize
that the marking of trees functions to communicate the pres-
ence of estrous females to males. The strong visual cue of a
marked tree and associated olfactory signal would serve such
a function well. Unlike some cervids, female moose exhibit
few other overt behaviors associated with estrus (Schwartz and
Hundertmark 1993; Van Ballenberghe and Miquelle 1993).
Moreover, this hypothesis is consistent with the timing of tree
rubbing by females (Van Ballenberghe and Miquelle 1993);
nonetheless, additional behavioral observations will be neces-
sary to critically test this idea.

Miquelle (1991) proposed that male moose attract females
to rutting pits by scent marking these areas with their urine,
which contains a pheromone that likely primes estrus. Such
behavior slightly precedes the peak of rut and then wanes in
early October (Miquelle 1991). Likewise, the strong smell of
the urine deposited in rutting pits subsides as males begin feed-
ing again in late September (Miquelle et al. 1990). Whatever
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the cause of hypophagia in rutting male moose, it is linked
with the strong odor of urine deposited in rutting pits (Miquelle
et al. 1990).

We hypothesize that the marking of trees by male moose late
in rut serves a similar function to rutting pits: it attracts
females not successfully bred during peak rut. Such behavior
might also help prime estrus in these females. This interpreta-
tion is consistent with the timing of events and behavioral
observations of scent marking. Again, however, additional
behavioral analyses will be required to test this idea.

Our hypothesis concerning the function of scent marking of
trees by moose has several strengths: it explains the differen-
tial timing of marking between the sexes, it is consistent with
behavioral observations, and it is in keeping with what is
known about other types of scent marking by moose. Finally,
it provides a similar explanation of this behavior for males and
females: advertising the presence of a reproductively receptive
mate (and perhaps priming estrus in females). More data are
required to test this idea, but we believe that research designed
to investigate this potential function of scent marking should
be pursued.
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